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In addition, the methods of the invention utilize a substrate to which the
complementary chemical binding moieties corresponding to the first feature on each
target analyte are attached. In the certain methods described herein, a separate substrate
bearing the complementary chemical binding moiety that binds the first feature of a target
analyte is provided for each target analyte. The invention also provides methods that
further allow the use of additional substrate configurations. In one such configuration,
the complementary chemical binding moieties corresponding to the first feature of each of
the target analytes are bound to the same substrate. In another such configuration, the
complementary chemical binding moieties corresponding to the first feature of each of the
target analytes are bound to the same substrate in a manner such that the complementary
chemical binding moieties corresponding to one target analyte are localized to a different
spatial region of the substrate than are the complementary chemical binding moieties
corresponding to the other target analytes. These alternative configurations are beneficial
in some uses and implementations of the invention.

The substrate used in the methods of the invention serve three primary purposes.
One such purpose is to provide a surface upon which the target analyte can be selectively
immobilized while materials in the medium that are not target analytes are not so
immobilized. This is accomplished by attaching complementary chemical binding
moieties that correspond to the first feature of a target analyte to the surface of the
substrate and allowing the target analyte to bind to the complementary chemical binding
moiety and thus become immobilized on the surface of the substrate. A second such
purpose is to facilitate the separation of the target analyte immobilized on the surface of
the substrate from the medium. In certain embodiments of the invention, the substrate
can be made of a magnetic material that can, along with any material bound to its surface,
be separated from the medium by the application of a magnetic field. Numerous other
means of separating a substrate from a medium are known and can be likewise employed.
Two of many possible illustrative examples are substrates made of materials that are
either more or less dense than the medium and which can, therefore, be separated from
the medium by sedimentation or floatation, respectively; and substrates that are
sufficiently large that they can be separated from the medium by filtration. A substrate
can be suspendable in the medium as described herein. Alternatively, the methods of the

invention can benefit from the use of a macroscopic substrate such as, but not limited to a

42

Fujirebio Diagnostics, Inc. v. Quanterix Corp.

EX-1045
4001



10

15

20

25

30

WO 2006/078289 PCT/US2005/016545

microscope slide where spatially separated regions containing the different
complementary chemical binding moieties can be formed. The third such purpose of the
substrate is that, by virtue of its ability to bind target analytes, it causes the local
concentration of the target analytes at the surface of the substrate to be substantially
higher than the concentration of the target analytes in the medium. Taken together, these
three purposes significantly improve the sensitivity and specificity of the analysis and
provide a broad range of options from which the optimum implementation of the
invention for any specific use or purpose can be selected.

The methods described herein can utilize a detection probe that comprises a gold
nanoparticle approximately 10 to 50 nM in diameter to which are attached a
complementary chemical binding moiety that selectively binds to the second feature of a
target analyte and a plurality of oligonucleotide pairs. The identity of the target analyte to
which any particular detection probe responds can be encoded in the base sequence of the
oligonucleotide that is attached to the gold nanoparticle. The oligonucleotide encoding
the identity of a particular target analyte has variably been referred to as the “barcode” or
the “biobarcode” for that target analyte.

In certain embodiments, the methods of the invention may alternatively utilize
detections probes such as described as follows in order to derive benefits such as simple
procedures and fast results while retaining sensitivity of methods utilizing gold
nanoparticles as described herein. In particular, the surface area of a spherical particle
scales as the square of its diameter. The surface area of a one micron diameter sphere is,
for example, approximately 1100 times greater than that of a 30nM diameter particle.
This means that a one micron diameter spherical particle can accommodate
approximately 1100 times as many oligonucleotides as can a 30nM particle, and, as the
measurable signal in these inventions is a function of this number of oligonucleotides, a
detection probe constructed using a one micron particle can be expected to yield
approximately 1100 times the measurable signal per binding event than is available from
a 30nM particle. This increased “gain” or “amplification” resulting from the use of a
larger particle permits considerable simplifications of the analysis procedure without
sacrificing sensitivity. ~However, the rate of diffusion of the particle and, thus, the
frequency with which they move into contact with the target analyte to be detected and

the time required to achieve binding to any particular fraction of the target analyte that is
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present scales inversely with its diameter. The time available for these binding events,
therefore, imposes a practical limit upon the largest size of particle that may be employed
while still meeting the time constraints that are imposed by any particular use or
implementation of the invention. The optimum particle size for any particular use or
implementation is, therefore, determined by the balance between the foregoing factors
and is typically in the range of between 0.5 and 5.0 microns.

One type of detection probe can be structured identically to the previously
described probes based upon 30nM gold particles except that a 1 micron (1000nM)
polystyrene microparticle is employed. A second type of detection probe has particular
utility when the presence of only a small number of target analytes is to be
simultaneously determined. These detection probes of the second type encode the
identity of the target analyte in the characteristics of a “detectable entity” bound to an
oligonucleotide that is, in turn, bound to the probe particle rather than in the sequence of
bases comprising the oligonucleotide. In this context, a “detectable entity” may, for
example, be a fluorophore with the identity of the target analyte being encoded in the
emission wavelength of a fluorophore. Other suitable detectable entities may include, but
are not limited to radioisotopes, electrochemically active species, Raman active species,
chemiluminescent species, and the like. Detection probes of this type are particularly
suitable for detection by flow cytometric methods and for the in-situ detection of target
analytes. A third type of detection probe further allows the oligonucleotides bearing
detectable entities to be chemically cleaved from the microparticle to facilitate detection
in solution. These improved detection probes provide additional options for optimizing
the implementation of the invention for any specific use or purpose.

The present invention relates to a method that utilizes oligonucleotides as
biochemical barcodes for detecting multiple analytes in a sample. The approach takes
advantage of recognition elements (e.g., proteins or nucleic acids) functionalized either
directly or indirectly with nanoparticles and the previous observation that hybridization
events that result in the aggregation of gold nanoparticles can significantly alter their
physical properties (e.g. optical, electrical, mechanical).*'> The general idea is that each
recognition element can be associated with a different oligonucleotide sequence (a DNA
barcode) with discrete and tailorable hybridization and melting properties and a physical

signature associated with the nanoparticles that changes upon melting to decode a series
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of analytes in a multi-analyte assay. Therefore, one can use the melting temperature of a
DNA-linked aggregate and a physical property associated with the nanoparticles that
changes upon melting to decode a series of analytes in a multi-analyte assay. The
barcodes herein are different from the ones based on physical diagnostic markers such as
nanorods,?® flourophore-labeled beads,?* and quantum dots,” in that the decoding
information is in the form of chemical information stored in a predesigned
oligonucleotide sequence.

The present invention provides several broadly applicable strategies for using
nanoparticle probes (preferably gold nanoparticle probes), heavily functionalized with
oligonucleotides, to detect a variety of biomolecules, for example, single or multiple
polyvalent proteins, in one sample. In particular known methods for detection of multiple
proteins in one sample is complicated and often requires time consuming, expensive
assay protocols. In this regard, others have recently used fluorophore-labeled
peptidonucleic acids and DNA microarrays to recognize multiple protein targets in one
solution. ' However, this method relies on the binding of the proteins labeled with
oligonucleotides to a microarray surface. The final step of the method described herein is
based solely on the surface chemistry of ordinary DNA. Therefore, it can incorporate
many of the high sensitivity aspects of state-of-the-art nanoparticle DNA detection
methods, *!! but allows one to detect a variety of biomolecules, such as proteins, rather
than DNA without having the proteins present during the detection event. For surface
assays, proteins are typically more difficult to work with than short oligonucleotides
because they tend to exhibit greater nonspecific binding to solid supports, which often
leads to higher background signals. Finally, for the homogeneous assay, the unusually
sharp melting profiles associated with these nanoparticle structures will allow one to
design more biobarcodes than what would be possible with probes that exhibit normal
and broad DNA melting behavior.

The present invention contemplates the use of any suitable particle having
oligonucleotides attached thereto that are suitable for use in detection assays. In
practicing this invention, however, microparticles and nanoparticles are preferred. The
size, shape and chemical composition of the particles will contribute to the properties of
the resulting probe including the DNA barcode. These properties include optical

properties, optoelectronic properties, electrochemical properties, electronic properties,
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stability in various solutions, pore and channel size variation, ability to separate bioactive
molecules while acting as a filter, etc. The use of mixtures of particles having different
sizes, shapes and/or chemical compositions, as well as the use of nanoparticles having
uniform sizes, shapes and chemical composition, are contemplated. Examples of suitable
particles include, without limitation, nano- and microsized core particles, aggregate
particles, isotropic (such as spherical particles) and anisotropic particies (such as non-
spherical rods, tetrahedral, prisms) and core-shell particles such as the ones described in
U.S. Patent application no. 10/034,451, filed December 28, 2002 and International
application no. PCT/US01/50825, filed December 28, 2002, which are incorporated by
reference in their entirety. In practicing the invention, the detection probes are preferably
generated prior to conducting the actual assay. Alternatively, the detection probes may be
generated in situ while conducting the assay.

Thus, in one embodiment of the invention, nanoparticle-conjugate probes are
provided. Nanoparticles useful in the practice of the invention include metal (e.g., gold,
silver, copper and platinum), semiconductor (e.g., CdSe, CdS, and CdS or CdSe coated
with ZnS) and magnetic (e.g., ferromagnetite) colloidal materials. Other nanoparticles
useful in the practice of the invention include ZnS, ZnO, TiO,, Agl, AgBr, Hgl,, PbS,
PbSe, ZnTe, CdTe, In,Ss, InoSes, CdaPa, CdsAsy, InAs, and GaAs. The size of the
nanoparticles is preferably from about 5 nm to about 150 nm (mean diameter), more
preferably from about 30 to about 100 nm, most preferably from about 40 to about 80 nm.
The size of microparticles of the invention is preferably from about 1 pm to about 150 pm
(mean diameter), more preferably from about 1 pm to about 50 pum, most preferably about
1 um. The size of the microparticles or nanoparticles used in a method of the invention
can be varied as required by their particular use or application. The variation of size can
be advantageously used to optimize certain physical characteristics of the nanoparticles,
for example, optical properties or amount surface area that can be derivatized. The
nanoparticles may also be rods, prisms, or tetrahedra.

Methods of making metal, semiconductor and magnetic nanoparticles are well
known in the art. See, e.g., Schmid, G. (ed.) Clusters and Colloids (VCH, Weinheim,
1994); Hayat, M.A. (ed.) Colloidal Gold: Principles, Methods, and Applications
(Academic Press, San Diego, 1991); Massart, R., IEEE Taransactions On Magnetics, 17,
1247 (1981); Ahmadi, T.S. et al., Science, 272, 1924 (1996); Henglein, A. et al., J. Phys.
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Chem., 99, 14129 (1995); Curtis, A.C., et al., Angew. Chem. Int. Ed. Engl., 27, 1530
(1988).

Methods of making ZnS, ZnO, TiO,, Agl, AgBr, Hgl,, PbS, PbSe, ZnTe, CdTe,
In,Ss, IngSes, CdsPy, CdsAsp, InAs, and GaAs nanoparticles are also known in the art.
See, e.g., Weller, Angew. Chem. Int. Ed. Engl., 32, 41 (1993); Henglein, Top. Curr.
Chem., 143, 113 (1988); Henglein, Chem. Rev., 89, 1861 (1989); Brus, Appl. Phys. A., 53,
465 (1991); Bahncmann, in Photochemical Conversion and Storage of Solar Energy (eds.
Pelizetti and Schiavello 1991), page 251; Wang and Herron, J. Phys. Chem., 95, 525
(1991); Olshavsky et al., J. Am. Chem. Soc., 112, 9438 (1990); Ushida et al., J. Phys.
Chem., 95, 5382 (1992).

Suitable nanoparticles are also commercially available from, e.g., Ted Pella, Inc.

(gold), Amersham Corporation (gold) and Nanoprobes, Inc. (gold).

Presently preferred for use in detecting nucleic acids are gold nanoparticles. Gold
colloidal particles have high extinction coefficients for the bands that give rise to their
beautiful colors. These intense colors change with particle size, concentration,
interparticle distance, and extent of aggregation and shape (geometry) of the aggregates,
making these materials particularly attractive for colorimetric assays. For instance,
hybridization of oligonucleotides attached to gold nanoparticles with oligonucleotides and
nucleic acids results in an immediate color change visible to the naked eye (see, e.g., the
Examples).

The nanoparticles, the oligonucleotides or both are functionalized in order to
attach the oligonucleotides to the nanoparticles. Such methods are known in the art. For
instance, oligonucleotides functionalized with alkanethiols at their 3'-termini or 5'-termini
readily attach to gold nanoparticles. See Whitesides, Proceedings of the Robert A. Welch
Foundation 39th Conference On Chemical Research Nanophase Chemistry, Houston,
TX, pages 109-121 (1995). See also, Mucic et al. Chem. Commun. 555-557 (1996)
(describes a method of attaching 3' thiol DNA to flat gold surfaces; this method can be
used to attach oligonucleotides to nanoparticles). The alkanethiol method can also be
used to attach oligonucleotides to other metal, semiconductor and magnetic colloids and
to the other nanoparticles listed above. Other functional groups for attaching
oligonucleotides to solid surfaces include phosphorothioate groups (see, e.g., U.S. Patent

No. 5,472,881 for the binciing of oligonucleotide-phosphorothioates to gold surfaces),
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substituted alkylsiloxanes (sce, e.g. Burwell, Chemical Technology, 4, 370-377 (1974)
and Matteucci and Caruthers, J. Am. Chem. Soc., 103, 3185-3191 (1981) for binding of
oligonucleotides to silica and glass surfaces, and Grabar et al., Anal. Chem., 67, 735-743
for binding of aminoalkylsiloxanes and for similar binding of mercaptoaklylsiloxanes).
Oligonucleotides terminated with a 5' thionucleoside or a 3' thionucleoside may also be
used for attaching oligonucleotides to solid surfaces. The following references describe
other methods which may be employed to attached oligonucleotides to nanoparticles:
Nuzzo et al., J. Am. Chem. Soc., 109, 2358 (1987) (disulfides on gold); Allara and Nuzzo,
Langmuir, 1, 45 (1985) (carboxylic acids on aluminum); Allara and Tompkins, J. Colloid
Interface Sci., 49, 410-421 (1974) (carboxylic acids on copper); Iler, The Chemistry Of
Silica, Chapter 6, (Wiley 1979) (carboxylic acids on silica); Timmons and Zisman, J.
Phys. Chem., 69, 984-990 (1965) (carboxylic acids on platinum); Soriaga and Hubbard, J.
Am. Chem. Soc., 104, 3937 (1982) (aromatic ring compounds on platinum); Hubbard,
Acc. Chem. Res., 13, 177 (1980) (sulfolanes, sulfoxides and other functionalized solvents
on platinum); Hickman et al., J. Am. Chem. Soc., 111, 7271 (1989) (isonitriles on
platinum); Maoz and Sagiv, Langmuir, 3, 1045 (1987) (silanes on silica); Maoz and
Sagiv, Langmuir, 3, 1034 (1987) (silanes on silica); Wasserman et al., Langmuir, 5, 1074
(1989) (silanes on silica); Eltekova and Eltekov, Langmuir, 3, 951 (1987) (aromatic
carboxylic acids, aldehydes, alcohols and methoxy groups on titanium dioxide and silica);
Lec et al., J. Phys. Chem., 92,2597 (1988) (rigid phosphates on metals).

In one aspect of this embodiment of the invention, nanoparticles conjugated with
dendrimers labeled with at least two types of oligonucleotides are provided. Dendritic
molecules are structures comprised of multiple branching unit monomers, and are used in
various applications. See, e.g., Barth et al., Bioconjugate Chemistry 5:58-66 (1994);
Gitsov & Frechet, Macromolecules 26:6536-6546 (1993); Hawker & Frechet, J. Amer.
Chem. Soc. 112:7638-7647 (1990a); Hawker & Frechet, Macromolecules 23:4726-4729
(1990b); Hawker et al., J. Chem. Soc. Perkin Trans. 1:1287-1297 (1993); Lochmann et al.
J. Amer. Chem. Soc. 115:7043-7044 (1993); Miller et al., J. Amer. Chem. Soc. 114:1018-
1025 (1992); Mousy et al., Macromolecules 25:2401-2406 (1992); Naylor et al., J. Amer.
Chem. Soc. 111:2339-2341 (1989); Spindler & Frechet, Macromolecules
Macromolecules 26:4809-4813 (1993); Turner et al, Macromolecules 26:4617-4623
(1993); Wiener et al., Magnetic Resonance Med. 31(1):1-8 (1994); Service, 267:458-459
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(1995); Tomalia, Sci. Amer. 62-66 (1995); and U.S. Pat. Nos. 4,558,120; 4,507,466;
4,568,737, 4,587,329; 4,857,599, 5,527,524; 5,338,532 to Tomalia, and U.S. Patent
6,274,723 to Nilsen, all of which are incorporated herein, in their entirety. Dendritic
molecules provide important advantages over other types of supermolecular architectures,
such as contacting a maximum volume a minimum of structural units, ability to more
easily control size, weight, and growth properties, and the multiple termini can be
derivatized to yield highly labeled molecules with defined spacing between the labels, or
provide sites of attachment for other molecules, or mixtures thereof. See generally U.S.
Patent 6,274,723 and the above cited references for methods of synthesis.

Nucleic acid dendrimers that are useful in the methods of the invention are any of
those known in the art that can be functionalized with nucleic acids or generated from
nucleic acids/oligonucleotides. Such dendrimers can be synthesized according to
disclosures such as Hudson et al., "Nucleic Acid Dendrimers: Novel Biopolymer
Structures," Am. Chem. Soc. 115:2119-2124 (1993); U.S. Patent 6,274,723; and U.S. Pat.
No. 5,561,043 to Cantor.

In another aspect of this embodiment the invention, a universal nanoparticle-
oligonucleotide conjugate is provided. The universal provide may be used in an assay for
any target nucleic acid that comprises at least two portions. This "universal probe"
comprises (i) oligonucleotides of a single "capture" sequence attached to it that are
complementary to at least a portion of a reporter oligonucleotide (e.g., barcode DNA),
and to a portion of a target recognition oligonucleotide (one embodiment of the universal
probe is described in Figures 16A and 16B). The target recognition oligonucleotides
comprise a sequence having at least two portions; the first portion comprises
complementary sequence to the capture sequence attached to the nanoparticle, and the
second portion comprises complementary sequence to the first portion of the particular
target nucleic acid sequence. Various types of target recognition oligonucleotides can be
used to great advantage with the universal probe, such that a library of target recognition
oligonucleotides can be switched or interchanged in order to select for particular target
nucleic acid sequences in a particular test solution. A second type of oligonucleotide,
which comprises sequence complementary to the second portion of the target nucleic

acid, is attached to a support surface, such as a magnetic particle or glass slide.
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Contacting the universal probe with a solution comprising the reporter
oligonucleotide (barcode DNA) and the target recognition oligonucleotide under
conditions that allow for hybridization create a universal probe that is "activated" for
contacting with a solution that may contain the target nucleic acid (Fig. 16A, top reaction
scheme). The test solution can be contacted under conditions that allow for hybridization,
in sequence or in combination with either or both of the "activated" universal probe or the
second type of oligonucleotide, which is attached to a support. Once adequate time is
allowed for complex formation, the uncomplexed test solution components are removed
from the complex, and the reporter oligonucleotides are detected. One embodiment of
this assay is depicted in Fig. 16B.

These universal probes can be manipulated for increased advantage, which depend
on the particular assay to be conducted. The probes can be "tuned" to various single
target nucleic acid sequences, by simply substituting or interchanging the target
recognition oligonucleotides such that the second portion comprises complementary
sequence to the target nucleic acid of interest. Similarly, if multiple target nucleic acid
sequences are to be assayed in a single test solution, the reporter oligonucleotides can
comprise a sequence that is specific for each target nucleic acid. Thus, detection of the
reporter oligonucleotide of known and specific sequence, would indicate the presence of
the particular target nucleic acid in the test solution.

In other aspect of this embodiment of the invention, the oligonucleotides are
bound to nanoparticles using sulfur-based functional groups. U.S. patent application nos.
09/760,500 and 09/820,279 and international application nos. PCT/US01/01190 and
PCT/US01/10071 describe oligonucleotides functionalized with a cyclic disulfide which
are useful in practicing this invention. The cyclic disulfides preferably have 5 or 6 atoms
in their rings, including the two sulfur atoms. Suitable cyclic disulfides are available
commercially or may be synthesized by known procedures. The reduced form of the
cyclic disulfides can also be used.

Preferably, the linker further comprises a hydrocarbon moiety attached to the
cyclic disulfide. Suitable hydrocarbons are available commercially, and are attached to
the cyclic disulfides. Preferably the hydrocarbon moiety is a steroid residue.
Oligonucleotide-nanoparticle conjugates prepared using linkers comprising a steroid

residue attached to a cyclic disulfide have unexpectedly been found to be remarkably
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stable to thiols (e.g., dithiothreitol used in polymerase chain reaction (PCR) solutions) as
compared to conjugates prepared using alkanethiols or acyclic disulfides as the linker.
Indeed, the oligonucleotide-nanoparticle conjugates of the invention have been found to
be 300 times more stable. This unexpected stability is likely due to the fact that each
oligonucleotide is anchored to a nanoparticle through two sulfur atoms, rather than a
single sulfur atom. In particular, it is thought that two adjacent sulfur atoms of a cyclic
disulfide would have a chelation effect which would be advantageous in stabilizing the
oligonucleotide-nanoparticle conjugates. The large hydrophobic steroid residues of the
linkers also appear to contribute to the stability of the conjugates by screening the
nanoparticles from the approach of water-soluble molecules to the surfaces of the
nanoparticles.

In view of the foregoing, the two sulfur atoms of the cyclic disulfide should
preferably be close enough together so that both of the sulfur atoms can attach
simultaneously to the nanoparticle. Most preferably, the two sulfur atoms are adjacent
each other. Also, the hydrocarbon moiety should be large so as to present a large
hydrophobic surface screening the surfaces of the nanoparticles.

The oligonucleotide-cyclic nanoparticle conjugates that employ cyclic disulfide
linkers may be used as probes in diagnostic assays for detecting target analytes in a
sample as described in U.S. patent application nos. 09/760,500 and 09/820,279 and
international application nos. PCT/US01/01190 and PCT/US01/10071. These conjugates
have been found to improve the sensitivity of diagnostic assays in which they are used.
In particular, assays employing oligonucleotide-nanoparticle conjugates prepared using
linkers comprising a steroid residue attached to a cyclic disulfide have been found to be
about 10 times more sensitive than assays employing conjugates prepared using
alkanethiols or acyclic disulfides as the linker. ‘

Each nanoparticle will have a plurality of oligonucleotides attached to it. As a
result, each nanoparticle-oligonucleotide conjugate can bind to a plurality of
oligonucleotides or nucleic acids having the complementary sequence.

Oligonucleotides of defined sequences are used for a variety of purposes in the
practice of the invention, Methods of making oligonucleotides of a predetermined
sequence are well known. See, e.g., Sambrook et al., Molecular Cloning: A Laboratory
Manual (2nd ed. 1989) and F. Eckstein (ed.) Oligonucleotides and Analogues, 1st Ed.
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(Oxford University Press, New York, 1991). Solid-phase synthesis methods are preferred
for both oligoribonucleotides and oligodeoxyribonucleotides (the well-known methods of
synthesizing DNA are also useful for synthesizing RNA). Oligoribonucleotides and
oligodeoxyribonucleotides can also be prepared enzymatically. For oligonucleotides
having bound thereto a specific binding complement to a target analyte, any suitable
method for attaching the specific binding complement such as proteins to the
oligonucleotide may be used.

Any suitable method for attaching oligonucleotides onto the particle, nanoparticle,
or nanosphere surface may be used. A particularly preferred method for attaching
oligonucleotides onto a surface is based on an aging process described in U.S. application
nos. 09/344,667, filed June 25, 1999; 09/603,830, filed June 26, 2000; 09/760,500, filed
January 12, 2001; 09/820,279, filed March 28, 2001; 09/927,777, filed August 10, 2001;
and in International application nos. PCT/US97/12783, filed July 21, 1997;
PCT/US00/17507, filed June 26, 2000; PCT/US01/01190, filed January 12, 2001;
PCT/US01/10071, filed March 28, 2001, the disclosures which are incorporated by
reference in their entirety. The aging process provides nanoparticle-oligonucleotide
conjugates with unexpected enhanced stability and selectivity

The method comprises providing oligonucleotides preferably having covalently
bound thereto a moiety comprising a functional group which can bind to the
nanoparticles. The moieties and functional groups are those that allow for binding (i.e.,
by chemisorption or covalent bonding) of the oligonucleotides to nanoparticles. For
instance, oligonucleotides having an alkanethiol, an alkanedisulfide or a cyclic disulfide
covalently bound to their 5' or 3' ends can be used to bind the oligonucleotides to a variety
of nanoparticles, including gold nanoparticles.

The oligonucleotides are contacted with the nanoparticles in water for a time
sufficient to allow at least some of the oligonucleotides to bind to the nanoparticles by
means of the functional groups. Such times can be determined empirically. For instance,
it has been found that a time of about 12-24 hours gives good results. Other suitable
conditions for binding of the oligonucleotides can also be determined empirically. For
instance, a concentration of about 10-20 nM nanoparticles and incubation at room

temperature gives good results.

52

Fujirebio Diagnostics, Inc. v. Quanterix Corp.

EX-1045
4011



10

15

20

25

30

WO 2006/078289 PCT/US2005/016545

Next, at least one salt is added to the water to form a salt solution. The salt can be
any suitable water-soluble salt. For instance, the salt may be sodium chloride,
magnesium chloride, potassium chloride, ammonjum chloride, sodium acetate,
ammonium acetate, a combination of two or more of these salts, or one of these salts in
phosphate buffer. Preferably, the salt is added as a concentrated solution, but it could be
added as a solid. The salt can be added to the water all at one time or the salt is added
gradually over time. By “gradually over time” is meant that the salt is added in at least
two portions at intervals spaced apart by a period of time. Suitable time intervals can be
determined empirically.

The ionic strength of the salt solution must be sufficient to overcome at least
partially the electrostatic repulsion of the oligonucleotides from each other and, either the
electrostatic attraction of the negatively-charged oligonucleotides for positively-charged
nanoparticles, or the electrostatic repulsion of the negatively-charged oligonucleotides
from negatively-charged nanoparticles. Gradually reducing the electrostatic attraction
and repulsion by adding the salt gradually over time has been found to give the highest
surface density of oligonucleotides on the nanoparticles. Suitable ionic strengths can be
determined empirically for each salt or combination of salts. A final concentration of
sodium chloride of from about 0.1 M to about 1.0 M in phosphate buffer, preferably with
the concentration of sodium chloride being increased gradually over time, has been found
to give good results.

After adding the salt, the oligonucleotides and nanoparticles are incubated in the
salt solution for an additional period of time sufficient to allow sufficient additional
oligonucleotides to bind to the nanoparticles to produce the stable nanoparticle-
oligonucleotide conjugates. As will be described in detail below, an increased surface
density of the oligonucleotides on the nanoparticles has been found to stabilize the
conjugates. The time of this incubation can be determined empirically. A total
incubation time of about 24-48, preferably 40 hours, has been found to give good resuits
(this is the total time of incubation; as noted above, the salt concentration can be
increased gradually over this total time). This second period of incubation in the salt
solution is referred to herein as the “aging” step. Other suitable conditions for this
“aging” step can also be determined empirically. For instance, incubation at room

temperature and pH 7.0 gives good results.
53

Fujirebio Diagnostics, Inc. v. Quanterix Corp.

EX-1045
4012



10

15

20

25

30

WO 2006/078289 PCT/US2005/016545

The conjugates produced by use of the “aging” step have been found to be
considerably more stable than those produced without the “aging” step. As noted above,
this increased stability is due to the increased density of the oligonucleotides on the
surfaces of the nanoparticles which is achieved by the “aging” step. The surface density
achieved by the “aging” step will depend on the size and type of nanoparticles and on the
length, sequence and concentration of the oligonucleotides. A surface density adequate to
make the nanoparticles stable and the conditions necessary to obtain it for a desired
combination of nanoparticles and oligonucleotides can be determined empirically.
Generally, a surface density of at least 10 picomoles/cm2 will be adequate to provide
stable nanoparticle-oligonucleotide conjugates. Preferably, the surface density is at least
15 picomoles/cmz. Since the ability of the oligonucleotides of the conjugates to hybridize
with nucleic acid and oligonucleotide targets can be diminished if the surface density is
too great, the surface density is preferably no greater than about 35-40 picomoles/cmz.

As used herein, “stable” means that, for a period of at least six months after the
conjugates are made, a majority of the oligonucleotides remain attached to the
nanoparticles and the oligonucleotides are able to hybridize with nucleic acid and
oligonucleotide targets under standard conditions encountered in methods of detecting
nucleic acid and methods of nanofabrication.

It has been found that the hybridization efficiency of nanoparticle-oligonucleotide
conjugates can be increased dramatically by the use of recognition oligonucleotides
which comprise a recognition portion and a spacer portion. “Recognition
oligonucleotides” are oligonucleotides which comprise a sequence complementary to at
least a portion of the sequence of a nucleic acid or oligonucleotide target. In this
embodiment, the recognition oligonucleotides comprise a recognition portion and a
spacer portion, and it is the recognition portion which hybridizes to the nucleic acid or
oligonucleotide target. The spacer portion of the recognition oligonucleotide is designed
so that it can bind to the nanoparticles. For instance, the spacer portion could have a
moiety covalently bound to it, the moiety comprising a functional group which can bind
to the nanoparticles. These are the same moieties and functional groups as described
above. As a result of the binding of the spacer portion of the recognition oligonucleotide
to the nanoparticles, the recognition portion is spaced away from the surface of the

nanoparticles and is more accessible for hybridization with its target. The length and
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sequence of the spacer portion providing good spacing of the recognition portion away
from the nanoparticles can be determined empirically. It has been found that a spacer
portion comprising at least about 10 nucleotides, preferably 10-30 nucleotides, gives good
results. The spacer portion may have any sequence which does not interfere with the
ability of the recognition oligonucleotides to become bound to the nanoparticles or to a
nucleic acid or oligonucleotide target. For instance, the spacer portions should not have
sequences complementary to each other, to that of the recognition olignucleotides, or to
that of the nucleic acid or oligonucleotide target of the recognition oligonucleotides.
Preferably, the bases of the nucleotides of the spacer portion are all adenines, all
thymines, all cytidines, or all guanines, unless this would cause one of the problems just
mentioned. More preferably, the bases are all adenines or all thymines. Most preferably
the bases are all thymines.

It has further been found that the use of diluent oligonucleotides in addition to
recognition oligonucleotides provides a means of tailoring the conjugates to give a
desired level of hybridization. The diluent and recognition oligonucleotides have been
found to attach to the nanoparticles in about the same proportion as their ratio in the
solution contacted with the nanoparticles to prepare the conjugates. Thus, the ratio of the
diluent to recognition oligonucleotides bound to the nanoparticles can be controlled so
that the conjugates will participate in a desired number of hybridization events. The
diluent oligonucleotides may have any sequence which does not interfere with the ability
of the recognition oligonucleotides to be bound to the nanoparticles or to bind to a nucleic
acid or oligonucleotide target. For instance, the diluent oligonulceotides should not have
a sequence complementary to that of the recognition olignucleotides or to that of the
nucleic acid or oligonucleotide target of the recognition oligonucleotides. The diluent
oligonucleotides are also preferably of a length shorter than that of the recognition
oligonucleotides so that the recognition oligonucleotides can bind to their nucleic acid or
oligonucleotide targets. If the recognition oligonucleotides comprise spacer portions, the
diluent oligonulceotides are, most preferably, about the same length as the spacer
portions. In this manner, the diluent oligonucleotides do not interefere with the ability of
the recognition portions of the recognition oligonucleotides to hybridize with nucleic acid
or oligonucleotide targets. Even more preferably, the diluent oligonucleotides have the

same sequence as the sequence of the spacer portions of the recognition oligonucleotides.
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In another embodiment of the invention, particle complex probes are provided.
Each type of particle complex probe contains a predetermined reporter oligonucleotide or
barcode for a particular target analyte. In the presence of target analyte, aggregates are
produced as a result of the binding interactions between the particle complex and the
target analyte. These aggregates can be isolated and analyzed by any suitable means,
e.g., thermal denaturation, to detect the presence of one or more different types of reporter
oligonucleotides. In practicing this invention, nanoparticle complex probes are preferred.

Thus, in one aspect of the invention, the particle complex probe comprises a
particle having oligonucleotides bound thereto, one or more DNA barcodes, and an
oligonucleotide having bound thereto a specific binding complement to a specific target
analyte, wherein (i) the DNA barcode has a sequence having at least two portions; (ii) at
least some of the oligonucleotides attached to the particle have a sequence that is
complementary to a first portion of a DNA barcode; (iii) the oligonucleotide having
bound thereto a specific binding complement have a sequence that is complementary to a
second portion of a DNA barcode; and (iv) the DNA barcode in each type of particle
complex probe has a sequence that is different and that serves as an identifier for a
particular target analyte.

In another aspect of this embodiment, the particle complex probe comprises a
particle having at least two types of oligonucleotides bound thereto, one or more DNA
barcodes, and an oligonucleotide having bound thereto a specific binding complement to
a target analyte, wherein a first type of oligonucleotides bound to the probe having a
sequence that is complementary to at least a portion of the DNA barcode, the second type
of oligonucleotide bound to the probe having a sequence that is complementary to at least
a portion of the sequence of the oligonucleotide having a specific binding complement.

In another aspect of this embodiment the particle complex probe comprising a
particle having oligonucleotides bound thereto, one or more DNA barcodes, and a
specific binding complement to a target analyte, wherein at least a portion of the
oligonucleotides bound to the particle have a sequence that is complementary to at least a
portion of the sequence of the DNA barcode and where the DNA barcode serves as an
identifier for a specific target analyte.

In yet another embodiment of the invention, a particle complex probe is provided.

Thus in one embodiment of the invention, a particle complex probe is provided which
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comprises a particle having oligonucleotides bound thereto, a DNA barcode, and an
oligonucleotide having bound thereto a specific binding complement to a specific target
analyte, wherein (i) the DNA barcode has a sequence having at least two portions; (ii) at
least some of the oligonucleotides attached to the particle have a sequence that is
complementary to a first portion of a DNA barcode; (iii) the oligonucleotide having
bound thereto a specific binding complement have a sequence that is complementary to a
second portion of a DNA barcode; and (iv) the DNA barcode in each type of particle
complex probe has a sequence that is different and that serves as an identifier for a
particular target analyte.

In another embodiment of the invention, a particle complex probe is provided
which comprises a particle having at least two types of oligonucleotides bound thereto, a
DNA barcode, and an oligonucleotide having bound thereto a specific binding
complement to a target analyte, wherein a first type of oligonucleotides bound to the
probe having a sequence that is complementary to at least a portion of the DNA barcode,
the second type of oligonucleotide bound to the probe having a sequence that is
complementary to at least a portion of the sequence of the oligonucleotide having a
specific binding complement.

In yet another embodiment of the invention, a particle complex probe is provided
which comprises a particle having oligonucleotides bound thereto, a DNA barcode, and a
specific binding complement to a target analyte, wherein at least a portion of the
oligonucleotides bound to the particie have a sequence that is complementary to at least a
portion of the sequence of the DNA barcode and where the DNA barcode serves as an
identifier for a specific target analyte.

In yet another embodiment of the invention, a detection probe is provided which
comprises a nanoparticle; a member of a specific binding pair bound to the nanoparticle;
at least one type of oligonucleotide bound to the nanoparticle; and at least one type of
DNA barcode each having a predetermined sequence, wherein each type of DNA barcode
is hybridized to at least a portion of the at least one type of oligonucleotide.

Preferably the particles comprise nanoparticles as described above such as metal,
semiconductor, insulator, or magnetic nanoparticles. Preferably the particles are gold
nanoparticles. The the specific binding complement or binding pair member and the

target analyte are members of a specific binding pair which comprises nucleic acid,
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oligonucleotide, peptide nucleic acid, polypeptide, antibody, antigen, carbohydrate,
protein, peptide, amino acid, hormone, steroid, vitamin, drug, virus, polysaccharides,
lipids, lipopolysaccharides, glycoproteins, lipoproteins, nucleoproteins, oligonucleotides,
antibodies, immunoglobulins, albumin, hemoglobin, coagulation factors, peptide and
protein hormones, non-peptide hormones, interleukins, interferons, cytokines, peptides
comprising a tumor-specific epitope, cells, cell-surface molecules, microorganisms,
fragments, portions, components or products of microorganisms, small organic
molecules, nucleic acids and oligonucleotides, metabolites of or antibodies to any of the
above substances.

In another embodiment of the invention, methods are provided for detecting for
the presence or absence of one or more target analytes, the target analyte having at least
two binding sites, in a sample. In one aspect of this embodiment of the invention, a
method is provided which comprises the steps of:

providing a substrate;

providing one or more types of particle probes, each type of probe comprising a
particle having one or more specific binding complements to a specific target analyte and
one or more DNA barcodes bound thereto, wherein the specific binding complement of
each type of particle probe is specific for a particular target analyte, and the DNA barcode
for each type of particle probe serves as a marker for the particular target analyte;

immobilizing the target analytes onto the substrate;

contacting the immobilized target analytes with one or more types of particle
probes under conditions effective to allow for binding between the target analyte and the
specific binding complement to the analyte and form a complex in the presence of the
target analyte;

washing the substrate to remove unbound particle probes; and

optionally amplifying the DNA barcode; and

detecting for the presence or absence of the amplified DNA barcode wherein the
presence or absence of the marker is indicative of the presence or absence of a specific
target analyte in the sample.

In one aspect of this embodiment of the invention, the target analyte is a protein or
hapten and its specific binding complement is an antibody comprising a monoclonal or

polyclonal antibody.
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In another aspect of the invention, any suitable substrate may be used. The
substrate may be arrayed with one or more types of capture probes for the target analytes.

In this aspect of the invention, the barcode may be isolated. Analyte detection
occurs indirectly by ascertaining for the presence of reporter oligonucleotide or
biobarcode by any suitable means such as a DNA. chip.

DNA barcode can optionally be amplified by any suitable means including PCR
amplification, and then be detected by any suitable DNA. detection system using any
suitable detection probes. The particle is preferably labeled with a sufficient amount of
DNA barcodes to provide sufficient signal amplification and eliminate the need for DNA
barcode amplification. Tn practicing this invention, amplification by the PCR method is
preferred. PCR amplification (herein also referred to as BPCR) of the DNA barcode
allows one to detect a protein target at attomolar level. The assay as illustrated in Figure
6, utilizes a new type of nanoparticle heavily functionalized with hybridized
oligonucleotides (biobarcode:s)36 and polyclonal detection antibodies to recognize a target
analyte, the prostate specific antigen (PSA) (Example 5). In addition, polyamine
microparticles (1pm diameter) with magnetic iron oxide cores are funtionalized with PSA
monoclonal antibodies (Figure 6 and Example 5). The gold nanoparticles and the
polyamine microparticles sandwich the PSA target, generating a complex with a large
ratio of barcode DNA to protein target (for 13 nm particles, each particle can support up
to 200 strands of DNA; this represents the upper limit for this size particle). Application
of a magnetic field draws the magnetic particles to the wall of the reaction vessel in a
matter of seconds, allowing one to separate both reacted and unreacted microparticles but
only reacted nanoparticles from the reaction mixture. Washing the aggregate structures in
Nanopure water (18 MOhms) dehybridizes barcode DNA from nanoparticle-immobilized
complements. Using the magnetic separator, the aggregate can be easily removed from
the assay solution, leaving the barcode DNA, which can be amplified using PCR, and
subsequently and quickly identified by standard DNA detection methodologies
(scanometric'', gel electrophoresis, or fluorophore-labeling approaches). PSA was chosen
as the initial target for these studies because of its importance in the early detection of
prostate cancer, one of the most common cancers and second leading cause of cancer
death in American men ¥ . Importantly, identification of disease relapse following the

surgical treatment of prostate cancer using PSA as a marker present at low levels (10s of
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copies), could be extremely beneficial and enable the delivery of curative adjuvant
therapies 46,49,

Examples 5-6 demonstrate that BPCR is an extremely powerful method for
detecting protein analytes, namely PSA, at low attomolar concentrations in the presence
of background proteins using either gel electrophoresis or scanometric microarray
detection. The work demonstrates several advantages over current protein detection
methods. First, the target binding protein of the assay is homogeneous. Therefore, one can
add a large quantity of magnetic particles to the reaction vessel to facilitate the binding
kinetics between the detection antibody and target analyte. This leads to an assay that is
faster than heterogeneous systems and also allows one to increase sensitivity because the
capturing step is more efficient. Second, the use of the nanoparticle biobarcodes provides
a high ratio of PCR-amplifiable DNA to labeling antibody serving to substantially
increase assay sensitivity. For example, the BPCR assay reported herein was able to
detect PSA at 3 aM concentration while a PCR-based immunoassay has been reported to
have a detection limit of 3 fM for the same target analyte **. Third, this assay obviates the
need for complicated conjugation chemistry for attaching DNA to the labeling antibodies.
Barcode DNA is bound to the nanoparticle probe through hybridization at the start of the
labeling reaction and liberated for PCR amplification using a simple wash step. Ad the
labeling antibody and DNA are present on the same particle, there is no need for the
addition of further antibodies or DNA-protein conjugates prior to the PCR amplification
of barcode DNA. In addition, the barcode DNA is removed from the detection assay, and
PCR is carried out on samples of barcode DNA that is free from PSA, most of the
biological sample, the microparticles, and nanoparticles. This substantially reduces
background signal. Finally, this protein detection scheme has the potential for massive
multiplexing and the simultaneous detection of many analytes in one solution. Although
the PSA system is used for proof-of-concept, the approach should be general for almost
any target with known binding partners, and by using the nanoparticle-based biobarcode
approach 36 one can prepare a unique identifiable barcode for virtually every target of
interest.

Example 9 demonstrates that the probes of the invention can be used to detect and

measure directly the amount of target analyte in a sample. Thus, a step comprising BPCR
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to amplify the barcode DNA is not required to achieve excellent sensitivity and detection
limits (Figs. 6B (step 4), 9 (inset), and 12).

Any suitable washing solution that removes unbound probes from the surface of
the substrate after complex formation may be used. A representative example includes,
without limitation, PBS (phosphate buffer solution).

In the presence of target analyte, nanoparticle aggregate complexes are produced
as a result of the binding interactions between the nanoparticle complex probe and the
target analyte. These aggregates are may isolated and subject to conditions effective to
dehybridize the aggregate and to release the reporter oligonucleotide. The reporter
oligonucleotide is then isolated. If desired, the reporter oligonucleotide may be amplified
by any suitable means including PCR amplification. Analyte detection occurs indirectly
by ascertaining for the presence of reporter oligonucleotide or biobarcode by any suitable
means such as a DNA chip.

The DNA barcodes or reporter oligonucleotides may then be detected by any
suitable means. Generally, the DNA barcodes are released via dehybridization from the
complex prior to detection. Any suitable solution or media may be used that dehybridize
and release the DNA barcode from the complex. A representative medium is water.

The DNA barcodes released by dehybridization of the aggregates can be directly
detected using a substrate having capture oligonucleotides bound thereto.  The
oligonucleotides have a sequence complementary to at least one portion of the reporter
oligonucleotides. Some embodiments of the method of detecting the DNA barcodes
utilize a substrate having complementary oligonucleotides bound thereto to capture the
reporter oligonucleotides. These captured reporter oligonucleotides are then detected by
any suitable means. By employing a substrate, the detectable change (the signal) can be
amplified and the sensitivity of the assay increased.

Any suitable method for attaching oligonucleotides to a substrate may be used.
For instance, oligonucleotides can be attached to the substrates as described in, e.g.,
Chrisey et al., Nucleic Acids Res., 24, 3031-3039 (1996); Chrisey et al., Nucleic Acids
Res., 24, 3040-3047 (1996); Mucic et al., Chem. Commun., 555 (1996); Zimmermann and
Cox, Nucleic Acids Res., 22, 492 (1994); Bottomley et al., J. Vac. Sci. Technol. A4, 10, 591
(1992); and Hegner et al., FEBS Lett., 336, 452 (1993).
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The oligonucleotides attached to the substrate have a sequence complementary to
a first portion of the sequence of reporter oligonucleotides to be detected. The reporter
oligonucleotide is contacted with the substrate under conditions effective to allow
hybridization of the oligonucleotides on the substrate with the reporter oligonucleotide.
In this manner the reporter oligonucleotide becomes bound to the substrate. Any
unbound reporter oligonucleotide is preferably washed from the substrate before adding a
detection probe such as nanoparticle-oligonucleotide conjugates.

In one aspect of the invention, the reporter oligonucleotide bound to the
oligonucleotides on the substrate is contacted with a first type of nanoparticles having
oligonucleotides attached thereto. The oligonucleotides have a sequence complementary
to a second portion of the sequence of the reporter oligonucleotide, and the contacting
takes place under conditions effective to allow hybridization of the oligonucleotides on
the nanoparticles with the reporter oligonucleotide. In this manner the first type of
nanoparticles become bound to the substrate. After the nanoparticle-oligonucleotide
conjugates are bound to the substrate, the substrate is washed to remove any unbound
nanoparticle-oligonucleotide conjugates.

The oligonucleotides on the first type of nanoparticles may all have the same
sequence or may have different sequences that hybridize with different portions of the
reporter oligonucleotide to be detected. When oligonucleotides having different
sequences are used, each nanoparticle may have all of the different oligonucleotides
attached to it or, preferably, the different oligonucleotides are attached to different
nanoparticles.  Alternatively, the oligonucleotides on each of the first type of
nanoparticles may have a plurality of different sequences, at least one of which must
hybridize with a portion of the reporter oligonucleotide to be detected.

Optionally, the first type of nanoparticle-oligonucleotide conjugates bound to the
substrate is contacted with a second type of nanoparticles having oligonucleotides
attached thereto. These oligonucleotides have a sequence complementary to at least a
portion of the sequence(s) of the oligonucleotides attached to the first type of
nanoparticles, and the contacting takes place under conditions effective to allow
hybridization of the oligonucleotides on the first type of nanoparticles with those on the
second type of nanoparticles. After the nanoparticles are bound, the substrate is

preferably washed to remove any unbound nanoparticle-oligonucleotide conjugates.
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The combination of hybridizations produces a detectable change. The detectable
changes are the same as those described above, except that the multiple hybridizations
result in an amplification of the detectable change. In particular, since each of the first
type of nanoparticles has multiple oligonucleotides (having the same or different
sequences) attached to it, each of the first type of nanoparticle-oligonucleotide conjugates
can hybridize to a plurality of the second type of nanoparticle-oligonucleotide conjugates.
Also, the first type of nanoparticle-oligonucleotide conjugates may be hybridized to more
than one portion of the reporter oligonucleotide to be detected. The amplification
provided by the multiple hybridizations may make the change detectable for the first time
or may increase the magnitude of the detectable change. This amplification increases the
sensitivity of the assay, allowing for detection of small amounts of reporter
oligonucleotide.

If desired, additional layers of nanoparticles can be built up by successive
additions of the first and second types of nanoparticle-oligonucleotide conjugates. In this
way, the number of nanoparticles immobilized per molecule of target nucleic acid can be
further increased with a corresponding increase in intensity of the signal.

Also, instead of using first and second types of nanoparticle-oligonucleotide
conjugates designed to hybridize to each other directly, nanoparticles bearing
oligonucleotides that would serve to bind the nanoparticles together as a consequence of
hybridization with binding oligonucleotides could be used.

When a substrate is employed, a plurality of the initial types of nanoparticle-
oligonucleotide conjugates or oligonucleotides can be attached to the substrate in an array
for detecting multiple portions of a target reporter oligonucleotide, for detecting multiple
different reporter oligonucleotides, or both. For instance, a substrate may be provided
with rows of spots, each spot containing a different type of oligonucleotide designed to
bind to a portion of a target reporter oligonucleotide. A sample containing cne or more
reporter oligonucleotides is applied to each spot, and the rest of the assay is performed in
one of the ways described above using appropriate oligonucleotide-nanoparticle
conjugates.

In yet another aspect, the methods of analyte detection by BPCR, as well as direct
detection, can be adapted for use with methods that comprise analyte detection on a

substrate, for example, glass, gold, silicon, nickel, plastics, and the like. These methods

63

Fujirebio Diagnostics, Inc. v. Quanterix Corp.

EX-1045
4022



10

15

20

25

30

WO 2006/078289 PCT/US2005/016545

can also be adapted to detect other biological and chemical recognition events such as
DNA-protein binding events, physiological protein-protein binding or dimerization, and
other biomolecular interactions previously described above.

In one embodiment of this aspect, the method comprises attaching one or more
types of capture probe for each target analyte to a substrate, contacting the substrate with
a test solution, optionally washing the test solution from the substrate, subsequently
contacting the substrate with one or more types of detection probe for each target analyte,
removing any unbound detection probe, and detecting an observable signal, wherein the
detection of an observable signal indicates the presence of the target analyte in the test
solution.

In this aspect of the invention, the observable signal can be detected using any
method described herein. For example, direct detection of barcode DNAs, detection of
BPCR-amplified barcode DNAs, detection of aggregation of the one or more types of
detection probe (e.g., by visual inspection, fluorescence, colorimetric, electrochemistry,
electronic, densitometry, radioactivity, and the like), or by using reporter nucleotides that
comprise a sequence that is complementary to at least a portion of the barcode DNAs and
a detectable signal moiety (e.g., fluorescent label).

When a substrate is employed, a detectable change can be produced or further
enhanced by staining such as silver or gold staining. Silver staining can be employed
with any type of nanoparticles that catalyze the reduction of silver. Preferred are
nanoparticles made of noble metals (e.g., gold and silver). See Bassell, et al., J Cell
Biol., 126, 863-876 (1994); Braun-Howland et al., Biotechniques, 13, 928-931 (1992). If
the nanoparticles being employed for the detection of a nucleic acid do not catalyze the
reduction of silver, then silver ions can be complexed to the nucleic acid to catalyze the
reduction. See Braun et al., Nature, 391, 775 (1998). Also, silver stains are known which
can react with the phosphate groups on nucleic acids.

Silver staining can be used to produce or enhance a detectable change in any assay
performed on a substrate, including those described above. In particular, silver staining
has been found to provide a huge increase in sensitivity for assays employing a single
type of nanoparticle so that the use of layers of nanoparticles can often be eliminated.

In assays for detecting reporter oligonucleotides performed on a substrate, the

detectable change can be observed with an optical scanner. Suitable scanners include
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those used to scan documents into a computer which are capable of operating in the
reflective mode (e.g., a flatbed scanner), other devices capable of performing this function
or which utilize the same type of optics, any type of greyscale-sensitive measurement
device, and standard scanners which have been modified to scan substrates according to
the invention (e.g., a flatbed scanner modified to include a holder for the substrate) (to
date, it has not been found possible to use scanners operating in the transmissive mode).
The resolution of the scanner must be sufficient so that the reaction area on the substrate
is larger than a single pixel of the scanner. The scanner can be used with any substrate,
provided that the detectable change produced by the assay can be observed against the
substrate (e.g., a gray spot, such as that produced by silver staining, can be observed
against a white background, but cannot be observed against a grey background). The
scanner can be a black-and-white scanner or, preferably, a color scanner. Most
preferably, the scanner is a standard color scanner of the type used to scan documents into
computers. Such scanners are inexpensive and readily available commercially. For
instance, an Epson Expression 636 (600 x 600 dpi), a UMAX Astra 1200 (300 x 300 dpi),
or a Microtec 1600 (1600 x 1600 dpi) can be used. The scanner is linked to a computer
loaded with software for processing the images obtained by scanning the substrate. The
software can be standard software which is readily available commercially, such as
Adobe Photoshop 5.2 and Corel Photopaint 8.0. Using the software to calculate greyscale
measurements provides a means of quantifying the results of the assays. The sofiware
can also provide a color number for colored spots and can generate images (e.g.,
printouts) of the scans which can be reviewed to provide a qualitative determination of
the presence of a nucleic acid, the quantity of a nucleic acid, or both. The computer can
be a standard personal computer which is readily available commercially. Thus, the use
of a standard scanner linked to a standard computer loaded with standard software can
provide a convenient, easy, inexpensive means of detecting and quantifying nucleic acids
when the assays are performed on substrates. The scans can also be stored in the
computer to maintain a record of the results for further reference or use. Of course, more
sophisticated instruments and software can be used, if desired.

In another embodiment of the invention, a method is provided for detecting for the
presence or absence of one or more target analytes in a sample, each target analyte having

at least two binding sites, the method comprising:
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providing one or more types of capture probes bound to a substrate, each type of
capture probe comprising a specific binding complement to a first binding site of a
specific target analyte;

providing one or more types of detection probes, each type of detection probe
comprising a nanoparticle having oligonucleotides bound thereto, one or more specific
binding complements to a second binding site of the specific target analyte, and one or
more DNA barcodes that serve as a marker for the particular target analyte, wherein at
least a portion of a sequence of the DNA barcodes is hybridized to at least some of the
oligonucleotides bound to the nanoparticles

contacting the sample, the capture probe, and the detection probe under
conditions effective to allow specific binding interactions between the target analyte and
the probes and to form an aggregate complex in the presence of the target analyte;

washing the substrate to remove any unbound detection probes;

detecting for the presence or absence of the DNA barcode in any aggregate
complex on the substrate, wherein the detection of the presence or absence of the DNA
barcode is indicative of the presence or absence of the target analyte in the sample.

In one aspect of this embodiment of invention, the detection probe comprises (i)
one or more specific binding complements to the second binding site of a specific target
analyte, (ii) at least one type of oligonucleotides bound to the nanoparticle, and a DNA
barcode having a predetermined sequence that is complementary to at least a portion of at
least one type of oligonucleotides, the DNA barcode bound to each type of detection
probe serving as a marker for a specific target analyte;

In another aspect of this embodiment, prior to said detecting step, the method
further comprising the steps of:

subjecting the aggregate complex to conditions effective to dehybridize the
complex and release the DNA barcodes; and

optionally amplifying the DNA barcode prior to said detecting.

In another aspect of the invention, the capture probe is bound to a magnetic
substrate such as a magnetic particle, e.g., a polystyrene MMP with a magnetic iron
oxide. This allows for facile removal of complexes from solution. DNA barcodes can
then be detected directly using the substrate-based detection technique described above or

indirectly by amplification followed by a detection technique. In the Examples below, a
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method based on oligonucleotide-modified nanoparticles (NPs), magnetic microparticles
(MMPs), and the subsequent detection of barcode DNA that serve as amplifiers of one or
more target nucleic acid sequences is described. Preferably, the oligonucleotide-modified
panoparticles comprise gold nanoparticles. The detection of the presence or absence of
target DNA signal (via detection of bar-code DNA) is preferably performed using a
substrate-based detection method as discussed above.

In one aspect, the invention provides a target nucleic acid amplification method
that does not rely on PCR methods, and is based on oligonucleotide-modified
nanoparticles (NPs), magnetic microparticles (MMPs), and detection of amplified target
nucleic acid in the form of barcode DNA. In one embodiment of this aspect, the
oligonucleotide-modified nanoparticles (NPs) comprise gold nanoparticles. In another
embodiment of this aspect, the detection of the amplified DNA signal (bar-code DNA
specific for a target sequence) is performed using a chip-based detection method. In
another embodiment of this aspect, the barcode DNA comprises a sequence specific for
each target nucleic acid molecule of interest, allowing for specific detection of multiple
target nucleic acid sequences in a test solution.

In another aspection of the invention, the barcode DNA comprises a sequence
specific for each particular target analyte of interest in a test sample, allowing for the
detection of multiple specific targets in a single assay/test solution. As shown in the
Examples, detection limits as low as about 500 zeptomolar (zM) can be achieved (the
"zepto" order of magnitude is 10?'; e.g., 10 copies in an entire 20 pL sample). Such
detection limits represent a significant increase in the sensitivity of PCR-less detection of
target nucleic acid molecules.

In this aspect, two types of probes are provided for target DNA detection (DNA-
BCA). In certain embodiments the first type of probe is a polystyrene MMP with a
magnetic iron oxide core, functionalized with oligonucleotides that are complementary to
at least a portion of a target sequence. The complementary portion of the
oligonucleotides of the MMP can have various lengths, depending on the particular assay
conditions (e.g., buffer system, target nucleic acid sequence, temperature, etc.).

In another embodiment, the second probe comprises a nanoparticle modified with
two types of oligonucleotides, one that comprises a sequence that is complementary to at

least a portion of a target sequence that is different from the region on the target that is
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recognized by the MMP; and the other comprises a sequence that is complementary to at
least a portion of barcode DNA sequence, which barcode DNA provides a unique
identification tag for the particular target sequence. In certain embodiments the
nanoparticle is a gold nanoparticle. In further embodiments the gold nanoparticle
comprises 13, 20, or 30 nm gold nanoparticles.

The ratio of barcode DNA to target binding sequence on the nanoparticle surface
can be varied to suit each individual assay. In order to provide for PCR-less detection of
barcode DNA, the ratio of barcode DNA to target binding DNA should be greater than
1:1, preferably at least about 25:1, more preferably at least about 50:1, most preferably at
least about 100:1. The higher ratios provide for PCR-less target amplification because the
barcode DNA, not the target sequence, is identified and detected in the DNA-BCA
methods. For example, a 13 nm gold nanoparticle can accomodate at least 100 thiolated
DNA strands per particle.”> For 20 and 30 nm nanoparticles, assuming comparable
oligonucleotide loading and a spherical shape for each particle, the particles can
accommodate approximately 240 and 530 immobilized oligonucleotides, respectively.

In another aspect of this embodiment, the specific binding complement bound to
the nanoparticle is a monoclonal or polyclonal antibody.

In another aspect of this embodiment, the specific binding complement bound to
the capture probe is a monoclonal antibody.

In another aspect of this embodiment, the antibody is an anti-PSA antibody.

In another aspect of this embodiment, prior to said washing step, the method
further comprises the step of:

isolating the aggregated complex prior to washing by subjecting the aggregated
complex bound to the magnetic particle to a magnetic field.

In another aspect of this embodiment, the method further comprises the step of:
subjecting the isolated aggregated complex to conditions effective to dehybridize the
aggregated complex and release the DNA barcode.

In another aspect of this embodiment, the released DNA barcode is amplified by
any suitable technique such as PCR.

In another aspect of this embodiment, the target analyte is a nucleic acid having at

least two portions.
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In another aspect of this embodiment, the target analyte is a target nucleic acid
having a sequence of at least two portions, the detection probe comprises a nanoparticle
having at oligonucleotides having a sequence that is complementary to the DNA bar code,
the specific binding complement of the detection probe comprising a first target
recognition oligonucleotide having a sequence that is complementary to a first portion of
the target nucleic acid, and the specific binding complement of the capture probes
comprises second target recognition oligonucleotide having a sequence that is
complementary to at least a second portion of the target nucleic acid.

In another aspect of this embodiment, the target analyte is a target nucleic acid
having a sequence of at least two portions, the detection probe comprising a nanoparticle
having oligonucleotides bound thereto, the DNA barcode having a sequence that is
complementary to at least a portion of the oligonucleotides bound to the detection probe,
the specific binding complement comprises a target recognition oligonucleotide having a
sequence of at least first and second portions, the first portion is complementary to a first
portion of the target nucleic acid and the second portion is complementary to a least a
portion of the oligonucleotides bound to the nanoparticles, the specific binding
complement of the substrate comprising a target recognition oligonucleotide having at
least a portion that is complementary to a second portion of the target nucleic acid.

In another aspect of this embodiment, the detection probe comprises a
dendrimeric nanoparticle as described aboye.

In yet another embodiment of this invention, a method is provided for detecting
for the presence or absence of one or more target analytes in a sample, each target analyte
having at least two binding sites, the method comprising:

providing one or more types of capture probes, each type of capture probe
comprising (i) a magnetic particle; and (ii) a first member of a first specific binding pair
attached to the magnetic particle, wherein the first member of the first specific binding
pair binds to a first binding site of a specific target analyte;

providing one or more types of detection probe for each target analyte, each type
of detection probe comprising (i) a nanoparticle; (ii) a first member of a second specific
binding pair attached to the nanoparticle, wherein the first member of the second specific
binding pair binds to a second binding site of the target analyte; (iii) at least one type of

oligonucleotides bound to the nanoparticle; and (iv) at least one type of DNA barcodes,
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each type of DNA barcode having a predetermined sequence that is complementary to at
least a portion of a specific type of oligonucleotides and serves as a marker for a specific
target analyte;

contacting the sample with the capture probe and the detection probe under
conditions effective to allow specific binding interactions between the target analyte and
the probes and to form an aggregated complex bound to the magnetic particle in the
presence of the target analyte;

washing any unbound detection probes from the magnetic particle; and

detecting for the presence or absence of the DNA barcodes in the complex,
wherein the detection of the DNA barcode is indicative of the presence of the target
analyte.

In one aspect of this embodiment, the method further comprises, prior to said
detecting step, the steps of:

isolating the aggregated complex by applying a magnetic field;

subjecting the aggregated complex to conditions effective to dehybridize and
release the DNA barcodes from the aggregated complex;

isolating the released DNA barcodes.

In another aspect of this embodiment, the method further comprises amplifying
the released DNA barcodes.

In another aspect of this embodiment, the method further comprises:

providing a substrate having oligonucleotides bound thereto, the oligonucleotides
having a sequence complementary to at least a portion of the sequence of the DNA
barcode;

providing a nanoparticle comprising oligonucleotides bound thereto, wherein at
least portion of the oligonucleotides bound to the nanoparticles have a sequence that is
complementary to at least a portion of a DNA barcode; and

contacting the DNA barcodes, the oligonucleotides bound to the substrate, and the
nanoparticles under conditions effective to allow for hybridization at least a first portion
of the DNA barcodes with a complementary oligonucleotide bound to the substrate and a
second portion of the DNA barcodes with some of the oligonucleotides bound to the

nanoparticles.
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In another aspect of this embodiment, the DNA barcode is amplified by PCR prior
to detection.

In another aspect of this embodiment, the method further comprises isolating the
aggregated complexes prior to analyzing the aggregated complex.

In another aspect of this embodiment, the aggregated complex is isolated by
applying a magnetic field to the aggregated complex.

In another aspect of this embodiment, the nanoparticles are metal nanoparticles
such as gold nanoparticles or semiconductor nanoparticles.

In another aspect of this embodiment , the specific binding pair is an antibody and
an antigen; a receptor and a ligand; an enzyme and a substrate; a drug and a target
molecule; an aptamer and an aptamer target; two strands of at least partially
complementary oligonucleotides.

In another aspect of this embodiment, the DNA barcode may be biotinylated,
radioactively labeled, or fluorescently labeled.

In any of the embodiments, at least two types of particle complex probes are
provided, the first type of probe having a specific binding complement to a first binding
site on the target analyte and the second type of probe having a specific binding
complement to a second binding site on the probe. A plurality of particle complex probes
are provided, each type of probe having a specific binding complement to different
binding sites on the target analyte.

The specific binding complement and the target analyte are members of a
specific binding pair which comprise nucleic acid, oligonucleotide, peptide nucleic acid,
polypeptide, antibody, antigen, carbohydrate, protein, peptide, amino acid, hormone,
steroid, vitamin, drug, virus, polysaccharides, lipids, lipopolysaccharides, glycoproteins,
lipoproteins, nucleoproteins, oligonucleotides, antibodies, immunoglobulins, albumin,
hemoglobin, coagulation factors, peptide and protein hormones, non-peptide hormones,
interleukins, interferons, cytokines, peptides comprising a tumor-specific epitope, cells,
cell-surface molecules, microorganisms, fragments, portions, components or products of
microorganisms, small organic molecules, nucleic acids and oligonucleotides, metabolites
of or antibodies to any of the above substances.

The nucleic acid and oligonucleotide comprise genes, viral RNA and DNA,
bacterial DNA, fungal DNA, mammalian DNA, cDNA, mRNA, RNA and DNA
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fragments, oligonucleotides, synthetic oligonucleotides, modified oligonucleotides,
single-stranded and double-stranded nucleic acids, natural and synthetic nucleic acids,
and aptamers.

The target analyte is a nucleic acid and the specific binding complement is an
oligonucleotide. Alternatively, the target analyte is a protein or hapten and the specific
binding complement is an antibody comprising a monoclonal or polyclonal antibody.
Alternatively, the target analyte is a sequence from a genomic DNA sample and the
specific binding complements are oligonucleotides, the oligonucleotides having a
sequence that is complementary to at least a portion of the genomic sequence. The
genomic DNA may be eukaryotic, bacterial, fungal or viral DNA.

The specific binding complement and the target analyte are members of an
antibody-ligand pair.

In addition to its first binding site, the target analyte has been modified to include
a second binding site.

The methods may further comprise a filtration step to remove aggregate
complexes, wherein the filtration is performed prior to analyzing the aggregated complex.
The filtration step comprises a membrane that removes sample components that do not
comprise DNA barcodes.

In another embodiment of the invention, a method is provided for detecting for the
presence or absence of one or more target analytes in a sample, the method comprises:

providing at least one or more types of particle complex probes, each type of
probe comprising oligonucleotides bound thereto, one or more specific binding
complements of a specific target analyte, and one or more DNA barcodes that serves as a
marker for the particular target analyte, wherein at least a portion of a sequence of the
DNA barcodes is hybridized to at least some of the oligonucleotides bound to the
nanoparticles;

contacting the sample with the particle complex probes under conditions effective
to allow specific binding interactions between the target analytes and the particle complex
probes and to form an aggregate complex in the presence of a target analyte; and

observing whether aggregate complex formation occurred.

In this aspect of the invention, the observable signal can be detected using any

method described herein. For example, direct detection of barcode DNAs, detection of

72

Fujirebio Diagnostics, Inc. v. Quanterix Corp.

EX-1045
4031



10

15

20

25

30

WO 2006/078289 PCT/US2005/016545

BPCR-amplified barcode DNAs, detection of aggregation of the one or more types of
detection probe (e.g., by visual inspection, fluorescence, colorimetric, electrochemistry,
electronic, densitometry, radioactivity, and the like), or by using reporter nucleotides that
comprise a sequence that is complementary to at least a portion of the barcode DNAs and
a detectable signal moiety (e.g., fluorescent label).

If sufficient complex is present, the complex can be observed visually with or
without a background substrate. Any substrate can be used which allows observation of
the detectable change. Suitable substrates include transparent solid surfaces (e.g., glass,
quartz, plastics and other polymers), opaque solid surface (e.g., white solid surfaces, such
as TLC silica plates, filter paper, glass fiber filters, cellulose nitrate membranes, nylon
membranes), and conducting solid surfaces (e.g., indium-tin-oxide (ITO)). The substrate
can be any shape or thickness, but gencrally will be flat and thin. Preferred are
transparent substrates such as glass (e.g., glass slides) or plastics (e.g., wells of microtiter
plates).

In one aspect of the invention, a method for detecting for the presence of a target
analyte, e.g., an antibody, in a sample is provided. An antibody such as immunoglobulin
E (IgE) or immunoglobulin G1 (IgG1) shown in the Examples below can be detected with
olignucleotide-modified probes prehybridized with oligonucleotide strands modified with
the appropriate hapten (biotin in the case of IgG1 and dinitropheny1 (DNP) in the case of
IgE; Figure 1A). '*'* The DNA sequences in the proof-of-concept assays presented in the
Examples below were designed in a way that would ensure that the two different
aggregates formed from the probe reactions with IgG1 and IgE would melt at different
temperatures, Figure 1B. The probes for IgG1 have longer sequences and greater G,C
base contents than those for IgE. Therefore, the former sequences melt at a higher
temperature than the latter ones. These sequence variations allow one to prepare probes
with distinct melting signatures that can be used as codes to identify which targets have
reacted with them to form nanoparticle aggregates. Three different systems have been
studied: (1) two probes with one target antibody present (IgG1 or IgE); (2) two probes
with the two different target antibodies present, and (3) a control where no target
antibodies are present.

In this aspect of the invention, a method is provided for detecting the presence of a

target analyte, e.g., an antibody, in a sample comprises contacting a nanoparticle probe
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having oligonucleotides bound thereto with a sample which may contain a target analyte.
At least some of the oligonucleotides attached to the nanoparticle are bound to a first
portion of a reporter oligonucleotide as a result of hybridization. A second portion of the
reporter oligonucleotide is bound, as a result of hybridization, to an oligonucleotide
having bound thereto a specific binding complement (e.g., antigen) to the analyte. The
contacting takes place under conditions eftective to allow specific binding interactions
between the analyte and the nanoparticle probe. In the presence of target analyte,
nanoparticle aggregates are produced. These aggregates may be detected by any suitable
means.

In another aspect of the invention, particle complex probes, preferably
nanoparticle complex probes, are used. These particle complexes may be generated prior
to conducting the actual assay or in situ while conducting the assay. These complexes
comprise a particle, preferably a nanoparticle, having oligonucleotides bound thereto, a
reporter oligonucleotide bound to at least a portion of the oligonucleotides bound to the
nanoparticle, and a specific binding complement of the target analyte. The specific
binding complement may be directly or indirectly bound to the nanoparticle. For
instance, the specific binding complement can be bound to a linker or oligonucleotide and
the labeled linker or oligonucleotide is then bound to the nanoparticle. In one
embodiment, the DNA barcode or reporter oligonucleotides has a sequence having at
least two portions and joins via hybridization the nanoparticle having oligonucleotides
bound thereto and the oligonucleotide having bound thereto the specific binding
complement. The oligonucleotides bound to the nanoparticles have a sequence that is
complementary to one portion of the reporter oligonucleotide and the oligonucleotide
having bound thereto the specific binding complement having a sequence that is
complementary to a second portion of the reporter oligonucleotide. The reporter
oligonucleotides have at least two portions and joins via hybridization the nanoparticle
having oligonucleotides bound thereto and the oligonucleotide having bound thereto the
specific binding complement. When employed in a sample containing the target analyte,
the nanoparticle complex binds to the target analyte and aggregation occurs. The
aggregates may be isolated and subject to further melting analysis to identify the
particular target analyte where multiple targets are present as discussed above.

Alternatively, the aggregates can be dehybridized to release the reporter oligonucleotides.

74

Fujirebio Diagnostics, Inc. v. Quanterix Corp.

EX-1045
4033



10

15

20

25

30

WO 2006/078289 PCT/US2005/016545

These reporter oligonucleotides, or DNA barcode can optionally be amplified, and then
be detected by any suitable DNA detection system using any suitable detection probes.

In practicing the invention, a nanoparticle complex probes are prepared by
hybridizing the mnanoparticles having oligonucleotides bound thereto with an
oligonucleotide modified with a specific binding complement to a target analyte, and a
reporter oligonucleotide. At least some of the oligonucleotides attached to the
nanoparticle have a sequence that is complementary to a first portion of a reporter
oligonucleotide.  The oligonucleotides having bound thereto a specific binding
complement have a sequence that is complementary to a second portion of a reporter
oligonucleotide. The reporter oligonucleotide hybridizes to the at least some of the
oligonucleotides attached to the nanoparticle and to the oligonucleotides having bound
thereto the specific binding complement, forming the nanoparticle complex probe under
conditions sufficient to allow for hybridization between the components. Any suitable
solvent medium and hybridization conditions may be employed in preparing the
nanoparticle complex solution that allows for sufficient hybridization of the components.
Preferably, the components are hybridized in a phosphate buffered solution (PBS)
comprised of 0.3 M NaCl and 10 mM phosphate buffer (pH 7) at room temperature for
about 2-3 hours. The concentration of nanoparticle-oligonucleotide conjugates in the
hybridization mixture range between about 2 nM and about 50 nM, preferably about 13
nM. The concentration of hapten-modified oligonucleotides generally ranges between
about 50 and about 900, preferably about 300 nM. The concentration of reporter
oligonucleotide generally ranges between about 50 and about 900, preferably about 300
nM. Unreacted hapten-modified oligonucleotide and reporter oligonucleotides may be
optionally, but preferably, removed by any suitable means, preferably via centrifugation
(12,000 rpm, 20 minutes) of the hybridization mixture and subsequent decanting of the
supernatant. The prepared complexes were stored in 0.3 M NaCl and 10 mM phosphate
buffer (pH 7-7.4), 0.01% azide solution at 4-6 °C.

A typical assay for detecting the presence of a target analyte, e.g, antibody, in a
sample is as follows: a solution containing nanoparticle complex probe comprising
nanoparticles having oligonucleotides bound thereto, a reporter oligonucleotide, and an
oligonucleotide having a specific binding complement to the target analyte, is admixed

with an aqueous sample solution believed to contain target protein. The total protein

75

Fujirebio Diagnostics, Inc. v. Quanterix Corp.

EX-1045
4034



10

15

20

25

30

WO 2006/078289 PCT/US2005/016545

content in the aqueous sample solution generally ranges between about 5 and about 100,
usually about 43 ug/ml. The concentration of nanoparticles in the reaction mixture
generally ranges between about 2 nM and about 20 nM, usually about ~13 nM. The
total volume of the resulting mixture generally ranges between about 100 uL and about
1000 uL, preferably about 400 uL. Any suitable solvent may be employed in preparing
the aqueous sample solution believed to contain target analyte, preferably PBS
comprising 0.3 M NaCl and 10 mM phosphate buffer (pH 7-7.4).

The resulting assay mixture is then incubated at a temperature ranging between
about 35 and about 40°C, preferably at 37 °C, for a time ranging between about 30 and
about 60, preferably about 50 minutes, sufficient to facilitate specific binding pair, e.g.,
protein-hapten, complexation. If the target protein is present, particle aggregation takes
place effecting a shift in the gold nanoparticle plasmon band and a red-to-purple color
change along with precipitation. The hybridized products are centrifuged (e.g., 3000 rpm
for 2 minutes), and the supernatant containing unreacted elements are decanted prior to
analysis.

If desired, the nanoparticle complex probe may be prepared in situ within the
assay mixture by admixing all the nanoparticles having oligonucleotides bound thereto,
the reporter oligonucleotide, and the hapten-modified oligonucleotide with the sample
suspected of containing a target analyte. To ensure complete hybridization among all the
components, especially the complementary DNA strands, the assay mixture may be
incubated to expedite hybridization at —15 °C for 20 minutes (Boekel Tropicooler
Hot/Cold Block Incubator) and stored at 4 °C for 24 hours. In practicing the invention,
however, it is preferred that the nanoparticle complex probe is prepared prior to
conducting the assay reaction to increase the amount of DNA barcode within the
nanoparticle complex probe.

To determine which proteins are present, a melting analysis of the aggregates
which monitors the extinction at 260 nm as a function of temperature may carried out in
the solution. See, for instance, Figure 2 in Example 3 which describes analysis of a
sample containing one or two known target analytes: IgG1 and IgE. As discussed in
Example 3, when IgGl is treated with the probes via the aforementioned protocol, the
solution turns pinkish-blue, indicating the formation of nanoparticle aggregates. In a

control experiment where no target but background proteins are present, there is no
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discernible precipitation. A melting analysis of the solution shows a sharp transition with
a melting temperature (Tm) of 55 °C. This is the expected transition for the IgG1 target,
Figure 2A (---). IfIgE is added to a fresh solution of probes, the same color change is
observed but the melting analysis provides a curve with a Tm of 36 °C, the expected
transition for this target, Figure 2A (——). Significantly, when both protein targets are
added to the solution of probes, the solution turns dark purple, and the melting analysis
exhibits two distinct transactions. The first derivative of this curve shows two peaks
centered at 36 and 55 °C, respectively, Figure 2B. This demonstrates that two distinct
assemblies form and their melting properties, which derive from the oligonucleotide
barcodes, can be used to distinguish two protein targets.

In another aspect of the invention, a variation of the above aggregation method
strategy can be used to increase the sensitivity of the aforementioned system and to
increase the number of targets that can be interrogated in one solution. See, for instance,
Figure 3 in Example 4. With this strategy, the protein targets can be detected indirectly

via the DNA biobarcodes or unique reporter oligonucleotides assigned to specific target

| analytes. Generally, the suitable length, GC content, and sequence, and selection of the

reporter oligonucleotide for the target analyte is predetermined prior to the assay. For
instance, a 12-mer oligonucleotide has 4'? different sequences, many of which can be
used to prepare a barcode for a polyvalent protein of interest as shown in Figure 1A. In
this variation of the assay, the melting properties of the aggregates that form are not
measured in solution but rather the reporter oligonucleotides or DNA biobarcodes within
the aggregates are separated via centrifugation (e.g., 3000 rpm for 2 minutes) from the
unreacted probes and target molecules. The aggregates are then denatured by any suitable
means, e.g., by adding water to the solution, to free the reporter oligonucleotides or
biobarcodes. If the reporter oligonucleotide is present in small amounts, it may be
amplified by methods known in the art. See, e.g., Sambrook ez al., Molecular Cloning: A
Laboratory Manual (2nd ed. 1989) and B.D. Hames and S.J. Higgins, Eds., Gene Probes
I (IRL Press, New York, 1995). Preferred is polymerase chain reaction (PCR)
amplification.  The particles and proteins can be separated from the reporter
oligonucleotides by any suitable means, e.g., a centrifugal filter device (Millipore
Microcon YM-100, 3500 rpm for 25 min. Once the reporter oligonucleotides are isolated,

they can be captured on an oligonucleotide array and can be identified using one of the
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many suitable DNA detection assays (Figure 3). For the examples described herein
involving IgG1 and IgE, the reporter oligonucleotides are captured on a microscope slide
that has been functionalized with oligonucleotides (250 pm diameter spots) that are
complementary to one half of the barcode of interest (A3 and B3 in Figure 1). If the
barcode is captured by the oligonucleotide array, a DNA-modified particle that is
complementary to the remaining portion of the barcode can be hybridized to the array
(see experimental section). When developed via the standard scanometric approach ')
(which involves treatment with photographic developing solution), a flat bed scanner can
be used to quantify the results, Figure 4.!! If IgG1 is present, only the spot designed for
IgG1 shows measurable signal. Similarly if IgE is the only protein present, the spot
designed for it only exhibits signal. Finally, if both proteins are present, both spots
exhibit intense signals.

In one aspect of this embodiment, the DNA barcode in each type of particle
complex probe has a sequence that is different and that serves as an identifier for a
particular target analyte.

In another aspect of this embodiment, the method further comprises the steps of:

isolating aggregated complexes; and

analyzing the aggregated complexes to determine the presence of one or more
DNA barcodes having different sequences.

In another aspect of this embodiment, the method further comprises the steps of:

isolating the aggregated complex;

subjecting the aggregated complex to conditions effective to dehybridize the
aggregated complex and release the DNA barcode;

isolating the DNA barcode; and

detecting for the presence of one or more DNA barcodes having different
sequences, wherein each DNA barcode is indicative of the presence of a specific target
analyte in the sample.

In another aspect of this embodiment, the method further comprises the steps of:

isolating the aggregated complex;

subjecting the aggregated complex to conditions effective to dehybridize the
aggregated complex and release the DNA barcode;

isolating the DNA barcode;
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amplifying the isolated DNA barcode; and

detecting for the presence of one or more amplified DNA barcodes having
different sequences, wherein each DNA barcode is indicative of the presence of a specific
target analyte in the sample.

In another aspect of this embodiment, target has more than two binding sites and
at least two types of particle complex probes are provided, the first type of probe having a
specific binding complement to a first binding site on the target analyte and the second
type of probe having a specific binding complement to a second binding site on the probe.
A plurality of particle complex probes may be provided, each type of probe having a
specific binding complement to different binding sites on the target analyte.

In another aspect of this embodiment, the specific binding complement and the
target analyte are members of a specific binding pair comprising nucleic acid,
oligonucleotide, peptide nucleic acid, polypeptide, antibody, antigen, carbohydrate,
protein, peptide, amino acid, hormone, steroid, vitamin, drug, virus, polysaccharides,
lipids, lipopolysaccharides, glycoproteins, lipoproteins, nucleoproteins, oligonucleotides,
antibodies, immunoglobulins, albumin, hemoglobin, coagulation factors, peptide and
protein hormones, non-peptide hormones, interleukins, interferons, cytokines, peptides
comprising a tumor-specific epitope, cells, cell-surface molecules, microorganisms,
fragments, portions, components or products of microorganisms, small organic
molecules, nucleic acids and oligonucleotides, metabolites of or antibodies to any of the
above substances.

The nucleic acid and oligonuclectide comprise genes, viral RNA and DNA,
bacterial DNA, fungal DNA, mammalian DNA, cDNA, mRNA, RNA and DNA
fragments, oligonucleotides, synthetic oligonucleotides, modified oligonucleotides,
single-stranded and double-stranded nucleic acids, natural and synthetic nucleic acids,
and aptamers.

