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(57) ABSTRACT 

Provided are means and methods for applying a cosmetic 
Substance to a desired target. The method comprises pro 
viding a conjugate of a proteinaceous Substance having a 
specific affinity for the target molecule linked to a cosmetic 
Substance, whereby the resulting connection between the 
cosmetic Substance and the target molecule can be disrupted 
upon the presence of a chemical and/or physical signal. 
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Topology of 6 strand structure: 
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FIG. 3 (continued) 
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FIG. 5 
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AFFINITY PROTEINS FOR CONTROLLED 
APPLICATION OF COSMETC SUBSTANCES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of PCT Interna 
tional Application No. PCT/NL2003/000876, filed on Dec. 
10, 2003, designating the United States of America, and 
published, in English, as PCT International Publication No. 
WO 2004/069211 A2 on Aug. 19, 2004, which application 
claims priority to European Patent Application Serial No. 
02080206.2 filed on Dec. 10, 2002, and to U.S. Provisional 
Application Ser. No. 60/432,906, filed Dec. 10, 2002. 

STATEMENT ACCORDING TO 37 C.F.R. S 
1.52(e)(5) SEQUENCE LISTING SUBMITTED 

ON COMPACT DISC 

0002 Pursuant to 37 C.F.R.S 1.52(e)(1)(iii), a compact 
disc containing an electronic version of the Sequence Listing 
has been Submitted concomitant with this application, the 
contents of which are hereby incorporated by reference. A 
second compact disc is Submitted and is an identical copy of 
the first compact disc. The discs are labeled “copy 1” and 
"copy 2,” respectively, and each disc contains one file 
entitled “P62519US 10.txt which is 285 KB and was cre 
ated on Sep. 13, 2005. 

TECHNICAL FIELD 

0003. The invention relates to molecular affinity bodies. 
It particularly relates to conjugates of such molecular affinity 
bodies with cosmetic Substances, more in particular to 
molecular affinity bodies linked to fragrances and/or colored 
Substances and/or conditioning agents. Cosmetic agents are 
typically delivered non-specifically to a general area of 
application. Such application ranges from massaging sham 
poo or the like in hair, applying cream, powder or ointment 
on the body to applying a liquid or Solid composition to an 
amount of water in contact with textiles, etc. 

BACKGROUND 

0004 There are several problems associated with such 
nonspecific delivery. For instance, in many applications the 
majority of the cosmetic agent is never actually delivered to 
the target, but is rinsed out by a washing step. Also, many 
cosmetic agents that are delivered are released prematurely, 
Such that color or fragrance fades or disappears rather 
quickly. Furthermore, in the case of coloring agents, such as 
dyes for hair, the nonspecific application leads to staining of 
clothes, etc. Moreover, the binding to hair of color, if it is to 
last any significant time typically requires harsh chemical 
treatmentS. 

0005. A further problem with cosmetic agents is that 
many of them (in particular fragrant agents) are hydropho 
bic, which hampers their applicability in aqueous environ 
ments. Also fragrances are often volatile. The present inven 
tion contributes to solving many of these problems and more 
as will become clear from the following description. 

SUMMARY OF THE INVENTION 

0006 The present invention provides in one embodiment 
a method for applying a cosmetic Substance to a desired 
target molecule, comprising providing a conjugate of a 
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proteinaceous Substance having specific affinity for the 
target molecule linked to a cosmetic Substance, whereby the 
resulting connection between cosmetic Substance and target 
molecule can be disrupted upon the presence of a chemical 
and/or physical signal. The present invention uses conju 
gates of proteinaceous molecules having specific affinity for 
a target molecule and a cosmetic agent, linked together in 
such a way that the linkage can be disrupted if desired. The 
cosmetic agents according to the invention can be fra 
grances, coloring agents, conditioners and the like. Fra 
grances are typically delivered in an aqueous composition, 
a powder-like composition, an oil or a cream/ointment-like 
composition. Typically, the fragrance is desired to linger 
over longer periods of time. However, until the present 
invention, the typical release of a fragrance has been a burst 
within a very short time from application and a less than 
desired release for the remainder. As stated, the fragrant 
compositions are typically delivered nonspecifically to a 
desired area. 

0007 According to the invention the fragrant molecules 
are delivered specifically to a target associated with a desired 
area of delivery, Such as to skin components such as keratin 
or microorganisms associated with skin, or to hair compo 
nents, or saliva components, or to microorganisms associ 
ated with mucosal secretions or to textile fabric. Upon 
delivery of the conjugate of the fragrant molecule and the 
targeting molecule, the linkage between the two will, in one 
embodiment, become labile through the action of local 
enzymes, or the action of added enzymes and/or by a change 
in physical and/or chemical conditions, such as temperature, 
pH and the like. Thereby the fragrant molecule will be 
released depending on the selected half life of the bond 
between targeting molecule and fragrant molecule. The 
same targeting mechanism is applied when the cosmetic 
agent is a coloring agent, e.g. a dye for hair. Several different 
options concerning release are present. The color may be 
desired for only a short period of time. In this case a rinse 
with water or washing with a shampoo should be enough to 
remove the dye, either by disrupting the linkage of the dye 
to the targeting molecule, or by selecting a targeting mol 
ecule which has a low affinity under conditions of removal 
(shampoo). If the color is desired for a longer period of time, 
a special shampoo providing an enzyme which disrupts the 
link or which proteolyzes the proteinaceous targeting mol 
ecule can be provided. The release can also be provided by 
a chemical signal (e.g., pH) or a physical signal. However, 
these conjugate dyes can be used as permanent dyes also, 
which will only disappear because of hair growth. In the 
same manner as described above one can provide compo 
sitions for delivering fragrances to fabric (for softener 
compositions and the like), as well as conditioner compo 
sitions and any other cosmetic agents that are better when 
specifically delivered and/or which benefit from any form of 
controlled release. 

0008 According to the invention, versatile affinity pro 
teins are used as targeting molecules. A versatile affinity 
protein is a molecule that comprises at least a synthetic or 
recombinant proteinaceous molecule comprising a binding 
peptide and a core, the core comprising a beta-barrel com 
prising at least four strands, wherein the beta-barrel com 
prises at least two beta-sheets, wherein each of the beta 
sheets comprises two of the Strands and wherein the binding 
peptide is a peptide connecting two strands in the beta-barrel 
and wherein the binding peptide is outside its natural con 
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text. Preferably, an affinity protein comprises a beta-barrel, 
wherein the beta-barrel comprises at least five strands, 
wherein at least one of the sheets comprises three of the 
Strands. More preferably, an affinity protein comprises a 
beta-barrel that comprises at least six strands, wherein at 
least two of the sheets comprises three of the strands. 
Preferably, an affinity protein comprises a beta-barrel that 
comprises at least seven Strands, wherein at least one of the 
sheets comprises four of the strands. Preferably, an affinity 
protein comprises a beta-barrel which comprises at least 
eight or nine Strands, wherein at least one of the sheets 
comprises four of the strands. The various Strands in the core 
are preferably encoded by a single open reading frame. The 
loops connecting the various strands may have any type of 
configuration. So as not to unduly limit the versatility of the 
core, it is preferred that loops connect strands on the same 
side of the core, i.e., an N-terminus of strand (a) connects to 
a C-terminus of strand (b) on either the closed side or the 
open side of the core. Loops may connect strands in the same 
B-sheet or cross-over to the opposing B-sheet. Preferred 
arrangements for connecting the various strands in the core 
are given in the examples and the figures, and in particular 
FIG. 1. Strands in the core may be in any orientation 
(parallel or antiparallel) with respect to each other. Prefer 
ably the strands are in the configuration as depicted in FIG. 
1. 

0009. In a further preferred embodiment, the binding 
peptide connects two strands of the beta-barrel on the open 
side of the barrel. Preferably the binding peptide connects at 
least two beta-sheets of the barrel. In a preferred embodi 
ment the versatile affinity protein comprises more than one, 
preferably three binding peptides and three peptides con 
necting beta-sheets and/or beta-barrels. 

0010. The versatile affinity proteins to be used in the 
conjugates according to the invention are typically designed 
to have binding properties and structural properties which 
are suitable for application in the delivery of cosmetic 
agents. These properties are obtained by a selection process 
as described herein below. Thus, the invention also provides 
a method according to the invention wherein the proteina 
ceous molecule has an altered binding property, the property 
selected for the physical and/or chemical circumstances in 
which the conjugate is applied, the alteration comprising 
introducing an alteration in the core of proteinaceous mol 
ecules according to the invention, and selecting from the 
proteinaceous molecules, a proteinaceous molecule with the 
altered binding property. The invention further provides a 
method according to the invention wherein the proteina 
ceous molecule has an altered structural property, the prop 
erty selected for the physical and/or chemical circumstances 
in which the conjugate is applied, the alteration comprising 
introducing an alteration in the core of proteinaceous mol 
ecules according to the invention, and selecting from the 
proteinaceous molecules, a proteinaceous molecule with the 
altered structural property. These processes are most easily 
carried out by altering nucleic acid molecules which encode 
proteinaceous Substances according to the invention. How 
ever, the alterations may also be post-translational modifi 
cations. The invention also provides the novel conjugates 
comprising a cosmetic agent and a versatile affinity protein 
liked in any way. The link may be covalent or by coordi 
nation or complexing. It may be direct or indirect. The 
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cosmetic agent may be present in a liposome or another 
vehicle to which the VAP is linked. The conjugate may also 
be a fusion protein. 
0011 Preferably, the linkage is labile under certain con 
ditions. Labile linkers are well known in the art of immu 
notoxins for the treatment of cancer and the like. Such 
linkers can be applied or adapted to the presently invented 
conjugates. Also, a linker may be a peptide or peptide-like 
bond, which can be broken by an enzyme. Preferably, such 
an enzyme is normally associated with the target of the 
conjugate. In an alternative embodiment, the enzyme can be 
added simultaneously or separately. The linker is, of course, 
preferably stable under storage conditions. For fragrances, 
the linkers need to be designed such that the disruption 
occurs exactly at the site that releases the original fragrant 
Substance only. In one embodiment, the link between a 
proteinaceous molecule and a cosmetic Substance is labile 
under skin and/or hair conditions. This is very advantageous 
in combination with a conjugate that has specific affinity for 
a target molecule associated with the skin, hair or other body 
Substances exposed to the exterior of the body, in particular, 
keratin. In another embodiment, the conjugate has a specific 
affinity for a target molecule associated with textile fabric. 
Compositions comprising the conjugates of the invention 
are also part of the present invention. They include, but are 
not limited to, a perfume, a deodorant, a mouth wash or a 
cleaning composition, a hair dye composition, a lipstick, 
rouge or other skin-coloring composition, a detergent and/or 
softener composition. In a preferred embodiment, a conju 
gate of the invention comprises a sequence as depicted in 
Tables 2, 3, 10, 13, 16a, 16b, or 20 or FIGS. 22A-221. 

DESCRIPTION OF THE FIGURES 

0012. In the figures, which illustrate what is currently 
considered to be the best mode for carrying out the inven 
tion: 

0013 FIG. 1: Schematic 3D-topology of scaffold 
domains. Eight example topologies of protein structures that 
can be used for the presentation of antigen-binding sites are 
depicted. The basic core beta-elements are nominated in 
Example A. This basic structure contains nine beta-elements 
positioned in two plates. One beta-sheet contains elements 1, 
2, 6 and 7 and the other contains elements 3, 4, 5, and 9. The 
loops that connect the beta-elements are also depicted. Bold 
lines are connecting loops between beta-elements that are in 
top position while dashed lines indicate connecting loops 
that are located in bottom position. A connection that starts 
dashed and ends solid indicates a connection between a 
bottom and top part of beta-elements. The numbers of the 
beta-elements depicted in the diagram correspond to the 
numbers and positions mentioned in FIGS. 1 and 2. Panel 
A, 9 beta-element topology, for example, all antibody light 
and heavy chain variable domains and T-cell receptor vari 
able domains: Panel B, 8 beta-element topology, for 
example, interleukin-4 alpha receptor (1 IAR); Panel C, 7a 
beta-element topology, for example, immunoglobulin killer 
receptor 2dl2 (2DLI); Panel D, 7b beta-element topology, 
for example, E-cadherin domain (1FF5); Panel E, 6a beta 
strand topology; Panel F. 6b beta-element topology, for 
example, Fc epsilon receptor type alpha (1J88); Panel G, 6c 
beta-element topology, for example, interleukin-1 receptor 
type-1 (1GOY); and Panel H. 5 beta-element topology. 
0014 FIG. 2: Modular Affinity & Scaffold Transfer 
(MAST) Technique. Putative antigen binding proteins that 
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contain a core structure as described here can be used for 
transfer operations. In addition, individual or multiple ele 
ments or regions of the scaffold or core structures can also 
be used for transfer actions. The transfer operation can occur 
between structural identical or comparable scaffolds or cores 
that differ in amino acid composition. Putative affinity 
regions can be transferred from one scaffold or core to 
another scaffold or core by, for example, PCR, restriction 
digestions, DNA synthesis or other molecular techniques. 
The results of such transfers is depicted here in a schematic 
diagram. The putative (coding) binding regions from mol 
ecule A (top part, affinity regions) and the scaffold (coding) 
region of molecule B (bottom part, framework regions) can 
be isolated by molecular means. After recombination of both 
elements, a new molecule appears (hybrid structure) that has 
binding properties of molecule A and scaffold properties of 
Scaffold B. 

0.015 FIG. 3: Domain notification of immunoglobular 
structures. The diagram represents the topologies of protein 
structures consisting of respectively 9, 7 and 6 beta-elements 
(indicated 1-9 from N-terminal to C-terminal). Beta-ele 
ments 1, 2, 6 and 7 and elements 3, 4, 5, 8 and 9 form two 
beta-sheets. Eight loops (L1-L8) are responsible for the 
connection of all beta-elements. Loop 2, 4, 6 and 8 are 
located at the top site of the diagram and this represents the 
physical location of these loops in example proteins. The 
function of loops 2.4 and 8 in light and antibody variable 
domains is to bind antigens, known as CDR regions. The 
position of L6 (also marked with a patterned region) also 
allows antigenbinding activity, but has not been indicated as 
a binding region. L2, L4, L6, L8 are determined as affinity 
region1 (AR1), AR2, AR3 and AR4 respectively. Loops 1, 
3, 5 and 7 are located at the opposite site of the proteins. 
0016 FIG. 4A: Schematic overview of vector CM126. 
0017 FIG. 4B: Schematic overview of vector CM126. 
0018 FIG. 5: Solubilization of inclusion bodies of 
iMab 100 using heat (60° C.). Lanes: Molecular weight 
marker (1), isolated inclusion bodies of iMab 100 (2), solu 
bilized iMab100 upon incubation of inclusion bodies in PBS 
pH 8+1% Tween-20 at 60° C. for 10 minutes. 
0019 FIG. 6: Purified iMab variants containing either 6-, 
7- or 9 beta-sheets. Lanes: Molecular weight marker (1), 
iMab1300 (2), iMab1200 (3), iMab701 (4), iMab101 (5), 
iMab900 (6), iMab122 (7), iMab1202 (8), iMab1602 (9), 
iMab1302 (10), iMab116 (11), iMab111 (12), iMab100 (13). 
0020 FIG. 7: Stability of iMab100 at 95° C. Purified 
iMab 100 incubated for various times at 95°C. was analyzed 
for binding to ELK(squares) and lysozyme (circles). 
0021 FIG. 8: Stability of iMab100 at 20° C. Purified 
iMab 100 incubated for various times at 20°C. was analyzed 
for binding to ELK (squares) or chicken lysozyme (circles). 
0022 FIG. 9A: far UV CD spectum (205-260 nm) of 
iMab100 at 20° C., 95°C., and again at 20° C. iMab100 was 
dissolved in 1xRBS, pH 7.5. 
0023 FIG.9B: iMab111, far UV spectrum determined at 
20° C., (partially) denatured at 95°C., and refolded at 20° 
C., compared to the iMab 100 spectrum at 20° C. 
0024 FIG.9C: iMab116, far UV spectrum determined at 
20° C., (partially) denatured at 95°C., and refolded at 20° 
C., compared to the iMab 100 spectrum at 20° C. 
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0.025 FIG. 9D: iMab1202, far UV spectrum determined 
at 20°C., (partially) denatured at 95°C., and refolded at 20° 
C., compared to the iMab 100 spectrum at 20° C. 

0026 FIG.9E: iMab1302, far UV spectrum determined 
at 20°C., (partially) denatured at 95°C., and refolded at 20° 
C., compared to the iMab 100 spectrum at 20° C. 

0027 FIG.9F: iMab1602, far UV spectrum determined 
at 20°C., (partially) denatured at 95°C., and refolded at 20° 
C., compared to the iMab 100 spectrum at 20° C. 

0028 FIG.9G: iMab101, far UV spectrum determined at 
20° C. (partially) denatured at 95°C, and refolded at 20° C. 

0029 FIG. 9H: iMab1200, far UV spectrum determined 
at 20°C., (partially) denatured at 95°C., and refolded at 20° 
C. 

0030 FIG.91: iMab701, far UV spectrum determined at 
20° C., (partially) denatured at 95°C., and refolded at 20° 
C. 

0031 FIG.9J: Overlay of native (undenatured) 9 strand 
iMab scaffolds. 

0032 FIG.9K: Overlay of native (undenatured) 7 strand 
iMab scaffolds. 

0033 FIG.9L. Far UV CD spectra of iMab100 and a 
V (courtesy Kwaaitaal M. Wageningen University and 
Research, Wageningen, the Netherlands). 

0034 FIG. 10: Schematic overview of PCR isolation of 
CDR3 for MAST. 

0035 FIG. 11: Amplification Cow-derived CDR3 
regions. 2% Agarose TBE gel. Lane 1, 1 microgram Llama 
cDNA cyst--, PCR amplified with primers 8 and 9; Lane 2, 
1 microgram Llama cDNA cyst-, PCR amplified with prim 
ers 8 and 9; Lane 3, 25bp DNA step ladder (Promega); Lane 
4, 0.75 microgram Cow cDNA PCR amplified with primers 
299 and 300; Lane 5, 1.5 microgram Cow cDNA PCR 
amplified with primers 299 and 300; Lane 6, 0.75 micro 
gram Cow cDNA PCR amplified with primers 299 and 301; 
Lane 7, 1.5 microgram Cow cloNA PCR amplified with 
primers 299 and 301; and Lane 8, 50 bp GeneRuler DNA 
ladder (MBI Fermentas). 
0036 FIG. 12: Lysozyme binding activity measured with 
ELISA of iMab100. Several different Solutions were tested 
in time for proteolytic activity on iMab 100 proteins. Test 
samples were diluted 100 times in FIGS. 12A and 12C, 
while samples were 1000 times diluted in FIGS. 12B and 
12D. FIGS. 12A and 12B show lysozyme activity while 
FIGS. 12C and 12D show background activity. 

0037 FIG. 13: Specific binding of TRITC labeled 
iMab142-XX-0002 to lactoferrin. Lane 1, iMab-TRITC con 
jugate (2 mg/ml); Lane 2, iMab-TRITC (conjugate (2 
mg/ml)+Bovine serum albumin (10 mg/ml); Lane 3, iMab 
TRITC conjugate (2 mg/ml)--lactoferrin (10 mg/ml). 

0038 FIG. 14: Specific lactoferrin binding of iMab148 
06-0002 covalently bound to Eupergit 1014F. Lane 1, pro 
tein marker; Lane 2, bovine caseine whey (input); Lane 3, 
eluate Eupergit column (negative control); Lane 4, bovine 
caseine whey (input); Lane 5, eluate Eupergit-iMab148-06 
0002 column. 
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0039 FIG. 15: Specific binding of iMab142-XX-0002 
HRP conjugate to lactoferrin. Lane 1, iMab-HRP conjugate 
(0.1 mg/ml); Lane 2, iMab-HRP conjugate (0.1 mg/ml)+ 
bovine serum albumin (10 mg/ml); Lane 3, iMab-HRP 
conjugate (0.1 mg/ml)+lactoferrin (10 mg/ml). 

0040 FIG. 16: Western blot analysis of VAPs bound to 
hair. After blotting the VAPs were blotted onto PVDF 
membrane and detected with anti-VSV-HRP. HRP activity 
was detected with a fluorescent substrate (Pierce). Fluores 
cence was detected with FluorchemTM 8900 (Alpha Inno 
tech). Shown is the input of the iMabs and the eluted iMabs 
from the hair. M.; protein weight marker; 29, iMab143-XX 
0029; 30, iMab143-xx-0030: 31, iMab143-xx-0031; 32, 
iMab142-XX-0032:33, iMab143-XX-0033; 34, iMab143-XX 
0034; 35, iMab143-xx-0035. 

0041 FIG. 17: SDS-PAGE of Alexa-488 labeled iMabs. 
Fluorescence was detected with FluorchemTM 8900 (Alpha 
Innotech). Lane 1, iMab 142-XX-0038; Lane 2, iMab 143 
XX-0033; Lane 3, iMab143-XX-0034; Lane 4, iMab143-XX 
0031; Lane 5, iMab143-XX-0030; Lane 6, iMab143-XX 
0029; Lane 7, iMab143-XX-0030; Lane 8, iMab143-XX 
0029; Lane 9, iMab142-XX-0039. Lanes 1 and 9 show iMabs 
with a 9 beta-strand scaffold while the other lanes show 
iMabs with a 7 beta-strand scaffold. The iMabs are depicted 
with an arrow. 

0.042 FIG. 18: Confocal Laser Scanning Miroscopy 
(CLSM) of Alexa-488 labeled iMabs that have affinity for 
hair. Panel A, Alexa-488-iMab143-XX-0030 bound to hair; 
Panel B, Alexa-488-iMab143-XX-0034 bound to hair; and 
Panel C, hair in PBS. 

0.043 FIG. 19: Histological staining of cross-section of 
human skin with iMabs. The iMabs, all containing a VSV 
tag, were incubated on a 682 m thick cross-section of human 
skin and allowed to bind for two hours. After washing, 
binding specificity and localization were visualized with 
anti-VSV-hrp labeled antibody and reaction-reaction with 
diaminobenzidine (DAB). Panel A, control, cross-section 
stained with only anti-VSV-hrp labeled antibody; Panel B, 
iMab142-XX-0032; and Panel C, iMab143-XX-0031. 
iMab 142-XX-32 stains specifically some cells in the dermis, 
while iMab143-XX-0031 stains all cell nuclei and the epi 
dermis. 

0044 FIG. 20: Panel A, far UV CD spectra (215-260 nm) 
of iMab138-xx-0007 (iMab138), iMab139-xx-0007 
(iMab139), iMab140-xx-0007 (iMab140), iMab141-XX 
0007 (iMab141), iMab111 and iMab116 at 20°C. The iMabs 
were dissolved in 1xRBS, pH 7.5. Panel B, far UV CD 
spectra (215-260 nm) of iMab138-xx-0007 (iMab138), 
Mab 139-XX-0007 (iMab139), Mab 140-XX-0007 
(iMab140), iMab141-XX-0007 (iMab141), iMab111 and 
iMab116 after heating for ten minutes at 80° C. and refold 
ing at 20° C. 

004.5 FIG. 21: Far UV CD spectra (215-260 nm) of 
iMab135-XX-0001, iMab136-XX-0001 and iMab137-XX 
0001 at 20° C., at 80° C. and again at 20° C. The iMab 
dissolved in 1xRBS, pH 7.5. 

0046 FIGS. 22A-22I: Alignment of amino acid 
sequences of VAPS, respectively corresponding to SEQ ID 
NOS:244-310, to show the beta-elements, the connecting 
loops and the affinity regions. 
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DESCRIPTION OF THE TABLES 

0047 Table 1: Examples of nine-stranded folds (strands 
only) in PDB format. 
0048 Table 2: Example amino acid sequences likely to 
fold as nine-stranded iMab proteins, respectively corre 
sponding to SEQ ID NOS:13-19. 
0049 Table 3: VAP (iMab) amino acid sequences. XX: 
number of C terminal tag not present in these sequences, 
respectively corresponding to SEQ ID NOS:20-72. 

0050 Table 4: iMab DNA sequences, respectively corre 
sponding to SEQ ID NOS:73-125. 
0051 Table 5: List of primers used, respectively corre 
sponding to SEQ ID NOS:126-170. 
0.052 Table 6: Binding characteristics of purified iMab 
variants to lysozyme. Various purified iMabs containing 
either 6, 7, or 9 beta-sheets were analyzed for binding to 
ELK (control) and lysozyme as described in Examples 8, 15, 
19 and 23. All iMabs were purified using urea and subse 
quent matrix-assisted refolding (Example 7), except for 
iMab 100, which was additionally also purified by heat 
induced solubilization of inclusion bodies (Example 6). 
0053 Table 7: Effect of pH shock on iMab100, measured 
in Elisa versus lysozyme before and after precipitation by 
Potassium acetate pH 4.8. 
0054 Table 8: Four examples of seven-stranded (strands 
only) folds in PDB 2.0 format to indicate spatial conforma 
tion. 