In one aspect, the target analytes may be a nucleic acid and the specific binding
complement may be an oligonucleotide. Alternatively, the target analyte may be a
protein or hapten and the specific binding complement may be an antibody comprising a
monoclonal or polyclonal antibody.

In another aspect of this embodiment, the target analyte may be a sequence from a

genomic DNA sample and the specific binding complements are oligonucleotides, the
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oligonucleotides having a sequence that is complementary to at least a portion of the
genomic sequence.

In another aspect of this embodiment, the genomic DNA may be eukaryotic,
bacterial, fungal or viral DNA.

In another aspect, the specific binding complement and the target analyte are
members of an antibody-ligand pair.

In another aspect of this embodiment, detecting step for the presence of one or
more DNA barcodes comprises:

providing a substrate having oligonucleotides bound thereto, the oligonucleotides
having a sequence complementary to at least a portion of the sequence of the DNA
barcode;

providing a nanoparticle comprising oligonucleotides bound thereto, wherein at
least portion of the oligonucleotides bound to the nanoparticles have a sequence that is
complementary to at least a portion of a DNA barcode; and ‘

contacting the DNA barcodes, the oligonucleotides bound to the substrate, and the
nanoparticles under conditions effective to allow for hybridization at least a first portion
of the DNA barcodes with a complementary oligonucleotide bound to the substrate and a
second portion of the DNA barcodes with some of the oligonucleotides bound to the
nanoparticles; and

observing a detectable change.

In another aspect of this embodiment, substrate comprises a plurality of types of
oligonucleotides attached thereto in an array to allow for the detection of one or more
different types of DNA barcodes.

In another aspect of this embodiment, the detectable change is the formation of
dark areas on the substrate.

In another aspect of this embodiment, the detectable change is observed with an
optical scanner.

In another aspect of this embodiment, the substrate is contacted with a silver stain
to produce the detectable change.

In another aspect of this embodiment, the DNA. barcodes are contacted with the
substrate under conditions effective to allow the DNA barcodes to hybridize with

complementary oligonucleotides bound to the substrate and subsequently contacting the
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DNA barcodes bound to the substrate with the nanoparticles having oligonucleotides
bound thereto under conditions effective to allow at least some of the oligonucleotides
bound to the nanoparticles to hybridize with a portion of the sequence of the DNA
barcodes on the substrate.

In another aspect of this embodiment, the DNA barcodes are contacted with the
nanoparticles having oligonucleotides bound thereto under conditions effective to allow
the DNA barcodes to hybridize with at least some of the oligonucleotides bound to the
nanoparticles; and subsequently contacting the DNA barcodes bound to the nanoparticles
with the substrate under conditions effective to allow at least a portion of the sequence of
the DNA barcodes bound to the nanoparticles to hybridize with complementary
oligonucleotides bound to the substrate.

In another aspect of this embodiment, the DNA barcode is amplified prior to the
contacting step.

In another aspect of this embodiment, at least two types of particle complex
probes are provided, a first type of probe having a specific binding complement to a first
binding site of the target analyte and a second type of probe having a specific binding
complement to a second binding site of the target analyte.

As discussedf above, the nucleic acid and oligonucleotide comprise genes, viral
RNA and DNA, bacterial DNA, fungal DNA, mammalian DNA, cDNA, mRNA, RNA
and DNA fragments, oligonucleotides, synthetic oligonucleotides, modified
oligonucleotides, single-stranded and double-stranded nucleic acids, natural and synthetic
nucleic acids, and aptamers.

In another embodiment of the invention, kits are provided which comprise the
particle complex probe described above.

In another aspect of this embodiment, a kit is provided for detecting for the
presence or absence of one or more target analytes in a sample, each target analyte having
at least two binding sites. The kit comprising:

at least one type of detection probe for each target analyte, each type of detection
probe comprising (i) a nanoparticle; (ii) a member of a specific binding pair bound to the
nanoparticle; (iii) oligonucleotides bound to the nanoparticle; and (iv) a DNA barcode
having a predetermined sequence that is complementary to a least a portion of the

oligonucleotides.
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In another aspect of this embodiment, the kit comprises:

at least one type of capture probe comprising (i) a substrate; (ii) a first member of
a first specific binding pair attached to the substrate, wherein the first member of the fist
specific binding pair binds to a first binding site of the target analyte;

at least one type of detection probe comprising (i) a nanoparticle; (ii) a first
member of a second specific binding pair attached to the nanoparticle, wherein the first
member of the second specific binding pair binds to a second binding site of the target
analyte; (iii) at least one type of oligonucleotides bound to the nanoparticle; and (iv) at
least one type of DNA barcodes, each type having a predetermined sequence that is
complementary to at least a portion of a specific type of oligonucleotides.

Any suitable substrate can be used in the kit. Preferably, the substrate is magnetic
such as a magnetic microparticle.

In another aspect of this embodiment, the kit comprises:

at least one type of capture probe comprising (i) a magnetic particle; (ii) a first
member of a first specific binding pair attached to the magnetic particle, wherein the first
member of the first specific binding pair binds to a first binding site of the target analyte;

at least one type of detection probe comprising (i) a nanoparticle; (i) a first
member of a second specific binding pair attached to the nanoparticle, wherein the first
member of the second specific binding pair binds to a second binding site of the target
analyte; (iii) at least one type of oligonucleotides bound to the nanoparticle; and (iv) at
least one type of DNA barcodes, each type having a predetermined sequence that is
complementary to at least a portion of a specitic type of oligonucleotides.

In another aspect of this embodiment, the kit comprises:

at least one container including particle complex probes comprising a particle
having oligonucleotides bound thereto, a DNA barcode, and an oligonucleotide having
bound thereto a specific binding complement to a target analyte, wherein the DNA
barcode has a sequence having at least two portions, at least some of the oligonucleotides
attached to the particle have a sequence that is complementary to a first portion of a DNA
barcode, the oligonucleotides having bound thereto a specific binding complement have a
sequence that is complementary to a second portion of a DNA barcode, and wherein the

DNA barcode is hybridized to at least to some of the oligonucleotides attached to the
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particle and to the oligonucleotides having bound thereto the specific binding
complement, and an optional substrate for observing a detectable change.

In another aspect of this embodiment, the kit comprises:

at least one or more containers, container holds a type of particle complex probe
comprising a particle having oligonucleotides bound thereto, a DNA barcode, and an
oligonucleotide having bound thereto a specific binding complement to a specific target
analyte, wherein (i) the DNA barcode has a sequence having at least two portions, (ii) at
least some of the oligonucleotides attached to the particle have a sequence that is
complementary to a first portion of a DNA barcode,(iii) the oligonucleotides having
bound thereto a specific binding complement have a sequence that is complementary to a
second portion of a DNA barcode, and (iv) the DNA barcode in each type of particle
complex probe has a sequence that is different and that serves as an identifier for a
particular target analyte; wherein the kit optionally includes a substrate for observing a
detectable change.

In another aspect of this embodiment, the kit comprises:

at least one pair of containers and an optional substrate for observing a detectable
change,

the first container of the pair includes particle probe comprising a particle having
oligonucleotides bound thereto and a DNA barcode having a sequence of at least two
portions, wherein at least some of the oligonucleotides attached to the particle have a
sequence that is complementary to a first portion of a DNA barcode;

the second container of the pair includes an oligonucleotide having a sequence
that is complementary to a second portion of the DNA barcode, the oligonucleotide
having a moiety that can be used to covalently link a specific binding pair complement of
a target analyte.

In another aspect of this embodiment, the kit comprises:

at least two or more pairs of containers,

the first container of each pair includes particle complex probes having particles
having oligonucleotides bound thereto and a DNA barcode having a sequence of at least
two portions, wherein at least some of the oligonucleotides bound to the particles have a
sequence that is complementary to a first portion of a DNA barcode having at least two

portions; and
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the second container of each pair contains an oligonucleotide having a sequence
that is complementary to a second portion of the DNA barcode, the oligonucleotide
having a moiety that can be used to covalently link a specific binding pair complement of
a target analyte,

wherein the DNA barcode for type of particle complex probe has a sequence that
is different and that serves as an identifier for a target analyte and wherein the kit
optionally include a substrate for observing a detectable change.

In another aspect of this embodiment, the kit comprises:

a first container and at least two or more pairs of containers,

the first container includes particle complex probes having particles having
oligonucleotides bound thereto;

the first container of the pair includes a DNA barcode having a sequence of at
least two portions, wherein at least some of the oligonucleotides bound to the particles
have a sequence that is complementary to a first portion of the DNA barcode; and

the second container of each pair contains an oligonucleotide having a sequence
that is complementary to a second portion of the DNA barcode, the oligonucleotide
having a moiety that can be used to covalently link a specific binding pair complement of
a target analyte,

wherein the DNA barcode present in the first container of each pair of containers
serves as an identifier for a target analyte and has a sequence that is different from a DNA
barcode in another pair of containers, and wherein the kite optionally include a substrate
for observing a detectable change.

In another aspect of this embodiment, the kit comprises:

an oligonucleotide sequence that serves as an identifier for the presence of a
specific target analyte.

The above Kkits can include instructions for assembling the assay and for
conducting the assay.

It is to be noted that the term "a'" or "an" entity refers to one or more of that entity.
For example, "a characteristic" refers to one or more characteristics or at least one
characteristic. As such, the terms "a" (or "an"), "one or more" and "at least one" are used
interchangeably herein. It is also to be noted that the terms "comprising", "including",

and "having" have been used interchangeably. The following examples are intended
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for illustration purposes only, and should not be construed as limiting the spirit or scope

of the invention in any way.
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EXAMPLES

Example 1:  Preparation of Oligonucleotide-Modified Gold Nanoparticles
A. Preparation Of Gold Nanoparticles

Oligonucleotide-modified 13 nm Au particles were prepared by literature methods

1820 Gold colloids (13 nm diameter) were prepared by

(~110 oligonucleotides/particle)
reduction of HAuCl, with citrate as described in Frens, Nature Phys. Sci., 241, 20 (1973)
and Grabar, Arnal. Chem., 67, 735 (1995). Briefly, all glassware was cleaned in aqua
regia (3 parts HCI, 1 part HNO3), rinsed with Nanopure H,O, then oven dried prior to use.
HAuCl; and sodium citrate were purchased from Aldrich Chemical Company. An
aqueous solution of HAuCly (1 mM, 500 mL) was brought to a reflux while stirring, and
then 50 mL of a 38.8 mM trisodium citrate solution was added quickly, which resulted in
a change in solution color from pale yellow to deep red. After the color change, the
solution was refluxed for an additional fifteen minutes, allowed to cool to room
temperature, and subsequently filtered through a Micron Separations Inc. 0.45 micron
nylon filter. Au colloids were characterized by UV-vis spectroscopy using a Hewlett
Packard 8452 A diode array spectrophotometer and by Transmission Electron Microscopy
(TEM) using a Hitachi 8100 transmission electron microscope. A typical solution of 13
nm diameter gold particles exhibited a characteristic surface plasmon band centered at
518 - 520 nm. Gold particles with diameters of 13 nm will produce a visible color change
when aggregated with target and probe oligonucleotide sequences in the 10-72 nucleotide
range.
B. Synthesis Of Oligonucleotides

Oligonucleotides were synthesized on a 1 micromole scale using a Milligene
Expedite DNA synthesizer in single column mode using phosphoramidite chemistry.
Eckstein, F. (ed.) Oligonucleotides and Analogues: A Practical Approach (IRL Press,
Oxford, 1991). All solutions were purchased from Milligene (DNA synthesis grade).
Average coupling efficiency varied from 98 to 99.8%, and the final dimethoxytrityl
(DMT) protecting group was not cleaved from the oligonucleotides to aid in purification.

For 3'-thiol-oligonucleotides, Thiol-Modifier C3 S-S CPG support was purchased

from Glen Research and used in the automated synthesizer. The final dimethoxytrityl
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(DMT) protecting group was not removed to aid in purification. After synthesis, the
supported oligonucleotide was placed in 1 mL of concentrated ammonium hydroxide for
16 hours at 55 °C to cleave the oligonucleotide from the solid support and remove the
protecting groups from the bases.

After evaporation of the ammonia, the oligonucleotides were purified by
preparative reverse-phase HPLC using an HP ODS Hypersil column (5 um, 250 x 4 mm)
with 0.03 M triethyl ammonium acetate (TEAA), pH 7 and a 1%/minute gradient of 95%
CH5CN/5% 0.03 M TEAA at a flow rate of 1 mL/minute, while monitoring the UV signal
of DNA at 254 nm. The retention time of the DMT protected modified 12-base oligomer
was 30 minutes. The DMT was subsequently cleaved by soaking the purified
oligonucleotide in an 80 % acetic acid solution for 30 minutes, followed by evaporation;
the oligonucleotide was redispersed in 500 uL of water, and the solution was extracted
with ethyl acetate (3 x 300 uL). After evaporation of the solvent, the oligonucleotide (10
OD’s) was redispersed in 100 uL of a 0.04 M DTT, 0.17 M phosphate buffer (pH 8)
solution overnight at 50 °C to cleave the 3' disulfide. Aliquots of this solution (< 10
OD’s) were purified through a desalting NAP-5 column. The amount of oligonucleotide
was determined by absorbance at 260 nm. Purity was assessed by ion-exchange HPLC
using a Dionex Nucleopac PA-100 column (250 x 4 mm) with 10 mM NaOH (pH 12) and
a 2%/minute gradient of 10 mM NaOH, 1 M NaCl at a flow rate of 1 mL/minute while
monitoring the UV signal of DNA at 254 nm. Three peaks with retention times (Tr) of
18.5, 18.9 and 22 minutes were observed. The main single peak at T, = 22.0 minutes,
which has been attributed to the disulfide, was 79 % by area. The two peaks with shorter
retention times of 18.5 and 18.9 minutes were ~9 % and 12 % by area respectively, and
have been attributed to oxidized impurity and residual thiol oligonucleotide.

5'-Alkylthiol modified oligonucleotides were prepared using the following
protocol: 1) a CPG-bound, detritylated oligonucleotide was synthesized on an automated
DNA synthesizer (Expedit¢) using standard procedures; 2) the CPG-cartridge was
removed and disposable syringes were attached to the ends; 3) 200 uL of a solution
containing 20 umole of 5-Thiol-Modifier Cé-phosphoramidite (Glen Research) in dry
acetonitrile was miked with 200 ul of standard “tetrazole activator solution” and, via one
of the syringes, introduced into the cartridge containing the oligonucleotide-CPG; 4) the
solution was slowly pumped back and forth through the cartridge for 10 minutes and then
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ejected followed by washing with dry acetonitrile (2 x 1 mL); 5) the intermediate
phosphite was oxidized with 700 uL of 0.02 M iodine in THF/pyridine/water (30 seconds)
followed by washing with acetonitrile/pyridine (1:1; 2 x 1 mL) and dry acetonitirile. The
trityloligonucleotide derivative was then isolated and purified as described by the 3'-
alkylthiol oligonucleotides; then the trityl protecting group was cleaved by adding 15 uL
(for 10 OD’s) of a 50 mM AgNO; solution to the dry oligonucleotide sample for 20
minutes, which resulted in a milky white suspension. The excess silver nitrate was
removed by adding 20 uL of a 10 mg/mL solution of DTT (five minute reaction time),
which immediately formed a yellow precipitate that was removed by centrifugation.
Aliquots of the oligonucleotide solution (< 10 OD’s) were then transferred onto a
desalting NAP-5 column for purification. The final amount and the purity of the resulting
5" alkylthiol oligonucleotides were assessed using the techniques described above for 3'
alkylthiol oligonucleotides. Two major peaks were observed by ion-exchange HPLC
with retention times of 19.8 minutes (thiol peak, 16 % by area) and 23.5 minutes
(disulfide peak, 82 % by area).

C. Attachment Of Oligonucleotides To Gold Nanoparticles

A 1 mL solution of the gold colloids (17nM) in water was mixed with excess
(3.68 uM) thiol-oligonucleotide (22 bases in length) in water, and the mixture was
allowed to stand for 12-24 hours at room temperature. Then, the solution was brought to
0.1 M NaCl, 10 mM phosphate buffer (pH 7) and allowed to stand for 40 hours. This
"aging" step was designed to increase the surface coverage by the thiol-oligonucleotides
and to displace oligonucleotide bases from the gold surface. The solution was next
centrifuged at 14,000 rpm in an Eppendorf Centrifuge 5414 for about 25 minutes to give a
very pale pink supernatant containing most of the oligonucleotide (as indicated by the
absorbance at 260 nm) along with 7-10% of the colloidal gold (as indicated by the
absorbance at 520 nm), and a compact, dark, gelatinous residue at the bottom of the tube.
The supernatant was removed, and the residue was resuspended in about 200 pL of buffer
(10 mM phosphate, 0.1 M NaCl) and recentrifuged. After removal of the supernatant
solution, the residue was taken up in 1.0 mL of buffer (10 mM phosphate, 0.3 M NaCl,
0.01% NaN3). The resulting red master solution was stable (i.e., remained red and did not
aggregate) on standing for months at room temperature, on spotting on silica thin-layer
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chromatography (TLC) plates (see Example 4), and on addition to 1 M NaCl, 10 mM

MgCl,, or solutions containing high concentrations of salmon sperm DNA.

Example 2:  Preparation of Hapten-modified oligonucleotides

Hapten-modified oligonucleotides were prepared with a biotin-triethylene glycol
phosphoramidite for A1 and 2, 4-dinitrophenyl-triethylene glycol phosphoramidite for B1
(Glen research) using standard solid-phase DNA synthesis procedures.!

Biotin modified oligonucleotides were prepared using the following protocol: A
CPG-bound, detritylated oligonucleotide was synthesized on an automated DNA
synthesizer (Expedite) using standard procedures?’. The CPG-cartridge was then
removed and disposable syringes were attached to the ends. 200 uL of a solution
containing 20 umole of biotin-triethylene glycol phosphoramidite in dry acetonitrile was
then mixed with 200 uL of standard “tetrazole activator solution” and, via one of the
syringes, introduced into the cartridge containing the oligonucleotide-CPG. The solution
then was slowly pumped back and forth through the cartridge for 10 minutes and then
ejected followed by washing with dry acetonitrile (2 x 1 mL). Thereafter, the
intermediate phosphite was oxidized with 700 uL of 0.02 M iodine in THF/pyridine/
water (30 seconds) followed by washing with acetonitrile/pyridine (1:1; 2 x 1 mL) and
dry acetonitirile with subsequent drying of the column with a stream of nitrogen. The
trityl protecting group was not removed, which aids in purification. The supported
oligonucleotide was placed in 1 mL of concentrated ammonium hydroxide for 16 hours at
55 °C to cleave the oligonucleotide from the solid support and remove the protecting
groups from the bases. After evaporation of the ammonia, the oligonucleotides were
purified by preparative reverse-phase HPLC using an HP ODS Hypersil column (5 um,
250 x 4 mm) with 0.03 M triethyl ammonium acetate (TEAA), pH 7 and a 1%/minute
gradient of 95% CH3CN/5% 0.03 M TEAA at a flow rate of 1 mL/minute, while
monitoring the UV signal of DNA at 254 nm. The retention time of the DMT protected
oligonucleotides was ~32 minutes. The DMT was subsequently cleaved by soaking the

purified oligonucleotide in an 80% acetic acid solution for 30 minutes, followed by

evaporation; the oligonucleotide was redispersed in 500 uL of water, and the solution was

extracted with ethyl acetate (3 x 300 uL) and dried. The same protocol was used to
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synthesize DNP modified oligonucleotide using 2, 4-dinitrophenyl-triethylene glycol
phosphoramidite.

Example 3:  Assay Using Nanoparticle Complex Probes

The Oligonucleotide-modified 13 nm gold particles were prepared as described in
Example 1. Hapten-modified oligonucleotides were prepared as described in Example 2
with a biotin-triethylene glycol phosphoramidite for A1 and 2, 4-dinitrophenyl-triethylene
glycol phosphoramidite for B1 (Glen research) using standard solid-phase DNA synthesis
procedures.”’ The PBS buffer solution used in this research consists of 0.3 M NaCl and
10 mM phosphate buffer (pH 7). IgE and IgGl were purchased from Sigma Aldrich
(Milwaukee, WI) and dissolved in 0.3 M PBS buffer with 0.05% Tween 20 (final
concentration: 4.3x10° b/ul) and background proteins (10 ug/ml of lysozyme, 1% bovine
serum albumin, and 5.3 ug/ml of anti-digoxin; 10 uL of each) prior to use.

To prepare the probes, the oligonucleotide modified particles (13 nM, 300 pL)
were hybridized with hapten-modified complementary oligonucleotides (10 L of 10 M)
and biobarcode DNA (10 L of 10 uM) at room temperature for 2-3 h, sequences given in
Figure 1. Unreacted hapten-modified oligonucleotide and biobarcodes were removed via
centrifugation (12,000 rpm, 20 min) of the nanoparticle probes and subsequent decanting
of the supernatant.

In a typical assay for IgE and/or IgG1, the target proteins (40 pl of 43 pg/ml for
each) were added to the solution containing the probes (~13 nM), and the mixture was
incubated at 37 °C for 50 minutes to facilitate protein-hapten complexation. To ensure
complete reaction among all the components, especially the complementary DNA strands,
the solution was incubated to expedite hybridization at —15 °C for 20 minutes (Boekel
Tropicooler Hot/Cold Block Incubator) and stored at 4 °C for 24 hours. If the target
protein is present, particle aggregation takes place affecting a shift in the gold
nanoparticle plasmon band and a red-to-purple color change along with precipitation.
The hybridized products were centrifuged (3000 rpm for 2 minutes), and the supernatant
containing unreacted elements was decanted prior to analysis. To determine which
proteins are present, a melting analysis, which monitors the extinction at 260 nm as a
function of temperature is carried out in the solution, Figure 2. When IgG1 is treated with

the probes via the aforementioned protocol, the solution turns pinkish-blue, indicating the
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formation of nanoparticle aggregates. In a control experiment where no target but
background proteins are present, there is no discernible precipitation. A melting analysis
of the solution shows a sharp transition with a melting temperature (Tm) of 55 °C. This is
the expected transition for the IgGl target, Figure 2A (---). If IgE is added to a fresh
solution of probes, the same color change is observed but the melting analysis provides a
curve with a Tm of 36 °C, the expected transition for this target, Figure 2A (—).
Significantly, when both protein targets are added to the solution of probes, the solution
turns dark purple, and the melting analysis exhibits two distinct transactions. The first
derivative of this curve shows two peaks centered at 36 and 55 °C, respectively, Figure
2B. This demonstrates that two distinct assemblies form and their melting properties,
which derive from the oligonucleotide barcodes, can be used to distinguish two protein

targets.

Example 4: Assay Using Nanoparticle Complex Probes

A variation of this strategy can be used to increase the sensitivity of the
aforementioned system and to increase the number of targets that can be interrogated in
one solution (Figure 3). With this strategy, the protein targets can be detected indirectly
via the DNA biobarcodes. A 12-mer oligonucleotide has 4 different sequences, many of
which can be used to prepare a barcode for a polyvalent protein of interest via Figure 1A.
In this variation of the assay, the melting properties of the aggregates that form are not
measured in solution but rather the DNA biobarcodes within the aggregates are separated
via centrifugation (3000 rpm for 2 minutes) from the unreacted probes and target
molecules. The aggregates are then denatured by adding water to the solution, freeing the
complexed DNA. The particles and proteins can be separated from the DNA barcodes
with a centrifugal filter device (Millipore Microcon YM-100, 3500 rpm for 25 min).
Once the DNA barcodes are isolated, they can be captured on an oligonucleotide array
and can be identified using one of the many DNA detection assays (Figure 3). For the
examples described herein involving IgGl and IgE, the barcodes are captured on a
microscope slide that has been functionalized with oligonucleotides (250 pm diameter
spots) that are complementary to one half of the barcode of interest (A3 and B3 in Figure
1). If the barcode is captured by the oligonucleotide array, a DNA-modified particle that

is complementary to the remaining portion of the barcode can be hybridized to the array
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(see experimental section). When developed via the standard scanometric approach ol

(which involves treatment with photographic developing solution), a flat bed scanner can
be used to quantify the results, Figure 4! IfIgG1 is present, only the spot designed for
IgG1 shows measurable signal. Similarly if IgE is the only protein present, the spot
designed for it only exhibits signal. Finally, if both proteins are present, both spots
exhibit intense signals.

For scanometric DNA biobarcode detection, the DNA/Au nanoparticle assembly
was centrifuged (3000 rpm for 2 min) in a polystyrene 1.5 mL vial, and the supernatant
was removed. PBS buffer solution (700 ul) was added to the aggregate and the procedure
was repeated to ensure isolation of the aggregate from unreacted protein and assay
components. Then, 500 ul of water was added to the vial containing the aggregate to
denature it. Microarrays were prepared and DNA hybridization methods were used
according to literature methods.'"?* The isolated DNA biobarcodes were premixed with
A2-modified nanoparticles or B2-modified nanoparticles (2nM), exposed to the DNA
microarray, and incubated in a hybridization chamber (GRACE BIO-LABS) at room
température for three hours. The array was then washed with 0.3M NaNO; and 10nM
NaH,PO,/NayHPO, buffer (pH 7) and submerged in Silver Enhancer Solution (Sigma) for
three minutes at room temperature. The slide was washed with water and then analyzed

with a flat bed scanner.

Example 5:  Assay using nanoparticle complex probe

The Biobarcode PCR (BPCR) protocol was performed to detect a protein target,
free prostate specific antigen (PSA), at 3 aM sensitivity (Figure 6), which is six orders of
magnitude more sensitive than the current conventional clinical assay for detecting PSA
(46). The nanoparticle detection probes were prepared by adding polyclonal anti-PSA
antibody (7 pg) to an aqueous solution of 13 nm Au nanoparticles (10 ml of 13 nM
solution in colloidal suspension, citrate (~38 mM) stabilized) at pH 9.0. After 20 minutes,
the anti-PSA modified nanoparticles were reacted with alkylthiol-capped barcode DNA
capture strands (0.2 OD; 5° CAA CTT CAT CCA CGT TCA ACG CTA GTG AACACA
GTT GTG T-A10-SH 3’ SEQ ID NO:9) for 12 hours and then salt-stabilized to 0.1 M
NaCl/0.01 M phosphate buffer, pH 7. Next, the solution was treated with 1 ml of a 10 %

BSA solution for 20 minutes to passivate and stabilize the gold nanoparticles. The final
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solution was centrifuged for 1 hour at 4 °C (20,000g), and the supernatant was removed.
This centrifugation procedure was repeated for further purification. The PSA-specific
barcode DNA strands (1 OD; 5 ACA CAA CTG TGT TCA CTA GCG TTG AAC GTG
GAT GAA GTT G 3’ SEQ ID NO:10) were then hybridized with the barcode DNA
capture strands coordinated to the nanoparticles and purified using a similar
centrifugation procedure.

Amino-functionalized 1 pum diameter magnetic particles were obtained from
Polysciences, Inc. They were then linked to proteins using the commercial
glutaraldehyde-amine coupling chemistry. Coupling efficiency was determined to be 90
% by UV-vis spectroscopy by comparing the absorbance at 270 nm before and after
protein coupling to the particles. The particles, the magnetic capture probes, were
suspended in 40 ml of 0.1 M PBS buffer (pH 7.4) prior to use.

In a typical PSA detection experiment (Figure 6B), an aqueous dispersion of
magnetic capture probes functionalized with monoclonal anti-PSA antibodies (50 pl of 3
mg/ml magnetic probe solution) is mixed with an aqueous solution (0.1 M PBS) of free
PSA (10 pl of PSA) and stirred at 37 °C for 30 minutes (Step 1 of Figure 6B). PSA bound
magnetic detection probe can be easily separated from unbound PSA by applying a
magnetic field. To effect magnetic separation, a 1.5 ml tube containing the assay solution
is placed in a BioMag® microcentrifuge tube separator (Polysciences, Inc.) at room
temperature. After 15 seconds, the magnetic capture probe-PSA hybrids are concentrated
on the wall of the tube. The supernatant (solution of unbound PSA molecules) is
removed, and the magnetic capture probes, now in the form of a pellet on the side of the
tube, are re-suspended in 50 pl of 0.1 M PBS (repeated 2X). Nanoparticle detection
probes (50 pl at 1 nM), functionalized with polyclonal anti-PSA antibodies and hybrid
barcode DNA strands, are then added. The detection probes react with the PSA
immobilized on the capture probes and provide DNA strands for signal amplification and
protein identification (Step 2 of Figure 6B). The solution is vigorously stirred at 37 °C for
30 minutes. The magnetic particles were then washed with 0.3 M PBS using the magnetic
separator to isolate the magnetic particles. This step is repeated 4 times, each time
requiring one minute, removing everything but the magnetic capture probes (along with

PSA bound nanoparticle detection probes). After the final wash step, the magnetic capture
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probes are resuspended in Nanopure (18 M Ohm) water (50 pl) to dehybridize barcode
DNA strands from the nanoparticle detection probe surface for 2 minutes. Dehybridized
barcode DNA is then easily separated and collected from the probes using the magnetic
separator (Step 3 of Figure 6B).

For barcode DNA amplification (Step 4, figure 6B), isolated barcode DNA is
added to a PCR reaction mixture (20 pl, final volume) containing the appropriate primers,
and the solution is then thermally cycled according to the following procedure. An aliquot
of free barcode DNA (8.9pl) is added to the top wax layer of an EasyStart™ Micro 20
PCR Mix-in-a-Tube (Molecular Bio-Products, San Diego, CA) along with 0.3 pul of the
appropriate primers (each at 25 uM, Primer 1: 5’CAA CTT CAT CCA CGT TCA AC 3’
SEQID NO:11, primer 2: ’ACA CAA CTG TGT TCA CTA GC 3’ SEQ ID NO:12), 0.4
ul DMSO (2 % final concentration), and 0.1 pL of Tag DNA polymerase, a polymerase
shown to be compatible with the EasyStart™ system (5U/ul, Fisher Scientific), for a final
volume of 20 pl. The final concentrations of the PCR reaction mix are as follows: Primers
1 and 2, 0.37 pM; ANTP mix, 0.2 mM; PCR buffer, 1X; and MgCl,, 2 mM. The PCR
tubes are then loaded into a thermal cycler (GeneAmp 9700, Applied Biosystems) and
subjected to a 7 minute “hot start” at 94 °C, cycled 25 times at 94 °C for 30 seconds, 58 °C
for 30 seconds and 72 °C for 1 minute, with a final extension of 72 °C for seven minutes
followed by a 4 °C soak.

Control experiments were first performed to assess primer dimer formation after
PCR amplification. Dimethyl sulfoxide (DMSO) was added to reduce the melting
temperature of spurious hybridized primers and minimize the possibility of primer
dimmer formation and amplification (Figure 7, 0 to 2 % from left to right in 0.5 %
increments in lanes 1-5, and lanes 6-10). In addition, the number of thermal cycles was
set at 25. As seen in Figure 7, there are clear bands with barcode DNA amplicon (lanes 1-
5), while there are no observable bands when only primers are thermally cycled in the
presence of Taq polymerase (lanes 6-10). Therefore, 2 % DMSO was added to all BPCR
reactions since there is no observable band trace for that concentration (Figure 7, lane 10)
while amplification was maintained for barcode DNA.

The barcode DNA amplicon was stained with ethidium bromide and mixed with

gel loading dye. Gel electrophoresis was then performed to determine whether
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amplification has taken place (Figure 8, panels A and C). For all electrophoresis
experiments, an aliquot (15 pl) of the PCR mixture is stained with ethidium bromide (1
mg), mixed with gel electrophoresis loading dye (3 ul, 6X, Promega, Madison, WI), and
gel electrophoresis was performed (2 % agarose gel, 110 V, 35 minutes) in 1X TAE
running buffer. A biobarcode standard (1 pl, 6 uM biobarcode duplex) was added to the
gel for reference. The biobarcode standard (40-mer) was made by adding the biobarcode
DNA to its complementary strand in 0.3 M PBS. All gel images and determinations of
band intensities were done using a Kodak DC-120 digital camera and Kodak ID 2.0.2
imaging software. Gel bands were also stained with ethidium bromide after
electrophoresis by soaking the gel in ethidium bromide for 35 minutes (0.5 pg/ml in 1X
TAE running buffer) and qualitatively similar results to those where ethidium bromide
was added to the PCR reaction prior to electrophoresis were obtained.

The relative intensity of the ethidium bromide stained bands allowed for an
estimate of the relative concentration of PSA (Figure 8, panels B and D). The stained
intensity of PCR amplicons represents PSA concentrations in lanes 3-8 of 300 aM, 3 fM,
30 M, 300 fM, 3 pM, and 30 pM, respectively. The non-specific binding of the
nanoparticle probe to the magnetic probe was negligible, as BPCR generated little signal
when PSA was absent (Figure 8, panel A, lanes 1 and 2, and panel C, lane 1) According
to panel B, the intensities for control bands are at least 8 times lower than the bands with
PSA present. In the graph representing low concentration (Figure 8, panel B, 3 aM to 300
fM, lanes 2-7, respectively) PSA detection, the gel band corresponding to 3 aM (lane 2)

has a relative intensity 2.5 times higher than the negative control (lane 1).

Example 6: Assay using nanoparticle complex probe

Although gel electrophoresis was routinely used to analyze the results of the
assay, in general, the scanometric method provides higher sensitivity and is easier to
implement than the gel-based method. Therefore, the results of the scanometric assay are
reported herein. Chip-immobilized DNA 20-mers, which are complementary with half of
the target barcode sequence (40-mer), were used to capture the amplified barcode DNA.
sequences, and gold nanoparticles were used to label the other half of the sequence in a
sandwich assay format. The amplified duplex barcode DNA must be first denatured in

order to effect hybridization between the barcode DNA, the chip surface, and gold
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nanoparticle probes. Thus, the barcode DNA amplicons were removed from the original
PCR tube and added (5 pl) to a solution of gold nanoparticle probes (5 ul, 10 nM in 0.3 M
PBS). The solution was diluted with 0.3 M PBS (90 pl) to a final volume of 100 pl in a
clean 0.2 ml PCR tube. In order to hybridize barcode DNA single strands (40-mer) and
nanoparticle bound complements (20-mer), the PCR tubes were added to a thermal cycler,
heated to 95 °C for 3 minutes to denature the barcode DNA duplexes, and then cooled to a
hybridization temperature of 45 °C for 2 minutes to bind nanoparticle probes to their
complementary barcode DNA sequences. This mixture was removed from the PCR tube
and added to the microarrayed (GMC 417 Arrayer, Genetic MicroSystems) chip with
immobilized capture strands (20-mer). The test solution for each experiment was confined
over the active region of the array with a 100 pl hybridization well (Grace BioLabs,
Bend, OR) for 45 minutes in a humidity chamber. After hybridization, the chips were
rinsed with 0.1 M NaNQO3/0.01 M phosphate buffer, pH 7.0 at 45 °C to remove excess
gold particles (repeated 2X). Chips with hybridized nanoparticle probes were then
subjected to silver amplification with silver enhancement solution (6 minute reaction
time, Ted Pella Inc., Redding, CA), rinsed with Nanopure (18 M Ohm) water, and dried
using a benchtop centrifuge. Gold nanoparticle binding followed by silver amplification
results in gray spots that can be read with a Verigene ID system (Nanosphere, Inc.) that
measures light scattered from the developed spots 1L, 51 Target PSA concentrations from
300 fM to 3 aM could be easily detected via this method (Figure 9). The 3 aM sample
correlates with eighteen protein molecules in the entire sample. The selectivity for the
barcode DNA sequence is excellent as evidenced by the lack of signal from the control
spots with noncomplementary capture DNA (5’SH-C6-A10-GGCAGCTCGTGGTGA-3’,
SEQ ID NO:13) (Figure 9, Spotting template), and the observation that there is little

discernible signal when PSA is absent (Figure 9, control).

Example 7: Theoretical limit of protein detection using BPCR

To examiner the theoretical lower-limit of protein detection using BPCR, PCR/gel
electrophoresis was performed with a dilution series of barcode DNA concentrations for
PCR amplification (Figure 10). The signal when barcode DNA. amplicons were present is
quite discernible from the control band (lane 10) even when only 30 copies of barcode
DNA were added to the PCR reaction (lane 9). Assuming each nanoparticle probe has
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about 50 barcode DNA strands, BPCR can, in theory, generate a detection signal with a

single bound nanoparticle probe.

Example 8:  Detection of PSA in complex medium

To demonstrate the applicability of the BPCR amplification method in a sample
solution more comparable to a clinical setting, the assays as described in Examples 5 and
6 were performed by dissolving the PSA target in goat serum, and the barcodes detected
following a BPCR amplification step. PSA was successively diluted in 0.1 M PBS and
then added to un-diluted goat serum (ICN Biomedicals, Inc., Aurora, Ohio). The goat
serum effectively mimics 1X normal saline buffer, (e.g., any biological system, as far as
ionic strength and pH).

The data demonstrates that in a complex medium the methods of the invention can
detect target analytes (here PSA) at concentrations as low as 30 aM. The signal generated
at this concentration is clearly discernible from control experiments (Fig. 11).
Background signal can be reduced by introducing an optional step wherein the barcode
DNA sample is filtered with a membrane that can remove a majority of contaminating
components. This optional filtration step can separate barcode DNA from impurities by
any known method, such as, for example, size (molecular weight), shape, charge, or

hydrophobicity/hydrophilicity.

Example 9:  Direct detection and measurement of barcode DNA (non-BPCR amplified)

The gold nanoparticle (NP) probes were prepared essentially as described above
in Example 5. Briefly, polyclonal antibodies (Abs) to PSA (3.5 pg) were added to an
aqueous solution of 30 nm gold NPs (1 ml of 40 pM NP solution) at pH 9.0. After 20
minutes, the Ab modified NPs were reacted with alkylthiol-capped barcode DNA capture
strands (1 OD for 30 nm gold particles; 5°- CAA CTT CAT CCA CGT TCA ACG CTA
GTG AAC ACA GTT GTGT-A10-(CHz)s-SH 3°) for 16 hours and then salt-stabilized to
0.1 M NaCl. This solution was treated with 0.3 ml of a 10 % BSA solution for 30
minutes to passivate and stabilize the gold NPs. The final solution was centrifuged for 1
hour at 4 °C (20,000g), and the supernatant was removed. This centrifugation procedure

was repeated for further purification. The final NP probes were re-dispersed in 0.1 M
97

Fujirebio Diagnostics, Inc. v. Quanterix Corp.

EX-1045
4056



10

15

20

25

30

WO 2006/078289 PCT/US2005/016545

NaCl/0.01 M phosphate buffer solution at pH 7.4. The PSA-specific barcode DNA
strands (1 OD; 5’-ACA CAA CTG TGT TCA CTA GCG TTG AAC GTG GAT GAA
GTT G-3°) were then hybridized with the biobarcode DNA capture strands coordinated to
the NPs and purified using a similar centrifugation procedure. The oligonucleotide
loading was determined by the method of Demers et al., see: L. M. Demers et al. Anal.
Chem. 72, 5535 (2000). Amino-functionalized 1 pm diameter MMPs were obtained from
Polysciences, Inc. MMPs were linked to mAbs to PSA using the commercial
glutaraldehyde-amine coupling chemistry. Coupling efficiency was determined to be
90% by UV-vis spectroscopy by comparing the absorbance at 270 nm before and after
protein coupling to the MMPs. The MMPs were suspended in 40 ml of 0.1 M PBS buffer
(pH 7.4) prior to use.

Chip-based assays were used to measure directly the amount of barcode DNA in
solution, generally as described in Example 6, however without use of an amplification
step by BPCR. Since PCR is not used, this method eliminates the need to denature the
duplex DNA formed during PCR amplification. Thus, after protein detection and
isolation of barcode DNA, an aliquot of the isolated barcode sample (10 ul) was mixed
with 0.6 M PBS (85 ul) and the 13 nm gold detection probe (5 pl, 500 pM final
concentration, same sequence as above). This mixture was added to the wells of a
Verigene on-chip hybridization chamber under which the appropriate capture strands
were arrayed as described above. The sample was incubated for 2 h at 42 °C. After
incubation, the reaction mixture was removed and the chips were washed with 0.5 M
NaNQs/0.01 M phosphate buffer to remove excess gold nanoparticles. Surface
immobilized gold particles were stained with silver enhancement solution (Ted Pella) for
6 min, washed with Nanopure water, and imaged with the Verigene ID system, all as
described above.

Although 30 nm gold NPs were used in this instance, 13 nm gold NPs are
contemplated for use with this procedure for direct detection of Barcode DNA.
Nevertheless, by increasing the size of NP probes in the protein detection step, the
number of DNA strands for each NP can be increased significantly, aiding in the direct
detection (in theory, assuming 100 DNA strands are attached to a 13 nm gold NP, there
could be as many as 532 DNA strands on each 30 nm gold NP). The size of the particular

nanoparticle probe can be adjusted to optimize certain aspects
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The results (Fig. 12) demonstrate that the PSA target was directly detectable at
concentrations as low as 30 attomolar, using 30 nm gold NP (at 20 pM) without BPCR
amplification. Although this represents a loss in sensitivity of an order of magnitude
relative to the BPCR amplification method, this method is still exquisitely sensitive and
provides for significant decrease in cost, effort, and time, through elimination of the PCR

step.

Example 10: Direct Detection of Target Nucleic Acid Sequence at ZeptoMolar

Concentrations
For this experiment, the DNA sequence associated with the anthrax lethal factor
(5'-GGA TTA TTG TTA AAT ATT GAT AAG GAT-3'; SEQ ID NO:14) was chosen as
an initial target because this sequence is important for bio-terrorism and bio-warfare

636769 To each 20 pL test sample, two

applications and is well studied in the literature.
control DNA sequences were added [1 pL of 10 pM (5'-CTA TTA TAA TAA AAT ATT
TAT ATA GCA-3'; SEQ ID NO:15) and 1 pL of 10 pM for control 2 (5-GAA TTA
TAG TTA ACT ATA GCT AAG GAT-3; SEQ ID NO:16)]. Prior to use, the
nanoparticle probes were loaded with barcode DNA by hybridization (20 nm probes at
400 pM; 30 nm probes at 200 pM). Barcode DNA was introduced at 10 pM
concentration to effect hybridization in an appropriate hybridization buffer. The particles
were subsequently centrifuged and washed with PBS buffer. The probes were then
suspended in appropriate storage buffer, and stored until use.

For the MMPs, the polyamine-functionalized polystyrene particles were linked
with alkylthiol-capped DNA by reacting them with a sulfosuccinimidyl 4-[p-
maleimidophenyl]butyrate (sulfo-SMPB) bifunctional linker that reacts with the primary
amines on the MMPs and the thiol groups on the oligonucleotide which form the a
specific recognition binding site for target sequence. The MMPs were passivated with
bovine serum albumin prior to use by adding 10% BSA to the solution containing them.
The probes were then centrifuged, washed with PBS buffer, and resuspended at 2 mg/mL
to yield active probes (Figure 13A).

The assay was performed by adding 50 pL of the MIMP probes (at 2 mg/mL) to a

solution that contained target DNA in single stranded form. The system was allowed to
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stand at room temperature for 10 min. Following the 10 min. standing period, 50 pL of
the NP probes [50 pL at 400 pM (20 nm NP probe solution) or 50 pL at 200 pM (30 nm
NP probe solution)] were added to the solution and allowed to hybridize for 50 min.
After hybridization, a magnetic field was applied to the reaction vessel (BioMag multi-6
microcentrifuge tube separator, Polysciences, Incorporated, Warrington, PA), which
pulled the target DNA. strands sandwiched with MMPs and NPs, as well as unreacted
MMPs, to the wall of the reaction vessel. Any remaining unreacted reaction solution
components, especially NPs not specifically hybribized to MMPs, were washed away
with several washes with PBS buffer. The magnetic field was then removed and 50 pl of
NANOpure water (Barnstead International, Dubuque, TA) was added to the reaction
vessel and the system was heated to 55°C for 3 min. to release the bar-code DNA.
Reintroduction of the magnetic field removed all of the MMPs from solution, leaving
barcode DNA for detection.

To analyze the amount and identity of the barcode DNA in the final reaction
solution, scanometric methods were used.”’” Scanometric methods are chip-based DNA
detection methods that rely on oligonucleotide-modified gold NP probes (5'-TCT CAA
CTC GTA GCT-A10-SH-3’-Au; SEQ ID NO:17) and NP-promoted reduction of silver(I)
for signal amplification. For this particular assay, maleimide-modified glass chips were
spotted with 5’ capture DNA strands (5-SH-Ao-CGT CGC ATT CAG GAT-3'; SEQ ID
NO:18) using a DNA microarrayer (spot diameter is 175 pm and the distance between
two spots is 375 um; GMS 417 Arrayer, Genetic MicroSystems, Woburn,
Massachusetts). The non-spot area of the surface was passivated with a Ao sequence (10
uM of 5'-SH-AAA AAA AAA A-3'; SEQ ID NO:19) overnight. Once the chip surface
was contacted with the barcode DNA solution, NP probes mixed with target sequence
solution were added to the barcode/capture DNA-modified chip. The spots on a chip
were labeled with NP probes and target DNA strands. The spotted chip was then exposed
to silver enhancement solution (Ted Pella, Redding, CA) for further signal enhancement.
The developed spots were then read with a Verigene ID (identification) system
(Nanosphere, Incorporated, Northbrook, IL). The Verigene ID system measures the
scattered light from the developed spots and provides a permanent record for the assay.
Figure 14A illustrates 20-nm NP probes used in the detection of "amplified" barcode
DNA. The spot intensities for target DNA concentrations from 5 fM to 50 aM are clearly
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stronger than control spots. To measure spot intensity of each concentration, three spots
were patterned on a chip and imaged with the Verigene ID system. The gray levels of the
spots were calculated with graphic software (Adobe Photoshop) and the spot intensity
graph is shown in Figure 15. This graph shows that 20-nm NP probes can clearly detect
target DNA at about 50 aM, but cannot differentiate signal from background at a
concentration of 5 aM.

. When 30 nm NP probes were used for DNA-BCA detection, target DNA
concentration as low as 500 zM was detected (Figure 14B). This difference in detection
limit for the 20 and 30 nm NP probes may be due to the difference in the absolute number
of barcode DNA strands on NP probes of different surface areas. The intensity graph
suggests that 30-nm NP probe system provides a more intense spot signal than 20-nm NP
probe system at all sample concentrations (Figure 15). A sample volume of 20 pL at 500
zM represents a total sample number of approximately 10 target DNA strands, providing
a sensitivity comparable to assays that employ PCR-based methods coupled with

molecular fluorophore probes.’®®°

Example 11
Simplified Reporter-Based Bio-barcode Assay

The detection of prostate-specific antigen (PSA) will be used as an illustrative
example for consistency with Example 8. PSA was chosen for this example as clinically
significant levels of PSA are close to the detection limits of the tests that are presently
used for this cancer marker and, thus, a method of increased sensitivity is desirable. The
generalization of this example to the detection of multiple target analytes in the same
medium can be implemented by mixing substrates and detection probes prepared as
described below to form the corresponding reagent “cocktails” that are then used as
described below. Alternative implementations such as forming spatially separated
binding zones for different target analytes on the same substrate are also practical and
may be desirable in specific uses of this invention. A magnetic substrate will be
described for consistency with the previous Examples, but other types of substrates may

be more appropriate for specific uses of this invention.
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a) Preparation of Substrates

Magnetic microparticle detection probes (MMPs) were prepared by linking a
monoclonal antibody specific for one epitope of PSA (Maine Biotechnologies, Maine,
MA) to amino-functionalized magnetic microparticles (Polysciences, Inc., Warrington,
PA) using a standard glutaraldehyde-amine coupling chemistry. Amino-functionalized
MMPs (5 mg) were activated with 5 ml of 5% glutaraldehyde in pyridine wash buffer
(PWB) for 3 hrs at room temperature. The activated MMPs were then magnetically
separated, and the supernatant was removed. This magnetic separation step was repeated
twice, and the MMPs were re-suspended in PWB. The monoclonal antibody (750 pg)
was then added to MMPs, and the solution was mixed for 10 hrs at room temperature.
Non-specific binding sites were blocked by adding 1 mg of bovine serum albumin (BSA)
to the MMP solution and mixing for 10 additional hrs at room temperature. The magnetic
separation step was repeated twice, and the MMPs were re-suspended in 5 ml of PWB.
Then 3 ml of glycine solution (1 M at pH 8.0) was added to the resulting solution to
quench all the unreacted glutaraldehydes and stirred for 30 min. Afier the magnetic
separation step (repeated twice), 5 ml of wash buffer was mixed vigorously with
monoclonal antibody-functionalized MMPs and the MMPs were magnetically separated
again (this washing step was repeated three times). Finally, the MMP probes were re-
suspended in 0.15 M phosphate-buffered saline (PBS) solution. The coupling efficiency
was determined to be 90% by UV-Vis spectroscopy by comparing the absorbance at 280
nm before and after protein coupling to the MMPs.
b) Preparation of Probes

Detection probes were prepared using one micron diameter amino-functionalized
polystyrene microparticles (Polysciences, Inc., Warrington, PA). One milliliter of a
1.25% aqueous suspension of the amino-functionalized polystyrene microparticles was
centrifuged for 5 min at 10,000 rpm, and the supernatant was removed. The pellet was
then resuspended in PBS and the centrifugation step was repeated once more. The
resulting polystyrene particle pellet was re-suspended in 1 ml of 8% glutaraldehyde in
PBS at pH 7.4 and mixed for 5 hr on a rocking shaker. The particles were then
sedimented for 5 minutes at 10,000 rpm, and the supernatant was discarded (this step was
repeated twice). The resulting pellet was re-suspended in PBS and 10 ug of polyclonal
antibody for PSA (Maine Biotechnologies, Maine, MA) was added and allowed to react
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over night on a rocking shaker at room temperature. The amount of antibody added is 20-
30 times less than the amount of antibody that is needed to fully modify the particle
surface so that surface sites are available for the attachment of large numbers of
oligonucleotides to the same particle in the next step. These particles were sedimented
for 5 minutes at 10,000 RPM and washed twice with PBS by suspension and
sedimentation as before.

Oligonucleotide-functionalized microparticles were prepared by resuspending the
pelleted activated microparticles from the previous step in 1 ml of a 100 uM solution of
the appropriate 3’ amino-functionalized oligonucleotide and allowing them to react over
night on a rocking shaker at room temperature. “Barcode” detection probes analogous to
those of the previous invention were prepared using the oligonucleotides and methods
described in the following paragraph. For detection probes where the identification of the
target analyte was not encoded in the nucleotide sequence, fluorescently labeled 3’
amino-functionalized 30-base oligonucleotides having arbitrary sequences were used.
The reacted particles were sedimented for 5 minutes at 10,000 RPM and washed twice
with PBS by suspension and sedimentation as before. The resulting pellet was re-
suspended in 1 ml of 0.2 M ethanolamine to passivate all unreacted glutaraldehyde sites
on the microparticles for 30 min at room temperature, sedimented for 5 minutes at 10,000
RPM, and the supernatant was removed by decantation. Bovine serum albumin (10%
BSA) solution was subsequéntly added to further passive the protein-inactive regions of
the particle surface. The centrifugation step was repeated twice to remove the
supernatant, and the pellet was re-suspended in 1 ml of 0.15 M PBS solution. Disulfide-
linked, fluorescently labeled chemically cleavable oligonucleotides were attached to the
activated microparticles in a similar manner except that the initial reaction with an amino-
functionalized oligonucleotide was omitted; thioethanolamine was substituted for
ethanolamine in the passivation step; and a fluorescently labeled, 3 thiol-functionalized
oligonucleotide was coupled to the resulting thiol groups by oxidation to the disulfide.

“Barcode” detection probes analogous to those of the previous invention were
prepared by resuspending the pelleted microparticles in 1 ml of a 100 pM solution of the
3 amino-functionalized oligonucleotide 5°
CGTCGCATTCAGGATTCTCAACTCGTAGCT-A¢-C6-amine 3’ (SEQ ID NO:20) to

the glutaraldehyde-activated microparticles of the previous step and allowed to react over
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night on a rocking shaker at room temperature. The same oligonucleotide pair or single
oligonucleotide may be used for all target analytes. These particles were sedimented for
5 minutes at 10,000 RPM and washed twice with PBS by suspension and sedimentation
as before. The resulting pellet was re-suspended in 1 ml of 0.2 M ethanolamine to
passivate all unreacted glutaraldehyde sites on the microparticles for 30 min at room
temperature, sedimented for 5 minutes at 10,000 RPM, and the supernatant was removed
by decantation. Bovine serum albumin (10% BSA) solution was subsequentily added to
further passive the protein-inactive regions of the particle surface. The centrifugation
step was repeated twice to remove the supernatant, and the pellet was re-suspended in 1
ml of 0.15 M PBS solution. 200 ul of 5 mg/ml! polystyrene probe particle suspension
was then combined with 200 pl of a 33 pM solution of the compelmentary Alexa Fluor®
647-labeled (Molecular Probes, FEugene OR) labeled oligonucleotide 5’
AGCTACGAGTTGAGAATCCTGA-ATGCGACG 3’ (SEQ ID NO:21, purchased from
Integrated DNA Technologies, Coralville, IA, or synthesized and purified using literature

methods.*®) and hybridized to the complementary oligonucleotide strands on the -

polystyrene particles. The particles were then washed by suspension and sedimentation
prior to use. The oligonucleotide loading for each particle was determined by
sedimenting 100 pl of 500 pg/ml particle suspension, discarding the supernate and
dehybridizing by resuspending the pellet in 100 pl of NANOpure water. The particles
were removed by sedimentation and the fluorescence of the released oligonucleotides in
solution was measured in a 50 pl fluorescence micro-cuvette (Starna Cells, Inc.,
Atascadero, CA) using a SPEX Fluorolog-3 spectro-fluorometer (JOBIN YVON).
Quantitation was via comparison of the measured sample fluorescence against a
calibration curve for the pure Alexa Fluor® 647-labeled bar-code DNA solution. The
average number of bar-code DNA strands for each polystyrene particle was determined to
be ~ 1.1x10°.

¢) PSA Test (Reaction)

10 pl of a clinical sample or a calibration standard containing PSA (Sigma
Chemical Company, Milwaukee, WI) was added to 50 pl of MMP probes functionalized
with monoclonal anti-PSA antibodies (500 ng/ml) in a 1.5 mL BioMag® microcentrifuge

tube and the solution was shaken on an orbital shaker at 37° C for 23 min (Step 1 in
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Figure 18). The tube containing the assay solution was then placed in a BioMag®
microcentrifuge tube separator (Polysciences, Inc.) at room temperature. After 15
seconds, the MIM[P-PSA hybrids are concentrated on the wall of the tube. The supernatant
was removed, and the MMPs are re-suspended in 50 pl of 0.1 M PBS (repeated twice).
Detection probes (50 ul at 1.25 mg/ml) of either type described above were then added to
the solution (Step 1 in Figure 18) and vigorously stirred at 37° C for 23 minutes. The
magnetic particles were then separated from the reaction mixture and washed twice with

0.15 M PBS using the magnetic separator as described above (Step 2 in Figure 18).

d) PSA Test (Barcode Detection Version)

The magnetic particles were re-suspended in NANOpure (18 MQ) water (50 pl) to
dehybridize the fluorescently labeled bar-code oligonucleotides from the complementary
oligonucleotides on the polystyrene probe surface. The magnetic particles were removed
from the suspension using the magnetic separator (Step 3 in Figure 18) and the integrated
fluorescence emission intensity of the released oligonucleotides over the 660-670nm
spectral range was measured using a SPEX Fluorolog-3 spectro-fluorimeter (650nm
excitation/665nm emission for Alexa Fluor®647). Integrated emission intensity over the
660-670nm spectral range was determined and used as a measure of PSA concentration in

the initial medium.

e) PSA Test (Chemical Release Version)

The magnetic particles were re-suspended in PBS (50 pl) containing dithiothreitol
(DTT) and heated for 10 minutes to 50°C to release the fluorescenily labeled
oligonucleotides from the polystyrene probe surface. The magnetic particles were
removed from the suspension using the magnetic separator (Step 3 in Figure 18) and the
integrated fluorescence emission intensity of the released oligonucleotides over the 660-
670nm spectral range was measured using a SPEX Fluorolog-3 spectro-fluorimeter
(650nm excitation/665nm emission for Alexa Fluor®647). Integrated emission intensity
over the 660-670nm spectral range was determined and used as a measure of PSA

concentration in the initial medium.
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) PSA Test (In-Situ Detection Version)

The magnetic particles were re-suspended in PBS and the integrated fluorescence
emission intensity of the particle-bound oligonucleotides was measured using a SPEX
Fluorolog-3  spectro-fluorimeter (650nm excitation/665nm emission for Alexa
Fluor®647). The fluorescence of the magnetic microparticles could also be determined in

a flow cytometer according to standard procedures.

g) PSA Test (Results)

All target analyte concentrations over the 30 aM to 300 fM concentration range
tested could be easily differentiated from the corresponding negative control (Figure
19A). Importantly, the improvements of the present inventions described above retained
the 30 aM target concentration sensitivity of the previous invention, but allowed the
reduction of the total assay time from over four hours to less than 50 minutes and
significantly reduced the number of steps and the complexity of the instrumentation

required.

Example 12

Chemical Release of Particle Bound Molecules

A fluorescent assay was constructed as demonstrated in Figures 20 through 22.
Messenger RNA (mRNA) served as the target analyte for detection. Poly-T-labeled
magnetic beads captured the 3'-Poly A target analytes to immoblize them against a
magnetic support and separate them from the sample solution. The detection reagent used
was composed of gold nanoparticles functionalized with an oligonucleotide
complimentary to the 5' end of the mRNA targets. The complimentary oligonucleotides
functioned as both the reporter moiety and the selective binding compound and were
bound to the gold nanoparticles through gold-thiol bonds. The detection reagent was
added to the solution allowing binding of the mRNA targets to the complementary
reporter moieties to form a sandwich of the Poly-T-labeled beads-the target mRNA
analyte-the complementary oligonucleotide binding compound-the gold nanoparticle.
After washing, dithiothreitol (DTT) was added to the water containing the sandwich
structure formed and heated for 10 minutes to 50°C. The water and heat dehybridized the
magnetic and gold nanoparticle structures held together by the target mRNA molecule.
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The DTT exchanged with the thiolated DNA reporter moieties on the surface of the 13
nm gold nanoparticles releasing the latter into solution for subsequent detection after
removal of the magnetic and gold particles. A fluorescent molecule (Alexa 488) was
added adjacent to the thiol so that solution liberated probe sequences could be detected
using a fluorimeter. As shown in Figure 23, target mRNA concentrations down to 6 pM
were detected, representing liberated Alexa 488-labeled-mRNA probe strands at
approximately 1 nM concentration; the limit for the fluorimetric detection of the Alexa
488 dye in a 50 microliter volume. This example demonstrates that the use of the
presently claimed detection methodology for the detection of nucleic acid targets can be
as sensitive as the polymerase chain reaction, without the need for enzymatic
amplification of the target sequence.

It should be understood that the foregoing disclosure emphasizes certain specific
embodiments of the invention and that all modifications or alternatives equivalent thereto

are within the spirit and scope of the invention as set forth in the appended claims.
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WHAT IS CLAIMED:

1.

A method for detecting for the presence of one or more target analytes in a

sample, each target analyte having at least two binding sites for specific

binding interactions with specific binding complements, in a sample

comprising the steps of:

a)

b)

)

d)

providing at least one type of capture substrates, the capture
substrates having bound thereto at least one specific binding
complement of the specific target analyte that binds to at
least a first binding site of the specific target analyte;
providing at least one type of microparticle detection
probes, the microparticle detection probes comprising a
microparticle having bound thereto (i) at least one specific
binding complement to a specific target analyte and (ii) a
plurality of DNA barcodes, the DNA barcodes are
optionally labeled with a reporter label, wherein the
specific binding complement bound to the microparticle
detection probes binds to at least a second binding site of
the target analyte;

contacting the capture substrates with a sample believed to
contain target analytes under conditions effective to allow
for binding of the specific target analyte to the specific
binding complement bound to the capture substrate so as to
immobilize the target analytes onto the capture substrates;
contacting the immobilized target analytes with at least one
type of microparticle detection probes under conditions
effective to allow for binding between the target analytes
and the specific binding complement bound to the
microparticle detection probes to the analyte and to form a
complex in the presence of the target analyte on the capture

substrate;
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e) optionally isolating and washing the capture substrate to
remove unbound microparticle detection probes; and

f) detecting for the presence of the DNA barcode wherein the
presence of the DNA barcode is indicative of the presence

of a specific target analyte in the sample.

. The method of claim 1, wherein the target analyte is a protein or hapten and its

specific binding complement is an antibody comprising a monoclonal or

polyclonal antibody.

. The method of claim 1, wherein the target analyte is a nucleic acid molecule.

. The method of claim 1, wherein each DNA barcode is labeled with a

detectable reporter group.

. The method of claim 1, wherein the detectable reporter group comprises a

fluorophore, a chromophore, a redox-active group, a group with an electrical

signature, radioactive group, a catalytic group, or Raman label.

. The method of claim 1, wherein the microparticle is labeled with a plurality of

DNA barcodes.

. The method of claim 1, further comprising the step of washing the capture

substrate after the target analytes are immobilized thereon and prior to

contacting the capture substrate with microparticle detection probes.

The method of claim 1, wherein, prior to said detecting step and subsequent to
said isolating and washing step, further comprising the steps of:
a) subjecting the complex to conditions effective to release the
DNA barcodes from the microparticle detection probes; and
b) optionally amplifying the DNA barcode prior to said
detecting.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

The method of claim 8, wherein released DNA barcodes are immobilized on a

substrate prior to said detecting.

The method of claim 1, wherein the DNA barcodes are directly bound to the

microparticles.

The method of claim 10, wherein the DNA barcodes are released from the

microparticle detection probes by a chemical releasing agent.
The method of claim 1, wherein the microparticles further comprise
oligonucleotides bound thereto and the DNA barcodes are hybridized to at

least a portion of the oligonucleotides bound to the microparticles.

The method of claim 12, wherein the DNA barcodes are released by
dehybridization.

The method of claim 1, wherein the capture substrate is a magnetic substrate.

The method of claim 14, wherein said isolating comprises subjecting the

magnetic substrate to a magnetic field.
The method of claim 15, wherein subsequent to said isolating and washing
step and prior to said detecting step, further comprising subjecting the

complex to conditions effective to release the DNA barcodes.

The method of claim 1, wherein said isolating comprises filtration,

sedimentation, flotation, or hydrodynamics.

The method of claim 17, wherein the filtration step comprises a membrane

that removes sample components that do not comprise DNA barcodes.
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19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

The method of claim 1, wherein the microparticles are polymeric, glass,

metallic, ssmiconductor, or ceramic.
The method of claim 19, wherein the polymeric comprises polystyrene.

The method of claim 1, wherein the specific binding pair is an antibody and an

antigen.

The method of claim 1, wherein the specific binding pair is a receptor and a

ligand.

The method of claim 1, wherein the specific binding pair is an enzyme and a

competitive inhibitor.

The method of claim 1, wherein the specific binding pair is a drug and a target

molecule.

The method of claim 1, wherein the specific binding pair is two strands of at

least partially complementary oligonucleotides‘.
The method of claim 1, wherein the DNA barcode is biotinylated.
The method of claim 1, wherein the DNA barcode is radioactively labeled.
The method of claim 1, wherein the DNA barcode is fluorescently labeled.
The method of claim 1, wherein the target has more than two binding sites.
The method of claim 1 wherein at least two types of microparticle detection

probes are provided, the first type of probe having a specific binding

complement to a first binding site on the target analyte and the second type
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of probe having a specific binding complement to a second binding site on

the target analyte.

31. The method of claim 30, wherein a plurality of microparticle detection probes
are provided, each type of probe having a specific binding complement to

different binding sites on the target analyte.

32. The method of claim 1, wherein the specific binding complement and the

target analyte are members of a specific binding pair.

33. The method of claim 32, wherein members of a specific binding pair comprise
nucleic acid, oligonucleotide, peptide nucleic acid, polypeptide, antibody,
antigen, carbohydrate, protein, peptide, amino acid, hormone, steroid,
vitamin, drug, virus, polysaccharides, lipids, lipopolysaccharides,
glycoproteins, lipoproteins, nucleoproteins, oligonucleotides, antibodies,
immunoglobulins, albumin, hemoglobin, coagulation factors, peptide and
protein hormones, non-peptide hormones, interleukins, interferons,
cytokines, peptides comprising a tumor-specific epitope, cells, cell-surface
molecules, microorganisms, fragments, portions, components or products
of microorganisms, small organic molecules, nucleic acids and
oligonucleotides, metabolites of or antibodies to any of the above

substances.

34. The method of claim 33, wherein nucleic acid and oligonucleotide comprise
genes, viral RNA and DNA, bacterial DNA, fungal DNA, mammalian
DNA, ¢cDNA, mRNA, RNA and DNA fragments, oligonucleotides,
syntﬁetic oligonucleotides, modified oligonucleotides, single-stranded and

double-stranded nucleic acids, and natural and synthetic nucleic acids.

35. The method according to claim 1, wherein the target analyte is a nucleic acid

and the specific binding complement is an oligonucleotide.
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36.

37.

38.

39.

40.

41.

42.

The method according to claim 1, wherein the target analyte is a protein or
hapten and the specific binding complement is an antibody comprising a

monoclonal or polyclonal antibody.

The method according to claim 1, wherein the target analyte is a sequence
from a genomic DNA sample and the specific binding complements are
oligonucleotides, the oligonucleotides having a sequence that is

complementary to at least a portion of the genomic sequence.

The method of claim 37, wherein the genomic DNA is eukaryotic, bacterial,
fungal or viral DNA.

The method according to claim 1, wherein the target analyte is a sequence
from episomal DNA sample and the specific binding complements are
oligonucleotides, the oligonucleotides having a sequence that is

complementary to at least a portion of the episomal DNA sequence.

The method according to claim 1, wherein the specific binding complement

and the target analyte are members of an antibody-ligand pair.

The method according to claim 1, wherein in addition to its first binding site,

the target analyte has been modified to include a second binding site.

A method for detecting for the presence of one or more target analytes in a
sample, each target analyte having at least two binding sites for specific
binding interactions with specific binding complements, in a sample
comprising the steps of:

a) providing at least one type of capture substrates, the capture
substrates having bound thereto at least one specific binding
complement of the specific target analyte that binds to at

least a first binding site of the specific target analyte;
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providing at least one type of microparticle detection
probes, the microparticle detection probes comprising a
microparticle having bound thereto (i) at least one specific
binding complement to a specific target analyte and (ii) a
plurality of DNA barcodes, the DNA barcodes are
fluorescently labeled, wherein the specific binding
complement bound to the microparticle detection probes
binds to at least a second binding site of the target analyte;
contacting the capture substrates with a sample believed to
contain target analytes under conditions effective to allow
for binding of the specific target analyte to the specific
binding complement bound to the capture substrate so as to
immobilize the target analytes onto the capture substrates;
optionally washing the capture substrate to remove
unbound materials; and

contacting the immobilized target analytes with at least one
type of microparticle detection probes under conditions
effective to allow for binding between the target analytes
and the specific binding complement bound to the
microparticle detection probes to the analyte and to form a
complex in the presence of the target analyte on the capture
substrate;

optionally isolating and washing the capture substrate to
remove unbound microparticle detection probes; and
detecting for the presence of a fluorescent signal from the
DNA barcodes wherein the presence of a fluorescent signal
is indicative of the presence of a specific target analyte in

the sample.

43. A method for detecting for the presence of one or more target analytes in a

sample, each target analyte having at least two binding sites for specific
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binding interactions with specific binding complements, in a sample

comprising the steps of:

a)

b)

d)

e)

g

providing at least one type of capture substrates, the capture
substrates having bound thereto at least one specific binding
complement of the specific target analyte that binds to at
least a first binding site of the specific target analyte;
providing at least one type of microparticle detection
probes, the microparticle detection probes comprising a
microparticle having bound thereto (i) at least one specific
binding complement to a specific target analyte and (ii) a
plurality of DNA barcodes, the DNA barcodes are
fluorescently labeled, wherein the specific binding
complement bound to the microparticle detection probes
binds to at least a second binding site of the target analyte;
contacting the capture substrates with a sample believed to
contain target analytes under conditions effective to allow
for binding of the specific target analyte to the specific
binding complement bound to the capture substrate so as to
immobilize the target analytes onto the capture substrates;
optionally washing the capture substrate to remove
unbound materials; and

contacting the immobilized target analytes with at least one
type of microparticle detection probes under conditions
effective to allow for binding between the target analytes
and the specific binding complement bound to the
microparticle detection probes to the analyte and to form a
complex in the presence of the target analyte on the capture
substrate;

optionally isolating and washing the capture substrate to
remove unbound microparticle detection probes;

subjecting the isolated washed capture substrate to

conditions effective to release the DNA barcodes; and
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detecting for the presence of the fluorescent signal of the
DNA barcodes wherein the presence of a fluorescent signal
of the DNA barcode is indicative of the presence of a

specific target analyte in the sample.

44. A method for detecting for the presence of one or more target analytes in a

sample, each target analyte having at least two binding sites for specific

binding interactions with Speciﬁc binding complements, in a sample

comprising the steps of:

a)

b)

d)

providing at least one type of capture substrates, the capture
substrates having bound thereto at least one specific binding
complement of the specific target analyte that binds to at
least a first binding site of the specific target analyte;
providing at least one type of microparticle detection
probes, the microparticle detection probes comprising a
microparticle having bound thereto (i) at least one specific
binding complement to a specific target analyte and (ii) a
plurality of DNA barcodes, the DNA barcodes comprising a
reporter label, wherein the specific binding complement
bound to the microparticle detection probes binds to at least
a second binding site of the target analyte;

contacting the capture substrates with a sample believed to
contain target analytes under conditions effective to allow
for binding of the specific target analyte to the specific
binding complement bound to the capture substrate so as to
immobilize the target analytes onto the capture substrates;
optionally washing the capture substrate to remove
unbound materials; and

contacting the immobilized target analytes with at least one
type of microparticle detection probes under conditions
effective to allow for binding between the target analytes

and the specific binding complement bound to the
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microparticle detection probes to the analyte and to form a
complex in the presence of the target analyte on the capture
substrate;

optionally isolating and washing the capture substrate to
remove unbound microparticle detection probes;

subjecting the isolated washed capture substrate to
conditions effective to release the DNA barcodes; and
detecting for the presence of the reporter label of the DNA
barcodes wherein the presence of the reporter label of the
DNA barcode is indicative of the presence of a specific

target analyte in the sample.

45. A method for detecting for the presence of one or more target analytes in a

sample, each target analyte having at least two binding sites for specific

binding interactions with specific binding complements, in a sample

comprising the steps of:

a)

b)

providing at least one type of capture substrates, the capture
substrates having bound thereto at least one specific binding
complement of the specific target analyte that binds to at
least a first binding site of the specific target analyte;
providing at least one type of particle detection probes, the
particle detection probes comprising a particle having
bound thereto (i) at least one specific binding complement
to a specific target analyte and (ii) a plurality of DNA
barcodes, the DNA barcodes are optionally labeled with a
reporter label, wherein the specific binding complement
bound to the particle detection probes binds to at least a
second binding site of the target analyte;

contacting the capture substrates with a sample believed to
contain target analytes under conditions effective to allow

for binding of the specific target analyte to the specific
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binding complement bound to the capture substrate so as to
immobilize the target analytes onto the capture substrates;
optionally washing the capture substrate to remove
unbound materials; and

contacting the immobilized target analytes with at least one
type of particle detection probes under conditions effective
to allow for binding between the target analytes and the
specific binding complement bound to the particle detection
probes to the analyte and to form a complex in the presence
of the target analyte on the capture substrate;

optionally isolating and washing the capture substrate to
remove unbound particle detection probes;

releasing the DNA barcodes from the particle detection
probes by a chemical releasing agent; and

detecting for the presence of the DNA barcode wherein the
presence of the DNA barcode is indicative of the presence

of a specific target analyte in the sample.

46. The method of claim 45, wherein the particle is a nanoparticle or a

microparticle.

47. A method for detecting for the presence of one or more target analytes in a

sample, each target analyte having at least two binding sites for specific

binding interactions with specific binding complements, in a sample

comprising the steps of:

a) providing at least one type of capture substrates that are separable from

b)

the sample, the capture substrates having bound thereto at least one
specific binding complement of the specific target analyte that binds to
at least a first binding site of the specific target analyte;

contacting the capture substrates with a sample believed to contain
target analytes under conditions effective to allow for binding of the

specific target analyte to the specific binding complement bound to the
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capture substrate so as to immobilize the target analytes onto the
capture substrates;

optionally separating the capture substrate and any target analytes
bound thereto from the sample;

providing at least one type of particle detection probes, the particle
detection probes comprising a particle having bound thereto (i) at least
one specific binding complement to a specific target analyte and (ii) a
plurality of oligonucleotides that are optionally labeled with a reporter
label, wherein the specific binding complement bound to the particle
detection probes binds to at least a second binding site of the target
analyte;

contacting the immobilized target analytes with at least one type of
particle detection probes under conditions effective to allow for
binding between the target analytes and the specific binding
complement bound to the particle detection probes to the analyte and
to form a complex in the presence of the target analyte on the capture
substrate, wherein the complex comprises the target analyte and
capture substrate and particle detection probe;

optionally separating the complex from unbound particle detection
probes; and

detecting for the presence of the complex wherein the presence of the
complex is indicative of the presence of a specific target analyte in the

sample.

48. The method of claim 47, wherein the specific binding complements

corresponding to the first binding site of two or more target analytes are bound

to the same substrate.

49. The method of claim 48, wherein the specific binding complements

corresponding to the first binding sites of one target analyte that is bound to

the substrate are localized in a different physical region of the substrate than
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are the specific binding complements corresponding to the first binding sites

of a different target analyte.

50. The method of claim 49, wherein the oligonucleotides are released from the

detection probe prior to said detecting.
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Figure 20
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Figure 22
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ULTRA-SENSITIVE DETECTION OF MOLECULES USING DUAL
DETECTION METHODS

Field of the Invention

Described herein are systems and methods for the detection and/or determination
of a measure of the concentration of analyte molecules or particles in a fluid sample. In
some cases, the systems and methods employ techniques to reduce or limit negative

effects associated with non-specific binding.

Related Applications

This application is a continuation-in-part of U.S. Patent Application Serial No.
12/731,135, filed March 24, 2010, entitled “Ultra-Sensitive Detection of Molecules
Using Dual Detection Methods,” by Duffy et al., which claims the benefit of
U.S. Provisional Patent Application Serial No. 61/309,170, filed March 1, 2010, entitled
“Ultra-Sensitive Detection of Molecules Using Dual Detection Methods,” by Duffy et al.

Each of the above-indicated applications is incorporated herein by reference.

Background of the Invention

Methods and systems that are able to quickly and accurately detect and, in certain
cases, quantify a target analyte molecule in a sample are the cornerstones of modern
analytical measurements. Such systems and methods are employed in many areas such
as academic and industrial research, environmental assessment, food safety, medical
diagnosis, and detection of chemical, biological, and/or radiological warfare agents.
Advantageous features of such techniques may include specificity. speed, and sensitivity.

Many of the known methods and techniques are plagued with problems of
non-specific binding, which is the binding of analyte molecules or particles to be
detected or reporter species non-specifically to sites other than those expected.
Non-specific binding events can lead to an increase in the background signal, and
can affect the accuracy of the concentration determination and/or limit the lowest
concentration that may be accurately or reproducibly detected.

Accordingly, improved methods for reducing the effects of non-specific
binding events are needed, especially in samples where such molecules or particles

are present at very low concentration.
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Summary of the Invention

Described herein are systems and methods for the detection and/or determination
of a measure of the concentration of analyte molecules or particles in a fluid sample, and
in some cases, the systems and methods employ techniques to reduce or limit the
negative effects associated with non-specific binding events. The subject matter of the
present invention involves, in some cases, interrelated products, alternative solutions to a
particular problem, and/or a plurality of different uses of one or more systems and/or
articles.

In some embodiments, a method for determining a measure of the concentration
of analyte molecules or particles in a fluid sample comprises providing the analyte
molecules or particles immobilized with respect to a binding surface having affinity for
at least one type of analyte molecule or particle, the binding surface forming or contained
within one of a plurality of locations on a substrate, such that at least some of the
plurality of locations contain at least one analyte molecule or particle and a statistically
significant fraction of the plurality of locations do not contain any analyte molecules or
particles, exposing the analyte molecules or particles to a first type of binding ligand
having an affinity for a first epitope on the analyte molecules or particles and a second
type of binding ligand having an affinity for a second epitope on the analyte molecules or
particles, addressing at least a portion of the plurality of the locations and determining
the number of said locations containing a first type of binding ligand and a second type
of binding ligand, and determining a measure of the concentration of analyte molecules
or particles in the fluid sample based at least in part on the number of locations
containing both a first type of binding ligand and a second type of binding ligand.

In some embodiments, a method for determining a measure of the concentration
of analyte molecules or particles in a fluid sample comprises providing a fluid sample
containing or suspected of containing a plurality of analyte molecules or particles,
exposing the plurality of analyte molecules or particles to a first type of binding ligand
having an affinity for a first epitope on the analyte molecules or particles and a second
type of binding ligand having an affinity for a second epitope on the analyte molecules or
particles, spatially separating at least a portion of the analyte molecules or particles into a
plurality of locations, such that at least some of the plurality of locations contain at least
one analyte molecule or particle and a statistically significant fraction of the plurality of
locations do not contain any analyte molecules or particles, addressing at least a portion

of the plurality of locations and determining the number of said locations containing both
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a first type binding ligand and a second type of binding ligand, and determining a
measure of the concentration of analyte molecules or particles in the fluid sample based
at least in part on the number of locations containing both a first type of binding ligand

and a second type of binding ligand.

Brief Description of the Drawings

Other aspects, embodiments, and features of the invention will become apparent
from the following detailed description when considered in conjunction with the
accompanying drawings. The accompanying figures are schematic and are not intended
to be drawn to scale. For purposes of clarity, not every component is labeled in every
figure, nor is every component of each embodiment of the invention shown where
illustration is not necessary to allow those of ordinary skill in the art to understand the
invention. All patent applications and patents mentioned in the text are incorporated by
reference in their entirety. In case of conflict between the description contained in the
present specification and a document incorporated by reference, the present specification,
including definitions, will control.

FIG. 1 is a schematic flow diagram depicting embodiments of steps (A-B1-C1-D)
and (A-B2-C2-D) for performing exemplary methods of the present invention;

FIG. 2 illustrates an exemplary method of indirect detection;

FIG. 3 is a schematic flow diagram depicting one embodiment of steps (A-C) for
performing an exemplary method of the present invention;

FIG. 4 is a schematic flow diagram depicting one embodiment of steps (A-D) for
performing an exemplary method of the present invention;

FIG. 5 illustrates an exemplary method of indirect detection;

FIGS. 6A and 6B show schematic diagrams depicting some embodiments of
steps for crosslinking a binding ligand and an analyte molecule, according to some
methods of the present invention;

FIG. 7 is a schematic flow diagram depicting an embodiment of a method (steps
A-D) for the formation of a plurality of reaction vessels through mating of a substrate
and a sealing component and depicting examples of the size (E, F) of a sealing
component relative to a substrate;

FIG. 8A depicts an experimental set-up for detection using light, according to one

embodiment of the present invention;
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FIG. 8B shows a fiber optic array that has been sealed with a sealing component,
according to one embodiment;
FIGS. 9A and 9B shows plots of dissociation of immunocomplexes over time,
according to some embodiments; and
FIG. 10 shows plot of average analyte molecules per bead versus concentration of

analyte molecules, according to some embodiments.

Detailed Description

Described herein are systems and methods for the detection and/or determination
of a measure of the concentration of analyte molecules or particles (such as, for example,
cells, cell organelles and other biological or non-biological particulates) in a fluid sample
that, in some cases, employ techniques to reduce or limit negative effects associated with
non-specific binding events. The subject matter of the present invention involves, in
some cases, interrelated products, alternative solutions to a particular problem, and/or a
plurality of different uses of one or more systems and/or articles. It should be
understood, that while much of the discussion below is directed to analyte molecules,
this is by way of example only, and other materials may be detected and/or quantified,
for example, analytes in particulate form. Some exemplary analyte molecules and
particles are described herein.

The systems and methods of the present invention, in certain instances, may help
reduce or limit certain negative effects of non-specific binding events on detection
sensitivity and/or accuracy when compared to typical conventional systems and methods
for performing similar assays. Non-specific binding is the binding or association in a
non-specific fashion of one component of an assay with another component of the assay
with which it is not desirable that it interact. For example, association, binding, or
immobilization of a binding ligand with a substrate or assay material as opposed to with
an analyte molecule or particle to which it has binding specificity. Non-specific binding
may lead to false positive signals and may not only affect the accuracy of the assay
measurement, but may also limit the lowest level of detection. Therefore, certain
methods and/or systems of the present invention that provide improvements in reducing
the negative effects of non-specific binding may allow for the detection and/or
quantification of analyte molecules in a sample at a lower detection limit and/or with
greater accuracy as compared to typical conventional technologies. In addition, certain

embodiments of the methods and/or systems of the present invention may also allow for
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the detection and/or quantification of analyte molecules in certain samples in which such
analyte molecules have previously been undetected and/or unquantifiable because of the
very low concentration at which they are present.

In some embodiments, the methods of the present invention may be used in
conjunction with methods or systems used for determining a measure of the
concentration of analyte molecules in a fluid sample. In some cases, the methods and
systems may comprise the detection and/or quantification of single analyte molecules. In
certain such embodiments, the analyte molecules in the fluid sample may be spatially
segregated into a plurality of locations (e.g., on a surface) such that each analyte
molecule can be individually interrogated. In some cases, the methods and systems
involve immobilizing the plurality of analyte molecules with respect to a plurality of
locations, wherein at least some, and in certain embodiments substantially each, location
comprises either zero or one analyte molecules. A measure of the concentration of
analyte molecules in the fluid sample may be determined using a binary read-out system,
wherein the measure of the concentration is determined at least in part based on the
number of locations which are determined to contain an analyte molecule. That is, a
binary read-out method comprises determining a measure of the concentration of analyte
molecules in a fluid sample at least in part on the number of “on” locations (e.g.,
locations with a positive signal). For examples of non-limiting methods and systems, see
U.S. Patent Application Serial No. 12/731,130, entitled “Ultra-Sensitive Detection of
Molecules or Particles using Beads or Other Capture Objects,” by Duffy et al., filed
March 24, 2010; International Patent Application No. (not yet determined), entitled
“Ultra-Sensitive Detection of Molecules or Particles using Beads or Other Capture
Objects,” by Duffy et al., filed March 1, 2011 (Attorney Docket No.
Q0052.70011TWO00); U.S. Patent Application No. 20070259448, entitled “Methods and
arrays for target analyte detection and determination of target analyte concentration in
solution,” by Walt et al., filed Feb. 16, 2007; U.S. Patent Application No. 20070259385,
entitled “Methods and arrays for detecting cells and cellular components in small defined
volumes,” by Walt et al.,, filed Feb. 16, 2007; U.S. Patent Application No. 20070259381,
entitled “Methods and arrays for target analyte detection and determination of reaction
components that affect a reaction,” by Walt et al., filed Feb. 16, 2007; International
Patent Application No. PCT/US07/019184, entitled “Methods for Determining The
Concentration of an Analyte In Solution,” by Walt et al., filed August 20, 2007;
International Patent Application No. PCT/US09/005428, entitled “Ultra-Sensitive
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Detection of Molecules or Enzymes,” by Duffy et al., filed September 9, 2009; U.S.
Patent Application Serial No. 12/731,136, filed March 24, 2010, entitled “Methods and
systems for extending dynamic range in assays for the detection of molecules or
particles,” by Rissin, et al. (Attorney Docket No. Q0052.70013US01); and International
Patent Application No. (not yet determined) entitled “Methods and systems for extending
dynamic range in assays for the detection of molecules or particles,” by Rissin et al.,
filed March 1, 2011 (Attorney Docket No. Q0052.70013W000), each herein
incorporated by reference.

The methods of the present invention may reduce certain negative effects of non-
specific binding by employing detection methods which involve the association of at
least two components (e.g., binding ligands) with each analyte molecule for detection of
the analyte molecule. Certain such methods can reduce the number of false positive
(e.g., non-specific events) as compared to methods which require only a single
component for detection. This can be easily understood when comparing two methods
which either employ one component or two components for detection. For methods
which require only a single component to associate with an analyte molecule for
detection, generally, a significant number of these single components may bind non-
specifically to locations. Each instance of non-specific binding of a single component
with a location results in the determination of an “on” location (e.g., a false positive),
thus increasing the effective number locations determined to contain an analyte
molecule, and thereby directly affecting a parameter (i.e., the number of “on” locations)
used to calculate a measure of the concentration of analyte molecules in the fluid sample
when using a binary read-out digital detection mode of quantification. In a two
component system, only locations which contain both components are determined to be
“on” locations. The probability of both components binding non-specifically in a single
location, which would result in a false positive, may be significantly smaller as compared
to the number of false positives that would be observed for a single component system,
when assuming that the non-specific binding affinity for the types of components are the
same. Thus a two component system can result in a decrease in the number of false
positives caused by non-specific binding of a binding ligand, thereby effectively
reducing effects of non-specific binding events on the concentration determination.

For example, in one embodiment, a plurality of analyte molecules is spatially
separated into a plurality of locations. Two types of components are provided to the

assay under conditions such that substantially all analyte molecules associate with (e.g.,
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specifically bind to) at least one of each type of component. The analyte molecules are
then individually interrogated. Only locations which contain at least one of each type of
component are determined to be a location which comprises an analyte molecule.
Locations that only contain a single component are considered to be locations which do
not contain an analyte molecule (e.g., location in which a single component has non-
specifically bound are treated as “off” locations), and do not affect the determination of
the measure of the concentration of analyte molecules in a fluid sample. As a
comparison, consider a method conducted using the same steps as outline above, but
with only a single component being used to facilitate detection. In such a method,
locations which contain a single component due to non-specific binding are
indistinguishable from locations which contain an analyte molecule and a single
component. Thus, locations with only a single binding ligand are considered to be “on”
locations (e.g., location in which a single component has non-specifically bound
resulting in a false positive signal) and would undesirably affect the determination of the
measure of the concentration of analyte molecules in a fluid sample.

In some embodiments, the methods of the present invention comprise the use of a
plurality of types of binding ligands (examples of components for detection). A “binding
ligand,” as used herein, is any molecule, particle, or the like, which specifically binds to
or otherwise specifically associates with an analyte molecule or another binding ligand
and may aid in the detection of the analyte molecule. In some cases, at least two, at least
three, at least four, at least five, at least six, at least seven, at least eight, at least nine, at
least ten, or more, binding ligands may be employed. A plurality of analyte molecules
may be exposed to the differing types of binding ligands substantially simultaneously
and/or substantially sequentially.

Binding ligands may aid in the detection of analyte molecules. For example,
certain binding ligands comprise an entity which is able to facilitate detection, either
directly (e.g., via a detectable moiety) or indirectly. In the case of direct detection, the
binding ligands may comprise a molecule or moiety that may be directly interrogated
and/or detected (e.g., a fluorescent entity). In the case of indirect detection, an
additional component is used for determining the presence of the binding ligand. For
example, a binding ligand associated with an analyte molecule may be exposed to a
precursor labeling agent, wherein the precursor labeling agent is converted into a
labeling agent upon exposure to the binding ligand associated with an analyte molecule,

and the labeling agent is directly detected. As another example, a component (e.g., a
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third type of binding ligand) may be provided which associates with a first type of
binding ligand and a second type of binding ligand which are both immobilized with
respect to an analyte molecule. The third type of binding ligand may be detected (e.g.,
directly or indirectly). The binding ligands which are to be detected may comprise or
create a measurable entity or parameter (e.g., fluorescence) which makes it
distinguishable from all other types of binding ligands employed in an assay which are to
be detected, thus allowing for the determination of which binding ligands are present
at/in a location.

Binding ligands may be selected to interact with other assay components (e.g.,
analyte molecules, other types of binding ligands, precursor labeling agents, etc.), in a
variety of ways, as is described in more detail below. In certain embodiments, at least
one type of binding ligand in the assay is selected such that it becomes immobilized with
respect to an analyte molecule. In some embodiments, at least two types of binding
ligands become immobilized with respect to an analyte molecule. The at least two types
of binding ligands may either associate with the same or different components or
moieties (e.g., epitopes) of an analyte molecule.

As an exemplary method employing two types of binding ligands, the method
may first comprise exposing a plurality of analyte molecules to a plurality of a first type
of binding ligand and plurality of a second type of binding ligand. The conditions may
be selected such that substantially all of the analyte molecules are immobilized with
respect to at least one of the first type of binding ligand and at least one of the second
type of binding ligand. The analyte molecules (immobilized with respect to a plurality of
binding ligands) are then spatially segregated into a plurality of locations on a surface,
and in some cases, are spatially segregated such that each location contains zero or one
analyte molecules. Alternatively, the analyte molecules may first be spatially segregated
into a plurality of locations such that each location contains zero or one analyte
molecules prior to being exposed to a plurality of a first type of binding ligand and a
second type of binding ligand such that substantially all of the analyte molecules
associate with at least a first type of binding ligand and at least a second type of binding
ligand. At least a portion of the locations (e.g., comprising zero or one analyte
molecules, the analyte molecules associates with at least one of a first type of binding
ligand and at least one of a second type of binding ligand) may be interrogated/analyzed
to determine the number of locations which contain both a first type of binding ligand

and a second type of binding ligand (e.g., either by direct or indirect detection, as
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described herein). The first type of binding ligand may possess, create or be made to
create a first measurable parameter and the second type of binding ligand may possess,
create or be made to create a second measurable parameter, wherein the first measurable
parameter is distinguishable from the second measurable parameter. The number of
locations which contain both binding ligands can be related to the number of locations
which contain an analyte molecule. A measure of the concentration of analyte molecules
in the fluid sample may be based at least in part on the number of locations which
contain both a first type and a second type of binding ligand. Locations which contain
only a first type of binding ligand or only a second type of binding ligand would be
indicative of locations in which non-specific binding of a binding ligand had occurred,
and therefore, these locations would not be considered in determining the total number of
locations which comprise an analyte molecule. The first type of binding ligand and the
second type of binding ligand may associate with the same or different epitopes of an
analyte molecule.

Exemplary embodiments of inventive assay methods involving two types of
binding ligands are illustrated in FIG. 1. A plurality of analyte molecules 100 are
provided, as illustrated in step (A). In a first method, plurality of analyte molecules 100
are exposed to plurality of a first type of binding ligand 102 and plurality of second type
of binding ligand 104. The conditions are selected such that substantially each of the
analyte molecules associate with a first type of binding ligand and a second type of
binding ligand. For example, as illustrated in step (B1), analyte molecule 106 is
associated with one of a first type of binding ligand 108 and one of a second type of
binding ligand 110, to form complex 112. The plurality of analyte molecules from step
(B1) may then be spatially segregated into a plurality of locations. As shown in step
(C1), the plurality of locations is illustrated as substrate 114 comprising a surface
containing a plurality of wells/reaction vessels 116. In this example, each reaction vessel
comprises either zero or one analyte molecules. At least some of the reaction vessels
may then be addressed (e.g., optically or via other detection means) to determine the
number of locations containing an analyte molecule by determining the number of
locations which contain a first type of binding ligand and a second type of binding
ligand. For example, as shown in step (D), the plurality of reaction vessels are
interrogated optically using light source 118, wherein each reaction vessel is exposed to
electromagnetic radiation (represented by arrows 122) from light source 118. The light

emitted (represented by arrows 120) from each reaction vessel is detected (and/or
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recorded) by detector 118 (in this example, housed in the same system as light source
118). The number of reaction vessels containing a first type of binding ligand and a
second type of binding ligand (e.g., reaction vessels 124), and hence an analyte
molecule, are determined, for example, based on the light emitted from the reaction
vessels. In some cases, the number of reaction vessels which do not contain both a first
type of binding ligand and a second type of binding ligand (e.g., reaction vessels 126),
and/or the total number of wells addressed may also be determined. In some cases, at
least one wash step may be performed (e.g., to remove any unbound binding ligands
(e.g., prior to or following step (C1)).

Alternatively, following providing a plurality of analyte molecules as shown in
step (A), the analyte molecules may be first spatially segregated into a plurality of
locations, as shown in step (B2). The plurality of locations is illustrated as substrate 130
comprising a surface containing a plurality of wells/reaction vessels 132. In this
example, each reaction vessel comprises either zero or one analyte molecules. The
plurality of locations may be exposed to plurality of a first type of binding ligand 134
and plurality of a second type of binding ligand 136 under conditions such that
substantially all of the analyte molecules associate with a first type of binding ligand and
a second type of binding ligand. For example, as shown in step (C2), analyte molecule
138 is associated with first type of binding ligand 140 and second type of binding ligand
142, The reaction vessels which do not contain an analyte molecule may contain at least
one binding ligand (e.g., reaction vessels 144). Following step (C2), in some
embodiments, at least one wash step may be performed to aid in the removal of the
binding ligand from the reaction vessels which do not contain an analyte molecule (e.g.,
reaction vessels 144 in step (C2)). Additionally, in some cases, the analyte molecules
may be contained and/or immobilized in the reaction vessels such that the wash step does
not cause the analyte molecules to be washed from the reaction vessels (e.g., via
immobilization of the analyte molecule with respect to a surface of the reaction vessels,
via aid of a surface comprising or contained in (e.g., on a capture object such as a bead)
that has affinity for the analyte molecule). Following step (C2) and/or at least one wash
step, at least some of the reaction vessels may then be addressed (e.g., optically or via
other excitation/detection means) to determine the number of locations containing an
analyte molecule by determining the number of locations which contain a first type of
binding ligand and a second type of binding ligand. This may be carried out in a manner

similar to that described above for FIG. 1, step (D).

Fujirebio Diagnostics, Inc. v. Quanterix Corp.
EX-1045
4121



WO 2011/109372 PCT/US2011/026657

10

15

20

25

30

-11 -

In some embodiments, the first type of binding ligand and the second type of
binding ligand may each comprise a component which work in synergy, and the
detection of both types of binding ligands may occur only in cases where the first type of
binding ligand and the second type of binding ligand are within close proximity of each
other (e.g., immobilized with respect to the same analyte molecule). For example, the
first type of binding ligand may comprise a component which upon stimulation, releases
an excitation moiety. The excitation moiety may interact with a component on the
second type of binding ligand. Provided the second type of binding ligand is within
close proximity to the first type of binding ligand, the excitation moiety may interact
with the component on the second type of binding ligand, allowing for the detection of
the both the first and the second type of binding ligand. For example, as shown in FIG.
2, bead 300 contains a plurality of capture components 302. Analyte molecule 304 is
associated with bead 300. First type of binding ligand 306 comprising first component
310 and second type of binding ligand 308 comprising second component 312 are both
associated with analyte molecule 304. First component 310 is stimulated, in this
example, with electromagnetic radiation 314. Upon stimulation, first component 310
releases an excitation moiety which excites second component 312, as indicated by
arrow 315. Second component releases energy 316 upon interaction with the excitation
moiety, the energy 316 being detected. As a specific embodiment, the first component
may release a singlet oxygen donor that can diffuse about 200 nm before become
quenched. Thus, if the second component associated with the second type of binding
ligand is within 200 nm and the second component comprises a dye that is sensitive to
singlet oxygen, the second component can be induced to release a signal which is
detectable (e.g., fluorescence). For a non-limiting example of potentially compatible
proximity sensitive detection facilitating components see Clinical Chemistry, 42(9),
1996, 1518-1526.

As another example, both the first type of binding ligand and the second type of
binding ligand may comprise an enzymatic component as a precursor labeling
agent/labeling agent, and the labeling agent produced from the conversion of a first type
of precursor labeling agent may act as the precursor labeling agent for the enzymatic
component on the second type of binding ligand converting it to the detected labeling
agent. A “precursor labeling agent” is any molecule, particle, or the like, that can be

converted to a labeling agent upon exposure to a suitable converting agent (e.g., an
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enzymatic component). A “labeling agent” is any molecule, particle, or the like, that
facilitates detection, by acting as the detected entity, using a chosen detection technique.
In one non-limiting example, the product of one enzymatic conversion may be the
substrate for a second enzymatic component (e.g., a coupled enzyme system). As a
specific example, the coupled assay for the enzyme hexokinase (enzymatic component
comprised in first type of binding ligand), which can be detected by coupling its
production of glucose-6-phosphate to NADPH production, using glucose-6-phosphate
dehydrogenase (enzymatic component comprised in second type of binding ligand). The
NADPH may be detected to determine the presence of both the first type of binding
ligand and the second type of binding ligand in a reaction vessel.

In some cases, both the first type of binding ligand and the second type of
binding ligand comprise enzymatic components, and the labeling agent produced in one
conversion reaction optically couples with the labeling agent produced in the second
conversion reaction. For example, the product of one enzyme reaction optically couples
to the detection of the second, e.g., the two enzymes produce a FRET pair where the
fluorescence emission from product (e.g., donor) one excites fluorescence in the second
product (e.g., acceptor). The fluorescence from the second product is detected to
determine the presence of both the first type of binding ligand and the second type of
binding ligand in a reaction vessel. Non-limiting examples of such donor/acceptor
products include fluorescein/tetramethylrhodamine, IAEDANS/fluorescein,
EDANS/dabceyl; fluorescein/fluorescein; BODIPY FL/BODIPY FL; fluorescein/QSY 7
and QSY 9, and the like.

In some cases, both the first type of binding ligand and the second type of
binding ligand may be DNA labeled. When both types of binding ligands are in close
proximity (e.g., associated with an analyte molecule), a connecting piece of DNA may be
provided which is able to bridge the two DNA labels. A ligase can then be provided
which connects the two DNA labels. Once connected, the contignous piece of DNA can
be replicated into many copies using PCR. Real time PCR in the reaction vessels may be
used to detect the presence of both the first type of binding ligand and the second type of
binding ligand in the reaction vessel. For non-limiting examples of DNA labels which
may potentially be useful for the above detection scheme, see Nature Methods, 4(4),
2007, 327-329, and Nature Methods, 4(2), 2007, 135-137.

In some cases, the first type of binding ligand may comprise a first portion of an

enzyme and the second type of binding ligand may comprise a second portion of an
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enzyme. When the binding ligands are in close proximity to each other (e.g., two
binding ligands are associated with a single analyte molecule), the two enzyme portions
may interact with each other. When the two binding ligands are close together, the full
enzyme structure may form and be detected (e.g., via exposure to a precursor labeling
agent). For non-limiting examples of enzymes which may be partitioned and used in the
present invention as described above, see Biochemical and Biophysical Research
Communications 370, 2008, 164168, and Journal of Immunological Methods, 279,
2003, 209-218.

In some embodiments, more than two types of binding ligands may be employed.
In some cases, three types of binding ligands may be employed. In some cases, the third
type of binding ligand may function in a similar manner as the first type of binding
ligand and the second type of binding ligand as described in the assays illustrated in FIG.
1. That is, the third type of binding ligand may associate with a component (e.g., an
epitope) of the analyte molecule, and the presence of the first, second, and third types of
binding ligands at a location may be used as an indicator of the presence of an analyte
molecule at/in that location. The epitope of the analyte molecule with which the third
binding ligand associates may be the same and/or different than the epitopes the first
type of binding ligand and the second type of binding ligand associate with.

In other cases, the third type of binding ligand may function in a different manner
as compared to the first type of binding ligand and the second type of binding ligand as
described herein. For example, the first type of binding ligand and the second type of
binding ligand may associate with an analyte molecule (e.g., as described in the assay
method illustrated in FIG. 1) and the third type of binding ligand may associate with the
first type of binding ligand and the second type of binding ligand. For the third type of
binding ligand to associate with both the first type of binding ligand and the second type
of binding ligand, the first and second types of binding ligands may be required to be in
substantially close proximity to each other (e.g., via association with the same analyte
molecule), therefore facilitating detection of the analyte molecule (e.g., by association
and detection of the third type of binding ligand). The number of locations which
contain the third type of binding ligand can be related to the number of locations
containing both a first type of binding ligand and a second type of binding ligand in close
proximity, and hence, the number of analyte molecules. In some cases, the first type of
binding ligand and the second type of binding ligand may each incorporate a component

(e.g., such as a DNA label) and a third type of binding ligand may comprise two
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complimentary components to the components of the first type and second type of
binding ligand (e.g., two types of complimentary DNA labels).

An exemplary embodiment of steps of an inventive assay method involving three
types of binding ligands is illustrated in FIG. 3. An analyte molecule 70 (illustrated
schematically as comprising two distinct epitopes) is provided, as shown in step (A). For
the sole purpose of simplifying this illustrative example, only a single analyte molecule
is illustrated, however generally a plurality of analyte molecules is provided. Analyte
molecule 70 is exposed to a first type of binding ligand 74 and a second type of binding
ligand 72 under conditions such that analyte molecule 70 associates with both types of
binding ligand, as shown in step (B). First type of binding ligand 74 comprises
component 78 for association with a third type of binding ligand and second type of
binding ligand 72 comprises component 76 for association with a third type of binding
ligand. In this embodiment, neither the first type of binding ligand nor the second type
of binding ligand is directly detected in the assay. In step (C), the complex from step (B)
is exposed to third type of binding ligand 80 under conditions such that third type of
binding ligand 80 associates with first type of binding ligand 74 and second type of
binding ligand 72. Third binding ligand comprises components 82 and 84 for association
with and affinity for component 78 of first type of binding ligand 74 and association with
and affinity for component 76 of second type of binding ligand 72, respectively. The
presence of an analyte molecule at/in a location may be detected by detecting the third
type of binding ligand at the location.

Those of ordinary skill in the art will be able to use this exemplary embodiment
of the use of three types of binding ligands with various other steps of assay methods
described herein. For example, as describe in relation to FIG. 1, the analyte molecules
may be spatially segregated into a plurality of locations prior to and/or after exposure to
the types of binding ligands. The different types binding ligands may be provided
substantially simultaneously and/or sequentially. Additionally, at least one wash step
may be performed. The third binding ligand may be detected directly or indirectly. For
example, a fourth type, etc. of binding ligand may be provided, wherein the fourth type
of binding ligand associates with the third type of binding ligand. The fourth type of
binding ligand may be detected directly (e.g., a fluorescent entity) or indirectly (e.g.,
using a precursor labeling agent which is converted to a labeling agent upon exposure to

the fourth type of binding ligand).
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An exemplary embodiment of steps of an inventive assay method involving four
types of binding ligands is illustrated in FIG. 4. Analyte molecule 130 is provided, as
shown in step (A). Analyte molecule 130 is exposed to first type of binding ligand 132
and second type of binding ligand 138 such that analyte molecule 130 associates with at
least one of each type, as shown in step (B). First type of binding ligand 132 comprises
component 134 for associating with analyte molecule 130 and component 136 for
associating with a third type of binding ligand. Second type of binding ligand 138
comprises component 140 for associating with analyte molecule 130 and component 142
for associating with a fourth type of binding ligand. In step (C), the analyte molecule
from step (B) is exposed to third type of analyte molecule 145 and fourth type of binding
ligand 149. Third type of binding ligand comprises component 144 for associating with
component 136 of first type of binding ligand and component 146 for detection. Fourth
type of binding ligand comprises component 148 for associating with component 138 of
second type of binding ligand and component 150 for detection. In some cases,
components 146 and 150 are distinguishable from each other and may be detected
directly (e.g., a fluorescent entity). Following spatial segregation into a plurality of
locations, locations which are determined to contain third type of binding ligand 145 and
fourth type of binding ligand 149 (e.g., via detection of components 146 and 150), can be
related to the number of locations which contain a first type and a second type of binding
ligand, respectively, and hence, an analyte molecule.

In other cases, as shown in step (D), components 146 and 150 may be detected
indirectly via exposure to first type of precursor labeling agent 152 and second type of
precursor labeling agent 158, wherein first type of precursor labeling agent 152 is
converted to labeling agent 156 upon exposure to component 146, as indicated by arrow
154 and second type of precursor labeling agent 158 is converted to labeling agent 162
upon exposure to component 150 as indicated by arrow 160, and wherein first type of
labeling agent 156 is distinguishable from second type of labeling agent 162. Following
spatial segregation of the analyte molecules into a plurality of locations, locations which
are determined to contain first type of labeling agent 156 and second type of labeling
agent 162 are determined to contain a third and fourth type of binding ligand, thus a first
and second type of binding ligand, and hence an analyte molecule.

Non-limiting examples of first type of binding ligand components for associating
with a third type of binding ligand (e.g., component 136 of first binding ligand in FIG. 4;

or component 138 or second binding ligand) and third type of binding ligand components
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for associating with the component from the first type of binding ligand (e.g., component
of third binding ligand in FIG. 4; or component 148 of fourth binding ligand) are
biotin/streptavidin, biotin/anti-biotin, fluorescein/anti-fluorescein, digoxin/anti-digoxin.
and dinitrophenol (DNP)/anti-DNP. The third binding ligand may further comprise an
enzymatic component (e.g., component 146 of third binding ligand in FIG. 4), as
described herein.

Those of ordinary skill in the art will be able to determine, based on the teachings
of this specification, numerous other combinations of types of binding ligands and
detection methods to carry-out an assay of the present invention. For example, in the
case of an assay method involving two types of binding ligands, the first type of binding
ligand may comprise a component which is directly detected, and the second type of
binding ligand may be indirectly detected (e.g., via exposure to a precursor labeling
agent). In another example, three types of binding ligands may be employed, wherein
the first type of binding ligand associates with an analyte molecule and is directly or
indirectly detectable, the second type of binding ligand associates with the analyte
molecule, and the third type of binding ligand associates with the second type of binding
ligand and is directly or indirectly detectable. The presence of both the first type of
binding ligand and the third type of binding ligand in a location can be read as an “on”
location.

At any point during an assay method of the present invention, at least one wash
step may be carried out. The wash step may aid in the removal of any unbound binding
ligands from the solution. For example, referring to FIG. 1, following association of the
first type of binding ligand and the second type of binding ligand with respect to an
analyte molecule (e.g., following step (B1) or step (C2), a wash step may be performed
to remove any unbound binding ligands not immobilized with respect to an analyte
molecule. The wash step may be performed using any suitable technique known to those
of ordinary skill in the art. In embodiments where the assay employs magnetic beads
(e.g., as capture objects to immobilize the analyte molecules), the beads may be isolated
from the bulk solution with aid of a magnet.

The analyte molecules may be exposed to the at least two types of binding
ligands under conditions such that a substantial fraction (e.g., at least about 70%, at least
about 75%, at least about 80%, at least about 85%, at least about 90%, at least about
95%, at least about 97%, at least about 99%, or more) of the analyte molecules associate

with at least one of each type of binding ligand. Non-limiting conditions which may be
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varied include the ratio of binding ligands to analyte molecules, the period of time of the
exposure, the existence and/or type of physical confinement during incubation (e.g.,
exposure in bulk solution versus exposure at/in locations), agitation of the solution, and
the like. In some cases, the binding ligands may be added to a solution comprising the
plurality of analyte molecules. The ratio of binding ligands provided to analyte
molecules in solution may be at least about 1:1, at least about 2:1, at least about 4:1, at
least about 5:1, at least about 10:1, at least about 20:1, at least about 30:1, at least about
50:1, at least about 100:1, or greater. In some embodiments, the number/concentration
of analyte molecules in the fluid sample is unknown and the number of binding ligands
provided may be based on the maximum suspected number of analyte molecules in the
fluid sample. In some cases, the solution may be agitated (e.g., stirred, shaken). A
single analyte molecule may associate with more than one of each type of binding ligand
(e.g., at least two, three, four, five, six, etc., of each type of binding ligand) in certain
embodiments.

In some embodiments, the concentration of binding ligand used in an assay may
be selected as to minimize certain events which may occur when an excess of binding
ligand is present, for example, non-specific binding of the binding ligand. In some cases,
if the concentration of binding ligand is too high, an increase in background readings
may occur due to non-specific interactions (e.g., with the capture objects, reaction
vessels, etc.). In some cases, the concentration of binding ligand may be selected (or
estimated, in the case of an unknown concentration of analyte molecule) such that a only
a fraction of the analyte molecules immobilized with respect to a capture object associate
with a binding ligand (e.g., about 0.1%, about 1%, about 2%, about 3%, about 4%, about
5%, about 10%, about 20%, about 30%, about 40%, about 50%, or more). This may be
especially useful in embodiments where the percentage of capture objects which
associate with at least one analyte molecule is relatively high (e.g., greater than about
20%, greater than about 30%, greater than about 40%, greater than about 50%, greater
than about 60%, greater than about 70%, greater than about 80%, greater than about
90%, or more). By providing the binding ligand at a lower concentration, in some cases,
not every analyte molecule immobilized with respect to a capture object will associate
with a binding ligand. which can be advantageous for quantification, for example when
the presence of a binding ligand is required for detection, and especially when using a
digital/binary read-out technique. For example, if the percentage of capture objects

associated with an analyte molecule is about 50% or greater, a reduced number of
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binding ligands may be provided such that less than all of the immobilized analyte
molecules associate with a binding ligand. In other cases, the percentage of binding
ligands that associate with an analyte molecule may be reduced by decreasing the
incubation time with the analyte molecule (e.g., limit the time of exposure such that only
a fraction of the immobilized analyte molecules associate with an analyte molecule).

In some embodiments, a method for determining a measure of the concentration
of analyte molecules in a fluid sample comprises providing the analyte molecules
immobilized with respect to a binding surface having affinity for at least one type of
analyte molecule, the binding surface forming (e.g., a surface of a well/reaction vessel on
a substrate) or contained within (e.g., a surface of a capture object, such as a bead,
contained within a well) one of a plurality of locations (e.g., a plurality of wells/reaction
vessels) on a substrate (e.g., plate, dish, chip, optical fiber end, etc). The analyte
molecules may be spatially segregated such that at least some of the plurality of locations
contain at least one analyte molecule and a statistically significant fraction of the
plurality of locations do not contain any analyte molecules, as described herein. At some
point in the assay (e.g., prior to, concurrent with, or following the analyte molecules
being immobilized with respect to the binding surface), the analyte molecules may be
exposed to at least a first type of binding ligand having an affinity for a first epitope on
the analyte molecules and a second type of binding ligand having an affinity for the first
or a second epitope on the analyte molecules. As described herein, more than two types
of binding ligand may be employed. At least a portion of the plurality of the locations
may be addressed, and the number of the locations addressed which contain at least a
first type of binding ligand and a second type of binding ligand can be determined.

Based on at least this determination, a measure of the concentration of analyte molecules
may be determined. In some cases, the binding surface comprises the surface of a bead
contained within one of a plurality of locations on a substrate. In such cases, the
exposing step may be performed prior to or following the bead being contained within
one of the plurality of locations on the substrate. Non-limiting examples of assay
methods/systems are described in U.S. Patent Application Serial No. 12/731,130, entitled
“Ultra-Sensitive Detection of Molecules or Particles using Beads or Other Capture
Objects,” by Duffy et al., filed March 24, 2010; International Patent Application No. (not
yet determined), entitled *“Ultra-Sensitive Detection of Molecules or Particles using
Beads or Other Capture Objects,” by Duffy et al., filed March 1, 2011 (Attorney Docket
No. Q0052.70011WO000); U.S. Patent Application No. 20070259448, entitled “Methods
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and arrays for target analyte detection and determination of target analyte concentration
in solution,” by Walt et al., filed Feb. 16, 2007; U.S. Patent Application No.
20070259385, entitled “Methods and arrays for detecting cells and cellular components
in small defined volumes,” by Walt et al., filed Feb. 16, 2007; U.S. Patent Application
No. 20070259381, entitled “Methods and arrays for target analyte detection and
determination of reaction components that affect a reaction,” by Walt et al., filed Feb. 16,
2007; International Patent Application No. PCT/US07/019184, entitled “Methods for
Determining the Concentration of an Analyte in Solution,” by Walt et al., filed August
20, 2007; and International Patent Application No. PCT/US09/005428, entitled “Ultra-
Sensitive Detection of Molecules or Enzymes,” by Duffy et al., filed September 9, 2009,

herein incorporated by reference.

Binding Ligands and Precursor Labeling Agents/Labeling Agent

Binding ligands may be selected from any suitable molecule, particle, or the like,
as discussed more below, able to associate with an analyte molecule and/or to associate
with another binding ligand. Certain binding ligands can comprise a component that is
able to facilitate detection, either directly (e.g., via a detectable moiety) or indirectly. A
component may facilitate indirect detection, for example, by converting a precursor
labeling agent molecule into a labeling agent molecule (e.g., an agent that is detected in
an assay). In some embodiments, the binding ligand may comprise an enzymatic
component (e.g., horseradish peroxidase, beta-galactosidase, alkaline phosphatase, etc).
A first type of binding ligand may be used in conjunction with additional binding ligands
(e.g., second type, etc.), as discussed herein.

In some embodiments, and as described herein, more than one type of binding
ligand may be used. In some embodiments, a first type of binding ligand and a second
type of binding ligand may be provided. In some instances, at least two, at least three, at
least four, at least five, at least eight, at least ten, or more, types of binding ligands may
be provided. The binding ligands may be selected such that they interact with each other
and/or an analyte molecule in a variety of different manners. Various examples of
possible interactions are shown above in FIGS. 1, 3, and 4.

In some embodiments, each type of binding ligand which is used for detection
may be distinguishable from each of the other type of binding ligands used for detection
and employed in the assay method. That is, each type of binding ligand which is directly

or indirectly detected produces a signal which is distinguishable from the signals
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produced by the other types of binding ligand which are directly or indirectly detected.
For example, the first type of binding ligand may comprise a first component (e.g.,
fluorescent entity) producing a first signal (e.g., a first fluorescence emission) and the
second type of binding ligand may comprise a second component (e.g., fluorescent
entity) producing a second signal (e.g., a second fluorescence emission), wherein the
second signal is distinguishable from the first signal.

In some cases, however, each type of binding ligand which is directly or
indirectly detected produces a signal which is the same as the signals produced by the
other types of binding ligand which are directly or indirectly detected. In these
embodiments, the detection of each type of binding ligand may be done sequentially so
that the signals may be distinguished. For example, a first type of binding ligand may
comprise a first enzymatic component and the second type of binding ligand may
comprise a second type of enzymatic component. Both types of binding ligands may be
immobilized with respect to an analyte molecule. The binding ligands may be exposed
to a first type of precursor labeling agent, wherein the first type of precursor labeling
agent is converted to a first type of labeling agent upon exposure to the first type of
binding ligand. A first determination may be carried out to determine which reaction
vessels contain a first type labeling agent. The binding ligands may be exposed to a
second type of precursor labeling agent, wherein the second type of labeling agent is
converted to a second type of labeling agent upon exposure to the second type of binding
ligand. In some cases, the first type of labeling agent may be removed from the reaction
vessels prior to exposure to a second type of precursor labeling agent (in some cases, a
determination may be carried out to ensure that substantially all of the first type of
labeling agent has been removed). The second type of labeling agent may produce a
signal which is substantially the same as that produced by the first type of labeling agent.
A second determination may be carried out to determine which reaction vessels contain
the second type of labeling agent, and the first and second determination may be
analyzed to determine which reaction vessels contained both the first type and the second
type of labeling agent. As a specific example, the first type of binding ligand comprises
first type of enzymatic component beta-galatosidase, and the first type of precursor
labeling agent is resorufin-D-pyranogalactoside, whereas the second type of binding
ligand comprises second type of enzymatic component, horseradish peroxidase, and the

second type of precursor labeling agent is Amplex Red. Both precursor labeling agents
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are converted to a labeling agent which comprises resorufin, the moiety which is
detectable.

The binding ligands may be detected directly or indirectly. In the case of direct
detection, the binding ligands may comprise a molecule or moiety that may be directly
interrogated and/or detected. Those of ordinary skill in the art will be aware of
components that can be directly detected. For example, the component may be a
fluorescent entity (e.g., a fluorescent moiety, fluorescent bead, etc.), a metal nanoparticle
or nanocluster (e.g., a gold nanocluster or nanoparticle, silver nanocluster or
nanoparticle), a quantum dot (e.g., CdSe quantum dot, CdTe quantum dot, etc.), or a
radioactive isotope.

In some embodiments, the binding ligands may be indirectly detected. The
indirect approach can include, for example, exposing a binding ligand associated with
an analyte molecule to a precursor labeling agent, wherein the precursor labeling agent is
converted into a labeling agent upon exposure to the binding ligand associated with an
analyte molecule. The labeling agent may comprise a molecule or moiety that can be
directly interrogated and/or detected. The presence or absence of a binding ligand at a
location may then be determined by determining the presence or absence of a labeling
agent at/in the location.

A non-limiting example of indirect detection is shown in FIG. 5. Analyte
molecule 200 is associated with binding ligand 202. Binding ligand comprises a
component 204 which is capable of converting precursor labeling agent molecule 206
into labeling agent 208, as indicated by arrow 207. Labeling agent 208 may be directly
detected and used to determine the presence of binding ligand 202 at the location.
Another non-limiting example was described above in FIG. 4, step (D).

In some embodiments, a binding ligand may comprise an enzymatic component.
In this instance, the precursor labeling agent may be an enzymatic label, for example, a
chromogenic, fluorogenic, or chemiluminescent enzymatic precursor labeling agent, that
upon contact with the enzymatic component, converts to a labeling agent. In some cases,
the chromogenic, fluorogenic, or chemiluminescent enzymatic precursor labeling agent
is provided in an amount sufficient to contact every analyte molecule which was
partitioned across a plurality of locations. In some cases, the enzymatic component may
comprise beta-galactosidase, alkaline phosphatase, or horseradish peroxidase.

Other non-limiting examples of systems or methods for detection include

embodiments where nucleic acid precursors are replicated into multiple copies or
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converted to a nucleic acid that can be detected readily, such as the polymerase chain
reaction (PCR), rolling circle amplification (RCA), ligation, Loop-Mediated Isothermal
Amplification (LAMP), etc. Such systems and methods will be known to those of
ordinary skill in the art, for example, as described in “DNA Amplification: Current
Technologies and Applications,” Vadim Demidov et al., 2004.

As will be understood by those of ordinary skill in the art, a variety of appropriate
chromogenic, fluorogenic, or chemiluminescent enzymatic precursor labeling agents
may be selected for conversion by many different enzymes. Thus, any known
chromogenic, fluorogenic, or chemiluminescent enzyme precursor labeling agent
capable of producing a labeling agent in a reaction with a particular enzyme can
potentially be used in the present invention as the precursor labeling agent in
embodiments where the binding ligand comprises an enzymatic component. For
example, many chromogenic, fluorogenic, or chemiluminescent precursor labeling
agents suitable for use an enzymatic precursor labeling agent molecule are disclosed
in The Handbook -A Guide to Fluorescent Probes and Labeling Technologies, Tenth
Ed., Chapter 10.

In some embodiments, a first type of binding ligand may comprise a first type of
enzymatic component and the second type of binding ligand may comprise a second type
of enzymatic component which differs from the first type of enzymatic component. A
capture object (e.g., a bead) comprising an analyte molecule, the first type of binding
ligand, and the second type of binding ligand may be exposed to a first type of precursor
labeling agent which is converted to a first type of labeling agent (e.g., comprising a first
measurable property) upon exposure to the first type of enzymatic component and a
second type of precursor labeling agent which is converted to a second type of labeling
agent (e.g., comprising a measurable property which is distinguishable from the first
measurable property) upon exposure to the second type of enzymatic component.
Therefore, only locations which are determined to contain the first type of labeling agent
and the second type of labeling agent are determined to contain a capture object carrying
an analyte molecule. As described herein, however, in some cases, the first type of
labeling agent and the second type of labeling agent may be the same or produce the
same detectable signal, but be distinguished from each other via the time frame in which
the signal is produced.

In some cases, the first type of binding ligand and the second type of binding
ligand may each incorporate a component (e.g., such as a DNA label) and a third type of
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binding ligand may comprise two complimentary components to the components of the
first type and second type of binding ligands (e.g., two types of complimentary DNA
labels), wherein the third type of binding ligand also comprises an molecule or moiety
for direct or indirect detection (e.g., the presence of the third type of binding ligand in a
reaction vessel is required to determine the presence or absence of an analyte molecule in
a location). Both the first type of binding ligand and the second types of binding ligand
are present in substantially close proximity to each other (e.g., via association with an
analyte molecule) to allow for association of the third type of binding ligand, and
therefore, for detection of the analyte molecule.

In some embodiments, techniques may be used to prevent or reduce dissociation
of an analyte molecule from a capture component and/or capture object, and/or to
prevent or reduce dissociation of a binding ligand from an analyte molecule and/or
another binding ligand. As will be known to those of ordinary skill in the art, some
reversible affinity interactions between selected analyte molecules, capture components,
and/or binding ligands (e.g., between an antibody and an antigen) are governed by
thermodynamics. Accordingly, at some point during certain assay methods, some
dissociation may occur between an analyte molecule and a capture component and/or a
binding ligand, and/or between a binding ligand and an analyte molecule and/or another
binding ligand. This may result in a reduced number of analyte molecules (e.g.,
immunocomplexes) being detected than are actually present. The dissociation constant
of a particular pair of components (e.g., antibody-antigen pair), washing and/or fluid
exposure, time between exposure and interrogation, and/or other factors, may affect the
degree to which a dissociation event alters determination of analyte molecules and/or
particles. Accordingly, certain techniques may be used to reduce the effects of
dissociation processes.

In a first embodiment, dissociation may be reduced or eliminated by removing
fluids from the assay locations (e.g., wells) following spatial segregation of a plurality of
analyte molecules (e.g., associated with a capture object via a capture component and/or
associated with at least one binding ligand) into a plurality of such locations. That is, all
or substantially all of the fluid surrounding or substantially contained in or at the
locations may be removed. For example. the fluid may be removed by air and/or
vacuum drying. Removal of the fluid may reduce or eliminate dissociation.
Immediately prior to interrogation of the locations, a fluid may be added to the locations

thereby rehydrating the complexes to facilitate interrogation using a detector.
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In a specific example, a plurality of analyte molecules is associated (e.g., via a
capture object) with beads (one embodiment of capture objects). The beads, and thus the
analyte molecules, are optionally associated with at least one binding ligand and/or
exposed to a material (e.g., a buffer) to keep the analyte molecules and/or binding
ligands hydrated (e.g., immunocomplexes may be exposed to a buffer containing a
certain carbohydrate). Following loading of the beads into a plurality of wells (e.g.,
locations), excess solution (e.g., buffers) is removed by air and/or vacuum drying. In this
embodiment, by eliminating the contact of the beads with bulk solution, the dissociation
of the analyte molecules and/or binding ligands is essentially eliminated or substantially
reduced as compared to a similar system where the fluid is not removed. In this case, the
wells comprising the beads may be stored (e.g., for 1 min, 2 min, 5 min, 10 min, 20 min,
30 min, 1 hour, 2 hours, 3 hours, 4 hours, 6 hours, 12 hours, or more) with none or
substantially none (e.g., less than about 20%, less than about 15%, less than about 10%,
less than about 5%, less than about 4%, less than about 3%, less than about 2%, less than
about 1%, less than about 0.5%, less than about 0.3%, less than about 0.1%, less than
about 0.01%, or less) of the analyte molecules (and/or binding ligands) dissociating.
Immediately prior to or close in time to the time when interrogations of the wells are
performed (e.g., about 1 second, about 5 seconds, about 10 seconds, about 30 seconds,
about 1 minute, about 2 minutes, or about 5 minutes prior), a solution may be provided to
the wells, optionally followed by sealing (e.g., prior to interrogation). See, for example,
Example 1.

In a second embodiment, dissociation may be reduced or eliminated by
crosslinking an analyte molecule with a capture component, and/or crosslinking a
binding ligand with an analyte molecule and/or a second binding ligand. For example,
an analyte molecule comprising an antigen may be crosslinked with a binding ligand
and/or capture component comprising an antibody. Crosslinking methods and
techniques that may be employed are known to those of ordinary skill in the art. In some
cases, following association of an analyte molecule with a capture component (e.g.,
associated with a capture object) and/or association of a binding ligand with the analyte
molecule and/or a second binding ligand, the complex may be exposed to a crosslinking
reagent (e.g., 1-ethyl-3-[3-dimethylaminopropyl]carbodiimide (i.e., EDC),
glutaraldehyde, etc.), thereby promoting the desired crosslinking reaction. The
crosslinking reagent may be selected according to the properties of the reagents used for

assay, and various factors may be considered including the length of the crosslinking
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reagent and/or the necessary functional groups when selecting a crosslinking agent, as
would be understood by those skilled in the art. Excess crosslinking reagent may
optionally be removed and/or unreacted crosslinking groups may be quenched prior to
interrogation and/or prior exposure to a labeling agent precursor or other reagent. The
assay may be then carried out according to the methods as described herein. See, for
example, Example 2.

A non-limiting example of a crosslinking reaction is shown in FIG. 6A. In this
figure, bead 502 comprising capture component 504 (e.g., capture antibodies) is
associated with analyte molecule 506. Analyte molecule 506 is also associated with
binding ligand 508. Complex 507 is exposed to crosslinking reagent 510 and a reaction
occurs as indicated by arrow 511. First crosslinking reagent 512 forms a crosslink
between analyte molecule 506 and capture component 504 and crosslinking reagent 514
forms a crosslink between analyte molecule 506 and binding ligand 508.

As another example, the binding ligand may comprise a crosslinking component
capable of forming a crosslink between two components (e.g., an analyte molecule and a
binding ligand, or a capture component and an analyte molecule, or a first binding ligand
and a second binding ligand), as shown in FIG. 6B. In this figure, bead 522 comprising
capture component 524 (e.g., capture antibody) is associated with analyte molecule 526.
Analyte molecule 526 is also associated with binding ligand 528 comprising crosslinking
component 530. Upon exposure to an external stimulus (e.g., UV-light, chemical
stimulus, etc.), as indicated by arrow 531, crosslink 532 forms between analyte molecule
526 and binding ligand 524. Non-limiting examples of crosslinking components useful
for this purpose include N-succinimidyl-6-[4'-azido-2"-nitrophenylamino]) hexanoate
(i.e., SANPAH) and succinimidyl 6-(4,4'-azipentanamido)hexanoate (i.e., LC-SDA).

In certain embodiments, solubilized, or suspended precursor labeling agents
may be employed, wherein the precursor labeling agents are converted to labeling agents
which are insoluble in the liquid and/or which become immobilized within/near the
location (e.g., within the reaction vessel in which the labeling agent is formed). Such
precursor labeling agents and labeling agents and their use is described in commonly
owned U.S. Patent Application Serial No. 12/236,484, entitled “High Sensitivity
Determination of the Concentration of Analyte molecules in a Fluid Sample,” by Duffy

et al., filed September 23, 2008, incorporated herein by reference.
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Methods and Systems for Segregating Analyte Molecules into Arrays of Locations

In certain embodiments, the assay methods of the present invention employ a step
of spatially segregating a plurality of analyte molecules into a plurality of locations to
facilitate detection/quantification, such that each location comprises/contains zero, one or
more analyte molecules. Additionally, in some embodiments, the locations are provided
in a manner such that each analyte molecule can be individually addressed. While
numerous exemplary embodiments for spatially segregating a plurality of analyte
molecules into a plurality of locations are described herein, numerous methods may be
employed. Non-limiting examples of assay methods/systems are described in U.S.
Patent Application Serial No. 12/731,130, entitled “Ultra-Sensitive Detection of
Molecules or Particles using Beads or Other Capture Objects,” by Duffy et al., filed
March 24, 2010; International Patent Application No. (not yet determined), entitled
“Ultra-Sensitive Detection of Molecules or Particles using Beads or Other Capture
Objects,” by Duffy et al., filed March 1, 2011 (Attorney Docket No.
Q0052.70011WOO00U.S. Patent Application No. 20070259448, entitled “Methods and
arrays for target analyte detection and determination of target analyte concentration in
solution,” by Walt et al., filed Feb. 16, 2007; U.S. Patent Application No. 20070259385,
entitled “Methods and arrays for detecting cells and cellular components in small defined
volumes,” by Walt et al., filed Feb. 16, 2007; U.S. Patent Application No. 20070259381,
entitled “Methods and arrays for target analyte detection and determination of reaction
components that affect a reaction,” by Walt et al., filed Feb. 16, 2007; International
Patent Application No. PCT/US07/019184, entitled “Methods for Determining The
Concentration of an Analyte In Solution,” by Walt et al., filed August 20, 2007; and
International Patent Application No. PCT/US09/005428, entitled “Ultra-Sensitive
Detection of Molecules or Enzymes,” by Duffy et al., filed Sept. 9, 2009, herein
incorporated by reference.

In some embodiments, the plurality of analyte molecules may be spatially
segregated into a plurality of locations, wherein the locations comprise a plurality of
reaction vessels. The analyte molecules may be partitioned across the plurality of
reaction vessels such that at least some of the reaction vessels contain at least one analyte
molecule and a statistically significant fraction of the reactions vessels contain no analyte
molecules. A statistically significant fraction of reaction vessels that contain at least one
analyte molecule (or no analyte molecules) will typically be able to be reproducibly

detected and quantified using a particular system of detection and will typically be above
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the background noise (e.g., non-specific binding) that is determined when carrying out
the assay with a sample that does not contain any analyte molecules, divided by the total
number of locations addressed. A “statistically significant fraction™ as used herein for

the present embodiments, may be calculated according to the Equation 1:

n>3Jn (Eq. 1)
wherein 7 is the number of determined events for a selected category of events. That is,
a statistically significant fraction occurs when the number of events n is greater than
three times square root of the number of events. For example, to determine a statistically
significant fraction of the reaction vessels which contain an analyte molecule or particle,
n is the number of reaction vessels which contain an analyte molecule. As another
example, to determine a statistically significant fraction of capture objects associated
with a single analyte molecule, # is the number of capture objects associated with a
single analyte molecule.

In some embodiments, the statistically significant fraction of locations that
contain at least one analyte molecule (or a single analyte molecule in some cases where
the ratio of locations to analyte molecules would lead, statistically, to substantially only
zero or one analyte molecule contained in each location) to the total number of locations
containing sample is less than about 1:2, less than about 1:3, less than about 1:4, less
than about 2:5, less than about 1:5, less than about 1:10, less than about 1:20, less than
about 1:100, less than about 1:200, or less than about 1:500. In such embodiments, the
fraction of locations not containing any analyte molecules to the total number of
locations may be at least about 1:100, about 1:50, about 1:20, about 1:10, about 1:5,
about 1:4, about 1:3, about 1:2, about 1:1, about 2:1, about 3:1, about 4:1, about 5:1,
about 10:1, about 20:1, about 50:1, about 100:1, or more.

In some embodiments, the percentage of locations which contain at least one
analyte molecule is less than about 50%, less than about 40%, less than about 30%, less
than about 20%, less than about 10%, less than about 5%, less than about 2%, less than
about 1%, less than about 0.5%, less than about 0.01%, or less, the total number of
locations. In some embodiments, the percentage of locations which do not contain any
analyte molecule is at least about 30%, at least about 40%, at least about 50%, at least
about 60%, at least about 70%, at least about 80%, at least about 90%, at least about
95%, at least about 98%, or greater, the total number of locations.

In some embodiments, the assay methods may involve the use of a plurality of

capture objects. The plurality of capture objects (e.g., beads) may be configured to
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capture an analyte molecule or particle. In some cases, the plurality of capture objects
comprises a plurality of beads. The beads may or may not be magnetic. At least a
portion of the capture objects may be spatially segregated into a plurality of locations
(e.g., reaction vessels/wells). The plurality of analyte molecules may be exposed to a
plurality of types of binding ligands prior to or following association of the plurality of
analyte molecules with respect to the capture components. Various other aspects of
assay methods using such capture components are described in commonly owned U.S.
Patent Application Serial No. 12/731,130, entitled “Ultra-Sensitive Detection of
Molecules or Particles using Beads or Other Capture Objects” by Duffy et al., filed
March 24, 2010; and International Patent Application No. (not yet determined), entitled
“Ultra-Sensitive Detection of Molecules or Particles using Beads or Other Capture
Objects,” by Duffy et al., filed March 1, 2011 (Attorney Docket No.
Q0052.70011W0O00), incorporated by reference. Specifically, the methods and systems
described herein may be used in combination with and in context with the single
molecules methods and systems described in the above-referenced applications.

In some embodiments, a plurality of locations may be addressed and/or a
plurality of capture objects and/or species/molecules/particles of interest may be detected
substantially simultaneously. “Substantially simultaneously” when used in this context,
refers to addressing/detection of the locations/capture objects/species/molecules/particles
of interest at approximately the same time such that the time periods during which at
least two locations/capture objects/species/molecules/particles of interest are
addressed/detected overlap, as opposed to being sequentially addressed/detected, where
they would not. Simultaneous addressing/detection can be accomplished by using
various techniques, including optical techniques (e.g., CCD detector). Spatially
segregating capture objects/species/molecules/particles into a plurality of discrete,
resolvable locations, according to some embodiments facilitates substantially
simultaneous detection by allowing multiple locations to be addressed substantially
simultaneously. For example, for embodiments where individual
species/molecules/particles are associated with capture objects that are spatially
segregated with respect to the other capture objects into a plurality of discrete, separately
resolvable locations during detection, substantially simultaneously addressing the
plurality of discrete, separately resolvable locations permits individual capture objects,
and thus individual species/molecules/particles (e.g., analyte molecules) to be resolved.

For example, in certain embodiments, individual molecules/particles of a plurality of
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molecules/particles are partitioned across a plurality of reaction vessels such that each
reaction vessel contains zero or only one species/molecule/particle. In some cases, at
least about 80%, at least about 85%, at least about 90%, at least about 95%, at least about
96%, at least about 97%, at least about 98%, at least about 99%, at least about 99.5% of
all species/molecules/particles are spatially separated with respect to other
species/molecules/particles during detection. A plurality of species/molecules/particles
may be detected substantially simultaneously within a time period of less than about 1
second, less than about 500 milliseconds, less than about 100 milliseconds, less than
about 50 milliseconds, less than about 10 milliseconds, less than about 1 millisecond,
less than about 500 microseconds, less than about 100 microseconds, less than about 50
microseconds, less than about 10 microseconds, less than about 1 microsecond, less than
about 0.5 microseconds, less than about 0.1 microseconds, or less than about 0.01
microseconds, less than about 0.001 microseconds, or less. In some embodiments, the
plurality of species/molecules/particles may be detected substantially simultaneously
within a time period of between about 100 microseconds and about 0.001 microseconds,
between about 10 microseconds and about 0.01 microseconds, or less.

During the addressing step of the method where the locations into which the
capture objects/analyte molecules have been segregated are addressed, any of a variety of
parameters may be determined. In some embodiments, the number of locations which
contain both a first type of binding ligand and a second type of binding ligand is
determined. The number of locations which do not contain both a first type of binding
ligand and a second type of binding ligand may also be determined. A single
interrogation or multiple interrogations of any subset or all of the locations ultimately
addressed may be made at any given time to facilitate one or all of the above described
determinations. The portion of locations addressed may be at least about 5%, or at least
about 10%, or at least about 20%, or at least about 30%, or at least about 40%, or at least
about 50%, or at least about 60%, or at least about 70%, or at least about 80%, or at least
about 90%, or more of the total number of locations

In some cases, the locations which contain the specified types of binding ligands
may be determined by a single interrogation of the locations. In such embodiments, the
detection system is configured such that it is able to detect and distinguish between each
type of binding ligand. In some cases, however, the locations which contain each type of
binding ligand may be determined by multiple interrogations of the locations. The

multiple interrogations of each location may be combined/compared to determine which
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locations contain both binding ligands. For example, in some cases, a first interrogation
of the locations may be conducted using light of a first range of wavelengths (e.g., a
wavelength range where the first type of binding ligand produces a detectable
fluorescence) to detect which locations contain a first type of binding ligand whereas a
second interrogation is conducted using light of a second, differing range of wavelengths
(e.g., a wavelength range where the second type of binding ligand produces a detectable
fluorescence) to detect which locations contain a second type of binding ligand. The
locations which contain both a first type of binding ligand and a second type of binding
ligand may be determined by comparing/combining the results from the two
interrogations for each location. It should be understood, however, that in some cases, a
single type of binding ligand (e.g., a third type of binding ligand) may be detected to
determine the presence of both a first type of binding ligand and a second type of binding
ligand contained in a single location (e.g., in embodiments where a third type of binding
ligand associates with an analyte molecule via association with both a first type of
binding ligand and a second type of binding ligand, both immobilized with respect to an
analyte molecule, and as outlined in FIG. 3).

In a specific embodiment of the present invention, the locations are optically
interrogated. The locations exhibiting changes in their optical signature may be
identified by a conventional optical train and optical detection system. Depending on the
detected species (e.g., type of fluorescence entity, etc.) and the operative wavelengths,
optical filters designed for a particular wavelength may be employed for optical
interrogation of the locations. In embodiments where optical interrogation is used, the
system may comprise more than one light source and/or a plurality of filters to adjust the
wavelength and/or intensity of the light source. In some embodiments, the optical signal
from a plurality of locations is determined using a CCD camera.

Other non-limiting examples of camera imaging types that can be used to capture
images include charge injection devices (CIDs), complimentary metal oxide
semiconductors (CMOSs) devices, scientific CMOS (sCMOS) devices, and time delay
integration (TDI) devices, as will be known to those of ordinary skill in the art. The
camera may be obtained from a commercial source. CIDs are solid state, two
dimensional multi pixel imaging devices similar to CCDS, but differ in how the image is
captured and read. For examples of CCDs, see U.S. Patent No. 3,521,244 and U.S.
Patent No. 4,016,550. CMOS devices are also two dimensional, solid state imaging

devices but differ from standard CCD arrays in how the charge is collected and read out.
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The pixels are built into a semiconductor technology platform that manufactures CMOS
transistors thus allowing a significant gain in signal from substantial readout electronics
and significant correction electronics built onto the device. For example, see U.S. Patent
No. 5,883,83). sCMOS devices comprise CMOS imaging technology with certain
technological improvements that allows excellent sensitivity and dynamic range. TDI
devices employ a CCD device which allows columns of pixels to be shifted into and
adjacent column and allowed to continue gathering light. This type of device is typically
used in such a manner that the shifting of the column of pixels is synchronous with the
motion of the image being gathered such that a moving image can be integrated for a
significant amount of time and is not blurred by the relative motion of the image on the
camera. In some embodiments, a scanning mirror system coupled with a photodiode or
photomultiplier tube (PMT) could be used to for imaging.

The plurality of locations may be formed using any suitable technique. In some
embodiments, the plurality of locations comprises a plurality of reaction vessels/wells on
a substrate. The reactions vessels, in certain embodiments, may be configured to receive
and contain only a single capture object.

In some embodiments of the present invention, the plurality of reaction vessels
may be sealed (e.g., after the introduction of the analyte molecules, binding ligands,
and/or precursor labeling agent), for example, through the mating of the second substrate
and a sealing component. The sealing of the reaction vessels may be such that the
contents of each reaction vessel cannot escape the reaction vessel during the remainder
of the assay. In some cases, the reaction vessels may be sealed after the addition of the
analyte molecules and, optionally, at least one type of precursor labeling agent to
facilitate detection of the analyte molecules. For embodiments employing precursor
labeling agents, by sealing the contents in some or each reaction vessel, a reaction to
produce the detectable labeling agents can proceed within the sealed reaction vessels,
thereby producing a detectable amount of labeling agents that is retained in the reaction
vessel for detection purposes.

The plurality of locations comprising a plurality of reaction vessels may be
formed using a variety of methods and/or materials. In some cases, the plurality of
reaction vessels is formed as an array of depressions on a first surface. In other cases,
however, the plurality of reaction vessels may be formed by mating a sealing component
comprising a plurality of depressions with a substrate that may either have a featureless

surface or include depressions aligned with those on the sealing component. Any of the
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device components, for example, the substrate or sealing component, may be fabricated
from a compliant material, e.g., an elastomeric polymer material, to aid in sealing. The
surfaces may be or made to be hydrophobic or contain hydrophobic regions to minimize
leakage of aqueous samples from the microwells.

In some cases, the sealing component may be capable of contacting the exterior
surface of an array of microwells (e.g., the cladding of a fiber optic bundle as described
in more detail below) such that each reaction vessel becomes sealed or isolated such that
the contents of each reaction vessel cannot escape the reaction vessel. According to one
embodiment, the sealing component may be a silicone elastomer gasket that may be
placed against an array of microwells with application of substantially uniform pressure
across the entire substrate. In some cases, the reaction vessels may be sealed after the
addition of the plurality of capture objects used for analyte capture and, optionally, any
precursor labeling agent molecule that may be used to facilitate detection of the analyte
molecule.

A non-limiting example of the formation of a plurality of reaction vessels
containing assay solution on/in a substrate is depicted in FIG. 7. FIG. 7, panel (A) shows
a surface comprising a plurality of microwells 139, which have been exposed to an assay
solution 141 (e.g., a solution containing the analyte molecules), and a sealing component
143. Sealing component 143 in this example comprises a substantially planar bottom
surface. Mating of substrate 139 with sealing component 143 forms a plurality of sealed
reaction vessels 145. The areas between the reaction vessels 148 may be modified to aid
in the formation of a tight seal between the reaction vessels.

A second embodiment is shown in FIG. 7, panel (B), in which sealing component
162 comprising a plurality of microwells 163 is mated with a substantially planar surface
158 which has been exposed to assay solution 162, thereby forming a plurality of
reaction vessels 164.

In a third embodiment, as shown in FIG. 7, panel (C), substrate surface 166
comprising a plurality of microwells 167 is mated with sealing component 170 also
comprising a plurality of microwells 171. In this embodiment, the microwells in the
substrate and the microwells in the sealing components are substantially aligned so each
reaction vessel 172 formed comprises a portion of the microwell from the sealing
component and a portion of a microwell from the substrate. In FIG. 7, panel (D), the
microwells are not aligned such that each reaction vessel comprises either a microwell

from the sealing component 173 or a microwell from the substrate 175.
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The sealing component may be essentially the same size as the substrate or may
be different in size. In some cases, the sealing component is approximately the same size
as the substrate and mates with substantially the entire surface of the substrate. In other
cases, as depicted in FIG. 7, panel (E), the sealing component 176 is smaller than the
substrate 174 and the sealing component only mates with a portion 178 of the substrate.
In yet another embodiment, as depicted in FIG. 7, panel (F), the sealing component 182
is larger than the substrate 180, and only a portion 184 of the sealing component mates
with the substrate 180.

In some embodiments, the reaction vessels may all have approximately the same
volume. In other embodiments, the reaction vessels may have differing volumes. The
volume of each individual reaction vessel may be selected to be appropriate to facilitate
any particular assay protocol. For example, in one set of embodiments where it is
desirable to limit the number of capture objects used for analyte capture contained in
each vessel to a small number, the volume of the reaction vessels may range from
attoliters or smaller to nanoliters or larger depending upon the nature of the capture
objects, the detection technique and equipment employed, the number and density of the
wells on the substrate and the expected concentration of capture objects in the fluid
applied to the substrate containing the wells. In one embodiment, the size of the reaction
vessel may be selected such only a single capture object used for analyte capture can be
fully contained within the reaction vessel.

In accordance with one embodiment of the present invention, the reaction vessels
may have a volume between about the reaction vessels may have a volume between
about 1 femtoliter and about 1 picoliter, between about 1 femtoliters and about 100
femtoliters, between about 10 attoliters and about 100 picoliters, between about 1
picoliter and about 100 picoliters, between about 1 femtoliter and about 1 picoliter, or
between about 30 femtoliters and about 60 femtoliters. In some cases, the reaction
vessels have a volume of less than about 1 picoliter, less than about 500 femtoliters, less
than about 100 femtoliters, less than about 50 femtoliters, or less than about 1 femtoliter.
In some cases, the reaction vessels have a volume of about 10 femtoliters, about 20
femtoliters, about 30 femtoliters, about 40 femtoliters, about 50 femtoliters, about 60
femtoliters, about 70 femtoliters, about 80 femtoliters, about 90 femtoliters, or about 100
femtoliters.

The total number of locations and/or density of the locations employed in an

assay (e.g., the number/density of reaction vessels in an array) can depend on the
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composition and end use of the array. For example, the number of reaction vessels
employed may depend on the number of types of analyte molecule and/or binding ligand
employed, the suspected concentration range of the assay, the method of detection, the
size of the capture objects, the type of detection entity (e.g., free labeling agent in
solution, precipitating labeling agent, etc.). Arrays containing from about 2 to many
billions of reaction vessels (or total number of reaction vessels) can be made by utilizing
a variety of techniques and materials. Increasing the number of reaction vessels in the
array can be used to increase the dynamic range of an assay or to allow multiple samples
or multiple types of analyte molecules to be assayed in parallel. The array may comprise
between one thousand and one million reaction vessels per sample to be analyzed. In
some cases, the array comprises greater than one million reaction vessels. In some
embodiments, the array comprises between about 1,000 and about 50,000, between about
1,000 and about 1,000,000, between about 1,000 and about 10,000, between about
10,000 and about 100,000, between about 100,000 and about 1,000,000, between about
100,000 and about 500,000, between about 1,000 and about 100,000, between about
50,000 and about 100,000, between about 20,000 and about 80,000, between about
30,000 and about 70,000, between about 40,000 and about 60,000, reaction vessels. In
some embodiments, the array comprises about 10,000, about 20,000, about 50,000, about
100,000, about 150,000, about 200,000, about 300,000, about 500,000, about 1,000,000,
or more, reaction vessels.

The array of reaction vessels may be arranged on a substantially planar surface or
in a non-planar three-dimensional arrangement. The reaction vessels may be arrayed in a
regular pattern or may be randomly distributed. In a specific embodiment, the array is a
regular pattern of sites on a substantially planar surface permitting the sites to be
addressed in the X-Y coordinate plane.

In some embodiments, the reaction vessels are formed in a solid material. As
will be appreciated by those in the art, the number of potentially suitable materials in
which the reaction vessels can be formed is very large, and includes, but is not limited to,
glass (including modified and/or functionalized glass), plastics (including acrylics,
polystyrene and copolymers of styrene and other materials, polypropylene, polyethylene,
polybutylene, polyurethanes, cyclic olefin copolymer (COC), cyclic olefin polymer
(COP), Teﬂ0n®, polysaccharides, nylon or nitrocellulose, etc.), elastomers (such as
poly(dimethyl siloxane) and poly urethanes), composite materials, ceramics, silica or

silica-based materials (including silicon and modified silicon), carbon, metals, optical
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fiber bundles, or the like. In general, the substrate material may be selected to allow for
optical detection without appreciable autofluorescence. In certain embodiments, the
reaction vessels may be formed in a flexible material.

A reaction vessel in a surface (e.g., substrate or sealing component) may be
formed using a variety of techniques known in the art, including, but not limited to,
photolithography, stamping techniques, molding techniques, etching techniques, or the
like. As will be appreciated by those of the ordinary skill in the art, the technique used
can depend on the composition and shape of the supporting material and the size and
number of reaction vessels.

In a particular embodiment, an array of reaction vessels is formed by creating
microwells in an end of a fiber optic bundle and utilizing a planar compliant surface as a
sealing component. In certain such embodiments, an array of reaction vessels in the end
of a fiber optic bundle may be formed as follows. First, an array of microwells is etched
into the end of a polished fiber optic bundle. Techniques and materials for forming and
etching a fiber optic bundle are known to those of ordinary skill in the art. For example,
the diameter of the optical fibers, the presence, size and composition of core and
cladding regions of the fiber, and the depth and specificity of the etch may be varied by
the etching technique chosen so that microwells of the desired volume may be formed.
In certain embodiments, the etching process creates microwells by preferentially etching
the core material of the individual glass fibers in the bundle such that each well is
approximately aligned with a single fiber and isolated from adjacent wells by the
cladding material. Potential advantages of the fiber optic array format is that it can
produce thousands to millions of reaction vessels without complicated microfabrication
procedures and that it can provide the ability to observe and optically address many
reaction vessels simultaneously.

Each microwell may be aligned with an optical fiber in the bundle so that the
fiber optic bundle can carry both excitation and emission light to and from the wells,
enabling remote interrogation of the well contents. Further, an array of optical fibers
may provide the capability for simultaneous or non-simultaneous excitation of molecules
in adjacent vessels, without signal “cross-talk” between fibers. That is, excitation light
transmitted in one fiber does not escape to a neighboring fiber.

Alternatively, the equivalent structures of a plurality of reaction vessels may be
fabricated using other methods and materials that do not utilize the ends of an optical

fiber bundle as a substrate. For example, the array may be a spotted, printed or
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photolithographically fabricated substrate produced by techniques known in the art; see
for example W095/25116; W0O95/35505; PCT US98/09163; U.S. Patent Nos. 5,700,637,
5,807,522, 5,445,934, 6,406,845, and 6,482,593. In some cases, the array may be
produced using molding, embossing, and/or etching techniques as will be known to those
of ordinary skill in the art.

In certain embodiments, the present invention provides a system equipped with a
mechanical platform that applies a sealing component to a substrate. The platform may
be positioned beneath a stage on the system. After the chosen reaction components have
been added to an array of reaction vessels, the sealing component may be mated with the
array. For example, the sealing component may be sandwiched between a flat surface
(such as, for example, a microscope slide) and the array of reaction vessels using
uniform pressure applied by the mechanical platform.

A non-limiting embodiment is illustrated in FIG. 8A. A sealing component 300
is placed on top of mechanical platform 302. The assay solution 304 is placed on top of
the sealing component 300. The mechanical platform is moved upwards towards the
array 306 (e.g., fiber optic array) such that uniform pressure is applied. As shown in
FIG. 8B, the sealing component 300 forms a tight seal with the array 306. In other
instances, varying pressure may be applied to the sealing component to form a tight seal
between the sealing component and the array. The system may also comprise additional
components 312 that may be utilized to analyze the array (e.g., microscope, computer,
etc.) as discussed more herein.

In some embodiments, the plurality of locations may not comprise a plurality of
reaction vessels/wells. For example, in embodiments where capture objects are
employed, a patterned substantially planar surface may be employed and the patterned
areas form a plurality of locations. In some cases, the patterned areas may comprise
substantially hydrophilic surfaces which are substantially surrounded by substantially
hydrophobic surfaces. In certain embodiments, a plurality of capture objects (e.g.,
beads) may be substantially surrounded by a substantially hydrophilic medium (e.g.,
comprising water), and the beads may be exposed to the patterned surface such that the
beads associate in the patterned areas (e.g., the hydrophilic locations on the surface),
thereby spatially segregating the plurality of beads. For example, in one such
embodiment, a substrate may be or include a gel or other material able to provide a
sufficient barrier to mass transport (e.g., convective and/or diffusional barrier) to prevent

capture objects used for analyte capture and/or precursor labeling agent and/or labeling
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agent from moving from one location on or in the material to another location so as to
cause interference or cross-talk between spatial locations containing different capture
objects during the time frame required to address the locations and complete the assay.
For example, in one embodiment, a plurality of capture objects is spatially separated by
dispersing the capture objects on and/or in a hydrogel material. In some cases, a
precursor labeling agent may be already present in the hydrogel, thereby facilitating
development of a local concentration of the labeling agent (e.g., upon exposure to a
binding ligand or analyte molecule carrying an enzymatic component). As still yet
another embodiment, the capture objects may be confined in one or more capillaries. In
some cases, the plurality of capture objects may be absorbed or localized on a porous or
fibrous substrate, for example, filter paper. In some embodiments, the capture objects
may be spatially segregated on a uniform surface (e.g., a planar surface), and the capture
objects may be detected using precursor labeling agents which are converted to
substantially insoluble or precipitating labeling agents that remain localized at or near the
location of where the corresponding capture object is localized. The use of such
substantially insoluble or precipitating labeling agents is described herein. In some
cases, single analyte molecules may be spatially segregated into a plurality of droplets.
That is, single analyte molecules may be substantially contained in a droplet containing a
first fluid. The droplet may be substantially surrounded by a second fluid, wherein the

second fluid is substantially immiscible with the first fluid.

Quantification

According to some embodiments of the present invention, the methods, systems,
and/or devices are used to determine the presence and/or a measure of the concentration
of a plurality of analyte molecules (or particles) in a fluid sample based at least in part on
detecting and/or quantifying at least some of a plurality of locations comprising at least a
first type of binding ligand and a second type of binding ligand. In some cases, the
concentration of the analyte molecules in a fluid sample may be linearly proportional to
the number of locations determined to contain at least a first type of binding ligand and a
second type of binding ligand. In other cases, the measure of concentration of the
analyte molecules in a fluid sample may be related to the determination and/or
quantification of the number of locations containing at least a first type of binding ligand
and a second type of binding ligand by a non-linear relationship. In some embodiments,

a measure of the concentration of analyte molecules in a fluid sample may be determined
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at least in part using a calibration curve. Methods to determine a measure of the
concentration of analyte molecules in a fluid sample are discussed more below. In some
cases, methods for determining a measure of the concentration of analyte molecules in a
fluid same may be carried out according to the methods described in U.S. Patent
Application Serial No. (not yet determined), entitled ‘“Ultra-Sensitive Detection of
Molecules or Particles using Beads or Other Capture Objects,” by Duffy et al., filed
March 23, 2010 (Attorney Docket No. Q0052.70011US01).

In some embodiments, additional determinations may be carried out. In some
cases, the number of locations which do not comprise at least a first type of binding
ligand and a second type of binding ligand (e.g., locations which contain only a first type
of binding ligand or a second type of binding ligand, or no binding ligands). In these
cases, a measure of the concentration of analyte molecules in a fluid sample may be
based on the ratio of locations comprising at least a first type of binding ligand and a
second type of binding ligand, to the number of locations comprising which do not
contain at least a first type of binding ligand and a second type of binding ligand.

In certain embodiments, the fraction of locations (e.g., the statistically significant
fraction) which comprises a single analyte molecule (e.g., associated with at least a first
type of binding ligand and a second type of binding ligand) is less than about 50%, less
than about 40%, less than about 25%, less than about 10%, less than about 5%, less than
about 1%, less than about 0.5%, or less than about 0.1% of the total number of locations
(e.g., in some cases, containing a capture object). In some cases, the percentage of
locations which do not contain at least a first type of binding ligand and a second type of
binding ligand is at least about 20%, at least about 40%, at least about 50%, at least
about 60%, at least about 70%, at least about 75%, at least about 80%, at least about
90%, or at least about 95%, at least about 99%, at least about 99.5%, at least about
99.9%, or greater, of the total number of locations.

According to one embodiment, the quantification method of the present invention
can be performed as follows. A fluid sample containing or suspected of containing an
analyte molecule of interest is contacted with one or more types of binding ligands (and
optionally, a plurality of capture objects) and the analyte molecules (or capture objects)
are partitioned across an array of locations, such as reaction vessels/wells (as described
previously). In some embodiments, where a binary read-out method is desired to be used
for determination, in the step of contacting the fluid sample with the locations, the

relative amounts/concentrations of fluid sample and number of locations may be selected
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(e.g., based on a known or estimated/suspected approximate concentration range of
analyte molecules in the sample) so that the ratio of analyte molecules in the fluid sample
to total number of locations is less than about 1:5, less than about 1:10, less than about
1:12, less than about 1:15, less than about 1:20, less than about 1:50, less than about
1:100, or less. With such ratios, at least some of the locations statistically will be
expected to contain a single analyte molecule and the majority of the remainder of the
locations will not contain any analyte molecules. The number of locations containing
multiple analyte molecules under such conditions may be low enough to be neglected,
such that locations determined to comprise an analyte molecule can be assumed to
comprise a single analyte molecule. Under such conditions, an analysis system
configured to perform a binary read out quantification may be used to determine the
number of locations which comprise an analyte molecule by any detection method as
described herein (e.g., by detecting the presence of more than one type of binding ligand
in the reaction vessel). The number of locations which comprise an analyte molecule
capture object associated with an analyte molecule is then counted. Utilization of a zero
(no analyte molecule detected) or one (an analyte molecule detected) response, in
conjunction with using an array with a large number of locations can permit a
determination of bulk concentrations of analyte molecules in the sample by counting the
actual number of molecules contained in the volume of sample partitioned across and
contained in the locations.

In some assays, a Poisson distribution adjustment may be applied to numbers
and/or ratios determined by a binary read-out method to facilitate and/or improve
accuracy of determining a concentration of analyte molecules in a fluid sample. For
example, in embodiments where the ratio of analyte molecules in the fluid sample to the
total number of capture objects contacted with the fluid sample is greater than about
1:10, greater than about 1:5, greater than about 1:4, greater than about 1:3, or greater
than about 1:2, or between about 1:10 and about 1:2, between about 1:5 and about 1:2,
the number of analyte molecules immobilized per capture may be zero or one, with a
greater proportion containing more than one than for the regime described in the
paragraph above. In some such cases, performance and accuracy of the concentration
determinations may be improved over use of an assumption that all positive locations
contain only a single analyte molecule (as described in the paragraph above) by
employing a Poisson distribution adjustment to predict the number of locations expected

to contain 0, 1, 2, 3, 4, etc., analyte molecules (e.g., per capture object). Poisson
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distribution adjustment will be known to those of ordinary skill in the art. For example,
see U.S. Patent Application Serial No. (not yet determined), entitled “Ultra-Sensitive
Detection of Molecules or Particles using Beads or Other Capture Objects” by Duffy et
al., filed March 24, 2010 (Attorney Docket No. Q0052.70011US01)

In some embodiments, a measure of the concentration of analyte molecules or
particles in the fluid sample may be determined at least in part by comparison of a
measured parameter to a calibration standard. For example, the number and/or fraction
of locations that comprise an analyte molecule associated with at least a first type of
binding ligand and a second type of binding ligand (e.g., based on a binary read-out) may
be calibrated against a calibration curve to determine a measure of the concentration of
the analyte molecule in the fluid sample. The calibration curve may be produced by
completing the assay with a plurality of standardized samples of known concentration
under substantially similar conditions as those used to analyze a test sample with
unknown concentration. A reading may be taken for the signal related to the
detection/quantification of the analyte molecule associated with at least a first type of
binding ligand and a second type of binding ligand for each standardized sample,
therefore allowing for the formation of a calibration curve relating the detection of the
analyte molecules associated with a first type of binding ligand and a second type of
binding ligand with a known concentration of the analyte molecule. The assay may then
be completed on a sample containing the analyte molecule in an unknown concentration,
and the detection of the analyte molecule associated with at least a first type of binding
ligand and a second type of binding ligand from this assay may be compared to the
calibration curve to determine a measure of the concentration of the analyte molecule in
the fluid sample.

In some embodiments, the concentration of analyte molecules in the fluid sample
may be determined through use of a calibration curve using an assay system employing a
computer. The computer may execute software that may use the data collected to
produce the calibration curve and/or to determine a measure of the concentration of
analyte molecules in a test fluid sample from such calibration curve. For example, a
fluorescence image of an array comprising the plurality of capture objects partitioned
across the array may be collected and analyzed using image analysis software (e.g., IP
Lab, BD Biosciences). The analysis software may automatically calculate the number of
locations that have fluorescence intensity over the background intensity (e.g., a number

that correlates to the number of locations which comprise both a first type of binding
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ligand and a second type of binding ligand). The number of locations which comprise
fluorescence intensity over the background intensity may be divided by the total number
of locations addressed, for example, to determine the fraction of locations which
comprise an analyte molecule. The active location fraction may be compared to a
calibration curve to determine a measure of the concentration of analyte molecules in the
fluid sample.

In certain embodiments, it may be possible to increase both the dynamic range
and the sensitivity of the assay by expanding the number of locations into which the
capture objects are partitioned and/or by adjusting the ratio of capture objects (e.g.
beads) to analyte molecules in the initial capture step. In certain cases, decreasing or
increasing the analyte-to bead ratio may result in more dynamic range. In some cases,
as the volume of a sample increases, detecting small numbers of analyte molecule with
accuracy, may, in some cases, become more challenging for example, due to limitations
of equipment, time constraints, etc. For example, to achieve the same efficiencies in
larger volume sample (e.g., 1 mL, 10 mL) as achieved with a smaller volume sample
(e.g., 100 uL), more beads (e.g., 10 and 100 times more beads, respectively) may be
necessary, and thus, the beads may need to be spatially segregated into larger number of
locations, wherein the larger number of locations may require an increased imaging area.

For the capture step, the choice of bead concentration may depend on several
competing factors. For example, it can be advantageous if sufficient beads are present to
capture most of the target analyte from thermodynamic and kinetic perspectives. As an
exemplary illustration, thermodynamically, 200,000 beads in 100 pL that each have
about 80,000 capture components (e.g. antibodies) bound to correlates to an antibody
concentration of about 0.3 nM, and the antibody-protein equilibrium at that concentration
may give rise to a relatively high capture efficiency of target analyte molecules in certain
cases (e.g. >70%). Kinetically, for 200,000 beads dispersed in 100 uL, the average
distance between beads can be estimated to be about 80 um. Proteins the size of TNF-a
and PSA (17.3 and 30 kDa, respectively), as exemplary analyte molecules, for example,
will typically tend to diffuse 80 um in less than 1 min, such that, over a 2 hour
incubation, capture of such analyte molecules will tend not to be limited kinetically. In
addition, it can also be advantageous to provide sufficient beads loaded onto the arrays to
limit Poisson noise to a desired or acceptable amount. Considering as an example a
situation where 200,000 beads in a in 10 UL volume are loaded onto an array, typically

about 20,000-30,000 beads may become trapped in femtoliter sized wells of the array.
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For a typical background signal (e.g. due to non specific binding, etc.) of 1% active
beads, this loading would be expected to result in a background signal of 200-300 active
beads detected, corresponding to a coefficient of variation (CV) from Poisson noise of 6—
7%, which may be acceptable in typical embodiments. However, bead concentrations
above certain concentrations may be undesirable in certain cases in that they may lead to:
a) increases in non-specific binding that may reduce signal-to-background; and/or b)
undesirably low ratios of analyte-to-bead such that the fraction of active beads is too low,
resulting in high CVs from Poisson noise. In certain embodiments, considering a
balance of factors such as those discussed above, providing about 200,000 to 1,000,000
beads per 100 pL of test sample may be desirable or, in certain cases optimal, for
performing certain assays of the invention.