0.055 Table 9: PROSAII results (Zp-comp) and values for 
the objective function from MODELLER for seven-stranded 
iMab proteins. Lower values correspond to iMab proteins 
which are more likely to fold correctly. 
0056 Table 10: Example amino acid sequences less 
likely to fold as seven-stranded iMab proteins, respectively 
corresponding to SEQ ID NOS:171-200. 

0057 Table 11: Four examples of six-stranded (strands 
only) folds in PDB 2.0 format to indicate spatial conforma 
tion. 

0.058 Table 12: PROSAII results (Zp-comp) and values 
for the objective function from MODELLER for six 
stranded iMab proteins. Lower values correspond to iMab 
proteins that are more likely to fold correctly. 
0059 Table 13: Example amino acid sequences likely to 
fold as six-stranded iMab proteins, respectively correspond 
ing to SEQ ID NOS:201-206. 
0060 Table 14: PROSAII results (Zp-comp) from 
iMab 100 derivatives of which lysine was replaced at either 
position 3, 7, 19 and 65 with all other possible amino acid 
residues. Models were made with and without native cys 
teine bridges. The more favorable derivatives (which are 
hydrophilic) are denoted with X. 

0061 Table 15: PROSAII results (Zp-comp) from 
iMab 100 derivatives of which cysteine at position 96 was 
replaced with all other possible amino acid residues. 
0062 Table 16A: Amino acid sequence of iMab100 (ref. 
erence), together with the possible candidates for extra 
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cysteine bridge formation. The position where a cysteine 
bridge can be formed is indicated. 
0063 Table 16B: Preferred locations for cysteine bridges 
with their corresponding PROSAII score (Zp-comp) and the 
corresponding iMab name. 
0064) Table 17: Effect of mutation frequency of dITP on 
the number of binders after panning. 
0065 Table 18: Nucleotide sequences of the phage dis 
play vector CM114-iMab 100 and the expression vector 
CM126-iMab 100, respectively corresponding to SEQ ID 
NOS:2O7-208. 

0.066 Table 19: Head space analysis of release of octanal 
bound to iMab 100. 

0067 Table 20: Amino acid sequences of hair and/or 
skin-binding VAPs, respectively corresponding to SEQ ID 
NOS:209-221. 

0068 Table 21: Nucleotide sequence of hair- and skin 
binding VAPs, respectively corresponding to SEQ ID 
NOS:222-234. XX: number of C-terminal tags not present in 
these sequences. 
0069 Table 22: ELISA results of the VAPS binding to 
skin and hair proteins. Background signal means no iMab 
added. 

0070) 23: Results of binding of Alexa-488-labeled iMabs 
to human hair. Fluorescence was measured with a Confocal 
Laser Scanning Microscope (LSM510, Zeiss). 
0071 Table 24: Affinity region 4 (AR4) of iMabs with 
affinity for hair and/or skin, respectively corresponding to 
SEQ ID NOS:235-243. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0072 Through molecular modeling, structure analyses 
and methods based on recent advances in molecular biology, 
molecular, versatile affinity proteins (VAPs) were devised 
for specific applications in the field of cosmetics and fra 
grance industries. These VAPs can provide a versatile con 
text to specifically deliver cosmetic agents to targets asso 
ciated with skin, hair, nails, saliva, textile fabrics, and 
tissue-type materials such as diapers, hygiene pads, etc. In 
order to deliver the cosmetic agents to the target, the agent 
is coupled (linked) to a VAP, which has specific affinity for 
the desired target. 
a) Versatile Affinity Proteins 
0073) 
0074 The present invention relates to the design, con 
struction, production, screening and use of proteins that 
contain one or more regions that may be involved in 
molecular binding. The invention also relates to naturally 
occurring proteins provided with artificial binding domains, 
re-modeled natural occurring proteins provided with extra 
structural components and provided with one or more arti 
ficial binding sites, re-modeled natural occurring proteins 
disposed of some elements (structural or others) provided 
with one or more artificial binding sites, artificial proteins 
containing a standardized core structure motif provided with 
one or more binding sites. All such proteins are called VAPs 
(Versatile Affinity Proteins) herein. The invention further 

i) VAP design and Construction 
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relates to novel VAPs identified according to the methods of 
the invention and the transfer of binding sites on naturally 
occurring proteins that contain a similar core structure. 3D 
modeling or mutagenesis of Such natural occurring proteins 
can be desired before transfer in order to restore or ensure 
antigen binding capabilities by the affinity regions present 
on the selected VAP. Further, the invention relates to pro 
cesses that use selected VAPs, as described in the invention, 
for purification, removal, masking, liberation, inhibition, 
stimulation, capturing, etc., of the chosen ligand capable of 
being bound by the selected VAP(s). 
Ligand Binding Proteins 
0075. Many naturally occurring proteins that contain a 
(putative) molecular binding site comprise two functionally 
different regions: The actual displayed binding region and 
the region(s) that is (are) wrapped around the molecular 
binding site or pocket, called the scaffold herein. These two 
regions are different in function, structure, composition and 
physical properties. The scaffold structures ensure a stable 
three-dimensional conformation for the whole protein, and 
act as a steppingstone for the actual recognition region. 

0076 Two functional different classes of ligand binding 
proteins can be discriminated. This discrimination is based 
upon the presence of a genetically variable or invariable 
ligand binding region. In general, the invariable ligand 
binding proteins contain a fixed number, a fixed composition 
and an invariable sequence of amino acids in the binding 
pocket in a cell of that species. Examples of such proteins 
are all cell adhesion molecules, e.g., N-CAM and V-CAM, 
the enzyme families, e.g., kinases and proteases and the 
family of growth receptors, e.g., EGF-R, bFGF-R. In con 
trast, the genetically variable class of ligand binding proteins 
is under control of an active genetic shuffling, mutational or 
rearrangement mechanism enabling an organism or cell to 
change the number, composition and sequence of amino 
acids in, and possibly around, the binding pocket. Examples 
of these are all types of light and heavy chain of antibodies, 
B-cell receptor light and heavy chains and T-cell receptor 
alpha, beta, gamma and delta chains. The molecular consti 
tution of wild type scaffolds can vary to a large extent. For 
example, Zinc finger containing DNA binding molecules 
contain a totally different scaffold (looking at the amino acid 
composition and structure) than antibodies although both 
proteins are able to bind to a specific target. 

Scaffolds and Ligand Binding Domains 
Antibodies Obtained via Immunizations 

0077. The class of ligand binding proteins that express 
variable (putative) antigen binding domains has been shown 
to be of great value in the search for ligand binding proteins. 
The classical approach to generate ligand binding proteins 
makes use of the animal immune system. This system is 
involved in the protection of an organism against foreign 
Substances. One way of recognizing, binding and clearing 
the organism of such foreign highly diverse Substances is the 
generation of antibodies against these molecules. The 
immune system is able to select and multiply antibody 
producing cells that recognize an antigen. This process can 
also be mimicked by means of active immunizations. After 
a series of immunizations antibodies may be formed that 
recognize and bind the antigen. The possible number of 
antibodies with different affinity regions that can be formed 
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due to genetic rearrangements and mutations, exceeds the 
number of 10'. However, in practice, a smaller number of 
antibody types will be screened and optimized by the 
immune system. The isolation of the correct antibody pro 
ducing cells and Subsequent immortalization of these cells 
or, alternatively, cloning of the selected antibody genes 
directly, antigen-antibody pairs can be conserved for future 
(commercial and non-commercial) use. 
0078. The use of antibodies obtained this way is 
restricted only to a limited number of applications. The 
structure of animal antibodies is different than antibodies 
found in human. The introduction of animal-derived anti 
bodies in humans, e.g., for medical applications, will almost 
certainly cause immune responses adversing the effect of the 
introduced antibody (e.g., HAMA reaction). As it is not 
allowed to actively immunize men for commercial purposes, 
it is not or only rarely possible to obtain human antibodies 
this way. Because of these disadvantages methods have been 
developed to bypass the generation of animal-specific anti 
bodies. One example is the removal of the mouse immune 
system and the introduction of the human immune system in 
Such mouse. All antibodies produced after immunization are 
of human origin. However, the use of animals has also a 
couple of important disadvantages. First, animal care has a 
growing attention from ethologists, investigators, public 
opinion and government. Immunization belongs to a painful 
and stressful operation and must be prevented as much as 
possible. Second, immunizations do not always produce 
antibodies or do not always produce antibodies that contain 
required features such as binding strength, antigen specific 
ity, etc. The reason(s) for this can be multiple: the immune 
system missed by co-incidence Such a putative antibody; the 
initially formed antibody appeared to be toxic or harmful; 
the initially formed antibody also recognizes animal-specific 
molecules and consequently the cells that produce Such 
antibodies will be destroyed; or the epitope cannot be 
mapped by the immune system (this can have several 
reasons). 
Otherwise Obtained Antibodies 

0079. It is clear, as discussed above, that immunization 
procedures may result in the formation of ligand binding 
proteins but their use is limited, inflexible and uncontrol 
lable. The invention of methods for the bacterial production 
of antibody fragments (Skerra and Pluckthun, 1988; Better 
et al., 1988) provided new powerful tools to circumvent the 
use of animals and immunization procedures. It is has been 
shown that cloned antibody fragments, (frameworks, affinity 
regions and combinations of these) can be expressed in 
artificial systems, enabling the modulation and production of 
antibodies and derivatives (Fab, V, V, scEv and V) that 
recognize a (putative) specific target in vitro. New efficient 
selection technologies and improved degeneration strategies 
directed the development of huge artificial (among which 
human) antibody fragment libraries. Such libraries poten 
tially contain antibodies fragments that can bind one or more 
ligands of choice. These putative ligand-specific antibodies 
can be retrieved by Screening and selection procedures. 
Thus, ligand binding proteins of specific targets can be 
engineered and retrieved without the use of animal immu 
nizations. 

Other Immunoglobulin Superfamily-Derived Scaffolds 
0080 Although most energy and effort is put in the 
development and optimization of natural derived or copied 
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human antibody-derived libraries, other scaffolds have also 
been described as successful scaffolds as carriers for one or 
more ligand binding domains. Examples of Scaffolds based 
on natural occurring antibodies encompass minibodies 
(Pessi et al., 1993), Camelidae V proteins (Davies and 
Riechmann, 1994; Hamers-Casterman et al., 1993) and 
soluble V variants (Dimasi et al., 1997; Lauwereys et al., 
1998). Two other natural occurring proteins that have been 
used for affinity region insertions are also members of the 
immunoglobulin Superfamily: the T-cell receptor chains 
(Kranz et al., WO Patent 0148145) and fibronectin domain-3 
regions (Koide U.S. Pat. No. 6,462,189: Koide et al., 1998). 
The two T-cell receptor chains can each hold three affinity 
regions according to the inventors while for the fibronectin 
region the investigators described only two regions. 
Non-Immunoglobulin-Derived Scaffolds 

0081 Besides immunoglobulin domain-derived scaf 
folds, non-immunoglobulin domain containing scaffolds 
have been investigated. All proteins investigated contain 
only one protein chain and one to four affinity related 
regions. Smith and his colleagues (1998) reported the use of 
knottins (a group of Small disulfide bonded proteins) as a 
scaffold. They successfully created a library based on knot 
tins that had seven mutational amino acids. Although the 
stability and length of the proteins are excellent, the low 
number of amino acids that can be randomized and the 
singularity of the affinity region make knottin proteins not 
very powerful. Ku and Schultz (1995) successfully intro 
duced two randomized regions in the four-helix-bundle 
structure of cytochrome bs. However, selected binders 
were shown to bind with micromolar K values instead of 
the required nanomolar or even better range. Another alter 
nate framework that has been used belongs to the ten 
damistat family of proteins. McConnell and Hoess (1995) 
demonstrated that alpha-amylase inhibitor (74 amino acid 
beta-sheet protein) from Streptomyces tendae could serve as 
a scaffold for ligand binding libraries. Two domains were 
shown to accept degenerated regions and function in ligand 
binding. The size and properties of the binders showed that 
tendamistats could function very well as ligand mimickers, 
called mimotopes. This option has now been exploited. 
Lipocalin proteins have also been shown to be successful 
scaffolds for a maximum of four affinity regions (Beste et al., 
1999: Skerra, 2000 BBA: Skerra, 2001 RMB). Lipocalins 
are involved in the binding of small molecules like retinoids, 
arachidonic acid and several different steroids. Each lipoca 
lin has a specialized region that recognizes and binds one or 
more specific ligands. Skerra (2001) used the lipocalin RBP 
and lipocalin BBP to introduce variable regions at the site of 
the ligand binding domain. After the construction of a library 
and Successive Screening, the investigators were able to 
isolate and characterize several unique binders with nano 
molar specificity for the chosen ligands. It is currently not 
known how effective lipocalins can be produced in bacteria 
or fungal cells. The size of lipocalins (about 170 amino 
acids) is pretty large in relation to V chains (about 100 
amino acids), which might be too large for industrial appli 
cations. 

Core Structure Development 

0082 In commercial industrial applications, it is very 
interesting to use single chain peptides, instead of multiple 
chain peptides because of low costs and high efficiency of 
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Such peptides in production processes. One example that 
could be used in industrial applications is the VI antibod 
ies. Such antibodies are very stable, can have high speci 
ficities and are relatively small. However, the scaffold has 
evolutionarily been optimized for an immune dependent 
function but not for industrial applications. In addition, the 
highly diverse pool of framework regions that are present in 
one pool of antibodies prevents the use of modular optimi 
zation methods. Therefore a new scaffold was designed 
based on the favorable stability of V proteins. 
0.083 3D-modeling and comparative modeling software 
was used to design a scaffold that meets the requirements of 
versatile affinity proteins (VAPs). 

0084. However, at this moment it is not yet possible to 
calculate all possible protein structures, protein stability and 
other features, since this would cost months of computer 
calculation capacity. Therefore we test the most promising 
computer designed scaffolds in the laboratory by using 
display techniques, such as phage display or the like. In this 
way it is possible to screen large numbers of scaffolds in a 
relatively short time. 
0085. Immunoglobulin-like (ig-like) folds are very com 
mon throughout nature. Many proteins, especially in the 
animal kingdom, have a fold region within the protein that 
belongs to this class. Reviewing the function of the proteins 
that contain an ig-like fold and reviewing the function of this 
ig-like fold within that specific protein, it is apparent that 
most of these domains, if not all, are involved in ligand 
binding. Some examples of ig-like fold containing proteins 
are: V-CAM, immunoglobulin heavy chain variable 
domains, immunoglobulin light chain variable domains, 
constant regions of immunoglobulins, T-cell receptors, 
fibronectin, reovirus coat protein, beta-galactosidase, inte 
grins, EPO-receptor, CD58, ribulose carboxylase, desulpho 
ferrodoxine, superoxide likes, biotin decarboxylase and P53 
core DNA binding protein. A classification of most ig-like 
folds can be obtained from the SCOP database (Murzin A. 
G. et al., J. Mol. Biol. 247, 536-540, 1995; http://scop.mrc 
limb.cam.ac.uk/scop) and from CATH (Orengo et al., Struc 
ture 5(8), 1093-1108, 1997: http://www.biochem.ucl.ac.uk/ 
bSm/cath new/index.html). SCOP classifies these folds as: 
all beta-proteins, with an immunoglobulin-like beta-sand 
wich in which the sandwich contains seven Strands in two 
sheets although some members that contain the fold have 
additional strands. CATH classifies these folds as: mainly 
beta-proteins with an architecture like a sandwich in an 
immunoglobulin-like fold designated with code 2.60.40. In 
structure databases like CE (Shindyalov et al., Protein 
Engineering, 11(9) 739-747, 1998: http://cl.sdsc.edu/ce 
.htm), VAST (Gibrat et al., Curr. Op. Struc. Biol. 6(3), 
377-385, 1996: http://www.ncbi.nlm.nih.gov/Structure/ 
VAST/vast.shtml) and FSSP (Holm et al., Nucl. Acids Res., 
26, 316-319; Holm et al., Proteins, 33, 88-96, 1998: http:// 
www.ebi.ac.uk/dali/fssp) similar classifications are used. 

0.086 Projection of these folds from different proteins 
using software of Cn3D (NCBI; http://www.ncbi.nlm.nih 
gov/Structure/CN3D/cn3d.shtml), InsightIII (MSI: http:// 
www.accelrys.com/insight) and other structure viewers, 
showed that the ig-like folds have different sub-domains. A 
schematic projection of the structure is depicted in FIG. 1. 
The most conserved structure was observed in the center of 
the folds, named the core. The core structures hardly vary in 
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length and have a relative conserved spatial constrain, but 
they were found to vary to a large degree in both sequence 
and amino acid composition. On both sides of the core, 
Sub-domains are present. These are called connecting loops. 
These connecting loops are extremely variable as they can 
vary in amino acid content, sequence, length and configu 
ration. The core structure is therefore designated as the far 
most important domain within these proteins. The number of 
beta-elements that form the core can vary between seven and 
nine, although six-stranded core structures might also be of 
importance. All beta-elements of the core are arranged in 
two beta-sheets. Each beta-sheet is built of anti-parallel 
oriented beta-elements. The minimum number of beta-ele 
ments in one beta-sheet that was observed was three ele 
ments. The maximum number of beta-element in one sheet 
that was observed was five elements, although it can not be 
excluded that higher number of beta-elements might be 
possible. Connecting loops connect the beta-elements on 
one side of the barrel. Some connections cross the beta 
sheets while others connect beta-elements that are located 
within one beta-sheet. Especially the loops that are indicated 
as L2, L4, L6 and L8 are used in nature for ligand binding 
and are therefore preferred site for the introduction or 
modification of binding peptide?affinity region. The high 
variety in length, structure, sequences and amino acid com 
positions of the L1, L3, L5 and L7 loops clearly indicates 
that these loops can also be used for ligand binding, at least 
in an artificial format. 

0087 Amino acid side chains in the beta-elements that 
form the actual core that are projected towards the interior 
of the core, and thus fill the space in the center of the core, 
can interact with each other via H-bonds, covalent bonds 
(cysteine bridges) and other forces, and determine the sta 
bility of the fold. Because amino acid composition and 
sequence of the residues of the beta-element parts that line 
up the interior were found to be extremely variable, it was 
concluded that many other sequence formats can be created. 

0088. In order to obtain the basic concept of the structure 
as a starting point for the design of new types of proteins 
containing this ig-like fold, projections of domains that 
contain ig-like folds were used. Insight II, Cn3D and Mod 
eller programs were used to determine the minimal elements 
and lengths. In addition, only C-alpha atoms of the struc 
tures were projected because these described the minimal 
features of the folds. Minor differences in spatial positions 
(coordinates) of these beta-elements were allowed. 

0089 PDB files representing the coordinates of the C-al 
pha atoms of the core of ig-like folds were used for the 
development of new 9, 8, 7, 6 and 5 beta-elements contain 
ing structures. For eight-stranded structures, beta-element 1 
or 9 can be omitted but also elements 5 or 6 can be omitted. 
Thus an eight-stranded core preferably comprises elements 
2-8, and either 1 or 9. Another preferred eight-stranded core 
comprises elements 1-4, 7-9, and either strand 5 or strand 6. 
For seven-stranded structures, two beta-elements can be 
removed among which combinations of element 1 and 9, 1 
and 5, 6 and 9, 9 and 5 and, elements 4 and 5. The exclusion 
of elements 4 and 5 is preferred because of spatial con 
strains. Six-stranded structures lack preferably element 1, 4 
and 5 or 4, 5 and 9 but also other formats were analyzed with 
Insight and Modeler and shown to be reliable enough for 
engineering purposes. 
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0090 Multiple primary scaffolds were constructed and 
pooled. All computer designed proteins are just an estimated 
guess. One mutation or multiple amino acid changes in the 
primary scaffold may make it a Successful scaffold or make 
it function even better than predicted. To accomplish this the 
constructed primary scaffolds are subjected to a mild muta 
tional process by PCR amplification that includes error 
prone PCR, such as unequimolar dNTP concentration, addi 
tion of manganese or other additives, or the addition of 
nucleotide analogues, such as dITP (Spee et al., Nucl. Acids 
Res. 21(3), 777-8, 1993) or dPTP (Zaccolo et al., J. Mol. 
Biol. 255(4), 589-603, 1996) in the reaction mixture which 
can ultimately change the amino acid compositions and 
amino acid sequences of the primary scaffolds. This way 
new (secondary) scaffolds are generated. 
0091. In order to test the functionality, stability and other 
characteristics required or desired features of the scaffolds, 
a set of known affinity regions, such as 1MEL for binding 
lysozyme and 1BZQ for binding RNase were inserted in the 
primary modularly constructed scaffolds. Functionality, heat 
and chemical stability of the constructed VAPs were deter 
mined by measuring unfolding conditions. Functionality 
after chemical or heat treatment was determined by binding 
assays (ELISA), while temperature-induced unfolding was 
measured using a circular dichroism (CD) polarimeter. 
Phage display techniques were used to select desired scaf 
folds or for optimization of scaffolds. In the present inven 
tion, variants were generated. In the course thereof, VAP 
molecules were generated that are not capable of forming 
cysteine bridges between the two beta-sheets. This is pos 
sible by replacing at least one of the couple of cysteines from 
at least one of the two beta-sheets. In a preferred embodi 
ment, the invention provides a conjugate comprising a core 
of a sequence as depicted in Table 3 or FIGS. 22A-221. 
preferably a core within an amino acid sequence depicted as 
iMab138-XX-0007, 139-XX-0007, 140-XX-0007, or 141-XX 
0007 in Table 3. Conjugates comprising such cores can differ 
in their temperature stability. Thus, conjugates can be gen 
erated with stability toward denaturation for ten minutes at 
60° C., or preferably 80°C., and refolding at 20° C., or with 
instability toward Such denaturation, the latter being an 
embodiment in which the connection between the cosmetic 
Substance and the target molecule can be disrupted through 
the presence of a temperature signal, the temperature signal 
being an exposure to a temperature of about 60° C., pref 
erably 80°C., preferably for a duration often minutes. In the 
present invention, further VAP molecules were generated 
that have different pI values. Such VAP molecules are useful 
in the present invention in conjugates that display a different 
behavior in an aqueous Solution. In a preferred embodiment, 
a conjugate of the invention comprises at least a core of a 
sequence as depicted in Table 3 or FIGS. 22A-221. Prefer 
ably, the conjugate comprises a core within the amino acid 
sequence as depicted as iMab135-XX-0002, 136-XX-0002 or 
137-XX-0002 in Table 3. 

Initial Affinity Regions for Library Construction 
0092. In the present invention, new and unique affinity 
regions are required. Affinity regions can be obtained from 
natural sources, degenerated primers or stacked DNA trip 
lets. All of these sources have certain important limitations 
as described above. In our new setting we designed a new 
and greatly improved source of affinity regions that have less 
restrictions, can be used in modular systems, are extremely 
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flexible in use and optimization, are fast and easy to generate 
and modulate, have a low percentage of stop codons, have 
an extremely low percentage of frameshifts and wherein 
important structural features will be conserved in a large 
fraction of the newly formed clones and new structural 
elements can be introduced. 

0093. The major important affinity region (CDR3) in both 
light and heavy chain in normal antibodies has an average 
length between 11 (mouse) and 13 (human) amino acids. 
Because in such antibodies the CDR3 in light and heavy 
chain cooperatively function as antigen binders, the strength 
of Such a binding is a result of both regions together. In 
contrast, the binding of antigens by V antibodies (Cam 
elidae) is a result of one CDR3 region due to the absence of 
a light chain. With an estimated average length of 16 amino 
acids, these CDR3 regions are significantly longer than 
regular CDR3 regions (Mol. Immunol. Bang Vu et al., 1997, 
34, 1121-1131). It can be emphasized that long or multiple 
CDR3 regions have potentially more interaction sites with 
the ligand and can therefore be more specific and bind with 
more strength. Other exceptions are the CDR3 regions found 
in cow (Bos taurus) (Berens et al., Int. Immunol., 9(1), 
189-99, 1997). Although the antibodies in cow consist of a 
light and a heavy chain, their CDR3 regions are much longer 
than found in mouse and humans and are comparable in 
length found for camelidae CDR3 regions. Average lengths 
of the major affinity region(s) should preferably be about 16 
amino acids. In order to cover as much as possible poten 
tially functional CDR lengths the major affinity region can 
vary between 1 and 50 or even more amino acids. As the 
structure and the structural classes of CDR3 regions (like for 
CDR1 and CDR2) have not been clarified and understood it 
is not possible to design long affinity regions in a way that 
the position and properties of crucial amino acids are 
correct. Therefore, most libraries were supplied with com 
pletely degenerated regions in order to find at least some 
correct regions. 
0094. In the invention we describe the use of natural 
occurring camelidae V. CDR3 as well as bovine-derived 
VHCDR3 regions as a template for new affinity regions, but 
of course other CDR regions (e.g., CDR1 and CDR2)as well 
as other varying sequences that correspond in length might 
be used. CDR3 regions were amplified from mRNA coding 
for V antibodies originating from various animals of the 
camelidae group or from various other animals containing 
long CDR3 regions by means of PCR techniques. Next this 
pool of about 10 different CDR3 regions, which differ in the 
coding for amino acid composition, amino acid sequence, 
putative structural classes and length, is subjected to a 
mutational process by PCR as described above. The result is 
that most products will differ from the original templates and 
thus contain coding regions that potentially have different 
affinity regions. Other very important consequences are that 
the products keep their length, the pool keeps their length 
distribution, a significant part will keep structurally impor 
tant information while others might form non-natural classes 
of structures, the products do not or only rarely contain 
frame shifts and the majority of the products will lack stop 
codons. These new affinity regions can be cloned into the 
selected scaffolds by means of the Modular Affinity and 
Scaffold Transfer technology (MAST). This technique is 
based on the fact that all designed and constructed scaffolds 
described above have a modular structure such that all loops 
connecting the beta-strands can be easily replaced by other 
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loops without changing the overall structure of the VAP (see 
FIG. 2). The newly constructed library can be subjected to 
screening procedures similar to the screening of regular 
libraries known by an experienced user in the field of the art. 
Thus, further provided is a method for producing a library 
comprising artificial binding peptides, the method compris 
ing providing at least one nucleic acid template wherein the 
templates encode different specific binding peptides, pro 
ducing a collection of nucleic acid derivatives of the tem 
plates through mutation thereof and providing the collection 
or a part thereof to a peptide synthesis system to produce the 
library comprising artificial binding peptides. The complex 
ity of the library increases with increasing number of 
different templates used to generate the library. In this way, 
an increasing number of different structures are used. Thus, 
preferably at least two nucleic acid templates, and better at 
least ten nucleic acid templates are provided. Mutations can 
be introduced using various means and methods. Preferably, 
the method introduces mutations by changing bases in the 
nucleic acid template or derivative thereof. With "deriva 
tive' is meant a nucleic acid comprising at least one intro 
duced mutation as compared to the template. In this way, the 
size of the affinity region is not affected. Suitable modifi 
cation strategies include amplification strategies such as 
PCR strategies encompassing, for example, unbalanced con 
centrations of dNTPs (Cadwell et al., PCR Methods Appl. 
(1992) 2, 28-33; Leung et al., Technique (1989) 1, 11-15; 
Kuipers, Methods Mol. Biol. 57 (1996) 351-356), the addi 
tion of dITP (Xu et al., Biotechniques 27 (1999) 1102-1108; 
Spee et al., Nucleic Acids Res. 21 (1993) 777-778; Kuipers, 
Methods Mol. Biol. 57 (1996) 351-356), dPTP (Zaccolo et 
al., J. Mol. Biol. 255 (1996) 589-603), 8-oxo-dG (Zaccolo et 
al., J. Mol. Biol. 255 (1996) 589-603), Mn" (Cadwell et al., 
PCR Methods Appl. (1992) 2, 28-33; Leung et al., Technique 
(1989) 1, 11-15, Xu et al., Biotechniques 27 (1999) 1102 
1108), polymerases with high misincorporation levels 
(Mutagene (R), Stratagene). Site-specific protocols for intro 
ducing mutations can of course also be used, however, the 
considerable time and effort to generate a library using Such 
methods would opt against a strategy solely based on site 
directed mutagenizes. Hybrid strategies can of course be 
used. Mutation strategies comprising dITP and/or dPTP 
incorporation during elongation of a nascent strand are 
preferred since Such strategies are easily controlled with 
respect to the number of mutations that can be introduced in 
each cycle. The method does not rely on the use of degen 
erate primers to introduce complexity. 
0.095 Therefore, in one embodiment, the amplification 
utilizes non-degenerate primers. However, (in part) degen 
erate primers can be used, thus, also provided is a method 
wherein at least one non-degenerate primer further com 
prises a degenerate region. The methods for generating 
libraries of binding peptides is especially suited for the 
generation of the above mentioned preferred larger affinity 
regions. In these a larger number of changes can be intro 
duced while maintaining the same of similar structure. Thus, 
preferably at least one template encodes a specific binding 
peptide having an affinity region comprising at least 14 
amino acids and preferably at least 16 amino acids. 
0.096 Though non-consecutive regions can be used in 
this embodiment of the invention it is preferred that the 
region comprises at least 14 consecutive amino acids. When 
multiple templates are used it is preferred that the regions 
comprise an average length of 24 amino acids. 
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0097. The method for generating a library of binding 
peptides may favorably be combined with core regions of 
the invention and method for the generation thereof. For 
instance, once a suitable binding region is selected a core 
may be designed or selected to accommodate the particular 
use envisaged. However, it is also possible to select a 
particular core region, for reasons of the intended use of the 
binding peptide. Subsequently libraries having the core and 
the mentioned library of binding peptides may be generated. 
Uses of such libraries are, of course, many fold. Alterna 
tively, combinations of strategies may be used to generate a 
library of binding peptides having a library of cores. Com 
plexities of the respective libraries can of course be con 
trolled to adapt the combination library to the particular use. 
Thus, in a preferred embodiment, at least one of the tem 
plates encodes a proteinaceous molecule according to the 
invention. 

0098. The mentioned peptide, core and combination 
libraries may be used to select proteinaceous molecules of 
the invention, thus herein is further provided a method 
comprising providing a potential binding partner for a 
peptide in the library of artificial peptides and selecting a 
peptide capable of specifically binding to the binding partner 
from the library. A selected proteinaceous molecule obtained 
using the method is of course also provided. To allow easy 
recovery and production of a selected proteinaceous mol 
ecule it is preferred that at least the core and the binding 
peptide is displayed on a replicative package comprising 
nucleic acid encoding the displayed core/peptide proteina 
ceous molecule. Preferably, the replicative package com 
prises a phage. Such as used in phage display strategies. 
Thus, also provided is a phage display library comprising at 
least one proteinaceous molecule of the invention. As men 
tioned above, the method for generating a library of binding 
peptides can advantageously be adapted for core regions. 
Thus, also provided is a method for producing a library 
comprising artificial cores, the method comprising providing 
at least one nucleic acid template wherein the templates 
encode different specific cores, producing a collection of 
nucleic acid derivatives of the templates through mutation 
thereof and providing the collection or a part thereof to a 
peptide synthesis system to produce the library of artificial 
cores. Preferred binding peptide libraries are derived from 
templates comprising CDR3 regions from cow (Bos Taurus) 
or camelidae (preferred lama pacos and lama glama). 
0099 Protein-ligand interactions are one of the basic 
principles of life. All protein-ligand-mediated interactions in 
nature either between proteins, proteins and nucleic acids, 
proteins and Sugars or proteins and other types of molecules 
are mediated through an interface present at the Surface of a 
protein and the molecular nature of the ligand Surface. The 
very most of protein surfaces that are involved in protein 
ligand interactions are conserved throughout the life cycle of 
an organism. Proteins that belong to these classes are, for 
example, receptor proteins, enzymes and structural proteins. 
The interactive surface area for a certain specific ligand is 
usually constant. However, some protein classes can modu 
late their nature of the exposed Surface area through, e.g., 
mutations, recombinations or other types of natural genetic 
engineering programs. The reasons for this action is that 
their ligands or ligand types can vary to a great extent. 
Proteins that belong to Such classes are, for example, anti 
bodies, B-cell receptors and T-cell receptor proteins. 
Although there is in principle no difference between both 

PGR2026-00025 - JHU 
Ex. 2049 - Page 48



US 2006/O 140889 A1 

classes of proteins, the speed of Surface changes for both 
classes differ. The first class is mainly sensitive to evolu 
tionary forces (lifespan of the species) while the second 
class is more sensitive to mutational forces (within the 
lifespan of the organism). 
0100 Binding specificity and affinity between receptors 
and ligands is mediated by an interaction between exposed 
interfaces of both molecules. Protein surfaces are dominated 
by the type of amino acids present at that location. The 20 
different amino acids common in nature each have their own 
side chain with their own chemical and physical properties. 
It is the accumulated effect of all amino acids in a certain 
exposed surface area that is responsible for the possibility to 
interact with other molecules. Electrostatic forces, hydro 
phobicity, H-bridges, covalent coupling and other types of 
properties determine the type, specificity and strength of 
binding with ligands. 
0101 The most sophisticated class of proteins involved 
in protein-ligand interactions is those of antibodies. An 
ingenious system has been evolved that controls the location 
and level mutations, recombinations and other genetic 
changes within the genes that can code for Such proteins. 
Genetic changing forces are mainly focused to these regions 
that form the exposed surface area of antibodies that are 
involved in the binding of putative ligands. The enormous 
numbers of different antibodies that can be formed (theo 
retically) indicate the power of antibodies. For example, if 
the number of amino acids that are directly involved in 
ligand binding in both the light and heavy chains of anti 
bodies are assumed to be eight amino acids for each chain 
(and this is certainly not optimistic) then 20" which 
approximates 10” (20 amino acids types, two chains, eight 
residues) different antibodies can be formed. If also indirect 
effects of nearby located amino acids include and/or increase 
the actual number of direct interaction amino acids, one ends 
up with an astronomically large number. Not one organism 
on earth is everable to testall of these or even just a fraction 
of these combinations in the choice of antibody against the 
ligand. 
0102) Not all amino acids present at the exposed surface 
area are equally involved in ligand binding. Some amino 
acids can be changed into other amino acids without any 
notable, or only minor, changes in ligand binding properties. 
Also, most Surface areas of proteins are very flexible and can 
under the influence of the ligand surface easily remodel 
resulting in a fit with the ligand Surface that would not occur 
with an inflexible ligand-binding region. Interacting forces 
as mentioned above between the protein and the ligand can 
thus steer or catalyze this remodeling. In general, large but 
limited number of genetic changes together with redundancy 
in amino acids and the flexible nature of the surface in 
combination with binding forces can lead to the production 
of effective ligand binding proteins. 
Affinity Regions (ARs) 

0103 Natural-derived antibodies and their affinity 
regions have been optimized to a certain degree, during 
immune selection procedures. These selections are based 
upon the action of Such molecules in an immune system. 
Antibody applications outside immune systems can be hin 
dered due to the nature and limitations of the immune 
selection criteria. Therefore, industrial, cosmetic, research 
and other applications demand often different properties of 
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ligand binding proteins. The environment in which the 
binding molecules may be applied can be very harsh for 
antibody structures, e.g., extreme pH conditions, salt con 
ditions, odd temperatures, etc. Depending on the application 
CDRs might or might not be transplanted from natural 
antibodies on to a scaffold. For at least some application 
unusual affinity regions will be required. Thus, artificial 
constructed and carefully selected scaffolds and affinity 
regions will be required for other applications. 
0.104 Affinity regions present on artificial scaffolds can 
be obtained from several origins. First, natural affinity 
regions can be used. CDRs of cDNAs coding for antibody 
fragments can be isolated using PCR and inserted into the 
scaffold at the correct position. The source for Such regions 
can be of immunized or non-immunized animals. Second, 
fully synthetic ARS can be constructed using degenerated 
primers. Third, semi-synthetic ARS can be constructed in 
which only some regions are degenerated. Fourth, triplets 
coding for selected amino acids (monospecific or mixtures) 
can be fused together in a predetermined fashion. Fifth, 
natural-derived affinity regions (either from immunized or 
naive animals) which are being mutated during amplification 
procedures (e.g., NASBA or PCR) by introducing muta 
tional conditions (e.g., manganese ions) or agents (e.g., 
dITP) during the reaction. 
0105 Because for reasons mentioned earlier, immuniza 
tion based CDRs can be successful but the majority of 
ligands or ligand domains will not be immunogenic. Arti 
ficial affinity regions in combinations with powerful selec 
tion and optimization strategies become more and more 
important if not inevitable. Primer based strategies are not 
very powerful due to high levels of stop codons, frameshifts, 
difficult sequences, too large randomizations, relative Small 
number of mutational spots (maximum of about eight spots) 
and short randomization stretches (no more than eight amino 
acids). The power of non-natural-derived ARS depends also 
on the percentage of ARS that putatively folds correctly, i.e., 
being able to be presented on the scaffold without folding 
problems of the ARs or even the scaffold. Hardly any 
information is currently available about structures and 
regions that are present in ARS. Therefore, the percentage of 
correctly folded and presented artificial ARs constructed via 
randomizations, especially long ARS, will be reciprocal with 
the length of constructed ARs. Insight in CDR and AR 
structures will most likely be available in the future, but is 
not available yet. 
0106 Single scaffold proteins which are used in applica 
tions that require high affinity and high specificity in general 
require at least one long affinity region or multiple medium 
length ARS in order to have Sufficient exposed amino acid 
side chains for ligand interactions. Synthetic constructed 
highly functional long ARS, using primer or triplet fusion 
strategies, will not be very efficient for reasons as discussed 
above. Libraries containing such synthetic ARs would either 
be too low in functionality or too large to handle. The only 
available source for long ARs is one that can be obtained 
from animal sources (most often CDR3s in heavy chains of 
antibodies). Especially cow-derived and camelidae-derived 
CDR3 regions of respectively, Vh chains and Vhh chains 
are unusually long. The length of these regions is in average 
above 13 amino acids but 30 amino acids or even more are 
no exceptions. Libraries constructed with such ARs obtained 
from immunized animals can be successful for those ligands 
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or ligand domains that are immunologically active. Non 
immunogenic ligands or ligand domains and ligands that 
appear to be otherwise silent in immune responsiveness 
(toxic, self recognition, etc) will not trigger the immune 
system to produce ligand-specific long CDRS. Therefore, 
long CDRS that mediate the binding of Such targets cannot 
or can only hardly be obtained this way and thus their exist 
a vacuum in technologies that provides one with specific 
long ARS that can be used on single scaffold proteins. A 
comparable conclusion has also been drawn by Muylder 
mans (Reviews in Molecular Biotechnology 74 (2001) 277 
302) who analyzed the use of synthetic ARs on lama Vhh 
scaffolds. 

0107 Isolation of CDR regions, especially CDR3 
regions, by means of PCR enables one to use all length 
variations and use all structural variations present in the 
available CDR regions. The introduction of minor, mild, 
medium level or high level random mutations via nucleic 
acid amplification techniques like, for example, PCR will 
generate new types of affinity regions. The benefits of Such 
AR pools are that length distributions of Such generated 
regions will be conserved. Also, stop codon introductions 
and frame shifts will be prevented to a large degree due to 
the relatively low number of mutations if compared with 
random primers based methods. Further, depending on the 
mutational percentage, a significant part or even the majority 
of the products will code for peptide sequences that exhibit 
structural information identical or at least partly identical to 
their original template sequence present in the animal. Due 
to these mutations altered amino acid sequences will be 
generated by a vast part of the products and consequently 
these will have novel binding properties. Binding properties 
can be altered in respect to the original template not only in 
strength but also in specificity and selectivity. This way 
libraries of long AR regions can be generated with strongly 
reduced technical or physical problems as mentioned above 
if compared with synthetic, semi-synthetic and naturally 
obtained ARs. 

0108. In recent years, several new and powerful in vitro 
mutagenesis methods and agents have been developed. One 
branch of mutagenizing methods produces mutations inde 
pendently of the location (in contract to site directed 
mutagenesis methods). PCR strategies encompass, for 
example, unbalanced concentrations of dNTPs (Cadwell et 
al., PCR Methods Appl. (1992) 2, 28-33; Leung et al., 
Technique (1989) 1, 11-15; Kuipers, Methods Mol. Biol. 57 
(1996) 351-356), the addition of dITP (Xu et al., Biotech 
niques 27 (1999) 1102-1108; Spee et al., Nucleic Acids Res. 
21 (1993) 777-778; Kuipers, Methods Mol. Biol. 57 (1996) 
351-356), dPTP (Zaccolo et al., J. Mol. Biol. 255 (1996) 
589-603), 8-oxo-dG (Zaccolo et al., J. Mol. Biol. 255 (1996) 
589-603), Mn2+(Cadwell et al., PCR Methods Appl. (1992) 
2, 28-33; Leung et al., Technique (1989) 1, 11-15, Xu et al., 
Biotechniques 27 (1999) 1102-1108), polymerases with high 
misincorporation levels (Mutagene (R), Stratagene). 

Affinity Maturation 

0109 After one or more selection rounds, an enriched 
population of VAPs is formed that recognizes the ligand 
selected for. In order to obtain better, different or otherwise 
changed VAPs against the ligand(s), the VAP coding regions 
or parts thereof can be the Subject of a mutational program 
as described above due to its modular nature. Several 
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strategies are possible: First, the whole VAP or VAPs can be 
used as a template. Second, only one or more affinity regions 
can be mutated. Third framework regions can be mutated. 
Fourth, fragments throughout the VAP can be used as a 
template. Of course, iterative processes can be applied to 
change more regions. The average number of mutations can 
be varied by changing PCR conditions. This way every 
desired region can be mutated and every desired level of 
mutation number can be applied independently. After the 
mutational procedure, the new formed pool of VAPs can be 
re-screened and re-selected in order to find new and 
improved VAPs against the ligand(s). The process of matu 
ration can be re-started and re-applied as many times as 
necessary. 

0110. The effect of this mutational program is that not 
only affinity regions 1 and 2 with desired affinities and 
specificities can be found but also that minor changes in the 
selected affinity region 3 can be introduced. It has been 
shown (REF) that mutational programs in this major ligand 
binding region can strongly increase ligand binding proper 
ties. In conclusion, the invention described here is extremely 
powerful in the maturation phase. 
0.111 ii) Selection for Affinity Against Target Compound 

0112 VAPs can be selected that are specific for exposed 
ligands on either hair, skin or nails. In case of skin, obvious 
targets would be proteins or lipid/protein complexes that are 
present in the stratum comeum, especially in the stratifying 
squamous keratinizing epithelium where the soft keratins of 
type I and type II are expressed (The keratinocyte handbook, 
ed. Leigh I. M., Lane B. Watt F. M., 1994, ISBN 052143416 
5). Other suitable exposed ligands can be KAPs (keratin 
associated proteins) such as involucrin, loricrin, filagrin, 
elafin (trappin2), sciellin, cystatin A, annexin 1, LEP/X5, 
S100A1-A13, SPRR1 and 2, and the like. Most of these 
proteins are specific for skin, i.e. they have not (yet) been 
detected in hair, but if no cross reaction with hair is desired, 
it is easy for someone skilled in the art to do a negative 
selection with naive or matured libraries expressing VAPs 
with different, randomized affinity regions in ways as 
described in this patent, thereby circumventing any cross 
reactivity with hair cuticle. 
0113 For selection of hair-specific binders, preferred 
VAP-targets would be directed against the hair cuticle, 
especially ligands exposed on the fiber Surface, outer beta 
layer and epicuticle of hairs. For example, the hard keratins 
or hard keratin intermediate filaments (Langbein L. et al., J. 
Biol. Chem. 274 19874-84, 1999; Langbein L. et al., J. Biol. 
Chem. 276 35123-32, 2001), or the different classes of KAPs 
which are uniquely expressed in the hair cuticle (e.g. KAP 
19.4 of the high glycine-tyrosine class, or KAP 13.2 and 
KAP15.1 of the high sulfur class). Interestingly, some KAPs 
are strongly expressed in Scalp hairs but are low to absent in 
beard hairs (M. A. Rogers et al., J. Biol. Chem. 276:19440 
51, 2001; M. A. Rogers et al., J. Biol. Chem. 30 September 
2002). Other potential ligands are lipids stabilized by 
isopeptide bonds that form part of the hydrophobic outer 
layer of the hairs, with methyleicosanoic acid and C16:0 
fatty acid are the major lipid components. Due to its poor 
extractability, the protein composition of hair cuticle is only 
starting to be unraveled, but for the selection of hair-specific 
VAPs, it is not necessary to know the actual molecular 
target. When a truly hair-specific ligand needs to be targeted 
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(e.g., when hair-coloring agents as described in this patent 
are being used), a negative selection with naive or matured 
libraries expressing VAPs with different, randomized affinity 
regions in ways as described in this patent, thereby circum 
venting any cross-reactivity with skin epidermis can easily 
be done by someone skilled in the art. VAPs can be selected 
that either bind hair or bind skin. However, it is also possible 
to select VAP molecules having binding specificity for both 
hair and skin. In a preferred embodiment of the invention, a 
conjugate of the invention comprises a sequence of affinity 
region 4 of iMab143-XX-0029, 143-XX-0030, 143-XX-0031, 
142-XX-0032, 143-XX-0033, 143-XX-0034, 143-XX-0035, 
143-XX-0036, 142-XX-0036, 143-XX-0037, 144-XX-37, 143 
XX-0038, 143-XX-0039 depicted in Table 20 or FIGS. 22A 
22. Affinity regions are depicted in Table 24. In a preferred 
embodiment, a conjugate comprising a VAP that binds hair 
comprises at least an affinity region 4 of iMab143-XX-0029, 
143-XX-0030, 143-XX-0031, 143-XX-0033, 143-XX-0034, 
143-XX-0038, 143-XX-0039 of Table 20 or FIGS. 22A-22I. 
In another embodiment, a conjugate comprising a VAP that 
binds skin comprises at least an affinity region 4 of 
iMab143-XX-0029, 143-XX-0030, 143-XX-0031, 142-xx 
0032, 143-XX-0033, 143-XX-0034, 143-XX-0035, of Table 20 
or FIGS. 22A-22. In another embodiment, a conjugate 
comprising a VAP is capable of specifically binding either 
hair or skin, preferably such VAP comprises at least an 
affinity region 4 of iMab142-XX-0032 or 143-XX-0035 (hair) 
or iMab142-XX-0038 or 142-xx-0039 (skin). 

0114. In a preferred embodiment, the conjugate of the 
invention comprises a core having a core sequence of an 
iMab depicted in Tables 3 or 20 or FIGS. 22A-22, having 
at least an affinity region 4 of either iMab143-XX-0029 
through to iMab142-XX-0039. Preferably, the core further 
comprises affinity regions 1, 2 and/or 3 of one of the 
iMabs 143-XX-0029 through to iMab142-XX-0039. The men 
tioned ranges, of course, include the mentioned iMabs . . . 
29 and . . .39. In a particular preferred embodiment, the 
affinity region 4 comprises a sequence 

AANDLLDYELDCIGMGPNEYED 
O 

(SEQ ID NO: 1) 

AAWPGILDYELGTERQPPSCTTRRWDYDY. (SEQ ID NO: 2) 

0115 Further provided are so-called di- or multi-valent 
VAP comprising an affinity for at least two target molecules 
wherein the epitopes recognized may be the same or differ 
ent. Preferably, the di- or multi-valent VAP comprises at 
least two VAP that each comprise a specific affinity for hair, 
preferably linked through a spacer. Any spacer that does not 
interfere in an essential way with the binding affinity for hair 
of the linked VAPs is suitable for the present di- or multi 
valent VAP. Preferably, the spacer comprises a sequence 
SGGGGSGGGGSGGGG (SEQ ID NO:3). In a preferred 
embodiment, the di- or multi-valent VAP comprises at least 
two hair-binding affinity regions 4 depicted in Table 20 or 
FIGS. 22A-22, where at least two hair-binding affinity 
regions 4 may be the same or different. Preferably, the 
hair-binding affinity region comprises the affinity region 4 of 
iMab142-XX-0038 or iMab142-XX-0039. In yet a further 
embodiment, the hair-binding affinity region further com 
prises affinity regions 1, 2 and/or 3 of iMab 142-XX-0038 or 
iMab 142-XX-0039. In yet a further preferred embodiment, 
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the di- or multi-valent VAP comprises at least two of the 
hair-binding iMab sequences depicted in Table 20 or FIGS. 
22A-22. 

0116 Besides skin or hair-specific VAPs, other affinity 
targets can be selected for, Such as cotton fibers, flax, fibers, 
hemp fibers, polyester fibers and the like, being all fibers that 
are used in fabrics for clothes, linen, etc. Cellulose fibers are 
an especially preferred embodiment of the invention, as 
these are used in many clothes, sheets, towels, diapers, 
hygiene pads, etc. 

0117 iii) Bulk Production of VAPs 
0118 Direct production of VAPs in transgenic plant seeds 
followed by minimal seed processing (such as described in 
U.S. Pat. No. 571,474 or via oil bodies as described in U.S. 
Pat. Nos. 6,146,645 and 5.948,682) would be an economi 
cally attractive source for bulk quantities of bi-valent VAPs 
but good alternative sources are industrial micro-organisms 
where cellular protein can be used as carrier protein to 
introduce the conditioner agent into the consumer product. 
b) Coupling Cosmetic Agents to VAPs 
0119 For the coupling of cosmetic agents to amino acids 
comprising the VAPS. Several strategies can be chosen, using 
standard coupling chemistry known to those skilled in the 
art. Ample literature is available for Such coupling chemis 
try, as is illustrated by the Handbook of Molecular Probes 
(Eugene, OR, USA), Bioconjugate Techniques (G. T. Her 
manson, Associated Press 1996) and references therein 
where a wide range of fluorescent dyes is coupled to proteins 
Such as antibodies. The functional groups used for chemical 
binding include, amino groups, carboxyl groups, aldehyde 
groups, thiol groups, polysaccharide side chains and the like. 