For embodiments of the inventive assay employing one or more binding ligand(s)
to label the captured analyte molecules, it may be advantageous to, in certain instances,
adjust the concentrations used to yield desirable or optimal performance. For example,
considering an embodiment involving an analyte molecule that is a protein (captured
protein) and employing a first binding ligand comprising a detection antibody and a
second binding ligand comprising an enzyme conjugate (e.g. SPG), the concentrations of
detection antibody and enzyme conjugate (SPG) used to label the captured protein may
in some cases be limited or minimized to yield an acceptable background signal (e.g. 1%
or less) and Poisson noise. The choice of the concentrations of detection antibody and
enzyme conjugate (SPG) used to label the captured protein can be factors in improving
the performance of or optimizing certain of the inventive assay methods. In certain
cases, it may be desirable for only a fraction of the capture proteins to be labeled so as to
avoid saturating signals produced by the assay. For example, for a particular assay
where background levels observed are equivalent to ~1-2 fM of target protein, such that
the ratio of analyte to bead may be about 0.3-0.6, the number of active beads may be in
the range of about 25-40% if every protein was labeled with an enzyme, which may be
higher than desirable in some cases. To produce background signals that may be closer
to a lower end of the dynamic range for a digital detection assay— considering e.g. that
in certain cases 1% active beads may provide a reasonable noise floor for background in
digital detection assays of the invention—appropriate labeling of the captured protein
can potentially be achieved by kinetic control of the labeling steps, either by limiting or
minimizing the concentrations of both labeling reagents or by using shorter incubation

times. For example, in an embodiment where label concentrations are minimized, use of
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a standard ELISA incubation time may provide acceptable results; e.g. using a total assay
time of ~6 h. This length of time may be acceptable for testing that tolerates a daily
turnaround time for samples. For shorter turnaround times of, for example, <1 hour
(e.g., for point-of-care applications), the assay could be performed with shorter
incubations with higher concentrations of labels.

In some embodiments, the concentration of analyte molecules or particles in the
fluid sample that may be substantially accurately determined is less than about 5000 fM,
less than about 3000 fM, less than about 2000 fM, less than about 1000 fM, less than
about 500 fM, less than about 300 fM, less than about 200 fM, less than about 100 fM,
less than about 50 fM, less than about 25 fM, less than about 10 fM, less than about 5
fM, less than about 2 fM, less than about 1 fM, less than about 500 aM (attomolar), less
than about 100 aM, less than about 10 aM, less than about 5 aM, less than about 1 aM,
less than about (0.1 aM, less than about 500 zM (zeptomolar), less than about 100 zM,
less than about 10 zM, less than about 5 zM, less than about 1 zM, less than about 0.1
zM, or less. In some cases, the limit of detection (e.g., the lowest concentration of an
analyte molecule which may be determined in solution substantially accurately) is about
100 fM, about 50 fM, about 25 fM, about 10 fM, about 5 fM, about 2 fM, about 1 fM,
about 500 aM (attomolar), about 100 aM, about 50 aM, about 10 aM, about 5 aM, about
1 aM, about 0.1 aM, about 500 zM (zeptomolar), about 100 zM, about 50 zM, about 10
zM, about 5 zM, about 1 zM, about 0.1 zM, or less. In some embodiments, the
concentration of analyte molecules or particles in the fluid sample that may be
substantially accurately determined is between about 5000 fM and about 0.1 fM,
between about 3000 fM and about 0.1 fM, between about 1000 fM and about 0.1 fM,
between about 1000 fM and about 0.1 zM, between about 100 fM and about 1 zM,
between about 100 aM and about 0.1 zM.

The concentration of analyte molecules or particles in a fluid sample may be
considered to be substantially accurately determined if the measured concentration of the
analyte molecules or particles in the fluid sample is within about 10% of the actual (e.g.,
true) concentration of the analyte molecules or particles in the fluid sample. In certain
embodiments, the measured concentration of the analyte molecules or particles in the
fluid sample may be within about 5%, within about 4%, within about 3%, within about
2%, within about 1%, within about 0.5%, within about 0.4%, within about 0.3%, within
about 0.2% or within about 0.1%, of the actual concentration of the analyte molecules or

particles in the fluid sample. In some cases, the measure of the concentration determined
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differs from the true (e.g., actual) concentration by no greater than about 20%, no greater
than about 15%, no greater than 10%, no greater than 5%, no greater than 4%, no greater
than 3%, no greater than 2%, no greater than 1%, or no greater than 0.5%. The accuracy
of the assay method may be determined, in some embodiments, by determining the
concentration of analyte molecules in a fluid sample of a known concentration using the

selected assay method.

Exemplary Target Analvtes

As will be appreciated by those in the art, a large number of analyte molecules
and particles may be detected and, optionally, quantified using methods and systems of
the present invention; basically, any analyte molecule that is able to be made to become
immobilized with respect to a binding ligand can be potentially investigated using the
invention. Certain more specific targets of potential interest that may comprise an
analyte molecule are mentioned below. The list below is exemplary and non-limiting.

In some embodiments, the analyte molecule may be a biomolecule. Non-limiting
examples of biomolecules include hormones, antibodies, cytokines, proteins, nucleic
acids, lipids, carbohydrates, lipids cellular membrane antigens and receptors (neural,
hormonal, nutrient, and cell surface receptors) or their ligands, or combinations thereof.
Non-limiting embodiments of proteins include peptides, polypeptides, protein fragments,
protein complexes, fusion proteins, recombinant proteins, phosphoproteins,
glycoproteins, lipoproteins, or the like. As will be appreciated by those in the art, there
are a large number of possible proteinaceous analyte molecules that may be detected or
evaluated for binding partners using the present invention. In addition to enzymes as
discussed above, suitable protein analyte molecules include, but are not limited to,
immunoglobulins, hormones, growth factors, cytokines (many of which serve as ligands
for cellular receptors), cancer markers, etc. Non-limiting examples of biomolecules
include PSA and TNF-alpha.

In certain embodiments, the analyte molecule may be a host-translationally
modified protein (e.g., phosphorylation, methylation, glycosylation) and the capture
component may be an antibody specific to a post-translational modification. Modified
proteins may be captured with capture components comprising a multiplicity of specific
antibodies and then the captured proteins may be further bound to a binding ligand
comprising a secondary antibody with specificity to a post-translational modification.

Alternatively, modified proteins may be captured with capture components comprising
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an antibody specific for a post-translational modification and then the captured proteins
may be further bound to binding ligands comprising antibodies specific to each modified
protein.

In another embodiment, the analyte molecule is a nucleic acid. A nucleic acid
may be captured with a complementary nucleic acid fragment (e.g., an oligonucleotide)
and then optionally subsequently labeled with a binding ligand comprising a different
complementary oligonucleotide.

Suitable analyte molecules and particles include, but are not limited to small
molecules (including organic compounds and inorganic compounds), environmental
pollutants (including pesticides, insecticides, toxins, etc.), therapeutic molecules
(including therapeutic and abused drugs, antibiotics, etc.), biomolecules (including
hormones, cytokines, proteins, nucleic acids, lipids, carbohydrates, cellular membrane
antigens and receptors (neural, hormonal, nutrient, and cell surface receptors) or their
ligands, etc), whole cells (including prokaryotic (such as pathogenic bacteria) and
eukaryotic cells, including mammalian tumor cells), viruses (including retroviruses,
herpesviruses, adenoviruses, lentiviruses, etc.), spores, etc.

In some embodiments, the analyte molecule may be an enzyme. Non-limiting
examples of enzymes include an oxidoreductase, transferase, kinase, hydrolase, lyase,
isomerase, ligase, and the like. Additional examples of enzymes include, but are not
limited to, polymerases, cathepsins, calpains, amino-transferases such as, for example,
AST and ALT, proteases such as, for example, caspases, nucleotide cyclases,
transferases, lipases, enzymes associated with heart attacks, and the like. When a
system/method of the present invention is used to detect the presence of viral or bacterial
agents, appropriate target enzymes include viral or bacterial polymerases and other such
enzymes, including viral or bacterial proteases, or the like.

In other embodiments, the analyte molecule may comprise an enzymatic
component. For example, the analyte particle can be a cell having an enzyme or
enzymatic component present on its extracellular surface. Alternatively, the analyte
particle is a cell having no enzymatic component on its surface. Such a cell is typically
identified using an indirect assaying method described below. Non-limiting example of
enzymatic components are horseradish peroxidase, beta-galactosidase, and alkaline
phosphatase.

The fluid sample containing or suspected of containing an analyte molecule may

be derived from any suitable source. In some cases, the sample may comprise a liquid,
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fluent particulate solid, fluid suspension of solid particles, supercritical fluid, and/or gas.
In some cases, the analyte molecule may be separated or purified from its source prior to
determination; however, in certain embodiments, an untreated sample containing the
analyte molecule may be tested directly. The source of the analyte molecule may be
synthetic (e.g., produced in a laboratory), the environment (e.g., air, soil, etc.), a
mammal, an animal, a plant, or any combination thereof. In a particular example, the
source of an analyte molecule is a human bodily substance (e.g., blood, serum, plasma,
urine, saliva, tissue, organ, or the like). The volume of the fluid sample analyzed may
potentially be any amount within a wide range of volumes, depending on a number of
factors such as, for example, the number of capture objects used/available, the number of
locations us/available, etc. In a few particular exemplary embodiments, the sample
volume may be about 0.01 ul, about 0.1 uL, about 1 uL, about 5 uL, about 10 uL, about
100 uL, about 1 mL, about 5 mL, about 10 mL, or the like. In some cases, the volume of
the fluid sample is between about 0.01 uL. and about 10 mL, between about 0.01 uL and
about 1 mL, between about 0.01 uL and about 100 uL, or between about 0.1 uL and
about 10 uL.

In some cases, the fluid sample may be diluted prior to use in an assay. For
example, in embodiments where the source of an analyte molecule is a human body fluid
(e.g., blood, serum), the fluid may be diluted with an appropriate solvent (e.g., a buffer
such as PBS buffer). A fluid sample may be diluted about 1-fold, about 2-fold, about 3-
fold, about 4-fold, about 5-fold, about 6-fold, about 10-fold, or greater, prior to use. The
sample may be added to a solution comprising the plurality of capture objects, or the

plurality of capture objects may be added directly to or as a solution to the sample.

Capture Components

In some embodiments of the present invention, the analyte molecules may
immobilized with respect to a surface (e.g., the surface of a capture object, the surface of
a location (e.g., reaction vessel), or the like). The analyte molecules may be immobilized
with respect to a surface prior to or following exposure to a plurality of types of binding
ligands. In some embodiments, immobilization of the analyte molecules with respect to
a surface may aid in removal of any excess binding ligands from the solution without
concern of dislodging the analyte molecule from the surface (e.g.. from the reaction
vessel). Generally, a capture component allows the attachment of a molecule, particle, or

complex to a solid support (e.g., capture object, location, etc.) for the purposes of
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immobilization, detection, quantification, and/or other analysis of the molecule, particle,
or complex.

As will be appreciated by those in the art, the composition of the capture
component will depend on the composition of the analyte molecule. Capture
components for a wide variety of target molecules are known or can be readily found or
developed using known techniques. For example, when the target molecule is a protein,
the capture components may comprise proteins, particularly antibodies or fragments
thereof (e.g., antigen-binding fragments (Fabs), Fab' fragments, pepsin fragments, F(ab"),
fragments, full-length polyclonal or monoclonal antibodies, antibody-like fragments,
etc.), other proteins, such as receptor proteins, Protein A, Protein C, etc., or small
molecules. In some cases, capture components for proteins comprise peptides. For
example, when the target molecule is an enzyme, suitable capture components may
include enzyme substrates and/or enzyme inhibitors. In some cases, when the target
analyte is a phosphorylated species, the capture component may comprise a phosphate-
binding agent. For example, the phosphate-binding agent may comprise metal-ion
affinity media such as those describe in U.S. Patent No. 7,070,921 and U.S. Patent
Application No. 20060121544, In addition, when the target molecule is a single-
stranded nucleic acid, the capture component may be a complementary nucleic acid.
Similarly, the target molecule may be a nucleic acid binding protein and the capture
component may be a single-stranded or double-stranded nucleic acid; alternatively, the
capture component may be a nucleic acid-binding protein when the target molecule is a
single or double stranded nucleic acid. Alternatively, as is generally described in U.S.
Patents 5,270,163, 5,475,096, 5,567,588, 5,595,877, 5,637,459, 5,683,867, 5,705,337,
and related patents, nucleic acid “aptamers” may be developed for capturing virtually
any target molecule. Also, for example, when the target molecule is a carbohydrate,
potentially suitable capture components include, for example, antibodies, lectins, and
selectins. As will be appreciated by those of ordinary skill in the art, any molecule that
can specifically associate with a target molecule of interest may potentially be used as a
capture component.

For certain embodiments, suitable target analyte molecule/capture component
pairs can include, but are not limited to, antibodies/antigens, receptors/ligands,
proteins/nucleic acid, nucleic acids/nucleic acids, enzymes/substrates and/or inhibitors,
carbohydrates (including glycoproteins and glycolipids)/lectins and/or selectins,

proteins/proteins, proteins/small molecules; small molecules/small molecules, etc.
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According to one embodiment, the capture components are portions (particularly the
extracellular portions) of cell surface receptors that are known to multimerize, such as
the growth hormone receptor, glucose transporters (particularly GLUT 4 receptor), and
T-cell receptors and the target analytes are one or more receptor target ligands.

In a particular embodiment, the capture component may be attached to the
surface via a linkage, which may comprise any moiety, functionalization, or modification
of the binding surface and/or capture component that facilitates the attachment of the
capture component to the surface. The linkage between the capture component and the
surface may comprise one or more chemical or physical (e.g., non-specific attachment
via van der Waals forces, hydrogen bonding, electrostatic interactions,
hydrophobic/hydrophilic interactions; etc.) bonds and/or chemical linkers providing such
bond(s). In certain embodiments, the capture component comprises a capture extender
component. In such embodiments, the capture component comprises a first portion that
binds the analyte molecule and a second portion that can be used for attachment to the
binding surface.

In certain embodiments, a surface may also comprise a protective or passivating
layer that can reduce or minimize non-specific attachment of non-capture components
(e.g., analyte molecules, binding ligands) to the binding surface during the assay which
may lead to false positive signals during detection or to loss of signal. Examples of
materials that may be utilized in certain embodiments to form passivating layers include,
but are not limited to: polymers, such as poly(ethylene glycol), that repel the non-specific
binding of proteins; naturally occurring proteins with this property, such as serum
albumin and casein; surfactants, e.g., zwitterionic surfactants, such as sulfobetaines;
naturally occurring long-chain lipids; and nucleic acids, such as salmon sperm DNA.

One embodiment utilizes proteinaceous capture components. As is known in the
art, any number of techniques may be used to attach a proteinaceous capture component
to a wide variety of solid surfaces. “Protein” or “proteinaceous” in this context includes
proteins, polypeptides, peptides, including, for example, enzymes, and antibodies. A
wide variety of techniques are known to add reactive moieties to proteins, for example,
the method outlined in U.S. Patent No. 5,620,850. The attachment of proteins to
surfaces is known, for example, see Heller, Acc. Chem. Res. 23:128 (1990), and many
other similar references.

In some embodiments, the capture component (or binding ligand) may comprise

Fab' fragments. The use of Fab' fragments as opposed to whole antibodies may help
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reduce non-specific binding between the capture component and the binding ligand. In
some cases, the Fc region of a capture component (or binding ligand) may be removed
(e.g., proteolytically). In some cases, an enzyme may be used to remove the Fc region
(e.g., pepsin, which may produce F(ab"), fragments and papain, which may produce Fab
fragments). In some instances, the capture component may be attached to a binding
surface using amines or may be modified with biotin (e.g., using NHS-biotin) to
facilitate binding to an avidin or streptavidin coated capture object surface. F(ab'),
fragments may be subjected to a chemical reduction treatment (e.g., by exposure to 2-
mercaptoethylamine) to, in some cases, form two thiol-bearing Fab' fragments. These
thiol-bearing fragments can then be attached via reaction with a Michael acceptor such as
maleimide. For example, the Fab' fragments may then be treated with a reagent (e.g.,
maleimide-biotin) to attach at least one biotin moiety (i.e., biotinylated) to facilitate
attachment to streptavidin-coated surfaces as described above.

Certain embodiments utilize nucleic acids as the capture component, for example
for when the analyte molecule is a nucleic acid or a nucleic acid binding protein, or when
the it is desired that the capture component serve as an aptamer for binding a protein, as
is well known in the art.

According to one embodiment, each binding surface comprises a plurality of
capture components. The plurality of capture components, in some cases, may be
distributed randomly on the binding surface like a “lawn.” Alternatively, the capture
components may be spatially segregated into distinct region(s) and distributed in any
desired fashion.

Binding between the capture component and the analyte molecule, in certain
embodiments, is specific, e.g., as when the capture component and the analyte molecule
are complementary parts of a binding pair. In certain such embodiments, the capture
component binds both specifically and directly to the analyte molecule. By “specifically
bind” or “binding specificity,” it is meant that the capture component binds the analyte
molecule with specificity sufficient to differentiate between the analyte molecule and
other components or contaminants of the test sample. For example, the capture
component, according to one embodiment, may be an antibody that binds specifically to
some portion of an analyte molecule (e.g., an antigen). The antibody, according to one
embodiment, can be any antibody capable of binding specifically to an analyte molecule
of interest. For example, appropriate antibodies include, but are not limited to,

monoclonal antibodies, bispecific antibodies, minibodies, domain antibodies, synthetic
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antibodies (sometimes referred to as antibody mimetics), chimeric antibodies, humanized
antibodies, antibody fusions (sometimes referred to as “antibody conjugates”), and
fragments of each, respectively. As another example, the analyte molecule may be an
antibody and the capture component may be an antigen.

According to one embodiment in which an analyte particle is a biological cell
(e.g.. mammalian, avian, reptilian, other vertebrate, insect, yeast, bacterial, cell, etc.), the
capture component may be a ligand having specific affinity for a cell surface antigen
(e.g., a cell surface receptor). In one embodiment, the capture component is an adhesion
molecule receptor or portion thereof, which has binding specificity for a cell adhesion
molecule expressed on the surface of a target cell type. In use, the adhesion molecule
receptor binds with an adhesion molecule on the extracellular surface of the target cell,
thereby immobilizing or capturing the cell. In one embodiment in which the analyte
particle is a cell, the capture component is fibronectin, which has specificity for, for
example, analyte particles comprising neural cells.

In some embodiments, as will be appreciated by those of ordinary skill in the art,
it is possible to detect analyte molecules using capture components for which binding to
analyte molecules that is not highly specific. For example, such systems/methods may
use different capture components such as, for example, a panel of different binding
ligands, and detection of any particular analyte molecule is determined via a “signature”
of binding to this panel of binding ligands, similar to the manner in which “electronic
noses” work. This may find particular utility in the detection of certain small molecule
analytes. In some embodiments, the binding affinity between analyte molecules and
capture components should be sufficient to remain bound under the conditions of the
assay, including wash steps to remove molecules or particles that are non-specifically
bound. In some cases, for example in the detection of certain biomolecules, the binding
constant of the analyte molecule to its complementary capture component may be
between at least about 10* and about 10° M’l, at least about 10° and about 10° M‘l, at
least about 10" and about 10’ M'!, greater than about 10° M", or greater. For example,
typical affinities for IgG antibodies for their antigens are in the range 10°-10'°M™. The
affinity of biotin for streptavidin is 10"> M.

The following examples are included to demonstrate various features of the
invention. Those of ordinary skill in the art should, in light of the present disclosure, will
appreciate that many changes can be made in the specific embodiments which are

disclosed while still obtaining a like or similar result without departing from the scope of
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the invention as defined by the appended claims. Accordingly, the following examples
are intended only to illustrate certain features of the present invention, but do not

necessarily exemplify the full scope of the invention.

Example |

In the certain embodiments of assay methods of the present invention, there may
be a variation in the elapsed time between addition of detector antibody and interrogation
of certain arrays or regions of arrays versus interrogation of other arrays or regions. In
certain cases, dissociation that may occur over such time intervals may result in
inaccuracies in later made versus earlier made determinations of analyte molecule
concentrations. This example investigated the effect of measures to reduce dissociation
on the time variant accuracy of assay determinations. In this example, the assay
comprised the following steps:

1. Immunocomplexes of enzyme-labeled PSA molecules (capture anti-PSA, PSA in
serum, biotinylated detection anti-PSA, and SBG) were formed on magnetic
beads and washed using known methods. For example, test solutions containing
PSA were incubated with suspensions of magnetic beads functionalized with
capture antibody (e.g., capture anti-PSA) for 1 h at 37 °C. The beads were then
separated and washed three times in PBS. The beads were resuspended and
incubated with solutions containing detection antibodies (e.g., biotinylated
detection anti-PSA) for 30 min at 37 °C. The beads were then separated and
washed three times in PBS. The beads were incubated with solutions containing
SPG for 30 min at 37 °C, separated, and washed six times in PBS and 0.1%
Tween-20. The beads were then resuspended in 10 uL of PBS in order to load
into the wells of the fiber bundle arrays. Magnetic beads presenting
immunocomplexes were exchanged into buffer containing a certain carbohydrate
(e.g., sucrose, tehalose, etc.), or any other molecular species that can help
maintain hydration state of proteins.

2. After loading beads into the microwells of fiber bundle arrays, excess of buffer
was removed by air/vacuum drying. In some cases, the beads were loaded in the
wells as follows: to apply the solution of beads to the etched wells in a fiber
bundle, clear PVC tubing (1/16” 1.D. 1/8” O.D.) and clear heat shrink (3/16” ID)
were cut into approximately 1 cm long. A piece of PVC tubing was first put onto

the etched and functionalized end of a fiber bundle to create a reservoir to hold
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the bead solution, followed by the application of heat shrink around the interface
between the PVC tubing and fiber bundle to provide a tight seal. 10 uL of the
concentrated bead solution was pipetted into the reservoir created by the PVC
tubing. The fiber bundle was then centrifuged at 3000 rpm (~1333 g) for 10
minutes to force the beads into the etched wells. The PVC tubing/heat shrink
assembly was removed after centrifugation. The distal end of the fiber bundle
was dipped in PBS solution to wash off excess bead solution, followed by
swabbing the surface with deionized water.
The fiber bundle with beads loaded were stored for various periods of time.
Right before signal generating/array read out, the dried fiber bundles were dipped
in PBS buffer, wiped with a swab, dipped in PBS buffer again, and then dipped in
a solution containing 100 uM RGP. The arrays were then sealed and read out.
For example, in some cases, the system employed a custom-built imaging system
containing a mercury light source, filter cubes, objectives, and a CCD camera
was used for acquiring fluorescence images. Fiber bundle arrays were mounted
on the microscope stage using a custom fixture. A droplet of B-galactosidase
substrate (100 uM RPG) was placed on the silicone gasket material, and put into
contact with the distal end of the fiber array. The precision mechanical platform
moved the silicone sheet into contact with the distal end of the etched optical
fiber array, creating an array of isolated femtoliter reaction vessels. Fluorescence
images were acquired at 577 nm with an exposure time 1011 ms. Five frames (at
30 seconds per frame) were taken for each fiber bundle array. The fluorescent
images were analyzed using image analysis software to determine the presence or
absence of enzymatic activity within each well of the microwell array. The data
was analyzed using a developed image processing software using MathWorks
MATLAB and MathWorks Image Processing toolbox. The software aligned
acquired image frames, identified reaction vessel positions, located reaction
vessels with beads and measured the change in reaction vessel intensity over a
predefined time period. Reaction vessels containing beads with sufficient
intensity growth over all data frames were counted and the final number of active
reaction vessels was reported as a percentage of all identified reaction vessels.

As well as fluorescence, the arrays were imaged with white light to identify
those wells that contain beads. After acquiring the fluorescence images, the

distal (sealed) end of the fiber bundle arrays were illuminated with white light
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and imaged on the CCD camera. Due to scattering of light by the beads, those

wells that contained a bead appeared brighter in the image than wells without

beads. Beaded wells were identified using this method by software.

Dissociation of the biotinylated detection antibody from the captured analyte

molecule, in particular, can cause a continual signal drop over time. In certain cases,
dissociation can account for more than a 50% signal drop over the course of
interrogation of an array or series of arrays during conduct of an assay (e.g., see FIG.
9A). FIG. 9A shows data from the similar experiments carried out over four different
days. In these experiments, immunocomplexes of enzyme-labeled PSA were prepared
simultaneously on beads in 64 wells of a 96-well plate that were arranged in 8-well
columns. The beads from each column were then tested on a strip of 8 arrays using
single molecule detection (Example 10) at increasing times (shown on the x-axis). Each
data point is the average concentration of PSA determined from a column of § wells by
comparison to a calibration curve that was obtained before the first column was tested. .
This signal drop over time (which is manifested as a drop in the concentration of PSA
that is determined) may be more pronounced in assays using proteins as reagents/targets
than in assays involving nucleic acids (e.g. DNA). The decrease of signal fits to a
dissociation model in certain cases. By carrying out drying of the wells in the present
Example, the dissociation effects was eliminated and/or reduced by up to 90% (e.g., see
FIG. 9B).

Those of ordinary skill in the art will be aware that while traditional
immunoassays (e.g., ELISA) can suffer from signal loss due to dissociation of detection
entities, in general, they do not require special treatment for the dissociation of
immunocomplex because the plates are read out very quickly. For example, within a
minute or so, a microplate reader can generate signal for a full 96-well plate. The
difference in dissociation between well 1 and well 96 within this time frame is
negligible. However, for assays like the methods described herein wherein interrogation
of the assay sites may in certain cases take a longer time period, dissociation may affect
the precision and/or accuracy of the methods. Accordingly, the process of drying the
assay sites can prevent loss of an analyte molecule and/or binding ligand and reduce
effects of dissociation.

In some embodiments, additional components may be provided which maintain
the native configuration and/or biological activity of analyte molecules (e.g., proteins) in

the microwells and which can protect the immunocomplexes and/or labeling agent(s)
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(e.g. enzyme(s)) during the drying/rehydration process. For example, routine screening
tests may be used to identify agents that can keep an antibody/antigen/enzyme complex
intact and/or maintain enzyme activity after drying/rehydration. Without such agents,
drying may denature and/or deactivate enzymes or other components of the assay. For
example, screening of known nonionic kosmotropes revealed that carbohydrates help
keep 90-100% of the immunocomplex signal after drying/rehydration treatment.
Carbohydrates and other molecules may be used to maintain antibody active during
dehydration in protein array assay and/or may be used to keep protein activity during

dehydration/lyophilization.

Example 2

The following example describes the crosslinking of a binding ligand to an
analyte molecule to aid in the prevention of disassociation of the binding ligand from the
analyte molecule. In this assay, enzyme labeled PSA immunocomplexes were formed on
beads using methods similar to those described in Example 1, using concentrations of
PSA of 0, 0.1, and 1 pg/mL spiked into serum. One set of beads were reacted with 10
mg/mL of EDC for 10 minutes to cross-link the detection antibody to other proteins
associated with the beads, e.g., PSA, capture antibody and blocking proteins. Control
beads were not reacted with EDC. Control bead were then read using methods similar to
those described above in Example 10 at t = 0 and then 2 hours later. The cross-linked
beads were also read using methods similar to as described in Example 10 at about 2
hours after crosslinking The result showed that after 2 hours the average number of
enzymes per bead on the control beads was reduced because of dissociation of the
detection antibody. The crosslinked beads, however, maintained the high AEB even
after 2 hours. These data suggest that crosslinking the detection antibody to proteins
irreversibly associated with the beads substantially eliminated the dissociation effects. In
addition, crosslinking boosted the signal, also as shown in FIG. 10, (EDAC-treated; (ii))
relative to the 0 hour wait (i) presumably because of the extra dissociation time the

control beads experienced before being read.

While several embodiments of the present invention have been described and
illustrated herein, those of ordinary skill in the art will readily envision a variety of other
means and/or structures for performing the functions and/or obtaining the results and/or

one or more of the advantages described herein, and each of such variations and/or
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modifications is deemed to be within the scope of the present invention. More generally,
those skilled in the art will readily appreciate that all parameters, dimensions, materials,
and configurations described herein are meant to be exemplary and that the actual
parameters, dimensions, materials, and/or configurations will depend upon the specific
application or applications for which the teachings of the present invention is/are used.
Those skilled in the art will recognize, or be able to ascertain using no more than routine
experimentation, many equivalents to the specific embodiments of the invention
described herein. It is, therefore, to be understood that the foregoing embodiments are
presented by way of example only and that, within the scope of the appended claims and
equivalents thereto, the invention may be practiced otherwise than as specifically
described and claimed. The present invention is directed to each individual feature,
system, article, material, kit, and/or method described herein. In addition, any
combination of two or more such features, systems, articles, materials, kits, and/or
methods, if such features, systems, articles, materials, kits, and/or methods are not
mutually inconsistent, is included within the scope of the present invention.

The indefinite articles “a” and “an,” as used herein in the specification and in the
claims, unless clearly indicated to the contrary, should be understood to mean “at least
one.”

In the claims, as well as in the specification above, all transitional phrases such as

29 o

“comprising,” “including,

LENTs LEINA3

carrying,” “having,” “containing,” “involving,” “holding,”
and the like are to be understood to be open-ended, i.e., to mean including but not limited
to. Only the transitional phrases “consisting of”” and “consisting essentially of” shall be

closed or semi-closed transitional phrases, respectively.

What is claimed:
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Claims

1. A method for determining a measure of the concentration of analyte molecules or
particles in a fluid sample, comprising:

providing the analyte molecules or particles immobilized with respect to a
binding surface having affinity for at least one type of analyte molecule or particle, the
binding surface forming or contained within one of a plurality of locations on a substrate,
such that at least some of the plurality of locations contain at least one analyte molecule
or particle and a statistically significant fraction of the plurality of locations do not
contain any analyte molecules or particles;

exposing the analyte molecules or particles to a first type of binding ligand
having an affinity for a first epitope on the analyte molecules or particles and a second
type of binding ligand having an affinity for a second epitope on the analyte molecules or
particles;

addressing at least a portion of the plurality of the locations and determining the
number of said locations containing a first type of binding ligand and a second type of
binding ligand; and

determining a measure of the concentration of analyte molecules or particles in
the fluid sample based at least in part on the number of locations containing both a first

type of binding ligand and a second type of binding ligand.

2. The method of claim 1, wherein the exposing step is performed prior to the

analyte molecules or particles being immobilized with respect to the binding surface.

3. The method of claim 1, wherein the exposing step is performed after the analyte

molecules or particles have been immobilized with respect to the binding surface.

4, The method of claim 3, wherein the binding surface comprises the surface of a
bead contained within one of a plurality of locations on a substrate, and wherein the
exposing step is performed prior to the bead being contained within one of the plurality

of locations on the substrate.

5. The method of claim 3, wherein the binding surface comprises the surface of a

bead contained within one of a plurality of locations on a substrate, and wherein the
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exposing step is performed after the bead is contained within one of the plurality of

locations on the substrate.

6. A method for determining a measure of the concentration of analyte molecules or
particles in a fluid sample, comprising:

providing a fluid sample containing or suspected of containing a plurality of
analyte molecules or particles;

exposing the plurality of analyte molecules or particles to a first type of binding
ligand having an affinity for a first epitope on the analyte molecules or particles and a
second type of binding ligand having an affinity for a second epitope on the analyte
molecules or particles;

spatially separating at least a portion of the analyte molecules or particles into a
plurality of locations, such that at least some of the plurality of locations contain at least
one analyte molecule or particle and a statistically significant fraction of the plurality of
locations do not contain any analyte molecules or particles;

addressing at least a portion of the plurality of locations and determining the
number of said locations containing both a first type binding ligand and a second type of
binding ligand; and

determining a measure of the concentration of analyte molecules or particles in
the fluid sample based at least in part on the number of locations containing both a first

type of binding ligand and a second type of binding ligand.

7. The method of claim 6, wherein the exposing step occurs prior to the spatially

separating step.

8. The method of claim 6, wherein the spatially separating steps occurs prior to the

exposing step.

9. The method of claim 6, wherein the plurality of location each comprise a binding

surface having an affinity for the plurality of analyte molecules or particles.

10. The method of claim9, further comprising immobilizing the portion of analyte
molecules which were spatially separating into the plurality of locations with respect to

the binding surface of the locations.
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11. The method of claim 6, further comprising immobilizing the plurality of analyte
molecules or particles to a plurality of discrete objects such that a statistically significant
fraction of the discrete objects are immobilized with respect to only a single analyte
molecule or particle and a statistically significant fraction of the discrete objects are free
of any analyte molecules or particles, prior to the exposing and spatially separating

steps.

12.  The method of claim 1 or 6, wherein the binding surfaces are presented on a

plurality of discrete objects.

13.  The method of claim 12, wherein the exposing step is conducted prior to

containing the plurality of binding surfaces within a plurality of locations.

14. The method of claim 12, wherein the exposing step is conducted following

containing the plurality of binding surfaces within a plurality of locations.

15.  The method of claims 12, wherein the discrete objects comprise beads.

16.  The method of claim 15, wherein the beads are magnetic.

17. The method of claim 1 or 6, wherein the first type of binding ligand and the
second type of binding ligand are directly detected.

18.  The method of claim 1 or 6, wherein the first type of binding ligand and the

second type of binding ligand are indirectly detected.

19.  The method of claim 1 or 6, wherein the first type of binding ligand comprises a
first type of enzymatic component and the second type of binding ligand comprises a

second type of enzymatic component.

20. The method of any claim 1 or 6, further comprising exposing the plurality of
locations to a plurality of a first type of precursor labeling agent and a second type of

precursor labeling agent.
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21. The method of claim 20, wherein the first type of precursor labeling agent is
converted to a first type of labeling agent upon exposure to the first type of binding
ligand and the second precursor labeling agent is converted to a second type of labeling
agent upon exposure to the second type of binding ligand, wherein the first type of

labeling agent is distinguishable from the second type of labeling agent.

22. The method of claim 21, wherein the presence of a first type of binding ligand in
a location is determined by determining the presence of the first type of labeling agent in
that location and the presence of a second type of binding ligand in a location is
determined by determining the presence of the second type of labeling agent in that

location.

23. The method of claims 21, wherein the first type of labeling agent and the second

type of labeling agent are chromogenic, fluorescent, or chemiluminescent.

24.  The method of claim 1 or 6, further comprising exposing the plurality of analyte
molecules to a third type of binding ligand.

25.  The method of claim 24, wherein the third type of binding ligand associates with
a first type of binding ligand and a second type of ligand, wherein said first type of
binding ligand and said second type of binding ligand are immobilized with respect to a

single analyte molecule.

26.  The method of claim 24, wherein the presence of a first type of binding ligand
and a second type of binding ligand in a location is determined by determining the

presence of a third type of binding ligand in the location.

27. The method of claim 24, wherein a measure of the concentration of analyte
molecules or particles in the fluid sample is based at least a part on the number of

locations containing a third type of binding ligand.

28.  The method of claim 24, further comprising exposing the plurality of analyte

molecules or particles to a fourth type of binding ligand.
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29. The method of claim 28, wherein the third type of binding ligand associates with
the first type of binding ligand and the fourth type of binding ligand associates with the
second type of binding ligand.

30. The method of claim 29, wherein the presence of a first type of binding ligand in
a location is determined by determining the presence of the third type of binding ligand
in that location and the presence of a second type of binding ligand in a location is
determined by determining the presence of the fourth type of binding ligand in that

location.

31.  The method of claim 29, wherein the third type of binding ligand and the fourth
type of binding ligand is directly detected.

32. The method of claim 29, wherein the third type of binding ligand and fourth type
of binding ligand are indirectly detected.

33.  The method of claim 1 or 6, wherein the first epitope and the second epitope are

the same.

34, The method of claim 1 or 6, wherein the first epitope and the second epitope are

different.

35. The method of claim 1 or 6, wherein the number of said locations containing a
first type of binding ligand and a second type of binding ligand are determined using

optical techniques.

36. The method of claim 1 or 6, wherein the number of said locations containing a
first type of binding ligand and a second type of binding ligand are determined using

fluorescence.

37. The method of claim 35, wherein the optical techniques comprises the use of a

CCD detector.
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38.  The method of claim 1 or 6, wherein the plurality of locations comprises a

plurality of reaction vessels.

39.  The method of claim 38, wherein the plurality of reaction vessels is formed on

the end of a fiber optic bundle.

40. The method of claim 38, further comprising sealing the plurality of reaction
vessels.
41.  The method of claim 38, wherein the average volume of the plurality of reaction

vessels is between about 10 attoliters and about 100 picoliters, or between about 1
femtoliter and about 100 femtoliters, or between about 1 femtoliter and about 1 picoliter,

or between about 1 micrometer and about 10 micrometers

42, The method of claim 1 or 6, wherein the concentration of analyte molecules or
particles in the fluid sample is less than about 50 x 10™° M, or less than about 40 x 107
M, or less than about 30 x 10™° M, or less than about 20 x 107> M, or less than about 10

x 1071° M, or less than about, or less than about 1 x 10™° M.

43, The method of claim 1 or 6, wherein the measure of the concentration of analyte
molecules or particles in the fluid sample is determined at least in part by comparison of

a measured parameter to a calibration standard.

44, The method of claim 1 or 6, wherein the number of locations addressed in the
addressing step is at least about 5%, or at least about 10%, or at least about 20%, or at
least about 30%, or at least about 40%, or at least about 50%, or at least about 60%, or at
least about 70%, or at least about 80%, or at least about 90% of the total number of

locations.

45. The method of claim 1 or 6, wherein the analyte molecules or particles are

proteins or nucleic acids.

46.  The method of claim 1 or 6, further comprising performing at least one wash

step.
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involve an inventive step when the document is taken alone

"Y" document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
ments, such combination being obvious to a person skilled
in the art.

'&" document member of the same patent family

Date of the actual completion of the international search

21 April 2011

Date of mailing of the international search report

2470572011

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Lunter, Pim
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C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

Y

AGRAWAL A ET AL: "Nanometer-scale mapping
and single-molecule detection with
color-coded nanoparticle probes",
PROCEEDINGS OF THE NATIONAL ACADEMY OF
SCIENCES OF THE UNITED STATES OF AMERICA
NATIONAL ACADEMY OF SCIENCES USA,

vol. 105, no. 9, 4 March 2008 (2008-03-04)
, pages 3298-3303, XP002632900,

ISSN: 0027-8424
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International application No

PCT/US2011/026657
Patent document Publication Patent family Publication
cited in search report date member(s) date
W0 2009029073 Al 05-03-2009 CA 2734029 Al 05-03-2009
EP 2201374 Al 30-06-2010
JP 2010538260 T 09-12-2010
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PCT/US2012/033338
PATENT COOPERATION TREATY

PCT

INTERNATIONAL SEARCH REPORT
(PCT Article 18 and Rules 43 and 44)

Applicant's or agent's file reference FOR FURTHER sce Form PCT/ISA/220
Q0052.70017 ACTION as well as, where applicable, item 5 below.
International application No. International filing date (day/month/year) (Earliest) Priority Date (day/month/year)
PCT/US2012/033338 12 APRIL 2012 (12.04.2012) 12 APRIL 2011 (12.04.2011)
Applicant
QUANTERIX CORPORATION et al

This International search report has been prepared by this International Searching Authority and is transmitted to the applicant according
to Article 18. A copy is being transmitted to the International Bureau.

This international search report consists of a total of 4 sheets.

Xl It is also accompanied by a copy of each prior art document cited in this report.

1. Basis of the report
a. With regard to the language. the international search was carried out on the basis of :

the international application in the language in which it was filed

a translation of the international application into , which is the language of a
translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b))

b. D This international search report has been established taking into account the rectification of an obvious mistake
authorized by or notified to this Authority under Rule 91 (Rule 43.6bis(a)).

c. D With regard to any nucleotide and/or amino acid sequence disclosed in the international application, see Box No. I.
2. ‘E Certain claims were found unsearchable (See Box No. II)
3. I:l Unity of invention is lacking (See Box No. III)

4. With regard to the title,
‘Z\ the text is approved as submitted by the applicant.
I:l the text has been established by this Authority to read as follows:

5. With regard to the abstract,
‘Xl the text is approved as submitted by the applicant.
I:l the text has been established, according to Rule 38.2, by this Authority as it appears in Box No. IV. The applicant

may, within one month from the date of mailing of this international search report, submit comments to this Authority.

6. With regard to the drawings,
a. the figure of the drawings to be published with the abstract is Figure No. 1A
as suggested by the applicant.
I:l as selected by this Authority, because the applicant failed to suggest a figure.
I:l as selected by this Authority, because this figure better characterizes the invention.
b. I:I none of the figure is to be published with the abstract.
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INTERNATIONAL SEARCH REPORT International application No.
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Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.: 10-12,14-16,18-20,22-98
because they relate to subject matter not required to be searched by this Authority, namely:
Claims 10-12,14-16,18-20,22-98 pertain to diagnostic methods for determining a patient's prognosis recovery from a brain
injury following a hypoxic event, and thus relate to a subject matter which this International Searching Authority is not
required, under Article 17(2)(a)(i) of the PCT and Rule 39.1(iv) of the Regulations under the PCT, to search.

2. Claims Nos.: 69-71,74,79,84,91,92
because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

These claims are unclear because they are dependent claims referring to a dependent claim which do not comply with PCT
Rule 6.4(a)

3. IX\ Claims Nos.: 41,66-68,72,73,75-78,80-83,85-90,93-98
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching A uthority found multiple inventions in this international application, as follows:

1. D As all required addtional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment
of any additional fee.

3. I:l As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. |:| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest l:l The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.
The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.
|:| No protest accompanied the payment of additional search fees.
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A. CLASSIFICATION OF SUBJECT MATTER

GOIN 33/68(2006.01)i, GOIN 33/53(2006.01)i, GOIN 33/58(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
GO1N 33/68; GOGF 19/00; C12N 5/06; GO1N 33/00; GOIN 33/537; CO7K 16/00; GO1IN 33/53; A61K 31/44

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KIPO internal) & Keywords: beta-amyloid, assay, concentration, recovery, brain injury, hypoxic, treatment protocol

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A US 2006-0205024 Al (ROGERS, J. et al.) 14 September 2006 1-9,13,17,21,99
See the whole document .

A US 2008-0199879 Al (TAKAYAMA SHIGEO et al.) 21 August 2008 1-9,13,17,21,99
See the whole document .

A WO 2009-156747 A3 (THE NOTTINGHAM TRENT UNIVERSITY et al.) 30 December 2009 1-9,13,17,21,99
See the whole document .

A US 2008-0234311 Al (LI JINHE et al.) 25 September 2008 1-9,13,17,21,99
See the whole document .

|:| Further documents are listed in the continuation of Box C. & See patent family annex.

* Special categories of cited documents: "T" later document published after the international filing date or priority

"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention

"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive

"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art

"P"  document published prior to the international filing date but later "&" document member of the same patent family

than the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
29 NOVEMBER 2012 (29.11.2012) 29 NOVEMBER 2012 (29.11.2012)
Name and mailing address of the ISA/KR Authorized officer - i

Korean Intellectual Property Office
189 Cheongsa-ro, Seo-gu, Daejeon Metropolitan Kang Yeon Mu
" i City, 302-701, Republic of Korea
Facsimile No. 82-42-472-7140 Telephone No. 82-42-481-5516
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Information on patent family members

International application No.

PCT/US2012/033338

Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2006-0205024 A1 14.09. 2006 None

US 2008-0199879 Al 21.08.2008 AU 2005-297854 A1 04.05.2006
BR PI10516674A 16.09. 2008
CA 2585148 A1 04.05.2006
CN 101048662 AO 03.10.2007
EP 1813947 A1 01.08.2007
EP 1813947 A4 11.06.2008
L 18254000 20.09.2007
JP W020-060466 44A1 04.05.2006
KR 10-2007-0073778 A 10.07.2007
KR20070073778A 10.07.2007
MX 2007005053 A 19.06.2007
NO20072206A 30.07.2007
NO200722068 30.07.2007
WO 2006-046644 A1 04.05.2006

WO 2009-156747 A3 30. 12.2009 GB 0811858 DO 30.07.2008
WO 2009-156747 A2 30. 12.2009

US 2008-0234311 Al 25.09.2008 WO 2009-067272 A1 28.05.2009
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PATENT COOPERATION TREATY

From the
INTERNATIONAL SEARCHING AUTHORITY

To:
GABERT ANDREA 7.

WOLF, GREENFIELD & SACKS, P.C. 600 ATLANTIC
AVENUE BOSTON MA 02210-2206 USA

PCT

WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY

(PCT Rule 43bis.1)

Date of mailing

(day/month/year) 29 NOVEMBER 2012 (29.11.2012)

Applicant's or agent's file reference
Q0052.70017

FOR FURTHER ACTION
See paragraph 2 below

International application No.

PCT/US2012/033338

International filing date (day/month/yvear)
12 APRIL 2012 (12.04.2012)

Priority date(day/month/year)
12 APRIL 2011 (12.04.2011)

International Patent Classification (IPC) or both national classification and IPC

GOIN 33/68(2006.01)i, GOIN 33/53(2006.01)i, GOIN 33/58(2006.01)i

Applicant

QUANTERIX CORPORATION et al

Box No. I Basis of the opinion

Box No. II Priority

Box No.IV  Lack of unity of invention

Box No. VI Certain documents cited

XX X XXX

2. FURTHER ACTION

For further options, see Form PCT/ISA/220.

1. This opinion contains indications relating to the following items:

Box No. IIT  Non-establishment of opinion with regard to novelty, inventive step and industrial applicability

Box No. V Reasoned statement under Rule 43bis.1(a)(1) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

Box No. VIT  Certain defects in the international application

Box No. VIII Certain observations on the international application

If a demand for international preliminary examination is made, this opinion will be considered to be a written opinion of the
International Preliminary Examining Authority ("IPEA") except that this does not apply where the applicant chooses an Authority
other than this one to be the IPEA and the chosen IPEA has notified the International Bureau under Rule 66.1bis(b) that written
opinions of this International Searching Authority will not be so considered.

If this opinion is, as provided above, considered to be a written opinion of the IPEA, the applicant is invited to submit to the
IPEA a written reply together, where appropriate, with amendments, before the expiration of 3 months from the date of mailing
of Form PCT/ISA/220 or before the expiration of 22 months from the priority date, whichever expires later.

Name and mailing address of the ISA/KR

o Korean Intellectual Property Office
189 Cheongsa-ro, Seo-gu, Daejeon
Metropolitan City, 302-701,
Republic of Korea

Fac51mlle No. 82-42-472-7140

Date of completion of this opinion |Authorized officer

29 NOVEMBER 2012 (29.11.2012)| Kang Yeon Mu

Telephone No.82-42-481-5516

Form PCT/ISA/237 (cover sheet) (July 2011)
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WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY PCT/US2012/033338

Box No. I Basis of this opinion

1. With regard to the language, this opinion has been established on the basis of :

Xl the international application in the language in which it was filed

|:| a translation of the international application into , which is the language of a
translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b))

2. I:l This opinion has been established taking into account the rectification of an obvious mistake authorized by or notified
to this Authority under Rule 91 (Rule 43bis.1(a))

With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this opinion has been
established on the basis of:

a. a sequence listing filed or furnished
I:I on paper

|:| in electronic form

b. time of filing or furnishing
|:| contained in the international application as filed.
I:l filed together with the international application in electronic form.
|:| furnished subsequently to this Authority for the purposes of search.

4. |:| In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required

statements that the information in the subsequent or additioanl copies is identical to that in the application as filed or does
not go beyond the application as filed, as appropriate, were furnished.

5. Additional comments:
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International application No.

WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY PCT/US2012/033338

Box No. II Priority

1. Kl The validity of the priority claim has not been considered because the International Searching Authority does not have in its
possession a copy of the earlier application whose priority has been claimed or, where required, a translation of that earlier
application. This opinion has nevertheless been established on the assumption that the relevant date(Rules 43bis.1 and 64.1)

is the claimed priority date.

2. D This opinion has been established as if no priority had been claimed due to the fact that the priority claim has been found
invalid (Rules 43bis.1 and 64.1). Thus for the purposes of this opinion, the international filing date indicated above is

considered to be the relevant date.

3. Additional observations, if neccessary:
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INTERNATIONAL SEARCHING AUTHORITY PCT/US2012/033338

Box No. III Non-establishment of opinion with regard to novelty, inventive step and industrial applicability

The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non obvious), or to be
industrially applicable have not been examined in respect of:

|:| the entire international application

|X| claims Nos.  10-12,14-16,18-20,22-98

because:

the said international application, or the said claims Nos. 10-12,14-16,18-20,22-98
relate to the following subject matter which does not require an international search (specify):

Claims 10-12,14-16,18-20,22-98 pertain to diagnostic methods for determining a patient's prognosis for recovery from a
brain injury following a hypoxic event, and thus relate to a subject matter which this International Searching Authority is not
required, under Rules 43 bis.1(b), Rule 67.1 (iv)), to search.

the description, claims or drawings (indicate particular elements below) or said claims Nos. 69-71,74,79.84,91,92
are so unclear that no meaningful opinion could be formed (specifi;):

Claims 69-71,74,79,84,91,92 are unclear because they are dependent claims referring to dependent claims which do not
comply with PCT Rule 6.4(a).

the claims, or said claims Nos. are so inadequately supported
by the description that no meaningful opinion could be formed (specify):

|Z| no international search report has been established for said claims Nos. 10-12,14-16,18-20.22-98

|:| a meaningful opinion could not be formed without the sequence listing; the applicant did not, within the prescribed time limit:

|:| furnish a sequence listing on paper complying with the standard provided for in Annex C of the Administrative
Istructions, and such listing was not available to the International Searching Authority in a form and manner acceptable
to it.

|:| furnish a sequence listing in electronic form complying with the standard provided for in Annex C of the Administrative
Istructions, and such listing was not available to the International Searching Authority in a form and manner acceptable
to it.

|:| pay the required late furnishing fee for the furnishing of a sequence listing in response to an invitation under Rule
13ter.1(a) or (b).

D See Supplemental Box for further details.
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Box No. V Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

1. Statement

Novelty (N) Claims  1-9,13,17,21,99 YES
Claims NONE NO

Inventive step (IS) Claims 1-9,13,17.21,99 YES
Claims NONE NO

Industrial applicability IA)  Claims  1-9,13,17,21,99 YES
Claims NONE NO

2. Citations and explanations :

Reference is made to the following documents:

D1: US 2006-0205024 Al (ROGERS, J. et al.) 14 September 2006

D2: US 2008-0199879 Al (TAKAYAMA SHIGEO et al.) 21 August 2008

D3: WO 2009-156747 A3 (THE NOTTINGHAM TRENT UNIVERSITY et al.) 30 December 2009
D4: US 2008-0234311 Al (LI JINHE et al.) 25 September 2008

1. Novelty and Inventive Step

1.1. Independent Claims 1,13,17,21

1.1.1. Concerning claim 1

None of the documents cited in the ISR show that a method for determining a measure of the
concentration of beta—amyloid peptide in a patient sample containing or not containing beta—amyloid
peptide, wherein the limit of detection of beta—amyloid peptide of the assay is less than about 0.2
pg/mL. Accordingly, the feature of claim 1 is not anticipated by any of the documents, nor is it

obvious by the documents, taken alone or in combination. Therefore, claim 1 is novel and involves an

inventive step under PCT Article 33(2) and (3).

1.1.2. Concerning claims 13,17,21

None of the documents cited in the ISR show the methods for performing an assay and providing data

for determining a treatment protocol for, or a prognosis of a patient's recovery from, a brain injury

resulting from a hypoxic event, wherein the concentration of the biomarker and quantification of the

assay are specifically limited. Accordingly, claims 13,17,21 are not anticipated by any of the

documents, nor are they obvious by the documents, taken alone or in combination. Therefore, claims

13,17,21 are novel and involve an inventive step under PCT Article 33(2) and (3).

1.2. Dependent Claims 2-9,99

Claims 2-9,99 are dependent on claim 1. Consequently, Claims 2-9,99 are also considered to be novel

and to involve an inventive step under PCT Article 33(2) and (3).

—Cont inued on Supplemental Box—
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Box No. VII Certain defects in the international application

The following defects in the form or contents of the international application have been noted:

Claims 41,66-68,72,73,75-78,80-83,85-90,93-98 do not comply with PCT Rule 6.4(a) because multiple dependent claims should
not serve as a basis for any other multiple dependent claims.
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Box No. VIII Certain observations on the international application

The following observations on the clarity of the claims, description, and drawings or on the question whether the claims are fully
supported by the description, are made:

1. Claims 69-71,74,79,84,91,92 are unclear because they are dependent claims referring to dependent claims which do not comply

with PCT Rule 6.4(a).
2. The terms "about" used in claims 1,11-22.44-46,54,55,62-67.70,71,73,93.94,99, "and/or" used in claims 10-13,15-22,62-64 are

vague and unclear and leave the reader in doubt as to the meaning of the technical features to which they refer, thereby rendering
the definition of the subject matter of the said claims unclear (PCT Article 6).
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Supplemental Box

In case the space in any of the preceding boxes is not sufficient.
Continuation of :

Box V

2. Industrial Applicability

Claims 1-9,13,17,21,99 are industrially applicable under PCT Article 33(4).
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PRELIMINARY REPORT ON PATENTABILITY
(CHAPTER I OF THE PATENT COOPERATION

TREATY)
(PCT Rule 44bis.1(c))

From the INTERNATIONAL BUREAU

To:

Date of mailing (day/month/year)
24 October 2013 (24.10.2013)

GABERT, Andrea J.

Wolf, Greenfield & Sacks, P.C.
600 Atlantic Avenue

Boston, MA 02210-2206
ETATS-UNIS DAMERIQUE

Applicant's or agent's file reference

Q0052.70017

IMPORTANT NOTICE

International application No.

PCT/US2012/033338

International filing date (day/month/year)
12 April 2012 (12.04.2012)

Priority date (day/month/year)
12 April 2011 (12.04.2011)

Applicant

QUANTERIX CORPORATION et al

Cooperation Treaty)

The International Bureau transmits herewith a copy of the international preliminary report on patentability (Chapter I of the Patent

The International Bureau of WIPO
34, chemin des Colombettes
1211 Geneva 20, Switzerland

Facsimile No. +41 22 338 82 70

Authorized officer

Athina Nickitas-Etienne

e-mail: ptO4.pct@wipo.int
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PCT

INTERNATIONAL PRELIMINARY REPORT ON PATENTABILITY
(Chapter I of the Patent Cooperation Treaty)

(PCT Rule 44bis)

Applicant’s or agent’s file reference FOR FURTHER ACTION See item 4 below
Q0052.70017

International application No. International filing date (day/month/year) Priority date (day/month/year)
PCT/US2012/033338 12 April 2012 (12.04.2012) 12 April 2011 (12.04.2011)

International Patent Classification (8th edition unless older edition indicated)
See relevant information in Form PCT/ISA/237

Applicant
QUANTERIX CORPORATION

1. This international preliminary report on patentability (Chapter I) is issued by the International Bureau on behalf of the
International Searching Authority under Rule 44 bis.1(a).

2. This REPORT consists of a total of 9 sheets, including this cover sheet.

In the attached sheets, any reference to the written opinion of the International Searching Authority should be read as a
reference to the international preliminary report on patentability (Chapter I) instead.

3. This report contains indications relating to the following items:

g Box No. I Basis of the report

g Box No. II Priority

g Box No. IIT Non-establishment of opinion with regard to novelty, inventive step and industrial
applicability

I:l Box No. IV Lack of unity of invention

g Box No. V Reasoned statement under Article 35(2) with regard to novelty, inventive step or
industrial applicability; citations and explanations supporting such statement

|:| Box No. VI Certain documents cited

g Box No. VII Certain defects in the international application

}x‘ Box No. VIII Certain observations on the international application

4.  The International Bureau will communicate this report to designated Offices in accordance with Rules 44bis.3(c) and 93bis.1
but not, except where the applicant makes an express request under Article 23(2), before the expiration of 30 months from
the priority date (Rule 44bis .2).

Date of issuance of this report
15 October 2013 (15.10.2013)

The International Bureau of WIPO Authorized officer

34, chemin des Colombettes . . . .
1211 Geneva 20, Switzerland Athina Nickitas-Etienne

Facsimile No. +41 22 338 82 70 e-mail: ptO4.pct@wipo.int
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International application No.
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International filing date (day/month/yvear)
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Priority date(day/month/year)
12 APRIL 2011 (12.04.2011)

International Patent Classification (IPC) or both national classification and IPC
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Applicant
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2. FURTHER ACTION
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1. This opinion contains indications relating to the following items:
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opinions of this International Searching Authority will not be so considered.
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International application No.
WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY PCT/US2012/033338

Box No. I Basis of this opinion

1. With regard to the language, this opinion has been established on the basis of :

Xl the international application in the language in which it was filed

|:| a translation of the international application into , which is the language of a
translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b))

2. I:l This opinion has been established taking into account the rectification of an obvious mistake authorized by or notified
to this Authority under Rule 91 (Rule 43bis.1(a))

With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this opinion has been
established on the basis of:

a. a sequence listing filed or furnished
I:I on paper

|:| in electronic form

b. time of filing or furnishing
|:| contained in the international application as filed.
I:l filed together with the international application in electronic form.
|:| furnished subsequently to this Authority for the purposes of search.

4. |:| In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required

statements that the information in the subsequent or additioanl copies is identical to that in the application as filed or does
not go beyond the application as filed, as appropriate, were furnished.

5. Additional comments:
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International application No.

WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY PCT/US2012/033338

Box No. II Priority

1. Kl The validity of the priority claim has not been considered because the International Searching Authority does not have in its
possession a copy of the earlier application whose priority has been claimed or, where required, a translation of that earlier
application. This opinion has nevertheless been established on the assumption that the relevant date(Rules 43bis.1 and 64.1)

is the claimed priority date.

2. D This opinion has been established as if no priority had been claimed due to the fact that the priority claim has been found
invalid (Rules 43bis.1 and 64.1). Thus for the purposes of this opinion, the international filing date indicated above is

considered to be the relevant date.

3. Additional observations, if neccessary:
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WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY PCT/US2012/033338

Box No. III Non-establishment of opinion with regard to novelty, inventive step and industrial applicability

The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non obvious), or to be
industrially applicable have not been examined in respect of:

|:| the entire international application

|X| claims Nos.  10-12,14-16,18-20,22-98

because:

the said international application, or the said claims Nos. 10-12,14-16,18-20,22-98
relate to the following subject matter which does not require an international search (specify):

Claims 10-12,14-16,18-20,22-98 pertain to diagnostic methods for determining a patient's prognosis for recovery from a
brain injury following a hypoxic event, and thus relate to a subject matter which this International Searching Authority is not
required, under Rules 43 bis.1(b), Rule 67.1 (iv)), to search.

the description, claims or drawings (indicate particular elements below) or said claims Nos. 69-71,74,79.84,91,92
are so unclear that no meaningful opinion could be formed (specifi;):

Claims 69-71,74,79,84,91,92 are unclear because they are dependent claims referring to dependent claims which do not
comply with PCT Rule 6.4(a).

the claims, or said claims Nos. are so inadequately supported
by the description that no meaningful opinion could be formed (specify):

|Z| no international search report has been established for said claims Nos. 10-12,14-16,18-20.22-98

|:| a meaningful opinion could not be formed without the sequence listing; the applicant did not, within the prescribed time limit:

|:| furnish a sequence listing on paper complying with the standard provided for in Annex C of the Administrative
Istructions, and such listing was not available to the International Searching Authority in a form and manner acceptable
to it.

|:| furnish a sequence listing in electronic form complying with the standard provided for in Annex C of the Administrative
Istructions, and such listing was not available to the International Searching Authority in a form and manner acceptable
to it.

|:| pay the required late furnishing fee for the furnishing of a sequence listing in response to an invitation under Rule
13ter.1(a) or (b).

D See Supplemental Box for further details.
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Box No. V Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

1. Statement

Novelty (N) Claims  1-9,13,17,21,99 YES
Claims NONE NO

Inventive step (IS) Claims 1-9,13,17.21,99 YES
Claims NONE NO

Industrial applicability IA)  Claims  1-9,13,17,21,99 YES
Claims NONE NO

2. Citations and explanations :

Reference is made to the following documents:

D1: US 2006-0205024 Al (ROGERS, J. et al.) 14 September 2006

D2: US 2008-0199879 Al (TAKAYAMA SHIGEO et al.) 21 August 2008

D3: WO 2009-156747 A3 (THE NOTTINGHAM TRENT UNIVERSITY et al.) 30 December 2009
D4: US 2008-0234311 Al (LI JINHE et al.) 25 September 2008

1. Novelty and Inventive Step

1.1. Independent Claims 1,13,17,21

1.1.1. Concerning claim 1

None of the documents cited in the ISR show that a method for determining a measure of the
concentration of beta—amyloid peptide in a patient sample containing or not containing beta—amyloid
peptide, wherein the limit of detection of beta—amyloid peptide of the assay is less than about 0.2
pg/mL. Accordingly, the feature of claim 1 is not anticipated by any of the documents, nor is it

obvious by the documents, taken alone or in combination. Therefore, claim 1 is novel and involves an

inventive step under PCT Article 33(2) and (3).

1.1.2. Concerning claims 13,17,21

None of the documents cited in the ISR show the methods for performing an assay and providing data

for determining a treatment protocol for, or a prognosis of a patient's recovery from, a brain injury

resulting from a hypoxic event, wherein the concentration of the biomarker and quantification of the

assay are specifically limited. Accordingly, claims 13,17,21 are not anticipated by any of the

documents, nor are they obvious by the documents, taken alone or in combination. Therefore, claims

13,17,21 are novel and involve an inventive step under PCT Article 33(2) and (3).

1.2. Dependent Claims 2-9,99

Claims 2-9,99 are dependent on claim 1. Consequently, Claims 2-9,99 are also considered to be novel

and to involve an inventive step under PCT Article 33(2) and (3).

—Cont inued on Supplemental Box—
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INTERNATIONAL SEARCHING AUTHORITY PCT/US2012/033338

Box No. VII Certain defects in the international application

The following defects in the form or contents of the international application have been noted:

Claims 41,66-68,72,73,75-78,80-83,85-90,93-98 do not comply with PCT Rule 6.4(a) because multiple dependent claims should
not serve as a basis for any other multiple dependent claims.
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WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY PCT/US2012/033338

Box No. VIII Certain observations on the international application

The following observations on the clarity of the claims, description, and drawings or on the question whether the claims are fully
supported by the description, are made:

1. Claims 69-71,74,79,84,91,92 are unclear because they are dependent claims referring to dependent claims which do not comply

with PCT Rule 6.4(a).
2. The terms "about" used in claims 1,11-22.44-46,54,55,62-67.70,71,73,93.94,99, "and/or" used in claims 10-13,15-22,62-64 are

vague and unclear and leave the reader in doubt as to the meaning of the technical features to which they refer, thereby rendering
the definition of the subject matter of the said claims unclear (PCT Article 6).
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Supplemental Box

In case the space in any of the preceding boxes is not sufficient.
Continuation of :

Box V

2. Industrial Applicability

Claims 1-9,13,17,21,99 are industrially applicable under PCT Article 33(4).
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PCT/US2012/033343
PATENT COOPERATION TREATY

PCT

INTERNATIONAL SEARCH REPORT
(PCT Article 18 and Rules 43 and 44)

Applicant's or agent's file reference FOR FURTHER sce Form PCT/ISA/220
Q0052.70018 ACTION as well as, where applicable, item 5 below.
International application No. International filing date (day/month/year) (Earliest) Priority Date (day/month/year)
PCT/US2012/033343 12 APRIL 2012 (12.04.2012) 12 APRIL 2011 (12.04.2011)
Applicant
QUANTERIX CORPORATION et al

This International search report has been prepared by this International Searching Authority and is transmitted to the applicant according
to Article 18. A copy is being transmitted to the International Bureau.

This international search report consists of a total of 4 sheets.

Xl It is also accompanied by a copy of each prior art document cited in this report.

1. Basis of the report
a. With regard to the language. the international search was carried out on the basis of :

the international application in the language in which it was filed

a translation of the international application into , which is the language of a
translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b))

b. D This international search report has been established taking into account the rectification of an obvious mistake
authorized by or notified to this Authority under Rule 91 (Rule 43.6bis(a)).

c. D With regard to any nucleotide and/or amino acid sequence disclosed in the international application, see Box No. I.
2. ‘E Certain claims were found unsearchable (See Box No. II)
3. I:l Unity of invention is lacking (See Box No. III)

4. With regard to the title,
‘Z\ the text is approved as submitted by the applicant.
I:l the text has been established by this Authority to read as follows:

5. With regard to the abstract,
‘Xl the text is approved as submitted by the applicant.
I:l the text has been established, according to Rule 38.2, by this Authority as it appears in Box No. IV. The applicant

may, within one month from the date of mailing of this international search report, submit comments to this Authority.

6. With regard to the drawings,
a. the figure of the drawings to be published with the abstract is Figure No. 1A
as suggested by the applicant.
I:l as selected by this Authority, because the applicant failed to suggest a figure.
I:l as selected by this Authority, because this figure better characterizes the invention.
b. I:I none of the figure is to be published with the abstract.
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INTERNATIONAL SEARCH REPORT International application No.
PCT/US2012/033343

Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.: 10-58,60-91
because they relate to subject matter not required to be searched by this Authority, namely:
Claims 10-58,60-91 pertain to methods for treatment of the human body by therapy, as well as diagnostic methods, and thus
relate to a subject matter which this International Searching Authority is not required, under Article 17(2)(a)(1) of the PCT and
Rule 39.1(iv) of the Regulations under the PCT, to search.

2. Claims Nos.: 34-36,43-50,52,53,69,70,72,77,84,85
because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

These claims are unclear because they are dependent claims referring to a dependent claim which do not comply with PCT
Rule 6.4(a) because multiple dependent claims should not serve as a basis for any other multiple dependent claims.

3. IX\ Claims Nos.: 21-33,37-42,51,54,61-68,71,73-76,78-83,86-91
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching A uthority found multiple inventions in this international application, as follows:

1. D As all required addtional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment
of any additional fee.

3. I:l As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. |:| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest l:l The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.
The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.
|:| No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2009)
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INTERNATIONAL SEARCH REPORT

International application No.

PCT/US2012/033343

A. CLASSIFICATION OF SUBJECT MATTER

GOIN 33/68(2006.01)i, GOIN 33/53(2006.01)i, GOIN 33/52(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
GO1IN 33/68; A61K 36/16; GO6F 19/00; GOIN 33/53; C12Q 1/68; A61P 25/28

Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KIPO internal) & Keywords: tau protein, assay, brain injury, treatment protocol, recovery, concentration

C. DOCUMENTS CONSIDERED TO BE RELEVANT

See the whole document .

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A Shiiya, N. et al. Ann Thorac Surg. 2004, Vol.77, pp.2034-2038 1-9,59
See the whole document .
A Bulut, m. et al. Advances in Therapy. Jan.2006, Vol.23, No.1 1-9,59
See the whole document .
A WO 2011-032155 A2 (BANYAN BIOMARKERS, INC. et al.) 17 March 2011 1-9,59
See the whole document .
A WO 2009-156747 A3 (THE NOTTINGHAM TRENT UNIVERSITY et al.) 30 December 2009 1-9,59
See the whole document .
A US 2009-0022825 Al (KERKMAN DANIEL et al.) 22 January 2009 1-9,59

|:| Further documents are listed in the continuation of Box C.

& See patent family annex.

* Special categories of cited documents:
"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L"  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P"  document published prior to the international filing date but later

than the priority date claimed

nn

g

nyn

ng"

later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents,such combination
being obvious to a person skilled in the art

document member of the same patent family

Date of the actual completion of the international search

25 OCTOBER 2012 (25.10.2012)

Date of mailing of the international search report

Name and mailing address of the ISA/KR

Korean Intellectual Property Office
189 Cheongsa-ro, Seo-gu, Daejeon Metropolitan
City, 302-701, Republic of Korea

Facsimile No. 82-42-472-7140

Authorized officer i

Telephone No.

Kang Yeon Mu

29 OCTOBER 2012 (29.10.2012)

82-42-481-5516
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INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/US2012/033343
Patent document Publication Patent family Publication
cited in search report date member(s) date
WO 2011-032155 A2 17.03.2011 EP 2478360 A2 25.07.2012
WO 2011-032155 A3 17.03.2011
WO 2011-032155 A3 06.10.2011
WO 2011-160096 A2 22.12.2011
WO 2009-156747 A3 30. 12.2009 GB 0811858 DO 30.07.2008
WO 2009-156747 A2 30.12.2009
US 2009-0022825 A1 22.01.2009 AU 2003-291358 A1 03.06.2004
AU 2003-291358 A8 03.06.2004
CA 2505355 A1 27.05.2004
EP 1626648 A2 22.02.2006
EP 1626648 A4 28.04.2010
JP 2006-517650 A 27.07.2006
JP 2006-517650 T 27.07.2006
MX  PAO5004828A 27.01.2006
US 2004-166536 A1 26.08.2004
WO 2004-043226 A2 27.05.2004
WO 2004-043226 A3 05.07.2007
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Box No. I Basis of the opinion

Box No. II Priority

XL X OXCX

2. FURTHER ACTION

1. This opinion contains indications relating to the following items:

Box No. IIT  Non-establishment of opinion with regard to novelty, inventive step and industrial applicability
Box No.IV  Lack of unity of invention

Box No. V Reasoned statement under Rule 43bis.1(a)(1) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

Box No. VI Certain documents cited

Box No. VIT  Certain defects in the international application

Box No. VIII Certain observations on the international application

If a demand for international preliminary examination is made, this opinion will be considered to be a written opinion of the
International Preliminary Examining Authority ("IPEA") except that this does not apply where the applicant chooses an Authority
other than this one to be the IPEA and the chosen IPEA has notified the International Bureau under Rule 66.1bis(b) that written
opinions of this International Searching Authority will not be so considered.

If this opinion is, as provided above, considered to be a written opinion of the IPEA, the applicant is invited to submit to the
IPEA a written reply together, where appropriate, with amendments, before the expiration of 3 months from the date of mailing
of Form PCT/ISA/220 or before the expiration of 22 months from the priority date, whichever expires later.

For further options, see Form PCT/ISA/220.
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International application No.
WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY PCT/US2012/033343

Box No. I Basis of this opinion

1. With regard to the language, this opinion has been established on the basis of :

Xl the international application in the language in which it was filed

|:| a translation of the international application into , which is the language of a
translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b))

2. I:l This opinion has been established taking into account the rectification of an obvious mistake authorized by or notified
to this Authority under Rule 91 (Rule 43bis.1(a))

With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this opinion has been
established on the basis of:

a. a sequence listing filed or furnished
I:I on paper

|:| in electronic form

b. time of filing or furnishing
|:| contained in the international application as filed.
I:l filed together with the international application in electronic form.
|:| furnished subsequently to this Authority for the purposes of search.

4. |:| In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required

statements that the information in the subsequent or additioanl copies is identical to that in the application as filed or does
not go beyond the application as filed, as appropriate, were furnished.

5. Additional comments:
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International application No.

WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY PCT/US2012/033343

Box No. III Non-establishment of opinion with regard to novelty, inventive step and industrial applicability

The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non obvious), or to be
industrially applicable have not been examined in respect of:

|:| the entire international application

IX claims Nos.  10-58,60-91

because:
the said international application, or the said claims Nos. 10-58,60-91
relate to the following subject matter which does not require an international search (specify):

Claims 10-58,60-91 pertain to methods for treatment of the human body by therapy, and thus relate to a subject matter which
this International Searching Authority is not required, under Rules 43 bis.1(b), Rule 67.1 (iv)), to search.

the description, claims or drawings (indicate particular elements below) or said claims Nos. 34-36,43-50,52,53,69,70,72
are so unclear that no meaningful opinion could be formed (specifi;):

Claims 34-36,43-50,52,53,69,70,72,77,84,85 are unclear because they are dependent claims referring to dependent claims
which do not comply with PCT Rule 6.4(a) because multiple dependent claims should not serve as a basis for any other
multiple dependent claims.

the claims, or said claims Nos. are so inadequately supported
by the description that no meaningful opinion could be formed (specify):

|Z| no international search report has been established for said claims Nos.  10-58,60-91

|:| a meaningful opinion could not be formed without the sequence listing; the applicant did not, within the prescribed time limit:

|:| furnish a sequence listing on paper complying with the standard provided for in Annex C of the Administrative
Istructions, and such listing was not available to the International Searching Authority in a form and manner acceptable
to it.

|:| furnish a sequence listing in electronic form complying with the standard provided for in Annex C of the Administrative
Istructions, and such listing was not available to the International Searching Authority in a form and manner acceptable
to it.

|:| pay the required late furnishing fee for the furnishing of a sequence listing in response to an invitation under Rule

13ter.1(a) or (b).

D See Supplemental Box for further details.
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INTERNATIONAL SEARCHING AUTHORITY PCT/US2012/033343

Box No. V Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

1. Statement

Novelty (N) Claims 1-9,59 YES
Claims NONE NO

Inventive step (IS) Claims 1-9.59 YES
Claims NONE NO

Industrial applicability IA)  Claims 1-9.59 YES
Claims NONE o

2. Citations and explanations :

Reference is made to the following documents:

D1: Shiiya, N. et al. Ann Thorac Surg. 2004, Vol .77, pp.2034-2038

D2: Bulut, m. et al. Advances in Therapy. Jan.2006, Vol.23, No.1

D3: WO 2011-032155 A2 (BANYAN BIOMARKERS, INC. et al.) 17 March 2011

D4: WO 2009-156747 A3 (THE NOTTINGHAM TRENT UNIVERSITY et al.) 30 December 2009
D5: US 2009-0022825 A1 (KERKMAN DANIEL et al.) 22 January 2009

1. Novelty and Inventive Step
1.1. Independent Claims 1,59

1.1.1. Concerning claim 1

The subject matter of claim 1 differs from these prior art documents in that the method of claim 1
further defines the limit of detection of tau protein as less than abou 0.2pg/mL. And it is not
obvious to a person skilled in the art by the documents, taken alone or in combination. Therefore,
claim 1 meets the requirements of PCT Article 33(2) and (3) with respect to novelty and inventive

step.

1.1.2. Concerning claim 59

Claim 59 relates to the methods of performing an assay and providing data for determining a method
of treatment for or a prognosis of a patients recovery from a brain injury using the curve of a graph
of the tau protein concentration. None of the documents cited in the ISR show the feature of claim 1.
Accordingly, claim 59 is not anticipated by any of the documents, nor is it obvious by the documents,
taken alone or in combination. Therefore, claim 59 is novel and involves an inventive step under PCT
Article 33(2) and (3)

1.2. Dependent Claims 2-9

Claims 2-9 are dependent on claim 1. Consequently, claims 2-9 are also considered to be novel and to
involve an inventive step under PCT Article 33(2) and (3).

2. Industrial Applicability
Claims 1-9,59 are industrially applicable under PCT Article 33(4).
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WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY PCT/US2012/033343

Box No. VII Certain defects in the international application

The following defects in the form or contents of the international application have been noted:

1. Claims 21-33,37-42,51,54,61-68,71,73-76,78-83,86-91 do not comply with PCT Rule 6.4(a) because multiple dependent claims
should not serve as a basis for any other multiple dependent claims.
2. Claim 35 is not numbered consecutively in Arabic numbers, since claim 35 is worded as  “fpg35” .
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Box No. VIII Certain observations on the international application

The following observations on the clarity of the claims, description, and drawings or on the question whether the claims are fully
supported by the description, are made:

Claims 34-36,43-50,52,53,69,70,72,77,84,85 are unclear because they are dependent claims referring to dependent claims which
do not comply with PCT Rule 6.4(a) .
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Box No. I Basis of this opinion

1. With regard to the language, this opinion has been established on the basis of :

Xl the international application in the language in which it was filed

|:| a translation of the international application into , which is the language of a
translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b))

2. I:l This opinion has been established taking into account the rectification of an obvious mistake authorized by or notified
to this Authority under Rule 91 (Rule 43bis.1(a))

With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this opinion has been
established on the basis of:

a. a sequence listing filed or furnished
I:I on paper

|:| in electronic form

b. time of filing or furnishing
|:| contained in the international application as filed.
I:l filed together with the international application in electronic form.
|:| furnished subsequently to this Authority for the purposes of search.

4. |:| In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required

statements that the information in the subsequent or additioanl copies is identical to that in the application as filed or does
not go beyond the application as filed, as appropriate, were furnished.

5. Additional comments:
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International application No.

WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY PCT/US2012/033343

Box No. III Non-establishment of opinion with regard to novelty, inventive step and industrial applicability

The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non obvious), or to be
industrially applicable have not been examined in respect of:

|:| the entire international application

IX claims Nos.  10-58,60-91

because:
the said international application, or the said claims Nos. 10-58,60-91
relate to the following subject matter which does not require an international search (specify):

Claims 10-58,60-91 pertain to methods for treatment of the human body by therapy, and thus relate to a subject matter which
this International Searching Authority is not required, under Rules 43 bis.1(b), Rule 67.1 (iv)), to search.

the description, claims or drawings (indicate particular elements below) or said claims Nos. 34-36,43-50,52,53,69,70,72
are so unclear that no meaningful opinion could be formed (specifi;):

Claims 34-36,43-50,52,53,69,70,72,77,84,85 are unclear because they are dependent claims referring to dependent claims
which do not comply with PCT Rule 6.4(a) because multiple dependent claims should not serve as a basis for any other
multiple dependent claims.

the claims, or said claims Nos. are so inadequately supported
by the description that no meaningful opinion could be formed (specify):

|Z| no international search report has been established for said claims Nos.  10-58,60-91

|:| a meaningful opinion could not be formed without the sequence listing; the applicant did not, within the prescribed time limit:

|:| furnish a sequence listing on paper complying with the standard provided for in Annex C of the Administrative
Istructions, and such listing was not available to the International Searching Authority in a form and manner acceptable
to it.

|:| furnish a sequence listing in electronic form complying with the standard provided for in Annex C of the Administrative
Istructions, and such listing was not available to the International Searching Authority in a form and manner acceptable
to it.

|:| pay the required late furnishing fee for the furnishing of a sequence listing in response to an invitation under Rule

13ter.1(a) or (b).

D See Supplemental Box for further details.
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Box No. V Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

1. Statement

Novelty (N) Claims 1-9,59 YES
Claims NONE NO

Inventive step (IS) Claims 1-9.59 YES
Claims NONE NO

Industrial applicability IA)  Claims 1-9.59 YES
Claims NONE o

2. Citations and explanations :

Reference is made to the following documents:

D1: Shiiya, N. et al. Ann Thorac Surg. 2004, Vol .77, pp.2034-2038

D2: Bulut, m. et al. Advances in Therapy. Jan.2006, Vol.23, No.1

D3: WO 2011-032155 A2 (BANYAN BIOMARKERS, INC. et al.) 17 March 2011

D4: WO 2009-156747 A3 (THE NOTTINGHAM TRENT UNIVERSITY et al.) 30 December 2009
D5: US 2009-0022825 A1 (KERKMAN DANIEL et al.) 22 January 2009

1. Novelty and Inventive Step
1.1. Independent Claims 1,59

1.1.1. Concerning claim 1

The subject matter of claim 1 differs from these prior art documents in that the method of claim 1
further defines the limit of detection of tau protein as less than abou 0.2pg/mL. And it is not
obvious to a person skilled in the art by the documents, taken alone or in combination. Therefore,
claim 1 meets the requirements of PCT Article 33(2) and (3) with respect to novelty and inventive

step.

1.1.2. Concerning claim 59

Claim 59 relates to the methods of performing an assay and providing data for determining a method
of treatment for or a prognosis of a patients recovery from a brain injury using the curve of a graph
of the tau protein concentration. None of the documents cited in the ISR show the feature of claim 1.
Accordingly, claim 59 is not anticipated by any of the documents, nor is it obvious by the documents,
taken alone or in combination. Therefore, claim 59 is novel and involves an inventive step under PCT
Article 33(2) and (3)

1.2. Dependent Claims 2-9

Claims 2-9 are dependent on claim 1. Consequently, claims 2-9 are also considered to be novel and to
involve an inventive step under PCT Article 33(2) and (3).