0.120. Other versatile coupling methods can also be used 
for coupling of active agents to VAPS. Examples are Kreat 
ech’s Universal Linkage System (ULS) as described in 
patents or patent applications U.S. Pat. No. 5,580,990; EP 
0539466; U.S. Pat. No. 5,714,327, and U.S. Pat. No. 5,985, 
566. 

0.121. At the most distal region from the affinity region 
(also described as the tail end of the molecule, the C-termi 
nus), additional amino acids can be added that do not alter 
the tertiary structure of the scaffold, onto which cosmetic 
agents can be coupled without interference with the scaf 
fold's stability. Also, 3D-structural modeling and analysis 
can be used to determine which amino acids are exposed 
from the scaffold as they are the most hydrophilic and which 
side chains are available for chemical coupling. Preferably, 
the target amino acids should not be present in the affinity 
regions, a feature that can be selected for when panning the 
display libraries and doing sequence analyses on putative 
binders. 

0122). In the case of cosmetic agents that lack organic 
functional groups, chemical modifications are necessary to 
enable these molecules with binding regions. Treatments 
using coupling agents and silicone treatments, such as 
amino-modified silicone (3-aminopropyl triethoxy silane), 
SH-modified silicone (3-mercaptopropyl triethoxy silane) 
and carboxyl-modified silicone can be used for the intro 
duction of organic functional groups on the Surface of 
cosmetic agents. In addition, the binding of the cosmetic 
agents to the protein moiety has to be designed so that the 
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release conditions will not compromise the cosmetic agents 
structure. Chemical modifications have to be therefore intro 
duced in order to ensure that the released molecule's physi 
cal, chemical and active properties remain unscathed. 
0123 Coupling may be achieved through peptide bonds, 
direct coupling, through chemical bonds or a combination 
thereof. A preferred example of a chemical bond comprises 
aldehyde reacting with amines. Aldehydes will react with 
amines to form Schiff Bases or Imines. These compounds 
can then be further reduced to further form more stable 
bonds. Release of the aldehydes upon formation of the Schiff 
base can be triggered by moderate acid or basic aqueous 
Solution. A Summary of these reactions is shown below: 

H 

N1 N1 s --ó-N-G - - 
I () H GE) OH 

CEN-G 

OH OH 
H2O H 

- C- -> -C- -- - C - -- 
GE) 

N-G HN-G 
O 

- C 

c) Classes of Cosmetic Agents 
0124 Several classes of cosmetic agents are envisioned 
in the invention: 

0125 i) Fragrances 
0126 One fragrant substance but preferably complexes 
composed of various molecules known in the classical field 
of fragrance are tagged to VAPS that can bind to a wide 
variety of target molecules with, e.g., affinity and specificity 
to skin, hair, textiles and tissue type materials. The fragrance 
molecules can then be released in a timed or conditioned 
fashion either by normal physiological natural processes 
Such as enzymatic hydrolysis or by specific chemical reac 
tions triggered by conditions brought by formulated prod 
ucts geared towards Such conditions. 
0127 ii) Color compounds 
0128. A single colored agent or complexes composed of 
various molecules known in the classical field of hair dyes 
are tagged to VAPs that are selected to bind with high 
specificity and high affinity directly to, e.g., the hair Surface, 
circumventing the need for hair dye molecules to penetrate 
the high and be dimerized under strong oxidative conditions. 
0129 iii) Conditioning Compounds 
0130 Single conditioning compounds and/or complexes 
composed of various molecules known in the classical field 
of cosmetic conditioners are tagged to VAPS that are selected 
to bind with high specificity and high affinity directly to hair, 
skin or nail Surface. The cosmetic agents can be conditioners 
Such as polymeric lubricants, antioxidants, dye fixative 
agents, conditioners, moisturizers, toners and various other 

Jun. 29, 2006 

compounds that improve the Smell, look, feel, or overall 
health of the skin, hair or nails. 
d) Fragrance Agents 

0131 Fragrances are usually not water-soluble and are 
applied in solvents such as ethanol or water/solvent mixtures 
to overcome the hydrophobic nature of the fragrance mol 
ecule. Release is temperature dependent and therefore a 
mixture of fragrances has different odor perceptions over 
time. A slow release mechanism provides a more controlled 
Volatility and constant perception. 

0.132. Using VAPs that are charged with various fra 
grance molecules as delivery agents, one can devise a slow 
release system based on the skin or hair physiology: Sweat, 
heat, skin and hair natural bacterial flora's exogenous hydro 
lytic enzymes. In addition, the release of these fragrant 
molecules from the peptides can also be triggered by the 
addition of specially formulated products. 
0.133 Various fragrance structural groups or more mol 
ecules of a single group can be attached to these affinity 
proteins via methods known in the field of organic chemis 
try. Depending on the fragrance intensity desired, the VAP 
can be synthetically designed to include side groups, which 
will optimize the binding of multiple fragrances. 

0.134. The fragrant molecules that can be attached to 
these proteins lie in the following chemical classes (with 
examples, but not limited to these examples): 
0.135 Acid salts, acetylenes, alcohols, aldehydes, amines, 
alpha-amino acids, carboxylic acids, esters, acetals, hetero 
cycles, hydrocarbons, ketones, nitrites and cumulated 
double bonds, sulfides, disulfides and mercaptains and essen 
tial oils. Examples are acid salts such as non-aromatic acids 
salts, Sodium acetate, potassium acetate, Sodium citrate 
dihydrate or acetylenes such as 3-pentyn-1-ol, methyl 2-oc 
tynoate, methyl 2-nonynoate or alcohols such as 3-isopro 
pylphenol, Vanillyl alcohol, 1-octanol, 3-methyl-3-pentanol, 
pinacol, 4-hexen-1-ol, isoborneol, decahydro-2-napthol or 
polyols or aldehydes such as p-tolyacetaldehyde, cinnama 
ldehyde, 4-ethylbenzaldehyde, isobutyraldehyde, heptanal, 
2-methyl-2-pentenal, dihydro-2,4,6-trimethyl-1,3, 
5(4h)dithiazine or alpha-amino acids such as DL-phenyla 
lanine, DL-isoleucine, DL-methionine or carboxylic acids 
Such as phenylacetic acid, cinnamic acid, propionic acid, 
isovaleric acid, fumaric acid, levulinic acid or esters, lac 
tones such as benzyl formate, phenethyl formate, alpha 
methylbenzyl butyrate, geranyl phenylacetate, ethyl p-ani 
sate, butyl Stearate, tripropionin, citronellyl acetate or ethers, 
acetals such as anisole, isoeugenol, Vanillin propylene glycol 
acetal, caryophyllene oxide or heterocycles Such as pyrrole, 
2-pentylfuran, furfuryl mercaptan, 3-(2-furyl) acrolein, fur 
furyl heptanoate or hydrocarbons such as p-cymene, unde 
cane, (r)-(+)-limonene, terpinolene, Valencene, beta-caryo 
phyllene or ketones such as 4-methyl-I -phenyl-2- 
pentanone, Vanillylactone, propiophenone, 1-phenyl-1,2- 
propanedione, 2-decanone or Sulfides, disulfides & 
mercaptains such as 2-phenethyl isothiocyanate, 2-methox 
ythiophenol, butyl Sulfide, isopropyl disulfide, cyclopen 
tanethiol, allyl isothiocyanate. A complete and comprehen 
sive listing of fragrances products can be found in: 
Arctander’s “Perfume and Flavor Chemicals and Perfume 
and Flavor Materials of Natural Origin' CD Rom. 1999 
Edition. 
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0136 
0137 Perfumes, deodorants and shampoos may comprise 
fragrances coupled to VAP directed to skin and or hair 
components such as keratin and skin bacteria. Release of the 
fragrance can be achieved through proteolytic cleavage, 
oxidation or other means. 

0138) 
0139 Laundry detergents and rinsing agents: fragrances 
coupled to VAPs that are selected for specificity against 
fabric materials such as cotton fibers, flax, fibers, hemp 
fibers, polyester fibers and the like, being all fibers that are 
used in fabrics for clothes, linen, towels etc. Laundry can be 
treated more effectively with such fragrance-VAPs as there 
will be very limited release after the rinse, both in wet and 
dry state of the laundry. Only when the fabric comes in 
contact with human skin, release of the fragrance molecules 
is triggered by either skin-or microflora-derived enzymes, or 
physical changes such as pH. 

0140 
0141 Fragrances coupled to VAPs that are selected for 
specificity against fabric materials such as cotton fibers, flax 
fibers, hemp fibers, polyester fibers and the like, being all 
fibers that are used in fabrics for tissues, hygiene pads, 
diapers and the like. Only when the fabric comes in contact 
with human skin, release of the fragrance molecules can be 
triggered by either skin- or microflora-derived enzymes, or 
physical changes Such as pH, temperature or high moisture 
conditions. 

i) Perfumes Deodorant, Shampoos 

ii) Laundry Detergents Fabric Softeners 

iii) Tissues Hygiene Pads, Diapers 

e) Skin and Nail Conditioning Agents 
0142. These conditioning agents can be described as 
materials, which improve the appearance of dry or damaged 
skin or nails. Many of these products are designed to remain 
on the skin (or nails) for a length of time in order to reduce 
flaking and to act as lubricants. These conditioning agents 
help maintain the soft, smooth, flexible nature of what is 
perceived as healthy, young looking skin (or nails). 

0143) 
0144. These agents perform in such a manner that the 
evaporation of water from the skin surface is substantially 
blocked. This occlusivity helps to increase the water content 
of the skin, giving it the desired Supple appearance. Typi 
cally, occlusive agents are lipids, which, due to their water 
insolubility provide the best barrier to water vapor transport. 
The mechanism of skin moisturization by these lipids is 
based on their tendency to remain on the skin's Surface over 
time to provide a long lasting occlusive effect. Examples 
Such as naphtenic and isoparafenic hydrocarbon found in 
petrolatum are great occlusive agents, which can be deliv 
ered and slowly released to the skin by VAPS. 
0145) 
0146 These are conditioning agents that regulate water 
levels on the skin and hair due to their hygroscopicity 
(ability to attract and bind water). They have the ability of 
re-hydrating the skin when delivered from a cream or lotion. 
These humectants can potentially be tagged onto the side 
chains of the VAPs to near saturation. By choosing VAPs 
with very high skin affinity, one can then design permanent 
organic humectants. Classical humectants include Glycerin, 
propylene glycol, butylene glycol, 1,3-butylene glycol, 

i) Occlusive Agents 

ii) Humectants 
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polyethylene glycols, Sorbitol, Sodium pyrrolidone carboxy 
late, acetamide MEA and many other miscellaneous humec 
tants based on their water-absorbing characteristics (col 
lagens, keratins, glucose esters and ethers, etc.). 

0147 iii) Emollients 
0.148 Emollients are defined as: “agents, which when 
applied to a dry or inflexible corneum, will affect softening 
of that tissue by inducing re-hydration.” Esters and oils will 
induce re-hydration by reducing the loss of water in a similar 
fashion as occlusive agents listed above. Agents such as 
triglycerides (animal, vegetable and marine oils), lanolin and 
lanolin derivatives, simple esters, straight chain esters, fatty 
alcohol component variations, modified chain alcohols, 
branched chain esters (short branched chain alcohols, 
branched chain fatty alcohols) and complex esters can be 
delivered to the skin via VAPs. 

0149) 
0.150 Enzymes Used as Skin Conditioners 

iv) Conditioning Proteins and Amino Acids 

0151 Fusion proteins can be built using VAPs fragments 
fused to catalytic fragments from various enzymes with 
application to skin care. Catalytic fragments from enzymes 
Such as: Superoxide dismutase (a Superoxide radical scav 
enger, which may thereby function as an anti-inflammatory 
agent), papain (a protease, an alternative to AHAS as an 
exfoliant) and various others can now be anchored to the 
surface of the skin using VAPs properties. Fusion proteins 
have been previously documented in the literature and other 
prior arts. 

0152 Structural Proteins 
0.153 Natural protein choices for the skin are proteins, 
which play a part in its structural make-up. Such proteins 
include: collagen and its versions, hydrolyzed elastin etc. 

0154) Modified VAPs 
0.155 Quaternized protein hydrolysates have higher 
isoionic points, enhanced Substantivity, and are capable of 
reducing irritation of anionic Surfactants in cleansing for 
mulations. Such examples are polytrimonium gelatin, poly 
trimonium hydrolyzed collagen etc. By adding polytrimo 
nium groups to the Surface side chains of all VAPs, one can 
reduce the skin irritation to chloroxylenol-based antiseptic 
cleansers and sodium lauryl Sulfate. 
0156 By grafting fatty acid residues on primary amino 
groups of VAPs, these VAPs become film formers with 
various cosmetic advantages or even transport facilitators 
across bio-membranes for various active products listed in 
the document or others. 

O157 Amino Acids 
0158 Collagen peptides are highly hygroscopic and sub 
stantive to the skin. The small collagen-derived peptide 
chains can actually be slowly released after tagging Such a 
peptide collagen molecule to a VAP and taking advantage of 
the proteolytic properties of various enzymes present on the 
surface of the skin. The slow release of individual collagen 
amino acids will provide the skin with low molecular weight 
hydrolysates without the tacky feel of higher molecular 
weight hydrolysates. Hydrolyzed wheat proteins can also be 
used as a source of amino acids. Wheat amino acids are of 
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Smaller size, allowing penetration of the skins outer layer, 
in a manner similar to that observed for the hydrolyzed 
collagen. 

0159. In addition to the amino acids mentioned above, 
individual amino acids have specific effect. Tyrosine and 
derivatives are used in Sun care products because of their 
involvement in skin coloration processes, synthetic and 
natural. Glycine derived from gelatin enriched with lysine 
enhances recovery of skin elasticity and de-pigmentation of 
age spots. Acetyl cysteine is an alternative to alpha-hydroxy 
acids (AHAs) for the removal of dead skin. It can be used 
to improve skin Suppleness and Smoothness and to treat 
acne. All these amino acids can be delivered by VAPs by 
creating fusion proteins with fragments made out of repeti 
tions of these amino acids linked to VAPs. These fragments 
can be engineered to be susceptible to proteolytic cleavage 
from endogenous skin enzymes. 

0160 Organo-Modified Siloxane Polymers 

0161 Organo-modified siloxane polymers are derived 
from chlorosilane monomers via hydrolysis and polymer 
ization and/or polycondensation. They include (poly) dim 
ethylcyclosiloxanes, linear (poly) dimethylsiloxanes, cross 
linked (poly) dimethylsiloxanes, and other functional silox 
aS. 

0162 Specialty Silicones 

0163 These silicones have their organo-functional 
groups modified to limit their de-foaming properties, 
increase their solubility, make them less greasy, and 
decrease their need for emulsification for water-based sys 
tems. They include: dimethiconol, dimethycone copolyol. 
alkyl dimethicone copolyol, trimethylsilylamodimethicone, 
amodimethicone, dimethicone copolyol amine, silicone 
quartenium compounds, silicone esters, etc. 

0164 Cationic Surfactants and Quaternary Derivatives 
0165. By general definition, quaternary ammonium salts 
are “a type of organic compound in which the molecular 
structure includes a central nitrogen atom joined to four 
organic groups as well as an acid radical.” These quaternary 
derivatives can be based on fatty acids, proteins, Sugars and 
silicone polymers. They include amines, amphoteric Surfac 
tants, amine oxides, amidoamines, alkylamines, alkyl imi 
dazolines, ethoxylated amines, quaternary salts, and others. 

0166 It was reported in various previous research find 
ings that quatemized proteins are useful in treating damaged 
keratinous surfaces (1 Oreal, U.S. Pat. No. 4.796,646). One 
could therefore genetically engineer a VAP to be quatemized 
by first adding as many amino acids with NH side chains on 
the outer surface of the scaffold and/or at the tail end, and 
then quatemizing these side chains using techniques illus 
trated in the literature. 

0167 Polymers as Conditioning Agents 

0168 These polymers include cationic and non-cationic 
polymers. The adsorption of a cationic polymer shows a 
sharp initial uptake followed by a slow approach to equi 
librium. The mechanism appears to involve slow penetration 
of the skin by the polymer, since the uptake by the polymer 
far exceeds that of a monolayer. Skin keratin is very reactive 
to these polymers. Tagging these polymers onto VAPS 
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ensures constant replenishing of the outer skin layer, which 
is constantly in a state of sloughing. 

0169. These polymers include: 
0170 Cationic conditioning polymers such as polyvi 
nylpyrrolidone (PVP), copolymers of PVP (PVP/Vinyl 
acetate copolymers, PVP-O-olenin copolymers, PVP/ 
Methacrylate copolymers etc.), Dimethyl Diallyl 
Ammonium Chloride (DDAC) homopolymer 
(Polyduaternium 6), DDAC/Acrylamide (polyduater 
nium 7), DDC/Acrylic acid (polyduaternium 22), poly 
methacrylamideopropyl trimonium chloride, acryla 
mide/B-methacryloxyethyltrimethyl ammonium 
methosulfate (polyduaternium 5), adipic acid/dimethy 
laminohydroxypropyl/diethylenetriamine copolymer, 
vinyl aldohol hydroxypropyl amine (polycuaternium 
19), quaternized polyvinyl octadecyl ether (polyduater 
nium 20), quaternized ionenes (polyduaterniums 2, 17. 
18, 27), polyduaternium 8, Cellulose cationic polymers 
(such as hydroxypropyl trimethyl ammonium chloride 
ether of hydroxyethyl cellulose (polyduaternium 10), 
polyduaternium 24, hydroxyethylcellulose/diallyldim 
ethyl ammonium chloride (polyduaternium 4), alkyl 
dimonium hydroxypropyl oxyethyl cellulose), 
polyduaternium 46, cationic polysaccharides Such as 
guar hydroxypropyl trimonium chloride, quaternized 
lanolin (quaternium 33), quaternized CHITOSAN 
(polyduaternium 29); 

0171 Quaternized Proteins can also be designed or 
constructed to be included as additional fragments 
linked to the VAP. Such proteins can include quater 
nized collagens, quaternized keratin, quaternized veg 
etable proteins, quaternized wheat protein, quaternized 
soy proteins, hydrogenated Soy proteins; 

0172 Aminosilicones can also be used for skin cleans 
ing preparations since they interact with skin proteins 
to provide a re-fatting effect, imparting a smooth and 
Supple feel to the cleansed skin. 

0173 Anti-Ageing Proteins and Vitamins 
0.174. Whey protein was found to activate cytokines 
(immunological regulators, signaling and controlling mol 
ecules in cell-regulating pathways). Synthesis of a fusion 
protein composed of the activating portion of the whey 
protein along with the VAP will improve skin firmness, 
touch, Smoothness and will increase skin elasticity and 
thickness. Anti-ageing vitamins such as Vitamin D. Vitamin 
A (retinol) or other vitamins tagged to VAPs. 
0.175 VAPs can present a stable and long-lasting alter 
native for the delivery of beneficial enzymes and more 
specifically catalytic portions of these enzymes. Fusion 
proteins can therefore be synthesized which will have affin 
ity for skin and at the same time contain the catalytic portion 
of the beneficial enzyme. The intentional delivery of these 
active principles (usually in the form of a catalytic portion 
of an enzyme, hormone or specific peptide as well as many 
other materials) to living cells for cosmetic purposes, with 
the aim of providing noticeably “improved skin texture and 
topography will be included in this patent. As an illustration, 
VAP linked to a catalytic fragment of serine protease would 
be a method to deliver lastingly an agent that will provide 
skin-Smoothing effects. 
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f) Hair Conditioning Agents 

0176) 
0177 Hair damage results from both mechanical and 
chemical trauma that alters any of the physical structures of 
the hair. Conditioning agents cannot enhance repair, since 
repair does not occur, but can temporarily increase the 
cosmetic value and functioning of the hair shaft until 
removal of the conditioner occurs with cleansing. VAPs can 
provide a slow release mechanism and a vehicle for the 
delivery of these conditioning agents while enhancing their 
resistance to washing. Potentially, these conditioners can 
now resist normal shampooing conditions thanks to these 
VAPs and hence, provide a constant stable conditioning 
effect to the hair cuticle onto which they are anchored. 

i) Hair “Repair Agents 

0178 These conditioning agents, which are tagged to the 
VAPs, cannot only include chemicals listed above but they 
also may fall in the categories listed below. 

0.179 Immobilized enzyme-VAPs fusion proteins 
applied to damage hair to remove frayed cuticle, 
thereby enhancing shine, much as Cellulases are used 
in prior art to remove fuZZ from cotton clothing during 
laundering and thereby brightening colors. 

0180 Modified amino acids on the VAPs targeted to 
keratin capable to convert cystic acid residues to moi 
eties capable of forming disulfide bonds, thereby allow 
ing strengthening of hair in a much gentler fashion than 
current methods. 

0181 Treatment for greasy hair (seborrheic condi 
tions): the cause for Such conditions is usually the 
disintegration of sebaceous cells (holocrine secretion). 
This holocrine secretion will subsequently release a 
sterile mixture of lipids (triglycerides (60%), wax 
esters of fatty acids and long chain fatty alcohols (20 
25%); and squalene (15%)) into the pilosebaceous duct, 
already containing protein and lipids and inhabited by 
normal skin flora. This population is mainly engaged in 
enzymatic activity, directly toward the triglycerides 
releasing fatty acids. Once excreted onto the Surface, 
the modified sebum will mix with another of lipid 
emanating from epidermal cells, free cholesterol, cho 
lesterol esters, glycerides etc. 

0182 VAPs coupled with enzymatic fragments from a 
variety of enzymes involved in metabolism of fatty 
acids (notably Saturated chain fatty acids) Such as acyl 
CoA synthase etc. could present a cure to this problem. 

0183. Other methods involve using sulfur containing 
amino acids and thioethers linked to VAPs or VAPs 
engineered to contain high proportions of these amino 
acids (S-carboxymethyl, S-benzhydryl, S-trityl cys 
teine, 4-thiazoline carboxylic acid, N-acetyl homocys 
teine thiolactone, thioethers derived from cysteamine, 
glutathione and pyridoxine, tiolanediol and oxidation 
derivatives etc. 

0.184 Substances retarding sebum recovery: this 
method involves the design of VAPs geared towards the 
slow down of sebum's uptake by hair by depositing an 
oleophilic film on the surface of the cuticle. By design 
ing a very hydrophobic and lipophobic VAP. one can 
retard the sebum transfer from scalp to hair. 
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0185. VAPs designed to be grease absorbers. These 
VAPs will mimic properties of gelatin or casein to 
absorb sebum and give it a more waxy consistency in 
order to make the seborrheic state less obvious. 

0186. Design of VAPs to treat dry hair caused by trauma 
from over-Vigorous mechanical or chemical treatments. A 
further factor in the frailty of hair is weathering from the 
cumulative effect of climatic exposure, namely Sunlight, air 
pollutants, wind, seawater and spindrift or chlorinated water. 
These physiochemical changes can be defined and may be 
measured by a loosening of cuticle scales and increase in the 
friction coefficient, increase in porosity, a tendency for the 
hair to break more easily due to disruption of salt and 
cysteine linkages, hydrogen bonds, Sulfur content and deg 
radation in polypeptide chains leading to the elimination of 
oligoproteins. VAPs will help treat dry hair by providing a 
vehicle for a timely release of amino acids and other 
microelements it has lost and in essence, restoring its 
biochemical balance. VAPs linked fatty elements will be a 
logical step in combating hair dryness. These peptides will 
be linked with compounds such as: 

0187 Fatty acids 
0188 Fatty alcohols 
0189 Natural triglycerides 
0.190 Natural waxes 
0191 Fatty esters 
0.192 Oxyethylenated or oxypropylenated derivatives 
of waxes, alcohol, and fatty acids 

0193 Partially saturated fatty alcohols 
0194 Lanolin and its derivatives Other agents are 
listed and will help restore hair to its original biochemi 
cal structure. 

0.195. In general, all conditioning agents for all different 
forms of keratin can be tagged to this VAP carrier. The 
conditioning agents can be chosen from the following: 

0.196 Amino acids (e.g., cysteine, lysine, alanine, 
N-phenylalanine, arginine, Glycine, leucine, etc.), oli 
gopeptides, peptides, hydrolyzed or not (modified or 
unmodified silk or wool hydrolyzed proteins, hydro 
lyzed wheat proteins etc.), modified or unmodified; 

0197) Fatty acids (carboxylic acids from Cs-Co, such 
as palmitic, oleic, linoleic, myristic, Stearic, lauric, etc. 
and their mixture) or fatty alcohols, branched or 
unbranched (Cs-Co fatty alcohols such as: palmitic, 
myristic, Stearic, lauric etc. and their mixture); 

0198 Vegetable, animal or mineral fats and their mix 
ture; 

0199 Ceramides (e.g., Class I, II, III, and IV according 
to Downing's classification Such as: 2-N-linoleoy 
lamino-octadecane-1,3-diol, 2-N-oleoylamino-octade 
cane-1,3-diol. 2-N-palmitoylamino-octadecane-1,3 
-diol, 2-N-stearoylamino-octadecane-1,3-diol, 2-N-be 
henylamino-octadecane-1,3-diol etc.) and their mixture 
and the pseudo-ceramides and their mixture; 

0200 Hydroxylated organic acids (e.g., citric acid, 
lactic acid, tartaric acid, malic acid and their mixture); 
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0201 UV filters (e.g., UV-A and/or UV-B known for a 
person trained in the art. They can include derivatives 
of dibenzoylmethane, p-amino benzoic acid and its 
esters, Salicylic acid salts and their derivatives, Cin 
namic acid esters, benzotriazole derivatives, triazine 
derivatives, derivatives of B, B'-diphenylacrylate 2-phe 
nylbenzimidazole-5-Sulfonic acid and its salts, deriva 
tives of benzophenone, derivatives of benzylidene 
camphor, silicone filters etc. and their mixtures); 

0202 Anti-oxidants and free radicals scavengers (such 
as ascorbic acid, ascorbyl dipalmitate, t-butylhydro 
quinone, polyphenols such as phloroglucinol, Sodium 
sulfite, erythorbic acid, flavonoids, and their mixture); 

0203 Chelating agents (EDTA and its salts, di-potas 
sium EDTA, phosphate compounds such as sodium 
metaphosphate, Sodium hexametaphosphate, tetra 
potassium pyrophosphate, phosphonic acids and their 
salts, etc. and their mixtures); 

0204 Regulating agents for seborrhea: succinylchito 
Sane, poly-b-alanine, etc. and their mixture; 

0205 Anti-dandruff agents: the invention can include 
many agents from the following compounds: benze 
thonium chloride, banzalkonium chloride, chlorexi 
dine, chloramines T. chloramines B, 1,3-dibromo-5, 
5dimethylhydantoine, 1,3-dichloro-5,5- 
dimethylhydantoine, 3-bromo 1 chloro 5.5- 
dimethylhydantoine, N-chlorosuccinimide, derivatives 
of 1-hydroxy-2-pyridone, trihalohenocarbamides, tri 
closan, azole derivatives, antifungal derivatives such as 
amphotericine B or nystatine, sulfur derivatives of 
Selenium, Sulfur in its different forms, physiologically 
tolerated acid salts such as nitric, thiocyanic, phospho 
ric, acetic etc. and various other agents and their 
mixture); 

0206 Cationic tenso-cosmetic agents: primary, sec 
ondary, tertiary fatty amine (polyoxyalkylanated) salts, 
quaternary ammonium salts, imidazoline salts, cationic 
amino oxides, etc. and their mixture; 

0207 Amphoteric polymers; 
0208 Organically or non-organically modified sili 
COnes, 

0209 Mineral, vegetable or animal oils; 
0210 Esters: 
0211 Poly-isobutenes and poly-(C-olefin); 
0212 Anionic polymers: 
0213 Non-ionic polymers: 

0214) These compounds can be attached to the VAP 
individually or mixed together. 
0215) 
0216. One preferred example of the invention is a non 
aggressive perming agent that is formed by a bi-valent VAP 
that has specificity for hair Surface proteins, thus where a 
hair-specific VAP is in fact the delivery agent for a second 
VAP. The bi-valency would result in cross linking activity 
and gives the hair a permanent wave look and more Sub 
stance feel or, when flexible spacers are used to make the 
VAP a bi-valent molecule, provide a more gelling agent feel. 

ii) Hair Perming Agents 

17 
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Many modern hair shampoos, conditioners or other forms of 
hair treatments already contain 0.5-3% proteinaceous mate 
rial or protein hydrolysates of natural origin Such as from 
plants for the purpose of hair protection, providing free 
amino acids and substance. Bi-valent VAPs with hair surface 
specificity would not have a tendency to be rinsed readily off 
Such as the non-specific proteinaceous materials. 
g) Hair Coloring Agents 
0217 Hair dye products come in three classes; perma 
nent, semi-permanent and temporary dyes. The latter can be 
rinsed out instantly. The permanent dyes can be sub-divided 
into 

0218 (1) oxidation hair dye products and 
0219 (2) progressive hair dyes. 
0220 Oxidation hair dye products consist of dye inter 
mediates and a solution of hydrogen peroxide. An example 
of dye intermediates is p-phenylenediamine which form hair 
dyes on chemical reaction. 2-nitro-p-phenylenediamine is 
another type of dye intermediates. They are already dyes and 
are added to achieve the intended shades. The dye interme 
diates and the hydrogen peroxide Solution, often called the 
developer, are mixed shortly before application to the hair. 
The applied mixture causes the hair to swell and the dye 
intermediates penetrate the hair shaft to some extent before 
they have fully reacted with each other and the hydrogen 
peroxide in an oxidative condensation reaction and thus 
forming the hair dye. The necessarily high pH (9-10) is 
usually achieved through the addition of ammonia. 
0221) The active ingredient for progressive hair dye 
products is typically lead acetate. The most noticeable 
difference between oxidation and progressive hair dyes is 
that progressive dyes are intended to give a more gradual 
change in hair color. 
0222. In general, the permanent hair dyes are sensitive to 
UV light from which they are shielded by the keratin hair 
shaft. They have a quite limited spectrum of color options 
and gradually loose their intensity after the hair dye process. 
The molecules bleach and leak out of the hair during 
Subsequent washings. 
0223 The semi-permanent dyes are more complex ben 
Zene derivatives that are weakly bound directly to the hair 
Surface and usually administered via coal-tar carriers. The 
size exclusion of the hair shaft prevents deeper binding sites 
inside the hair. The colors that can be formed with the 
semi-permanent dyes cover a wider spectrum and Some have 
more intense primary color characteristics, they are less 
sensitive to UV light as the permanent dyes. A major 
disadvantage of the semi-permanent dyes is that the binding 
to the hair surface is relatively weak and can be rinsed out 
more easily than the permanent hair dyes. 

0224. The coloring substances used in the invention 
included water-soluble dyes (light green SF yellow, patent 
blue NA, naphthol Green B, Eosine YS and the like) and 
water-insoluble colorants such as lakes (naphthol blue 
black-aluminum salt, alizurol-aluminum salt and the like), 
organic pigments (brilliant fast Scarlet, permanent red F5R, 
lithol red, deep maroon, permanent red or orange, benzidine 
yellow G and the like) and natural coloring matter (capsan 
thin, chlorophyll, riboflavin, shisonin, brazilian, and the 
like), in addition to titanium oxides, iron oxides and mag 
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netic particles. They can also be fluorescent, phosphorescent 
or luminescent dyes. Fairly complete listings of hair color 
ing substances can be found, e.g., in U.S. Pat. No. 5,597,386, 
but the present invention is not limited to the currently 
known coloring Substances. 
0225. There are a number of reasons why, different or less 
frequently used color Substances can now be applied in a 
more favorable way for hair coloring: 

0226 a) when low molecular weight water-insoluble 
dyes are coupled to the very hydrophilic VAPs, the 
water-solubility of the complex may effectively make 
the coloring Substance now water-soluble. 

0227 b) the more UV-stable semi-permanent dyes are 
preferred for Surface colorations, thus providing the 
option to use the wider color gamma of semi-perma 
nent dyes or even the temporary dyes in a now more 
permanent application. 

0228. Dye mixtures can be used when coupling to VAPs 
when common coupling procedures can be used, or the 
VAPs/dye complexes can be mixed to achieve required 
shades. Binding affinity strength provides an additional way 
to control the performance of the dye treatment over time. 
0229. Other advantages of this invention for hair coloring 
products include: 

0230 the whole hair-dying process can now be per 
formed under much more benign chemical conditions 
as there is no need for dimerization inside the hair shaft 
using oxidative treatments 

0231. In comparison with the permanent dye proce 
dures, there will be no need for the expensive additives 
that are used to create the strong oxidative conditions 

0232 the binding will be more permanent as a result of 
the relatively strong affinity body to ligand binding 
characteristics 

0233 specific shampoos can be developed easily to 
remove the dye from the hairs again; analogous to 
methods that dissociate the affinity body to ligand 
binding that are well known from affinity chromatog 
raphy procedures, such as a shift in pH or high salt 
treatments, again relatively benign chemical treatments 
that are non-damaging to the hair structure. This part of 
the invention is further described in the selection pro 
cedures for hair-specific VAPs selections. 

0234. Due to the relative small size of VAPs compared to 
antibodies, favorable ratios of VAP/dye substance can be 
obtained, providing both sufficient binding activity and color 
effect. The color intensity per unit VAPs will depend on the 
particular dye, background hair color etc. but the coupling of 
dyes to VAPs is flexible and allows a wide range of ratios. 
Also molecular modifications of the VAP can be used to 
increase the number of dye labeling sites; also pre-labeled 
peptides or other polymeric strands can be bound to VAPs. 
Furthermore, as the VAPs-mediated hair dyes as described in 
the present invention have a high and specific affinity for 
hair, the actual hair coloring process is much more efficient 
than with conventional hair dyes, where a substantial 
amount of dye material is lost directly with the first rinse. 
Also, with conventional dyes, concentration of the coloring 
compounds can become so high that they cause skin irrita 
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tion or skin coloring or, in order to prevent these effects, dye 
concentrations are so low that repeated treatment is neces 
sary before the required hair shade is reached. A much more 
precise treatment effect can be obtained with dye-charged 
VAPs. The coloring substances can be tagged on the VAP 
using functional groups on the macro-carrier Such as amino 
groups, carboxyl groups, aldehyde groups, hydroxyl groups, 
thiol groups and the like. 
0235. In manufacturing the aforementioned Dye-VAP 
molecule, ratios of the VAP to the coloring substances can be 
changed so that their ratios can be adjusted to obtain desired 
proportions of their components. Depending on the color 
intensity desired, the VAP can be synthetically designed to 
include side groups, which will optimize the binding of the 
dyes. The weight ratio of the coloring substance to VAP will 
therefore be dependent on the final color intensity desired 
and the artificially designed chemical nature of the VAP side 
chains. 

h) VAP-Loaded on Encapsulation Devices as Skin or Hair 
Conditioning Agents 
0236 Besides direct application of VAPs coupled with 
fragrances, colors conditioning agents and the like, the VAPS 
can easily be applied as an intricate part of a vesicle. The use 
of vesicles is widely known in the art and may include but 
are not limited to liposomes, oilbodies, polyethylene glycol 
micelles, Sodium acrylates co-polymers in caprylic/capric 
triglyceride and water (e.g., Luvigel, BASF, Germany), 
nanoparticles (a phospholipid monolayer with a hydropho 
bic center), starch (nano)particles (WO 0069916, WO 
0040617) etc. Vesicle-enhanced formulations can offer pro 
tein stabilization, prevention of oxidation, increased solubi 
lization of normally recalcitrant compounds and targeted 
delivery of active ingredients. When charging Such vesicles 
with VAPs, e.g., by addition of a hydrophobic tail region on 
either the carboxy- or the amino terminus of the VAP and 
mixing purified VAPs with the vesicles, the vesicles them 
selves become multivalent and can be used as improved 
delivery agents for hair and skin applications. Examples of 
Such non-polar hydrophobic tails are known in the art, Such 
as a polyleucine. 
i) Release of Cosmetic Agents from VAPs 
0237 Release of the cosmetic agents from the VAPs 
moieties can either be dependent on a secondary formula 
tions which will trigger conditions ideal for decoupling of 
the agents or on inherent skin and hair physiological con 
ditions i.e. increase in temperature and decrease in pH 
through exercise, natural skin fauna secretions or even 
endogenous skin enzymes. Again, bonding of the peptide to 
the cosmetic agents should also be optimized for Such 
conditional releases via chemical modification of both pep 
tide VAPS and cosmetic agents. 
0238. In a healthy person, the internal tissues, e.g. blood, 
brain, muscle, etc., are normally free of microorganisms. On 
the other hand, the Surface tissues, e.g. skin and mucous 
membranes, are constantly in contact with environmental 
organisms and become readily colonized by certain micro 
bial species. The mixture of organisms regularly found at 
any anatomical site is referred to as the normal flora. 
0239) 
0240 The enzymes accumulated in the stratum granulo 
Sum and in lamellar granules involved in protein cleavage 

i) Skin Enzymes 
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and/or activation (e.g. profilagrin, involucrin) are profilagrin 
endopeptidase (K. A. Resing et al., Biochemistry 32:10036 
9, 1993), transglutaminase family members (M. Akiyama et 
al., Br. J. Dermatol. 146:968-76, 2002), cathespin B, C, D, 
H and L (H. Tanabe et al., Biochim. Biophys. Acta. 
1094:281-7, 1991; T. Horikoshi et al., Br. J. Dermatol. 
141:453-9, 1999: D. J. Tobin et al., Am. J. Pathol. 160:1807 
21, 2002), proprotein convertases (PC) furin, PACE4, PC5/6 
and PC7/8 (D.J. Pearton et al., Exp. Dermatol. 10:193-203, 
2001), a chymotrypsin-like enzyme (T. Egelrud, Acta. Der 
matol. Venerol. Supp. 208:44-45, 2000), two trypsin-like 
serine proteinases (M. Simon et al., J. Biol. Chem. 
276:20292-99, 2001)), and stratum comeum thiol protease 
(A. Watkinson, Arch. Dermatol. Res. 291:260-8, 1999). The 
hydrolytic enzymes released from the lamellar granules into 
the intercellular space comprise acid phosphatase, acid 
lipase, sphingomyelinase, glucosidase and phospholipase A 
(S. Grayson et al., J. Invest. Dermatol. 85:289-94, 1985; R. 
K. Freinkel et al., J. Invest. Dermatol. 85:295-8, 1985). 
Several enzymes are present on the outer Surface of the skin, 
probably involved in maintenance activities for the Stratum 
Comeum (SC); permeability barrier homeostasis, extracel 
lular lipid processing, SC integrity and cohesion, descqua 
mation and the like. Examples are the serine protease 
kallikrein, lysozyme (Ric. Clin. Lab. 1978, 8(4):211-31) or 
the newly discovered phospholipase (Br. J. Dermat. 2000, 
142(3): 424-31, BBRC 2002, 295(2):362-9). The localiza 
tion and the concentration of these enzymes vary greatly in 
different regions of the body. These enzymes encompass 
groups such as dehydrogenases, acid phosphatases, 
esterases, peptidases, phosphorylases and lipases amongst 
others (Stevens et al., Int. J. Dermatology, 1980 Vol. 19 No. 
6 p. 295) and, therefore, diverse release mechanisms can be 
applied when cosmetic substances are delivered via VAPs. 
These enzymes can also be used to deliver a skin benefit via 
the interaction of the VAP-benefit agent with the enzyme. 
These VAP attached to the cosmetic agents thus become 
enzyme-linked benefits with inherent slow release mecha 
nisms. 

0241 Furthermore, endogenous hair fiber enzymes have 
not only been shown to be present, but also to be biologically 
active. Maturation of hair fiber results in the death of its 
constituent cells (Tamada et al. (1994) Br. J. Dermatol. 131) 
and this coupled with the increased levels of intracellular 
cross-linking results in a mature fiber, which is metaboli 
cally dead. Unexpectedly, the authors have found that 
enzyme activity is in fact preserved, rather than denatured, 
during the process of cellular keratinization and death that 
occur during fiber growth. Examples of active enzymes 
identified to date within the mature human fiber include 
transglutaminase, protease, lipase, Steroid Sulphatase, cata 
lase and esterase. Ingredients suitable for use as benefiting 
agents for targeting hair fiber enzymes are any VAP bound 
to the cosmetic agents and capable of specifically interacting 
with the enzyme. The bond, which links cosmetic agent to 
VAP must ideally be recognized by the enzyme as a sub 
Strate. 

0242 ii) Microflora-Derived Enzymes 
0243 The normal flora of humans is exceedingly com 
plex and consists of more than 400 species of bacteria and 
fungi. The makeup of the normal flora depends upon various 
factors, including genetics, age, sex, stress, nutrition and diet 
of the individual. The normal flora of humans consists of a 
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few eukaryotic fungi and protists, and some methanogenic 
Archaea that colonize the lower intestinal tract, but the 
bacteria are the most numerous and obvious microbial 
components of the normal flora, mostly present on the skin 
Surface. Bacteria common on skin Surface include Staphy 
lococcus epidermis, Staphylococcus aureus, Streptococcus 
pyogenes, Corynebacterium diphtheriae, Micrococcus 
luteus and Propionibacterium acnes. Examples of fungi 
growing on human skin are Malassezia firfiur; Pityriasis 
versicolor, Malassezia folliculitis, Candida albicans, Tryco 
phyton, Microsporum and Epidermophyton. The adult 
human is covered with approximately two square meters of 
skin. The density and composition of the normal flora of the 
skin vary with anatomical locale. The high moisture content 
of the axilla, groin, and areas between the toes supports the 
activity and growth of relatively high densities of bacterial 
cells, but the density of bacterial populations at most other 
sites is fairly low, generally in 100s or 1000s per square cm. 
Qualitatively, the bacteria on the skin near any body orifice 
may be similar to those in the orifice. The majority of skin 
microorganisms are found in the most Superficial layers of 
the epidermis and the upper parts of the hair follicles. These 
are generally nonpathogenic and considered to be commen 
sal, although mutualistic and parasitic roles have been 
assigned to them. Sometimes potentially pathogenic Staphy 
lococcus aureus is found on the face and hands, particularly 
in individuals who are nasal carriers. Nails are common host 
tissues for fungi such as Aspergillus, Penicillium, Cladospo 
rium, Mucor. The bacteria and other components of the 
natural skin flora are known to secrete a battery of hydrolytic 
enzymes as a mechanism of defense against pathogens and 
antagonistic bacteria. These hydrolytic enzymes can be used 
to slowly release the cosmetic agents herein mentioned. 
0244) 
0245 Non-enzymatic conditions for release of fragrances 
can be induced by pH-changes such as a pH-decrease on the 
skin resulting from Sweat, both from the eccrine glands and 
the apocrine glands (Exog. Dermatol. 2002, 1:163-175). 

iii) Physical Release Conditions 

EXAMPLES 

Example 1 

Determination of Core Coordinates 

0246. Immunoglobulin-like (ig-like) folds are very com 
mon throughout nature. Many proteins, especially in the 
animal kingdom, have a fold region within the protein that 
belongs to this class. Reviewing the function of the proteins 
that contain an ig-like fold and reviewing the function of this 
ig-like fold within that specific protein, it is apparent that 
most of these domains, if not all, are involved in ligand 
binding. Some examples of ig-like fold containing proteins 
are: V-CAM, immunoglobulin heavy chain variable 
domains, immunoglobulin light chain variable domains, 
constant regions of immunoglobulins, T-cell receptors, 
fibronectin, reovirus coat protein, beta-galactosidase, inte 
grins, EPO-receptor, CD58, ribulose carboxylase, desulpho 
ferrodoxine, superoxide likes, biotin decarboxylase and P53 
core DNA binding protein. A classification of most ig-like 
folds can be obtained from the SCOP database (Murzin A. 
G. et al., J. Mol. Biol., 247,536-540, 1995; http://scop.mrc 
limb.cam.ac.uk/scop) and from CATH (Orengo et al., Struc 
ture, 5(8), 1093-1108, 1997: http://www.biochem.ucl.ac.uk/ 
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bSm/cath new/index.html). SCOP classifies these folds as: 
all beta-proteins, with an immunoglobulin-like beta-sand 
wich in which the sandwich contains seven Strands in two 
sheets although some members that contain the fold have 
additional strands. CATH classifies these folds as: mainly 
beta-proteins with an architecture like a sandwich in an 
immunoglobulin-like fold designated with code 2.60.40. In 
structure database like CE (Shindyalov et al., Protein Engi 
neering, 11 (9), 739-747, 1998: http://cl.sdsc.edu/ce.htm), 
VAST (Gibrat et al., Curr. Op. Struc. Biol. 6(3), 377-385, 
1996: http://www.ncbi.nlm.nih.gov/Structure/VAST/vast 
..shtml) and FSSP (Holm et al., Nucl. Acids Res., 26, 316 
319; Holm et al., Proteins, 33, 88-96, 1998: http://www.e- 
bi.ac.uk/dali/fssp) similar classifications are used. 
0247 Projection of these folds from different proteins 
using software of Cn3D (NCBI; http://www.ncbi.nlm.nih 
.gov/Structure/CN3D/cn3d.shtml), InsightII (MSI: http:// 
www.accelrys.com/insight) and other structure viewers, 
showed that the ig-like folds have different sub-domains. A 
schematic projection of the structure is depicted in FIG. 3A. 
The most conserved structure was observed in the center of 
the folds, named the core. The core structures hardly vary in 
length and have a relative conserved spatial constrain, but 
they were found to vary to a large degree in both sequence 
and amino acid composition. On both sides of the core, 
extremely variable sub-domains were present that are called 
connecting loops. These connecting loops can vary in amino 
acid content, sequence, length and configuration. The core 
structure is therefore designated as the far most important 
domain within these proteins. The number of beta-elements 
that form core can vary between seven and nine although 
six-stranded core structures might also be of importance. 
The beta-elements are all arranged in two beta-sheets. Each 
beta-sheet is built of anti-parallel beta-element orientations. 
The minimum number of beta-elements in one beta-sheet 
that was observed was three elements. The maximum num 
ber of beta-element in one sheet that was observed was five 
elements. Higher number of beta-elements might be pos 
sible. Connecting loops connect the beta-elements on one 
side of the barrel. Some connections cross the beta-sheets 
while others connect beta-elements that are located within 
one beta-sheet. Especially the loops that are indicated as L2. 
L4, L6 and L8 are used in nature for ligand binding. The 
high variety in length, structure, sequences and amino acid 
compositions of the L1, L3, L5 and L7 loops clearly 
indicates that these loops can also be used for ligand 
binding, at least in an artificial format. 
0248 Amino acid side chains in the beta-elements that 
form the actual core that are projected towards the interior 
of the core and thus fill the space in the center of the core, 
can interact with each other via H-bonds, covalent bonds 
(cysteine bridges) and other forces, to stabilize the fold. 
Because amino acid composition and sequence of the resi 
dues of the beta-element parts that line up the interior were 
found to be extremely variable it was concluded that many 
other formats can also be created. 

0249. In order to obtain the basic concept of the structure 
as a starting point for the design of new types of proteins 
containing this ig-like fold, projections of domains that 
contain ig-like folds were used. Insight II, Cn3D and mod 
eller programs were used to determine the minimal elements 
and lengths. In addition, as amino acid identities were 
determined as not of any importance, only C-alpha atoms of 
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the structures were projected because these described the 
minimal features of the folds. Minor differences in spatial 
positions (coordinates) of these beta-elements were allowed. 
Four examples of Such structures containing nine beta 
elements were determined and converted into PDB formats 
(coordinate descriptions; see Table 1) but many minor 
differences within the structure were also assumed to be of 
importance, as long as the fold according to the definitions 
of an ig-like fold (see, e.g., CATH and SCOP). 
0250) These PDB files representing the coordinates of the 
C-alpha atoms of the core of ig-like folds were used for the 
development of new 9, 8, 7 and 6 beta-elements containing 
structures. For eight-stranded structures, beta-element 1 or 9 
can be omitted but also elements 4 or 5 can be omitted. For 
seven-stranded structures, beta-elements 1 and 9 were 
removed or, preferably, elements 4 and 5 were omitted. The 
exclusion of elements 4 and 5 is preferred because of spatial 
constrains (FIG. 3B). Six-stranded structures lack prefer 
ably element 1, 4 and 5 or 4, 5 and 9 but also other formats 
were analyzed with Insight and modeller and shown to be 
reliable enough for engineering purposes (FIG. 3C). 

Example 2 

Design of 9 Strands Folds 

0251 Protein folding depends on interaction between 
amino acid backbone atoms and atoms present in the side 
chains of amino acids. Beta-sheets depend on both types of 
interactions while interactions between two beta-sheets, for 
example, in the above-mentioned structures, are mainly 
mediated via amino acid side chain interactions of opposing 
residues. Spatial constrains, physical and chemical proper 
ties of amino acid side chains limit the possibilities for 
specific structures and folds and thus the types of amino 
acids that can be used at a certain location in a fold or 
structure. To obtain amino acid sequences that meet the 
spatial constrains and properties that fit with the 3D structure 
of the above described structures (Example 1), 3D analysis 
software (Modeller, Prosa, Insight|I, What if and Procheck) 
was used. Current computer calculation powers and limited 
model accuracy and algorithm reliabilities limit the number 
of residues and putative structures that can be calculated and 
assessed. 

0252) To obtain an amino acid sequence that can form 
9-beta-strand folds as described above, different levels of 
testing are required, starting with a C-alpha backbone trace 
as described in, for example, PDB file 1. First the interior of 
the fold needs to be designed and tested. Secondly, beta 
element connecting loops need to be attached and calcu 
lated. Thirdly exterior amino acids, i.e., amino acids that 
expose their amino acid side chains to the environment, need 
to fit in without disturbing the obtained putative fold. In 
addition, the exterior amino acid side chains should prefer 
ably result in a soluble product. In the fourth and last phase 
the total model is recalculated for accidentally introduced 
spatial conflicts. Amino acid residues that provoked incom 
patibilities are exchanged by an amino acid that exhibits a 
more accurate and reliable fit. 