2. Industrial Applicability
Claims 1-9,59 are industrially applicable under PCT Article 33(4).
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Box No. VII Certain defects in the international application

The following defects in the form or contents of the international application have been noted:

1. Claims 21-33,37-42,51,54,61-68,71,73-76,78-83,86-91 do not comply with PCT Rule 6.4(a) because multiple dependent claims
should not serve as a basis for any other multiple dependent claims.
2. Claim 35 is not numbered consecutively in Arabic numbers, since claim 35 is worded as  “fpg35” .
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Box No. VIII Certain observations on the international application

The following observations on the clarity of the claims, description, and drawings or on the question whether the claims are fully
supported by the description, are made:

Claims 34-36,43-50,52,53,69,70,72,77,84,85 are unclear because they are dependent claims referring to dependent claims which
do not comply with PCT Rule 6.4(a) .
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(57) Abstract

The invention relates to a method for determining a plurality of analytes in a sample which comprises the following steps: (a)
bringing the sample into contact with; (i) a plurality of species of microparticles, whereby each species is suited for detecting certain
analytes and a certain coding which can be optically differentiated from other species, and bringing in contact with; (ii) a plurality of
soluble, analyte—specific analytical reagents which support a signal-emitting group or which can bind with a signal-emitting group; (b)
subsequently depositing the microparticles on a support and at least; (c) determining the analytes by optically detecting the coding and the
quantity, and determining the presence and/or the absence of the signal-emitting groups on at least one species of individual microparticles
on the support. The invention also relates to a measuring device for carrying out the inventive method.

(57) Zusammenfassung

Es wird ein Verfahren zur Bestimmung einer Vielzahl von Analyten in einer Probe angegeben, umfassend die Schritte: (a)
Inkontaktbringen der Probe mit (i) einer Vielzahl von Spezies von Mikropartikeln, wobei jede Spezies zum Nachweis von bestimmten
Analyten geeignet ist und eine bestimmte, von anderen Spezies optisch unterscheidbare Codierung aufweist, und (ii) einer Vielzahl von
loslichen analytspezifischen Nachweisreagenzien, die eine signalgebende Gruppe tragen oder mit einer signaigebenden Gruppe bindefihig
sind; (b) anschlieBendes Aufbringen der Mikropartikel auf einen Trdger und mindestens (c) Bestimmen der Analyten durch optisches
Erfassen der Codierung und der Menge, des Vorhandenseins oder/und der Abwesenheit der signalgebenden Gruppen auf mindestens einer

Spezies von individuellen Mikropartikeln auf dem Trager. Gegenstand der Erfindung ist ferner eine MeBeinrichtung zur Durchfithrung des
Verfahrens.
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WO 00/12123 PCT/EP99/06315

Method and measuring device for determining a plurality

of analytes in a sample

Description

The invention relates to a method and a measuring
device for determining a plurality of analytes in a
sample. The invention further relates to a kit and an

analyte support for use when carrying out the method.

1 Area of applications

1.1 Background

The precise detection of biclogically relevant
molecules in defined investigation material is of
outstanding importance for basic research in the
biosciences and for medical diagnostics, and some
other disciplines. Every organism is, in the final
analysis, composed of various biological
macromolecules, frequently polymers such as
nucleic acids and proteins, and substances derived
therefrom, and the products of specific enzymatic
synthesis outputs. The genetic information 1is
moreover present in the form of an enormous
diversity of different nucleic acid sequences, the
DNA. Implementation of this information leads via
the production of transcripts of the DNA in RNA
usually to the synthesis of proteins which in turn
are freguently involved in biochemical reactions.
There is secondary building up and breaking down
of numerous organic, in some cases low molecular

weight, compounds thereby.

The result is thus an enormous diversity of
substances in the body. In addition to these there
are molecules supplied to the body from outside,
such as, for example, pharmaceuticals ox drugs of

abuse.
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Knowledge about the occurrence, guality and
conversion of at least the more important of these
molecules 1s extremely useful ZIor describing the
5 healthy as well as the diseased state of an
organism. As this knowledge increases there is an
exponential rise 1in the wunderstanding of the
associations and benefits. In medicine it has been
possible to a greatly increasing extent to
10 develop, through in vitro diagnosis (IVD),
instruments for determining important parameters
of patients and to provide the treating physician
therewith. Diagnosis of many disorders would be
impossible at a sufficiently early time without
15 these instruments (for example infectious diseases
such as HIV, HBV and others). The same applies to
the monitoring of specific parameters associated

with a disorder (for example blood glucose levels

in diabetes). It has been possible in biomedicine,
20 with close intermeshing of basic research and
clinical research, to elucidate the molecular
causes and (pathological) associations of some

pathological states as far as the level of the
genetic information. This development is, however,
25 still in its early stages, and greatly intensified
efforts are needed in particular for conversion

into therapeutic strategies.

1.2 Need
30
IVD methods have become an indispensable aid in
clinical diagnosis. There are moreover increasing
attempts to add to the number of parameters which
can be determined. Novel technologies lead to so-
35 called multiplex analysis, where it is attempted
to integrate the analysis of an increased number
or plurality of analytes in one method. It 1is
attempted at the same time to reduce the size of

or miniaturize the apparatuses. Most IVD methods
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measure only a few parameters, 1i.e. distinctly

less than 100, in one run. Simultaneous detection

of nucleic acids in order, for example, to
identify a genetic predisposition, and other
factors, for example autoc-antibodies in the

framework of an autoimmune disease such as
rheumatoid arthritis, does not at present occur.
Nucleic acid diagnosis able to detect, for
example, HIV infections has to date been based on
molecular biological methods such as the
polymerase chain reaction (PCR) or sequencing,
which either provide only limited information or
are very complicated and thus costly. Thus, simply
for reasons of cost, they are 1in some cases
unsuitable for acquiring large quantities of data
with broad applications. A novel approach which
has received much attention is nucleic acid
analysis by hybridization onto immobilized
oligonucleotides (oligos) on a solid substrate,
for example a silicon matrix. With such so-called
DNA chips, a signal 1is generated through the
binding of complementary strands to the
immobilized oligos, and an extremely dense and
miniaturized arrangement of the cligos on the chip
is achieved for example by photolithographic
synthesis, and thus the number of measurement
points per experiment 1is very greatly increased.
The production of such DNA chips is, however, very
complicated and costly; in addition, the length of
the oligos is limited. Every additional building
block requires extensive synthesis and washing
steps. The wuse of such biochips is currently
confined to nucleic acid analysis. Analysis of the
physiological associations only on the basis of
the genes, i.e. nucleic acids, 1s not possible.
So-called functicnal genomics attempts on the
basis of analysis of genes, for example with
biochips, to decipher the interplay of many genes

(functional genomics). Analysis of the gene
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products (usually proteins) and their interaction
as a whole is covered by the term proteomics.
However, in this connection, in contrast to
nucleic acid analysis, there are as yet hardly any
approaches to highly integrated formats like the
DNA chips, and the studies are carried out with
less integrated methods which usually function
serially. Nevertheless, knowledge which i1is very
valuable for the diagnosis and therapy of
disorders is already being produced on this basis.
Novel requirements are necessary for methods and
apparatus for these future studies. 1In Dbasic
biological and biomedical research at present
manual operational steps generally prevail to a
large extent, and particularly in the analysis of
gene products and their importance in the context
of cell and organism. These are on the one hand
associated with +wvariations for example in the
carrying out of experiments and assays, but also
corresponding staff costs for each item of
information produced and usually a large

expenditure of time.
The resulting picture overall is as follows:

In order to fulfill the promises of modern
biomedicine for patient care, a highly parallel
multiplex analysis of 10° to 10° parameters must be
made possible, ideally the joint detection of very
diverse analytes such as proteins, hormones or
nucleic acids, without causing disproportionately
high costs thereby. Such a technology is described

in this patent application.
Fields of application of the invention

In vitrodiagnosticsand clinical diagnostics
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Merging a plurality of parameters for acute
diagnosis and for routine investigation
(preventive medicine) ; valuable, statistically
analyzable knowledge will be derived therefrom for
{extremely) early diagnostics of various
pathological states; the guantity of data
generated has become analyzable only through the

developments in information technology.
DNA and RNA diagnostics

- infectious diseases (HIV, HBV etc.),

- early diagnosis of tumors,

- tumor classification (type and status),
- genetic diseases,

- oncology

Basic biological research, especially genomics and

proteomics

Acquisition of very many measurement points in the
system investigated, for example all expressed
genes or all proteins and growth factors released
into a culture medium; an enormous gain in
knowledge in basic biological research
(developmental biology, stem cell culture, tissue
engineering, transplantation medicine,
regeneraticn) will be derived from this and will
also lead to important breakthroughs in

biomedicine and to corresponding applications.
Forensics

Both genetic and immunclogical parameters are used

for trace zanalysis.

Food analysis
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This invention ought to make rapid, cost-effective
analysis of foodstuffs possible, for example for

the presence of particular genes or proteins.
Screening of medicinal products

The manufacture of, for example, blood products is
still associated with great complexity for the
safety measures concerning purity. Rapid and cost-
effective screening of such samples will be made

possible by this invention.
Prior art

Biochips are miniaturized hybrid functional
elements with biological and engineering
components, for example biomaterials which are
immobilized on the surface and which can act as
specific interaction partners (for example
antibodies, DNA oligonucleotides) and a silicon
matrix. These functional elements are usually
arranged in rows and columns, in which case they
are referred to as biochip arrays. Since thousands
of biochemical functional elements can be arranged
on the Dbiochip, they must be produced by

microengineering methods.

Biochips disclosed to date can be classified

according to the following criteria:
Detection principle
Chromatographic methods

Interaction of analytes with solid phase, usually
immobilized interaction partners (for example
hybridization of nucleic acids onto DNA
oligonucleotides) .

Detection methods (optical, electrical).
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Marker-based (for example absorption, fluorescence
or luminescence) or marker-free detection methods

(l1ight generation to detect the reaction) .

- Assignment of the analyte to 1its support [solid
phase]
(ARRAY with more than one immobilized interaction
partner per support or SINGLE with only one

10 immobilized interaction partner per support).

Production methods (for example synthesize
oligonucleotides directly on the biochip with
photoactivation, spot previously synthesized

15 oligonucleotides, coat beads or tubes) .

Types of support (glass chips, plastic chips,
microtiter plates, tubes or beads).

20 - Presentation for detection (serial, parallel).

Optical detection (serially in a scanner or in

parallel with & CCD camera) .

25 in the area of biochips, the provision of polymer
probes in the form of oligonucleotides ©n the
surface of a planar support by means of
photolithographic techniques is disclosed for
example in US patent 5,744,305. It is possible in

30 this case -o achieve a particularly high degree of
miniaturization with thousands of probes per
square centimeter, the probes being arranged in an
array.

V4

35 Many methods are described in which ditferent receptors or
probes preseni in a fluid are applied in the form

of small to very small drops to solid supports

and, where appropriate, are immobilized there.

Technical solutions for this type of
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support production are in some cases derived from
inkjet printing techniques. Methods of this type
are limited through the manipulation of the
finished probes in the fluid, which are stored in
individual storage vessels, and in the number of
different receptors on one support. Applications
known to date reach a maximum of 10 000 different
probes per support with very elaborate

embodiments.

In methods using microparticles, the use of such
particles has been described in connection with a
cell counter (fluorescence activated cell sorting
FACS). In addition, very small particles can be
investigated in a method which is based on
fluorescent labeling of the microparticles, by use
of etched glass fiber microwells with Dback
lighting, on which an analyte determination method

is based.

US patent 4,767,205 describes a method for the
coded identification of a selected item, with
uniform microparticles with a size of 2 to 20 um
being «coded in accordance with a particular
combination of size, shape and color, and being
introduced into the item to be identified. The
patent contains no reference at all to a method

for determining analytes.

German published specification 36 288 describes an
immunological test method in which there is use of
a reaction vessel along whose surface a plurality
of analyte-specific antibodies are immobilized.
Immobilization of the analyte present in the
sample is followed Dby addition of 1labeling
particles which likewise carry analyte-specific
antibodies, 1in order to determine the imﬁobilized

analytes in this way. There is no reference in
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this document to the use of microparticles as particulate solid phase.

WO 98/00292 describes a method for detecting an antigen in a sample, using a coloured

solid phase, for example a microtiter plate. There are no references at all to particulate

solid phases.

US patent 4,494,830 describes a method for the immunological detection of analytes in
biological fluids using test rods of different colours. There is no reference at all to the use

of microparticles.
3. Aspects of the invention and advantages achieved thereby

The invention represents an important alternative to other parallel methods and multiplex

formats as represented, for example, by biochips or coated tubes.

The invention relates according to claim 1 to a method for determining a plurality of

analytes in a sample comprising the steps:
(@  contacting the sample with

(1) a plurality of species of microparticles, each species being suitable
for detecting particular analytes and having a particular coding optically distinguishable

from other species, and

(i)  a plurality of soluble analyte-specific detection reagénts which

carry a signal-emitting group or are capable of binding to a si gnal-emitting group,

(b)  subsequently applying the microparticles to a support comprising a cavity
for receiving the ensemble of microparticles between two plates whose flat sides are
opposite to one another, where the distance between the plates is chosen so that in each

case only one layer of microparticles lying side by side fits into the cavity and at least

(c)  determining the analytes by optical detection of the coding and the
amount, the presence or/and the absence of the signal-emitting groups or at least one

species of individual microparticles on the support.
Preferred further developments of the method are indicated in claims 2-27.

The method of the invention can be used in particular for clinical parameter diagnostics,
for example for nucleic acid diagnostics, for basic biological research, for forensics, for

food analysis and for screening medicinal products.
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The invention further relates to a kit as claimed in claim 29, in particular for carrying out

the method as claimed in any of claims 1-27. The kit comprises

(@) a plurality of species of microparticles in free form, each species being
suitable for detecting particular analytes and having a particular coding optically

5 distinguishable from other species,
(b) a plurality of soluble analyte-specific detection reagents and
(©) a support.

A further aspect is a measuring device as claimed in claim 30 for determining a plurality

of analytes in a sample, in particular by the method of the invention. The measuring

* eo»

o
—
<

device comprises

.
L] .

enee
.
se evee oo

- an electronic image acquisition sensor for essentially unmagnified image-

se esevccee
.

wise detection of the optical behaviour of an ensemble of microparticles which have been
. applied to a support comprising a cavity for receiving the ensemble of microparticles

between two plates whose flat sides are opposite to one another, where the distance
15 between the plates is chosen so that in each case only one layer of microparticle lying

. %ut side by side fits into the cavity and brought into contact with the sample,

- means for exciting signal emission by signal-emitting groups on

cevest microparticles in the ensemble of microparticles on the support,

s e - a data processing device which evaluates image data from the
tTTCLL20 electronic image acquisition sensor for providing information about the presence of
particular analytes in the sample on the basis of the detected optical behaviour of the

ensemble of microparticles

- and wherein the support is aligned between the electronic image

acquisition sensor and the means for exciting signal emission.

25 The electronic image acquisition sensor is preferably a colour-normal CCD image
recorder. The image recorder can be brought into direct contact with the support, so that
complicated optical image-conveying lenses, light guides and optical magnification

elements can be dispensed with. ..

Preferred further developments of the measuring device of the invention indicated in

claim 30 are indicated in claims 31-38.
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The invention further relates to a support for carrying out the method of the invention,
where the support has a cavity, in particular an extended capillary slit for receiving the
ensemble of microparticles between two plates whose flat sides are opposite to one
another, of which at least one is transparent. The distance between the two plates is
chosen so that in each case only one layer of microparticles lying side by side fits into the

cavity.
The distance between the plates can, where appropriate, be adjustable as desired.

The invention further relates to a support for carrying out the method of the invention,
where the support has plurality of capillary channels which in particular run parallel to
one another, and is optically transparent at least in the region of the capillary channels.
The last-mentioned support makes mobile presentation of the microparticles possible in a

simple manner during the optical detection.
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It is possible with the support which ig referred

to as "fractal SMART chip - FSC" to carry out

thousands of different assays (measurements) in
one measuring operation. The principle of the
fractal biochip is based on double coding of the
solid phase composed of microparticles (beads)
which acts as immobilization partner. Capture
molecules (for example oligonucleotides) are
immobilized on these coded beads (for example
color-coded glass or polymer beads), resulting in
"intelligent individual" SMART beads. The coding
of the SMART beads means that the capture
molecules on the surface of the SMART beads can be
located and identified at any time. On the other
hand, for example, the target analyte which is
sought in the sample (for example a DNA analyte)
can be coded (for example with fluorescent label).
In the analysis system the target analyte
molecules which fit in each case then become
attached to the capture molecules on the SMART
bead surface. This attachment preferably takes

place in a three-dimensional vessel with
appropriately favorable hydrodynamic mixing
conditions.

For detection and evaluation of the respective
molecule attachments, the SMART beads are put on a
support which preferably forms a planar
arrangement. The SMART beads need not in this case
be introduced into a fixed grid or geometric
matrix. Because of the planar alignment of the
SMART beads and the optical double coding,
detection of all the SMART beads is possible 1in
parallel with the aid of CCD techniques, in
particular both in the resting and in the moving
state of the SMART beads.
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It is possible to dispense with optical imaging
lens systems for the detection 1f parallel-
directed light is employed and the size of the
SMARTS is chosen so that they cover a sufficient
number of pixel elements of the color CCD chips.
This direct wutilization (no ovtical system) of
highly parallel CCD matrix chips with a large
number (currently 8 million color pixels per
1 cm®) of pixels (optical measurement points or
sensors) makes it possible to detect a plurality
of SMART beads on the basis of their specific
color coding (spectral identity). Elaborate moving
devices for the support (chip) or the detection
unit, as are necessary in scanners, are entirely
dispensed with. The predetermined dimensions of
the CCD chips (more than 1 cm?) make it possible
to use a very large number of SMART beads (more
than 100 000) with a moderate particle size (more
than 10 pm), which also permits spectral
identification by the absorption principle. This
makes it possible to identify considerably moxre
identities (colors} without error than would be
possible with a fluorescent coloring (can also be
used nevertheless). CCD tubes at present can
recognize about 16 million colors. The maximum
number, of different spectral identities which can
still be detected without exror is determined by
the necessary spectral gradation for the optical
measurment and the possibility of reproducible
coloring c¢f the SMART beads in the production

process.

The identification comprises both determination of
the SMART bead <class (color) and the exact
location. This is made possible by the plurality
of CCD pixels which are available for detection
per SMART bead. This pluralicy of measurements
forms a basis which  permits an extensive

mathematical multiplexing in the identification of
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the individual SMART beads in the two-dimensional
array. The processing of the resulting quantities
of data is possible without difficulty through the
development in efficiency with, at the same time,

fall in price of modern computer systems.

Detection of the detection reaction can provide

both qualitative and quantitative information:

* Which capture molecules or polymer probes
(evaluation via bead coler or, where appropriate,
characteristic shape contour) have found
attachment partners (evaluation of the fluorescent
labels on the localized beads).

* How many capture molecules of a class have found

a hybridization partner.

The SMART beads - which are large relative to
other bead methods - permit both during
manufacture (production and Dbiochemical coding)
and in the analysis system, including detection
unit, simple fluidic manipulation which can be
optimized as far as the manipulation of a single
microparticle. The same applies to the detection.
In this case too identification of the individual
SMART bead is possible in particular for

applications in DNA analysis.

The invention thus covers the following

requirements in clinical diagnostics:

* Plurality of parameters which can be determined

simultaneously (achieved through miniaturized
SMART beads and high-resolution optical
detecticn) .

* Rapid evaluation (achieved through pazrallel

optical evaluation in planar application which can
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also be further expedited by detection of moving
SMART beads) .

* Cost-effective (achieved through the
dispensation with costly microengineering and
optical components, and complicated synthesis

steps in the biochip production) .

The value of the invention derives greatly from

the suitable combination of technologies.

Main features of the achievement

The principal achievement in this system is
derived from the coding (specific identity of the
individual microparticles) wvia the biochemical
coating of the surface for the detection method
(labeling or coating) of the SMART beads via the
mixing of the SMART beads with the sample to be
investigated in the analysis system up to

presentation and detection.

Fractal solid phase (SMART beads) and specific

coding

In order to be able later to detect individual SMART
beads unambiguously (microparticles of defined

size and geometry) the beads are individually
coded. This means that each SMART bead class
acqguires its own identity, resulting in
identifiable individuals from the unifcrm support
bodies, which makes it possible for the individual
SMART bead classes (one class here are more than
one SMART bead with the same identity) to be
recognized again in the detection wunit. The
microparticles (beads or microspheres) become the
actual SM2RT beads only throuch their individual

coding.
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It is possible to use as coding in general, for
example, the particle size, geometry, weight and
physical properties such as, for example,
magnetizability or the like. However, these
principles point to only a very limited number of
"gradations", so that only a few different codings

can be generated.

The SMART Dbeads preferably have an average
diameter of at least 10 pum, preferably of at least
20 pm, particularly preferably of 25 to 200 um, and
most preferably of 25 to 80 um. It is possible to
employ optically transparent or optically
nontransparent beads, with preference for beads
with maximum optical transparency, which make
simple analysis in a transmitted 1light method
possible. Preference is also given to the use of
SMART beads with a minimum variation in size, the
diameter of at least 50%, particularly preferably
at least 70% and most preferably at least 90% of
the beads differing by a maximum of up to 20% and
preferably up to 10% from the average diameter of
the particular SMART bead species.

Conceivable methods for color-coding the SMART
beads are, inter alia, a light-transmitting
coloring of the material, a light-transmitting
coloring of the surface, an opague coloring of the
material, an opaque coloring of the surface, an
embedding of fluorescent dyes or a luminescence

method.

Color or electromagnetic codings by contrast have
a plurality of gradations, which makes it possible
to identify very many SMART beads. The idea of the
present invention 1is based on wutilizing a color
coding, that is to say a spectral identity of the
SMART beads in combination with the continually

growing efficiency of CCD matrix chips for optical
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detection. These chips are able at present to

identify about 70 million colors.
Analvyte determination - basic principle

The general "principle to be wused for analyte
determination is the binding of the analyte to its
specific immobilized interaction partner on the
surface of a defined SMART bead.

In this case, the specificity of this interaction
is intended to make selective binding of the
analyte possible only to the SMART beads
appropriately equipped therefor, i.e. carrying the
immobilized interaction partner, and thus
molecular recognition and subseguent detection of
the analyte in a heterogeneous mixture. All the
SMART beads defined as a class by their identical
spectral properties (color) each receive the same
equipment with an immobilized interaction partner,
it Dbeing possible for the binding of the
interaction partner preferably to be covalent, but
also noncovalent via adsorptive or specific high-
affinity interactions (for example biotin/avidin
or streptavidin or hapten/anti-hapten antibody).
The presence of the analyte in the investigation
material therefore 1leads to binding and thus
signal generation only on this spectrally
identifiable class of SMART Dbeads. If the
particular class-specific equipment is known, this
signal serves to identify the bound analyte and

thus detect it in the investigation material.

The detection principle thus corresponds to
established methods, for example in the
development of ELISA tests (enzyme linked
immunosorbent assay). The coating of beads with an
immobilized interaction partner is "state of the

art" (for example avidin coating of magnetic
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beads, Dynal; antibody <coating in the ELISA

format, Flowmetrix from Luminex) .

Mixing of the SMART beads with the sample in the

analysis system

The specific color- and analyte-coded SMART beads
are mixed in the analysis system with the sample
to be investigated. These operations are identical
to those in other bead-based methods with a

"movable" solid phase (for example Flowmetrix from

Luminex). This means that a set of SMART beads
which has been compiled for a specific
application, for example composed o©of 10 000

microparticles for every 100 SMART beads of one of
100 classes, is  brought together with the
appropriately prepared sample in a vessel,
incubated and mixed under suitable conditions, for
example suitable hybridization conditicns, until
it can be assumed with sufficient probability that
each SMART bead has had the opportunity to find

its reactant.
Presentation of the SMART beads for detection

In all methods and techniques for presentation of
SMART beads for detection, the aim is to achieve
detection which is as fast as possible and, at the
same time, reliable and thus efficient, because
only accurately measured events contribute to the

result of the measurement.

One possibility for achieving a high throughput in
the detection 1is to present the SMART beads as
quickly as possible at the detector - for example
in analogy to the flow cytometer principle where
the particles are forced at high speeds through a
capillary and are measured at the exit "online" in

the ‘"particle jet". The possibility which 1is
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preferred according to the invention is
parallelization of the detection for example by a
two-dimensional presentation of the SMART beads at
the detector (SMART bead array) .

It is, of course, necessary for the detector used
to be able to pick up the signals sufficiently
quickly and in parallel. For this purpose, CCD
chips should preferably be employed directly, that
is to say without use of an optical system. This
predetermines the dimensions of the area on which
the SMART beads are to be proyided for the
detection. Thus, at present, high-resolution
standard chips (not specially manufactured) have
external dimensions of about 25 x 37 mm. If, for
example, it 1is desired to arrange about 200 000
SMART beads on this area, each SMART bead could
have a diameter of 60 pum, and each SMART bead
would nevertheless still cover about 40 color
pixels, which 1is sufficient to make reliable
detection possible. With packing of maximum
density through offsetting of rows it would in
fact be possible to accommodate even more SMART
beads, or the SMART beads could be even larger.
Miniaturization and thus further parallelization
is, of course, conceivable. Possible methods for
planar distribution of the SMART beads on a
support are the following techniques: two-
dimensional capillary slit, parallel capillaries
or tubes, spreading, stamp application (analogous
to blood smear) or roller application or spotting

on.
Excitation light source

In order to be able to identify the SMART beads in
their planar distribution, an excitation light
socurce which satisfies the requirements of the

ceclor coding method used just as much as the
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selected detection method for a reaction having
taken place on the surface of the SMART beads.
Where appropriate, two separate light sources
should also be provided for the two steps, for

5 example if the identity of the SMART beads is to
be detected by an absorption measurement and the
reaction detection 1is to be detected by a
fluorescent signal. Possible types of light are
parallel, £flat light (continuous or as flash) or

10 local, localized excitation for example by streaks
of light or points of light.

These types of 1light wmay be, ‘depending on

requirements, monochromatic (for example laser
15 light for fluorescence excitation) or
heterogeneous (for example white light for

absorption measurement) .

4.6 Identification of the SMART beads
20
Optical recognition of the spectral identity of a
single SMART bead in the SMART bead array provides

two items of information:

25 (1) The SMART bead class (for example SMART beads
with the same color) to which a particular
SMART bead belongs, from which the analyte
bound to its surface can be established
(identity: "who am I and accordingly which

30 analyte is bound to my surface").

(2) The exact location of the particular SMART
bead in the planar SMART  bead array

(locazion: "where am I").

35

Modern, nigh-resolution CCD camera chips are
preferably used for detecting SMART beads. These
make both very rapid and highly parallel detectiocn

of the light signals possible.
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The second item of information of identification
of position 1is necessary in the presentation
method without accurately predetermined location
(capillary slit, smear etc.) in order to be able
to accurately assign the subsequent signal of the
detection method to a SMART bead. In the methods
with a predetermined location (spotting etc.) it
is possible to use the item of information for

quality assurance.

CCD detection of the specific detection reaction

(analyte binding)

As described in detail in 6.2.3, the binding of an
analyte is to lead directly or indirectly to a
detectable signal, preferably a light signal. This
can take place, for example, through an excitation
light (fluorescence) or through photon emission
(luminescence). The steps of detection of the
analyte signal and recognition of the bead coding

can take place in any sequence.

The light signal is detected on the CCD chip, and
in particular differentiated both according to
wavelength (color) and according to intensity. The
recorded spectrum can be analyzed qualitatively or
quantitatively. In addition, differentiation of
wavelengths and intensities also permits signal

sources to be differentiated.

Developed improvements and advantages created

thereby compared with present systéms

The fractal chip (FSC) of the invention shifts the
information wvia the provision of a measurement
point (for example of a DNA oligo of particular
sequence) from the localized synthesis or coating

(for example photolithography, spotting on) tO the
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coding of the fractal components. This results in
an extremely flexible arrangement with an enormous

potential for multiplex analysis.

5 In addition, it is possible in this format to
combine very diverse areas of biochemical
diagnosis through separation oI synthesis of the
actual sensors (i.e. the SMART  beads) and
incubation with the investigation material.

10 Specifically, the intention is to make it possible
to analyze DNA, proteins and other parameters of

interest simultaneocusly.

Through novel combinations of proven SMART classes for an

15 1nvest1gatlonal approach it is possible
to provide the SMART beads, which

are produced in a batch method, for a plurality of
diagnostic and analytical problems. This results
in great advantages in particular for production,

20 which is reflected in the costs.

In this approach, the aim is, inter alia, through
moderate size of the SMART beads, through direct
detection and through utilization of the highly
25 developed CCD technology, to realize 10° to 10°
distinguishable SMART bead classes in one
measufement run. This means a considerable
improvement in the state of the art because, for
example, great problems occur in the fluorescence-
30 based codlng of beads with only 64 or more distinguishable
types . The first multiplex method which is
able to compete, in density of the measurement
points, with the DNA arrays which have just been
developed, but without their restriction to DNA
35 analysis and without the complicated and costly
complete chip synthesis, is provided thereby. The
flexibility and user-oriented extendability of the
individual components are essential advantages of

the invention.
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Color-coded SMART beads for absorption

measurements

One advantage of parallel and direct detection of
the SMART beads on an area which corresponds to
the size of a CCD chip of, at present, about
25 x 37 mm is, from the viewpoint of coloring, the
moderate particle size. Thus, SMART beads with a
diameter of about 60 um can be produced, color-
coded, biochemically labeled and fluidically
manipulated satisfactorily and they provide a
strong light signal Dboth in the SMART bead
identification and in the subseqguent reaction

detection.

This makes absorption measurement as optical
measurement method for SMART beads identification
possible for the first time, the absorption
measurement having the following characteristics:
a very wide diversity of unambiguously measurable
color variants (gradations) can be achieved, which
is distinctly more limited for example in
fluorescence methods, and a lower optical
resolvability is necessary, i.e. the particles can
be larger than is necessary, for example, in a

fluorescence measurement.

These characteristics aresupportedby the relative
size of the SMART beads which is caused by the
size of the CCD chips. Thus, a very large number
of differently color-coded microsupports can be
produced with the SMART beads) which is of
particular interest for use of the FSC system 1in

DNA analysis.

The achievable optimum of differently colored
SMART Dbeads in the FSC is determined by the

following  parameters: number  of chemically
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possible colorings for unambiguous identification
of a SMART bead, minimum permissible size for
error-free identification (sufficiently strong
light signal) of the SMART beads, and sufficient
number of CCD pixels per SMART bead for error-free

identification.

The potential of the system and, where
appropriate, further miniaturization of the SMART
beads is automatically advanced by the further
miniaturization, with simultaneous increase in

sensitivity, of the CCD sensors.

The absolute amount of sample 1is, for example,
3 ml for wetting about 200 000 of the 60 pm SMART
beads, which is in a very reasonable volume range.
It is possible in particular to include all SMART
peads in the measurement, that is to say carry out
a 100% measurement of all SMART beads which have a
light-transmitting coloration of the material of
the SMART beads, or a light-transmitting
coloration of the surface of the SMART beads, for

an absorption measurement.

Biochemical methodoclogical advantages in the
coating of the SMART beads are located in  the

aspects listed below:

* geparate synthesis of individual species makes
it possible to couple very diverse, immobilized

interaction partners onto the beads.

* Tt is possible for the first time to combine

DNA, PNA, proteins etc. in one format.

* For DNA analytics, specifically determination of
expressed genes, the potential coupling of all
cDNAs or ESTs (expressed sequence tag) 1s a great

advantage compared with conventional DNA chips
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because many fewer measurement points suffice for
unambiguous identification of an RNA or DNA than
is the case with arrays of shoxrt oligonucleotides

(ideally only one measurement point).

Analyte-specific labeling (coating) of the colored

SMART beads

The advantages of the biochemical coating of the
SMART  beads from the production technology
viewpoint are the possibility of multiplexing
starting materials and support particles and of
parallelizable production in a high-throughput
batch method. It is moreover possible to carry out
all manipulation and production steps fluidically
with utilization of physically advantageous flow
processes. In addition, the method is simple and
thus automatable (less work involved and thus

cheaper to produce).

In the biochemical coating of the SMART beads in
production it is possible to optimize the
operations simply by the flexible multiplexing of
starting materials (for example G, A, C, T or
longer oligo sequences) or of the wash liquids,
and of the SMART bead classes (microparticles of
cne color). This means that the most efficient
combination is produced from parallelization of
the SMART bead provision, parallelization of
analyte provision and the freely selectable batch

size on production in a batch method.
Optimal flow and manipulation processes

The favorzble hydrodynamic mixing processes result
in a very good wetting of the surfaces of the
SMART beacés with the binding partners (analytes)
as well &s defined washing and rinsing processes.

These result in a distinctly smaller consumption
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of starting materials, especially by comparison
with the hydrodynamically very unfavorable flat
methods like those used with planar DNA chips on a
support. Overall very good reproducibility and

quality assurance is achieved thereby.

Because of the size of the SMART Dbeads,
manipulation of a single SMART bead is simplified,
which entails the advantage of gqualitative mixing
and separation or sorting processes Dboth in
production and in analysis. With very small
particles by contrast, only gquantitative
manipulation is possible. This means that amounts
of fluid with a statistically determinable
proportion of particles of one class are separated
or mixed. The SMART beads make both methods

possible, with their individual advantages.

The advantages of the system of the invention
compared with biochips which are produced in two-
dimensionally densely packed arrays even during
production are therefore, on the one hand,
superior flow processes so that less sample
material is required and better wetting of the
surfaces of the SMART beads with the sample
material is achieved. This makes it possible to
detect uncommon constituents of the sample with a
low concentration in the sample. On the other
hand, simple and automatable flow processes make
it possible to achieve a greater information yield

and more reliable results.
ARRAY arrangement and detection of the SMART beads

The FSC technique principle of measurement makes
use of ths continually growing potential of high-
resolution 1image acquisition sensors and, in
particular, of CCD chips for parallel detection of
a plurality of SMART beads. The latter are to be
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provided preferably as densely as possible in a
two-dimensional array on the optical CCD chip
sensor for detection (presentation at the

detector) .

Owing to the use of a CCD chip, the system is
focussed on parallelization of detection for
increasing throughput. At the same time, this
increases not only the speed of measurement but
also the quality of measurement owing to a
plurality of possible parallel reference

measurements.

Thus, a planar array of SMART beads, which is as
densely packed as possible and in which the
individual SMART beads are preferably located
directly next to one another, so that they can be
detected simultaneously by & CCD camera, is

produced.

Identification of identifier or/and location of
the SMART beads

Identification of the identifier of the SMART
beads:

For the purpose of the invention it is possible to
provide for the microparticles (SMART beads) to be
positioned in predetermined geometric arrangement

on the support.

In this variant of the method, a geometric
arrangement of the microbeads is imprinted on the
array by the method step of positioning or
presentation, utilizing the identification of the
microbeads on the basis of their color only for
differentiating the microbead classes but not for
determinin the location o©of the microbeads,
because the latter is, after all, already

predetermined by the lattice structure.
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A further novel method which positions the SMART
beads in the correct location already during the
presentation for the subsequent detection is the
spotting of the SMART beads onto a support. This
procedure is novel because single microparticles
are spotted and no liquid. Cecnceivable supports
are small glass or plastic plates (chips in the
real sense), a moving belt, a sheet on the support

etc.

An alternative possibility "is to use a capillary,
two-dimensional, planar slit (see Neubauer
chamber) to the surfaces of which a hydrophobic
grid 1is attached and directs the SMART beads
distributed in the slit into an exact location in

the slit.

The method of the invention which is considerably
more elegant than the variant of the method
mentioned above with a predetermined arrangement
of the SMART beads in the correct location is an
undefined, free and repeatedly renewing, 1i.e.
fractal, arrangement of the SMART beads in a two-
dimensional array, the "fractal SMART chip - FSC".
In this case, the high rescluticn of the CCD chips
[state of research in May 1998: 81 million,
pixels] is also used for detecting the location.
The presentation of the beads in this case can
take place through a capillary, two-dimensional,
planar siit (see Neubauer chamber), parallel
capillaries (forced principle in two dimensions,
detection of 1location necessary only in the
direction of flow), a smear or stamp method
(analogous to a blood smear) cr a rolling out of
the SMART Dpeads.

This principle of measurement results in a new

array each time in an undefined spatial
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arrangement on the surface of the detector. The
identity of the individual binding sites is
determined by the code intrinsic to the bead and

not by a predetermined location on a chip.
Parallel and dynamic detection

A further potential for utilizing flat CCD chips
for detection (no scanning process) of
microparticles (SMART beads) is the possibility of
simultanecus utilization of the "efficiency-
increasing potential" of a dynamic detection of
moving SMART beads. This combines the potentials
of speed and parallelity in one system, which none
of the three known systems described makes

possible.

The dynamic (moving) presentation of the SMART
beads at the CCD chip detector takes place in this
case for example in a plurality of fluid
compartments or subchambers which are preferably
designed as parallel channels, for example as

capillaries.

Direct detection without optically magnifying

elements

The preferred direct detection of the transmitted
light signals (without optical system between the
SMART bead support and the detector, preferably a
CCD  image recorder) has the advantage cf a
considerably smaller amount of energy required by
the 1light for error-free detection. Optical
elements between the CCD image converter and SMART
bead suppcrt would absorb light and thus reduce
the sensitivity of the measuring device. The lower
light intensity greatly reduces unwanted stray
light effects as well as any need to cool the

light source used. In addition, the omission of an
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optical system also means a great saving in space
and a reduction in the production costs for the

detection unit.
Identification and detection metnod in one

The use of modern, highly parallel CCD chips makes
it possible to detect the particular detection
reaction in one measurement together with the
identification of the SMART beads according to

class and location in the array.

Signal detection in this «case 1s based on
colocalization of a spectrally (color-)labeled
SMART bead and of a signal generated by analyte
binding. It is thus possible, in addition to the
signal detection, also to minimize the nonspecific
background. It 1s thus possible to detect a
difference in light intensity or a color change
owing to the reaction having taken place on the
surface of a SMART bead. It 1is, of course,
necessary for an unambiguous distinguishability
nevertheless to be retained. Thus, the SMART beads
without a reaction on their surface can in each
case be distinguished by 10 of the current 4096
intensity levels in a color channel, and the SMART
beads which have found their binding partner are,
due to the biochemical <reaction, located 2-3

intensity levels lower or higher.
Disposable chips - no cross-contamination

All the methods conceivable for the system of the
invention for planar presentation of the SMART
beads for direct detection with & CCD chip can,
with the exception of the microparticle spotting,
be designed simply as disposable methods (support
chip as disposable article). Although DNA chips
produced by photolithography are also offered as
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disposable articles, in this case the very high
price, due to the elaborate production of the
chips, is not in favor of throwing away after only

one measurement.

Flexibility of use and scope of the areas of

application

The scope of use extends from the search for an
uncommon constituent of a sample, the search for
the "needle in the haystack" with, in the extreme
case, only a single SMART bead class (one color
coding) , to ultra-high throughput screening
- UHTS - always with only a single SMART bead in
each class. Thus all known  and currently
predictable applications are made possible, from
teclassical” immunology" up to modern, future-
oriented DNA analysis, using the system of the

invention.

And if the result of a measurement has not been
satisfactory, or the first measurement reveals
that further specific investigation is necessary,
it is simple to add and detect additional SMART
beads, which 1likewise confers on the system an
enormous advantage in flexibility compared with

known gene chips.
Summary of some preferred aspects of the invention
Individual coding of the SMART beads

Various methods are suitable for color coding, for
example a light-transmitting coloration of the
material (for example glass, polysaccharide or
plastic) from which the SMART beads
(microparticles) are produced, a light-
transmitting coloration of the surface of the

SMART beads and incubation of the beads with
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suitable dves, embedding of fluorescent dyes (or
markers) in the SMART beads, embedding of
absorption dyes in the SMART beads or chemical
coating of the particle surface with a luminescent

marker.

Other ordering principles such as the shape or

size of the particles or electromagnetic
properties, and other material properties
(magnetic, nonmagnetic), are also conceivable as
supplement.

Analyte determination
Analytes

The method of the invention 1is suitable for
determining any analytes. Examples which may be
mentioned are nucleic acids (DNA, RNA, in specific
cases also PNA), proteins, polypeptides and
peptides in all manifestations, for example
hormones, growth factors, enzymes, tumor antigens,
serum factors, antibodies, carbohydrates in
various combinations, for example various sugars
in foods or agricultural crops, functional sugars,
polymers, 1lipids, for example steroids, second
messengers, membrane lipids, cholesterol, or other

organic molecules, for example drugs of abuse,

pharmaceuticals, metabolites, amino acids,
transmitters, pesticides, insecticides, paints,
various toxins etc. It 1s also possible 1in

addition to determine cells, subcellular particles

or viral particles.

Variants of the immobilized interaction partner

The binding of the analyte to the microparticles
takes place wvia a specific binding to an

immobilized interaction partner. On use of a
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plurality c¢f classes of microparticles, during a
single determination there is binding of different
analytes to their respective interaction partners.
The method permits the use of different types of
analyte-binding reactions, for example hybrid-
ization of cémplementary nucleic acids, in which
case 1t is possible to emplcocy longer molecules
such as <c¢DNA, synthetic oligonucleotides, PNA,
RNA, as interaction partners. The analyte can also
be determined through receptor-ligand or antibody-
antigen reactions, in which case, for example,
natural antibodies, recombinant antibodies and
their subunits, antigens, in general proteins and
polypeptides of interest, are employed as
immobilized interaction partner. It is also
possible to use peptides, for example synthetic
peptides, natural peptides, as immobilized
interaction partner. A further possibility is to
synthesize products of combinatorial chemistry

directly on the beads.
Signal generation variants

Two principles of signal generation are employed
predominantly: direct detection of an analyte
which . was labeled previously or during the
reaction, and indirect detection through
competition of the analyte with a labeled standard
of the same substance. The first variant is well
established for some applications, but is rather
unsuitable for diagnostics of, £for example, serum
components. The second variant is therefore to be
preferred for the latter applications, and, in
principle, it permits sample preparation by the

user to be simpler.
Direct detection can take place through labeling

of the analyte with a fluorescent dye, a reporter

enzyme and subsequent reaction (for examplie chemo-
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and bioluminescence), by selective labeling cf the
bound analyte, for example in the case of nucleic
acids by intercalating (fluorescent) dyes, double

strand-binding proteins or antibodies.

Secondary detection is possible Dby detecting the
bound analyte with a second component, for example
in the case of PNA-DNA hybrids by DNA-specific

antibodies.

Labeled standards which «can be employed for

competitive detection reactions. are dye-,
fluorescence- or enzyme-coupled (for example
chemo- and bioluminescence with alkaline
phosphatase, peroxidase etc.) analyte molecules.

Protein standards can be produced as fusion

protein with reporter enzyme (see above) or
autofluorescent protein (for example GFP), for
example for recombinant antibodies, protein

hormones, growth factors etc.

Presentation of the beads for detection

The following variants in particular are provided

for the presentation of the SMART beads for
optical detection with a CCD chip:

* Two-dimensional (planar) capillary slit (see
Neubauer chamber or Thoma chamber):

Capillary forces are sufficient where appropriate
for filling the slit; otherwise, the SMART beads
must be conveyed into the slit with elevated
pressure on the slit entry side and/or reduced
pressure on the slit exit side. A further
possibility is to enhance the capillary forces,
which may theoretically reach 40 g, also by an
appropriately absorbant material (fabric) on the
slit exit side. Possible as material <for the

support with 2D capillary are, for example, glass
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or plastic, it being possible to design support
with capillary, especially in the case of an
injection molded version, cost-effectively and as

disposable article.

* Parallel capillaries in a glass or plastic chip.
The limiting conditions applying here are
otherwise identical to those for the capillary
slit, and this wvariant 1is particularly suitable

for measuring moving SMART beads.

* Smear or stamp method based on the methods used

for blood smears.

* Spotting onto supports, for example small glass
or plastic plates (transmitted light measurement
alsc possible), moving belt as suitable material,

sheet over support etc.

The necessary single microparticle handling can
also be employed for sorting processes for
assembling the individual SMART bead kits.

Excitation and detection unit

The reading of the information from a SMART bead
array is intended beneficially to take place in a
combined excitation and detection unit, the
preferred system being an arrangement of the
excitational light source arranged directly over
the SMART bead array and of the CCD chip arranged
directly Dbeneath (or vice versa) the array
(sandwich architecture). This méximally compact
architecture minimizes the distances traveled by
the light and thus also the reguired intensity of
light, as well as overlap effects of adjacent
SMART beads. It is intended preferably to dispense
with the use of an elaborate and costly optical

system which takes up much space and consumes much
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light both on the excitation and on the detection

side.

Another variant is a vertical alignment of the
chip, so that gravitational forces can also be
utilized for the loading and unloading of the chip
with the SMART beads.

Excitation light source

Suitable light sources are, depending on the color
coding of the SMART beads (absorption or
fluorescence etc.) and the chosen détection method
(fluorescence or luminescence etc.), for analyte
binding, for example, highly parallel light from a
lamp (white light), highly parallel light from a
flash tube, highly parallel monochromatic light, a
monochromatic streak of laser light (local
excitation corresponds to the scanner principle
and thus no longer makes use of the parallelity of
the CCD camera), or a monochromatic laser beam
(local excitation corresponds to the scanner
principle and thus no longer makes wuse of the

parallelity of the CCD camera) .

It is moreover possible for an appropriate optical
grating and/or an appropriate optical system to be
present between excitation light source and SMART

bead chip.
CCD camera detection

The detection unit comprises a ccp chip. These
currently have about 2 000 x 3 000 color pixels on
an area of about 25 x 37 mm, which corresponds to
6 million color pixels or 18 million single pixels
(RGB~principle through miniaturized color filters
in front of the pixels) (supplied by Canon).

Arrangement of microparticles (SMART beads) with a
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diameter of 60 um on such an area of 25 x 37 mm
for direct detection results in the minimum of
200 000 microparticles (SMART beads) . Each
microparticle in this case covers about 40 square
color pixels with an edge lencth of 9 to 10 pm.
The result is thus 40 color or 120 black/white
signals per SMART bead with a digital 1light
intensity gradation of 4 096 discrete brightness
levels per black/white pixel. Thus, an adequate
amount of data for statistical signal verification

is present in every case.

The maximally synchronously detectable,
differently color-coded SMART beads is limited by
the possibility of specific codability (chemical
limit of reproducible color production) of the
SMART Dbeads and the possibility of optical
detection of the color differences with a CCD
chip. Dividing 256 intensity levels for each color
(RGB) into 10 levels results in 25° = 15 625
possible colors which can be detected. The number
of detectable colors can be increased further by
expanding the number of color classes through
further color filters. With four color filters
(for example RGB and magenta) in front of the CCD
chip described above it is possible theoretically
to recognize 25 x 25° = 390 625 colors. Now, of
course, only with about 30 four-fold color pixels.
Because of the great advances in CCD technology,
the stated numbers describe only the current state
of the art. 1Initial prototypes already have
81 million pixels on the same area. There is thus
a great growth potential also for the described
application of CCD chip technology, and parallel
detection of 10° individual SMART beads is

technically feasible.

It is possible where appropriate for an

appropriate optical grating and/or an appropriate
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optical system to be present »Detween SMART Dbead

array and CCD camera chip.
Parallel inspection unit

A particularly interesting aspect within the scope
of the present invention is the use of a "parallel

inspection unit".

This takes the form of & light emission detection
device with a controllable 1light source matrix
which can, for example, be a reflector matrix, a
light valve matrix (for example LCD) or self-
luminous illumination matrix, and with a 1light
sensor matrix which is opposite to and faces the
light source matrix, namely the CCD image
recorder, in which case the support with the SMART
beads present thereon or therein is to be arranged
between the light source matrix and the CCD

Sensor.

One strength of this inspection unit are the
flexible possibilities resulting from the
combination of (positionally or/and temporally)
targeted excitation and targeted detection in
conjunction with modern high-efficiency computers
for control and signal evaluation. This creates a
novel technology platform in particular for
optical detection methods. "Tuning through" or
"scanning" individual points of light or lines of
points of light in interplay with the CCD
detection and suitable algorithms for signal
evaluatior makes extremely small changes in the
individual measurement points in the "LCD-CCD
light grié" (inspection unit) possible. 1In the
area of DNA analysis, direct detection of a
hybridization on a measurement device is
conceivable within the framework of the

invention. The LCD unit as two-dimensional light
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source matrix can be used both as light source for
absorption measurements for determining particular
positions and for fluorescence excitation in
analyte determination (where appropriate with

other background illumination).
Remarks

The following variants or modifications of the
method of the invention have independent

significance where appropriate:

The method of claim 1 can be modified in the
following way: the step of applying the
microparticles to a support in feature b) can take
place before step a) of bringing the sample into
contact with a plurality of species of
microparticles. In the aforementioned variant of
the method, the support used is a planar support
or a chip, preferably with capillary slit, in
which case, such a flat (where appropriate hollow)
plate support should be coupled directly to the
CCD image recorder in order to be able to carry
out an unmagnified image-wise detection of what
happens when the microparticles are brought into

contact with the sample.

The aspect of detection or observation of the
SMART beads by means of CCD image recorders in a
moving ensemble of SMART beads also has
independent significance where appropriate, and
supports with capillaries are particularly

suitable for such dynamic measurements.
Exemplary embodiments

Colored microparticles
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Particles of chromatography matrices, for example
DEAE-Sepharose, Sephacryl, Sephadex or Sephacel,
were stained by incubating with the dyes eosin
red, Evans blue and light green for 5 min. This

5 resulted in colored Dbeads which could Dbe
unambiguously classified in the transmitted light
method.

8.2 Light sources
10
Light sources which have proved suitable are xenon

and halogen lamps, and cold light sources.

It was possible by incorporating an optical system
15 between light source and support €O improve the
parallelity of the light impinging on the support.
Suitable optical systems were, for example, an 80
to 200 nm telephoto optical system (Tokina
photographic 1lens), and achromatic telephoto
20 optical system (telephoto 300 mm achromatic lens)

or a collimator (Melis-Criot).

In addition, the LCD matrix LCXO017AL (Sony) with a

2 (diagonal 46 mm, ratio of

chip area of 60 mm
25 sides 5:4), a pixel number of 786 432
(corresponding to a pixel area of 830 pm’) has

been successfully tested.

8.4 CCD chip

30
The CCD chip ICX085AK (Sony) with a diagonal of
16.933 mm, a ratio of sides of 5:4 (10.57 mm x
8.5 mm) and a number of effective pixels of
1 300 x 3 030 (calculated pixel area 7.97 um’) has

35 been successfully tested.

The invention is explained in detail hereinafter by

means of an example with reference to the figures.
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Fig.1l shows a diagram to illustrate one embodiment of

the method of the invention.

Fig. 2 shows a simplified perspective depiction of a
detection unit composed of CCD image recorder

and analyte support.

Fig. 3 shows a top view of the analyte support in

fig. 2.

Fig. 4 shows a section through the analyte support
along the plane of section indicated by IV-IV
in fig. 3.

Fig. 5 shows diagrammatically an  inspection unit
composed of LCD matrix (liquid crystal display
matrix), support chip as in fig. 2 and CCD

matrix in a sandwich arrangement.

As shown in fig. 1, in a step A the sample material 1
is mixed with the prepared microparticles (SMART beads)
in a mixing device 5. The ensemble of microparticles 3
introduced for this purpose comprises a plurality of
differently colored, transparent microparticles 3,
where microparticles 3 with the same coloring belong to
one species which has the same capture molecules (for
example oligenucleotides) immobilized on the
microparticles 3. The presence of the target analytes
in the sample is detected by using analyte-specific
labeled detection reagents in soluble form, with whose
aid it is possible to detect a binding of the target

analytes to the beads.

During step A it is then possible under hybridizaticn
conditions for the appropriate target analyte molecules
in each case to Dbecome attached to the capture
molecules on the surface of the relevant microparticles
(SMART beads) .
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As shown in fig. 1, the mixing step A can be followed
by an amplification step (for example PCR amplification

etc.) .

The analyte from the microparticles 3 which have been
brought into contact with the sample 1 is brought into
a planar arrangement with arbitrary distribution of the
microparticles 3 on the analyte support 7. The analyte
support 7 can in the simplest case be a glass plate or
transparent plastic plate on which the microparticle-
analyte 3 is, for example, smeared, rolled or, where

appropriate, stamped.

In step C in fig. 1 there is in a first measurement
operation an image-wise absorption measurement of the
ensemble, arranged on the analyte support 7, of
microparticles 3, using a CCD image recorder 9 as image
acquisition sensor. In the example shown, the analyte
support 7 is located between the CCD image recorder and
a light source 11 which emits a spectral broadband and
is indicated in fig. 1 by a light-bulb symbol. In the
absorption measurement in step C there is preferably
transillumination of the analyte support 7 and the
analyte layer provided thereon with parallel light from
the light source 11. The CCD image recorder 9 in this
case acquires an image of the ensemble of
microparticles 3 on the analyte support 7, and a data
processing and control device 13 evaluates the image
data from the CCD image recorder in order to file the
image point locations of the CCD image recorder 9 on
which microparticles 3 with a particular color were

recorded.

As indicated in fig. 1, the size of the
microparticles 2 is chosen so that each microparcicle 3
covers more than one pixel (image point sensors) 15 of

the CCD image recorder ¢ in plan view projection.
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After the varicus microparticle species have Dbeen
identified with assignment to their location in the
recorded image in step C, detection of the detection
reaction takes rlace in step D. In tnhe exemplary case,
the reaction is detected by fluorescent signals which
are emitted Dby hicroparticles 3 to which analyte-
specific detection reagents have beccme attached. A UV
light source 17 which is depicted in fig. 1 by a light-
bulb symbol and which emits parallel light serves as
fluorescence excitation light source. The fluorescent
radiation is recorded by the image recoxrder 9 with
assignment to the location of the respective
fluorescent microparticles 3. The data proéessing
system is then able to establish from the results of
steps c and D the particular species of
microparticles 3 to which the microparticle(s) 3 which
have emitted a relevant fluorescent signal belong.
Since microparticles 3 identified in this way, or the
capture molecules immobilized thereon, can have reacted
only with a particular target analyte from the sample,
it is thus established that the target analyte was

present in the sample.

Fig. 2 shows an analyte support chip 7a in the
measurement arrangement on a CCD image recorder 9. The
analyte support chip 7a (also referred to as fractal
SMART chip or =sC) is also depicted in plan view in
fig. 3. The chiz 7a has a disk-shaped capillary slit or
cavity 19 which is limited at the top and bottom in the
depiction in £ig. 2 by transparent plate sections 21,
23. The height of the slit h (cf. fig. 4) 1is chosen so
that it is larczer than the average diameter D of the
microparticles 3 and smaller than twice the diameter
(2D) of the wmicroparticles 3, soO that in each case
there is room Zor only one layer of microparticles 3
lying side by side between the plate sections 21, 23 in

the capillary sZ-it 19.
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The analyte support chip 7a has at its right-hand end
in fig. 3 and ¢4 & sample input 25 for introducing the
analyte (microparticles 3 after mixing with the
sample). The sample input 25 1is connected to the
5 capillary slit 19. As 1is evident from £fig. 3, the
capillary slit 19 extends in area over a detection
region 27 which, as shown in fig. 2, is in alignment
with the active image acquisition field, indicated by
29, of the CCD image recorder ¢ when image recorder 9
10 and support chip 7a are joined together to give the

detection unit shown in fig. 2.

At the exit side, located on the left in fig. 2 and 3,

of the capillary slit 19 there is provided in the
15 example shown an absorbent material 30 in a chamber of

the chip 7a, which enhances the capillary forces to

£111 the slit 19 with analyte through its suction

effect. The analyte support 7a is preferably made of

plastic in an injection molded version so that it can
20 be used cost-effectively as disposable article.

Tt should be added that the size of the detection
region 27 on the chip 7a essentially corresponds to the
size of the active image-acquisition field 29 on the
25 CCD sensor. In one embodiment, the detection region has

the dimensions 2.5 cm x 3.7 cm.

Fig. 5 shows diagrammatically the arrangement of fig. 2
with an LCD matrix 35 as two-dimensional measurement
30 and excitation .ight source whose light source elements
can be controlled in a location- and time-dependent
manner specifically according to the intensity and
color of the light, and the relevant control device is
the joint contrcl device for the LCD matrix and the CCD

35 matrix.
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It is to be understood that a reference herein to a prior art document does not
constitute an admission that the document forms part of the common general knowledge

in the art in Australia or in any other country.

In the claims which follow and in the preceding description of the invention,
5 except where the context requires otherwise due to express language or necessary
implication, the word “comprising” and grammatical variations thereof, is used in the

sense of “including” i.e. the features specified may be associated with further features in

various embodiments of the invention.
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Claims

1. A method for determining a plurality of analytes in a sample comprising
the steps:

' (a) contacting the sample with

) a plurality of species of microparticles, each species being
suitable for detecting particular analytes and having a particular coding optically

distinguishable from other species, and

(ii)  a plurality of soluble analyte-specific detection reagents

which carry a signal-emitting group or are capable of binding to a signal-emitting group,

(b)  subsequently applying the microparticles to a support comprising a
cavity for receiving the ensemble of microparticles between two plates whose flat sides
are opposite to one another, where the distance between the plates is chosen so that in
each case only one layer of microparticles lying side by side fits into the cavity and at

least

(c) determining the analytes by optical detection of the coding and the

_amount, the presence or/and the absence of the signal-emitting groups or at least one

species of individual microparticles on the support.

2. The method as claimed in claim 1, characterised in that the analytes are
selected from cells, subcellular particles, nucleic acids, polypeptides, peptides,
glycoproteins, lipoproteins, mono-, oligo- and polysaccharides, lipids, metabolites,
hormones, mediator substances, neurotransmitters, pesticides, insecticides, toxic

substances, pharmaceutically active substances and combinations thereof.

3. The method as claimed in claim 1 or 2, characterised in that the sample
used is a biological sample selected from body fluids such as serum, blood, plasma,
urine, lymph, cerebrospinal fluid, sperm, saliva and the like, tissues, tissue extracts, cell,

cell extracts, plant samples, environmental samples and fecal samples.

4. The method as claimed in any of claims 1-3, characterised in that
microparticles selected from organic particles such as organic polymer latices, or
polysaccharide particles, inorganic particles such a magnetic particles and glass particles,

and organic-inorganic composite particles are used.
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5. The method as claimed in any of the preceding claims, characterised in

that optically transparent or optically nontransparent microparticles are used.

6. The method as claimed in any of the preceding claims, characterised in

that a number of up to 10° species of microparticles is used.

7. The method as claimed in any of the preceding claims, characterised in
that each species of microparticles comprises on its surface at least one immobilised,

different, analyte-specific receptor.

8. The method as claimed in claim 7, characterised in that the immobilised,
analyte-specific receptors are selected from nucleic acids such as DNA and RNA, nucleic
acid analogs such a peptidic nucleic acids (PNA), antibodies, antibody fragments,

antigens, peptides, haptens and synthetic receptors.

9. The method as claimed in any of the preceding claims, characterised in
that the coding of the microparticles is produced by colour coding, for example by

colouring the material, colouring the surface or/and embedding dyes.

10.  The method as claimed in any of the preceding claims, characterised in

that the determination takes place via at least 2 species of different microparticles.

11.  The method as claimed in any of the preceding claims, characterised in
that at least one soluble analyte-sbeciﬁc detection reagent selected from analyte-specific

receptors and analyte analogs is used for the determination of each analyte.

12, The method as claimed in claimed 11, characterised in that the soluble
analyte-specific detection reagents are selected from nucleic acids such as DNA and
RNA, nucleic acids analogs such as peptidic nucleic acids (PNA), antibodies, antibody
fragments, antigens, peptides, haptens and synthetic receptors.

13.  The methed as claimed in any of the preceding claims, characterised in
that the soluble analyte-specific detection reagents are directly coupled to a signal-

emitting group.

14, The method as claimed in any of claims 1-12, characterised in that the
soluble analyte-specific detection reagents carry a group which is capable of binding to a

signal-emitting group, preferably via a high-affinity biological interaction.
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15. The method as claimed in claim 13 or 14, characterised in that an-identical

signal-emitting group is used for determining a plurality of analytes.

16.  The method as claimed in any of the preceding claims, characterised in

that a luminescent, fluorescent or phosphorescent group is used as signal-emitting group.

17.  The method as claimed in any of the preceding claims, characterised in

that a planar support is used.

18.  The method as claimed in any of the preceding claims, characterised in
that a support which has a surface selected from plastics, glass, semiconductor materials

and metals is used.

19.  The method as claimed in claim 18, characterised in that a chip is used as

support.

20.  The method as claimed in any of the preceding claims, characterised in

that an optically transparent support is used.

21.  The method as claimed in any of the preceding claims, characterised in

that a support with structured surface regions is used.

22.  The method as claimed in any of the preceding claims, characterised in
that the application comprises a spreading on, rolling out, stamp application or spotting

of a suspension containing the microparticles onto the support.

23.  The method as claimed in any of the preceding claims, characterised in
that the application comprises a migration of the microparticles on the support via

capillary action.

24.  The method as claimed i any of the preceding claims, characterised in
that the determination takes place on a static or dynamic arrangement of the

microparticles on the support.

25.  The method as claimed in any of the preceding claims, characterised in
that the determination takes place by means of high-resolution image-acquisition means,

for example a CCD sensor.

26.  The method as claimed in claim 25, characterised in that the size of the

microparticles is selected so that each microparticle covers an area of at least 2,
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preferably of at least 4, particularly preferably of at least 9 and most preferably of at least

16 individual pixels.

27.  The method as claimed in any of the preceding claims, characterised in
that the microparticles have an average diameter of at least 10 um, preferably of at lcast

20 pm and particularly preferably of 25 um — 80 pm.

28.  The use of the method as claimed in any of claims 1-27 for diagnostics of
clinical parameters, for example for nucleic acid diagnostics, for biological basic

research, for forensics, for food analysis and for screening medicinal products.

29. A kit for carrying out the method as claimed in any of the claims 1-27,

comprising:

(a) a plurality of species of microparticles in free form, each species
being suitable for detecting particular analytes and having a particular coding optically

distinguishable from other species,
(b) a plurality of soluble analyte-specific detection reagents and
(c) a support.

30. A measuring device for determining a plurality of analytes in a sample by

the method as claimed in at least one of claims 1-27, comprising

- an electronic image acquisition sensor for essentially unmagnified image-
wise detection of the optical behaviour of an ensemble of microparticles which have been
applied to a support comprising a cavity for receiving the ensemble of microparticles
between two plates whose flat sides are opposite to one another, where the distance
between the plates is chosen so that in each case only‘ one layer of microparticle lying

side by side fits into the cavity and brought into contact with the sample,

- means for exciting signal emission by signal-emitting groups on

microparticles in the ensemble of microparticles on the support,

- a.data processing device which evaluates image data from the
electronic image acquisition sensor for providing information about the presence of
particular analytes in the sample on the basis of the detected optical behaviour of the

ensemble of microparticles
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- and wherein the support is aligned between the electronic image

acquisition sensor and the means for exciting signal emission.

31.  The measuring device as claimed in claim 30, where the image acquisition

sensor is a CCD image recorder.

32.  The measuring device as claimed in claim 30 or 31, where the
microparticles are colour coded, and where the image acquisition sensor is suitable for
detecting differences in colour of image points in the particular recorded image of an
ensemble of microparticles in assignment to the location of the detected image points, in
order to be able to determine the location of microparticles each of the same colour
coding on the support for image-wise detection of the optical behaviour of the ensemble

of microparticles.

33. The measuring device as claimed in any of claims 30 to 32, comprising at
least one light source for providing in particular spectrally broad band light for parallel
measurement of the optical absorption behaviour or reflection behaviour of the

individuals in the ensemble of microparticles by means of the image acquisition sensor.

34.  The measuring device as claimed in any of claims 30 to 33, where the
device for exciting signal emission comprises at least one light source for fluorescence
excitation of at least one species of microparticles with signal-emitting group, and where
the image acquisition sensor is suitable for detecting the fluorescent light in the
assignment to the location of the image points of any fluorescent individuals in the
image-wise detection of the optical behaviour of the particular ensemble of

microparticles.

35.  The measuring device as claimed in any of claims 30 to 34, where the
microparticles are coded according to their shape and where the optical measuring device
composed of image acquisition sensor and data processing device is suitable for
distinguishing individual species of microparticles on the basis of the different shape

contours in the image recorded in each case.

36.  The measuring device as claimed in any of claims 30 to 35, where the
support is a planar window of the image acquisition sensor, which- covers the image

recording field of the image acquisition sensor toward the outside.
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41.

42,

43.

44,

45,

-50-

The measuring device as claimed in any of claims 30 to 36, where the
support and the image acquisition sensar can be fixed in defined
positions relative to one another on a joint retaining means or in a
directly mutually exchangeable manner.

The measuring device as claimed in any one of claims 30 to 37, where
the support has at least one flow path for the microparticles and where
the measuring device is set up to carry out the image-wise detection of
the optical behaviour of the microparticles during the inavernent of the
ensemble of microparticles along the flow path.

Use of a support for carrying out the method as claimed in any of
claims 1 ta 27, for a measuring device as claimed in any of claims 30
to 38, where the support has an extended capillary slit for receiving
the ensemble of microparticles between two plates whose flat sides
are opposite to one another, of which at least one is transparent, and
wherein the distance between the two plates is chosen so that in each
case only one layer of microparticles lying side by side fits into the
extended capillary slit.

Use of the support according to claim 39 where the distance between
the plates can be adjusted as desired.

Use of a support for carrying out the method as claimed in any of
claims 1 to 27 for a measuring device as claimed in any of claims 30 to
38, where the support has a plurality of capillary channels which run
parallel 10 one another, and is optically transparent at least in the
region of the capillary channels.

A support for carrying out the methed as claimed in any of ¢laims 1 to
27 for & measuring device as claimed in any of claims 30 to 38, where
the support has an extended capillary slit for receiving the ensemble of
microparticies between two plates whose flat sides are opposite to one
another, of which at least one is transparent, and wherein the distance
between the two plates can be adjusted as desired so that in each
case only one layer of microparticles lying side by side fits into the
extended capillary slit.

A methoad according to claim 1, substantially as described herein with
reference to the Figures.

A kit according to claim 29, substantially as described herein with
reference to the Figures.

A measuring device according to claim 30, substantially as described
herein with reference to the Figures.
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46. A support according to claim 39, substantially as described herein with

reference to the Figures.

Dated this 20th day of February 2003

Febit Ferrarius Biotechynology GmbH
by its attorneys
Freehills Carter Smith Beadle
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1. —Fh—HEYS R, OFER_FEEERAEMNEA AR, BASEE THER b
R _REREREERN—E4EYSH POMS FESTHHEE (2) HFERS B S5#EEH
(1), (6) 1Hil, MEE (2) LRETEFNMEAHEENPIE (3D, ME 3) AKE
R AT LB & #9480 R BRASAB R 49 4 T BIORL (5).

2. ARRERDY | iR —FH—44Sh, EREETAHE (3D ABRERTLL
BEMEFEY S FRMER (5) TTUREBH, BAILLZ2REXZHELXEVRESYEHL.

3. —HFPIIACRIE K 1 FTid ) —EEYE R ERERE. BEERESIHPNA, HHIE
ETZ—HEWEAATER. EAREEHVT 55 QRB B B R B A S 1 E
HEA. REALE, HBRESHITHAYESENESCENES R BB —HK
TESRACETHEITILE, RENMAEFEMKEY ST, UEREBEHE T AREY ST
KB ENBAMBIER/NER, AEEFNEAEHE, HSTEET:

(DD, BHNRESTTA: ZFSMWERESR, SN0 —4#EATH, BULE
KRR ERSTFETEH —MAE®HE (1) B (6) F, LI 20mm/min #E F73K5)
g% 300v/cm RIEBIREN AR, FHEKREMEE (2) #ANE (3), £ 30~10 245,
F ZROK PHUE A B AR E T B 2 KA RIE WL SRS LLRIAE & B9 /1 98 3 3R B R 51
TRERF T BRS TR —HANE B SRAFFER L EH4R 16, LA 1: 100
EC 1 B DL AR BV R B AR IR B R VBB B N OB S5 /N R Bk 1B, 20 4y 40 e
TR SR A OEE, RIS 8IS H ARSI

(2). BEMRESTH: HAESTERESR, ERCON—EEXETH, BULE
54T BO%E DNA B TM A8 B P B F 25 0 — gt (1) 88 (6) o, LASE 20mm/min
W EFI3REN T RAF R B L HOEE (2), HEA/NE (3), 20 40485 F = ok b st i
BILFHOEIE, BEZREMER, ULEEMAME SR 7R IC FIIR & 54
#9 Mg” ¥R BE 2 200mM f) 10mM TM Z2 X B AMIEIE, S/ EF K DNA 2252, 20 4
G T OKSEHE BRI OEE, 8 R NS B R R e R R .

Fujirebio Diagnostics, Inc. v. Quanterix Corp.
EX-1045
4295



200410046790. 3 i% Hﬂ :I:E ZH1/87

—REYE R REEREE. BARESTTHRNAE

ARG :

ERBEY EBESNRAETE, AP E—METHRIENERRER RS E
Ko
BHRER

e RS (b-TAS, XFREHERE, Lab-on —chip) IME A KA EmEIEH
HRABERBRRMERNELZ —. REMEML. BRL. SHREUREEEEFERFENM
E0NMARGEBREMRA —NEWERPNBERREIREORERANTEE, FRHEGED
HREPEERRESERSE . BRSNS ERRBBEERNTRERE: —HERHM
RESH, EBZUSTUEMSTEDLE AR, RPN TEARAKIE, UHME
EREAERFIE, RYUIHESTRARENES: —REET 50, a8
BRIBE AT A EREESS R, EEUEYREARAERM, DENEEERNZL,
DESHFREOEE -RIEEERN. EFFE0TIHMRASFEIIAEHFE, &5
EEMRBMEXEDE RN —MFEEARFR. NEWKMBES, XHEMEAEAR
HWEEBNREARBMNARGR, BARBRIE, HRAEIAXXApE, —2HExH
REVERIFIRE. s, EGREHNRBCEREANBIBMAM. AR, 2O FEEN
BIR, KIBHMKFENER. BRARETWERNEMRERAN —PERD.
EX—ERBMFERNERBFESEFROHEXTEERORBEIERE. EHit, KB
FER, EFREAERTEES, RERNRSENBFS FREEIRAIES, Lo
MK ERIEE, BEERESH, BRUTHARBNAEE 0 AE.
RHAAR

FRAEERHNAMBE—FHFREYSH, BHRECHSETEERFITIS
EREESS R RBRESER, RAETHRZERTHFERN—FHETH FEREAR,
DR BRI R SR Bir 4 PR R RAIGE S, THMBMMKT ERRRE. BOLEL
53T

ERARBIUTHARTELHAEHENN. —EEYTH, BERE-FEEER
FEMB A A, EREER EAR T BEREIREEN—SEY TS A PDMS A &9 R
ERP RS A SRS, BEE ERETEFTAELEEEN NS, NERNKRERT
ATRME & A R AERAEY 5 FRMBAL. DERBRENT UEHEMED S 78
TORURLRT LR AR, AT LRRER ZEEFIIR AT, —EWiEH A TER.
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B ARIERO T ESIEMER B ARIE L ERERE . REAE, #BRT
EHIAAEYESFEFNRIENZE R -BRE — R _BSRRUHITIREE, RE
MAZFBMRNEDS T, UKBEH T AREDST TFHRUBRZE NS AN MBER/DNE
j&, FEBRIEA M E .

(D). BAKRESITH: BHSMESER, EREHMH—EEATH, BHE
MRS EARS FE TSR — RS, LIFE 20mn/min #E 9R30EL 300v/cm K]
MIKZI AR, FREFRSHMEEIANE, £ 30~10 0405, B ZIRKMA B BRI
WIEFHBREREB, K5 DLERE KA E S K3 B B R E) 77 S50 B AR T )
— ARV EARE REHAEESREFRCH —HLEDTR 16, BL1: 100 LB FIH AR
FRE S KR R N OB E 5 /D EPRBBRAER, 20 04845 F ZOKYE ARt
MR E, KNGS H B RS,

(2), EERNRESTH: EHSMERESR, ERNEAN—EERTH, BHME
ot HOSE DNA () T™M XM E T A — W ER T, LI 20mm/min 579K
R EFERBRRMEMEEHRANDE, 20 5405 H - RAKPSEBRIBIHEE, kE
ZRPEREI, UAEAEL IR 73BN SO R EARIE IR SR ET RS Me®WREN 200mM
) 10mM T™M X EHBMEHBEIE, 5/NEFHIEE DNA Z438, 20 80 E R ZROKBEEE
WL AROEE, RS RS A AR .

THE&EWME#R—P¥#ERERHA.

Py B i BA

B 1 A—fEYEARERRER:

B 2 24 CNE2 40fa p53 BHBIRIEE R

B 3 AAFEET ps3 BEKRIEL R

B 4 —HEYS R ps3 B H KR IE L,

B 5 A—gfEYEHFHTERARESEMAR.

BHEABE—SEY T RANEEMBEER, RAEEMAER EXAR _FREZEER
(PDMS) BiFHI A REUER— AT K PDMS FE. —HAW T PDMS H 3 LI
FEMSEITX B THENMRESH, ETHSEEELRETSANNE, RABKD
EREREEW T AEED S TR, BHREY 570 A RBPE, Warel
RAFEIS FHRE (S FER, ZHBRERES), 23MR—EEaR G —48 R
Sh. XABHBRATRBFBIHETEY ST TREFREEIMEENEE, H5%, H
—EH#HORRE . HEFEH RASMERRE, AR EEEEEEREEBME L
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KB MEARLE L, EEMENHT, BUBRZENBABEERNDE, FNPEXFHE
FEMH. BEREHMER, ARG ATURTARORE, RAFHERERBR
RIS ERT T

A BENHERENE TEMBRA POMS A ESH A FE#ITHE . BESoTE
WA FARFAERGHA S A B E TR A E A B REESIHF TR, AFEmAERE
T2ANNERFOBEER, MBS R EIRAI AR ERS T, B %ERT
Foh, XU H RS FRIEFHATRKS BN, FIth % B Rks B & Hr— R0
i, RILERS R AR RERITHRN.

wE 1 IR —EEWEANEH, 1. 6 BEHRZA 1~2m MEMMERE, —HHIEH
S, B — SRR BRI, OB 2 BN /NE 3 MR, DER A 80mn, HUBIERYY A 60Hm,
€0 4 5% 20um. /NEFBE MBI 5 AMCKEEBR AR YRR (NEELE
R, HAAY 40um, FRREASSREHEEE ERENEY ST, wmpik, 5T
%,

BRI EY S FRIFEWT

R R TS FE R4 (Molecular beacon, f&JFR MB) BL = BH V& 4T (Sandwich
probe):

—E AR BUER 40 —FALEBRIY] 10mg BT 0. 5m1 Ep B, fIA 5004
0.01M NaOH &4k 20min, F ZWR/KIEBE 3 IR; 1EL/EHIBIRL, O 80KL 0. 1~1. Omg/ml
biotin-BSA, B FEMEIEK (4°C, >300rpm) #&H 12~48h, RJEH ZIRKFL 3k, X
BBk 44T biotin 44 F: bOA 80Kl 0.1~1.0mg/ml streptavidin (&Y avidin),
BT EEIEEK (4°C, >300rpm) &% 1 ~4h, B ZIRKEEE 3 1K, streptavidin (B avidin)
E 5%k E§ biotin 4 FHERATE SR THRRE; A 5011 0.1~1.0 MEEET
biotin B MB B =FEIRRE, B TRERK (4°C, >300rpm) #&¥#H 1~4h, MBEH=in
BT biotin 5 streptavidin (B avidin) K{EREMHRIFRIRE: A ™™ S Wis
VeI, 2EREBTMFER (4T,

RN ZERESRL: BUE R 40un EEM ZEALERHRY 10mg BT 0. 5ml Ep &+,
I 80HL 0. 1~1.0mg/ml streptavidin (8% avidin), B FKRERK (4°C, >300rpm)
1% 4~24h, B RKIEYE 3 K 0 10011 4% & —E, B F{REREK (4°C, >300rpm)
1% 1~4h, HZROKEYE 3 IR, IXBEE T R BT BB 1K streptavidin(E avidin)
ZET THRRE: MA S0 0.1~1.0 MEPEET biotin BJMB BR=BHIGH ST, BT
{RIBHLPK (4°C, >300rpm) #&¥H 1~4h, MB Ei=FH{§#R4 @I biotin 5 streptavidin
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(K avidin) BIEFIEHEIBURIRE: A M EBPBIER 3K, ZE&FET MF &M (4
C).

BFHERESYTAL: BER 400 BELHHHL 10mg BT 0.5ml Ep B, I0A 80Kl
0.1~1.0mg/ml biotin-BSA, B FIREIEK (4°C, >300rpm) #®¥H 12~48h, REH K
JKIEYE 3K, XHBHR LA T biotin4F; A 80HL 0.1~1.0mg/ml streptavidin

(8% avidin), B FRIBRZK(4°C, >300rpm)EH 1 ~4h, B ZKIKIEYE 3 1K, streptavidin

(B avidin) B SR _ LK) biotin 3 FEATS S 7 BURLERE: I 5011 0. 1~1. OuM
KIZE# T biotin ) MB EL=HAVRIRET, BETREBEBIK (4°C, >300rpm) #&#H 1~4h, MB
B =BAvAR4T BT biotin &5 streptavidin (BR avidin) W{EREMHRIBRIRT; A ™
SZMBIEVE 3 IR, ZERET MHEAH (4TC).

PRURL R T 18 1R B ST PR PR :

ZEALEERRL: EXE /2 40um " ALEERURIZY 10mg BT 0. 5ml Ep &, fn A\ 20011 2M
Na,CO ¥ #K, ¥&4K 15~30min, FHOA 100M1 lg/ml CNBr Z BV, 4K4:R N 30min. H#
= JE BRI A UK 7K 78 43 ¥ 3 UK, 10mM PBS B 78 ¥k ik 3 IR 4% Ep B A 10011
4~1001g/ml BB TESE, B TREEK (4°C, >300rpm) ¥ 24~48h, XFF#EL
CNBr ZBAHI 74 RpTR P B R T SRR E . K RV 5 KL 10mM PBS 221
WIEYE 3 K, IIAE 0. 1%~3% BSA ¥ 10mM PBS ik, B TREIRK (4°C, >300rpm)
B 6~24h, KA RENSREEL SFITHA. BH, T4CREER.

HEAL —F AT : RNE R 400 FEA Z EALEETHRL 10mg BT 0. 5ml Ep B,
NN 100ml 4% B, B FEEIEK (4°C, >300rpm) #H 1—~4h, B ZR/KIEVE 3 &X:
PO\ 10011 4~100ug/ml RFLPEEDIAE, B TREREKR (4°C, >300rpm) #E#H 6~24h,
REES R -BRBRAEE R R AEHR TR RE . RN G 88
10mM PBS ZEMHWRIEYE 3 K, MIAE 0. 1%~3% BSA 7 10mM PBS ZBpfil, B TIREEK (4
C, >300rpm) #&% 6~24h, MFRREMN L REECSBTHEA. MY, T4CRES
.

FHRESYIHRL: BER 40u REZIHFHL 10mg BT 0. 5ml Ep B, IIA 10011
4~100ng/ml BITBETRESIE, B FRERK (4°C, >300rpm) EH 12~48h, X R
BRI E T B EE. B 10mM PBS ZrykiEdt 3 K, MIAS 0.1%~3% BSA
f) 10mM PBS ZEvhi, B TREIEK (4°C, >300rpm) #FH 6~24h, HFR REHOBRIG
AL AGHITE . B, FT4CHREFEA.

EEABMARECF SETRREEHF TN AENEFIGRIRBELE SRR, REMK
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ETHIRZFRITOIERARM MU S FEEOR, XM ETHREL, REFMR
BEARESESIS IR A, mREAERY, H3MMWEES, TE5EE, aE8E8%. b
Z54£YEmI TR T EWHKERMSFHREER, BRRBRESA PR,
EPESBRBEARMESEBRER, KXERSRNRGEN B R0 FRFEIRAEES,
HIE “BRERE” FRRAHMKF LER. BEARKIEST, AMHEHAMAY
fRIERE— BB HEARFR.