0253) In the first phase, amino acid sequences aligning 
the interior of correctly folded double beta-sheet structures 
that meet criteria as described above and also in Example 1, 
were obtained by submitting PDB files for structural align 
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ments in, e.g., VAST (http://www.ncbi.nlm.nih.gov/Struc 
ture/VAST/vast.shtml). The submission of the PDB files as 
depicted in PDB file 1 already resulted in thousands of hits. 
The majority of these proteins were proteins that contained 
at least one domain that would be classified according to 
SCOP or CATH (see above) as folds meant here. 
0254. Several unique sequences aligning the interior of 
the submitted structure were used for the generation of 
product examples. Interesting sequences from this structural 
alignment experiment were selected on criteria of classifi 
cation, rootmean square deviations (RMSD-value), VAST 
score values (higher values represent more accurate fit), 
sequence identities, origin of species and proposed biologi 
cal function of the hits. Structures as fibronectin-like protein, 
antibody related proteins, cell adhesion molecules, virus 
core proteins, and many others. The structures that are 
represented by the C-alpha backbones are called the core 
Structures. 

0255 In the second phase, loops were attached to 
obtained products. Although several analysis methods can 
be applied that resolve the structure of the end products, the 
most challenging feature would be the presentation of affin 
ity regions on core sequences that have full functional ligand 
binding properties. In order to test the functionality of the 
end products, affinity loops that recognize known ligands 
can be transplanted on the core structure. Because anti 
chicken lysozyme (structure known as 1 MEL) is well 
documented, and the features of these affinity regions (called 
CDRs in antibodies) are well described, these loops were 
inserted at the correct position on core sequences obtained 
via the method described in the first phase. Correct positions 
were determined via structural alignments, i.e., overlap 
projections of the already obtained folds with the file that 
describes the 3D structure of 1 MEL (PDB file; example). 
Similar projections and Subsequent loop transplantations 
were carried out for the bovine RNase. A binding affinity 
region that were extracted from the structure described by 1 
BZQ (PDB). The transplanted affinity loops connect one end 
of the beta-elements with one other. Affinity region 1 con 
nects beta-element 2 with 3 (L2), AR2 connects beta 
element 4 and 5 (L4), AR3 connec beta-elements 6 and 7 
(L6) and AR4 connects beta-elements 8 and 9 (L8). The 
other end of each of the beta-elements was connected by 
loops that connect element 1 with 2 (L1), 3 with 4 (L3), 5 
with 6 (L5) and 7 with 8 (L7) respectively (see schematic 
projection in FIG. 3A). Of course all kinds of loops can be 
used to connect the beta-elements. Sources of loop 
sequences and loop lengths encompass, for example, loops 
obtained via loopmodeling (software) and from available 
data from natural occurring loops that have been described 
in the indicated classes of, for example, SCOP and CATH. 
C-alpha backbones of loops representing loops 1 (L1), 3 
(L3), 5 (L5) and 7 (L7: FIG. 3A) were selected from 
structures like, for example, INEU, IEPF-B, 1CRHP-A, 
1CWV-A, 1 EJ6-A, 1 E50-C, 1 MEL, 1BZQ and lF2X, but 
many others could have been used with similar results. 
3D-alignments of the core structures obtained in the first 
phase as described above, together with loop positions 
obtained from structural information that is present in the 
PDB files of the example structures 1 EPF, 1 NEU, 1CWV. 
1F2X, 1CRHP, 1 E50 and 1 EJ6 were realized using powerful 
computers and Cn3D, modeller and/or Insight software. 
Corresponding loops were inserted at the correct position in 
the first phase models. Loops did not have to fit exactly on 
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to the core because a certain degree of energy and/or spatial 
freedom can be present. The type of amino acids that 
actually will form the loops and the position of these amino 
acids within the loop determine this energy freedom of the 
loops. Loops from different sources can be used to shuffle 
loop regions. This feature enables new features in the future 
protein because different loops have different properties, like 
physical, chemical, expressional, post translational modifi 
cations, etc. Similarly, structures that contain less loops due 
to reduced numbers of beta-elements can be converted into 
proteins with nine beta-elements and a compatible number 
of loops. Here it is demonstrated that the C-alpha trace 
backbones of the loops of seven-stranded proteins like, for 
example, 1 EPF, 1GHP, 1 E50 and 1CWV could be used as 
templates for nine-stranded core templates. The additional 
loop (L3) was in this case retrieved from the nine-stranded 
template 1F2X but any other loops that were reliable accord 
ing to assessment analysis could also have been used. The 
nature of the amino acids side chains that are pointing to the 
interior of the protein structure was restricted and thus 
determined by spatial constrains. Therefore several but 
limited configurations were possible according to 3D-struc 
ture projections using the modeling Software. 
0256 In the third phase, all possible identities of amino 
acid side chains that are exposed to the exterior, i.e., side 
chains that Stick out of the structure into the environment, 
were calculated for each location individually. For most 
applications, it is preferred to use proteins that are very good 
soluble and therefore amino acids were chosen that are 
non-hydrophobic. Such amino acids are, for example, D, E, 
N, Q, R, S and T. Methionine was preferably omitted 
because the codon belonging to methionine (ATG) can result 
in alternative protein products due to aberrant translational 
starts. Also, cysteine residues were omitted because free 
cysteines can lead to cysteine-cysteine bonds. Thus, free 
cysteines can result in undesired covalent protein-protein 
interactions that contain free cysteines. Glycine residues can 
be introduced at locations that have extreme spatial con 
strains. These residues do not have side chains and are thus 
more or less neutral in activity. However, the extreme 
flexibility and lack of interactive side chains of glycine 
residues can lead to destabilization and therefore glycine 
residues were not commonly used. 
0257. In the fourth phase, the models were assessed using 
modeller. Modeller was programmed to accept cysteine 
cysteine bridges when appropriate. Next all predicted pro 
tein structures were assessed with Prosall (http://www 
.came.sbg.ac.at/Services/prosa.html), Procheck and What if 
(http://www.cmbikun.nl/What if). Prosal Zp-comb scores 
of less then -4.71 were assumed to indicate protein 
sequences that might fold in vivo into the desired beta-motif. 
The seven protein sequences depicted in Table 1 represent a 
collection of acceptable solutions meeting all criteria men 
tioned above. Procheck and What if assessments also indi 
cated that these sequences might fit into the models and thus 
as being reliable (e.g., p.G values larger than 0.80; Sánchez 
et al., Proc. Natl. Acad. Sci. U.S.A., Nov. 10:95(23): 13597 
602, 1998). 

Example 3 

Assembly of Synthetic Scaffolds 
0258 Synthetic VAPs were designed on basis of their, 
predicted, three-dimensional structure. The amino acid 
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sequence (Table 3) was back translated into DNA sequence 
(Table 4) using the preferred codon usage for enteric bac 
terial gene expression (Informax Vector Nti). The obtained 
DNA sequence was checked for undesired restriction sites 
that could interfere with future cloning steps. Such sites 
were removed by changing the DNA sequence without 
changing the amino acid codons. Next the DNA sequence 
was adapted to create an Ndel site at the 5' end to introduce 
the ATG start codon and at the 3' end Sfil site, both required 
for unidirectional cloning purposes. PCR assembly consists 
of four steps: oligo primer design (ordered at Operon's), 
gene assembly, gene amplification, and cloning. The scaf 
folds were assembled in the following manner: first both 
plus and minus strands of the DNA sequence were divided 
into oligonucleotide primers of approximately 35bp and the 
oligonucleotide primer pairs that code for opposite Strands 
were designed in Such a way that they have complementary 
overlaps of approximately 16-17 bases. Second, all oligo 
nucleotide primers for each synthetic scaffold were mixed in 
equimolar amounts, 100 pmol of this primer mix was used 
in a PCR assembly reaction using 1 Unit Taq polymerase 
(Roche), 1xPCR buffer+mgCl, (Roche) and 0.1 mM dNTP 
(Roche) in a final volume of 50 ul, 35 cycles of 30 seconds 
at 92° C., 30 seconds at 50° C., and 30 seconds at 72° C. 
Third, 5ul of PCR assembly product was used in a standard 
PCR amplification reaction using, both outside primers of 
the synthetic scaffold, 1 Unit Taq polymerase, 1xPCR 
buffer+mgCl, and 0.1 mM dNTP in a final volume of 50 ul, 
25 cycles of 30 seconds at 92° C., 30 seconds at 55° C., 1 
minute at 72° C. Fourth, PCR products were an by agarose 
gel electrophoresis, PCR products of the correct size were 
digested with Ndel and Sfil and ligated into vector pCm126 
linearized with Ndel and Sfil. Ligation products were trans 
formed into TOP10-competent cells (InVitrogen) grown 
overnight at 37° C. on 2xTY plates containing 100 micro 
gram/ml amplicillin and 2% glucose. Single colonies were 
grown in liquid medium containing 100 ug amplicillin, 
plasmid DNA was isolated and used for sequence analysis. 

Example 4 

Expression vector Cm126 Construction 
0259) A vector for efficient protein expression (CM126; 
see FIG. 4A) based on pET-12a (Novagen) was constructed. 
A dummy VAP. iMab100, including convenient restriction 
sites, linker, VSV-tag, 6 times His-tag and stop codon was 
inserted (see Tables 4, 3). As a result the signal peptide 
OmpT was omitted from pET-12a. iMab100 was PCR 
amplified using forward primer 129 (see Table 5) that 
contains a 5' Nde overhanging sequence and a very long 
reverse oligonucleotide primer 306 (see Table 5) containing 
all linkers and tag sequences and a BamHI overhanging 
sequence. After amplification, the PCR product and plT-12a 
were digested with Ndel and BamHI. After gel purification 
products were purified via the Qiagen gel-elution system 
according to the manufacturer's procedures. The vector and 
PCR fragment were ligated and transformed by electropo 
ration in E. coli TOP10 cells. Correct clones were selected 
and verified for their sequence by sequencing. This vector 
including the dummy VAP acted as the basic vector for 
expression analysis of other VAPs. Insertion of other VAPs 
was performed by amplification with primers 129 and 51 
(see Table 5), digestion with NdeI and Sfil and ligation into 
Ndel- and Sfil-digested Cm126 (sequence see Table 18). 

22 
Jun. 29, 2006 

Example 5 

Expression of iMab100 
0260 E. coli BL21 (DE3) (Novagen) was transformed 
with expression vector CM 126-iMab 100. Cells were grown 
in 250 ml shaker flasks containing 50 ml 2*TYmedium (16 
g/l tryptone, 10 g/l yeast extract, 5 g/l NaCl (Merck)) 
Supplemented with amplicillin (200 microgram/ml) and agi 
tated at 30° C. Isopropylthio-B-galactoside (IPTG) was 
added at a final concentration of 0.2 mM to initiate protein 
expression when OD (600 nm) reached one. The cells were 
harvested four hours after the addition of IPTG, centrifuged 
(4000g, 15 minutes at 4°C.) and pellets were stored at -20° 
C. until used. 

0261 Protein expression was analyzed by Sodium Dode 
cyl Sulphate Poly Acrylamide Gel Electrophoresis (SDS 
PAGE). This is demonstrated in FIG. 5, Lane 2 for E. coli 
BL21 (CM 126-iMab100) expressing iMAb100. 

Example 6 

Purification of iMab 100 Proteins from Inclusion 
Bodies using Heat. 

0262 IMab100 was expressed in E. coli BL21 (CM 
126-iMab100) as described in Example 5. Most of the 
expressed iMab 100 was deposited in inclusion bodies. This 
is demonstrated in FIG. 5, Lane 2, which represents soluble 
proteins of E. coli BL21 (CM126) after lysis (French press) 
and Subsequent centrifugation (12,000 g, 15 minutes). Inclu 
sion bodies were purified as follows. Cell pellets (from a 50 
ml culture) were resuspended in 5 ml PES pH 8 up to 20 g 
cdw/1 and lysed by two passages through a cold French 
pressure cell (Sim-Aminco). Inclusion bodies were collected 
by centrifugation (12,000 g, 15 minutes) and resuspended in 
PBS containing 1% Tween-20 (ICN) in order to solubilize 
and remove membrane-bound proteins. After centrifugation 
(12,000 g, 15 minutes), pellet (containing inclusion bodies) 
was washed two times with PBS. The isolated inclusion 
bodies were resuspended in PBS pH 8+1% Tween-20 and 
incubated at 60° C. for ten minutes. This resulted in nearly 
complete solubilization of iMab 100 as is demonstrated in 
FIG. 5. Lane 2 represents isolated inclusion bodies of 
iMab 100. Lane 3 represents solubilized iMab100 after incu 
bation of the isolated inclusion bodies in PBS pH 8+1% 
Tween-20 at 60° C. for ten minutes. 

0263. The supernatant was loaded on a Nickel-Nitrilot 
riacetic acid (Ni-NTA) superflow column and purified 
according to a standard protocol as described by Qiagen 
(The QIAexpressionistTM, fifth edition, 2001). The binding 
of the thus purified iMab 100 to chicken lysozyme was 
analyzed by ELISA (according to Example 8) and is sum 
marized in Table 6. 

Example 7 

Purification of iMab 100 Proteins from Inclusion 
Bodies using Urea and Matrix Assisted Refolding 

0264. Alternatively, iMab100 was solubilized from inclu 
sion bodies using 8m urea and purified into an active form 
by matrix assisted refolding. Inclusion bodies were prepared 
as described in Example 6 and solubilized in 1 ml PES pH 
8+8m urea. The solubilized proteins were clarified from 
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insoluble material by centrifugation (12,000 g, 30 minutes) 
and subsequently loaded on a Ni-NTA super-flow column 
(Qiagen) equilibrated with PBS pH 8+8M urea. Aspecific 
proteins were released by washing the column with four 
volumes PBS pH 6.2+8M urea. The bound His-tagged 
iMab 100 was allowed to refold on the column by a stepwise 
reduction of the urea concentration in PBS pH 8 at room 
temperature. The column was washed with two volumes of 
PBS+4M urea, followed by two volumes of PBS+2M urea, 
two volumes of PBS+1 Murea and two volumes of PBS 
without urea. IMab100 was eluted with PBS pH 8 containing 
250 mM imidazole. The released iMab100 was dialyzed 
overnight against PBS pH 8 (4°C.), concentrated by freeze 
drying and characterized for binding and structure measure 
mentS. 

0265). The purified fraction of iMab100 was analyzed by 
SDS-PAGE as is demonstrated in FIG. 6, Lane 13. 

Example 8 

Specific Binding of iMab100 Proteins to Chicken 
Lysozyme (ELISA) 

0266 Binding of iMab proteins to target molecules was 
detected using an Enzyme Linked Immuno Sorption Assay 
(ELISA). ELISA was performed by coating wells of micro 
titer plates (Nunc) with the desired antigen (such as chicken 
lysozyme) and blocked with an appropriate blocking agent 
such as 3% skim milk powder solution (ELK). Purified iMab 
proteins or purified phages (10°-10) originating from a 
single colony were added to each well and incubated for 1 
hour at room temperature. Plates were excessively washed 
with PBS containing 0.1 % Tween-20 using a plate washer 
(Bio-Tek Instruments). Bound iMab proteins or phages were 
detected by the standard ELISA protocol using anti-VSV 
hirp conjugate (Roche) or anti-M13-hrp conjugate (Pharma 
cia), respectively. Colorimetric assays were performed using 
Turbo-TMB (3, 3', 5, 5'-tetramethylbenzidine Pierce) as a 
substrate. 

0267 Binding of iMab100 to chicken lysozyme was 
assayed as follows. Purified iMab 100 (-50 ng) in 100 ul was 
added to a microtiter plate well coated with either ELK 
(control) or lysozyme (+ELK as a blocking agent) and 
incubated for one hour at room temperature on a table shaker 
(300 rpm). The microtiter plate was excessively washed with 
PBS (three times), PBS+0.1% Tween-20 (three times) and 
PBS (three times). Bound iMab100 was detected by incu 
bating the wells with 100 ul ELK containing anti-VSV-HRP 
conjugate (Roche) for one hour at room temperature. 

0268. After excessive washing using PBS (three times), 
PBS+0.1% Tween-20 (three times) and PBS (three times), 
wells were incubated with 100 ul Turbo-TMB for five 
minutes. Reaction was stopped with 100 ul 2M HSO and 
absorbtion was read at 450 nm using a microtiter plate reader 
(Biorad). 

0269 Purified iMab100 which has been prepared as 
described in Example 6 and Example 7 appeared to bind 
strongly and specifically to chicken lysozyme which is 
demonstrated in Table 6. 
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Example 9 

Size Exclusion Chromatography 
0270) 
0271 The purified iMab100 was analyzed for molecular 
weight distribution using a Shodex 803 column with 40% 
acetonitrile, 60% milliO and 0.1 % TFA as mobile phase. 
90% of the protein eluted at a retention time of 14.7 minutes 
corresponding to a molecular weight of 21.5 kD. This is in 
close agreement with the computer calculated molecular 
weight (19.5 kD) and indicates that most of the protein is 
present in the monomeric form. 

IMab 100 was purified as described in Example 7. 

Example 10 

iMab100 Stability at 95° C. Over Time 
0272 iMab100 stability was determined at 95° C. by 
ELISA. Ten microgram/milliliter iMab 100 was heated to 
95° C. for ten minutes to 2.5 hours, unheated iMab was used 
as input control. 
0273. After heating, samples were placed at 20° C. and 
kept there until assayed. Lysozyme binding of these samples 
was tested by ELISA measurements using 1:2000 in PBS 
diluted anti-VSV-hrp (Roche). TMB-ultra (Pierce) was used 
as a substrate for hrp enzyme levels (FIG. 7). iMab 100 was 
very stable at high temperatures. A very slow decrease in 
activity was detected. 

Example 11 

iMab100 Stability Over Time at 20° C. 
0274) iMab100 stability was determined over a period of 
50 days at 20° C. iMab100 (0.1 milligram/milliliter) was 
placed at 20° C. Every seven days, a sample was taken and 
every sample was stored at -20°C. for at least two hours to 
prevent breakdown and freeze the experimental condition. 
Samples were diluted 200 times in PBS. Lysozyme binding 
of these samples was tested by ELISA measurements using 
1:2000 in PBS diluted anti-VSV-hrp (Roche). TMB-ultra 
(Pierce) was used as a substrate for hrp enzyme levels (FIG. 
8). iMab100 was very stable at room temperature. Activity 
of iMab100 hardly decreased over time, and thus it can be 
concluded that the iMab scaffold and its affinity regions are 
extremely stable. 

Example 12 

0275 iMab 100 size determination, resistance against pH 
4.8 environment, testing by gel and Purified iMab 100 (as 
described in Example 6) was brought to pH 4.8 using 
potassium acetate (final concentration of 50 mM) which 
resulted in precipitation of the protein. The precipitate was 
collected by centrifugation (12,000 g, 30 minutes), redis 
solved in PBS pH 7.5 and subsequently filtered through a 
0.45 micrometer filter to remove residual precipitates. 
0276. The samples fore and after pH shock were analyzed 
by SDS-PAGE, western blotting and characterized for bind 
ing using ELISA Example 8). 
0277. It was demonstrated that all iMab 100 was precipi 
tated at pH 4.8 and could also be completely recovered after 
redissolving in PBS pH 7.5 and filtering. ELISA measure 
ments demonstrated that precipitation and Subsequent res 
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olubilization did not result in a loss of activity (Table 7). It 
was confirmed that the VSV-tag is not lost during purifica 
tion and precipitation and that no degradation products are 
formed. 

Example 13 

Structural Analysis of Scaffolds 
0278. The structure of iMab100 was analyzed and com 
pared with another structure using a circular dichroism 
polarimeter (CD). As a reference, a naturally occurring 
9-beta-strand containing Vhh molecule, Vhh10-2/271102 (a 
kind gift of M. Kwaaitaal, Wageningen University), was 
measured. Both proteins have tags attached to the C-termi 
nal end. The amino acid sequence and length of these tags 
are identical. The only structural differences between these 
two proteins are present in the CDR3 (Vhh) corresponding 
affinity loop 4 (iMab100). 
0279 System settings were: sensitivity standard (100 
mdeg); start=260 nm end=205 nmi; interval=0.1 nm, delay=1 
second; speed=50 nm/minute; accumulation=10. 
0280 iMab100 and Vhh10-2/271102 were prepared with 
a purity of 98% in PBS pH 7.5 and ODss 1.0. Sample was 
loaded in a 0.1 cm quartz cuvette and the CD spectrum 
measured with a computer controlled JASCO Corporation 
J-715 spectropolarimeter software (Spectramanager version 
1.53.00, JASCO Corporation). Baseline corrections were 
obtained by measuring the spectrum of PBS. The obtained 
PBS signal was subtracted from all measurement to correct 
for solvent and salt effects. An initial measurement with each 
sample was done to determine the maximum signal. If 
required, the sample was diluted with 1 times PBS for 
optimal resolution of the photomultiplier signal. A solution 
in PBS of RNase A was used to verify the CD apparatus. The 
observed spectrum of RNase A was completely different if 
compared with iMab100 and the Vhh spectrum. FIG. 9L 
represents the CD spectrum of iMab 100 and the Vhh pro 
teins in far UV (205-260 nm). Large part of the spectral 
patterns were identical. Spectral differences were mainly 
observed at wavelengths below 220 nm. The observed 
differences of the spectra are probably due to differences in 
CDR3/AR4 structural differences. The structure of AR4 in 
iMab100, which was retrieved from 1 MEL, can be classified 
as random coil-like. Also, AR4 present in iMab 100 is about 
ten amino acids longer than the CDR3 of the Vhh protein. 
0281) The temperature stability of the iMab100 protein 
was determined in a similar way using the CD-meter except 
that the temperature at which the measurements were per 
formed was adjusted. 
0282. In addition to measurements at room temperature, 
folding and refolding was assayed at 20, 50, 80 (not shown) 
and 95° C. Fresh iMab100 protein solution in PBS diluted 
was first measured at 20° C. Next, spectra at increasing 
temperatures were determined and lastly, the 20° C. spec 
trum was re-measured. Baseline corrections were applied 
with the spectrum of PBS (FIG. 9A). The results clearly 
show a gradual increase in ellipticity at increasing tempera 
tures. The re-appearance of the 20°C. spectrum after heating 
strongly indicates complete refolding of the scaffold. This 
conclusion was also substantiated by Subsequent lysozyme 
binding capacity detection of the samples by ELISA (data 
not shown). 
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Example 14 
0283 E. coli BL21 (DE3) (Novagen) was transformed 
with expression vector CM126 containing various VAP 
inserts for iMab130, iMab1602, iMab1202 and iMab122 all 
containing nine B-strands. Growth and expression was simi 
lar as described in Example 5. All nine-stranded iMab 
proteins were purified by matrix assisted refolding similar as 
described in Example 7. The purified fractions of iMab 1302, 
iMab1602, iMab1202 and iMab122 were analyzed by SDS 
PAGE as is demonstrated in FIG. 6, Lanes 10, 9, 8 and 7 
respectively. 

Example 15 

Specific Binding of Various Nine-Stranded iMab 
Proteins to Chicken Lysozyme (ELISA) 

0284 Purified iMab1302 (-50 ng), iMab1602 (-50 ng), 
iMab 1202 (~50 ng) and iMab 122 (-50 ng) were analyzed 
for binding to either ELK (control) or lysozyme (+ELK as 
a blocking agent) similar as is described in Example 8. 
ELISA confirmed specific binding of purified iMab 1302, 
iMab 1602, iMab1202 and iMab122 to chicken lysozyme as 
is demonstrated in Table6. 

Example 16 

CD Spectra of Various Nine-Stranded iMab 
0285) iMab100, iMab1202, Imab1302 and iMab1602 
were purified as described in Example 14 and analyzed for 
CD spectra as described in Example 13. The spectra of iMab 
1202, iMab1302 and iMab1602 were measured at 20° C., 
95° C. and back at 20° C. to test scaffold stability and 
refolding characteristics. The corresponding spectra are 
demonstrated in FIGS. 9D, 9E and 9F, respectively. The 
spectra measured at 20° C. were compared with the spec 
trum of iMab 100 at 20oC to determine the degree of 
similarity of the secondary structure (see FIG.9J). It can be 
concluded that all different nine-strand scaffolds behave the 
same. This indicates that the basic structure of these scaf 
folds is identical. The data obtained after successive 20-95 
20 degrees Celsius treatments clearly show that all scaffolds 
return to their original conformation. 

Example 17 

Design of Seven-Stranded ig-Like Folds 
0286 The procedure as described in Example 2 was used 
for the development of sequences that contain an ig-like fold 
consisting of seven beta-elements in the core and 3+3 
connecting loops. The procedure involved four phases 
through which the development of the new sequences was 
guided, identical to the process as described in Example 2. 
In phase 1, the coordinates of C-alpha atoms as indicated in 
PDB Table 1 for nine-stranded core structures were adapted. 
C-alpha atoms representing beta-elements 4 and 5 were 
removed from the PDB files, resulting in a seven-stranded 
example of the core (PDB Table 8). Amino acid side chains 
that line up with the interior of the beta-sheets were obtained 
and inserted as described in detail in Example 2. In the 
second phase connecting loops were added. On one site 
beta-elements were connected with one other by affinity 
region retrieved from anti-chicken lysozyme binding region 
obtained from the structure I MEL or the bovine RNase A 
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binding regions of 1 BZQ (L2, L6 and L8). On the other end 
of the structure, beta-elements were connected with C-alpha 
backbone trace loops obtained from several different origins 
(1E50, 1CWv, 1QHP, 1 NEU, 1 EPF, 1 F2x or 1EJ6). The 
procedure for the attachment and fit of the loops is described 
in detail in Example 2. In the third phase, amino acid side 
chains that determine the solubility of the proteins located in 
the core and loops 1, 3, 7 were determined as described in 
Example 2. In the last phase, the models were built using 
Insight. Insight was programmed to accept cysteine-cysteine 
bridges when appropriate. Next all predicted protein struc 
tures built with Insight were assessed with Prosall, Procheck 
and WHAT IF. Prosall Zp-comb scores of less then -4.71 
were assumed to indicate protein sequences that might fold 
in vivo into the desired ig-like beta-motif fold (Table 9). A 
number of example sequences depicted in Table 10 represent 
a collection that appeared to be reliable. Procheck and What 
if assessments also indicated that these sequences might fit 
into the models and thus as being reliable (e.g., pG values 
larger than 0.80; Sánchez et al., 1998). 

Example 18 

0287 E. coli BL21 (DE3) (Novagen) was transformed 
with expression vector CM126 containing various VAP 
inserts for iMab1300, iMab1200, iMab 101 and iMab900 all 
containing seven beta-strands. Growth and expression was 
similar as described in Example 5. 
0288 All seven-strand iMabs were purified by matrix 
assisted refolding similar as is described in Example 7. The 
purified fractions of iMab101, iMab1300, iMab1200 and 
iMab900 were analyzed by SDS-PAGE as is demonstrated 
in FIG. 6, Lanes 2, 3, 5 and 6, respectively. 

Example 19 

0289 Purified iMab1300 (-50 ng), iMab1200 (-5 ng), 
iMab 101 (~20 ng) and iMab900 (~10 ng) were analyzed for 
binding to either ELK (control) or lysozyme (+ELK as a 
blocking agent) similar as is described in Example 8. ELISA 
confirmed specific binding of purified iMab 1300. 
iMab1200, iMab101 and iMab900 to chicken lysozyme as is 
demonstrated in Table 6. 

Example 20 

CD Spectra of Various Seven-Stranded iMab 
Proteins 

0290 IMab1200 and iMab101 were purified as described 
in Example 18 and analyzed for CD spectra as described in 
Example 13. The spectra of iMab1200 and iMab101 were 
measured at 20° C., 95°C. and back at 20° C. to test scaffold 
stability and refolding characteristics. The corresponding 
spectra are demonstrated in FIGS. 9H and 9G, respectively. 
The spectra of iMab1200 and iMab101 measured at 20° C. 
were compared with each other to determine the degree of 
similarity of the secondary structure (see FIG. 9K). It can be 
concluded that the different seven-strand scaffolds behave 
the same. This indicates that the basic structure of these 
scaffolds is identical. Even more, as the obtained signals 
form the nine-stranded scaffolds (Example 16) are similar to 
the signals observed for the seven Strands as presented here, 
it can also be concluded that the both types of scaffolds have 
a similar conformations. The data obtained after Successive 
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20-95-20 degrees Celsius treatments clearly show that all 
scaffolds stay in their original conformation. 

Example 21 

Design of Six-Stranded ig-Like Folds 
0291. The procedure as described in Examples 2 and 3 
was used for the development of sequences that contain an 
ig-like fold consisting of six beta-elements in the core and 
3303 connecting loops. The procedure involved four phases 
through which the development of the new sequences was 
guided, identical to the process as described in Examples 2 
and 3. In phase one, the coordinates of C-alpha atoms as 
indicated in PDB Table 1 for nine-stranded core structures 
were adapted. C-alpha atoms representing beta-elements 1, 
4 and 5 were removed from the PDB files, resulting in a 
six-stranded example of the core (Table 11). Amino acid side 
chains that line up with the interior of the beta-sheets were 
obtained and inserted as described in detail in Examples 2 
and 3. In the second phase, connecting loops were added. On 
one site beta-elements were connected with one other by 
affinity region retrieved from anti-chicken lysozyme binding 
region obtained from the structure 1MEL or the bovine 
RNase Abinding regions of 1BZQ (L2, L6 and L8). On the 
other end of the structure, beta-elements were connected 
with C-alpha backbone trace loops obtained from several 
different origins (1E50, 1CWV, 1GHP 1NEU, 1EPF, 1 F2x 
or 1E.J6). The procedure for the attachment and fit of the 
loops is described in detail in Examples 2 and 3. In the third 
phase, amino acid side chains that determine the Solubility 
of the proteins located in the core and loops L1, L3, L7 were 
determined as described in Examples 2 and 3. In the last 
phase, the models were assessed using modeller. Modeller 
was programmed to accept cysteine-cysteine bridges when 
appropriate. Next all predicted protein structures were 
assessed with Prosall, Procheck and WHAT IF. Prosall 
Zp-comb scores were determined (Table 12) to indicate if the 
created protein sequences might fold in vivo into the desired 
ig-like beta-motif fold. Procheck and What if assessments 
were applied to check whether sequences might fit into the 
models Table 13). 

Example 22 

Purification of Six-Stranded iMab Proteins 

0292 E. coli BL21 (DE3) (Novagen) was transformed 
with expression vector Cm126 containing a VAP insert for 
iMab701 containing six beta-strands. Growth and expres 
sion was similar as described in Example 5. 
0293. The iMab701 proteins were purified by matrix 
assisted refolding similar as is described in Example 7. The 
purified fraction of iMab701 was analyzed by SDS-PAGEas 
is demonstrated in FIG. 6, Lane 4. 

Example 23 

Specific Binding of Six-Stranded iMab Proteins to 
Chicken Lysozyme (ELISA) 

0294 Purified iMab701 (-10 ng) was analyzed for bind 
ing to either ELK (control) and lysozyme (+ELK as a 
blocking agent) similar as is described in Example 8. 
0295 ELISA confirmed specific binding of purified 
iMab701 to chicken lysozyme as is demonstrated in Table 6. 
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Example 24 

CD Spectra of Six-Stranded iMab Proteins 
0296 IMab701 was purified as described in Example 22 
and analyzed for CD spectra as described in Example 13. 
The spectra of iMab701 was measured at 20° C., 95° C. and 
again at 20° C. to test scaffold stability and refolding 
characteristics. The corresponding spectra are demonstrated 
in FIG. 91. It can be concluded that the six-strand scaffold 
behaves identical to the seven-strand scaffolds as described 
in Example 20. This indicates that the basic structure of this 
scaffold is identical to the structure of the seven strand 
containing scaffolds. Even more, as the obtained signals 
form the nine-stranded scaffolds (Example 16) are similar to 
the signals observed for this six-strand scaffold as presented 
here, it can also be concluded that both types of scaffolds 
have similar conformations. The data obtained after Succes 
sive 20-95-20 degrees Celsius treatments clearly show that 
all scaffolds stay in their original conformation. 

Example 25 

Design of a Minimal Primary Scaffold 
0297. A minimal scaffold is designed according to the 
requirements and features as described in Example 1. How 
ever now only four and five beta-elements are used in the 
scaffold (see FIG. 1). In the case of five beta-elements 
amino acids side chains of beta-elements 2, 3, 6, 7 and 8 that 
are forming the mantle of the new scaffold need to be 
adjusted for a watery environment. The immunoglobulin 
killer receptor 2dl2 (VAST code 2DLI) is used as a template 
for comparative modeling to design a new Small scaffold 
consisting of 5 beta-elements. 

Example 26 

Procedure for Exchanging Surface Residues: Lysine 
Replacements 

0298 Lysine residues contain chemical active amino 
groups that are convenient in, for example, covalent cou 
pling procedures of VAPS. Covalent coupling can be used 
for immobilization of proteins on surfaces or irreversible 
coupling of other molecules to the target. 
0299 The spatial position of lysine residues within the 
VAP determines the positioning of the VAP on the surface 
after immobilization. Wrong positioning can easily happen 
with odd located lysine residues exposed on the surface of 
VAPs. Therefore, it may be required for some VAP struc 
tures to remove lysine residues from certain locations, 
especially from those locations that can result in diminished 
availability of affinity regions. 
0300. As an example of the exchange strategy for resi 
dues that are located on the outer surface, iMab100 outer 
Surface lysine residues were changed. Three-dimensional 
imaging indicated that all lysine residues present in iMab 100 
are actually located on the outer Surface. Three-dimensional 
modeling and analysis Software (Insight|I) determined the 
spatial consequence of Such replacements. 
0301 Modeler software was programmed in such a way 
that either cysteine bridge formation between the beta-sheets 
was taken into account or the cysteine bridges were 
neglected in analyses. All retrieved models were built with 
Prosall software for more or less objective result ranking. 
The Zp-comb parameter of Prosal I indicated the reliability of 
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the models. Results showed that virtually all types of amino 
acids could replace lysine residues. However, Surface-ex 
posed amino acid side chains determine the solubility of a 
protein. Therefore, only amino acids that will solubilize the 
proteins were taken into account and marked with an X (see 
Table 14). 
0302 Sequence of iMab100 (SEQ ID NO:4): underlined 
lysine residues were exchanged 

NVKLVEKGGNFVENDDDLKLTCRAEGYTIGPYCMGWFRQAPNDDSTNVAT 
INMGGGITYYGDSVKERFDIRRDNASNTVTLSMDDLQPEDSAEYNCAGDS 
TIYASYYECGHGLSTGGYGYDSRGQGTDWTVSS 

Example 27 

Changing Amino Acids in the Exterior: Removal of 
Glycosylation Site. 

0303 N-glycosylation can interfere strongly with protein 
functions if the glycosylation site is, for example, present in 
a putative ligand-binding site. iMab 100 proteins were shown 
to be glycosylated in Pichia pastoris cells and unable to bind 
to the ligand. Analysis showed that there is a putative 
N-glycosylation site in AR3. Inspection of the iMab 100 
structure using template-modeling strategies with modeler 
software revealed that this site is potentially blocking ligand 
binding due to obstruction by glycosylation. This site could 
be removed in two different ways, by removing the residue 
being glycosylated or by changing the recognition motif for 
N-glycosylation. Here, the glycosylation site itself (. . . 
RDNAS . . . ) was removed. All residues could be used to 
replace the amino acid, after which Prosa I. What if and 
Procheck could be used to check the reliability of each 
individual amino acid. However, some amino acids could 
introduce chemical or physical properties that are unfavor 
able. Cysteine, for example, could make the proteins Sus 
ceptible to covalent dimerization with proteins that also bear 
a free cysteine group. Also non-hydrophilic amino acids 
could disturb the folding process and were omitted. 
Methionine, on the other hand, is coded by ATG, which can 
introduce aberrant start sites in DNA sequences. The intro 
duction of ATG sequences might result in alternative protein 
products due to potential alternative start sites. Methionine 
residues were only assessed if no other amino acids would 
fit. All other amino acid residues were assessed with Prosall, 
What if and Procheck. Replacement of N with Q was 
considered to be feasible and reliable. 

0304 Protein sequence from iMab with glycosylation 
site: 

NWKLVEKGGNFVENDDDLKLTCRAEGYTIGPYCMGWFRQAPNDDSTNVAT 
INMGGGITYYGDSWKERFDIRRDNASNTVTLSMDDLOPEDSAEYNCAGDS 
TIYASYYECGHGLSTGGYGYDSRGQGTDWTVSS 

0305 Protein sequence from iMab without glycosylation 
site (SEQ ID NO:5): 

NWKLVEKGGNFVENDDDLKLTCRAEGYTIGPYCMGWFRQAPNDDSTNVAT 
INMGGGITYYGDSWKERFDIRRDOASNTVTLSMDDLOPEDSAEYNCAGDS 
TIYASYYECGHGLSTGGYGYDSRGQGTDWTVSS 

0306 Expression of iMab100 in Pichia pastoris was 
performed by amplification of 10 ng of CM114-iMab 100 
DNA in a 100 microliter PCR reaction mix comprising 2 
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units Taq polymerase (Roche), 200 micromol or of each 
dNTP (Roche), buffers (Roche Taq buffer system), 2.5 
micromolar of primer 107 and 108 in a Primus96 PCR 
machine (MWG) with the following program 25 times (94 
C. for 20 seconds, 55° C. for 25 seconds, 72° C. for 30 
seconds) digestion with EcoRI and NotI and ligation in 
EcoRI and Noti-digested pPIC9 (InVitrogen). Constructs 
were checked by sequencing and showed all the correct 
iMab 100 sequence. Transformation of Pichia pastoris was 
performed by electroporation according to the manufactur 
er's protocol. Growth and induction of protein expression by 
methanol was performed according to the manufacturers 
protocol. Expression of iMab100 resulted in the production 
of a protein that on a SDS-PAGE showed a size of 50 kD. 
while expressed in E. coli the size of iMab 100 is 21 kD. This 
difference is most likely due to glycosylation of the putative 
N-glycosylation site present in iMab100 as described above. 
Therefore this glycosylation site was removed by exchange 
of the asparagine (N) for a glutamine (Q) in a similar way 
as described in Example 26 except that primer 136 (Table 5) 
was used. This resulted in iMab115. Expression of iMab15 
in E. coli resulted in the production of a 21 kD protein. 
ELISA experiments confirmed specificity of this iMab for 
lysozyme. Thus, ARs in iMab 115 were positioned correctly 
and, more specifically, replacement of the asparagine with 
glutamine in AR3 did not alter AR3 properties. 

Example 28 

Changing Amino Acids in the Interior of the Core: 
Removal of Cysteine Residues 

0307 Obtained sequences that fold in an ig-like structure, 
can be used for the retrieval of similarly folded structures but 
aberrant amino acid sequences. Amino acids can be 
exchanged with other amino acids and thereby putatively 
changing the physical and chemical properties of the new 
protein if compared with the template protein. Changes on 
the outside of the protein structure were shown to be rather 
straightforward. Here we changed amino acids that are 
lining up with the interior of the core. Spatial constrains of 
neighboring amino acid side chains and the spatial con 
strains of the core structure itself determine and limit the 
types of side chains that can be present at these locations. In 
addition, chemical properties of neighboring side chains can 
also influence the outcome of the replacements. In some 
replacement studies, it might be necessary to replace addi 
tional amino acids that are in close proximity of the target 
residues in order to obtain suitable and reliable replace 
mentS. 

0308 Here were removed the potential to form cysteine 
bridges in the core. The removal of only one cysteine already 
prevents the potential to form cysteine bridges in the core. 
However, dual replacements can also be performed in order 
to prevent the free cysteine to interact with other free 
cysteine during folding or re-folding in vivo or in vitro. First, 
the individual cysteine residues were replaced by any other 
common amino acid (19 in total). This way, two times 19 
models were retrieved. All models were assessed using 
ProsaII (Zp-scores), What if (2" generation packing quality, 
backbone conformation) and Procheck (number of residues 
outside allowed regions). Several reliable models were 
obtained. Table 15 shows the Zp-combined Prosa scores of 
the cysteine replacements at position 96. The replacement of 
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one of the cysteines with valine was tested in vivo to validate 
the method. This clone was designated as iMab 116 (see 
Table 3) and constructed (Table 4) according to the proce 
dure as described in Example 3. The complete iMab 
sequence of this clone was transferred into Cm126 in the 
following manner. The iMab sequence, iMab116, was iso 
lated by PCR using Cys-min iMab116 as a template together 
with primers pr121 and pr129 (Table 5). The resulting PCR 
fragment was digested with NdeI and Sfil and ligated into 
Cm126 linearized with Ndel and Sfil. This clone, designated 
CM126-iMab116, was selected and used for further testing. 

Example 29 

Purification of iMab116 

0309 E. coli BL21 (DE3) (Novagen) was transformed 
with expression vector Cm126 containing a VAP insert for 
iMab116 containing nine beta-strands and potentially lack 
ing a cysteine bridge in the core (as described in Example 
27). Growth and expression was similar as described in 
Example 5. 
0310 IMab 116 was purified by matrix assisted refolding 
similar as is described in Example 7. The purified fraction of 
iMab116 was analyzed by SDS-PAGE as is demonstrated in 
FIG. 6, Lane 11. 

Example 30 

Specific Binding of iMab116 to Chicken Lysozyme 
(ELISA) 

0311 Purified iMab116 (-50 ng) was analyzed for bind 
ing to either ELK (control) and lysozyme (+ELK as a 
blocking agent) similar as is described in Example 8. ELISA 
confirmed specific binding of purified iMab 116 to chicken 
lysozyme as is demonstrated in Table 6. 

Example 31 

CD Spectra of iMab116 Proteins 
0312 IMab116 was purified as described in Example 28 
and analyzed for CD spectra as described in Example 13. 
The spectrum of iMab 16 was measured at 20°C., 95°C. and 
again at 20° C. to test scaffold stability and refolding 
characteristics. The corresponding spectra are demonstrated 
in FIG. 9C. The spectra measured at 20°C. were compared 
with the spectrum of iMab 100 and other nine-stranded iMab 
proteins at 20°C. to determine the degree of similarity of the 
secondary structure (see FIG. 9J). Because the obtained 
spectrum is identical to the spectrum obtained from other 
nine-strand scaffolds, including the iMab 100 spectrum, it 
can be concluded that the cysteine residue removal from the 
internal core has no effect on the structure itself. 

Example 32 

Introduction of Extra Cysteine Bridge in the Core 
0313 Chemical bonding of two cysteine residues in a 
proteins structure (cysteine bridge) can dramatically stabi 
lize a protein structure at temperatures below about 70° C. 
Above this temperature cysteine bridges can be broken. 
Some applications demand proteins that are more stable than 
the original protein. The spatial constrains of the core of 
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beta-strandfolds as referred to in Example 1, enable cysteine 
bridges. This conclusion is based on the observation that in 
some naturally occurring proteins with the referred fold a 
cysteine bridge is present in the center of the core (e.g., all 
heavy chain variable domains in antibodies). The distance 
between C-alpha backbone atoms of Such cysteines is most 
often found to be between 6.3 and 7.4 angstrom. 

0314. The introduction of new cysteine residues that 
putatively form bridges in core motifs was analyzed by 
structural measurements. The coordinates of C-alpha atoms 
of a protein written in PDB files can be used to determine 
potential cysteine bridges. The distance between each C-al 
pha atom individually and all other C-alpha atoms can be 
calculated. The position of C-alpha atoms of the iMab 100 
protein obtained via comparative modeling is shown in FIG. 
BBB3. Insight software can be used to determine the dis 
tance between C-alpha atoms. However, standard math 
ematical algorithms that determine distances between two 
positions in space indicated by coordinates (as represented 
in PDB coordinates) can also be used. Excel sheets were 
used to determine all possible distances. Distance values that 
appear to be between 6.3 and 7.4 angstrom were regarded as 
putative cysteine locations. Analysis indicated 33 possible 
cysteine bridge locations within iMab 100. The cys-number 
indicates the position of the C-alpha atom in the structure 
that might be used for the insertion of a cysteine (Table 
16A). However, not all positions in space are very useful; 
Some bridges might be too close to an already available 
cysteine bridge, two cysteines next to each other can be 
problematic, two cysteine bridges between identical beta 
strands will not be very helpful, spatial constrains with other 
amino acid side chains that are located nearby. All 33 models 
were constructed and assayed with iMab 100 as a template in 
modeller. Zp-scores of assessed models obtained with Pro 
sall indicated that most cysteine residues are problematic. 
The best cysteine locations are indicated in Table 16B. Two 
models, indicated in bold, were chosen based on the spatial 
position of these cysteine residues and bridges in relation to 
the other potential cysteine bridge. Also, Some models were 
rejected, though the Zp-scores were excellent, because of 
their position within the fold as reviewed with Insight (MSI). 

Example 33 

Construction of an iMab100 Derivative that 
Contains Two Extra Cysteines in the Core 

0315) An oligonucleotide mediated site directed 
mutagenesis method was used to construct an iMab 100 
derivative, named iMab111 (Table 3), that received two 
extra cysteine residues. CM114-iMab 100 was used as a 
template for the PCR reactions together with oligonucle 
otides pr33, pr35, pr82, pr83 (see Table 5). In the first PCR 
reaction, primers pr82 and pr83 were used to generate a 401 
bp fragment. In this PCR fragment a glutamine and a glycine 
coding residue were changed into cysteine coding 
sequences. This PCR fragment is used as a template in two 
parallel PCR reactions. In one reaction, the obtained PCR 
fragment, CM114-iMab 100 template and pr33 were used, 
while in the other reaction the obtained PCR fragment, CM 
114-iMab100 template and primers 35 were used. The first 
mentioned reaction gave a 584 bp product while the second 
one produced a 531 bp fragment. Both PCR fragments were 
isolated via agarose gel separation and isolation (Qiagen gel 
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extraction kit). The products were mixed in an equimolar 
relation and a fragment overlap-PCR reaction with primers 
pr33 and pr35 resulted in a 714 bp fragment. This PCR 
fragment was digested with NotI and Sfil. The resulting 411 
bp fragment was isolated via an agarose gel and ligated into 
CM114 linearized with NotI and Sfil. Sequencing analysis 
confirmed the product, i.e. iMab 111 (Tables 4 and 3). 

Example 34 

Expression of iMab111 

0316 iMab111 DNA was subcloned in Cm126 as 
described in Example 28. CM126-iMab 111 transformed 
BL21 (DE3) cells were induced with IPTG and protein was 
isolated as described in Example 7. Protein extracts were 
analyzed on 15% SDS-PAGE gels and showed a strong 
induction of a 21 KD protein. The expected length of 
iMab11 including tags is also about 21 kD indicating high 
production levels of this clone. 

Example 35 

Purification of iMab111 

0317 E. Coli BL21 (DE3) (Novagen) was transformed 
with expression vector Cm126 containing a VAP inserts for 
iMab111 containing 9 beta-strands potentially containing an 
extra cysteine bridge (as described in Examples 32 and 33). 
0318 Growth and expression was similar as described in 
Examples 5 and 34. iMab111 was purified by matrix assisted 
refolding similar as is described in Example 7. The purified 
fraction of iMab111 was analyzed by SDS-PAGE as is 
demonstrated in FIG. 6, Lane 12. 

Example 36 

Specific Binding of iMab 111 to Chicken Lysozyme 
(ELISA) 

0319 Purified iMab111 (-50 ng) was analyzed for bind 
ing to either ELK (control) and lysozyme (+ELK as a 
blocking agent) similar as is described in Example 8. A 
100-fold dilution of the protein extract in an ELISA assay 
resulted in a signal of approximately 20-fold higher than 
background signal. ELISA results confirmed specific bind 
ing of purified iMab111 to chicken lysozyme as is demon 
strated in Table 6. 

Example 37 

CD Spectra of iMab111 Proteins 
0320 IMab111 was purified as described in Example 32 
and analyzed for CD spectra as described in Example 13. 
The spectrum of iMab116 was measured at 20° C., 95° C. 
and again at 20° C. to test scaffold stability and refolding 
characteristics. The corresponding spectra are demonstrated 
in FIG. 9C. The spectra measured at 20°C. were compared 
with the spectrum of iMab 100 and other nine-stranded iMab 
proteins at 20°C. to determine the degree of similarity of the 
secondary structure (see FIG. 9J). Because the obtained 
spectrum is identical to the spectrum obtained from other 
nine-strand scaffolds, including the iMab 100 spectrum, it 
can be concluded that the additional cysteine residue in the 
center of the core has no effect on the structure itself. 
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Example 38 

Improving Properties of Scaffolds for Specific 
Applications 

0321) For certain applications, the properties of a scaffold 
need to be optimized. For example, heat stability, acid 
tolerance or proteolytic stability can be advantageous or 
even required in certain environments in order to function 
well. A mutation and re-selection program can be applied to 
create a new scaffold with similar binding properties but 
with improved properties. In this example, a selected bind 
ing protein is improved to resist proteolytic degradation in a 
proteolytic environment. New scaffolds can be tested for 
proteolytic resistance by a treatment with a mixture of 
proteases or alternatively a cascade treatment with specific 
protease. In addition, new scaffolds can be tested for resis 
tance by introducing the scaffolds in the environment of the 
future application. In order to obtain proteolytic resistant 
scaffolds, the gene(s) that codes for the scaffold(s) is (are) 
mutated using mutagenesis methods. Next, a phage display 
library is build from the mutated PCR products so that the 
new scaffolds are expressed on the outside of phages as 
fusion proteins with a coat protein. The phages are added to 
the desired proteolytic active environment for a certain time 
at the desired temperature. Intact phages can be used in a 
standard panning procedure as described. After extensive 
washing, bound phages are eluted, infected in E. coli cells 
that bear F-pili and grown overnight on an agar plate that 
contains appropriate antibiotics. Individual clones are re 
checked for their new properties and sequenced. The process 
of mutation introduction and selection can be repeated 
several times or other selection conditions can be applied in 
further optimization rounds. 