B st

SEHEG] 1 (—HAEYEHPERRERREQREENTHRNA)

FHREYBRRE BRI EYE: RER 40um RE ZIF PR 10mg BT 0. 5ml
Ep &, A 1006l 201rg/m]l RILETESHE, B FRERK (4°C, >300rpm) #&% 24h.
FH 10mM PBS B iy ¥t 3 X, HOAE 0. 1%~3% BSA fJ 10mM PBS ZEwi, B TIRERK

(4°C, >300rpm) &% 12h. B, F4CHRELA.

E L HIVE L AIPAREAR b AR — B BERE SR J5e (PDMS) B8iE —4E A Mt5 1 i) PDMS &,
BT 75° CHLAH 40 S84 A%, FrELSEUH , B PDMS 12 M PHAEAR - 208 F 3k . ¥ PDMS
FEET Leica BIEEMET, EEHMEHT, REBHEI T LRAREBH —F
FIXRIEAZEENRIUE REREKERN 40m REZHPHREE S| PDMS HEKIHE
EBRAEER, §NMNENNOAN. FEREMEHER, A LURBIME RSB HF K
MBS T. $RET RIULTEFEEMHBRIE PDMS A E 53R EERIIEA F &
ATHEETERE A&,

EY 3u1 ME AR AP iR R E A RS AE, ETELP, FEEHESHTLL
¥4 20mm/min RIFEMN D A BROBE PRI, SRR EER, 20 988 B ok
Ve RTBRIOEE, REZREOBESER. REREUEHES TR D5 Hizo 76
SBPLTESUE (—H1, SantaCruz F=&h, WAL 1: 100 AT ERBEERE, —KH
FEOLTE 361D, Cy3 g AILEP TSR 1g6 (=3, Sigme ikF, WL 1: 100 AHEH
BRRARRE, —IREFENTE 30D RIRSINFCREF SHBR R E/ER, RFEREMEHE
FRIFEE 20 S8, ARIE A ZIRK¥EZE . BRAEUBARERF RS & L Cy3 KA.
B BERARET, RTUAREMEH RS —RIEXEANREIEER.

SERER 2 (— A AR AR 4H AR CNE2 # p53 BEEMIRIX):

HEAL ST R IS 2 T : XER 400 RE M S BRI 2T 10mg
ET0.5ml Ep &, A 10001 4% B, BTREREK (4°C, >300rpm) ¥ 2h,
HZWoKiEYE 3 ¥K; HuA 100m1 20ng/ml BIL P53 BAREDIE, B TFREEK 4TC,
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>300rpm) & 12h. K AL E HIBURLA 10mM PBS ZE 1yl ¥k 3 YK, OIS 0. 1%~3% BSA
f 10mM PBS 223K, B TIRERK (4°C, >300rpm) 3£ 12h. B, F 4CHEHFLH.

L HIVEF KIPBRRAR &R — RS (PDMS) WRiE— 44400 A 1) PDMS H %,
BT 75° C LA 40 o8P A, FEMLEE L, ¥ PDMS 2 MBREEAR 28 T 5Kk . K PDMS
RFEET Leica BMIEEWEAET, EEMEHT, RABHBRIATEERHN 40um £HFE
B R P Po3 MR EA —FALEERRL R E S PDMS A ERHMBER /M ER, BERET
BB po3 BAFRUKIA PDMS A& SIEEEHEFHNE A A ERITHE EBGE 132

EEHMEHT, AMREBI 50 4~ CNE2 HBIF S, A 0. 1%SDS B 4
MBERME. FRUBERFASIAMEEY, SMBREEER, BEEHIESD
300v/cm, BEFERTIE] 10 434F. SRV Z UK SRR AAOEE, L2 RO RBER.
Ffhk £ 311 RP1 pd3 B EPIE (—HL, SantaCruz F=&h, WRYEWRIZ 1: 100 AP
FRERTE), 76 300v/cm BBEHI T — B AOEE T 5B A E/ER, 10 9405 A
TUOKEET R A OB E . B SRS - 3ul FITC AR RBIER R 16 (ZH,
Santa Cruz =gk, WREEEIZ 1: 100 AHIEHBBHRE), 1€ 300v/cm B EFHI T — it
AMBEP SRR RAE/ER, 10 504808 FH ZROKMH T FIRUB 8 . IXFEEM
MR R AR REMES L FITC RXARiEW. BRA—HRGHHMXBER, BT Akt
mst, EKPBERRAL—B. BRABHERETRAEESMBEMIEBR CCD (ICCD) Mk
RET, MHEHRE TRESRENICER, WE 2 fixc. £RF9H, s
—HEAEY A R MR T CNE2 ZHAERY p53 BB H, T A 1R 053 BBk RS 5
PR CNE2 40 ARG p53 BMEATI A H 7, MMM HH 50 4, TkmnbEr—4
ML RRMERERYE, KER 54 M western blotting FISEH 4 R —3L.

SEREF 3 (—EEYE AW LA 4 MR p53 BEKEIX)

“FACEEBRL R E A R R E YL NE 1R 400m — EALEEFHRIZ 10mg BT 0. 5ml Ep
B, boN 20061 2M Na,CO. ¥, &1L 15~30min, FEAOA 100K1 1g/ml CNBr Z.fE¥%¥
kLRI N 30min. S S5 BBURLA 0K K 78 50 6% 3 IR, 10mM PBS 22l 78 43 ¥EHk 3 K.
£ Ep B I0A 10011 201g/ml FHL P53 B EHF, B TREEK (4°C, >300rpm) ##
% 24h. RN JSEIBURL A 10mM PBS ZZRiRVEYL 3 IR, A 0. 1%—~3% BSA A9 10mM PBS
L, BTIRERK (4°C, >300rpm) %% 12h. BH, F4CHERELH.

£ CEHIVELF R PR LR — B RE Ut (PDMS) eiE —4E 440305 A B PDMS A %,
BT 75° CHAE 40 o8 AR, FFEEENE, % PDMS FrEE M BAEAR 213 F k. ¥ PDMS
FREET LeicaBIEERMET, EEREMHT, RABMBRELAHTREERH 40m AHEK
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HE M R BT po3 HFWESAR SRR E D] POMS A ENMBER /DM ER, BRKE
T R p53 BMERUKLA POMS B S EEEFNER A A EEITHE SRS AR E.

4 FPIEFERIGEAL CNE2. A549. RERR T p53 ZEE M) CHO (LA CHO- p53 FRo) BLKIF
WA 4R (Fibroblast) 4 BIBEAT E O RAIFEIR, 2 5IH 3l M 4 FP4i PR 35k
KEBFRERBR, SET4ICHESMT, Z£EHES)T LLFE 20mm/min AYHE
M A ROBREF T, SHBRKEER, 20 4806 R KoK ¥R it MiEE,
Y2 SRR RJE R CUE /1 K80 5 55 HR St ps3 ZaESIA (—HL, Santa
Cruz F=&%, WMWK 1: 100 FHAEREBBE, —RHEFE 31D, Cy3 tRICH LT R
IgG (¥, Sigma &F, IRAEEIZ 1: 100 APUEFRBEBEE, —IKHEE LD RIKTIA
ORI F SRR R AR, ARSIREMBIESEE 20 580, REHZRKEE. &
KRAEMBRREFRERE S L Cy3 RAFIEY. BRMUGHEAETRABEZME
CCD IR RLE T, SHUBRLABR, FHARCEBROITRMAFEIT SN, FTRENE 3 Firy
AEAMEF ps3 BARREENR. WE 3 TRLVEH, BT ps3 FEEA) CHO #fE, p53
EAEMREREAN, &R SHICAHART, MIES R4 H (Fibroblast) F1 440 A CNE2.
A549 ¥JF p53 AN RIE. XL R 5£ES K western blotting FISEIR 4 R —3.

Fo il — RIS RIREE R p53 | B KRR W ORBEBALE nM): 0.1; 0.5; 1.0; 5.0;
10; 50; 100. %[ _ERITEEARWEER p53 B EKATHERBEE BRI R4 5151
ACHFRITRE, THREB0E 4 IR —EEW SRR p53 EAMKIEMSE. B 4
B, LB 37E 0. 1~10nM B p53 BEMMATEE AN AFRAHWENAE, REES.
DL 3 fE R LLVEAE SRR, BWRITRES|T 0. 05nM.

SKHEB 4 (—HEYT R NATERREEHR)

AL SR E RS =B 78R4 (Sandwich probe): EXEHZ 40um LR PR
%] 10mg BT 0.5ml Ep &, HOA 50081 0.01M NaOH ¥E4L 20min, A " IR/KIEEE 3 K
EALJE BIBRL, S0 801 1mg/ml biotin-BSA, B TKEREK (4°C, >300rpm) #¥ 24h,
RIEH ZIRKESE 3 & MO 80Kl lmg/ml streptavidin (BK avidin), B F{REIRK

(4°C, >300rpm) 3E¥H 2h, FI ZIR/KIEBE 3 ¥K; DA 50M1 1vM BIERET biotin HI=HH
AERET, BFRERK (4°C, >300rpm) #EH 2h, A ™M EMH#BIESE 3 K, ZE&ET
™MHZA 4C).

7E B HIELF PR ER BRI R — F B U (PDMS) ¥iE — 44405 Jy B9 PDMS %,
BT 75° CH48 40 8 A, FFBEMLEEH, & PDMS i Z: M BREEAR b R8T K. % PDMS
FEET Leica BIEBMET, ABMFEMHT, XRABRHBRAFTIEEHRZA 40m Z£H 1
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TEALETRIE S POMS A ENMEEN/DER, “EAEERR A =M FEME RN,
FREEME=BE DNA HERES 2 7R : p53 (57 ~ACACGCACCTCAAAGCAAT-Biotin-3" ).
p21 (5’ -CCATCAATGACCAC-biotin-3’ ) A nm23 (5’ -ATGAAGGTACGCTC- biotin-3" J.
BIE T BHBURLAY PDMS A 2 5 3E ¥ BB 23Tk & SE RS BB 3R

Bl 3ul HERBEBE TSRS, FREBES 0.1InM pd3 (5 -GCTTTCAGG
TGCGTGTTTGTGCCTGTCCTGG-3” ). p21 (5° - GTGGTCATTGATGGGGAG ACGTGCCTGT- 3’ ) F
nm23 (5’ — GAGCGTACCTTCATTGCGATCAAACCAG -3’ ) #E DNA #J TM Z¥AZZZrHy (10mMD,
Ze RS B R Mg" W E A 200mM. 7EFE IR BN T A SIS LAY 20mm/min BIFUE M A
IR E T, SHUEURL_E A DNA W IRERETHAT IS, 20 484 /5 A —ROK Mot it
SO , Yo 2 R RIPE R VAW B Sith 3 _E 3pl DO BB A1 B (TAMRADARIE Y 0. 1nM p53.
p21 1 nm23 TR EHRE:  p53 (57 - (TAMRA) - AACCAGGACAGGCACAA-3’ ). p2l (5’ -
TAMRA- ACAGGCACGTCTCC -3’ ) 1 nm23 (5’ -TAMRA- CTGGTTTGATCGCA-3’ ) (10mM fJ T
ZeATEPIR, Mg®IRES 200mM), TEIEJ7IREN Tt ATHEE P STk _E4-&F$E DNA
BT, 20 438 fa Fl ZUOKEET 3 it MgulE .. X E MR R E R AR A+
54 £ TAMRA REbricd. SRS R ER, BT AmEL, HRPERR
. BRNERGHETRLEE BME ICCD BB RA T, XHRIMRER, FHK
BB ST R FIT N, ATREWE 5 AIRHN=MEENREIER. S45RKY, H—
YA B RS T H T =FF B F5 DNA, i& F =M B0k _E /) DNA #3RIRET 152k
& BRET FAE BB IR S p53. p21 A1 nm23 B DNA B MHHRLR 15806, S5& BRIKE
STRL, RHIBREEER—B. EXRLHFFIREHEM TRIEZT 0. 01nM.

10
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[19] PEARLMEER MR~ G [51] Int. CL

CI2Q 1/68 (2006.01 )
. (2] RBAEHBEFELAHIREE

-+
"’: [21] EAiES  200580013761. X
[43]1 FH 2007 F4 18 H [11] 2FF = CN 1950520A
[22] @miEH 2005.4.28 [74] EF4CEHM  JER TR T FH 5 B
[21] ®ig= 200580013761. X RIBA VOB AEHTFE
[30] 54

[32] 2004.4.30 [33] DE [31] 102004021780.7
[86] EFReaiE PCT/EP2005/051941 2005.4.28
[87] EBRA% WO02005/106024 ## 2005.11. 10
[851 HEANERMEAM 2006.10.30
[71] &N PEITT2H

tenk  fEERE R
[72] %A KIRHE « KIATE TR A5 « AR
2R3 - WrIHPEER

BRZERS 3 T HAE 5 T BIE 3 3T

[54]1 &AEAR
FITFRH 4 B DNA iy Jy i R B
[57] 5%
AR Fe—FiE £ 54 PCR (1) TFHh B o i
MR 45 DNA 5735, JLRAT FoUREM: By R
17 58 5 A 7 — 1 8 D ) — U A5 B 2
JG(FTRINZEET) % # 6 78 VF M\ # DNA. I B
Wis J95YEE HhIG DNA {11 45 & DNA 103K . R

/ 6

o ) 7 DS 3o 4 G 8 T 5 A0 A4 I o 4 ENZ[T I\ sk
N 5’ S —— N s

DNA (977 R0, 552 16 40 TR0 5 AR G 52 I ; i U

F G BL =R N RROE e ek Te, F H o S 4l
HUAN 58 DNA, 8T 577 1K) 70 il — IR T KB
LIRS BB, FEARSCH R E P AR TR
28 DNA A4 25 28 A/ s R i B oG, [ 22 20
A MHEEIE (5) LA, AR HGE 8 R
U BLEAT W B AR TR WA, HAESRR
TRARE T
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1. —Fr£ER/E 4 PCR ¢ F RS H LT 5 B DNA 895 5%, HALH

T 3] 3556

PR MR ATy R RS —A R AR R 69 - U(PTIR e 25 B

F, T ETIH A DNA 945,

- BL IR A FR AL DNA;

- BLJH ¢85 DNA & KR VA4 B %4 1 69 DNA;

- B 49 DNA, FA5 42 2]/5 4049 PCR 6912 & .

2. MAER | 95k, HPoiEse DNA YAEME SR, HA 2@,
M R E, A FRSBALC T IETRE M RFNALETIR TIEEN
HAMAEZEALY, AFIEET, A5B4S DNAVEMESR, ETHG
W) RE-RT S AR E, F R mIe. el NmEAAERR, FLEASPTR Y
@) DNA F ¥ £ 4ri% %] PCR 49452 % .

3. BRANIEZR 289 F ik, HAFEET, HA G @IAEAH S DNA SRS,

4. AR 3 897k, HAFMAET, & T4 6 fo bl 54555 649 o -
RGBT KA & anfo i fik,

5. RANER 1 A28k, SFEAET, HBOHB. TiXAGER
SEF . AMBE BN M DNA G52 E— AN —t 55 %d 7R

6. MAIZRK 1 897k, BAFIEAT, & PTG RE-2RAE 4 454 DNA
a9 IR K.

7. BANIER L M7k, RAFEAT, A A@mBRSMMEE R oL
09 A% 2 494 DNA-J# 5& 40 L 69 /KB ASAE A 456 DNA ¢93K.

8. MAIER 6 097k, HAFAEE T, %4 k49 DNA BT a-sk 4,
FEH AR R B R ML E

9. MAIZRK 6 497 ik, HAFMEALT, Za-sRA T m AAETILE.

10. AANEZR 9 95k, BHFIELET, RV AE-2RB I F B & 695k
k.

11 AR 1697k, H4FEAE T, ERE{LEZ PCR RiBid 5 F
il A 64 I T 5 04 3K F) 6 B IR R AT,

12, RAVZR | 07k, BAFIEA T, HBANE| LAY 6ot , 5
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i 3 3K ) 38 18 R & F PCR 64 KMz il i,

13. MAIZRK 12 695k, H4FEAET, 2 DNA-SBE, Epothdh,
o o F R A B R B R Y, B RTEL A B TR R0
ik,

14, E#AH| B R —8g 77 ik, FA4FAEET, A — R T Sh4EHh £
R &%, HELT AN FIERAI TS L.

15, —FF LR FERK | IBAEZR 2-14 Z—09KE, LEABETH
oA/ RAXFN GG ET, P A B S — A B (S) L L RA, AEMEE(S)
P IRFDA LA T AR RAEN T REMGLE, EATBRTHRIEEZHIF.

16. MAIEK 15 692 E, HHFEET, @i ARIEA Z T XA 0L &

(1 1)4!-}:/7\

17. BAIER 15 9 E, LFEET, 24 DNA YA MERZFR £
mie,., MmE. FAAr.

18. ARA|BRK 17 R E, RHIEET, HEAREDEBGHM, EH
W (S)F &Y BA T ARAAEN T HFE R, M-RF, LEFET G @miney
4R

19. ARA|EK 18 89K E, AHAET, ETFHMB-W/FehidiE(5)d %)
PCR-% JZ(20) A .

20, MAIER 19 493 E, HHELET, EMGEES)RMEEQR0)F 4
LA 454 DNA 6945 M6 2R,

21, AR 20 69K E, HAFEAT, Z44 DNA 693 KR FTig ey
F#5-2R(10).

22. BMAIZR 21 695 FE, HAELET, EHMB- KA1 D) FrE-2R(13) 6
AT — AR AT AR P

23 BAIRRK 1522 L —89 R E, HHFEAET, GE—FA Toh-4
se G N A (3).

24. BAIER 1523 Z—09EE, H4FEE T, BEMA ThAKeFER

25. BMAZRK 15242 — R E, EHFEAT, AR TADFHLHY
BTN TEF IR,
26, MF|FR 1525 X —09 K E, EHFEET, G40 T RGBS

3
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S K B Y R b TR

27. BAFR 1526 L—04KE, ABF AT, AEBA L. 0/KR
oy 3 A /SR R R A 3B R 6 VA o R AR /2R IR A AR BT 64 SEE 1 (5) 3%
7S B (20) 84 FE&

28. MA|ZR 1527 — K E, HWEAET, AERA T AL
PCR-% F2(20)%F B & DNA/FE-3k- B 4K 64 F 54,

29. AR ER 1528 X —09 X E, KA T, AR THRBEIHF K.
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JA TR A5 DNA 69 F ik FeE B

RE B B—FF ] F X5 o B DNA 447 k. sbib K& 903 3 B —#F )
FRZ T EMAREEE

FEAZ BT B ©) B b b & m B o A 2R 04 15 B R 2R A S ) &
WY A ASTFHRE ML, 1355 BFEH 6 DNA, X0 % F F A48 1055
J& 4 PCR & iR R e 21% & . SRR EO sk EE.

Fe KB T XA R TR A e A LR BAT Y, R T 5 ko),

2w IR T ) A 5 A (NaOH )R ZL(FTiB i f8), 4% % DNA 4 43|k A4 5+
IR ey 2R L. B iE36AnREIY B F A DNA 69 mk-sh 3ok, HE 4ok
# 4189 DNA T VAR BRXAZRHA F PCR ( “BRAEBEER T ).

EIAFERF, ZE4 DNA 5E-3k L B 5 ARR A0 IR R -2 &+ %
o TR GRS RS e 2 1.5 mI-R LA B (PB4 “Eppendorf” -2 %,
PP T & E) FHAT, ¥Fde 10 pl 692 o e B 4 FARAR GG BR- B 0F 45 F (1)
4o, 200pl). @b mfe o fg B DNA, iZ#4-2k 454 DNA FH 7 & —F
DNA/3R-Z 61K, %1% DNA/ZR-E 418 it st B & /£ “Eppendorf &~
R L, VT HATREA TR LRILE PCR ¥4 /R. R/BE Tat47
PCR.

KAk LA ik RARH T A 6 9‘:%‘51‘5”(%&\7 “ Eppendorf” -Z%(%).
F- X KGR G LIERAR . BRE ARG ETFRA A IRE, ﬂ')i el
HINTHOAR AR F ML HLLAY . BEHLEF)Fut
HEF #9M/R (d0 NaOH) &) &P Z AR Ao £ 69 B 6 F 1@
XS ARAE MR R ARALRT 44,

w US 2002/0022261 Al & 4o —FFi& F A E A5 547 694K & Fodg % 44 4%
Wik, BYERA—MHEAEV —AIATF—ANZILMREEGDEE, &
B LA 44 DNA 94, KT /Tmfenif, HiE 2ot AR B LR
BEAT KA. pesh, ARG X T AL B A 454 DNA 6944, & 2 utit g
. BXHEFLET — 258 FHATEAE AW F 04 BT, {245k E
P& 4 69 77 ik . sboh, & EP 0723549 Bl T4n—#F A 74~ 5 DNA #4854,

45
d A% i VAT,

Fujirebio Diagnostics, Inc. v. Quanterix Corp.
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ZIRE M AF A A SR . RIH tedsFe £ ) —FF kaotropisches 49 IR A4,

ATRERLAHEL, AXPHBHAET, RBISM AL LS MR H
¥ %36 DNA-4~ B, - —FF4a £ e £ B,

AK G B 6B AR A ER 1 AR I, A8 R RS T T ARA S
K3, EZFyEey by MAetd R E BT By E5] FARBMAEL P

EREZATEEAN, BRAER2 QLA L DNAKADERiotafl.
B SR A 0 o fE 7 i LT R AF AR A1 60 A0 5 ) 49 5 B F L DNAE 44
) A A 5

ALART AT EEIAH HKIMEAF WO 02/072262 Al F 445 “HH7
WE” WH., EFRET FAMALE SRR ORBERMTIEFIHEE
M AT IR F) R A AR AT A K AR R. T IRA TR A S
R/, UVERMBEFEZZTGTANR. HRABR, £ RALAF 5B —F
AV BE BRI, Blhe b B 5 5 F DNA VL #E4T & 89 PCR Fa/
RO, BASE T 5B 45 DNA vASE 69 5 ik 324,

L5245 R 6 REF F kA, AREPFELA TS

TR R Fe R R — B I — R BAE R

CRPRIZ R A R AR LT AL TR T TS X A5

CBREANRAEAE SRS, RE T TR SR

- R EAERGYIRIPEDE T R AR - B K A AR, R

B FHTIRRABE A &,

AN B A T 54548

CBFEE Y ANPGRS AT,

CEMBERMERE T, ZEBR-ANREANRAERIE T DNA 895K 89

RJEF QAR T 22 B iR 69 8% k|

FIN B 8 18 AR ERE T G SRR XA B A T 51 4

BT a@mef/RECmit, @mE. REGEMREE,

- LA ST w44 RORUE 6 B AR SRR AK

AT IRTAAE,

- ESRIB G BE b SRR IR AE B o948 ROFE TP

ALY ERR, EETHF R FPEREASTFHL T DNA, 1k
&% &) DNA FvA6-1E 64 7 ik i% 3] PCR 3N & 69 3 5.

6
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AL A ) Fe B e B T 4 55 564 69 M B A5k O 2k A ) B K

M B 8 A~

B 1 5 & 5T &(F B8 AL B

B2-B6&AHE 1 FEEIRDA, B FH b4 kP e DNA-
o &, HLFHE 2-6&0ERE DI,

T 694538 2 B2 DNA #94F o, XA M T VA2 2R+ 89 DNA
AR, AR TR L DNA A M A BHESH, £ AT 6 domib.
A RSP ENAHEMNELE. ABHDNA LENRZAMRR, wEA05
TAXARE B A 2 atts, NE DNA LT &+ 69 @ /o470 45
1.

B 1 Prdottk& B, MeaTHa “BH” ftEhEFRoik
Gy EIR A, HARTURBA( “BRAFRE” ) £OGHITEE, ZHRA S
B T3 Fo T FAF S YT TR, ARG AT RS 2648 4
B Rk IR RI P R,

W2, ZREGBARRAEAAR | AR, EEFRIKGA D Fo ik
2. AR ARG T 230)F 5| AR AR do ik eh A 2 3(IL), EE
0 B 1T A TE A RIUIRE 2 —10, 455 R R E) JUT IR 64 38 38 oo 5 v AAE #hr
Fo L SR A S Ao R

W2, BRA-RER RN T BT 2, 3 9T 845 AR
FBE 4, QUBRFET 6 4978 5. B ERE 8§ fo LBk iAiAE 9.
B 10 RTiE TAHLARGRES P E P RAK,

B AERSER 10 PR ALZH5EATREHL T DNA &, I
T d 69 DNA, FFiE A PCR-FZ 20 A 34T PCR(FEA-Ba44 5L ).

AW EE PR RAFRKA#AT PCR 695 ikt i T AP HEALY LA
BIAE o 3 4R e A 6 B B & 35 H 4 AR A 458 Bl F3X A1 49 PCR #4473 DNA
O FEARE” P

Zk A 1 “BHEH )BRAE AT PCR AR L E4EA AT 32 Foih o
31 693 MAR S 30 WA B AR K 69 ) FA5 B B2 Sk g ik 4, pob, B A
FHEAIE N P 69K 7] 49 F B 4oiBiE 4 Fo 4 VA B T4 44 B A 4o do Fa 8 it 44

7
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KA BB F R AeiB i 8 Fo 9, FESARIE T &AM, AL KA T4 E %
m o HEE .

W26 TAE, B 1 EARAD 2 fofmig AT 3HBHRLE 1 &
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en Mehrkomponentenanalyse von Mischungen und/oder
Gemischen und einen Mehrkanalbiosensor fir dieses Ver-
fahren,

Der erfindungsgemdBe Mehrkanalbiosensor besteht aus
einem oder mehreren zumindest teilweise fir die einzeinen
zu bestimmenden Substanzen nichtselektiven biologischen
Sensorelementen, die als biologische Komponente Zellen
und/oder Zellorgane!len verwenden, und einer Auswerteein-
heit, die die von den Sensorelementen zur Verfligung
gesteliten Daten zeitlich und/oder beziglich der einzelnen
Sensorelements analysiert.
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Beschreibung

Die Erfindung bezieht sich auf ein Verfahren zur si-
multanen Mehrkomponentenanalyse von Mischungen
und/oder Gemischen mit einem Mehrkanalbiosensor
sowie auch auf den dazu verwendeten Mehrkanalbio-
sensor. Derartige Verfahren werden verwendet, um Mi-
schungen und/oder Gemische gleichzeitig auf mehrere
verschiedene Analyte zu untersuchen. Besondere Be-
deutung besitzen diese Verfahren und derartige Mehr-
kanalbiosensoren im Bereich der Umweltanalytik, bei-
spielsweise Abwasseranalytik, der medizinischen Dia-
gnostik, beispielsweise Blut- und Harnanalytik, in der
biologischen und chemischen ProzeBanalytik, beispiels-
weise Fermentationstechnik, Lebensmittel- oder Kos-
metikindustrie, sowie in der Gasanalytik.

Herkdmmliche Biosensoren zur Analyse von Mi-
schungen und/oder Gemischen besitzen Sensorelemen-
te, die fiir die einzelnen zu bestimmenden Analyte mog-
lichst selektiv sind. Dabei bedienen sich die Sensorele-
mente auf Basis von Zellen unterschiedlicher Verfahren,
um ihre Spezifitdt bzw. Selektivitat beziiglich eines ein-
zelnen Analyten zu vergroBern. Dies kann entweder im
Bereich der Zufuhr der Mischungen und/oder Gemische
zu dem biologischen Sensorelement, beispielsweise
durch Ausschlu8 interferierender Substrate durch se-
lektiv permeable Membranen, geschehen oder, indem
die in dem biologischen Sensorelement eingesetzten
Mikroorganismen beziiglich eines bestimmten Analyten
sensibilisiert werden. Dies kann beispielsweise durch
gentechnisch verdnderte Mikroorganismen mit speziel-
len Abbaufihigkeiten flir den gewinschten Analyten,
durch Induktion von spezifischen Transportsystemen
oder Stoffwechselwegen in der Mikroorganismenzelle,
durch spezifische Inhibierung von Transportsystemen
oder Stoffwechselwegen oder auch durch Bildung eines
Hybridsensors mit Hilfe der Kopplung der Mikroorga-
nismen mit Enzymen erreicht werden. Nur durch den
AusschiuB interferierender Substrate durch selektiv
permeable Membrane ist es mdglich, einzelne Analyte
selektiv mit einem einzelnen Biosensor zu bestimmen.
Bisher war auch keine simultane Bestimmung mehrerer
Analyte mit einem einzelnen biologischen Sensorele-
ment mglich.

Das MeBprinzip der meisten mikrobiellen Biosenso-
ren auf der Basis von Zellen beruht darauf, daB die
Assimilation von organischen Substraten sowie teilwei-
se der Stofftransport in die Zelle sauerstoffverbrau-
chende Prozesse sind. Mit Hilfe einer Sauerstoffelektro-
de als elektrischem Signalwandler 148t sich eine dadurch
hervorgerufene Anderung des Sauerstoffpartialdrucks
auf einfache und empfindliche Weise elektrochemisch
detektieren. Durch das Multirezeptorverhalten der Mi-
kroorganismen ist dieses Signal jedoch bei Vorlage ei-
nes Substanzgemisches ohne die obengenannten Ver-
fahren zur Selektivititssteigerung der Sensorelemente
nicht selektiv.

Aufgabe der vorliegenden Erfindung ist es, ein Ver-
fahren zur simultanen Mehrkomponentenanalyse von
Mischungen und/oder Gemischen mit einem Mehrka-
nalbiosensor zur Verfiigung zu stellen, durch das gleich-
zeitig mehrere in den Mischungen und/oder Gemischen
vorliegende Analyte quantitativ und/oder qualitativ
analysiert werden kdnnen. Dabei soll dieses Verfahren
auf einfache Art und Weise zu realisieren sein und
gleichzeitig eine hohe Nachweisgenauigkeit beziliglich
der einzelnen zu bestimmenden Analyte aufweisen.
Weiterhin ist es Aufgabe der Erfindung, einen Mehrka-
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nalbiosensor filr Gemische und/oder Mischungen zur
Verfiigung zu stellen, der die fiir das erfindungsgemiBe
Verfahren genannten Vorteile besitzt und sich zum Ein-
satz in dem erfindungsgeméBen Verfahren eignet.

Diese Aufgabe wird durch ein Verfahren und einen
Mehrkanalbiosensor nach den Oberbegriffen der unab-
hidngigen Anspriiche in Verbindung mit ihren kenn-
zeichnenden Merkmalen geldst.

Danach besteht der Mehrkanalbiosensor aus minde-
stens einem bzw. mehreren biologischen Sensorelemen-
ten. Die biologischen Sensorelemente enthalten als bio-
logische Komponente Zellen und/oder Zellorganellen.
Die biologische Komponente kann beispielsweise Mi-
kroorganismen, Zellkulturen, Gewebeschnitte oder
auch isolierte Mitochondrien oder Chloroplasten ent-
halten. Diese erzeugen bei Kontakt mit mindestens ei-
nem der Analyte das Signal durch Verinderung eines
physikalischen und/oder chemischen Parameters.

ErfindungsgemaB werden in dem Mehrkanalbiosen-
sor biologische Sensorelemente verwendet, die zumin-
dest teilweise in unspezifischer und/oder nicht selekti-
ver, jedoch meist gering unterschiedlicher Weise auf die
einzelnen zu bestimmenden Analyte des Gemischs und/
oder der Mischung ansprechen. Dieses zumindest ge-
ring unterschiedliche Ansprechen auf die einzelnen zu
bestimmenden Substanzen kann beispielsweise in einem
unterschiedlichen zeitlichen Ansprechverhalten und/
oder einer zumindest gering unterschiedlichen Empfind-
lichkeit der einzeinen Sensorelemente beziiglich der
einzelnen zu bestimmenden Substanzen bestehen.

Die gering unterschiedlichen partiellen Empfindlich-
keiten der biologischen Sensorelemente beziiglich der
gleichzeitig vorliegenden Analyte ergeben sich bei-
spielsweise aus geringen Unterschieden beziiglich me-
tabolischer Prozesse oder auch beziiglich aktiver und/
oder passiver Transportprozesse in den biologischen
Sensorelementen bzw. in den Zellen oder Zellorganel-
len, die in den biologischen Sensorelementen verwendet
werden. .

Bei dem erfindungsgemiBen Verfahren wird nun die
Mischung und/oder das Gemisch mit einem derartigen
biologischen Sensorelement in Kontakt gebracht und
die Signale zeitlich aufgelést und/oder im Falle mehre-
rer Sensorelemente des Mehrkanalbiosensors beziiglich
der einzelnen Sensorelemente analysiert. So 4Bt sich
das Gesamtsignal des Sensorelements bzw. lassen sich
die Gesamtsignale der verschiedenen Sensorelemente
analysieren, und es kann simultan auf die Konzentratio-
nen der einzelnen Analyte geschlossen werden.

Weiterhin besitzt der Mehrkanalbiosensor eine Aus-
werteeinheit, die die Signale der biologischen Sensor-
elemente zeitlich und/oder im Falle mehrerer Sensor-
elemente beziiglich der einzelnen Sensorelemente ana-
lysiert.

Die erfindungsgemiBen Mehrkanalbiosensoren las-
sen sich kostengiinstig und einfach entwickeln und her-
stellen. Im Gegensatz zu den bisherigen Verfahren zur
Mehrkomponentenanalyse und den herkdmmlichen
Biosensoren entfillt die Suche nach bzw. Entwicklung
von auf die einzelnen Analyte selektiv ansprechenden
Sensorelementen. Damit ergeben sich groBe Vorteile
beziiglich der benétigten Entwicklungszeit und der Ent-
wicklungskosten.

Gegeniiber herkommlichen aufgereinigten Nach-
weissubstanzen, wie beispielsweise aufgereinigten En-
zymen oder Enzymgemischen, ist auch die Gewinnung
der in den erfindungsgemaBen biologischen Sensorele-
menten verwendeten Zellen und/oder Zellorganellen
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erheblich leichter und kostengilinstiger durchzufiihren.

In herkémmlichen Biosensoren, die als biologische
Komponente isolierte Enzyme verwenden, sind diese
Enzyme aus ihrer natiirlichen biologischen Umgebung
entfernt und daher nicht physiologischen Bedingungen
ausgesetzt. In den erfindungsgemiBen Mehrkanalbio-
sensoren werden als biologische Komponenten intakte
Zellen und/oder Zellorganellen verwendet. Die biologi-
schen Komponenten liegen daher in einem Zustand und
in einer Umgebung vor, die dem physiologischen Zu-
stand #hnlich oder gleich ist. Dies filhrt insbesondere zu
einer Verlangerung der Lebensdauer der erfindungsge-
m#Ben Mehrkanalbiosensoren verglichen mit her-
kémmlichen Biosensoren auf Enzymbasis.

Die Analyse der gewonnenen Mehrkanalbiosensor-
daten bezfiglich ihres zeitlichen Verlaufs und/oder be-
zliglich der einzelnen Sensorelemente ist sehr rasch und
zuverlgssig und weist im Ergebnis beziiglich der einzel-
nen zu bestimmenden Analyte eine hohe Empfindlich-
keit auf. Insbesondere kdnnen auch organische Analyte
in Mischungen und/oder Gemischen bestimmt werden,
far die bisher noch kein spezifischer, selektiver Einka-
nalsensor existiert bzw. fiir die bisher kein Trennverfah-
ren vorhanden ist.

Vorteilhafte Weiterbildungen des erfindungsgema-
Ben Verfahrens und des erfindungsgemiBen Mehrka-
nalbiosensors werden in den abhiingigen Anspriichen
gegeben.

Die in den biologischen Sensorelementen eingesetz-
ten Zellen und/oder Zellorganellen kénnen zusitzlich
immobilisiert werden. Dadurch ergeben sich Vorteile
beziiglich der Reproduzierbarkeit der Signale und der
Lebensdauer der Sensorelemente.

Der Mehrkanalbiosensor kann aus mehreren biologi-
schen Sensorelementen bestehen, die unterschiedliche
biologische Komponenten besitzen. Diese unterschied-
lichen Zellen und/oder Zellorganeéllen, beispielsweise
unterschiedliche Stdmme, Arten oder Gattungen von
Mikroorganismen, sprechen in zumindest gering unter-
schiedlichen partiellen Empfindlichkeiten auf die zu be-
stimmenden Analyte in der Mischung und/oder in dem
Gemisch an. Bei Einwirkung derselben Mischung und/
oder desselben Gemischs auf die unterschiedlichen Sen-
sorelemente erzeugen diese entsprechend ihrer jeweili-
gen partiellen Empfindlichkeiten fur die einzelnen Ana-
lyte unterschiedliche Signale. Die Signale dieses Sensor-
Arrays und/oder der Signal-Zeit-Verldufe kénnen dann
anschlieBend, beispielsweise chemometrisch, analysiert
werden, so daB sich aus dieser Analyse die Konzentra-
tion der einzelnen Analyte quantitativ oder deren An-
wesenheit qualitativ ergibt.

In den einzelnen biologischen Sensorelementen kén-
nen verschiedene Zellen und/oder Zellorganellen als
biologische Komponenten eingesetzt werden. Weiter-
hin kann auch in einem einzelnen Sensorelement die
biologische Komponente aus einer bestimmten Mi-
schung unterschiedlicher Zellen und/oder Zellorganel-
len bestehen.

Das Verfahren bzw. der Mehrkanalbiosensor, der aus
einem Array aus biologischen Sensorelementen mit zu-
mindest gering unterschiedlichen Empfindlichkeiten
bzw. unterschiedlichem zeitlichen Ansprechverhalten
besteht, kann auch mit der Analyse der Signale der Sen-
sorelemente beziglich ihres zeitlichen Verlaufs verbun-
den werden. Damit ergeben sich insgesamt drei ver-
schiedene M&glichkeiten, das erfindungsgemiBe Ver-
fahren und den erfindungsgemiBen Mehrkanalbiosen-
sor anzuwenden.
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Zum einen kann der Mehrkanalbiosensor aus nur ei-
nem biologischen Sensorelement bestehen, dessen Si-
gnal zu unterschiedlichen Zeitpunkten (Zeitkanilen)
analysiert wird. Zum anderen kann der Mehrkanalbio-
sensor aus mehreren verschiedenen biologischen Sen-
sorelementen bestehen und dessen Signale beziiglich
der einzelnen Sensorelemente (Sensorkanile) analysiert
werden. SchlieBlich kénnen diese beiden Verfahren
auch kombiniert werden, so daB sowohl ein zeitlich als
auch beziiglich der einzelnen Sensorelemente aufgeld-
stes und analysiertes Signal zur Verfiigung gestellt wird.
Alle diese drei Verfahren eignen sich zur Mehrkompo-
nentenanalyse von Mischungen und/oder Gemischen.

Zur Erzeugung des Signals der biologischen Sensor-
elemente kénnen metabolische Leistungen der biologi-
schen Komponenten, wie beispielsweise Stofftransport
oder Verstoffwechselung mit elektrochemischen oder
optischen Verfahren gemessen werden.

Besonders geeignet ist die Messung des Sauerstoff-
verbrauchs der Zellen und/oder Zellorganellen, der bei-
spielsweise vom Stofftransport bzw. von der Metaboli-
sierung der zu bestimmenden Analyte abhingt. Beson-
ders einfach kann der Sauerstoffverbrauch bestimmt
werden, wenn ein elektrochemisches Verfahren, wie
beispielsweise eine Clark-Sauerstoffelektrode, zur Be-
stimmung der Sauerstoffkonzentration verwendet wird.
Sauerstoffelektroden zur Bestimmung des Sauerstoff-
verbrauchs kénnen auch mit Diinnschichttechnik oder
Dickschichttechnik hergestellt werden.

Da bei vielen metabolischen Prozessen eine Proto-
nenfreisetzung oder -aufnahme erfolgt, kann vorteilhaf-
terweise auch eine durch die biologische Komponente
bewirkte Anderung der Protonenkonzentration ausge-
wertet werden. Derartige Anderungen der Protonen-
konzentration kénnen auf einfache, rasche und sichere
Weise potentiometrisch bestimmt werden.

Selbstverstdndlich k&nnen innerhalb eines biologi-
schen Sensorelemente auch verschiedene Parameter,
beispielsweise Sauerstoffverbrauch und Anderung der
Protonenkonzentration, zugleich bestimmt und in die
Auswertung einbezogen werden. Weiterhin koénnen in-
nerhalb eines Mehrkanalbiosensors mehrere biologi-
sche Sensorelemente angeordnet sein, die jeweils unter-
schiedliche Parameter bestimmen bzw. unterschiedliche
Kombinationen von Parametern bestimmen. Auch der-
artige Anordnungen kénnen in dem erfindungsgemaiBen
Verfahren bzw. als erfindungsgem#Be Mehrkanalbio-
sensoren filr die simultane Bestimmung mehrerer Ana-
lyte verwendet werden.

Zur Analyse der zeitlich und/oder beziiglich der ein-
zelnen Sensorelemente aufgeldsten Signaldaten eignen
sich multivariate Auswerteverfahren, wie beispielsweise
Mustererkennungsverfahren, multivariate Kalibrations-
methoden und/oder kilnstliche neuronale Netzwerke.
Dabei kann sich die Auswertung sowohl auf bestimmte
Zeitpunkte (Zeitkanile), auf die einzelnen Sensorele-
mente (Sensorkanile) als auch auf abgeleitete GréBen
der MeBdaten beziehen. Insbesondere kénnen abgelei-
tete GroBen wie Signalhthe, -anstieg oder -abfall, sowie
Flache unter der Signalkurve oder Halbwertsbreite des
Signals analysiert werden.

Durch diese neue Verbindung von Mehrkanalbiosen-
soren mit multivariaten Auswerteverfahren lassen sich
die Signale der einzelnen Kanile sehr schnell und mit
hoher Genauigkeit analysieren und es kann simultan
rasch und zuverldssig auf die Konzentrationen der ein-
zelnen Analyte geschlossen werden. Die Auswertung
mit multivariaten Verfahren ist eine besonders sichere,
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elegante und schnelle Weise, um mehrdimensionale
Sensordaten zu analysieren.

Eine weitere Prazisierung der quantitativen Bestim-
mung der einzelnen Analyte durch den Mehrkanalbio-
sensor und das erfindungsgem#Be Verfahren kann da-
durch erreicht werden, daB der Mehrkanalbiosensor mit
Hilfe vorherbestimmter Mischungen und/oder Gemi-
sche der zu bestinmenden Analyte, beispielsweise
durch ein multivariates Kalibrationsmodell, kalibriert
wird.

Im folgenden werden beispielhafte AusfGhrungsfor-
men des erfindungsgemiBen Verfahrens und des erfin-
dungsgemidBen Mehrkanalbiosensors gegeben. Es zei-
gen:

Fig. 1 — die Bestimmung von Natriumacetat-Trih-
ydrat; und

Fig. 2 — die Bestimmung von Natriumgluconat.

Es wurden Mischungen aus Natriumacetat-Trihydrat
(Konzentrationsbereich 0— 10 mg/1) und Natriumgluco-
nat (Konzentrationsbereich 0—40 mg/l) untersucht. Es
wurden unterschiedliche Mischungen beider Analyten
hergestellt und ihre Signale mit einem amperometri-
schen mikrobiellen Sensor, der aus einer Clark-Sauer-
stoffelektrode und immobilisierten Alcaligenes eutro-
phus KT02 Zellen (entsprechend einem Sensorkanal)
bestand, in einem DurchfluBmeBsystem aufgenommen.
Dabei wurden die Signal-Zeit-Verldufe erfaBt. Als MeB-
kandle dienten neunzehn stets gleich gew#hlte Zeit-
punkte (Zeitkanale), bei denen die immobilisierten Zel-
len des Sensorelementes gering unterschiedliche par-
tielle Empfindlichkeiten je Analyt aufwiesen. Es muB
jedoch betont werden, daB das Sensorelement keines-
wegs selektiv auf nur einen der Analyten ansprach. Die
Unterschiede in den Empfindlichkeiten beziliglich jedes
dieser Analyten waren sehr gering.

Es wiurden insgesamt zwanzig unterschiedliche Mi-
schungen aus Acetat und Gluconat hergestellt. Sech-
zehn dieser zwanzig unterschiedlichen Mischungen
wurden als Kalibrationsproben benutzt. Die verbliebe-
nen vier Mischungen wurden anschlieBend als unbe-
kannte Proben analysiert.

Die gemessenen Signal-Zeit-Verliufe der Kalibra-
tionsproben wurden gegen ihre bekannten Konzentra-
tionen mit einem numerischen Verfahren (Partial Least
Squares Regression) angepaBt. Das erhaltene multiva-
riate Kalibrationsmodell wurde anschlieBend validiert,
indem sowohl die Konzentrationen der Kalibrations-
proben in einer Riickrechnung als auch die Konzentra-
tionen der Analysenproben als Vorhersage ermittelt
wurden. Die Ergebnisse dieser Auswertungen sind in
den Fig. 1 und 2 dargestelit. Fig. 1 zeigt einen Vergleich
zwischen den wahren Konzentrationen an Natriumace-
tat-Trihydrat und den mit Hilfe des mikrobiellen Sen-
sorelementes bestimmten Natriumacetat-Trihydrat-
Konzentrationen in Gegenwart von Natriumgluconat.
Auf der x-Achse ist der wahre Wert, der sich aus der
vorgelegten Zusammensetzung der Mischung ergibt,
aufgetragen. Auf der y-Achse ist die mit dem Sensorele-
ment und der anschlieBenden numerischen Auswertung
bestimmte Natriumacetat-Trihydrat-Konzentration
aufgetragen. Dabei symbolisieren Kreise die als Kali-
brationsproben verwendeten Acetatkonzentrationen,
wihrend Kreuze die als Analysenproben verwendeten-
Acetatkonzentrationen bezeichnen. Samtliche Werte
liegen weitgehend auf der Diagonalen des Schaubildes
und zeigen so die sehr gute Ubereinstimmung zwischen
den wahren Werten der Acetatkonzentrationen und den
Werten der Acetatkonzentrationen, die mit Hilfe des
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mikrobiellen Mehrkanalbiosensors bestimmt wurden.
Trotz der geringen Unterschiede in den partiellen Emp-
findlichkeiten flir die beiden Analyte gelang also eine
sehr genaue, simultane Analyse beziiglich der beiden
Analyte in Mischung bereits mit einem einzigen biologi-
schen Sensorelement (Sensorkanal). Dieses Ergebnis
zeigt eindrucksvoll die Leistungsfahigkeit des erfin-
dungsgemiBen Verfahrens und des erfindungsgemiBen
Mehrkanalanalysators.

Fig. 2 zeigt dieselbe Auswertung filir den zweiten in
der Mischung vorhandenen Analyten, Natriumgluconat.
Auch hier ergibt sich wieder eine hervorragende Uber-
einstimmung zwischen den wahren Konzentrationswer-
ten und den aus den mikrobiellen Sensordaten berech-
neten Konzentrationen von Natriumgluconat in Gegen-
wart von Natriumacetat-Trihydrat.

Auch in einem weiteren, hier nicht dargestellten Fall,
bei dem nur filnf Kalibrationsproben und fiinfzehn Ana-
lysenproben eingesetzt wurden und zugleich finfzehn
Zeitkanile (Zeitpunkte) verwendet wurden, zeigten sich
nur geringe Abweichungen der bestimmten von den
vorhergesagten Konzentrationen.

Patentanspriiche

1. Verfahren zur Mehrkomponentenanalyse von
Mischungen und/oder Gemischen mit biologischen
Sensorelementen, die als biologische Komponente
Zellen und/oder Zellorganellen enthalten, dadurch
gekennzeichnet, daB mindestens ein bzw. mehrere
biologische Sensorelemente, die auf die zu analysie-
renden Substanzen der Mischung und/oder des Ge-
misches zumindest teilweise nichtselektiv, jedoch in
unterschiedlicher Weise ansprechen, mit der Mi-
schung oder dem Gemisch in Kontakt gebracht
werden und die von den Sensorelementen erzeug-
ten Signale zeitlich und/oder beziglich der einzel-
nen Sensorelemente analysiert werden.

2. Verfahren nach Anspruch 1, dadurch gekenn-
zeichnet, daB die Zellen und/oder Zellorganellen
immobilisiert sind.

3. Verfahren nach mindestens einem der vorherge-
henden Anspriiche, dadurch gekennzeichnet, daB
die verschiedenen biologischen Sensorelemente
aus unterschiedlichen biologischen Komponenten
und/oder unterschiedlichen Kombinationen meh-
rerer unterschiedlicher Komponenten bestehen.

4, Verfahren nach mindestens einem der vorherge-
henden Anspriiche, dadurch gekennzeichnet, daB
die biologischen Sensorelemente metabolische Lei-
stungen der biologischen Komponente messen.

5. Verfahren nach Anspruch 4, dadurch gekenn-
zeichnet, daB die Messung der metabolischen Lei-
stung durch ein elektrochemisches oder optisches
Verfahren erfolgt.

6. Verfahren nach mindestens einem der Anspriche
4 und 5, dadurch gekennzeichnet, daB die biologi-
schen Sensorelemente den Sauerstoffverbrauch
der biologischen Komponente messen.

7. Verfahren nach Anspruch 6, dadurch gekenn-
zeichnet, daB die Messung des Sauerstoffver-
brauchs mit einer clark-Elektrode erfolgt.

8. Verfahren nach mindestens einem der Anspriiche
4 bis 7, dadurch gekennzeichnet, daB die biologi-
schen Sensorelemente eine Anderung der Proto-
nenkonzentration messen.

9. Verfahren nach Anspruch 8, dadurch gekénn-
zeichnet, daB die Messung der Anderung der Pro-
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tonenkonzentration potentiometrisch erfolgt.

10. Verfahren nach mindestens einem der vorher-
gehenden Anspriiche, dadurch gekennzeichnet, daf8
die Daten qualitativ mit Hilfe von Mustererken-
nungsverfahren und/oder quantitativ mit multiva-
riaten Kalibrationsverfahren analysiert werden.

11. Verfahren nach mindestens einem der vorher-
gehenden Anspriiche, dadurch gekennzeichnet, daB
die Daten mit multivariaten Auswerteverfahren
analysiert werden.

12. Verfahren nach Anspruch 11, dadurch gekenn-
zeichnet, daB die Daten mit multivariater linearer
Regression, kanonischer  Korrelationsanalyse,
Partial Least Squares Regression, Hauptkompo-
nentenanalyse, Hauptkomponentenregression, Dis-
kriminanzanalyse und/oder kinstlichen neuronalen
Netzwerken analysiert werden.

13. Verfahren nach mindestens einem der vorher-
gehenden Anspriiche, dadurch gekennzeichnet, da8
mit Hilfe vorgelegter Mischungen und/oder Gemi-
sche eine Kalibration der gemessenen Signale er-
folgt.

14. Mehrkanalbiosensor fiir Mischungen und/oder
Gemische, gekennzeichnet durch mindestens ein
bzw. mehrere biologische Sensorelemente, die als
biologische Komponente Zellen und/oder Zellor-
ganellen enthalten und die auf die zu analysieren-
den Substanzen der Mischung und/oder des Gemi-
sches zumindest teilweise nichtselektiv, jedoch in
unterschiedlicher Weise ansprechen, sowie durch
eine Auswerteeinheit, die die Signale der biologi-
schen Sensorelemente zeitlich und/oder beziiglich
der einzelnen Sensorelemente analysiert.

15. Mehrkanalbiosensor nach Anspruch 14, da-
durch gekennzeichnet, daB3 die biologischen Kom-
ponenten immobilisiert sind.

16. Mehrkanalbiosensor nach mindestens einem
der Anspriiche 14 und 15, dadurch gekennzeichnet,
daB verschiedene biologische Sensorelemente un-
terschiedliche biologische Komponenten und/oder
unterschiedliche Kombinationen verschiedener
biologischer Komponenten enthalten.

17. Mehrkanalbiosensor nach mindestens einem
der Anspriiche 14 bis 16, dadurch gekennzeichnet,
daB die biologischen Sensorelemente eine Vorrich-
tung zur Messung der metabolischen Leistung der
biologischen Komponente enthalten.

18. Mehrkanalbiosensor nach Anspruch 17, da-
durch gekennzeichnet, daB die Vorrichtung zur
Messung der metabolischen Leistung der biologi-
schen Komponente ein elektrochemisches oder op-
tisches Verfahren verwendet.

19. Mehrkanalbiosensor nach mindestens einem
der Anspriiche Anspruch 17 und 18, dadurch ge-
kennzeichnet, daB die biologischen Sensorelemente
eine Vorrichtung zur Messung des Sauerstoffver-
brauchs enthalten.

20. Mehrkanalbiosensor nach Anspruch 19, da-
durch gekennzeichnet, daB in der Vorrichtung zur
Bestimmung des Sauerstoffverbrauchs eine Clark-
Elektrode angeordnet ist.

21. Mehrkanalbiosensor nach Anspruch 19, da-
durch gekennzeichnet, daB in der Vorrichtung zur
Bestimmung des Sauerstoffverbrauchs eine mit
Diinnschichttechnik oder Dickschichttechnik her-
gestellte Sauerstoffelektrode angeordnet ist.

22. Mehrkanalbiosensor nach mindestens einem
der Anspriiche 17 bis 21, dadurch gekennzeichnet,
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daB die biologischen Sensorelemente eine Vorrich-
tung zur Messung von Anderungen der Protonen-
konzentration enthalten.

23. Mehrkanalbiosensor nach Anspruch 22, da-
durch gekennzeichnet, daB die Vorrichtung zur
Messung von Anderungen der Protonenkonzentra-
tion ein potentiometrisches Verfahren verwendet.
24, Mehrkanalbiosensor nach mindestens einem
der Anspriiche 14 bis 23, dadurch gekennzeichnet,
daB die Auswerteeinheit Mustererkennungsverfah-
ren und/oder multivariate Kalibrationsverfahren
verwendet.

25. Mehrkanalbiosensor nach mindestens einem
der Anspriiche 14 bis 24, dadurch gekennzeichnet,
daB die Auswerteeinheit multivariate Auswerte-
verfahren zur Auswertung der Daten verwendet.
26. Mehrkanalbiosensor nach Anspruch 25, da-
durch gekennzeichnet, daB die Auswerteeinheit
multivariate lineare Regression, kanonische Korre-
lationsanalyse, Partial Least Squares Regression,
Hauptkomponentenanalyse, Hauptkomponenten-
regression, Diskriminanzanalyse und/oder kinstli-
che neuronale Netzwerke zur Auswertung der Da-
ten verwendet.
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Description

This invention relates to methods and probes for detecting a target analyte in a sample.

Detection of analytes present in trace amounts in a sample requires sensitive and specific methods. Otherwise,
detection of such analytes may be hindered by the presence of substances found at higher concentrations in the
sample. This problem is compounded if the analyte does not have a physical or chemical property that renders it easy
to detect.

Isoelectric focusing (IEF) is an electrophoretic method in which an electric field is applied to a molecule in a pH
gradient to localize the molecule to a position in the gradient at which its net charge is zero, i.e., at its isoelectric point
(pl). IEF is often used to fractionate proteins in complex mixtures and as a tool for characterizing biomolecules of
unknown composition. The pH gradients used in IEF are commercially available, and consist of mixtures of multi-
charged ampholytes, which are low molecular weight compounds (e.g., polyaminopolycarboxylic acids) having closely
spaced, known pl values and high conductivity. The mixture of ampholytes forms a pH gradient upon application of an
electric field.

Capillary tubes have been used in various electrophoretic methods, including |IEF (see, e.g., Novotny et al., Elec-
trophoresis, 11:735-749, 1990). One application of capillary |EF has been for detecting target analytes in samples. For
example, Afeyan et al, U S. Patent No. 5,376,249 (1994), describes a method in which a complex formed between
an analyte and a labeled analyte-specific binding moiety is fractionated by capillary IEF. Similarly, Karger et al., U.S.
Patent No. 5,348,633 (1994), describes a method in which a complex formed between an analyte and a labelled Fab
fragment of an immunoglobulin is concentrated by capillary IEF. In both of these methods, the pl of an analyte-probe
complex for each analyte to be detected must be determined empirically. If there are more than a few analytes, this
empirical determination can become difficult.

Summary of the Invention

The present invention is based on the discovery that a new detectable and isolable moiety can be used in simple
methods to detect a wide variety of analytes in complex samples. The special moiety is bound to a probe that specifically
binds to the targeted analyte, the sample is mixed with the analyte-specific probe, the probe is bound to the analyte
to form an analyte-probe complex, unbound probe is removed from the complex, and the moiety is released from the
complex and isolated, e.g., by fractionation in a pH gradient by |EF. Detection of the moiety, e.g., at the position in the
gradient corresponding to its pl, is used as a measure of the presence of the analyte in the sample.

Accordingly, in one aspect, the invention features a method for detecting an analyte in a sample. In this method,
the sample is contacted with a detector probe, which contains a moiety (e.g., phycoerythrin) containing a detectable
label, and a capture probe to form a detector probe-analyte-capture probe complex. The complex is then separated
from any detector probe that is not bound in the complex, the moiety is released from the complex, the released moiety
is isolated from the complex, and, optionally, concentrated. The isolated moiety can then be detected as a measure
of the presence of the analyte in the sample.

In addition to the detectable label, the moiety has a property, e.g., a predetermined pl, that facilitates its isolation
and/or concentration. In the case where the moiety has a predetermined pl, the isolating and concentrating of the
released moiety can be carried out by isoelectric focusing. The focused moiety can then be detected at a position in
a pH gradient corresponding to the pl of the moiety, as a measure of the presence of the analyte in the sample. The
moiety may also be isolated and/or concentrated on the basis of size, e.g., by the use of column chromatography or
a molecular sieve.

The sample, detector probe, and capture probe can be contacted with one another in any order. For example, the
sample can be contacted with the detector probe prior to its contact with the immobilized capture probe in the lumen
of the fractionation chamber. Alternatively, the sample and the detector probe can be independently contacted with the
capture probe in the lumen of the fractionation chamber, or the sample can be contacted with the capture probe in the
lumen of the fractionation chamber prior to the detector probe.

The capture probe for use in the method of the invention can contain the first member of a specific binding pair,
and the separation step can be carried out by contacting the complex with the second member of the specific binding
pair, which is immobilized on a solid support (e.g., an agarose or glass bead or a support in the lumen of a fractionation
chamber, such as a capillary tube). The specific binding pair can be, e.g., a pair of complementary nucleic acids, a
pair of polypeptides that specifically bind to one another (e.g., a polypeptide containing an antigen binding site of an
antibody (in the context of, e.g., an antibody, such as a single chain antibody) and an antigen to which the antigen
binding site binds), or avidin and biotin.

The capture probe used in the method of the invention can be immobilized in the lumen of a fractionation chamber
(e.g., a capillary tube or a groove in the surface of a plate) and the isolating, releasing, and concentrating steps can
thus be carried out in the lumen of the fractionating chamber.
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Target analytes that can be detected using the method of the invention include, e.g., nucleic acids (e.g., a chro-
mosome containing a translocation, or a pre-mRNA or mRNA transcript thereof), polypeptides, carbohydrates, lipids,
metabolites, and drugs. The capture probes and detector probes can be, e.g., nucleic acids or polypeptides (e.g., a
polypeptide containing an antigen binding site of an antibody, such as a single chain antibody).

The moiety can be released from the detector probes using methods including, e.g., chemical cleavage. For ex-
ample, in the case where the moiety is linked to the detector probe by a disulfide bond, the moiety can be released by
reduction of the disulfide bond. The moiety may also be released by enzymatic cleavage, e.g., by the use of a restriction
enzyme, DNAse, RNAse, or a ribozyme.

In a second aspect, the invention features a method for detecting the presence of a chromosome containing a
chromosomal translocation (i.e., a chromosome containing a portion of a first chromosome and a portion of a second
chromosome) in a sample. In this method, the sample is contacted with a capture probe and a detector probe to form
a detector probe-analyte-capture probe complex. The capture probe binds to the portion of the first chromosome, or
a corresponding RNA transcript thereof, and contains the first member of a specific binding pair. The detector probe
binds to the portion of the second chromosome, or a corresponding RNA transcript thereof, and contains a detectable
label. The complex is then isolated from any detector probe that is not bound in the complex by contacting the complex
with the second member of the specific binding pair, immobilized on a solid support. The detectable label present in
the complex can then be detected as a measure of the presence of the chromosome containing the chromosomail
translocation in the sample.

The invention also features probes (e.g., nucleic acid or polypeptide (e.g., antibody) probes) containing releasable
moieties, which contain labels and have properties (e.g., predetermined pls) that facilitate their isolation and/or con-
centration.

The invention provides several advantages, as it permits simultaneous analysis of multiple analytes in a sample
on a micro-scale with high sensitivity. When using IEF analysis of a moiety released from an analyte-bound probe, the
method of the invention avoids the need for empirical determination of the pl of an analyte-probe complex for each
analyte tobe detected. Moieties having predetermined pls can be attached to probes specific for any analyte of interest.
Similarly, when isolating the moieties based on size or mass, moieties having predetermined sizes or masses are
attached to specific probes. The method of the invention also requires only small sample and reagent volumes, and
is rapid and readily adaptable to automation. In addition, amplification by physical concentration of a moiety (e.g., by
IEF or column chromatography) avoids background problems inherent in many detection methods employing enzymatic
amplification (e.g., PCR).

Unless otherwise defined, all technical and scientific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this invention belongs. Although methods and materials similar
or equivalent to those described herein can be used in the practice or testing of the invention, some preferred methods
and materials are described below. All publications, patent applications, patents, and other references mentioned herein
are incorporated by reference in their entirety. In case of a conflict, the present specification will control. In addition,
the described materials, methods, and examples are illustrative only and are not intended to be limiting.

Other features and advantages of the invention will be apparent from the following detailed description and the
claims.

It is to be understood that preferred features of the one aspect may apply as they apply for an appropriate corre-
sponding aspect mutatis mutandis.

Brief Description of the Drawings

Fig. 1 is aschematic representation of a capture probe-analyte-detector probe complex, in which the capture probe
contains the first member of a specific binding pair.

Fig. 2 is a schematic representation of a capture probe-analyte-detector probe complex, in which the capture probe
is bound to a solid support.

Detailed Description

The invention provides methods for detecting the presence of a target analyte in a sample. The methods of the
invention employ a detector probe labeled with a moiety that (1) contains a detectable label, and (2) has a property (e.
g., a predetermined pl) that facilitates its isolation and/or concentration. After the detector probe is bound to the target
analyte to form a detector probe-analyte complex, and the complex is purified from sample components and unbound
detector probe, the moiety is released from the complex and isolated and/or concentrated using methods appropriate
for the specific moiety. For example, in the case of a moiety having a predetermined pl, the moiety is isolated and
concentrated in a pH gradient by IEF. Detection of such a moiety at a position in the pH gradient corresponding to its
pl is used as a measure of the presence and concentration of the target analyte in the sample.
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The methods of the invention are described below with reference to the use of a labeled moiety having a prede-
termined pl. However, the invention can also be carried out using a labeled moiety having other properties that facilitate
its isolation and/or concentration. Methods for isolating and concentrating moieties based on other properties, including,
e.g., size, are well known in the art and include, e.g., column chromatography. A molecular sieve can also be used to
isolate and/or concentrate moieties having different molecular weights. For example, a stack of filters, having progres-
sively smaller pore sizes, can be used. In addition, the moieties can contain paramagnetic particles, which can be
isolated and concentrated by exposure to a magnetic field. In order to use such moieties in a multiplex assay, the
moieties can be, e.g., attached to their respective probes by different types of linkers, and thus released sequentially
from the detector probes for isolation and concentration.

Hybridization Assays

Hybridization of a single probe to a target analyte to form an analyte-probe complex is carried out using standard
methods. Alternatively, two probes, e.g., in the context of a sandwich hybridization assay, can be used (see, e.g., Ranki
etal, Gene 21:77-85, 1983; U.S. Patent No. 4,486,539 (1984)). As illustrated in Figs. 1 and 2, sandwich hybridization
assays involve the use of a capture probe 10 and a detector probe 12, which are designed to bind concurrently to a
target analyte 14. In the context of the present invention, the detector probe 12 used in a sandwich hybridization assay
includes a moiety 16, which, as described herein, contains a detectable label and has a predetermined pl or other
known characteristics that allow the moiety to be isolated and/or concentrated. The capture probe can, e.g., (1) contain
the first member of a specific binding pair 18 (Fig. 1), or (2) be immobilized on a solid support 20 (e.g., on a dipstick
or on a solid support in the lumen of a fractionation chamber, such as a capillary tube) (Fig. 2). In either of these cases,
use of the capture probe facilitates purification of the analyte-probe complex 26 from sample components, as well as
from unbound detector probes. The sample can be contacted with the detector and capture probes simultaneously, or
in sequence.

As shown in Fig. 1, when a capture probe 10 containing the first member of a specific binding pair 18 is used in a
sandwich hybridization assay, the detector probe-analyte-capture probe complex 26 can be purified by contact with
the second member of the specific binding pair 22, bound to a solid support 24. For example, the second member of
the specific binding pair can be immobilized on a bead, such as a glass or an agarose bead. Contact of the sample
with the bead will immobilize the complex on the bead. As is known in the art, binding of the detector probe-analyte-
capture probe complex to such beads can be promoted by, e.g., continuous mixing of the sample and probes with the
beads. The beads can then be washed to remove unbound probe and non-specifically bound sample components.
The moiety 16 can then be released from the purified complexes, and applied to a fractionation chamber, such as a
capillary tube, for concentration, e.g., by IEF.

The second member of the specific binding pair 22 can also be immobilized on a solid support 24, such as a
dipstick, or in the lumen of a fractionation chamber, for example, on the wall of the lumen of a capillary tube, or on a
maitrix, which can be made of any standard column-packing material (e.g., glass microbeads, agarose beads, glass
wool, or a gel, such as a polyacrylamide gel), contained within such a chamber. As an example, the specific binding
pair can be a pair of complementary oligonucleotides, e.g., poly-A and poly-T oligonucleotides. This configuration
enables the use of a single capillary tube, for example, a capillary tube 24 containing immobilized poly-A 22, with any
set of capture and detector probes, provided that the capture probe 10 contains a poly-T binding region 18.

Optimal lengths and levels of complementarity of oligonuclectides for use as specific binding pairs can be readily
determined by one skilled in the art, and can vary depending on factors including sequence composition, sample
complexity, and assay conditions (e.g., ionic strength, the types of salts used, the presence of organic solvents, and/
or hybridization temperature). In the case of homopolymeric cligonucleotides (e.g., poly-A, poly-T, poly-G, and poly-
C), for example, the first member of the specific binding pair, which is a component of the capture probe, can be, e.g.,
8-100, 16-60, or 18-50 nuclectides in length. The second member of the specific binding pair, which is immobilized on
the solid support (e.g., on a dipstick or in the lumen of a fractionation chamber), should be at least 8 nuclectides in
length. but preferably is much longer, for example, 16-50, 18-100, or up to several hundred or several thousand nu-
cleotides in length. Such lengthy homopolymeric oligonucleotides are made using standard methods, for example, by
the use of terminal transferase.

In the case of pairs of heteropolymeric oligonucleotides, the first and second members of the specific binding pair
can be, e.g., 8-100, 16-50, or 18-40 nucleotides in length. The second members of the specific binding pairs, for both
homopolymers and heteropolymers, can be attached to the solid support by a linker, for example by a flexible carbon
chain, such as a 3-glycidoxypropyltrimethoxysilane linker (see, e.g., Maskos et al., Nucl. Acids Res. 20(7):1679-1684,
1992).

The capture probe itself can also be immobilized in the lumen of a fractionation chamber (e.g., a capillary tube),
either on the wall of the lumen or on a matrix, which can be made of any standard column-packing material (e.g., glass
microbeads, agarose beads, glass wool, or a gel, such as a polyacrylamide gel) within the lumen. Methods for immo-
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bilizing probes (e.g., nucleic acid or protein probes) onto surfaces, such as glass or plastic surfaces, e.g., in the interior
of a capillary tube, are well known in the art. For example, as menticned above, oligonuclectides can be attached to
a surface (e.g., a smooth or porous surface made of, e.g., glass, plastic (e.g., polypropylene), silicon, gold, or platinum)
by the use of a linker, such as a 3-glycidoxypropyltrimethoxysilane linker (see, e.g., Maskos et al,, supra).

The sample and the detector probe can be contacted with each other outside of such a fracticnation chamber,
then applied to the chamber as a mixture, or can be applied to the chamber individually, either simultaneously or
sequentially. Formation of detector probe-analyte-capture probe complexes within the fractionation chamber can be
facilitated by electrophoretic or physical (e.g., mechanical pumping) transfer of the target analyte from one end of the
chamber 1o the other, each time passing immobilized capture probes to which it can bind. Once the complexes are
formed, non-specifically bound sample components and unbound detector probes can be removed from the chamber
by application of an electric field to the chamber, by physical washing, or by a combination of these methods. The
moiety can then be released from the immobilized detector probes and focused by IEF. As described further below,
multiple capture probes, specific for multiple target analytes, can be immobilized at random positions in the lumen of
a single capillary tube. Such configurations facilitate detection of multiple target analytes in a single assay, depending
on the use of an iscelectrically distinct moiety for each detector probe.

In addition to the sandwich hybridization assays described above, other standard hybridization methods employing
the use of, for example, dipsticks or a single, labeled probe can be used in the method of the invention. Dipsticks can
be used, for example, by serving as the solid support to which multiple capture probes are bound. Detector probe-
analyte-capture probe complexes can thus be formed on the dipstick, and moieties released from the purified complexes
can be fractionated by |IEF, as described below. The dipstick can also contain an immobilized member (e.g., a poly-A
tract) of a specific binding pair that binds to its cognate binding partner (e.g., a poly-T tract), present on a capture probe
(see above). This type of configuration permits the use of a dipstick containing only one species of immobilized probe
to be used in conjunction with capture probes specific for multiple analytes.

Target Analytes

Target analytes that can be detected using the methods of the invention include, e.g., nucleic acids, proteins,
carbohydrates, lipids, metabolites, vitamins, and drugs. Detection of such molecules can be useful in fields such as
medicine, forensics, agriculture, industry, food sciences, and veterinary medicine. For example, in the field of medicine,
the methods of the invention can be used in the diagnosis of conditions (e.g., cancer) characterized by the presence
or absence of specific markers (e.g., protein or nucleic acid markers) and/or altered levels of normally occurring proteins
(e.g., hormones, cytokines, lymphokines, antibodies, or enzymes) or nucleic acids. The methods of the invention can
also be used to detect gene mutations, which can be characterized by, e.g., single base pair changes, small or large
deletions, insertions, or rearrangements (e.g., chromosomal translocations as described below), and genetic polymor-
phisms. In addition, the methods of the invention can be used to detect the presence of an infectious pathogen (e.g.,
a bacterium, virus, protozoan, parasite, or fungus) in a sample, e.g., a sample from a patient. Samples that can be
tested using the methods of the invention include, e.g., biological fluids, such as blood, serum, plasma, urine, and
saliva, as well as plant extracts, cell extracts, cell culture media, and fermentation mixtures. If necessary, protein and/
or nucleic acid preparations can be prepared from the samples using standard methods, before application of the
present methods. As discussed below, due to the sensitivity of the method, only small amounts of a sample are required
for carrying out the methods of the invention.

Probes

The types of specific probes used in the invention depend on the particular type of target analyte to be detected,
and are well known in the art. For example, in the case of a nucleic acid target (e.g., a DNA or an RNA target), nucleic
acid probes can be used. The nucleic acid probes can contain deoxyribonuclectides, ribonucleotides, or combinations
or modifications thereof. The optimal sequences, lengths, and levels of complementarity with the target analyte, in
order to achieve specific binding, are parameters that are readily determined by those skilled in the art. For example,
the probes can contain at least 8, for example 16-100 or 18-40, consecutive nucleotides that are complementary to
the target nucleic acid analyte. The design of such probes can be facilitated by reference to standard protocol manuals
and publicly available computer programs (see, e.g., Ausubel et al,, eds. Current Protocols in Molecular Biology, Wiley
& Sons, New York, 1989). Synthesis of nucleic acid probes can be carried out using standard chemical or recombinant
methods. Alternatively, nucleic acid probes can be purchased from commercial vendors. The nucleic acid probes can
be single-stranded or can contain single-stranded and double-stranded regions. In addition to nucleic acid probes,
nucleic acid target analytes can be detected using polypeptide probes, for example, probes that contain nucleotide
sequence-specific nucleic acid binding domains.

In the case of protein targets (e.g., antibodies, hormones, enzymes, pathogen proteins, cytokines, and lym-
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phokines), antibodies, such as monoclonal antibodies that specifically bind to the analyte, can be used in the invention.
Techniques for producing antibodies are well known in the art (see, e.g., Harlow et al., Antibodies, A Laboratory Manual,
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, New York, 1988). Particularly useful antibody molecules
include Fab fragments of immunoglobulins, as well as recombinantly made single chain antibodies (see, e.g., Huston
etal, U.S. Patent Numbers 5,091,513 (1992) and 5,132,405 (1992); and Ladner etal,, U.S. Patent Numbers 4,704,692
(1987) and 4,946,778 (1990)). In addition to antibodies, non-antibody proteins and nucleic acids that specifically bind
to target protein analytes can be used.

As mentioned above, capture probes used in the method of the invention can, e.g., (1) contain the first member
of a specific binding pair, or (2) be immobilized on a solid support (e.g., on a dipstick or on a solid support in the lumen
of a fractionation chamber, such as a capillary tube). Binding pairs that can be used in conjunction with capture probes
include, e.g., streptavidin-biotin, as well as antibody-antigen, enzyme-substrate, receptor-ligand (e.g., hormone), nu-
cleic acid-nucleic acid binding protein, and nucleic acid-nucleic acid binding pairs, and other specific binding pairs
known in the art. The second member of the binding pair is immobilized on a solid support, such as an agarose bead
or a glass microbead, using standard methods, or such a complex can be purchased from a commercial vendor. Im-
mobilization of capture probes to, e.g., the lumen of a fractionation chamber or glass microbeads, which can be con-
tained within the fractionation chamber, is described above. Detector probes used in the method of the invention contain
moieties, which are described below.

Moieties

As mentioned above, detector probes used in the invention include a moisty that (1) contains a detectable label
(e.g., a fluorescent, phosphorescent, radioactive, luminescent, or colored label), and (2) has a property that allows its
isolation and/or concentration, e.g., a predetermined pl. The moiety can be a single molecule having both of these
properties, or a complex of two or more molecules that together provide the moiety with these properties. The moiety
can be a naturally occurring molecule or can be chemically synthesized. For example, the moiety can be a protein,
peptide, protein complex, nucleic acid, carbohydrate, organic molecule, or a modification or combination thereof. Labels
that can be used with the moiety include, e.g., fluorescent labels (e.g., fluorescein, rhodamine, or Texas Red), mixtures
of fluorescent labels, chromophores, phosphorescent agents, and luminescent agents.

Specific examples of moieties that can be used in the invention include, e.9., members of the phycobilliprotein
family (e.g., phycoerythrin and allophycocyanin), Starburst Dendrimers (Sigma Chemical, St. Louis, MO), an FITC
coupled to a small amino acid chain (e.g., an amino acid chain containing a proteolytic cleavage site), and fluorescent
dextrans (Molecular Probes, Eugene, OR; e.g., a dextran microparticle of several nanometers diameter covered with,
e.g., a fluorophore; the microparticle can be linked to a detector probe by a polystyrene spacer-arm containing a cleav-
able bridge, such as a disulfide bond). Other examples of suitable moieties and chemical linkages can be found, e.g.,
in Haugland, "Handbook of Fluorescent Probes and Research Chemicals," Molecular Probes, Inc., Eugene, OR, 1992.

Streptavidin-phycoerythrin conjugates are extremely sensitive labels, as their fluorescence yield/molecule ratio is
roughly equivalent to that of 100 rhodamine molecules or 30 fluorescein molecules. A commercially available strepta-
vidin-phycoerythrin conjugate (Molecular Probes, Eugene, OR) focuses into multiple, discrete peaks having acidic pls.
Thus, streptavidin-phycoerythrin is a source for the isolation of numerous, distinct moieties having discrete pls. The
streptavidin-phycoerythrin can be fractionated by IEF in, e.g., a narrow pH gradient, and peaks corresponding to species
having discrete pls can be pooled for use as separate moieties.

Moieties having discrete pls can also be obtained by chemical treatment. For example, treatment of streptavidin-
phycoerythrin with water soluble carbodiimide/N-hydroxysulfosuccinimide(NHS)/ethylene diamine (see below) results
in the production of a multiplicity of streptavidin-phycoerythrin products containing ethylene diamine, which increases
the pls of the proteins. These products have pls in the range of 6-9, and can be fractionated into distinct species for
use as moieties. Modified versions of moieties, e.g., phycoerythrin, can be made using these methods, or any other
standard method in the art.

Moieties can be attached to detector probes using standard methods, which are selected based on the type of
probe and moiety used. For example, molecules (e.g., protein or nucleic acid molecules) containing primary amines
can be linked to molecules containing biotin and a disulfide bridge, e.g., as follows. The molecule containing the primary
amine is reacted with an N-hydroxysulfosuccinimide (NHS) ester of biotin, that includes a disulfide bond in the spacer
arm (e.g., EZ-Link NHS-SS-Biotin, Pierce Chemical Co., Rockford, IL), at or above neutral pH, resulting in covalent
linkage of the molecule with SS-biotin and release of N-hydroxysulfosuccinimide. As a specific example of the use of
such a modified molecule, an analyte-specific nucleic acid probe linked to SS-bictin can be linked with avidinphyco-
erythrin to form a complete detector probe. Release of the moiety, after isolation of detector probe-analyte-capture
probe complexes, can be achieved by contacting the complex with a reducing agent, such as dithiothreitol or B-mer-
captoethanol.

Another well known coupling reaction involves reaction of a carboxyl group on one molecule with a primary amine
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on another molecule, in the presence of a carbodiimide coupling reagent, such as EDAC (1-ethyl-3-(3-dimethylamino-
propyl) carbodiimide) (Biorad. Cambridge. MA). Reaction of these components results in a covalent linkage between
the two molecules, accompanied by the release of urea. Moieties can also be introduced into detector probes as
modified nucleotides during synthesis or after synthesis by chemical modification of nucleotides containing reactive
groups, such as primary amines (see above).

In the case of a detector probe containing a nucleic acid segment between the analyte-binding region and the
moiety (e.g., a nucleic acid probe), a nuclease can be used to release the moiety from the detector probe-analyte-
capture probe complex. For example, a DNAse can be used to release moieties from probes containing DNA, while
an RNAse (e.g., RNAse A or S1 nuclease) can be used to release moieties from probes containing RNA. Of course,
such enzymes should not be used in cases where they adversely affect the integrity of the moiety.

In addition to enzymes such as DNAses and RNAses, enzymes having sequence specificity can be used to release
moieties from detector probes. For example, the moiety can be linked to the probe by a single or double-stranded DNA
sequence that contains a restriction endonuclease cleavage site. After isolation of the complex, the moiety can be
released from the complex by incubation with the appropriate restriction endonuclease, using standard methods. With
probes containing specific ribonucleotide sequences adjacent to the moiety, a ribozyme can be used to effect release.

Moieties can also be attached to detector probes (a.g., nucleic acid and polypeptide detector probes) by peptide
linkages containing amino acid sequences that can be cleaved by sequence specific enzymes. For example, the moiety
can be attachedto the probe by a peptide having a sequence recognized by an enzyme, such as pyroglutamyl peptidase
II (see, e.g., Wilk et al., Neurochem. Int. 15(1):81-89, 1989; Wilk et al., Neuropeptides 12:43-47, 1988; Wilk, Life Sci-
ences 39:1487-1492, 1986; Charli et al., Neuropeptides 9:373-378, 1987). Such polypeptide probes can be made, e.
9., using standard recombinant methods (see, e.g., Ausubel et al., supra).

Additional methods for linking moieties to probes are well known in the art, and include, e.g., the use of biodegrad-
able ester linkers. For example, a palmitoyl residue can be linked to the 5' end of a nucleic acid probe by a bond that
is cleavable by an esterase (see, e.g., Polushin et al, Nucleic Acids Res. 22:5492-5496, 1994). As is well known in
the art, ester bridges can also be cleaved by increasing the pH from neutral to 9-10. Photochemical bridges that are
cleaved by irradiation of specific wavelengths can also be used. Moieties can also be linked to detector probes by
antibody-antigen and receptor-ligand interactions. For example, a labeled lectin that binds to a glycoconjugate, e.g.,
concanavalin A, which binds to c-mannopyranosyl residues or a-glucopyranosyl residues, can be used. In addition,
moieties can be cross-linked to probes, such as polypeptide probes.

Isoelectric Focusing

Moieties cleaved from purified detector probe-analyte-capture probe complexes can be concentrated by IEF in a
pH gradient to facilitate subsequent detection. The pH gradient can be created by application of an electric field to a
mixture of ampholytes, which are compounds (e.g., low molecular weight polyamino-polycarboxylic acids or polymers
of glycine, glycylglycine, amines, an epichlorohydrin) containing varying amounts of hydrogen-donating and hydrogen-
accepting groups. Inthe presence of a charge gradient, the ampholytes migrate to their pls, i.e., to the positions between
the positive and negative poles where their net charges are zero. The ampholytes can have closely spaced pl values
and high conductivity, and thus can partition into smooth pH gradients upon application of an electric field.

Specific ampholytes can be selected, depending on the moiety or moieties to be fractionated. For example, shallow
gradients, i.e., gradients with relatively small changes in pH per unit length, often are useful as they permit resolution
of moieties having similar pls. For example, pH gradients which span, e.g., less than 2.0 pH units can be used. Such
gradients permit resolution among members of a family of closely related chemical structures, and can be readily
prepared by, e.g., fractionating conventional ampholyte mixtures to obtain preparations having a narrow pH range. It
is often useful to prepare a gradient so that its ends have regions of constant pH that are fairly close to the predetermined
pl of the moiety. For example, a gradient for detecting a moiety of pl 8.2 can extend from pH 7.7 to pH 8.7. This design
can be used to eliminate charged species in the sample having pls outside the range of the gradient. Such species
rapidly migrate to the poles. Ampholytes are available from several commercial suppliers, such as Bio-Rad (Cambridge,
MA) and Pharmacia Biotech. (Piscataway, NJ).

Capillary Electrophoresis

|IEF for use in the invention can be carried out in an elongated channel, such as a capillary tube, which is made
of glass, plastic, or other material, and has an internal diameter of, for example, less than about 1 millimeter, e.g., less
than 500 microns. For example, a capillary tube having an internal diameter of 100 microns and a length of 50 millimeters
can be used. The surface area of such a capillary tube would allow the binding of on the order of 1013 capture probes.
Higher surface to volume ratios can be achieved by using thinner and/or longer capillaries, thereby facilitating even
more rapid hybridization kinetics. Methods for carrying out capillary |IEF are well known in the art and are described,
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e.g., by Karger et al. (J. Chromatography, 492:585-614, 1989) and Novotny et al. (supra).

The use of a capillary tube, which has a high surface area to volume ratio, and thus a high capacity for dissipating
heat, allows high voltages to be used in IEF methods, thus improving and accelerating the resolution of the moiety at
its pl. In conventional IEF, electric fields on the order of 100 V/cm are generally used, while in capillary IEF, electric
fields on the order of 200-500 V/cm can be used. Thus, |IEF assays can be conducted rapidly, e.g., in a few minutes
or seconds. In addition, in the case where capillary tubes containing immobilized capture probes are used, the high
surface area to volume ratio of the capillary tubes facilitates target analyte hybridization to the capture probes, as any
target molecule that passes through the capillary is in close proximity to the capture probes.

Another consequence of the high surface area tovolume ratio of capillary tubes with respect to the present invention
is that only very small quantities of reagents and test samples are required. For example, since only a few hundred
fluorophores are needed for detection by a charge-coupled device (CCD; see, e.g.. Mackay et al, U.S. Patent No.
4,874,492 (1989)), after fluorescence induction by a laser, a single milliliter of blood, which contains approximately
108-107 white blood cells, should provide a sufficient amount of target for detection using the method of the invention.
In the case where bacterial rRNAs are the target analytes, a single bacterium in a one milliliter sample should be
detectable using the method of the invention.

Any of several standard capillary electrophoresis systems can be used to carry out the method of the invention.
For example, the Beckman P/ACE System 2050 (Beckman Instruments, Columbia, MD) can be used. In addition,
systems that facilitate simultaneous processing of several capillary tubes can be used (see, e.g., Yeung et al,, U.S.
Patent No. 5,324,401 (1994)).

In addition to capillary IEF, other IEF methods can be used in the invention. For example, |IEF can be carried out
in a groove etched into a plate, such as a glass or a plastic plate. In this method, each end of the groove is in contact
with a well into one of which the sample is applied. Use of this type of system allows analysis of larger sample volumes.
In addition, methods in which ampholytes are provided in a polyacrylamide gel support matrix, e.g., in an elongated
horizontal slab gel or in a tube gel, can be used.

Detection of Focused Moicties

The emission, absorbance, or other detectable signal of a focused moiety can be detected using any of several
standard methods, depending on the nature of the moiety. For example, a spectrophotometer can be used for detecting
ultraviolet or x-ray irradiation of & moiety. A fluorescent moiety can be detected with a CCD device. A standard mercury
light source, or a laser beam, can be used for excitation of the moiety, and a CCD device, such as a linear CCD device,
can be employed for detection. The light source (e.g., a laser) can direct light perpendicularly to the moieties to be
excited, or can be connected by a fiber optic cable in series with the capillary tube, so that the capillary tube itself is
used as a light tunnel. In the case of an isotopically labeled moiety, a CCD device can be used to measure gamma
irradiation directly. As will be apparent to one skilled in the art, appropriate filters, to remove scattered or reflected light,
can be used with a detector device, such as a CCD device or a photomultiplier tube.

The detector can be positioned to specifically monitor the precise location in the pH gradient corresponding to the
pl of the moiety. Alternatively, the detector can be moved along the pH gradient, or the chamber containing the gradient
(e.g., a capillary tube) can be moved past a detector. In another example, neither the capillary, nor the detector is
moved. Rather, once the moiety is focused, it is transported within the capillary tube so that it moves past a detector.
Such transport can be induced, e.g., by pumping fluid through the capillary to convectively move the gradient. In any
example where the plug or zone of complex is moved relative to the detector, the predetermined pl will remain constant,
but the physical position of the focused moiety will shift. In a device where the whole gradient is moved, the detector
can be programmed to take a reading only at a predetermined time after the start of flow, such as the time determined
to coincide with passage of the moiety. Also, a linear CCD device, spanning the length of the fractionation chamber,
can be used. Appropriate systems integrating signal induction (e.g., lasers) and detection (e.g., CCD devices) devices
are well known in the art (see, e.g., Fujimiya et al, U.S. Patent No. 5,069,769 (1991); Pentoney, U.S. Patent No.
5,208,466 (1993)).

To conduct a quantitative analysis of a target analyte, a standard curve can first be prepared, using standard
methods. For example, the amount of label detected using the method of the invention can be determined for several
samples containing known quantities of analyte. A standard curve generated by these readings can then be used to
determine the concentration of the analyte in a sample having an unknown analyte concentration, by comparing the
level of the signal detected to the standard curve.

Detection of Multiple Analytes in a Sample

An advantage of the invention is that it facilitates detection of multiple analytes in a sample using a single pH
gradient. For example, probes specific for several analytes, each containing isoelectrically distinct moieties, can be
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used together in the same assay. After hybridization, capture, moiety release, and IEF, the different moieties are de-
tected at their unique positions in the pH gradient, as a measure of the presence of each analyte in the sample. In an
assay for multiple analytes in a single pH gradient, it is necessary only that each moiety corresponding to a different
target analyte has a unique and distinguishable pl in the gradient, i.e., the detectable label can be the same on each
otherwise distinct moiety. The number of simultaneous detections (i.e., the number of different probes) that can be
carried out is limited only by the resolution of the detection device and/or the ability to resolve the moieties during IEF.

Example | - Detection of Salmonella in a Biological Sample

The methods of the invention can be used to detect the presence of a pathogenic organism in a sample, for
example, Salmonelia in a food sample. Reagents and methods adaptable for carrying out this assay are provided in
the GENE-TRAK Salmonella Assay Kit (GENE-TRAK Industrial Diagnostics, Hopkinton, MA). Briefly, a genosensor (a
dipstick in the GENE-TRAK assay, but a capillary tube can also be used) coated with a poly-A probe is contacted with
a sample, a capture probe, which contains a poly-T tail, and a detector probe. The detector probe is designed to contain
a moiety of the invention, such as a streptavidin-phycoerythrin moiety. A specific example of a detector probe that can
be used in this method is as follows: phycoerythrin-streptavidin-bictin-SS-AmT-AGCTCACAGCATATGCGCTTTTGT-
GTAC-3' (SEQ ID NO:1), where AmT is an amino madifier, CgdT, which is a thymidine that contains a primary amine
attached via a 6-carbon linker. After washing to remove non-specifically bound material, including unbound detector
probes, the dipstick is transferred to a tube containing a 1-2% solution of ampholytes and a releasing agent (e.g., in
the case of the specific probe described above, a reducing agent (e.g., dithiothreitol or B-mercaptoethanol) is used to
cleave the disulfide bond, resulting in the release of S-biotin-streptavidin-phycoerythrin). After removal of the moiety
from the complex, the solution is transferred to an |EF tube, to which a current is applied to establish a pH gradient.
The moiety is then detected at the position in the pH gradient corresponding to its pl, as described above.

Example |l - Detection of Chromosomal Translocations

The invention can be used to detect chromosomal translocations. As a specific example, the method can be used
to detect the so-called "Philadelphia” chromosome, the presence of which is the underlying cause of acute lymphocytic
leukemia and chronic myelogenous leukemia. The Philadelphia chromosome is characterized by having a balanced
translocation of the terminal region of chromosome 9 to the terminal region of chromosome 22. This results in a gene
fusion between the abl/ oncogene on chromosome 9 and the bcr gene on chromosome 22. This gene fusion is tran-
scribed into a message containing regions corresponding to both genes.

The present invention can be used to detect such translocations as follows. A capture probe can be designed to
hybridize to the ber region of the fusion (either the gene itself or an RNA (pre-mRNA or mRBNA) transcript thereof),
while a detector probe can be designed to hybridize to the abl region. Capture of the ab/ detector probe by the ber
capture probe indicates the presence of the Philadelphia translocation.

Other Embodiments

It is to be understood that, while the invention has been described in conjunction with the detailed description
thereof, the foregoing description is intended to illustrate and not limit the scope of the invention. Other aspects, ad-
vantages, and modifications of the invention are within the scope of the following claims.
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(C) STRANDEDNESS:
(D) TOPOLOGY!:

28

nucleic acid
aingle
linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1:

AGCTCACAGC ATATGCGCTT TTGTGTAC

Claims

28

1. A method for detecting an analyte in a sample, comprising the steps of:
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13.

14.

EP 0 805 215 A2

contacting said sample with a detector probe and a capture probe to form a detector probe-analyte-capture
probe complex, wherein said detector probe comprises a moiety comprising a detectable label;

separating said complex from any detector probe that is not bound in said complex;

releasing said moiety from said complex;

isolating said moiety released from said complex; and

detecting said moiety as a measure of the presence of said analyte in said sample.

A method as claimed in claim 1, wherein said isolating step includes concentrating said moiety.
A method as claimed in claim 2, wherein

said moiety has a predetermined pl;

said isolating and concentrating of said moiety released from said complex is carried out by isoelectric focusing;
and

said detecting of said moiety as a measure of the presence of said analyte in said sample is carried out by
detecting said concentrated moiety at a position in a pH gradient corresponding to said pl of said moiety.

A method as claimed in claim 2, wherein said isolating and concentrating is carried out by the use of column
chromatography or a molecular sieve.

A method as claimed in any of claims 1 to 4, wherein said capture probe is immobilised in the lumen of a fractionation
chamber and said isolating, releasing, and concentrating steps are carried out in said lumen.

A method as claimed in claim 5, wherein

(a) said sample is contacted with said detector probe prior to its contact with said immobilised capture probe
in said lumen;

(b) said sample and said detector probe are independently contacted with said capture probe in said lumen; or
(c) said sample is contacted with said capture probe in said lumen prior to said detector probe.

A method as claimed in any of claims 1 to 4, wherein said capture probe comprises a first member of a specific
binding pair and said separation step is carried out by contacting said complex with a second member of said
specific binding pair, wherein said second member of said specific binding pair is immobilised on a solid support.
A method as claimed in claim 7, wherein said solid support is in the lumen of a fractionation chamber.
A method as claimed in claim 7 or 8, wherein

(a) said specific binding pair comprises a pair of complementary nucleic acids;

(b) said specific binding pair comprises a pair of polypeptides that specifically bind to one another; or

(c) said first member of said specific binding pair comprises avidin, and said second member of said specific

binding pair comprises biotin.
A method as claimed in claim 7 or 8, wherein said first member of said specific binding pair comprises an antigen
binding site of an antibody and said second member of said specific binding pair comprises an antigen to which

said antigen binding site binds.

A method as claimed in any of claims 3 or 5 to 10, wherein said focusing step is carried out in the lumen of a
capillary tube or in a groove in the surface of a plate.

A method as claimed in any of claims 1 to 11, wherein said analyte comprises a nucleic acid.

A method as claimed in any of claims 1 to 12, wherein said analyte comprises a chromosome comprising a trans-
location, or a pre-mRNA or mRNA transcript thereof.

A method as claimed in any of claims 1 to 13, wherein said detector probe and/or said capture probe comprises
a nucleic acid.
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A method as claimed in any of claims 1 1o 11 or 14, wherein said analyte comprises a polypeptide, a carbohydrate,
lipid, metabolite, or drug.

A method as claimed in any of claims 1 to 13 or 15, wherein said detector probe comprises a polypeptide.
A method as claimed in any of claims 1 to 13, 15 or 16, wherein said capture probe comprises a polypeptide.

A method as claimed in claim 16 or 17, wherein said polypeptide comprises an antigen binding site of an antibody
or a single chain antibody.

A method as claimed in any of claims 1 to 18, wherein said releasing step is carried out by chemical or enzymatic
cleavage.

A method as claimed in any of claims 1 to 19, wherein said moiety is linked to said detector probe by a disulfide
bond and said releasing step is carried out by reduction of said disulfide bond.

A method as claimed in any of the above claims, wherein said moiety comprises phycoerythrin, or a modified
version thereof.

A kit comprising:

a detector probe comprising a moiety comprising a detectable label;
a capture probe capable of forming a complex with said detector probe and an analyte in a sample; and
a means for releasing said moiety from said complex.

A method for detecting the presence of a chromosome comprising a chromosomal translocation in a sample,
wherein said chromosome comprises a portion of a first chromosome and a portion of a second chromosome, said
method comprising the steps of:

contacting said sample with a capture probe and a detector probe to form a detector probe-analyte-capture
probe complex, wherein

said capture probe binds to said portion of said first chromosome, or a corresponding RNA transcript
thereof, and comprises the first member of a specific binding pair, and

said detector probe binds to said portion of said second chromosome, or a corresponding RNA transcript
thereof, and comprises a detectable label;

isolating said complex from any detector probe that is not bound in said complex by contacting said complex
with the second member of said specific binding pair, immobilized on a solid support; and

detecting said detectable label present in said complex as a measure of the presence of said chromosome
containing said chromosomal translocation in said sample.
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(54) A method for sensing fluorescent samples utilizing moment analysis

(57) The invention relates to a method for sensing fluorescent samples of cells, or soluble or solid supports in a
medium, said method comprising the steps of:

(a) monitoring intensity of fluorescence emitted from said fluorescent samples by measuring with the help of one
or more photon detectors numbers of photon counts n per counting time interval or digitized values n of fluores-
cence intensity per time interval in a plurality of sensed volumes,

A
(b) calculating a series of moments M; of the measured photon count numbers or digitized values, defined as

Ahl. = Zniﬁ(n) = average(ni} = average(nl'xn;z.")’

A
where P(n) denotes a normalized histogram of photon count numbers or digitized values, and

(c) estimating characteristic parameters of the cells, or soluble or solid supports a..y; and of the medium a,o4um
from said series of moments M, using a set of equations corresponding to different orders of the moment i, of a
general form

" 1) i
Mi _ PceIIMi(ce )Mi(me fium) (@

(a cell) +(1- Pcell medium)l

where

P_o; denotes the probability that the sensed volume is situated in or on the cell, or soluble or solid
support,

Mjcel) (a ) denotes the expected i-th moment of the photon count number or digitized value provided
the sensed volume is situated in or on the cell, or soluble or solid support, as a function of the param-
eters a_; and

M(medium) (a___ ..-) denotes the expected i-th moment of the photon count number or digitized value

Prirted by Jouve, 75001 PARIS (FR) (Cont. next page)
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provided the sensed volume is situated in the medium, as a function of the parameters a,,,ogjm- AN
apparatus for working this method as well as different applications of the method are disclosed.

1750+

15004
f

1250+

1000+

membrane brightness (kHz)

750T
500
2504
0 T T T T T ¥ ¥ 1
10% 107 10° 102 10" 10° 10 102 10
inhibitor (nM})
Fig. 3
2

Fujirebio Diagnostics, Inc. v. Quanterix Corp.
EX-1045
4343



10

15

20

25

30

35

40

45

50

55

EP 1 180 679 A1
Description

[0001] Screening large numbers of chemical compounds against assays for macromolecular targets has become
the major paradigm in drug discovery (Persidis A., Nat. Biotechnol., 16: 488 - 489, 1998). Whereas the widespread
application of combinatorial chemistry techniques is already resulting in a quasi-exponential increase in the number
of compounds available for testing, genome sequencing and analysis will inevitably feed even more targets into drug
discovery. Rapid and cost-effective processing of these targets requires the development of novel assay formats and
technologies. These not cnly have to allow screening at higher throughput in a miniaturized format thus reducing
compound and reagent consumption, but also should overcome the waste-disposal problems associated with com-
monly used radioactive methods. In addition, they cannot depend on separation steps which hamper automation and
miniaturisation.

[0002] G protein-coupled receptors (GPCR's) belong to a large superfamily of multi-spanning membrane proteins
which probably represent the single most important class of drug targets. However, in.comparison to other targets such
as soluble proteins or enzymes, progress: in the development of non-radioactive, homogeneous, miniaturized assays
for GPCR's has so far been slow. In contrasl, genome sequencing is continually leading to the identification of new
GPCR targets (Uddhay, K. et al., Mol. Biol. Rep. 25: 27 - 43, 1998; Stadel et al.., Trends Pharmacol. Sci. 18: 430 -
437, 1997). In this situation, the development of suitable assays is often a critical factor in competitiveness for phar-
maceutical companies.

[0003] It was therefore the object of the present invention to provide assay formats fulfilling the demands described
above. These assay formats should also be suitable tools for analyzing solid support structures for target molecules,
or for soluble support structures such as beads.

[0004] The object has been solved by the method according to the features of claim 1 and the apparatus according
to the features of claim 16. The subclaims define preferred embodiments of the method and the apparatus of the
present invention.

[0005] The presentinvention relates to a method for sensing fluorescent samples of cells, or soluble or solid supports
in a medium, said method comprising the steps of:

(a) monitoring intensity of fluorescence emitted from said fluorescent samples by measuring with the help of one
or more photon detectors numbers of photon counts n per counting time interval or digitized values n of fluores-
cence intensity per time interval in a plurality of sensed velumes,

A
(b) calculating a series of moments M; of the measured photon count numbers or of the digitized values, defined as
M, = Zn'ﬁ(n) = average(n') = average(nin?..)
i 1762 07
n

A
where P(n) denotes a normalized histogram of photon count numbers or digitized values, and

(c) estimating characteristic pgrameters of the cells, or soluble or solid supports a,,y, and of the medium a,.qjm
from said series of moments M, using a set of equations corresponding to different orders of the moment i, of a
general form

’C’i = Pyt (e +(1 - P, cel/)Mi( medium) (@

cell™j medium) !

where

P_oy denotes the probability that the sensed volume is situated in or on the cell, or soluble or solid support,
I\j_%e”)(ace,,) denotes the expected i-th moment of the photon count number or digitized value provided the sensed
volume is situated in or on the cell, or soluble or solid support, as a function of the parameters a_,; and
M_('"e‘ﬁ”'") (8megiurn denotes the expected i-th moment of the photon count number or digitized value provided the
sensed volume is situated in the medium, as a function of the paramelers 8 edium- 10€ function Mi(ce”) (acey should

be a given one.

[0006] Preferably, the mediumiis a liquid or gel. It preferably comprises fluorescent ligands capable of binding to said

cells, or soluble or solid supports and M ™9™ s calculated from cumulants K= c,,Qandq"_ "
i ligar
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where €., denotes the mean number of ligands per sensed volume,

and qjigang denotes the mean number of photon counts detected per ligand by one or more photon detectors.

[0007] Preferably, values of those characteristic parameters of the cells, or soluble or solid supports which are ex-
pected to be constant through a series ofAsampIes are fixed to a single value while estimating further characteristic
parameters from said series of moments M,

[0008] In another embodiment, the method further comprises the application of an image analysis procedure to
determine one or more of the parameters of P,y @,y OF @pegium It Might additionally be preferred to monitor the
intensity of emission scattered by said samples.

[0009] Said characteristic parameters of said cells, or soluble or solid supports a,,y, are preferably chosen from the
group consisting of concentration, specific brightness, width of a brightness distribution, and a function of intensities
of different polarization components of emission or spectrally different components of emission.

[0010] Inone embodiment, the number of photon counts is determined using at least two photon detectors monitorir}\g
emission of different wavelength and/or of different polarization and a series of at least two-dimensional moments My
of photon count numbers ny and n, is calculated, defined as

M; =35 nin]P(n,,n,) = average(nnj).

o

[0011] A plurality of sensed volumes might be monitored sequentially in time by scanning a sensed volume through
the sample. However, it is also possible to monitor a plurality of sensed volumes in parallel. Said plurality of sensed
volumes can be used to form a two-or three-dimensional image.

[0012] A further embodiment of the invention relates to the use of non-photoncounting detectors. For example, many
imaging detectors, such as CCD, CID, CMOS pixel arrays provide intensity values for each pixel, especially when
combined with parallel confocal optics (e.g. applying a Nipkow disk embodiment; or a line scanner embodiment; or a
Programmable Array Microscope embodiment (see e.g. EP 0 911 667 A1 "Programmable spatially light modulated
microscope and microscopy method" and WO 98/286655 "Light modulated confocal optical instrument and method"
the contents of which are herein incorporated by reference; or a Multiple Photon excitation embodiment, especially
2-photon excitation embodiment). Furthermore, traditional Laser Scanning Microscopes are usually equipped with
photomultipliers which do not show photon counting resolution. All these detectors provide an analogue electric signal
which is mainly proportional to the light intensity detected. The present invention can process also these signals if one
further step is applied which is the digitization of the electric signal, especially by an analogue to digital converter. It is
preferred to correct during this step for any nonlinear behavior of the detector or detectorarray. After the digitization of
the signal, the method of the present invention can be applied, taking the digitized values of the electric signal instead
of the photon counts n.

[0013] Itis preferred to use a confocal optical device for monitoring intensity of emission. In a further embodiment,
it is preferred to employ multiple photon excitation to stimulate fluorescence emission. Preferably, in each dimension
X, Y and Z the diameter of said cells, or soluble or sclid supports is greater than the diameter of the sensed volume.
In another embodiment, the use of near field optics for exciting fluorescence and/or collecting the fluorescence photons
is preferred. A feedback mechanism for adjusting the z-height of the nearfield optics tip is preferably employed in this
embodiment to adapt for the nonplanar surface of cells or particles, especially beads.

[0014] The method is particularlay suited for use in diagnostics, high throughput drug screening, optimization of
properties of molecules or identification of specific cell, or soluble or solid carrier populations.

[0015] In this respect, the invention also provides an assay for screening a single compound or preferably a plurality
of compounds for inhibition between a ligand and a target molecule expressed by or attached to a cell, or soluble or
solid support, said assay comprising the steps of:

- adding a liquid suspension of said target molecules expressed by or attached to said cell, or soluble or solid support
to a plurality of containers;

- adding a plurality of compounds to be screened for said inhibition to said plurality of containers;

- adding fluorescently labelled ligand to said containers;

- incubating said target molecules expressed by or attached to said cell, or soluble or solid support, said compounds,
and said fluorescently labelled ligand;

- individually measuring amounts of fluorescence associated with said cells, or soluble or solid supports; and

- determining the degree of inhibition by one or more of said compounds of binding of said ligand to said target
molecule;
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wherein said amounts of fluorescence associated with said cells, or soluble or solid supports are estimated utilizing
the moment analysis as outlined above.

[0016] The invention also provides an assay for testing a compound to determine the degree of binding of said
compound to a target molecule expressed by or attached to a cell, or soluble or solid support, said assay comprising
the steps of:

- adding a liquid suspension of said target molecule expressed by or attached to said cell, or soluble or solid support
to a container;

- adding a fluorescent compound to be tested for its binding te said container;

- incubating said target molecule expressed by or attached to said cell, or soluble or solid support and said com-
pound;

- measuring amounts of fluorescence associated with said cell, or soluble or solid support; and

- determining the degree of binding of said compound to said target molecule;

said amounts of fluorescence associated with said cell, or soluble or solid support is estimated utilizing the moment
analysis as outlined above.

[0017] A further assay tests the influence of a compound on the degree of expression and/or secretion of an intrin-
sically fluorescent molecule or marker molecule, especially green fluorescenct proteine (GFP), said assay comprising
the steps of:

- adding a liquid suspension of cells expressing said fluorescent target molecule to a container;
- adding a compound to said container;

- incubating said cells and said compound,;

- measuring amounts of fluorescence associated with said cell, ; and

- determining the degree of expression and/or secretion of said target molecule;

wherein said amounts of fluorescence associated with said cell, is estimated utilizing the moment analysis as outlined
above. However, this assay principle can also be applied without addition of a compound with the goal of estimating
expression and/or secretion of fluorescent target molecules by a cell.

[0018] In one embodiment of the above disclosed assay principles, a plurality of different compounds and/or different
targets is tested in a plurality of containers. Said container can e.g. be a micro- or nanoplate, preferably with a density
of 96,384,768, 1536, 3456 or 9600 wells per plate. Other containers comprise microcapillaries or microfluidic networks,
preferably with capillary electrophoretic or dielectrophoretic actuation of the liquid or hydrostatic pressure applied to
the liquid.

[0019] In a further aspect, the invention provides an apparatus for working the above disclosed method and assay
principles. The apparatus comprises:

- astage for supporting a sample in an examination site, the sample comprising cells, or soluble or solid supports
in a medium;

- alight source positioned to deliver light to the sample in the examination site;

- adetector positioned to receive fluorescence emitted from the sample in the examination site and constructed so
that it determines numbers of photon counts n per counting time interval or digitized values n of fluorescence
intensity per time interval in a plurality of sensed volumes and delivers the numbers n to an evaluation device;

- an evaluation device coupled to the detector for receiving and evaluating the numbers or values n; characterized
in that

- the evaluation device is adapted to

A
(i) calculate a series of moments M; of the measured photon count numbers or digitized values, defined as

M, = n'P(n) = average(n') = average(niin}..),

A
where P(n) denotes a normalized histogram of photon count numbers or digitized values, and
(ii) estimate characteristic parameters of the cells, or soluble or solid supports a_.; and of the medium a,,,oq1um
from said series of moments M using a set of equations corresponding to different orders of the moment |, of
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a general form

A celf) ( medium)
My = PogyM (@ ey) + (1 - Pog) M i (@ medium):

where

P__ydenotes the probability that the sensed volume is situated in or on the cell, or soluble or solid support,
I\/ﬁ_ce”) (acey) denotes the expected i-th moment of the photon count number or digitized value provided
the sensed volume is situated in or on the cell, or soluble or solid support, as a function of the parameters
Acelf and

MmeAm) (g ) denotes the expected i-th moment of the photon count number or digitized value pro-
vidled the sensed volume is situated in the medium, as a function of the parameters a4, Preferably,

the evaluation device comprises a computer unit for the above disclosed moment analysis.

[0020] The apparatus preferably comprises a confocal optical element located between the light source and the
detector, the confocal optical elementbeing capable of transmitting light substantially exclusively from a sensed volume
of the sample. In one embodiment, the apparatus comprises an X, Y-axes adjustment device that automatically adjusts
the relative positions of the sensed volume and the sample along the X and Y axes (wherein X, Y-axes are defined
perpendicularto each other and parallel to the stage). The apparatus might further comprise a Z-axis adjustment device
that automatically adjusts the relative positions of the sensed volume along the Z-axis (wherein a Z-axis is defined
substantially perpendicular to the stage). The use of diffraction limited confocal optics results in a hightly focused laser
beam which effectively decouples detection and assay volumes and makes the readout from these methods insensitive
to miniaturization. In a further embodiment, the apparatus makes use of near field spectroscopy or is adapted for
multiple photon excitation.

[0021] The accompanying figures illustrate the present invention. In the figures the following is shown:

Fig. 1 is a schematic drawing of a preferred embodiment of the principle of the assay performed according to example
1.

Fig.2  depicts results of example 1 and shows the binding of fluorescently labelled ligand to the receptor by virtue
of membranc brightness determined utilizing the method according to the present invention.

Fig. 3  depicts results of example 1 and shows the inhibition of binding by virtue of membrane brightness determined
utilizing the method according to the present invention.

Example 1

[0022] The present example illustrates the determination of cells parameters from normalized photon count histo-
grams recorded by confocal measurement. As an example, the determination of the membrane brightness of cells
expressing the beta-2 adrenergic receptor in the presence of a flurorescently labelled ligand for this receptor, namely
FL-CGP12177 (Molecular Probes) is described. Through determination of membrane brightness utilizing the moment
analysis according to the invention, both the binding of ligand to receptor and inhibition thereof are followed.

[0023] The cells are incubated with different ligand concentrations for one hour at 37 °C and 5% CO,. For the de-
termination of the IC5g, different concentrations of non-fluorescent competitor CPG-12177 are added to a 2 nM solution
of the bodipy-labelled ligand and incubated with the cells. Fluorescence is measured confocally utilizing either a con-
focal fluorescence reader equipped with a beamscanner and focussing means (see European patent application 98
124 314.0) at an excitation wavelength of 488 nm with a 535RDF45 emission filter or a Nipkow-device at an excitation
wavelength of 488 without emission filter.

[0024] Photon counts are recorded for each of several sensed volumes within the sample. The fluorescence intensity
in the different sensed volumes is recorded either sequentially or in parallel (Nipkow embodiment), and the frequency
with which a particular photon count is observed is plotted. Some of the sensed volumes contain only the liquid sur-
rounding the cells and therefore the fluorescence intensity measured in them reflects the ligand molecules not bound
to the cells. Other sensed volumes reside on or in the cells and thus exhibit fluorescence orginating from the ligand
that is bound to its receptor in the cell membrane. These different contributions to the photon count histogram are
distinguished by recording a comparable measurement from a sample in which only the fluorescently labelled ligand,
but no cells are present. Thus, the photon count distribution obtained from the latter describes the contribution of the
free ligand and allows to calculate molecular brightness. The moments of this second distribution are weighted with
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1-P and subtracted from those of the first distribution (P denotes the propability of a particular sensed volume to reside
in or on a cell). Thus, the histogram of the cell-containing sample is corrected for the contribution of free ligand mole-
cules. The residuals reflect the brightness of cell membranes, which can then be calculated from the moments. Mem-
brane brightness can be plotted as a function of either ligand or competitor concentration, which allows to determine
by non-linear least squares filting Ky and IG5, values, respectively. These parameters are generally used in biochem-
istry and pharmacology to characterize receptor-ligand interactions and their inhibition.

Claims

A method for sensing fluorescent samples of cells, or soluble or solid supports in a medium, said method comprising
the steps of:

(a) monitoring intensity of fluorescence emitted from said fluorescent samples by measuring with the help of
one or more photon detectors numibers of photon counts n per counting time interval or digitized values n of
fluorescence intensity per time interval in a plurality of sensed volumes,

A
(b) calculating a series of moments M, of the measured photon count numbers or digitized values, defined as
M; =) n'P(n) = average(n') = average(n'n? ...),
n

A
where P(n) denotes a normalized histogram of photon count numbers or digitized values, and

(c) estimating characteristic parameters of the cells, orsoluble orsolid supports a.yand of the medium a,q0qjum
from said series of moments M, using a set of equations corresponding to different orders of the moment i, of
a general form

cell) M( medium) (
i

=P M a
i— " oeall™

(a r:ell) +(1- Pcell) medium)’

where
P.oydenotes the probability that the sensed volume is situated in or on the cell, or soluble or solid support,

Mce”) (aey denotes the expected i-th moment of the photon count number or digitized value provided

the sensed volume is situated in or on the cell, or soluble or solid support, as a function of the parameters

Acolf and

M'"edi”m) (@medium) denotes the expected i-th moment of the photon count number or digitized value

provided the sensed volume is situated in the medium, as a function of the parameters - J—
The method according to claim 1 wherein the medium is a liquid or gel.

The method according to claim 1 or 2 wherein the medium comprises fluorescent ligands capable of binding to
said cells, or soluble or solid supports and wherein M™¥™) s calculated from cumulants K = Cligand®

where €jgqng denotes the mean number of ligands pe'r sensed volume,
and qjigang denotes the mean number of photon counts detected per ligand by one or more photon detectors.

ligand’

The method according to any of claims 1 or 3 wherein values of those characteristic parameters of the cells, or
soluble or solid supports which are expected to be constant through a series of se}\mp[es are fixed to a single value
while estimating further characteristic parameters from said series of moments M.

The method according to any of claims 1 to 4, further comprising:
applying an image analysis procedure to determine one or more of the parameters of P, a.y, OF @ ,cqium:

The method according to any of claims 1 to 5, further comprising:
monitoring intensity of emission scattered by said samples.
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The method according to any of claims 1 to 6 wherein said characteristic parameters of said cells, or soluble or
solid supports a_.;are chosen fromthe group consisting of concentration, specific brightness, width of a brightness
distribution, and a function of intensities of different polarization components of emission or spectrally different
components of emission.

The method according to any of claims 1 to 7 wherein the number of photon counts is determined using at least
two photon detectors monitoring emission of different wavelength and/or of different polarization and wherein a
series of at least two-dimensional moments Mj; of photon count numbers ny and n, is calculated, defined as

M, =33 nin{P(n,n,) = average(ninl).

mom

The method according to any of claims 1 to 8 wherein said plurality of sensed volumes is monitored sequentially
in time by scanning a sensed volume through the sample.

The method according to any of claims 1 to 9 wherein said plurality of sensed volumes is monitored in parallel.

The method according to claims 9 or 10 wherein said plurality of sensed volumes are used to form a twoe-or three-
dimensional image.

The method according to any of claims 1 to 11 wherein a confocal optical device is used for monitoring intensity
of emission.

The method according to any of claims 1 to 12 wherein multiple photon excitation is employed to stimulate fluo-
rescence emission.

The method according to any of claims 1 to 13 wherein in each dimension X, Y and Z the diameter of said cells,
or soluble or solid supports is greater than the diameter of the sensed volume.

The method according to any of claims 1 to 14 for use in diagnostics, high throughput drug screening, optimization
of properties of molecules or identification of specific cell, or soluble or solid carrier populations.

An apparatus for working the method according to claims 1 to 15 comprising:

- astageforsupportinga sample in an examination site, the sample comprising cells, or soluble or solid supports
in a medium;

- alight source positioned to deliver light to the sample in the examination site;

- adetector positioned to receive fluorescence emitted from the sample in the examination site and constructed
so that it determines numbers of photon counts n per counting time interval or digitized values n of fluorescence
intensity per time interval in a plurality of sensed volumes and delivers the numbers n to an evaluation device;

- an evaluation device coupled to the detector for receiving and evaluating the numbers or values n; charac-
terized in that

- the evaluation device is adapted to

A
(i) calculate a series of moments M, of the measured photon count numbers or digitized values, defined as
M, = n'P(n) = average(n') = average(nny..),
n

A
where P(n) denotes a normalized histogram of photon count numbers or digitized values, and
(i) estimate characteristic parameters of the cells, or soluble or solid supports a_.; and of the medium
A,.qium fTOM said series of moments M using a set of equations corresponding to different orders of the
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20.

21.

22,

EP 1 180 679 A1

moment i, of a general form

N (cell) medium)
M, = Poey; (Bgep) +(1-P ce!l)lwi( (8 medium)»
where
P_.; denotes the probability that the sensed volume is situated in or on the cell, or soluble or solid

support,

M_(ce”) (a.ey) denotes the expected i-th moment of the photon count number or digitized value provided
the sensed volume is situated in or on the cell, or soluble or solid support, as a function of the param-
eters a_,,; and

M_(med""'mg (8medium) denotes the expected i-th moment of the photon count number or digitized value
pr'ovided the sensed volume is situated in the medium, as a function of the parameters a .-
The apparatus according to claim 16 further comprising a confocal optical element located between the light source
and the detector, the confocal optical element being capable of transmitting light substantially exclusively from a
sensed volume of the sample.

The apparatus according to claim 16 or 17 wherein X, Y-axes are defined perpendicular to each other and parallel
to the stage, further comprising an X, Y-axes adjustment device that automatically adjusts the relative positions of
the sensed volume and the sample along the X and Y axes.

The apparatus according to any of claims 16 to 18 wherein a Z-axis is defined substantially perpendicular to the
stage, further comprising a Z-axis adjustment device that automatically adjusts the relative positions of the sensed
volume along the Z-axis.

An assay for screening a plurality of compounds for inhibition between a ligand and a target molecule expressed
by or attached to a cell, or soluble or solid support, said assay comprising the steps of:

- adding a liquid suspension of said target molecules expressed by or attached to said cell, or soluble or solid
support to a plurality of containers;

- adding a plurality of compounds to be screened for said inhibition to said plurality of containers;

- adding fluorescently labelled ligand to said containers;

- incubating said target molecules expressed by or attached to said cell, or soluble or sclid support, said com-
pounds, and said fluorescently labelled ligand;

- individually measuring amounts of fluorescence associated with said cells, or soluble or solid supports; and

- determining the degree of inhibition by one or more of said compounds of binding of said ligand to said target
molecule;

wherein said amounts of fluorescence associated with said cells, or soluble or solid supports is estimated according
to any of claims 1 to 15.

An assay for testing a compound to determine the degree of binding of said compound to a target molecule ex-
pressed by or attached to a cell, or soluble or solid support, said assay comprising the steps of:

- adding a liquid suspension of said target molecule expressed by or attached to said cell, or soluble or solid
support to a container,;

- adding a fluorescent compound to be tested for its binding to said container;

- incubating said target molecule expressed by or attached to said cell, or soluble or solid support and said
compound;

- measuring amounts of fluorescence associated with said cell, or soluble or solid support; and

- determining the degree of binding of said compound to said target molecule;

wherein said amounts of fluorescence associated with said cell, or soluble or solid support is estimated according
to any of claims 1 to 15.

The assay according to claim 21 wherein a plurality of different compounds and/or different targets is tested in a
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plurality of containers.

23. The assay according to any of claims 19 to 21 wherein said container is a micro- or nanoplate, preferably with a

density of 96, 384, 768, 1536, 3456 or 9600 wells per plate.

10
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Beschreibung
1. Anwendungsgebiet

[0001] Die Erfindung bezieht sich auf ein MeB- und Auswerteverfahren zur Bestimmung von Interaktionsparametem
zwischen einem Analyt und einem Ligand wie unter anderem Geschwindigkeitskonstanten oder Bindungspartner-Akiti-
vitaten. Die Aufnahme der MeBwerte erfolgt z. B. mit Bicsensoren, in denen ein‘i. allg. immobilisierter erster Bindungs-
partner (Ligand L) mit einem zweiten Bindungspartner (Analyt A) versetzt wird und die Bildung des Ligand-Analyt-
Komplexes LA im zeitlichen Verlauf erfaBt wird.

2. Technischer Hintergrund

[0002] Sogenannte Biosensoren zur Erfassung der zeitlichen Verl&ufe der Bildung von Analyt-Ligand-Komplexen sind
in den unterschiedlichsten Ausflihrungen bekannt, wobei auch andere Vorrichtungen wie u. a. Array-Systeme zur Er-
fassung derartiger Reaktionen verwendbar sind. Dabei werden sowohl die zeitlichen Verlé&ufe der Assoziation des Ana-
lyten am Liganden erfaBt, wenn die Analytkonzentration durch die Zugabe einer Analytldsung bestimmter Konzentration
erhoht wird, sowie die Dissoziation bei Zugabe einer geringer konzentrierten Lésung oder mit einer Konzentration von
Null. 1. allg. wird der zeitliche Verlauf der Komplexbildung mit der Funktion R(t) cder R; beschrieben, wobei die Konzen-
tration des Komplexes bzw. seine zeitliche Anderung mit ¢{LA) bzw. dc(LA)/dtbezeichnet wird. in erster Naherung wird
fur den zeitlichen Verlauf der Funktion R ein exponentieller Verlauf erster Ordnung mit dem Exponenten k,,, bei der
Assoziation und K bei der Dissoziation des Komplexes angenommen. Zur Erfassung dieser Werte ist es bisher ublich,
die Reaktion, z. B. die Komplexbildung, teilweise oder bis zum Erreichen eines Gleichgewichtswertes Req, bei dem die
Assoziation des Komplexes aus Analyt und Ligand im Gleichgewicht steht mit dessen Dissoziation, auszumessen. Es
folgt eine Dissoziation des Komplexes und eine Regenerations- und Waschphase. Dies ist ein sehr zeitaufwendiges
Verfahren, insbesondere wenn hintereinander mehrere Messungen mit unterschiedlichen Konzentrationsénderungen
vorgenommen werden sollen. Eine weitere Auswertung der erhaltenen Exponenten fihrt zu den eigentlich interessie-
renden kinetischen Geschwindigkeitskonstanten, das Verfahren bedarf jedoch einer konstanten Analytkonzentration.
[0003] Beiden bisherigen Auswertungsverfahren der MeBwerte wird meistens davon ausgegangen, daf3 die Konzen-
tration des zu dem Liganden zugegebenen Analyten trotz der Komplexbildung konstant ist. Dies wird z. B. dadurch
angenahert, daB die Analytkonzentration vielfach héher ist als die Ligandkonzentration oder durch stdndigen Austausch
im DurchfluBsystem. Tats&chlich jedoch tritt z. B. bei der Assoziation im Klvettensysterm immer eine Verarmung des
Analyten oder eine Konzentrationsénderung auf, die dazu flhrt, daB der Gleichgewichtswert R’eq, dertatséchlich erreicht
wird, sich von dem hypothetischen Wert R, bei konstanter Analytkonzentration unterscheidet. Eine Analyse der
MeBwerte mit einer Naherungsfunktion zweiter Ordnung ergibt zwar einen genaueren Wert des Koeffizienten der Ex-
ponentialfunktion, ist aber aufwendig und bedarf der zusétzlichen Ermittlung bzw. Beriicksichtigung einer Reihe von
Randbedingungen des Tests.

[0004] Zur Konzentrationsbestimmung werden initiale Raten herangezogen. Die initialen Raten werden dadurch er-
halten, daB3 in den Anfang der Assoziationskurve eine Ausgleichsgerade gelegt wird, deren Steigung die initiale Rate
aber unterbewertet, da die Gerade die Krimmung der Kurve nicht bertucksichtigt. Desweiteren ist es bekannt, dali3 beim
Auftragen der initialen Raten in einem Diagramm Uber die Konzentration des Analyten c(A), bei mehrmaliger Messung
mit jeweils unterschiedlichen Konzentrationen, theoretisch eine Gerade durch den Ursprung mit der Steigung R . *
K,ss erhalten wird, wobei R, ,, die maximal mégliche Reaktion z. B. des Biosensors auf die Zugabe eines Analyten im
UberschuB darstellt. Die Steigung dieser Geraden ist aber durch die 0.g. Unterbewertung ebenfalls verfalscht, so dai
diese Art von Diagramm nicht zur Bestimmung von k.. herangezogen wird.

[0005] Zur Erfassung der MeBwerte werden u. a. Biosensoren nach dem DurchfluBprinzip oder dem Kivettenprinzip
verwendet, wobei die unterschiedlichsten MeBverfahren im Stand der Technik bekannt sind. Bei DurchfluBsystemen
wird eine Sensoroberflache, auf der der Ligand immobilisiert ist, pro Analyse mit einem konstanten Strom einer Analy-
tlésung beaufschlagt. Hierbei ist die N&herung einer vorgewéhiten konstanten Analytkonzentration im Prinzip gegeben.
Bei Kivettensystemen wird eine MeBzelle mit einer Analytlésung gefllit und die Reaktion mit dem Liganden an einer
Sensoroberflache erfa3t. Besonders hier tritt eine Verfalschung der MeBergebnisse auf, da bei tatséchlichen Reaktionen
die Analytkonzentration verandert wird. Werden mehrere MeBvorgénge mit unterschiedlichen Konzentrationen hinter-
einander durchgeflihrt, so wird normalerweise die Klivette mit einer Pufferlésung gesplilt oder auf andere Weise rege-
neriert, und anschlieBend eine Losung mit ge&nderter Konzentration eingebracht.

[0006] Bei mehrfachen Titrationen, d. h. Anderung der Konzentration, werden die MeBkurven bisher so lange aufge-
nommen, bis die Komplexbildung einen Gleichgewichtszustand erreicht hat. Es werden lediglich die Gleichgewichtszu-
stédnde zur Bestimmung weiterer GréBen, nicht jedoch der Kinetik oder initialer Raten, verwendet. Vielmehr wird bei
solchen Mehrschritt-Titrationen ein Zugang zur Kinetik ausdriicklich ausgeschlossen.

[0007] So offenbaren z.B. Myszka D.G. et al., Anal Biochem. 265 (1998) 326-330, eine solche sukzessive Erhéhung
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der Analytkonzentration von auBerhalb des Messgerétes (d.h. weit entfernt vom Messpunkt), die jedoch eine Gleichge-
wichtseinstellung nach jeder Konzentrationsénderung verlangt, was insgesamt bis zu mehr als 10 Stunden dauern kann
und einen entsprechend hohen Probenverbrauch bedeutet. Zudem bewirkt der Wechsel einer Analyt-Lésung auBerhalb
des Gerates eine deutliche Vermischung mit der vorauslaufenden Lésung auf dem Weg zum Messpunkt und damit eine
lange andauernde Verzerrung der zeitlichen Messkurven. Daher kénnen lediglich die finalen Gleichgewichtswerte hin-
sichtlich der allgemeinen Affinitat bewertet, nicht jedoch die Messkurven bezliglich der gewlinschten kinetischen Kon-
stanten mittels eines kinetischen Fittings ausgewertet werden.

[0008] Fur DurchfluB-Systeme sind sequentiell bzw. hintereinander angeordnete sogenannte Probenschleifen be-
kannt, die nacheinander beflillt und in die MeBkammer ausgespllt werden kénnen. Jedoch weisen die Probenschleifen
jeweils ein produktionstechnisch aufwendiges exakt definiertes Volumen und zwischen ihnen ein undefiniertes Extra-
volumen, das auch als Totvolumen bezeichnet wird, auf. Im Totvolumen kann es zu unerwiinschten Durchmischungen
verschiedener Lésungen kommen. Die Schleifen sind weder von ihrer AuslaB-Seite her noch teilweise und auch nicht
unabhangig voneinander beflllbar; und sie sind nicht unabh&ngig voneinander in die MeBkammer spllbar.

3. Darstellung der Erfindung
a) Technische Aufgabe

[0009] Ausgehend vom Stand der Technik hat sich die Erfindung die Aufgabe gestellt, ein Verfahren anzugeben, mit
dem die MeBzeiten bei der Erfassung der MeBwerte bei der Komplexbildung verkiirzbar sind,. die tatséchlichen Verhait-
nisse bei der Komplexbildung, d. h. Anderung der Analytkonzentration, beriicksichtigt werden, und die Durchfilhrung
mehrerer Messungen hintereinander ohne aufwendige Splilvorgénge z. B. in einer Klivette méglich ist, sowie es mdglich
ist, die kinetischen Konstanten aus den initialen Raten, und unteridealen Verhaltnissen auch aus den Kurvenexponenten
zu ermitteln.

b) Lésung der Aufgabe

[0010] Erfindungsgeman wird diese Aufgabe durch die Verfahrensmerkmale des Anspruchs 1 und die Vorrichtungs-
merkmale des Anspruchs 16 geldst.

[0011] Vorteilhafte Ausgestaltungen der Erfindung sind jeweils Gegenstand von Unteransprichen.

[0012] Der Kemgedanke der Erfindung besteht darin, daB die Anderung der Analytkonzentration sowoh! bei der As-
soziation als auch der Dissoziation des Komplexes berlicksichtigt wird. Dadurch nimmt die Funktion R einen Gleichge-
wichtswert R’eq an, der sich vom Wert Req unterscheidet. Bei der Assoziation, d.h. Zugabe eines Analyten erhdhter
Konzentration zu dem Liganden, tritt wahrend der Assoziation eine Verarmung des Analyten auf, die dazu fiihrt, daB
R’eq kleiner ist als der theoretische Wert Req. Im ersten Moment der Reaktion jedoch, d. h. wenn die Analytiésung z. B.
in die Kiivette eines Biosensors eingebracht wird, ist die initiale Rate der Funktion R unabh&ngig davon, ob im spéteren
Verlauf eine Analytverarmung durch Bindung des Analyten an den Liganden auftritt cder konstante Analytkonzentration
angenommen wird. Zum Zeitpunkt t = 0 hat noch keine Reaktion zwischen Analyt und Ligand stattgefunden. Durch die
Beriicksichtigung des tatséchlichen Reaktionsverlaufs &ndert sich auch der Exponentialkoeffizient von kg, in K. Tat-
séchlich jedoch bleibt die Beziehung zwischen den einzelnen GréBen der Exponentialfunktion erhalten, d. h.:

dRa_u 1= O
Kon * Rieq = ——;t ) 4 (1)
und
, , _ dRuass(t=0)
K * AR = —————~
off ” (2)

wobei AR’ die Differenz zwischen dem Gleichgewichtswert der Dissoziation und dem Startwert Ry, der Funktion R ist.
[0013] Das bedeutet, da3 aus den tatséchlichen MeRBwerten z. B. die initiale Rate ermittelbar ist. Dies gilt ebenso,
wenn die Exponentialfunktion zwar nach 1. Ordung, aber mit zwei Koeffizienten K,,(1) Und K'on(p) verlauft, wobei sich
die beiden korrespondierenden initialen Raten zu einer Gesamtrate addieren.

[0014] Dabei ist es mdglich, daB die MeBkurve der Funktion R bis zum Erreichen des Gleichgewichtswertes R’g
aufgenommen wird, um z. B. mit Hilfe eines mathematischen Programms den Exponenten K’y oder K’ ¢ zu ermitteln
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und daraus die initialen Raten der Assoziation oder Dissoziation. Im Rahmen der Erfindung wird lediglich ein Teil der
Kurve erfaf3t, d.h. die Erfassung der Funktion Rwird zu einemfriiheren Zeitpunktabgebrochen, um aus einer Extrapolation
des Kurvenabschnitts die Gleichgewichtslage zu ermitteln. Der Exponent k wird dabei mit einer non-linearen Naherung
erhalten, kann aber auch Uber die Lineare Regression der Ableitung der Funktion R bestimmt werden.

[0015] Aus den initialen Raten kdnnen dann die jeweiligen Assoziations- und Dissoziationsgeschwindigkeitskonstan-
ten kggs Und Kyiss €rmittelt werden geman:

Bl =0) < sy * R * calA) 3)

im Falle der Komplexassoziation mit der Startkonzentration des Analyten cy(A) bzw.:

dRas(t=0) _
— Kaiss * (-Rst) 4)

im Falle der Komplexdissoziation, wobei die GréBe R den Startwert der Funktion R bei der Dissoziation angibt. Die
Startkonzentration cy(A) ist i. allg. durch den Versuch ven auBBen vorgegeben.

[0016] Der Vorteil der Erfindung besteht darin, daB mehrmals hintereinander, z. B. in einer Klvette, eine Messung
mit jeweils schrittweise veranderter Analytkonzentration durchflihrbar ist, wobei es nicht notwendig ist, daB3 jede Messung
bis zum Erreichen des Gleichgewichtswertes zu Ende gefuhrt wird, sondern bereits vorher abgebrochen werden kann
bzw. die Konzentration des Analyten erhéht oder erniedrigt werden kann. Auch die Durchfiihrung von MeBserien mit
mehrmaliger auch abwechselnd aufeinanderfolgender Analyterhdhung und -verminderung zur Erfassung von Assozia-
tions- und Dissoziationskurven ist méglich.

[0017] Obschon sich die Start-Raten von multiplen, i-fachen Assoziationsschritten aus der Summe der vorangegan-
genen und der neuen Assoziation bilden, lassen sich die Netto-Start-Raten der jeweiligen Assoziationsschritte basierend
auf den eingangs formulierten Gleichungen (1) und (3) fir die Assoziation ermitteln geman:

k'on.i * (R'eq,ass,i - R'st,ass.l) = (dRaSSIIdt)FO (5)

und:

(dRass i/dt)=0 — (dRass i-1/Ath=st assi = (ARass,inet/dt)=0 (6)

und auswerten geman:

(dRass,inet/dt)=0 / Co,inet(A) = -Kass * Rstass; + Kass * Rmax )

was einer Geradengleichung entspricht und sich entsprechend auftragen lasst.

Der Quotient aus initialer Netto-Assoziationsrate und Analyt-Netto-Startkonzentration, aufgetragen gegen das Assozia-
tions-Startsignal Ry, . ; liefert linear gefittet eine Gerade mit der Steigung = -k, Und einen x-Achsenabschnitt R, ,,.Die
einzelnen Phasen multipler Dissoziationsschritte aus Kllvettensystemen k&nnen direkt nach den Gleichungen (2) und
(4) fur die Dissoziation ausgewertet werden.

[0018] Die Berechnung von sogenannten Fit-Kurven, mit denen die erhaltenen MeBergebnisse angenéhert oder im
Falle des vorzeitigen Abbruchs der Messung extrapoliert werden, erfolgt mit mathematischen Annéaherungsprogrammen,
die eine Exponentialfunktion, auch eine Doppelt-Exponentialfunktion, erster oder héherer Ordnung ermitteln, die die
MeBergebnisse mit groBtmdglicher Genauigkeit annéhert.

[0019] Die Berechnung einet derartigen Kurve kann durch die Auswertungseinheit z. B. eines Biosensors selbsttatig
wahrend der Messung erfolgen.

[0020] Die schrittweise Anderung der Konzentration in der MeBkammer kann zu beliebigen Zeitpunkten wihrend der

Fujirebio Diagnostics, Inc. v. Quanterix Corp.
EX-1045
4361



10

15

20

25

30

35

40

45

50

55

EP 1 259 810 B1

Aufnahme der MeBergebnisse erfolgen. Insbesondere wird jedoch die Halbwertszeit der Funktion R vorgeschlagen, zu
der die Funktion, beispielsweise bei einer Assoziation die Halfte ihres Endwertes Ry, erreicht hat.

[0021] Wird die Ableitung der Funktion R(t) in einem Diagramm gegen die Funktion R(t) aufgetragen, so wird, wenn
die aufgetragenen Werte z. B. mit einer linearen Regression genéhert werden, eine Gerade erhalten, deren y-Achsen-
abschnitt gerade der initialen Rate entspricht, die sich auch, und in Ubereinstimmung mit der Gleichung (1), aus dem
absoluten Wert der Geradensteigung (-k’on) und dem x-Achsenabschnitt R’eq ergibt.

[0022] ZurVereinfachung der Auswertung wird angenommen, daf3 die Reaktionen unter idealen Bedingungen ablau-
fen, d. h., daB insbeondere keine Analytverarmung auftritt. Dies kann z. B. bei Biosensoren mit DurchfluBsystemen
angenahert werden, indem ein stetiger Durchsatz der Lésung in der MeBkammer erfolgt. damit vereinfachen sich die
Né&herungsfunktionen, da z. B. eine Exponentialfunktion erster Ordnung fir den Verlauf der Funktion R angenommen
werden kann.

[0023] Geméil obenstehender Formel (3) zur Bestimmung der Assoziationsgeschwindigkeitskonstante kann, wenn
die anderen GroBen bekannt sind, auch die Anfangskonzentration c,(A) einer neu in eine MeBkammer eingebrachten
Lésung bestimmt werden. Dazu kann z. B. in einer vorhergehenden Versuchsreihe mit bekannten c,(A)-Werten aus
den ermittelten initialen Raten eine Kalibrationsgerade erstellt werden geman initiale Rate = f(cy(A)); der unbekannte
co(A)-Wert einer Probe kann dann mit der aus den MeBwerten ermittelten initialen Rate aus der Kalibrationsgeraden
berechnet werden.

[0024] Ebenso ist es, besonders unter Verwendung von Kilvettensystemen, méglich, daf3 aus den aus einem Asso-
ziationsvorgang erhaltenen Werten die Dissoziationsgeschwindigkeitskonstante erhalten wird und umgekehrt. Dies be-
ruht darauf, daB z. B. bei einer Assoziation im ersten Moment, zu dem die Reaktion beginnt, noch keine Dissoziation
erfolgt. Da die Funktion R aber einen Gleichgewichtswert annimmt, bei dem Assoziation und Dissoziation im Gleichge-
wicht stehen, enthalt dieser Wert also auch Informationen lUber ks Die Umkehrung dieses Ansatzes flhrt zu einem
analogen Ergebnis fur die Dissoziation. Die entsprechenden Formeln lauten:

(dR 5,/d1), 0
kass = ?ﬁ;q-ﬂ_diss ( 8)
Ceq_diss R
; _dis. .

eq’_diss

Ceq'_diss =0

wobei AReqg-st_diss der Differenz zwischen dem Endwert, der idealerweise 0 ist, und den Anfangswerten von R bei der
Dissoziation entspricht, Coy giss (A) die Konzentration von A nach der Dissoziation im Gleichgewicht ist und Req giss
der Gleichgewichtswert von R nach der Dissoziation ist, und in den Nenner der Grenzwert flir Coy_giss = O €ingesetzt
wird, und:

(anss/dt)t=0
co(A)

kdiss -

R (9)

eq' _ass

o ®) ),

mit den entsprechenden Werten fir die Assoziation.

[0025] Ebenso kann das Verfahren zur Auswertung bei anderen Affinitatsbiosensoren oder Array-Systemen in Lésung
angewendet werden, sowie bei zeitaufgelsten ELISA- oder RIA-Techniken oder anderen festphasengestlitzten Syste-
men, die dem Stand der Technik entnehmbar sind.

[0026] Zur Realisierung einer sténdig die MeBkammer durchstrdmenden Ldsung wird in einem Klvettensystem die
Konzentration der Lésung durch stdndige Zugabe und Entnahme eines Teils der Lésung konstant gehalten. Dazu sind
z. B. zwei Kaniilen mit Lésungen vorhanden, mit denen entweder standig frische Lésung in der MeBkammer umgewalzt
wird, oder mit denen ein Teil der Lésung standig entnommen und wieder zugeflhrt wird, um ein DurchfluBsystem mit
konstanter Konzentration zu simulieren.

[0027] In diesem Fall, wie auch in idealen Durchflu3-Systemen mit konstanter Konzentration der Lésung in der
MeBzelle, wird die Funktion R durch eine Exponentialfunktion erster Ordnung angenéhert und es gilt folgende Beziehung:
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K'on,i = Kass * Co,i(A) * Kaiss (10)

wobei der Index i die i-te schrittweise Anderung der Konzentration in einem Mehrschritt-Experiment angibt. Nach diesem
Verfahren lassen sich beide Geschwindigkeitskonstanten aus derselben Beziehung ermitteln.

[0028] Fulrideale DurchfluB-Systeme mit konstant gehaltener Analyt-Startkonzentration wéahrend einer Assoziations-
phase ist als bekannt gezeigt worden, daB die Startkonzentration genau dann gleich der Dissoziations-Gleichgewichts-
konstante Kp = kyise/Kass iSt, wenn mit dieser Konzentration die Halfte der immobilisierten Ligandenmolekile mit Ana-
lytmolekilen gebunden werden, d.h. %2 R,, erreicht wird. Flr diesen Fall |aBt sich darlber hinaus aber zeigen, daB
die Assoziationsphase bis zur Erreichung des Gleichgewichtswertes gerade halb so lange dauert wie die sich anschlie-
Bende Dissoziationsphase, um wieder auf den Ausgangswert Null zurliickzukehren. Bei héheren Analyt-Startkonzen-
trationen verlauft die Assoziation schneller. Unter dieser Voraussetzung schneidet die Dissoziationskurve, wenn sie mit
der vorausgelaufenen Assoziationskurve Uberlagert wird, diese Assoziationskurve exakt im Goldenen Schnitt des As-
soziations-Gleichgewichtswertes, was dem Wert 0,618..." Ry a¢¢ entspricht. D.h. durch die Applikation verschiedener
Analyt-Startkonzentrationen und eine darauf folgende Regression auf den oben beschriebenen SchnittmeBwert 188t
sich der Kp-Wert extrapolieren. Umgekehrt muf3 eine Analyt-Startkonzentrationen, numerisch im Kp Wert appliziert, den
oben beschriebenen SchnittmeBwert ergeben; andernfalls verlauft die aufgezeichnete Interaktion nicht ideal. Prinzipiell
erlaubt die Multi-Schritt-Kinetik einen analogen Ansatz.

[0028] Generell, insbesonders fur Klivettensysteme mit variabler Analytkonzentration in der MeR3zelle wéhrend eines
MeBschrittes, gelten desweiteren die folgenden Beziehungen:

k'on = kass * C'eqass(A) + k'offmax (1 1)

mit der Geradensteigung Kags, WObei €'oqqs5(A) die Analytgleichgewichtskonzentration nach der Assoziation und K gtimax
der Maximalwert des Koeffizienten der Exponentialfunktion bei der Dissoziation ist; und

K'otr = Kaiss * (—Rssaiss) /(R eg = Restiss) (12)

mit der Geradensteigung ky;ss, Wobei der Index stdiss den Startwert bei der Dissoziation bedeutet.
c) Ausfiihrungsbeispiele des Biosensors

[0030] Zur Durchfuhrung des Verfahrens wird ein an sich bekannter Biosenseor verwendet, der mit einer Sensorober-
flache ausgestattet ist, an der die Liganden immobilisiert d. h. gebunden sind. Diese Bindung kann z. B. wie im Stand
der Technik bekannt Uber eine chemische Bindung des Liganden oder mit einem auf den Liganden abgestimmten
Rezeptor erfolgen. Uber der Sensoroberflache ist eine MeBkammer oder Kilvette ausgebildet, die mit einer Lésung des
Analyten beaufschlagbar ist. Zur Erfassung der Komplexbildung, d. h. der Bindung des Analyten am Liganden, sowie
deren zeitlicher Verlauf kdnnen verschiedene MeBverfahren verwendet werden, z. B. die Erfassung des Reflexionsver-
mobgens der Ruckseite des Sensors, das sich mit dem Grad der Komplexbildung ¢(LA) &ndert. Zum Einbringen der
Lésung in die MeBkammer dient eine Kanule, die mit der MeBkammer verbunden ist und entweder die Lésung zugibt
und/oder absaugt. Die MeBkammer kann auch mit zwei getrennten Kanilen zur Zugabe/Herausnahme ausgestattet
sein. Auch die Beaufschlagung mit einer Splilfiissigkeit (ber eine der Kanllen ist méglich. Zur Durchmischung der
Lésung in der MeBkammer, um Konzentrationsgradienten in der Lésung wahrend der Reaktion zu vermeiden, ist eine
Vorrichtung zur Durchmischung der Lésung vorhanden, dies kann z. B. ein Vibrationsrihrer sein. Die Ausstattung des
Biosensors mit einer vorzugsweise elektronischen Steuerung sowie geeigneten MeBgeraten nebst Datenerfassungs-
software ist dem Stand der Technik entnehmbar.

[0031] Erfindungsgeman ist der Biosensor derart ausgebildet, daB die Lésung in der MeBkammer zumindest teilweise
instantan mehrmals mit Lésungen unterschiedlicher Analytkonzentration austauschbar ist, wobei das Fllssigkeitsvolu-
men konstant gehalten wird. Das bedeutet, daB zumindest ein Teil der Lésung in der MeBkammer, oder die gesamte
Lésung, entnommen und gleichzeitig eine neue Lésung mit einer anderen Konzentration zugegeben wird. Durch den
Austausch zumindest eines Teils der Lésung durch eine andere Lésung mit gewlinschter Konzentration wird die Ge-
samtkonzentration in der MeBkammer in definierter Weise veréndert. Die Art des Austauschens der Flissigkeit kann
im Rahmen der Erfindung beliebig ausgeflihrt oder wie im folgenden dargelegt vorgenommen werden. In einem Durch-
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fluBsystem wird die komplette Lésung in der MeBkammer ausgetauscht, bei einem Kivettensystem zumindest ein Teil
davon. Mit dem mehrmaligen Austauschen der Lésung wird eine schrittweise Anderung der Konzentration in der
MeBkammer ermdglicht, um das erfindungsgemaBe Verfahren durchflihren zu kénnen.

[0032] Der Vorteil des erfindungsgemaBen Biosensors besteht darin, dal3 z.B. bei Klivettensystemen das Volumen
der L&sung konstant gehalten ist und damit die Anzahl der Parameter bei der mathematischen Auswertung der MeBer-
gebnisse verringert wird. Der instantane Austausch der Ldsungen flihrt zudem besonders bei DurchfluBsystemen zu
scharfen Ubergéngen zwischen einzelnen Assoziations- bzw. Dissoziationsphasen, was fiir die Bestimmung derinitialen
Raten notwendig ist.

[0033] Vorzugsweise erfolgt der Austausch zumindest eines Teils der Lésung in der MeBkammer Uber eine oder Uber
mehrere Kanlllen gleichzeitig. Insbesondere wird die Lésung mit einer Kanlile entnommen und mit einer anderen Kanulle
eine neue Lésung mit einer beliebig wahlbaren Konzentration zugegeben.

[0034] Werden die Kaniilen getrennt voneinander an der MeBkammer angeordnet, z. B. einander gegeniiberliegend,
kann die Entnahme und Zuflihrung auch gleichzeitig erfolgen, wobei zum vollstéandigen Austausch der Lésung in einem
Kuvettensystem die Entnahme bzw. Zufilhrung derart erfolgt, daB die MeBkammer durchgesplllt wird, um das Verbleiben
unerwlnschter Rickstdnde zu vermeiden. Die Kanllen kénnen auch koaxial angeordnet werden, d. h. eine verlauft in
der anderen, wobei die innere entweder die Ldsung entnimmt oder zufihrt.

[0035] Zur Férderung der Lésungen durch die Kanllen in die MeBkammer hinein oder heraus sind Pumpen vorge-
sehen, mit denen die Menge der jeweils geférderten Ldsung dosierbar ist. Dazu werden sogenannte Mikropumpen
verwendet, die eine Dosierung mit der gewilinschten Genauigkeit erlauben, um wohl definierte Mengen an Lésung der
MeBkammer zu entnehmen oder ihr zuzufihren. Diese Pumpen sind unter anderem als Schlauchpumpen, Spritzen-
pumpen oder piezoelekirische Pumpen auslegbar, wobei die Betétigung mit Stellmotoren, elektrischen Antrieben etc.
erfolgt und sie ebenfalls elekironisch angesteuert sind.

[0036] Die Durchmischung der Lésung in der MeBkammer kann auch dadurch erfolgen, dal3 mit einer oder mehreren
Kanllen ein Teil der Ldsung angesaugt und sofort wieder zurlickgepumpt wird, so daf3 die L&sung sténdig umgewalzt
und durchmischt wird. Vorzugsweise erfolgt eine Umwélzung mit mindestens 1 pl/min, um eine homogene Konzentration
der Lésung in der MeBkammer wahrend der Komplexbildung zu gewéhrleisten.

[0037] Eine weitere vorteilhafte Ausgestaltung der Erfindung besteht darin, daB an der MeBkammer in bestimmter
Weise zwei oder mehr sogenannte Probenschleifen beliebigen Volumens vorhanden sind, die manuell und/oder mittels
eines Probengebers automatisch beflillt werden kénnen. Vorzugsweise sind die Probenschleifen parallel angeordnet
zwischen zwei Mehrfach-Wahlventilen, wobei diese gesamte Anordnung Uber ein Schaltventil in den DurchfluB ein-
schaltbar ist. Die Probenschleifen kénnen so auBerhalb des Durchflusses einerseits (ber die Wahlventile unabhéngig
voneinander und andererseits lber das Schaltventil von ihrem AusfluBende her ganz oder nur teilweise beflillt werden,
um z. B. Analytldésung zu sparen. Nach der Beflllung steht an der Schnittstelle zum Durchflu3 am Schaltventil ohne
andere Zwischenvolumina, d.h. ohne sogenanntes Totvolumen, die Losung der zuletzt beflllten Probenschleife an. Das
bedeutet, daB die MeBkammer mit mehreren unterschiedlichen Lésungen aus den einzelnen Probenschleifen liber die
Wabhlventile nacheinander, unabhéangig voneinander und totvolumenfrei im DurchfluB beaufschlagbar ist, und chne dai3
eine beliebige Probenschleife vollstandig ausgespult bzw. der Flu3 durch diese in eine andere Schleife geleitet werden
muB. Damit ist eine variable, instantane, praktisch durchmischungsfreie und probensparende schrittweise Konzentra-
tions&nderung gewahrleistet. Zudem kann jeweils die Konzentration des Analyten in der Lésung in der MeBkammer in
erster Naherung konstant gehalten werden, um eine Verarmung zu verhindern. Vorzugsweise ist in jeder Probenschleife
eine Lésung unterschiedlicher Konzentration vorhanden, um Messungen mit unterschiedlichen Konzentrationen auch
unmittelbar hintereinander ausfiihren zu kénnen oder durch die gezielte Ansteuerung von Probenschleifen eine Zwi-
schenkonzentration zwischen den Werten in den einzelnen Probenschleifen zu erhalten. Die Zahl der Probenschleifen
ist praktisch zwar nicht begrenzt; zwecks héherer Flexibilitat kann jedoch die 0.g. gesamte Anordnung mitsamt des
Schaltventils z.B. zwischen zwei im DurchfluB positionierten Zweifach-Wahlventilen ohne weiteres dupliziert werden.
So kann der eine Probenschleifensatz abgearbeitet werden, wahrend der andere Satz befillt wird und praktisch totvo-
lumenfrei in den FluB geschaltet werden kann, noch bevor die letzte Schleife des ersten Satzes vollsténdig ausgesplt
worden ist.

[0038] Eine Ausgestaltungsméglichkeit der Probenaufgabe z.B. in einem DurchfluB-MeBsystem ist in Figur 1 wieder-
gegeben, die im folgenden beschrieben ist.

[0039] Mit Ausnahme der Pumpe 30, die z.B. eine Spritzenpumpe oder eine peristaltische Pumpe sein kann, symbo-
lisieren alle Ubrigen Kreise Ventile, die wie hier beschrieben ausgelegt sein kénnen. Die Ventile 1 und 11 sind Schalt-
ventile, mit denen je nach Schaltung der beiden Schaltpositionen die entsprechenden Ein- bzw. Auslasse der Ventile
verbunden werden; wobei in Figur 1 die aktuellen Verbindungen fett gezeichnet dargestellt sind und die alternativen
Verbindungen gestrichelt. Die Ventile 4, 8, 14, 18, 28 und wenn gewlnscht auch 21, 22, 33 und 39 sind Wahlventile,
mit denen ein zentraler AnschluB3, der mit normaler Linienbreite dargestellt ist, mit einem von beliebig vielen anderen
Anschlussen verbunden werden kann. Die Ventile 21, 22, 33 und 39 sind hier beispielhaft als Zweifach-Wahlventile
gezeigt. Alle Ventilpositionen kénnen manuell oder automatisch und auch vorprogrammiert mit z.B. elektrischem oder
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Druck-Antrieb gestellt werden. Alle Ventile sind vorzugsweise im Typ der in der Chromatographie verwendeten Dreh-
ventile ausgelegt, z.B. in volumenarmer Mikroausflihrung, kénnen aber auch z.B. als Magnetventile ausgelegt werden.
36 ist eine beliebig dimensionierbare Temperierungs-Kapillare, 37 ist die Interaktions-Detektionseinheit, kurz Detekior,
z.B. vom Typ eines Affinitéts-Biosensors. Alle mit normaler durchgezogener Linie angezeigten Verbindungen bestehen
aus Kapillaren, gefertigt z.B. aus Tefzel, PE, PEEK oder Edelstahl, mit beliebigen Dimensionen beziglich Innendurch-
messer / AuBendurchmesser / Lénge, z.B. 1 mm /5 "/ 0,5 m flir die Verbindung 31. Eine beliebige Ldsung, aus
Vorréten 25 bis 27 oder folgenden n ausgewéhlt, wird mittels der Pumpe 30 Uber Ventil 33 entweder flir Waschzwecke
in den Abfall 43 oder durch den Detektor 37 gepumpt und Uber Ventil 39 in den Abfall 43 geleitet. Aus dem Detektor 37
ausgesplilte Lésungen von weiterem Interesse kénnen Uber das Ventil 39 im Sammler 41 gesammelt, in mehreren
GefaBen n fraktioniert aufgefangen oder mit anderen Techniken, z.B. Massenspekirometrie, direkt gekoppelt werden.
Die in C enthaltenen Komponenten, mit Strich-Punkt umrahmt, kbnnen gemeinsam temperiert werden, z.B. mittels eines
hier nicht gezeigten Peltier-Elementes.

[0040] Das erfindungsgemai Besondere dieses Teils ist die Art der Probenaufgabe, die fur eine repetitive Proben-
aufgabe und besonders flr die Multischritt-Kinetik von Vorteil ist. Die Komponenten 1 bis 10 sind als Probenaufgabe A
zusammengefaBt und lber Ventil 1 entweder direkt in Verbindung 31 oder beliebig oft dupliziert lber die Ventile 21 und
22 in die Verbindungen 81/32 einschaltbar; dargestellt ist hier eine Duplizierung von A, mit analoger Probenaufgabe B
zusammengefaBt. In Abefindetsich Ventil 1 in der Position Ladung flir die Probenschleifen 5 bis 7, die liber Probeneinlal3
2 entweder manuell oder mittels eines Probengebers automatisch mit beliebigen Lésungen, d.h. auch mit Analytlésungen
jeweils fallender Konzentration, befullt werden kénnen, wobei die verdrangten Lésungen in Abfall 10 gesplilt werden.
Minimal-Volumina, z.B. fir Mikro- oder Test-Analysen, lassen sich realisieren, indem lediglich Verbindung 3 teilweise
beflllt wird. Theoretisch unbegrenzte Maximal-Volumina einer Lésung, z.B. flir sogenannte Praparationen mitbesonders
groBBen Sensoroberflachen, lassen sich realisieren, indem alle Probenschleifen mit derselben Lésung befllit werden.
[0041] Nach jeweils synchronem Schalten der Ventile 4 und 8 kénnen die Probenschleifen 5 bis 7 nacheinander und
unabhangig voneinander sowie jeweils vollstindig oder zwecks Proben-Ersparnis nur teilweise befllllt werden, und zwar
in jedem Fall "rickwérts”, d.h. von ihrer spéteren AuslaBseite her. Damit ist gewdahrleistet, daf3, nach dem Schalten von
Ventil 1 in die Position FluB, an die Verbindung 24a totvolumenfrei die Lésung der letzten Beflllung ansteht und sich
daran nach zeitlich beliebigem, schrittweisen und jeweils. synchronen Schalten der Ventile 4 und 8 Ubergangslos und
unabhéangig voneinander die Lésungen der anderen Probenschleifen auf den Detektor 37 beaufschlagen lassen. Diese
Beaufschlagungist in B gezeigt, wo sich die Komponenten11 bis 20 spiegelbildlich zu A in Position Flu3 befinden. Durch
bevorzugt synchrones Schalten der Ventile 1, 11, 21 und 22 kénnen A und B wechselseitig in Position FluB bzw. Ladung
umgeschaltet werden, so daf3 sich Aim Flu3 befindet, wahrend B beflllt wird bzw. umgekehrt. Alle Verbindungskapillaren
und Schleifen... 3,9, 13, 19,28a,b, 24a,b, 29, 31, 32, 34, 35, 38, 40,42 und 5, 6, 7, 15, 16, 17 kénnen je nach Anwendung
in ihren Dimensionen besonders optimiert ausgelegt werden. In 24a und/oder 24b befindet sich normalerweise Spul-
oder sogenannter Lauf-Puffer vom letzten Spul- oder Analysengang. Bei Bedarf kdnnen diese Verbindungskapillaren
auch héhervolumiger ausgestaltet werden, um nach der Beaufschlagung der Lédsungen aus B bzw. A und der gleich-
zeitigen Umschaltung der Lésungen aus A bzw. B in die Position FluB zunéchst eine Wasch- oder Dissoziationsphase
in dem Detektor 37 durchzuflihren, deren Dauer durch das Volumen von 24a bzw. 24b und der FluBrate bestimmt wird,
was je nach Anwendung von Interesse sein kann. Die Anordnung ist darliber hinaus offen flr die Positionierung weiterer
Ventile und/oder Pumpen zwecks Waschung / Spulung beliebiger Abschnitte oder zwecks Einbringung weiterer Lésun-
gen. So kénnen z.B. B und/oder weitere Duplikate von B Uber Ventil 11 wahlweise z.B. in die Verbindungen 3, 5, 6, 7
oder 32 positioniert werden.

[0042] Desweiteren wird durch ein haufiges Schalten bestimmter, je nach Anwendung unterschiedlicher Ventile, eine
Mischung von Lésungen ermoglicht, bei Bedarf auch durch Installation eines FluBteilers z.B. in Verbindung 31 anstelle
von oder zusétzlich zu Ventil 21 und/oder einer sogenannten Mikro-Mischkammer z.B. in Verbindung 32 anstelle von
oder zusétzlich zu Ventil 22. Diese Anordnung ergibt insgesamt eine gréBtmdgliche Flexibilitat der Lésungs-Beaufschla-
gung auf die Mef3zelle. Ein Mischen der Vorréte 25 bis 27 oder mehr kann auch durch h&ufiges Schalten von Ventil 28
erreichtwerden. Flr Lésungen, die temperatursensitiv sind, kénnen alle oder nur Teile derin C enthaltenen Komponenten,
exklusive z.B. der in D enthaltenen mit Strich-Punkt-Punkt umrahmten Komponenten, gesondert tempetriert werden,
wéhrend die z.B. in D enthaltenen Komponenten ihrerseits gesondert auf eine Arbeitstemperatur temperiert werden.

Index-Liste

[0043]

ass Assoziation
diss Dissoziation

i i-ter Schritt
st jeweiliger Startwert einer Assoziation oder Dissoziation
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eq jeweiliger Gleichgewichtswert einer Assoziation oder Dissoziation

net Netto

Kon Exponentialkoeffizient bei Assoziation

Kot Exponentialkoeffizient bei Dissoziation

Patentanspriiche

1. Analytisches Mess- und Auswerteverfahren flir molekulare Interaktionen von chemischen Gleichgewichts-Bindungs-

paaren oder -Bindungssystemen, wobei ein erster Bindungspartner ("Ligand" L) mit einem in Lésung befindlichen
zweiten Bindungspartner ("Analyt” A), dermit dem Liganden reversibel unter Komplexbildung reagiert, versetzt wird,
Assoziations- und/oder Dissoziations-Kurven aufgenommen werden und die zeitliche Entwicklung der Komplexbil-

de,(LA)
dt

dung cy(LA) sowie deren Anderung erfasst werden,

dadurch gekennzeichnet, dass
zu bestimmten Zeitpunkten t; die Konzentration ¢;(A) einmal oder mehrmals schrittweise erhoht oder emiedrigt wird,

wobei die Erhdhung bzw. Erniedrigung der Konzentration c,;(A) jeweils zu einem beliebigen Zeitpunkt vor dem
Erreichen der jeweiligen Gleichgewichtswerte der einzelnen Schritte durchgeflhrt wird, und der Reaktionsverlauf

mittels eines mathematischen Annaherungsprogramms in 1. N&herung jeweils mit einer exponentiell verlaufenden
Funktion R(t), die jeweils auf einen Gleichgewichtswert R’ ; zulduft, mit wenigstens einem Exponenten k', ; oder

eq,i
: . . (dR() - ot . :
Kot j bESChrieben wird, wobel T die Assoziations- oder Dissoziationsrate des Analyten am Liganden angibt,
t

um hieraus die Assoziations-Geschwindigkeitskonstante ks und die Dissoziations-Geschwindigkeitskonstante ks
zu ermitteln.

Verfahren nach Anspruch 1,
dadurch gekennzeichnet, dass

aus den jeweiligen Differenzen zwischen den Asscziationsgleichgewichtswerten R’ und Assoziationsstart-

eq,ass,i
werten R acq; 0der den jeweiligen Differenzen zwischen den Dissoziationsgleichgewichtswerten R, giss,i UNd

Dissoziationsstartwerten R'g; giss ; Und den jeweiligen Exponenten Ky, ; oder K’ ; die jeweiligen initialen Assoziati-

dRa&f.i (t) dR{ﬁ.ﬂ'J (t)
da ) U

oder Dissoziationsgeschwindigkeitskonstante k, ., bzw. k. ermittelt werden.

ons- oder Dissoziationsraten ( ) und aus diesen Raten die Assoziations-
=0

Verfahren nach Anspruch 1,
dadurch gekennzeichnet, dass

dr, ()
die Dissoziationsgeschwindigkeitskonstante ky;ss aus den initialen Assoziationsraten [-—GL und den
=0

dt

jeweiligen Assoziationsgleichgewichtswerten R,eq,ass,i der Funktion R(t) und die Assoziationsgeschwindigkeitskon-

delss.i (t )

stante k¢ aus den initialen Dissoziationsraten (—————) und den jeweiligen Dissoziationsgleichgewichts-
+=0

dt

werten R’ der Funktion R(t) ermittelt wird.

eq,diss,i
Verfahren nach Anspruch 1,

dadurch gekennzeichnet, dass

im Falle ven jeweils konstanter Analytstartkonzentration cy(A) bei Mehr-Schritt-Analysen die Werte flr kg, und Kyisq
aus der Beziehung zwischen k', und der Analytstartkonzentration c,(A) ermittelt werden.

Verfahren nach Anspruch 1,
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dadurch gekennzeichnet, dass

die Assoziationsgeschwindigkeitskonstante k4 aus der Beziehung zwischen Ky, und der Analytgleichgewichts-
konzentration ' ass,i(A) Und die Dissoziationsgeschwindigkeitskonstante kg aus der Beziehung zwischen K’
und dem Gleichgewichtswert R'g gigq j der Funktion R(t) bei der Dissoziation ermittelt wird.

Verfahren nach einem der vorangehenden Anspriiche,
dadurch gekennzeichnet, dass
die Anderung der Analytkonzentration zur Halbwertszeit der Funktion R;(t) erfolgt.

Verfahren nach einem der vorangehenden Anspriiche,
dadurch gekennzeichnet, dass

dR., (1) dR,.. ()
T (=0 bzw. T 10 (d'qdiss,l(t) dt)tzo einer [i-

die initiale Assoziations- oder Dissoziationsrate (

R(t)

nearen Beziehung zwischen und R(t) oder (R(t) - R’g giss,i) €rmittelt wird.

Verfahren nach einem der vorangehenden Anspriiche,
dadurch gekennzeichnet, dass

deiss.i(t) . .
bzw. | 7/, —— unter der Annahme idealerBedingungen
0 =0

die Ermlttlung derinitialen Raten | ——————
dr dt

=

erfolgt.

Verfahren nach Anspruch 8,
dadurch gekennzeichnet, dass

dR, (1) bzw dR (1)
dt ) _ dt

Assoziation keine Analytverarmung und bei der Dissoziation keine Analytanreicherung erfolgt.

die Ermittlung der initialen Raten [ ) unter der Annahme erfolgt, dass bei der
=0

Verfahren nach einem der vorangehenden Anspriche,
dadurch gekennzeichnet, dass
die unbekannte Analytstartkonzentration cq(A) zu Beginn der Reaktion ermittelt wird.

Verfahren nach einem der vorangehenden Anspriiche,

dadurch gekennzeichnet, dass

das Verfahren mit bekannten Affinitdtsbiosensoren und/oder Array-Systemen in L&sung und/oder zeitaufgeldsten
ELISA- oder RIA-Techniken oder anderen festphasengestiitzten Systemen durchgefiihrt wird.

Verfahren nach einem der vorangehenden Anspriiche,

dadurch gekennzeichnet, dass

in einem Kivettensystem die Analytkonzentration c(A) der L&sung in der Messkammer durch kontinuietliche Ent-
nahme eines Teils der Lésung und Zugabe einer Lésung mit einer entsprechenden Analytkonzentration c(A) Uber
eine oder mehrere Kanllen wahrend des Assoziations- oder Dissoziationsvorgangs konstant gehalten wird.

Verfahren nach einem der vorangehenden Anspriiche,

dadurch gekennzeichnet, dass

bei kenstanter Konzentration der Lésung in der Messkammer derjenige c,(A)-Wert bestimmt wird, bei dem sich die
Assoziationskurve oder ein Abschnitt davon mit der Dissoziationskurve oder einem Abschnitt davon in einem Punkt
schneidet, dessen Wert 0,618 des gesamten oder des jeweiligen Teilwerts des Assoziations-Gleichgewichtswertes
entspricht.

Verfahren nach Anspruch 13,
dadurch gekennzeichnet, dass
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die Konzentration in der Messkammer mehrmals schrittweise geéndert wird und die jeweiligen Startkonzentrationen
des Analyten ¢ j(A) ermittelt werden.

Verfahren nach einem der vorangehenden Anspriiche,

dadurch gekennzeichnet, dass

in einem idealen Durchflusssystem bei jeweils konstant gehaltener Analytstartkonzentration ¢, (A) wéhrend einer
Assoziationsphase die Dissoziations-Gleichgewichtskonstante Ky = k. /K 4o als diejenige Analytstartkonzentration
Co i(A) ermittelt wird, mit der der ermittelte Gleichgewichtswert gleich der Hélfte der maximal mdglichen Reaktion
Rmax auf die Zugabe des Analyten im Uberschuss wird.

Vorrichtung zur Durchfliihrung des Verfahrens nach einem der vorhergehenden Anspriiche, mit einer Sensorober-
flache zur Bindung des in Lésung befindlichen Analyten am Liganden, mit einer MeBkammer auf der Sensorober-
flache, die mit dem Analyt in Loésung beflllt ist, mit jeweils einer Kanule zur Zugabe und/oder Herausnahme der
Lésung und/oder einer Splilflissigkeit, mit einer Vorrichtung zur Durchmischung der Lésung in der MeBkammer
dadurch gekennzeichnet, dass

die Lé&sungen in der MeBkammer zumindest teilweise in vorbestimmter Menge instantan mehrmals gegen Ldsungen
anderer Konzentration austauschbar sind, wobei das Volumen der Lésung konstant gehalten ist und wobei mehrere
Probenschleifen vorhanden sind, deren Inhalit entgegen seiner Beflllrichtung und unabhéngig voneinander in die
MeBkammer einbringbar ist, so dass die Messkammer mit mehreren unterschiedlichen Lésungen aus den einzelnen
Probenschleifen nacheinander, unabhéngig voneinander und totvolumenfrei im Durchfluss beaufschlagbar ist.

Vorrichtung nach Anspruch 16,
dadurch gekennzeichnet, dass
der Austausch der Lésungen in der MeBkammer liber eine oder mehrere Kantilen erfolgt.

Vorrichtung nach Anspruch 16 oder 17,
dadurch gekennzeichnet, dass
die Kanllen getrennt an der MeBBkammer angeordnet sind oder die eine koaxial innerhalb der anderen.

Vorrichtung nach einem der Anspriiche 16 bis 18,

dadurch gekennzeichnet, dass

eine oder mehrere Pumpen zur Dosierung der Menge der auszutauschenden Lésungen an den Kaniilen vorgesehen
sind.

Vorrichtung nach einem der Anspriche 16 bis 19,

dadurch gekennzeichnet, dass

Uber mehrere Kanllen die Lésung in der MeBkammer durch zumindest teilweise Absaugung und wieder Zugabe
in die MeBkammer durchmischt wird.

Claims

An analytical measuring and evaluation process for molecular interactions of chemical equilibrium binding couples
and binding systems, wherein a first binding partner ("ligand” L) reversibly reacts with a second binding partner

("analyte” A) mixed in a solution, forming a complex compound, wherein the association and/or disassociation curves
. . . _de(LA)
are being recorded and the temporal development of the complex forming ¢;(LA) and its derivative —d— are
[t

recorded,

characterized in that

at certain points in time t; the concentration ¢; (A) is increased or decreased in increments once or several times,

wherein the increase or decrease of the concentration ci;(A) is performed at any time before reaching the respective

equilibrium values of the particular steps and the reaction process is described with a mathematical approximation

program, in a first approximation with an exponential function R(t), which approaches an equilibrium value R’gq;
. , ) - dR(t) . - ) -

with at least one exponent K’y ; or K'og ;, wherein ——= provides the association or disassociation rate of the

't
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analyte atthe ligand, inorderto determine the association velocity constant K ., and the disassociation constant K g

A process according to claim 1,
characterized in that
from the respective differentials between the association equilibrium values R’ .s, ; @nd the association start values

R'stass,i OF the respective differentials between the disassociation equilibrium values R’qq giss jandthe disassociation

start values R’y g5 j @Nd the respective exponents Ky, ; or k o ; the respective initial association or disassociation

dt dt

stant kg OF Kyigs @re determined.

dRuss.i(1) dRaiss,i(t)
rates | ————— | ;o or | ——— | /=0 and from these rates the association or disassociation velocity con-

A process according to claim 1,
characterized in that

dt
respective association equilibrium values R'g o5, Of the function R(t) and the association velocity constant kg
dRaiss.i(1)
dr

dRass.i(t
the disassociation velocity constant k;., is determined from the initial association rates (——L’() =9 andthe

from the initial disassociation rates ( j =0 and the respective disassociation equilibrium values R’¢q giss,i

of the function R(t).

A process according to claim 1,

characterized in that

in case of a respectively constant initial analyte concentration ¢5(A) within multiple step analyses the values kg
and Ky are determined from the ratio of k', and the analyte start concentration c,(A).

A process according to claim 1,

characterized in that

the association velocity constant kg is determined from the ratio of K'y, and the analyte equilibrium concentration
Ceq.ass,i (A) and the disassociation velocity constant K, from the ratio between K and the equilibrium value
R'eq diss,i ©f the function R(t) during the disassociation.

A process according to one of the preceding claims,

characterized in that

the change of the analyte concentration happens at the half life of the function R;(t).

A process according to one of the preceding claims,
characterized in that

=0 I8 determined from a linear

dRa.v.s. l(t) dR(lisx.i(t)
ar )™ "\ ar

the initial association or disassociation rate (

relationship between and R(t) or (R(t) - R'g; giss,i)-

dR(t)
t

A process according to one of the preceding claims,
characterized in that

deiss. r(() ) A
—o OF T —o is performed under the assumption of

anss,,-(z)J
dt '

the determination of the initial rates (
ideal conditions.

A process according to claim 8, characterized in that

12
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dRas.\'.i(f)) or {]Rdis,c,i(f)
a ) dt

during the association no analyte reduction and during the disassociation no analyte increase occurs.

the determination of the initial rates ( j (o I8 performed under the assumption, that

A process according to one of the preceding claims,
characterized in that
the unknown analyte concentration cy(A) is determined at the beginning of the reaction.

A process according to one of the preceding claims,

characterized in that

the process is performed with known affinity biosensors and/or array systems in a solution and/or time based ELISA
or RIA techniques or other solid phase based systems.

A process according to one of the preceding claims,

characterized in that

in a cuvette system the analyte concentration ¢(A) of the solution in the measuring chamber is kept constant through
continuous subtraction of a part of the solution and addition of a solution with the corresponding analyte concentration
¢(A) through one or more canules during the association or disassociation process.

A process according to one of the preceding claims,

characterized in that

at a constant concentration of the solution in the measuring chamber the c4(A) value is determined, at which the
association curve or a section thereof intersects with the disassociation curve or a section thereof in a point whose
value 0.618 is equivalent to the whole or respective partial value of the association equilibrium value.

A process according to claim 13,

characterized in that

the concentration in the measuring chamber is changed incrementally several times and the respective start con-
centration of the analyte ¢ ;(A) is determined.

A process according to one of the preceding claims,

characterized in that

in an ideal flow through system with the analyte concentration ¢, j(A) kept constant during an association phase,
the disassociation equilibrium constant Kp = ks /Ky is determined as the analyte start concentration ¢, ((A), through
which the determined equilibrium value equals half of the maximum possible reaction Ry, with respect to the
excessive addition of the analyte.

A device for performing the process according to one of the preceding claims with a sensor surface for binding the
analyte in solution at the ligand, with a measuring chamber on the sensor surface which is filled with the analyte in
solution, with a respective canule for adding and/or subtracting solution and/or a flushing liquid, with a device for
mixing the solution in the measuring chamber,

characterized in that

the solutions in the measuring chamber are instantaneously exchangeable at least partially in a predetermined
quantity, with solutions with other concentrations, wherein the volume of the solution is kept constant and wherein
several sample loops are present, whose contents can be independently induced into the measuring chamber
against their filling direction, so that the measuring chamber can be filled with several different solutions from the
particular sample loops in sequence, independent from each other and without dead volume.

A device according to claim 16,
characterized in that
the replacement of the solutions in the measuring chamber is performed through several canules.

A device according to claim 16 or 17,

characterized in that
the canules are separately located at the measuring chamber or one is coaxial inside the other.
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A device according to one of the claims 16-18
characterized in that
one or several pumps for dosing the quantity of solution to be replaced are provided at the canules.

A device according to one of the claims 16-19

characterized in that

the solution in the measuring chamber is mixed through several canules through at least partial subtraction and
addition in the measuring chamber.

Revendications

1.

Procédé analytique de mesure et d’évaluation pour des interactions moléculaires de paires de liaison chimiques ou
systémes de liaison équilibrés, un premier partenaire de liaison ("ligand” L) mélangé & un second partenaire de
liaison se trouvant dans une solution ("Analyte” A), qui réagit avec le ligand de maniére réversible en formant un
complexe, des courbes d’association et /ou de dissociation étant relevées et I'évolution temporelle de la formation

de,(LA)

du complexe ¢;(LA) ainsi que sa modification —d——— étant enregistrées,
t

caractérisé
en ce qu’ a des moments déterminés t;, la concentration c;(A) est augmentée ou abaissée une fois ou plusieurs

fois, Faugmentation respectivement 'abaissement de la concentration c;(A) étant effectués respectivement a n’im-

porte quel moment avant d’atteindre les valeurs d’équilibre respectives de chacune des étapes et le déroulement
de laréaction est décrit au moyen d’un programme mathématique d’approximation dans une premiére approximation
avec une fonction R(t) évoluant exponentiellement, qui aboutit respectivement & une valeur d’équilibre R’y ; avec

dR(1)

aumoins un exposant K’y ou Ky, indiquant les taux d’association et de dissociation de 'analyte sur le

ligand, pour en déterminer les constantes d’équilibre d’association k

kdiss‘

ass €t les constantes d’équilibre de dissociation

Procédé selon la revendication 1,
caractérisé

en ce que les débits respectifs d’association ou de dissociation initiaux | ——————— respectivement
dt -0
deis‘s,i(t)
dt sont déterminés a partir des différences respectives entre les valeurs d’équilibre d’association

=0

R'eq,ass, €t les valeurs initiales d’association R’y 5¢5i 0U @ partir des différences entre les valeurs d’équilibre d'as-
sociation R'gq 4issi €t les valeurs initiales d’association R’y yiss i €t les exposants respectifs Ko ; ou Ko, et les
constantes d’équilibre d’association k, 4 respectivement de dissociation ks, SONt déterminées a partir de ces taux.

Procédé selon la revendication 1,

caractérisé

en ce que la constante de vitesse de dissociation ky,s est déterminée a partir des taux initiaux d’ association
dRa.ss,i (r)

-——d—— et des valeurs respectives d’équilibre d’association R'g, 555 de la fonction R(t) et la constante
; ass,

: - emminge 4 oarl - o[ AR ()
de vitesse d’association Kk, est déterminée ‘@ partir des taux initiaux d’association T et des
1=0

valeurs respectives d’équilibre de dissociation R’eq giss,i de la fonction R(t).
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Procédé selon la revendication 1,

caractérisé en ce que

dans le cas d’une concentration de départ d’analyte respectivement constante c,(A) pour des analyses en plusieurs
étapes, les valeurs pour K,qq et Kyjes SONt déduites de la relation entre Ky, et de la concentration de départ d’analyte
Go(A).

Procédé selon la revendication 1,

caractérisé en ce que

la constante de vitesse d’association k¢ résulte du rapport entre k', et la concentration d’équilibre d’association
C'eq,ass,i(A) etlaconstante de vitesse de dissociation ky;ss résulte du rapport entre Ko et la valeur d'équilibre R’ o giss,i
de la fonction R(t) lors de la dissociation.

Procédé selon 'une des revendications précédentes,
caractérisé en ce que
la modification de la concentration d’analyte s’effectue & la période de demi-valeur de la fonction R;(t).

Procédé selon 'une des revendications précédentes,
caractérisé en ce que

dRas‘”' (t) deiss,i(t)

les taux initiaux d’association et de dissociation 4 respectivement | =/ sont détermi-
t

dt

=0 =0

R(1)

nés a partir d’'un rapport linéaire entre et R(t) ou (R(Y) - R'gt diss,)-

Procédé selon 'une des revendications précédentes,
caractérisé en ce que

< . . s dRa.v:,i (t) . deiss,i(t) , , N
la détermination des taux initiaux | —————— respectivement | ————— s’effectue dans I'hypothése
dr -0 dr 10
de conditions idéales.
Procédé selon la revendication 8,
caractérisé en ce que
. . . - dRass i(t) . dem- (t) N
la détermination des taux initiaux T respectivement ————d—’— s’effectue dans ’hypothése
= t
=0 t=0

que lors de I'association, il ne se produit aucun appauvrissement et lors de la dissociation aucun enrichissement
d'analyte

Procéde seion I'une des revendications précédentes,
caractérisé en ce que
la concentration d'analyte inconnue co(A) est déterminée au début de la réaction.

Procédé selon 'une des revendications précédentes,

caractérisé en ce que

le procédé est effectué avec des biocapteurs connus d’affinité a résolution temporelle et/ou des systemes de matrices
(Array) en solution et/ou par des techniques d'immunodosage telles que les dosages radio-immunologiques (RIA)
et immuno-enzymatiques (ELISA) ou autres systémes en phase solide.

Procédé selon 'une des revendications précédentes,

caractérisé en ce que

dans un systéme de cuvette, la concentration d’analyte ¢(A) de la solution dans la chambre de mesure est maintenue
constante par prélévement continu d’une partie de Ia solution et ajout d’'une solution contenant une concentration
correspondante d’analyte ¢(A) par une ou plusieurs canules pendant I'opération d’association ou de dissociation.
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13. Procédé selon 'une des revendications précédentes,

14.

15.

16.

17.

18

19

20.

caractérisé en ce

qu’en présence d’une concentration constante de la solution dans la chambre de mesure, il est déterminé la valeur
co(A), alagquelle la courbe d’association ou une section se recoupe avec la courbe de dissociation ou une section
en un point d’intersection, dont la valeur correspond a 0,618 de I'ensemble ou de la valeur partielle respective de
la valeur d’équilibre.

Procédé selon la revendication 13,

caractérisé en ce que

la concentration dans la chambre de mesure est modifiée plusieurs fois progressivement et les concentration res-
pective de départ de 'analyte c, (A) sont déterminées.

Procédé selon I'une des revendications précédentes, caractérisé en ce que dans un systéme idéal d’écoulement
en présence d'une concentration de départ d’analyte maintenue constante ¢, j(A) pendant une phase d’association,
la constante d’équilibre de dissociation KD = Kis/Kaes €8t déterminée en tant que concentration de départ d’analyte
Co i(A) alaquelle la valeur déterminée d’équilibre égale a la moitié de la réaction maximale possible Rmax a l'ajout
de l'analyte devient excédentaire.

Dispositif de mise en oeuvre du procédé selon I'une des revendications précédentes comprenant une surface de
capteur pour la liaison de lanalyte, se trouvant en solution, au ligand, comprenant sur la surface de capteur une
chambre de mesure qui est remplie de 'analyte en solution, comprenant respectivement une canule pour I'ajout ou
le prélévement de la solution et/ou d’un liquide de ringage, comprenant un dispositif pour le mélange de la solution
dans la chambre de mesure,

caractérisé en ce

les solutions sont échangeables dans au moins dans lachambre de mesure partiellement en quantité prédéterminée
instantanément plusieurs fois contre des solutions d’'une autre concentration, le volume de la solution étant maintenu
constant et plusieurs boucles d’échantillon étant présentes, dont le contenu peut &tre introduit dans la chambre de
mesure dans le sens contraire a la direction de remplissage et indépendamment les uns des autres de sorte que
la chambre de mesure peut étre alimentée de plusieurs solutions provenant des différentes boucles d’échantillon
les unes aprés les autres indépendamment les uns des autres et sans volume mort dans le débit.

Dispositif selon la revendication 16, caractérisé en ce que I'échange des solutions dans la chambre de mesure
s’effectue par une ou plusieurs canules.

Dispositif selon la revendication 16 ou 17, caractérisé en ce que les canules sont disposées séparément sur la
chambre de mesure ou coaxialement 'une dans l'autre.

Dispositif selon 'une des revendications 16 a 18,
caractérisé en ce qu’
une ou plusieurs pompes sont prévues sur les canules pour le dosage de la quantité des solutions & échanger.

Dispositif selon 'une des revendications 16419,

caractérisé en ce que

la solution est mélangée par plusieurs canules dans la chambre de mesure par au moins aspiration partielle et
réintroduction dans la chambre de mesure.
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Description

[0001] The present invention relates to a method of
fabricating a polymer membrane having at least one
pore, to polymeric membranes fabricated by such meth-
od, andto uses of such polymeric membranes. The pores
thus formed are in the nanometer range and therefore
make such porous membranes amenable for use in de-
vices for single maolecule detection.

[0002] Reasons for an increasing interest in artificial
membranes with incorporated nanopores with diameters
in the range of 1.5-100 nm are potential applications in
the area of single molecule detection. Recently, studies
of direct DNA sequencing methods concentrated onto
using a single pore - mainly biological pores in form of
membrane proteins - for detectingthe translocation event
of DNA molecules through such a local constriction. The
target DNA molecules to be analysed were driven by a
DC field, and the presence of DNA inside the pore can
be detected by a partial blocking of the ionic current that
flows through the pore. The idea of not only detecting the
presence of target DNA inthe pore, but also the detection
of the base sequence (=direct sequencing) at relatively
high speed exceeding 1 base pair reading per ms was
stated several years ago.! However, it was clear that ex-
tremely high-resolution measurement techniques would
be required. Up to date, direct sequencing at single base
resolution level was not yet achieved.

[0003] In the earliest work in 1996 J. J. Kasianowicz
etal. showed that DNA moelecules can be detected during
their translocation through membrane channels which
are formed by an alpha-hemolysin pore protein.i They
reported on the characterization of individual polynucle-
otide molecules usinga 2.6 nmmembrane channel. They
demonstrated that the blockade lifetime of the ionic cur-
rent could be utilised to derive the molecule length.
[0004] Akeson et al. demonstrated discrimination of
polyCand poly A segments within a single RNA molecule
by using an alpha-hemolysin channel.iii

[0005] Later, Meller et al. reported successful discrim-
ination of polynucleotides of the same length that only
differed in their sequence. In their work also an alpha-
hemolysin channel and unlabeled DNA molecules were
used.V However, a direct read-out of the sequence was
not possible.

[0006] Howorkaetal. reported ontarget DNA detection
through an alpha-hemolysin nanopore at single-base
resolution by covalently medifying the nanopore with a
single stranded DNA molecule (probe DNA = DNA mal-
ecule which senses the target DNA molecule).Y The tar-
get DNA that was transported through the nanopore in-
teracted with the tethered strand in different way, de-
pending on whether a complete mismatch, a partial
match or a complete match was present. The interacting
was resolved at the time scale by measuring the ionic
blocking current.

[0007] A different approach which uses hairpin DNA
molecules was published by Vercoutere et al.vVi The spe-
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cific form of hairpin DNA and the resulting ionic current
signature was utilised to rapidly discriminate at single-
nucleotide resolution. The fact thatthe hairpin DNA could
not pass the nanopore at once, but after the hydrogen
bonds between bases were dissociated, slowed down
the translocation velocity of the DNA molecule through
the pore, making electrical reading easier.

With the advancing hanotechnology, recently also nan-
opore sequencing concepts based on artificial nanop-
ores came up. The majority of artificial inorganic mem-
branes that embed the nanopore are based on thin SiO,
or SigN, layers, known from various applications in the
area of micro engineered mechanical systems (MEMS).
[0008] Li et al. published data about nanopores that
were fabricated into silicon nitride membranes by using
ion beam etching.Vii A pre-defined cavity (made by either
wet-chemical etching methods or focussed ion beam
(FIB) etching) was un-covered by applying a focussed
Ar-ion beam, which removes material layer by layer (ion
sculpting). Finally, the cavity broke through which resuit-
ed in a nanopore within the thin membrane. The size
adjustment was achieved by using a feedback loop in
form of anion detector that was located behind the etched
membrane: as soon asthe nanopore opens up, ions were
detected on the backside and the sculpting process was
stopped. They showed that the pore diameter could be
further controlled by adjusting the ion dose of the sculpt-
ing process and the background temperature: even after
opening the pore, the pore diameter could be reduced
by ion-induced material transport towards the pore. Vil
They demonstrated the fabrication of 3-5 nm pores. Us-
ing these single nanopores 500 to 10k base DNA mole-
cules could be detected in solution.x

[0009] More recently, artificial pores of diameters
down to 3 nm were fabricated in a SiO, membrane by
utilising electron beam lithography, wet chemical etching
and a high energy, focussed electron beam for pore di-
ameter reduction.* Storm et al. reported that the high-
energy electron beam of a transmission electron micro-
scope can be utilized to shrink the size of a fabricated
nanopore through fluidization of the SiO, surface. A re-
sulting increase in surface tension leads to a decrease
of pore size. This method of diameter-control basically
relies on the visual feedback through the TEM.

[0010] Another approach for controlled diameter re-
duction that was reported recently is the deposition of
thin layers of Al,O4 by using atomic layer deposition tech-
niques.* FIB-fabricated nanopores in SizN, membranes
with an initial diameter of about 20 nm had been shrunk
to almost 2nm by depositing atomic layers of Al,Og. At
the same time, the thickness of the membrane increases
because the material is deposited isotropically. Another
important aspect of this method is that surface defects
that were introduced by the FIB process could be covered
by the Al,Og3 layer. A clear reduction of 1/f noise could
be observed. Also, the surface charge of Al,O4 is different
from that of the negatively charged SiO, and SizN, sur-
faces in KCI buffers: Al,O5 has its isoelectric point at
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pH~9 andtherefore, at pH~8 DNA should be not repelled
from the surface.Xi

[0011] In contrast to these oxide-based membranes,
membranes based on polymer materials were studied
as well. Nanopores were for example introduced by
shooting high-energy ions through foils of poly(ethylene
terephthalate).xii The required accelerator technology
makes this approach less attractive.

[0012] Saleh et al. report on successful DNA detection
by using an artificial, PDMS based nanopore.Xii Because
ofthe relatively large dimensions of their pore of the order
of 200 nm in width and more than a pm in length, no high-
resolution detection could be achieved.

[0013] So far there does not exist a simple fabrication
method for polymeric membranes having pores in the
nanometer range. The artificial membranes known from
the prior art which are based on oxide materials like SiO,
and SigN, require a number of lithographic steps and
processing steps. Furthermore, the adjustment of the
pore size of such artificial membranes appearsto be rath-
er complicated. Moreover, artificial membranes based
on oxide materials having pores which were fabricated
by using focussed ion beams can suffer from elevated
1/f noise levels because of the presence of introduced
defects andtrap centres. Additionally, membranes based
on oxide materials like SiO, are negatively charged in
buffer solution which makes such membranes unsuitable
for use in the detection of negatively charged biopoly-
mers like nucleic acids.

[0014] Accordingly, it was an object of the present in-
vention to provide for a method of fabrication of a mem-
brane having pores with a diameter in the nanometer
range, which method is easy to perform. Furthermore it
was an object of the present invention to provide for a
method that allows the fabrication of membranes with
pores wherein the formation of the pores can be easily
monitored. Moreover, it was an object of the present in-
vention to provide for a method of fabrication of mem-
branes having pores in the nanometer range, wherein
the size of the pores can be easily adjusted. It was fur-
thermore an object of the present invention to provide a
fabrication method of membranes having pores in the
nanometer range that is simple and does not produce
negatively charged membranes when placed into buffer
solution. It was also an object of the present invention to
provide for a method of fabrication of membranes having
pores in the nanometer range wherein no harsh etching
steps and subsequently the application of masks that
withstand such etching steps, are required.

[0015] Allthese objects are solved by a method of fab-
ricating a polymeric membrane having at least one pore
with a diameter in the range below 500 nm, comprising
the steps:

a) providing a substrate,

b) depositing a polymeric membrane on said sub-
strate,

C) subjecting said polymeric membrane to a lithog-
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raphy step, thus introducing at least one pore with a
diameter in the range below500 nm into said poly-
meric membrane, optionally an array of such pores,
d) lifting-off said membrane from said substrate.

[0016] In one embodiment step a) comprises the fol-
lowing substeps:

aa) providing a substrate having a surface, prefera-
bly a plane surface which substrate is made of a
material selected from the group comprising oxides,
metals and plastics,

ab) depositing on said surface of said substrate an
anti-sticking layer, which anti-sticking layer has little
adhesion to said surface of said substrate,

ac) depositing on said anti-sticking layer a carrier
membrane, to which carrier membrane said anti-
sticking layer has a greater adhesion than to said
substrate,

ad) patterning said carrier membrane by introducing
at least one recessinto it by a lithography step, said
recesshaving a diameter in the range of from 1 pum
to 500 pminto it

[0017] The term "plane surface”, as used herein, is
meant to characterize a surface which does not have
substantial irregularities in it, such as elevations or cav-
ities, that would interfere with the formation of a nanop-
ore.

[0018]
steps:

Preferably, step b) comprises the following sub-

ba) depositing a polymeric membrane on said carrier
membrane having said at least one recess, by a pro-
cedure selected from spin-coating and evaporating,
such that said polymeric membrane covers said car-
rier membrane and, at the site of said at least one
recess, forms a lining within said at least one recess,

and wherein step ¢) comprises the substep:

ca) performing said lithography step at said lining
within said at least one recess.

[0019] In one embodiment said carrier membrane is
made of an electrically insulating material selected from
the group comprising polymers and oxides, wherein,
preferably, it is made of a photoresist material. Typical
examples of materials useful for producing said carrier
membrane are chemically amplified resists and non-
chemically amplified resists, that are sensitive to either
light (IR, visible, UV) exposure, electron exposure, ion
exposure or X-ray exposure; more specifically photore-
sists, like AZ resists, ZEP resists and others, deep-UV
resists like UV 6/UV 5 and others, electron beam resists
like poly(methyl(methacrylate)) (PMMA) and others; and
resists used for nanoimprint lithography.

[0020] Preferably, said polymeric membrane is made
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of an electrically insulating material selected from the
group comprising polymers and oxides, wherein, prefer-
ably, it is made of a resist material selected from pho-
toresist materials and electron beam resist materials.
Typical examples of materials useful for producing said
polymeric membrane include polyethylene (PE), polyeth-
ylene terephthalate (PET), pelyvinyl chloride (PVC),
polycarbonate, pentacene and other plastic materials. In
some embodiments, said polymeric membrane is a bi-
layer comprising a polymeric layer of one of the afore-
mentioned materials and a layer of inorganic material,
such as SiOy,, SIXNy, oxides, insulators and metals, or it
is a multilayer of polymeric layers and inorganic layers
inbetween. Forexample, a polymeric membrane accord-
ing to the present invention may comprise a first poly-
meric layer, aninorganic layer on top thereof, and second
polymeric layer on top of said inorganic layer, i.e. a sand-
wich structure. Possibly this structure may be repeated
several times leading to a multiple sandwich structure of
the layer sequence P411P,l5P3l3P414P5 etc., with Py and
I, denoting the x-th polymeric layer and inorganic layer
respectively.

[0021] In one embodiment step d) occurs: by applica-
tion of force, such as suction, or by application onto said
polymeric membrane of an adhesive tape having a hole
(holes) so as not to cover said pore(s), and by subse-
quently lifting-off said polymertic membrane from said
substrate.

[0022] In one embodiment said anti-sticking layer has
athickness in the range of from about 1 nm to about 100
nm, preferably about 5 nm to about 75 nm, more prefer-
ably about 10 nm to about 60 nm and most preferably
about 20 nm to about 50 nm.

[0023] In one embodiment said anti-sticking layer is
made of a material selected from the group comprising
polymers, oxides, silanes, carbon (graphite), sputtered
SiO, , SiyNy; preferably these materials are provided as
nanoparticles. In one embodiment the anti-sticking layer
is made of electrically conducting materials, in another
embodiment it is made of electrically insulating material
(s), in yet ancther embodiment it is made - of a mixture of
such material(s).

[0024] In a preferred embodiment said method com-
prises the additional step:

e) dissolving said anti-sticking layerin a suitable sol-
vent, wherein, preferably, said anti-sticking layer is
made of a material selected from the group compris-
ing metals, oxides and plastics, and wherein, pref-
erably, said suitable solvent is an aqueous basic so-
lution (e.g. for metals), an aqueous Kl/l,-solution
(e.g. for metals), water (e.g. for water soluble ox-
ides), and an organic solvent (e.g. for plastics), such
as acetone, alcohols, organic acids, wherein, pref-
erably, steps d) and e) occur concomitantly.

[0025] Inone embodimentsaid lithography stepin step
C) Iis selected from the group comprising optical lithogra-
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phy, electron beam lithography and atomic force micro-
scope (AFM) lithography, and includes a developing
step.

[0026] Inone embodiment saidlithography stepin step
ad) is selected from the group comprising optical lithog-
raphy and electron beam lithography, and includes a de-
veleping step.

[0027] Preferably, steps ab) and ac) cccur by a proce-
dure selected from thermal evaporation electron-gun
deposition, spin-coating, dip-coating, sputtering and va-
pour-phase deposition.

[0028] In one embodiment said developing step in ad)
and ca) occurs by applying a developing solution to said
carrier membrane and said polymeric membrane, re-
spectively, preferably at the site where said recessand
said pore is to be introduced, respectively, wherein, pref-
erably, said anti-sticking layer is made of an electrically
conducting material, preferably a metal, such as gold or
aluminium, and wherein, more preferably, said introduc-
tion of said at least one pore having a diameter in the
range below500 nm into said polymeric membrane in
step c¢) is monitored by connecting an electrode with the
developing solution and by connecting a counter-elec-
trode with the anti-sticking layer, and wherein voltage
and/or current variations are measured between said
electrodes.

[0029] In one embodiment a constant DC voltage or
current is applied via said electrodes and the current or
voltage is monitored over time, wherein an increase in
current and/or a decrease in voltage is indicative of com-
pletion of said introduction of the pore.

[0030] Inanother embodiment, AC current and/or volt-
age measurements are performed via said electrodes,
usinganimpedance analyzeror lock-in-amplifier wherein
such measurements afford a real and imaginary part of
an impedance versus time-curve, and wherein the in-
phase signal corresponds to the real part of the imped-
ance and wherein an increase in current and/or a de-
crease In voltage is indicative of completion of said intro-
duction of the pore, and wherein, furthermore the out-of-
phase-signal corresponds to the imaginary part of the
impedance versus time-curve and wherein, after com-
pletion of said introduction of the pore, the in-phase-sig-
nal and out-of-phase-signal reveal information about the
size of the pore, said in-phase signal of the impedance
reflecting the ohmic resistance of said pore in solution,
thus reflecting the depth and the area size of said pore,
said out-of-phase-signal of the impedance reflecting the
capacitance of said pore.

[0031] The objects of the present invention are also
solved by a membrane structure comprising a polymeric
membrane on a carrier membrane, said polymeric mem-
brane having at least one pore with a diameter in the
range of below-500 nm, produced by the method accord-
ing to the present invention.

[0032] Preferably, said pore has a diameter in the
range of from 0.1 nmto 100 nm, preferably from 1 hm to
75 nm, more preferably 1 nm to 50 nm, and most pref-
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erably 1 nmto 10 nm.

[0033] In one embodiment, said polymeric membrane
has a thickness in the range of from about 0.1 nm to
about 500 nm, preferably from about 1 nm to about 250
nm.

[0034] Preferably, said carrier membrane has a thick-
ness in the range of from about 1 pm to about 100 pm,
preferably about 1 pm to about 50 pm, more preferably
about 1 pm to about 20 pm, and most preferably about
10 pm.

[0035] Inoneembodiment, an array of n-times mpores
has been introduced into a polymeric membrane using
the method according to the present invention, n and m
being positive integers, n and m may be the same or
different positive integers. In one embodiment, a fim
heater is integrated into the polymeric membrane. This
will allow for more accurate control during pore formation
and also for further processing of the pore(s) after their/its
formation.

[0036] The objects of the present invention are also
solved by a use of a membrane structure according to
the present invention in an electronic device, preferably
for determiningthe size and/orsequence of abiopolymer,
preferably of a protein or a nucleic acid, and/or as a coun-
ter for nanoparticles, proteins, nucleic acids or biological
macromolecules.

[0037] The present inventors use a membrane that is
based on a polymer material that can, for example, be
spin-coated or evaporated or another comparable dep-
osition methed. Such method of spin-coating or evapo-
ration is well known to someone sKkilled in the art. The
polymeric material is deposited onto a flat surface, such
as a silicon oxide surface of a silicon wafer which has a
thin anti-sticking layer on top. Furthermore, on top of this
anti-sticking layer, there may be another stabilizing pol-
ymeric layer, a so called "carrier layer” which serves the
purpose of stabilizing the polymeric membrane. Onto the
polymetic carrier layer, the desired polymeric layer is de-
posited, into which, subsequently pores in the nanometer
range are introduced.

[0038] Such introduction of pores may be by way of
lithography, preferably electron beam lithography, AFM
lithography or optical lithography. After the pore(s) has
(have) been introduced, the membrane structure, com-
prising the anti-sticking layer, the carrier layer and the
polymetic membrane, can be lifted from the substrate
simply by peeling it off using for example an adhesive
tape with a centre hole, so as to avoid coverage of the
pore. The pares according to the present invention within
artificial polymeric membranes do not require any hard
etching techniques, such as KOH etching which are oth-
erwise required for the pores in SiO, or SizN, mem-
branes. Consequently, no hard masks having the capa-
bility to withstand KOH etching are required. Because
such masks would have tc be applied on both sides of
the substrate, no high quality deposition methods are re-
quired in the method of the present invention. The pores
according tothe present invention are based-on polymer-
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ic materials and therefore enable simple engineering ap-
proaches to control the final pore size. For example the
pore can be manipulated by treatment with oxygen plas-
ma, heating or cross-linking. The surface charge of the
polymers can bevaried within certain ranges and be eas-
ily made neutral which is a clear advantage overthe neg-
atively charged surface of oxide membranes, such as
SiO, and SigN, membranes. Surface charges are one of
the sources of noise and the reason for a blocking of the
pores. Moreover, polymer membranes are flexible and
are therefore easy to integrate into a mechanical micro-
fluidic environment. The present inventors’ approach of
using an anti-sticking layer and a polymeric carrier layer,
preferably made of a photoresist, enables the integration
of a large number of different membrane materials that
can be deposited by evaporation, sputtering, spin-coat-
ing etc. Moreover, the feedback mechanism by monitor-
ing the pore formation/pore introduction using two elec-
trodes is straightforward and simple to realize. Hence,
the present inventors do not needto rely on transmission
electron microscopy or ion detection methods that were
used in the prior art for such monitoring. The present
inventors’ approach allows the formation of very thin pol-
ymeric membranes based on a wide range of polymeric
materials amenable to spin coating, evaporating or de-
positing from the vapour phase. Furthermore the mem-
branes according to the present invention can be pat-
terned by standard lithography methods. Also, the fact
that membranes are fabricated on a substrate, with one
layer, e.g. the anti-sticking layer on the substrate possibly
functioning as an "integrated" back electrode enables to
engineer the nanopore size for example through sub-
strate heating and to monitor formation of the nanopore
at the same time.

[0039] As used herein, a "pore with a diameter in the
range below500 nm" is also sometimes referredto as a
"nanopore". Preferably, such term "nanopore" more spe-
cifically refers to a pore having a diameter in the range
of from 0.1 nm to 100 nm, more preferably from 1 nm to
75 nm, even more preferably from 1 nm to 50 nm and
most preferably from 1 nm to 10 nm. The term "anti-stick-
ing layer" as used herein is meant to describe a layer
which, because of its low adhesion to a substrate, allows
the peeling off of said anti-sticking layer, together with
any additional layer on top of it, from said substrate. It is
clear from the foregoing that said anti-sticking layer
should only weakly adhere to the flat surface of a sub-
strate, but it should have better adhesion properties to a
layer attached to the anti-sticking layer on the other side.
The exact choice of material of the anti-sticking layer
therefore depends on the material of the substrate and
can be determined by someone skilled in the art using
his knowledge without undue experimentation. For ex-
ample, someone skilled in the art knows that a layer of
gold has very little adhesion to a silicon oxide surface. In
general, the anti-sticking layer is made of a material se-
lected from the group comprising metals, oxides, plastics
or other organic components which show a weak adhe-
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sion to the material of which the substrate may be made.
Useful examples of materials for the anti-sticking layer
are gold, mica, carbon and fluorosilanes. In some em-
bodiments, an anti-sticking effect is achieved by provid-
ing the material of the anti-sticking layer as nanoparticles.
The substrate according to the present invention is made
of a material selected from the group comprising oxides,
metals, plastics or other organic components.

[0040] In a preferred embodiment of the method ac-
cording to the present invention, a carrier membrane
based on a suitable polymer, preferably a resist that can
be patterned by optical lithography or electron beam li-
thography, is deposited on the anti-sticking layer (which
itself is on a substrate). The patterning by optical or elec-
tron beam lithography results in a hole or recess within
the carriermembrane, which hole or recess has a diam-
eterin the micrometer range (1 wm - 500 wm). Onto such
carrier membrane, the desired polymeric membrane is
deposited, preferably by spin-coating or evaporating.
Such deposition results in a thin polymeric layer on top
of the cartier layer and in a lining of the aforementioned
hole or recess within said carrier layer, thus effectively
creating a thin polymeric layer also within the hole or
recess, i.e. at the bottom and at the walls of the hole or
recess. Thereafter, a further patterning occurs, namely
the actualintroduction of the nanopore into the polymeric
membrane, preferably at the site, where the polymeric
membrane forms a lining of the aforementioned hole or
recess. Such patterning preferably occurs by optical li-
thography, electron beam lithography, AFM lithography
or other methods known from the prior art, such as ion-
beam lithography, x-ray lithography, and scanning tun-
nelling lithography, but also etching techniques if the pol-
ymeric membrane includes inorganic layers. Both the
carrier membrane as well as the polymeric membrane
should preferably be electrically insulating. The material
of the carrier membrane is selected from the group com-
prising polymers and oxides, more preferably itis chosen
from the group comprising photoresists. In a preferred
embodiment, the material of the polymeric membrane is
selected fromthe group comprising polymers and oxides
in a more preferred embodiment, the material of the pol-
ymeric membrane is selected from the group comprising
electron beam resists and photo resists. If the polymeric
membrane comprises both polymeric layers and layers
of inorganic material, it is clear to someone skilled in the
art that for introducing the nanopore into the inorganic
layer, one may have to use a different technique than for
the polymetric layers. Whereas the aforementioned li-
thography steps are used for the polymeric layers, the
inorganic layers may require etching techniques, such
as ion etching, reactive ion etching, wet etching, and
O,-plasma etching.

[0041] The entire structure, comprising the anti-stick-
ing layer, the carrier membrane and the polymeric mem-
brane can be easily lifted of the substrate, for example
by using an adhesive tape. After lifting/peeling, the anti-
sticking layer can be removed by dissolution in an ap-
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propriate solvent. It is clear to someone skilled in the art
which solvent to use, depending on the choice of mate-
rials that is used for the anti-sticking layer. For example,
someone skilled in the art knows, that metals, like gold
andaluminiumcan be dissolvedin aqueous Kl/l5-solution
(gold) or basic solutions (aluminium). Water-soluble ox-
ides that are used forthe anti-sticking layer require water.
An organic anti-sticking layer may be removed by using
an appropriate organic solvent, such as acetone, ethanol,
DMF ete.

[0042] The entire structure, comprising anti-sticking
layer, carrier membrane and polymeric membrane has
a thickness of the anti-sticking layer in the range of from
about 1 nm to about 100 nm, preferably about 5 nm to
about 75 nm, more preferably about 10 nm to about 60
nm and even more preferably about 20 nm to about 50
nm. The thickness of the carrier membrane, preferably,
is in the range of from about 1 um to about 100 pm,
preferably about 1 um to about 50 wm, more preferably
about 1 um to about 20 wm and most preferably about
10 pm. The thickness of the polymeric membraneis in
the range of from about 0.1 nm to about 500 nm, prefer-
ably from about 1 nm to about 250 nm. In some embod-
iments, the polymeric membrane may only have a thick-
ness in the range of from 1 nmto 5 nm, preferably about
2 nm. Furthermore, the thickness of boththe carriermem-
brane and the polymeric membrane can be varied, de-
pending on the deposition time. In the case of spin-coat-
ing, parameters like rotational rate and the duration of
spinning can be used to that extent. Furthermore post-
processing steps may be used afterthe deposition steps,
for example the use of oxygen plasmain order to remove
layers of the polymeric membrane and/or the carrier
membrane. In the case where the membranes are made
of photoresist materials, the development time may be
varied, as aresult of whichthe membranes are developed
to adifferent extent. For example, the "dark removal rate”
is related to the parasitic development of resist areas that
were not exposed.

[0043] In order to influence the diameter of the pores,
various parameters may be influenced, such as exposure
dose in the lithographic steps, subsequent processing
steps such as a baking step after exposure, and the du-
ration of the subsequent development. Furthermore,
thermal annealing may be usedto vary the pore diameter
by heating the polymeric membrane to and above the
glass transition temperature of the polymer. Additionally,
the pore diameter may be varied by performing chemical
and/or UV-induced crosslinking steps and/or by perform-
ing aplasmatreatment step. In addition, the surface prop-
erties of the polymeric membrane can be changed by
performing further treatments, such as thermal treat-
ment, chemical treatment, light treatment, which vary the
surface charge and the wettability of the polymer surface.
[0044] In addition thereto, the present invention pro-
vides for a feedback mechanism for monitoring, control-
ling and adjusting the diameter of the nanopores. The
present inventors’ idea is to measure the electrical re-
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sistance between a developer bath, i.e. a developing so-
lution on one side of the pore, and the anti-sticking layer.
Most developers solutions contain ions that can be used
for electric transport measurements. Even developers

of the nanopore diameter during the developing process.
This feedback approach can be also used to adjust the
nanopore diameter as a post-development-adjustment
after the developing step has been completed. Some

based on organic solvents show a residual resistance or 5 methods were already listedabove. Shrinkage of the di-
can be made conductive by the addition ofa smallamount ameter through thermal annealing or other methods or
of ions. Examples: of developers are: tetramethylammo- diameter increase through oxygen plasma treatment or
niumhydroxide (TMAH) for UV photoresists for optical other methods can be monitored by measuring the cur-
lithography, methyl isobutyl ketene (MIBK) for poly(me- rent though or the voltage drop across the nanopore,
thyl methacrylate) (PMMA). 10 using the anti-sticking layer as counter electrode. The
[0045] The schematic arrangement of one embodi- fluidic medium does not need to be a developer in this
ment of the feedback mechanism formeonitoring is shown case.
in figure 2a. An electrode, preferably a chemically inert [0047] In the following, reference is made to the fig-
electrode is inserted into the developer solution, and a ures, wherein
counter electrode is connected to the anti-sticking layer. 75
The anti-sticking layer is electrically conducting in this Figure 1 shows an embodiment of a process flow
case. Example are layers from gold, aluminium and oth- forfabricating nanopores using an anti-sticking layer
ers that can be wet-chemically etched. The electrical re- and a supporting carrier membrane,
sistance between the developers solution and the con-
ducting anti-sticking layer depends on the progress of 20 Figure 2 shows an example of the setup and time-
developing. The reduction of the thickness of the poly- dependent monitoring of the developing process in
meric membrane and the final break through (figure 2b order to open a nanopore in a resist membrane in a
and 2c, respectively) lead to a detectable electrical sig- controlled way,
nal. Two types of measurements are possible:
25 Figure 3a shows an embodiment of a process flow
1.) DC measurement of leakage current and break- for fabricating a nanopore using a gold anti-sticking
through current layer, a 10 pmthick SU-8 supporting membrane and
A constant bias (either voltage or current) leads to a a UV6.02 electron beam resist membrane,
current or voltage variation, once the nanopore struc-
ture is developed (break through current and break 30 Figure 3b shows an embodiment of a process flow
through voltage drop, respectively). The derived for fabricating a nanopore using a polymeric mem-
electrical resistance will basically drop as the nano- brane that is a bilayer or multilayer of polymer ma-
pore opens. Before the break-though, the reduction terials and inorganic materials, such as SiO,, Six Ny,
of the polymeric layer thickness might be detectable
if a significant leakage current can flow. After the 35 Figure 4 shows a SEM image of SU8/UV6.02 mem-
break-through, the level of the flowing current or volt- brane system. The inset shows a 45 nm nanopore
age drop reveals information about the size of the that was introduced into the UV6.02 resist by elec-
nanopore. tron beam exposure.
2.) AC measurement to determine layer thickness 40 Figure 5 shows the in-phase-current vs. time for the
reduction and break-through developing process of pores for different exposure
AC current and voltage measurements can be per- times of the UV6-membrane and for different devel-
formed by using an impedance analyser or lock-in- oper concentrations (TMAH = tetramethyl ammoni-
amplifier. Such methods provide the real and imag- um hydroxide.) The curves show a distinct rise of in-
inary part of the impedance versus time. The in- 45 phase-current at the "break-through” of the pores
phase signal corresponds to the real part of the im- with the in-phase-current being represented in arbi-
pedance and the information content is similarto that trary units with "p." signifying x10-6.
mentioned under 1.). The polymer membrane thick-
ness reduction also results in a change of the capac- Figure 6 shows a SEM image of a poly(methyl meth-
itance between developer bath and the anti-sticking 50 acrylate) system (molecular weight of 600 000 with
layer. This signal is measurable as the out-of-phase a nanopore of a diameter of 10 nm. The present in-
signal component. After the break-through, the in- ventors envisage that nanopores of a diameterin the
phase and out-of-phase component reveal informa- 1 nm range or even below (down to 0.1 nm) can be
tion about the size of the nanopore. The develop- fabricated.
menttime could be extended in ordertoreach alarg- 55
er desired nanopore diameter. [0048] Furthermore, inthe following reference ismade
to the following example 1, which is given to illustrate,
[0046] Thisfeedback approachleadsto a directcontrol not to limit the present invention.
7
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[0049] This example describes the fabrication of single
nanoporesin amembrane based on 200 nm thick UV6.02
(commercially available from Shipley Inc., USA) electron
beam resist. The supporting membrane was based on
10 pm thick SU-8 photoresist (commercially available
from Microresist GmbH, Berlin).

1. The anti-sticking layer was made of 50 nm thick
gold that was sputter deposited onto a polished SiO,
surface. (Figure 3a).

2. SU-8 photoresist was spin-coated onto the gold
layer at 3000 rpm. The resultingthickness was about
10 wm. The resist was soft-baked at 65°C for 2 min-
utes and 95°C for 5 minutes. (Figure 3b)

3. A 60 pum wide hole or recess was exposed into
the SU-8 resist layer at 360 nm for 20 seconds. The
sample was postbaked at 65°C for 1 minute and
95°C for 2 minutes, and then developed in SU-8 de-
veloperfor2minutesandrinsedinpropanol. (Figure
3c)

4. UV6.02 (Shipley Inc.), was spin-coated onto the
developed SU-8 sample at 4000 rpm. The resulting
thickness of the resist layer was about 200 nm. The
layer was soft-baked at 130°C for 60 seconds. (Fig-
ure 3d)

5. The UV6.02 resist layer was exposed with a single
shot electron beam exposure at 10 kV, 18pA, anda
dose of 125 wC/cm?2. (Figure 3e) The exposed sam-
ple was post baked at 130°C for 90 seconds and
developed in MIF 726 metal-ion free developer for
45 seconds. A final rinse in DI (= de-ionised) water
was applied. (Figure 3f)

6. Themembrane layers were removed from the sup-
porting substrate by peeling it off using an adhesive
tape which had a hole in its center in order not to
cover the nanopore. Peeling of the sputtered gold
works very well because of the weak adhesion prop-
erty of gold on silicon oxide. (Figure 39)

7. The 50nm thick anti-sticking gold-layer was re-
moved in aqueous Kl/l, solution within 2 minutes.
(Figure 3h)

Figure 4 shows an SEM image of the 60 pm hole
orrecess that was patterned into the SU-8 resist lay-
er. The center of the hole holds the UV6.02 mem-
brane and the nanopore. The inset in Figure 4 dis-
plays a 45 nm nanopore introduced into the UV6.02
membrane by electron beam exposure. It is envis-
aged that nanopores in the single nanometer range
or even sub-nanometer range (down to 0.1 nm) can
thus be easily produced.

Figure 5 shows the in-phase-current vs. time during
pore formation according to the present invention.

Figure 6 shows a 10 nm diameter pore in a PMMA
system according to the present invention.
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[0050] In one embodiment, the polymer membrane
mayalso consist of a bilayer or & multilayer of polymer
materials and inorganic materials, e.g. SiO,, SiyN,, any
oxides, other insulators, and metals. The advantage of
such structures Is a larger mechanical stability of the
membranes and the realisation of ultra-thin inorganic
membranes with integrated nanopores. Figure 3b)
shows possible sandwich structures.

[0051] The process flow on the left side of Figure 3b)
describes how a polymer mask can be used to pattern a
thininorganic membrane layer. The inorganic membrane
material canbe deposited by standard deposition meth-
ods like vacuum evaporation, sputtering, or spray/spin-
coating if applicable (Fig.3 b, a)). The thickness of the
inorganic membrane layer should be similar te the thick-
ness of the above-disclosed polymer membrane layers.
The applied polymer layer (Fig. 3b, b)) can be patterned
by a lithography step (Fig. 3b, c)), for example electron
beam (ebeam) lithography,and depending on the inor-
ganic material, the pattern (nanopore) can be extended
into the inorganic material by for example reactive ion
etching, ion etching, or wet etching (Fig. 3b, d)). In order
to reduce the access resistance to the nanopore, 02-
plasma etching can be applied to widen the access hole
to the nanopore as shown in Fig. 3b, e’). Otherwise, the
membrane structure is just completed by removing the
anti-sticking layer as described above (Fig. 3b, ) undf’)).
[0052] The process flow on the right side of Figure 3b)
describes a slight variation of the just described process.
In this case, an inorganic material layer is completely
embedded between two polymer layers. Advantage of
this approach might be a better protection of the thin in-
organic material layer against chemical degradation, e.g.
during the removal of the anti-sticking layer. Fig. 3b,1))
shows that the first polymer layer is deposited onto the
anti-sticking layer. Then, the inorganic material layer is
added (Fig. 3b, 2)), and finally, the second polymer layer
is deposited (Fig 3b, 3)). Lithographic patterning is ap-
plied to the 2nd polymer layer (Fig 3b, 4)). The pattern
(e.g. nanopore) is then introduced into the inorganic ma-
terial layer by means of reactive ion etching, ion etching,
wet etching (Fig 8b, 5)). The pattern transfer into the 1st
polymer layer can be either performed by additional de-
veloping, or by 02 plasma etching (Fig 3b, 5)). Finally,
the anti-sticking layer is removed to complete the mem-
brane.

[0053] The features of the present invention disclosed
in the specification, the claims and/or in the accompany-
ing drawings, may, both separately, and in any combi-
nation thereof, be material for realising the invention in
various forms thereof.
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carrier membrane having said at least one re-
cess, by aprocedure selected from spin-coating
and evaporating, such that said polymeric mem-
brane covers said carrier membrane and, at the

1079-1084. 5 site of said at least one recess, forms a lining
v S. Howorka et al., Nature Biotechnology 19 (2001) within said at least one recess,
636-639.
Vi W. Vercoutere et al., Nature Biotechnology 19 and wherein step c¢) comprises the substep:
(2001) 248-252.
Vi J. Lj et al. Nature 412 (2001) 166-169. 10 ca) performing said lithography step at said lin-
vii D, Steinetal., Phys. Rev. Lett. 89 (2002) 276106-1 ing within said at least one recess.
ix J. Li et al. Nature Mater. 2 (2003) 611-615.
X A. J. Storm et al., Nature Mater. 2 (2003) 537-540. The methodaccording to any of claims 2 - 3, wherein
Xi P Chen, Nano Lett. 4 (2004) 1333-1337. said carrier membrane is made of an electrically in-
xit 7. Siwy et al., Europhys. Lett. 60 (2002) 349. 15 sulating material selected from the group comprising
Xit O, A, Saleh et al., Nano Lett. 3 (2003) 37-38. polymers and oxides, wherein, preferably, itis made
of a photoresist material.
Claims Themethodaccordingto any of the foregoing claims,
20 wherein said polymeric membrane is made of an
A method of fabricating a polymetric membrane hav- electrically insulating material selected from the
ing at least one pore with a diameter in the range group comprising polymers and oxides, wherein,
below 500 nm, comprising the steps: preferably, it is made of a resist material selected
from photoresist materials and electron beam resist
a) providing a substrate, 25 materials.
b) depositing a polymeric membrane on said
substrate, Themethodaccordingto any of the foregoing claims,
¢) subjecting said polymeric membrane to a li- wherein step d) occurs by application of force, such
thography step, thus introducing at least one as suction, or by application onto said polymeric
pore with a diameter in the range below 500 nm 30 membrane of an adhesive tape having a hole (holes)
into said polymeric membrane, optionally an ar- s0 as not to cover said pore(s), and by subsequently
ray of such pores, lifting-off said polymeric membrane from said sub-
d) lifting-off said membrane from said substrate. strate.
2. The method according to claim 1, wherein step a) 35 The methodaccording to any of claims 2 - 6, wherein
comprises the following substeps: said anti-sticking layer has a thickness in the range
of from about 1 nmto about 100 nm, preferably about
aa) providing a substrate having a a surface, 5 nm to about 75 nm, more preferably about 10 nm
preferably a plane surface which substrate is to about 60 nm and most preferably about 20 nm to
made of a material selected fromthe groupcom- 40 about 50 nm.
prising oxides, metals and plastics,
ab) depositing on said surface of said substrate Themethodaccording to any of the foregoing claims,
an anti-sticking layer, which anti-sticking layer wherein said polymeric membrane has a thickness
has little adhesion to said surface of said sub- in the range of from about 0.1 nm to about 500 nm,
strate, 45 preferably from about 1 nm to about 250 nm.
ac) depositing on said anti-sticking layer a car-
riermembrane, to which carrier membrane said The method according to any of claims 2-8, wherein
anti-sticking layer has a greater adhesion than said carrier membrane has a thickness in the range
to said substrate, offromabout 1 pmtoabout 100 pm, preferably about
ad) patterning said carrier membrane by intro- 50 1 pm to about 50 pm, more preferably about 1 pm
ducing at leastone recess into it by a lithography to about 20 pm, and most preferably about 10 pm.
step, said recess having a diameter in the range
of from 1 wm to 500 pm into it. . Themethodaccordingtoany ofthe foregoingclaims,
wherein said method comprises the additional step:
3. The method according to claim 2, wherein step b) 55
comprises the following substeps: e) dissolving said anti-sticking layer in a suitable
solvent, wherein, preferably, said anti-sticking
ba) depositing a polymeric membrane on said layer i1s made of a material selected from the
9
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19.
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group comprising metals, oxides and plastics,
and wherein, preferably, said suitable solvent is
an aqueous basic solution (e.g. for metals), an
aqueous Kl/l,-solution (e.g. for metals), water
(e.g. for water soluble oxides), and an organic
solvent (e.g. for plastics), such as acetone, al-
cohols, organic acids.

The method according to claim 10, wherein steps d)
and e) occur concomitantly.

The method according to any ofthe foregoing claims,
wherein said lithography step in step c) is selected
from the group comprising optical lithography, elec-
tron beam lithography and atomic force microscope
(AFM) lithography, and includes a developing step.

The method accordingto any of claims 2-12, wherein
said lithography step in step ad) is selected from the
group comprising optical lithography and electron
beam lithography, and includes a developing step.

The method accordingto any of claims 2-13, wherein
stepsab) and ac)occurby a procedure selected from
thermal evaporation, electron-gun deposition, spin-
coating, dip-coating, sputtering and vapour-phase
deposition.

The methodaccordingto any of claims 12-14, where-
in said develeping step in ad) and ca) occurs by ap-
plying a developing solution to said carrier mem-
brane and said polymeric membrane, respectively,
preferably at the site where said recess and said
pore is to be introduced, respectively.

The method accordingto claim 15, wherein said anti-
sticking layer is made of an electrically conducting
material, preferably a metal, such as gold or alumin-
ium.

The method according to claim 16, wherein said in-
troduction of said at least cne pore having a diameter
inthe range below 500 nm into said polymeric mem-
brane in step ¢) is monitored by connecting an elec-
trode with the developing solution and by connecting
a counter-electrode with the anti-sticking layer, and
wherein voltage and/or current variations are meas-
ured between said electrodes.

The method according to claim 17, wherein a con-
stant DC voltage or current is applied via said elec-
trodes and the current or voltage is monitored over
time, wherein an increase In current and/or a de-
crease in voltage is indicative of completion of said
introduction of the pore.

The method according to claim 17, wherein, via said
electrodes, AC current and/or voltage measure-
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26.
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ments are performed using an impedance analyzer
or lock-in-amplifier wherein such measurements af-
ford a real and imaginary part of an impedance ver-
sus time-curve, and wherein the in-phase signal cor-
responds to the real part of the impedance and
wherein an increase in current and/or a decrease in
voltage is indicative of completion of said introduc-
tion of the pore, and wherein, furthermore the out-
of-phase-signal corresponds to the imaginary part
of the impedance versus time-curve and wherein,
after completion of said introduction of the pore, the
in-phase-signal and out-of-phase-signal reveal in-
formation about the size of the pore, said in-phase
signal of the impedance reflecting the ohmic resist-
ance of said pore in solution, thus reflecting the depth
and the area size of said pore, said out-of-phase
signal of the impedance reflecting the capacitance
of said pore.

Amembrane structure comprising a polymeric mem-
brane on a carrier membrane, said polymeric mem-
brane having at least one pore with a diameter below
500 nm, produced by the method according tc any
of the foregoing claims.

The membrane structure according to claim 20,
wherein said pore has a diameter in the range of
from 0.1 nm to 100 nm, preferably from 1 nm to 75
nm, more preferably 1 nmto 50 nm, and most pref-
erably 1 nmto 10 nm.

The membrane structure according to any of claims
20 - 21, wherein said polymeric membrane has a
thickness in the range of from about 0.1 hm to about
500 nm, preferably from about 1 nmtcabout 250 nm.

The membrane structure according to any of claims
20-22, wherein said carrier membrane has a thick-
ness in the range of from about 1 pm to about 100
pm, preferably about 1 wm to about 50 wm, more
preferably about 1 pm to about 20 pm, and most
preferably about 10 pm.

The membrane structure according to any of claims
20 - 23, wherein an array of n times m pores has
been introduced by the method according to any of
claims 1 - 19, n and m being positive integers.

The membrane structure according to any of claims
20 - 24, into which additionally a film heater is inte-
grated.

Use of a membrane structure according to any of
claims 20 - 25 in an electronic device, preferably for
determining the size and/or sequence of a biopoly-
mer, preferably of a protein or a nucleic acid, and/or
as a counter for nanoparticles, proteins, nucleic ac-
ids or biological macromolecules,
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Description
CROSS-REFERENCES TO RELATED APPLICATIONS

[0001] The application claims the benefit of priority from co-pending U, S. Provisional Patent Application No. 60/195,520,
entitled "Method for Encoding Materials with Semiconductor Nanocrystals, Compositions Made Thereby, and Devices
for Detection and Decoding Thereof," filed April 6, 2000, the full disclosure of which is incorporated herein by reference.
[0002] The subject matter of the present application is related to the following co-pending patent applications, the
disclosures of which are also incorporated herein by reference: U.S. Patent Application No. 09/160,458 filed September
24, 1998 and entitled, "Inventory Control"; U.S. Patent Application No. 09/397,432 filed September 17, 1999, and also
entitled "Inventory Control"; PCT Patent Application No. WO 99/50916 as published on April 1. 1999, entitled "Quantum
Dot White and Colored Light Emitting Diodes"; and U.S. Patent Application No. 09/259,982 filed March 1, 1999, and
entitled "Semiconductor Nanocrystal Probes for Biological Applications and Process for Making and Using Such Probes".

BACKGROUND OF THE INVENTION

[0003] The present invention generally provides devices, systems, methods, and Kits for labeling and/or tracking
inventories of elements. In a particular embodiment, the invention provides improved identification systems and methods
which make use of labels that emit differentiable spectra, the spectra preferably including a number of signals having
measurable wavelength maxima, minima, and/or intensities.

[0004] Tracking the locations and/or identities of a large number of items can be challenging in many settings. Barcode
technology in general, and the Universal Product Code in particular, has provided huge benefits for tracking a variety
of objects. Barcode technologies often use a linear array of elements printed either directly on an object or on labels
which may be affixed to the object. These barcode elements often comprise bars and spaces, with the bars having
varying widths to represent strings of binary ones, and the spaces between the bars having varying widths to represent
strings of binary zeros.

[0005] Barcodes can be detected optically using devices such as scanning laser beams or handheld wands. Similar
barcode schemes can be implemented in magnetic media. The scanning systems often electro-optically decode the
label to determine multiple alphanumerical characters that are intended to be descriptive of (or otherwise identify) the
article or its character. These barcodes are often presented in digital form as an input to a data processing system, for
example, for use in point-of-sale processing, inventory control, and the like.

[0006] Barcode techniques such asthe Universal Product Code have gained wide acceptance, and a variety of higher
density alternatives have been proposed. Unfortunately, these known barcodes are often unsuitable for labeling many
"libraries” or groupings of elements. For example, small items such as jewelry or minute electrical components may lack
sufficient surface area for convenient attachment of the barcode. Similarly, emerging technologies such as combinatorial
chemistry, genomics and proteomics research, microfluidics, micromachines, and other nanoscale technologies do not
appear well-suited for supporting known, relatively large-scale barcode labels. In these and other ongoing work, it is
often desirable to make use of large numbers of fluids, and identifying and tracking the movements of such fluids using
existing barcodes is particularly problematic. While a few chemical encoding systems for chemicals and fluids had been
proposed, reliable and accurate labeling of large numbers of small and/or fluid elements remained a challenge.
[0007] Small scale and fluid labeling capabilities have recently advanced radically with the suggested application of
semiconductor nanocrystals (also known as Quantum Dot particles), as detailed in U.S. Patent Application No.
09/397,432, the full disclosure of which is incorporated herein by reference. Semiconductor nanocrystals are microscopic
particles having size-dependent electromagnetic signal generation properties. As the band gap energy of such semi-
conductor nanocrystals vary with a size, coating and/or material of the crystal, populations of these crystals can be
produced having a variety of spectral emission characteristics. Furthermore, the intensity of the emission of a particular
wavelength can be varied, thereby enabling the use of binary or higher order encoding schemes. A label generated by
combining semiconductor nanocrystals having differing emission signals can be identified from the characteristics of the
spectrum emitted by the label when the semiconductor nanocrystals are energized.

[0008] While semiconductor nanocrystal-based inventory control schemes represent a significant advancement for
tracking and identifying many elements of interest, still further improvements would be desirable. In general, it would be
desirable to provide improved identification systems, methods for identifying elements, and/or identifiable groups or
libraries of elements. It would be particularly beneficial if these improved inventory and identification systems enhanced
the accuracy, reliability and robustness of the identifications provided by the system. Ideally, these improvements should
allow enhanced differentiation of the labeled elements without significantly increasing the overall costs, complexity and/or
size of the labels and associated system components. At least some ofthese objectives may be provided by the inventions
described hereinbelow.
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SUMMARY OF THE INVENTION

[0009] The presentinvention generally provides improved devices, systems, methods, Kits, and compositions of matter
for identification of elements of interest. The techniques of the present invention will often be adapted for use in tracking
and/or identifying a large number or library of elements. These tracking or identification techniques are particularly well
suited for use with fluids (such as liquids, solutions, gases, chemicals, biological fluids, and the like) and small items
(such as jewelry, calls, components for assembly, and the like), but may also be used with a wide range of identifiable
elements (including consumer products, powders, biological organisms, compositions of matter, and the like.)

[0010] The inventory control techniques of the present invention will often make use of signals generated by one or
more semiconductor nanocrystals. Semiconductor nanocrystals can be fabricated to absorb and/or emit signals at
discrete wavelengths and intensities. The discrete signals from semiconductor nanocrystals can be combined to form
a large number of differentiable spectral codes. More specifically, semiconductor nanocrystals can have absorption and
emission characteristics that vary with their size and composition. By fabricating populations of semiconductor nanoc-
rystals to generate signals at discrete wavelengths, the differing populations of semiconductor nanocrystals can be
selectively combined to define labels having differentiable spectral codes.

[0011] While semiconductor nanocrystals are particularly advantageous for defining complex spectral codes, the labels
may also comprise any of a wide variety of alternative signal-emitting or other markers, including organic or inorganic
fluorescent dyes, Raman scattering materials, and the like. Regardless, the invention enhances the robustness of the
spectral codes by a variety of techniques, including the addition of calibrating signals within the label spectra as an aid
for code interpretation. This calibration signal can compensate for overall signal variability in wavelength and/or in
intensity. Surprisingly, the invention also enhances the number of differentiable codes by limiting the label spectra to a
series of signals having discrete wavelengths within separated wavelength ranges or windows, thereby facilitating iden-
tification of substantially isolated peak wavelengths from among tightly spaced discrete allowable wavelength increments.
The invention also provides methods for establishing an inventory of acceptable labels by either physically testing
candidate spectral labels, or by modeling the characteristics of the spectral labels and/or label interpreting system to
help insure that the system can accurately differentiate between the different elements of the inventory based on the
spectra of the labels.

[0012] In afirst aspect, the invention provides an identification system. The identification system comprises a plurality
of identifiable elements and a plurality of labels. Each label is associated with an identifiable element, and the labels
include reference markers and other markers, the labels generating spectra in response to excitation energy. An analyzer
identifies the elements from the spectra of the associated labels by calibrating the spectra using reference signals
generated by the reference markers.

[0013] In many embodiments, the labels comprise semiconductor nanocrystals, with the reference markers often
including at least one reference semiconductor nanocrystal. The reference markers may include a plurality of reference
semiconductor nanocrystals, the reference markers of each label generating a reference wavelength with a reference
intensity. Similarly, the other markers may comprise other semiconductor nanocrystals generating associated signals
at associated wavelengths and with associated intensities. The spectra may define an identifiable spectral code, with
the other markers optionally comprising code signal markers, the spectra comprising a combination of the reference
signals from the reference markers in combination with code signals from the code signal markers

[0014] Optionally, the analyzer can, for each label, discretely quantify the other signals of the label by comparison of
the other signals with the reference signal. For example, where the reference signal has a reference intensity and the
other signals of the label have other intensities, the analyzer can discretely quantify the other intensities by comparison
to the reference intensity of that label. This is particularly beneficial when interpreting spectral codes which employ
variations in both wavelength and intensity. The intensities may define discrete intensity ratios relative to the associated
reference intensities. For example, the other intensities may be integer multiples of the reference intensity, or a variety
of regular intensity ratio increments may be provided, with each signal from the other markers having an intensity selected
from ¥2, 1, 1.5, ... or 3.5 times the intensity of the reference signal. In some embodiments, the signals from the other
markers may have an arbitrary, and typically known, intensity relative to the intensity of the reference signal.

[0015] To facilitate identification of the reference signal, the reference intensity may be a highest or lowest intensity
of the label spectra. Alternatively, at least some of the labels may have a common reference signal wavelength. A variety
of alternative reference signal identification criteria may be established, such as selecting a shortest orlongest wavelength
of the spectra of the label as the reference wavelength, and the like. The analyzer may be adapted to identify the reference
signal based on a pre-determined criteria.

[0016] Advantageously, the spectral identification system of the present invention is particularly well-suited for use
with large numbers of identifiable elements. Typically, the identification system will include at least 10 elements, often
having at least 100 elements, often having at least 1,000 elements, and in many embodiments, having at least 10,000
identifiable elements. As the invention enhances the robust interpretation of complex spectral codes, large numbers of
such codes may be reliably interpreted with the aid of a calibration signal within the spectra. Nonetheless, the invention
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may find uses with identification systems having fewer numbers of labels.

[0017] In many embodiments, the analyzer will comprise a tangible media embodying a machine-readable code
comprising a listing of a plurality of distinguishable labels. Often times, the code will also include a listing of the identifiable
elements, and can provide a correlation between each label and an associated identifiable element having the label.
The identifiable elements may comprise compositions of matter, fluids, articles of manufacture, consumer products,
components for an assembly, and a wide variety of alternative items of interest.

[0018] In a related method aspect, the invention provides a method for sensing a plurality of identifiable elements.
The method comprises labeling each identifiable element with a reference marker and at least one associated other
marker. The markers of a first label from a first identifiable element are energized so that the markers generate signals.
A spectrum defined by the combined signals is measured from the first identifiable element. The first identifiable element
is identified from the measured spectrum by calibrating the spectrum with reference to a reference signal from the
reference marker of the first label.

[0019] In another related aspect, the invention provides a library of elements. The library comprises a plurality of
identifiable elements, each identifiable element having an associated label with a reference marker. The labels generate
spectra in response to an excitation energy. Each spectrum includes a wavelength calibration reference signal from the
reference marker.

[0020] In another aspect, the invention provides a method comprising labeling an identifiable element with a label,
and measuring aspectrum generated by the label. The spectrum comprises a plurality of signals. The elementis identified
by selecting a first wavelength range encompassing a first signal of the spectra, and by determining a wavelength of the
first signal within the first range. Typically, the wavelength of the signal will comprise wavelength having a local and/or
overall maximum intensity, often referred to as the peak wavelength of the signal.

[0021] Often times, the element will be labeled by applying at least one semiconductor nanocrystal to the element.
The semiconductor nanocrystals generate at least some of the signals of the spectra in response to excitation energy.
[0022] The method will often further comprise selecting a second wavelength range encompassing a second signal
of the spectra, and determining a wavelength of the second signal within the second range. Still further additional
wavelength ranges may be selected, and wavelengths identified for each additional signal of the spectra within its
associated range. Preferably, no more than one signal of the spectra will be disposed within each wavelength range.
By limiting the number of signals within awavelength range, the various signals of the spectra can be sufficiently separated
to avoid excessive overlap of adjacent signals. This allows wavelengths of the signals within each associated wavelength
range to be readily identified, even when the signals can occupy any of a plurality of relatively tightly spaced discrete
wavelength increments. Accurate selection of an appropriate predetermined wavelength for each signal is significantly
facilitated by limiting spacing between adjacent signals.

[0023] Typically, the wavelengths of the first and second signals will be determined by selecting the wavelengths of
the signals from a plurality of discrete wavelengths within the ranges. The discrete wavelengths within each range can
be sufficiently close that if two signals were at adjacent discrete wavelengths within the range they would substantially
overlap, optionally overlapping sufficiently to make identification of either or both wavelength peaks of the signals difficult
and/or impossible.

[0024] In many embodiments, the discrete wavelengths within the ranges will be predetermined. These discrete wave-
lengths may be separated by about 1 nanometer or more, generally being separated by about 5§ nanometers or more,
optionally being separated by about 15 nanometers or more, and in many embodiments, being separated by about 30
nanometers or more.

[0025] Typically, the wavelength ranges will be separated, ideally being sufficiently separated so that a pair of signals
at adjacent discrete wavelengths within two different ranges can have their discrete wavelengths identified independently
and relatively easily. Typically, the ranges will be separated by at least about 30 nm, often by at least about 50 nm, and
each wavelength range will include at least 1, and often at least 5 predetermined discrete wavelengths. To accommodate
relatively large numbers of spectral codes, there will often be at least three non-overlapping ranges, with the wavelength
ranges optionally being predetermined. In other embodiments, the wavelength ranges may not be separated. In such
embodiments, the encoding system may optionally have signals within two adjacent wavelength ranges separated by
at least a predetermined wavelength separation, wavelengths within adjacent ranges typically being separated by at
least 30 nm, often being separated by at least about 50 nm.

[0026] Optionally, the wavelength may be determined by deciding whether a discrete wavelength is present or absent.
Such binary methods will often make use of labels having at least one different signal for each different label. Alternatively,
a discrete intensity of at least one wavelength may be measured to provide a higher-order code with more information
for a given spectral range.

[0027] Where differing materials and their associated labels are to be intermingled, the signals of a first label may
optionally be encompassed within a first wavelength range, while the signals of a second label are encompassed within
another wavelength range. Separation of the first and second wavelength ranges can help avoid confusion between the
intermingled markers of the two labels, allowing each identifiable element to be independently identified.
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[0028] In a related method aspect, the invention provides a method for sensing a plurality of intermingled labels. The
method comprises energizing the labels so that the labels generate signals. A first label is identified by measuring a first
discrete wavelength from among a plurality of discrete wavelengths within a first wavelength range. A second label is
identified by measuring a second discrete wavelength from among a plurality of discrete wavelengths within a second
wavelength range, the first and second wavelength ranges being separated.

[0029] Separation of differing wavelengths of differing labels into separate wavelength ranges or windows is particularly
useful when tracking fluids which are to be combined. For example, when any of a first plurality of fluids is to be added
to any of a second plurality of fluids, maintaining the spectral codes of each group of fluids within a dedicated window
can significantly facilitate identification of each fluid in the combination. Similarly, labels may be attached at each process
step of a multi-step method so as to indicate the specific processes performed.

[0030] Inyetanotheraspect, the invention provides an inventory system comprising a plurality of identifiable elements.
A plurality of labels have markers, with each label associated with an element. Each marker generates a signal when
energized so that each label emits an identifiable spectrum. At least some of the spectra comprise a plurality of signals,
with each signal of the spectra having a discrete wavelength selected within a dedicated wavelength range. The ranges
are sufficiently separated so that the signals in different ranges are independently identifiable.

[0031] In yet another aspect, the invention provides an inventory label method. The method comprises generating a
plurality of candidate labels, and selecting a plurality of acceptably distinguishable labels from among the candidate
labels. The acceptable labels are selected by determining spectra emitted by the candidate labels when the candidate
labels are energized, and by comparing the spectra of the candidate labels.

[0032] Candidate labels may be generated by physically combining a plurality of markers, where each marker emits
a marker signal at an associated signal wavelength in response to excitation energy. This also allows the spectra of the
labels to be measured by directing excitation energy towards the markers. Alternatively, the spectra of the candidate
labels may be determined by modeling a combination of a plurality of marker signals. The individual marker signals may
be separately measured, orthe marker signals may be calculated by modeling emissions from a manufacturable marker.
Preferably, the calculated signals may be adjusted for spectra analyzer characteristics and/or variations of measured
marker signals. Often times, at least some of the candidate codes will be compared with a library of distinguishable
codes to detemmine if the candidate codes are acceptable, and the acceptable candidate codes can be addedto the library.
[0033] In yet another aspect, the invention provides a method for identifying a plurality of identifiable elements. The
method comprises energizing a plurality of labels so that a first marker of each label generates a first signal with a first
wavelength peak. At least some of the labels comprise multiple-signal labels, and each multiple-signal label has a second
marker generating a second signal with a second wavelength peak. The first wavelength peaks are measured, and the
second wavelength peak of each multiple-signal label can be measured at a predetermined minimum wavelength sep-
aration (or more) from the associated first peak. The labels can then be identified in response to the measured peaks.
Generally, each predetermined minimum wavelength separation is at least as large as a full width half maximum (FWHM)
of one ore both of the peaks separated thereby.

BRIEF DESCRIPTION OF THE DRAWINGS
[0034]

Fig. 1 schematically illustrates an inventory system and identification method according the principles of the present
invention.

Fig. 1A schematically illustrates an exemplary processor for the system of claim 1.

Figs. 1B, 1C, and 1D schematically illustrate a simple single-signal spectral code.

Figs. 2A-E schematically illustrate a spectral code having a plurality of signals.

Fig. 3 schematically illustrates a spectral code having a single signal within each of a plurality of separated windows.
Fig. 4 graphically illustrates rules used to establish a series of spectral codes so that the signals are sufficiently
separated to allow tighter candidate discrete peak wavelengths.

Fig. 5 illustrates one method for spectral deconvolution which may be used to interpret binary and/or higher order
codes according the principles of the present invention.

Fig. 6A schematically illustrates a potentially ambiguous multi-signal spectral code.

Fig. 6B schematically illustrates an unambiguous code having a calibration reference signal.

Fig. 7 illustrates calibration of an intensity and/or wavelength of a spectral code using a reference signal.

Figs. 8A and 8B schematically illustrate two-dimensional imaging using a spectrometer to read a plurality of spectral
codes with reference to a calibration reference signal.
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