Example 39 

Random Mutagenesis of Scaffold Regions 
0322) Primers annealing just 3' and 5' of the desired 
region (affinity regions, frameworks, loops or combinations 
of these) are used for amplification in the presence of dITP 
according to Spee et al. (Nucleic Acids Res. 21 (3):777-8, 
1993) or dPTP according to Zaccolo et al. (J. Mol. Biol., 
255(4):589-603, 1996). The mutated fragments are ampli 
fied in a second PCR reaction with primers having the 
identical sequence as the set of primers used in the first PCR 
but now containing restriction sites for recloning the frag 
ments into the scaffold structure which can differ among 
each other in DNA sequence and thus also in protein 
sequence. Phage display selection procedures can be used 
for the retrieval of clones that have desired properties. 

Example 40 

Phage Display Vector CM114-iMab100 
Construction 

0323) A vector for efficient phage display (CM114 
iMab100; see FIG. 4B) was constructed using part of the 
backbone of a pBAD (InVitrogen). The required vector part 
from pBAD was amplified using primers 4 and 5 containing 
respectively AscI and BamHI overhanging restriction sites. 
In parallel, a synthetic constructed fragment was made 
containing the sequence as described in Table 4 including a 
new promoter, optimized g3 secretion leader, Not site, 

29 
Jun. 29, 2006 

dummy insert, Sfil site, linker, VSV-tag, trypsin-specific 
proteolytic site, Strep-tagII and AscI site (see FIG. 4B). 
After combining the digested fragment and the PCR ampli 
fied pBAD vector fragment, the coding region of them 13 
phage g3 core protein was amplified using AscI overhanging 
sites attached to primers (Table 5, primer 6 and 7) and 
inserted after AscI digestion. Vectors that contained correct 
sequences and correctorientations of the inserted fragments 
were used for further experiments. 

Example 41 

Phage Display Vector CM114-iMab113 
Construction 

0324 Cysteine bridges between AR4 and other affinity 
regions (e.g., AR1 for iMab100) can be involved in certain 
types of structures and stabilities that are not very likely 
without cysteine bridge formations. Not only can AR1 be 
used as an attachment for cysteines present in some affinity 
regions 4, but also AR2 and AR3 are obvious stabilizing 
sites for cysteine bridge formation. Because AR2 is an 
attractive alternative location for cysteine bridge formation 
with AR4, an expression vector is constructed which is 
100% identical to CM114-iMab100 with the exception of 
the locations of a cysteine codon in AR2 and the lack of such 
in AR1. 3D-modelling analysis revealed that the best suit 
able location for cysteine in AR2 is at the location originally 
determined as a threonine (VATIN . . . into . . .VACIN. . . 
). Analysis indicated that in addition to the new cysteine 
location (. . . VACIN...), the alanine residue just before the 
threonine residue in AR2 was replaced with a serine residue 
(... VSCIN...). The original cysteine in AR1 was replaced 
by a serine that turned out to be a suitable replacement 
according to 3D-modelling analysis (Table 3). 
0325) The new determined sequence, named iMab113. 
(Table 4) was constructed according to the gene construction 
procedure as described above (Example 3) and inserted in 
CM 114 replacing iMab100. 

Example 42 

Phage Display Vector CM114-iMab114 
Construction 

0326) Cysteine bridges between AR4 and other regions 
are not always desired because intermolecular cysteine 
bridge formations during folding might influence the effi 
ciency of expression and percentage of correct folded pro 
teins. Also, in reducing environments such ARS might 
become less active or even inactive. Therefore, scaffolds 
without cysteine bridges are required. 
0327. An expression vector lacking cysteines in AR1, 2 
and 3 was constructed. This vector is 100% identical to 
CM114 with the exception that the cysteine in AR1 (. . . 
PYCMG...) has been changed to a serine (. . . PMSMG 
. . . ; see Table 3). The new determined sequence, named 
iMab114 (Table 4) was constructed according to the gene 
construction procedure as described above (Example 3) and 
inserted in CM114 replacing iMab100. 

Example 43 

Amplification of Camelidae-Derived CDR3 
Regions 

0328 Lama pacos and Lama glama blood lymphocytes 
were isolated according to standard procedures as described 
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in Spinelli et al. (Biochemistry 39 (2000) 1217-1222). RNA 
from these cells was isolated via Qiagen RNeasy methods 
according to the manufacturer's protocol. cDNA was gen 
erated using muMLV or AMV (New England Biolabs) 
according to the manufacturer's procedure. CDR3 regions 
from Vhh cDNA were amplified (see FIG. 10) using 1 ul 
cDNA reaction in 100 microliter PCR reaction mix com 
prising two units Taq polymerase (Roche), 200 uM of each 
dNTP (Roche), buffers (Roche Taq buffer system), 2.5uMof 
forward and reverse primers in a Primus96 PCR machine 
(MWG) with the following program 35 times (94°C. for 20 
seconds, 50° C. for 25 seconds, 72° C. for 30 seconds). In 
order to select f for CDR3 regions containing at least one 
cysteine primer 56 (Table 5) was used as a forward primer 
and in case to select for CDR regions that do not contain 
cysteines primer 76 (Table 5) was used in the first PCR 
round. In both cases, primer 16(Table 5) was used as reverse 
primer. Products were separated on a 1% Agarose gel and 
products of the correct length (-250 bp) were isolated and 
purified using Qiagen gel extraction kit. Five ul of these 
products were used in a next round of PCR similar as 
described above in which primer 8 (Table 5) and primer 9 
(Table 5) were used to amplify CDR3 regions. Products 
were separated on a 2% Agarose gel and products of the 
correct length (-80-150 bp) were isolated and purified using 
Qiagen gel extraction kit. In order to adapt the environment 
of the camelidae CDR3 regions to scaffold iMab100 two 
extra rounds of PCR similar to the first PCR method was 
performed on 5ul of the products with the exception that the 
cycle number was decreased to 15 cycles and in which 
primer 73 (Table 5) and 75 (Table 5) were subsequently used 
as forward primer and primer 49 (Table 5) was used as 
reverse primer. 

Example 44 

Amplification of Cow-Derived CDR3 Regions 

0329 Cow (Bos taurus) blood lymphocytes were isolated 
according to standard procedures as described in Spinelli et 
al. (Biochemistry 39 (2000) 1217-1222). RNA from these 
cells was isolated via Qiagen RNeasy methods according to 
manufacturer's protocol. cDNA was generated using 
muMLV or AMV (New England Biolabs) according to 
manufacturer's procedure. CDR3 regions from Vh cDNA 
was amplified using 1 ulcNA reaction in 100 microliters 
PCR reaction mix comprising two units Taq polymerase 
(Roche), 200 uM of each dNTP (Roche), buffers (Roche Taq 
buffer system), 2.5 uM of primer 299 (Table 5) and 300 
(Table 5) in a Primus96 PCR machine (MWG) with the 
following program 35 times (94°C. for 20 seconds, 50° C. 
for 25 seconds, 72° C. for 30 seconds). Products were 
separated on a 2% Agarose gel and products of the correct 
length were isolated and purified using Qiagen gel extraction 
kit. The length distribution of the PCR products observed 
(see FIG. 11) represents the average length of cow CDR3 
regions. Correcting for framework sequences that are 
present in primer 299 (21 amino acids: Table 5) and 300 (27 
amino acids: Table 5) it can be concluded that the average 
length of cow CDR3s is: 120 base average PCR product 
length minus 48 base frameworks determines 72 bases and 
thus 24 amino acids. This result corresponds very well with 
the results observed by Spinelli et al. (Biochemistry 39 
(2000) 1217-1222). These CDR regions are therefore 
extremely useful for naive library constructions. 
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0330) Isolated and purified products can be used to adapt 
the sequences around the actual CDR3/AR4 location in a 
way that the coding regions of the frameworks are gradually 
adapted via several PCR modification rounds similarly as 
described for llama-derived ARs (see Example 43). 

Example 45 

Libraries Containing Loop Variegations in AR4 by 
Insertion of Amplified CDR3 Regions 

0331. A nucleic acid phage display library having varie 
gations in AR4 was prepared by the following method. 
Amplified CDR3 regions from llamas immunized with lac 
toperoxidase and lactoferrin was obtained as described in 
Example 43 and were digested with PstI and KpnI and 
ligated with T4 DNA ligase into the PstI- and Kipni-digested 
and alkaline phosphatase-treated vector CM114-iMab113 or 
CM114-iMab114. Cysteine-containing CDR3s were cloned 
into CM114-iMab114 while CDR3s without cysteines were 
cloned into vector CM114-iMab 113. The libraries were 
constructed by electroporation into E. coli TG1 electrocom 
petent cells by using a BTX electrocell manipulator ECM 
630. Cells were recovered in SOB and grown on plates that 
contained 4% glucose, 100 micrograms amplicillin per mil 
liliter in 2*TY-agar. After overnight culture at 37° C., cells 
were harvested in 2*TY medium and stored in 50% glycerol 
as concentrated dispersions at -80° C. Typically, 5x10 
transformants were obtained with 1 lug DNA and a library 
contained about 109 independent clones. 

Example 46 

Libraries Containing Loop Variegations in AR4 by 
Insertion of Randomized CDR3 Regions 

0332 A nucleic acid phage display library having varie 
gations in AR4 by insertion of randomized CDR3 regions 
was prepared by the following method. CDR3 regions from 
non-immunized and immunized llamas were amplified as 
described in Example 43 except that in the second PCR 
round dITP or dPTP were included as described in Example 
39. Preparation of the library was performed as described in 
Example 45. With dITP, a mutation rate of 2% was achieved, 
while with dPTP included in the PCR, a mutation rate of 
over 20% was obtained. 

Example 47 

Enrichment of VAPs that Bind to Target Molecules 
0333. About 50 microliters of the library stocks was 
inoculated in 50 ml 2*TY/100 microgram amplicillin/4% 
glucose and grown until an OD600 of 0.5 was reached. Next, 
10' VCSM13 (Stratagene) helper phages were added. The 
culture was left at 37°C. without shaking for 45 minutes to 
enable infection. Cells were pelleted by centrifugation and 
the supernatant was discarded. Pellets were resuspended in 
400 ml 2*TY/100 micrograms amplicillin and cultured for 
one hour at 37° C. after which 50 lug/ml kanamycin was 
added. Infected cultures were grown at 30°C. for eight hours 
on a 200 rpm shaking platform. Next, bacteria were removed 
by pelleting at 5000 g at 4°C. for 30 minutes. The super 
natant was filtered through a 0.45 micrometer PVDF filter 
membrane. Poly-ethylene-glycol and NaCl were added to 
the flow through with final concentrations of respectively 
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4% and 0.5M. In this way, phages precipitated on ice and 
were pelleted by centrifugation at 6000 g. The phage pellet 
was solved in 50% glycerol/50% PBS and stored at -20° C. 

0334 The selection of phage-displayed VAPs was per 
formed as follows. Approximately 1 g of a target molecule 
(antigen) was immobilized in an immunotube (Nunc) or 
microtiter plate (Nunc) in 0.1 m sodium carbonate buffer 
(pH 9.4) at 4°C. of n. After the removal of this solution, the 
tubes were blocked with a 3% skim milk powder solution 
(ELK) in PBS or a similar blocking agent for at least two 
hours either at room temperature or at 4° C. of n. After 
removal of the blocking agent a phagemid library Solution 
containing approximately 10'-10" colony forming units 
(cfu), which was preblocked with blocking buffer for one 
hour at room temperature, was added in blocking buffer. 
Incubation was performed on a slow rotating platform for 
one hour at room temperature. The tubes were then washed 
three times with PBS, two times with PBS with 0.1% Tween 
and again four times with PBS. Bound phages were eluted 
with an appropriate elution buffer, either 300 ml 0.1 m 
glycine pH 2.2 or 500 ul 0.1% trypsin in PBS. Recovered 
phages were immediately neutralized with 700 ul 1 m 
Tris-HCl pH 8.5 if eluted with glycine. 

0335 Alternatively the bound phages were eluted by 
incubation with PBS containing the antigen (1-10 uM). 
Recovered phages were amplified as described above 
employing E. coli XLI-Blue (Stratagene) or Top10F (InVit 
rogen) cells as the host. The selection process was repeated 
several times to concentrate positive clones. After the final 
round, individual clones were picked and their binding 
affinities and DNA sequences were determined. 

0336. The binding affinities of VAPs were determined by 
ELISA as described in Example 6, either as g|II-fusion 
protein on the phage particles or after Subcloning as an 
Ndel-Sfil into the expression vector Cm126 as described in 
Example 4. E. coli BL21 (DE3) or Origami (DE3) (Novagen) 
were transformed by electroporation as described in 
Example 5 and transformants were grown in 2xTY medium 
supplemented with amplicillin (100 ug/ml). When the cell 
cultures reached an OD600-1 protein expression was 
induced by adding IPTG (0.2 mM). After four hours at 37° 
C., cells were harvested by centrifugation. Proteins were 
isolated as described in Example 7. 

Example 48 

Enrichment for Lactoferrin Binding VAPs 

Purified Lactoferrin (LF) was Supplied by DMV-Campina. 

0337. A phage display library with variegations in AR4 as 
described in Example 45 was used to select LF-binding 
VAPs. LF (10 micrograms in 1 ml sodium bicarbonate buffer 
(0.1 m, pH 9.4)) was immobilized in an immunotube (Nunc) 
followed by blocking with 3% chicken serum in PBS. 
Panning was performed as described in Example 47. 10' 
phages were used as input. After the first round of panning, 
about 10,000 colonies were formed. After the second pan 
ning round, 500 to 1,000 colonies were formed. Individual 
clones were grown and VAPs were produced and checked by 
ELISA as described in Example 8. Enrichment was found 
for clones with the following AR4: 
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CAAQTGGPPAPYYCTEYGSPDSW (SEQ ID NO : 6) 

Example 49 

Enrichment for Lactoperoxidase Binding VAPs 
Purified Lactoperoxidase (LP) was Supplied by DMV 
Campina. 
0338 A phage display library with variegations in AR4 as 
described in Example 45 was used to select LP-binding 
VAPs. LP (10 micrograms in 1 ml sodium bicarbonate buffer 
(0.1 m, pH 9.4)) was immobilized in an immunotube (Nunc) 
followed by blocking with 3% chicken serum in PBS. 
Panning was performed as described in Example 47. 10' 
phages were used as input. After the first round of panning, 
about 5,000 colonies were formed. After the second panning 
round, 500 to 1,000 colonies were formed. Individual clones 
were grown and VAPs were produced and checked by 
ELISA as described in Example 8. Positive clones were 
sequenced. Enrichment was found for clones with the fol 
lowing AR4: 

CAAWLGCGYCDYDDGDWGSW (SEQ ID NO: 7) 

CAATENFRIAREGYEYDYW (SEQ ID NO:8) 

CAATSDFRIAREDYEYDYW (SEQ ID NO: 9) 

Example 50 

RNase A Binder, Construction, Maturation and 
Panning. 

0339) A synthetic RNase A-binding iMab, iMab130, was 
synthesized as described in Example 3 (Tables 4 and 3, 
respectively) and Subsequently cloned into Cm114 forming 
CM114-iMab130. Chimeric phages with iMab1130 as a 
fusion protein with the g3 coat protein were produced under 
conditions as described for library amplification procedure 
in Example 47. Panning with these chimeric phages against 
RNase A-coated immunotubes (see Example 47 for panning 
procedure) failed to show RNase A-specific binding of 
iMab130. Functional positioning of the RNase A-binding 
regions had clearly failed, probably due to minor distortions 
of Surrounding amino acid side chains. Small modifications 
of the scaffold might help to displace ARs into correct 
positions. In order to achieve this, the iMab 130-coding 
region was mutated using the following method: iMab 130 
present in vector CM114 was mutagenized using either dITP 
or dPTP during amplification of the scaffold with primers 
120 and 121 (Table 3). Mutagenizing concentrations of 1.7 
mM dITP or 300 uM, 75 uM or 10 uM dPTP were used. 
Resulting PCR products were isolated from an agarose gel 
via Qiagen's gel elution system according to the manufac 
turer's procedures. 
0340 Isolated products were amplified in the presence of 
100 uM of dNTPs (Roche) in order to generate dITP and 
dPTP free products. After purification via Qiagen’s PCR 
clean-up kit, these PCR fragments were digested with NotI 
and Sfil (NEB) and ligated into NotI- and Sfil-linearized 
Cm114. Precipitated and 70% ethanol washed ligation prod 
ucts were transformed into TG1 by means of electroporation 
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and grown in 2xTY medium containing 100 ug/ml amplicil 
lin and 2% glucose and subsequently infected with VCSM13 
helper phage (Stratagene) for chimeric phage production as 
described in Example 32. Part of the transformation was 
plated on 2xTY plates containing 2% glucose and 100 
micrograms/ml amplicillin to determine transformation fre 
quency: 

0341 These phage libraries were used in RNase A pan 
ning experiments as described in Example 32 RNase A was 
immobilized in immunotubes and panning was performed. 
After panning, phages were eluted and used for infection of 
TOP10 F (InVitrogen), and grown overnight at 37° C. on 
2XTY plates containing 2% glucose and 100 ug/ml ampi 
cillin and 25 microgram/ml tetracycline. The number of 
retrieved colonies is indicated in Table 17. 

0342. As can be concluded from the number of colonies 
obtained after panning with phage libraries derived from 
different mutagenesis levels of iMab 130, a significant 
increase of binders can be observed from the library with a 
mild mutagenesis level, being dITP (Table 17) 

Example 51 

Immobilization Procedure 

0343 One gram of epoxy activated Sepharose 6B (manu 
facturer Amersham Biosciences) was packed in a column 
and washed with ten bed volumes coupling buffer (200 mM 
potassium phosphate, pH 7). The protein to be coupled was 
dissolved in coupling buffer at a concentration of 1 mg/ml 
and passed over the column at a flow rate of 0.1 ml/minute. 
After passing 20 bed volumes of protein solution, the 
column was washed with coupling buffer. Passing ten bed 
volumes of 0.2 Methanolamine/200 mM potassium phos 
phate pH 7 blocked the unreacted epoxy groups. The resin 
was then washed with 20 bed volumes of 50 mM potassium 
phosphate pH 7 after which it was ready for use. 

Example 52 

iMab 100 Purification via Lysozyme Immobilized 
Beads 

0344 Lysozyme was immobilized on Eupergit, an acti 
vated epoxy-resin from Rohm and used in a column. A 
Solution containing iMab100 was passed on the column and 
the concentration was measured in a direct bypass and the 
flow through from the column (A280 nm). The difference 
indicated the amount of iMab100 that was bound to the 
column. The bound iMab 100 could be released with a CAPS 
buffer pH11. Control experiments with BSA indicated that 
the binding of iMab 100 to immobilized lysozyme was 
specific. 

Example 53 

Lysozyme Purification via iMab 100 Immobilized 
Beads 

0345 iMab100 was immobilized on Eupergit and used in 
a column. A solution containing Lysozyme was passed on 
the column and the concentration was measured and in a 
direct bypass and the flow through from the column (A280 
nm). The difference indicated the amount of Lysozyme that 
was bound to the column. The bound Lysozyme could be 

32 
Jun. 29, 2006 

released with a CAPS buffer pH11. Control experiments 
with BSA indicated that the binding of Lysozyme to immo 
bilized iMab100 was specific. 

Example 54 

Stability of iMab 100 in Whey Fractions 
0346) The stability of iMab100 in several milk fractions 
was measured by lysozyme coated plates via ELISA meth 
ods (Example 8). If the tags, scaffold regions or affinity 
regions were proteolytically degraded, a decreased anti 
lysozyme activity would be observed. iMab100 was diluted 
in several different solutions: 1XPBS as a control, ion 
exchange fraction from cheese-whey, gouda-cheese-whey 
and low pasteurized undermilk, 1.4 um filtered to a final 
concentration of 40 ug/ml. All fractions were stored at 8°C., 
samples were taken after: 0, two and five hours and after 1, 
2, 3, 4, 5 and 7 days. Samples were placed at -20° C. to 
prevent further degradation. ELISA detection was per 
formed as described in Example 8 and shown in FIG. 12. 
The activity pattern of iMab100 remained similar through 
out the experiment. Therefore it can be concluded that 
iMab 100, including the tags, were stable in assayed milk 
fractions. 

Example 55 

Preparation of Ligands 

0347 Human skin samples were harvested from two 
female donors undergoing cosmetic Surgery (buttocks and 
abdomen) and were processed within two to six hours after 
removal with transport to the laboratory on dry ice at 4°C. 
Before removal, the skin was disinfected with propyl-etha 
nol based solution and iodine-betadine. Processing was 
started with three times washes in PBS to remove all blood 
under sterile conditions. A dermatome set at 0.3 mm thick 
ness was used to shave the epidermis with a thin layer of 
dermis (the splitskin). The splitskin Surface integrity was not 
preserved during this procedure and the samples were 
washed three more times in sterile PBS, then frozen to -80° 
C. To obtain keratin enriched skin fractions, the frozen 
samples were grinded in liquid nitrogen, rinsed with 2% 
non-ionic detergent (such as Tween-20, Triton X-100 or 
Brij-30) or ethanol. External lipids were removed using a 
mixture of chloroform-methanol (2:1) for 24 hours. The 
delipidized hair was resuspended in an alkaline buffer (such 
as Tris-HCl pH 9), preferably in 6 Murea, but a range of 5-8 
Murea is possible, preferably 1 M thiourea but a range of 
0-3 Mthiourea is possible and 5% of a reducing agent (such 
as P-mercaptoethanol or dithiothroetol) and stirred at 50° C. 
for one to three days. The mixture was filtered and centri 
fuged (15,000 rpm, 30 minutes). The supernatant was dia 
lyzed against 10-50 mM of an alkaline buffer (such as 
Tris-HCl pH 9) to remove low molecular weight impurities. 
The dialyzation buffer may contain additives such as reduc 
ing agents. The obtained protein fraction was used as an 
antigen and may be treated with iodoacetic acid to prevent 
reformation of disulfide bonds. The pellet fraction (contain 
ing insoluble proteins) was washed with distilled water and 
grounded using a homogenizer (such as a Wiley Mill) to a 
Small particle size (i.e., all of the particles which pass 
through a 40 mesh screen). The Small particles were resus 
pended in a buffer to a stable Suspension, dialyzed and used 
as an antigen. 
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0348 Human hair samples were harvested from diverse 
Sources, representing different ethnic backgrounds and 
including, blond, brown, black curly, black straight and grey 
hairs. Cuticle-enriched fractions were obtained in a similar 
extraction procedure as described for keratin-enriched skin 
fractions. 

Example 56 

Coupling and Release of Fragrance Molecules to 
VAP 

0349 A C-8 Aldehyde (Octanal) was chosen to test 
labeling of the VAP with a volatile compound and subse 
quent release by hydrolysis. Octanal (MW 128.21) occurs in 
several citrus oils, e.g., orange oils. It is a colorless liquid 
with a pungent odor, which becomes citrus-like on dilution. 
Octanal was first allowed to react with the amino groups of 
the VAP and form an Imine bond. We then used aqueous 
solutions of HCl and NaOH to hydrolyze the bonds and 
release the volatile aldehyde. 
1. Formation of an Imine Bond 

0350 Labeling the VAP with Octanal: 5 mg of VAP 
(iMab100) were dissolved in 500 ul of phosphate buffer (1.8 
gram/liter NaHPO, 0.24 gram/liter KHPO pH 7.5). 50 ml 
of C-8 Aldehyde (Octanal) were then added to the mixture, 
which was then allowed to incubate at room temperature for 
18 hours. 

0351 Purification of the VAP-Fragrance Complex: The 
mixture solution from above was purified using a Ni-NTA 
column (spin column from Qiagen, used according to stan 
dard manufacturer procedures). The mixture was purified 
and all unbound fragrance was eluted using phosphate buffer 
by centrifuging six times for two minutes at 2000 rpm at 
700xg. The column was then further air dried for 30 minutes 
to rid the column of all background fragrance from unbound 
Octanal. 

0352 Release of the Fragrance: Fragrance was released 
from the Ni-NTA column by adding a solution of either 3.7% 
aqueous HCl or a SM NaOH, spinning for two minutes at 
2000 rpm at 700xg in a mini-centrifuge. Using a pump, air 
was flushed into the column and released fragrance was 
evaluated by a six person-panel. All release was obtained by 
evaluating the difference in fragrance from the VAP-fra 
grance complex upon addition of releasing agents. 

Release with HC Release with NaOH 

C8-Aldehyde -------- ---- 
No Fragrance 

0353. In addition, the above described experiment was 
analyzed by head space analysis: 

Sample 

1 2 3 4 5 (control) 6 (control) 

iMab100 (ul) 300 3OO 3OO 3OO 300 
C-8 Aldehyde (ul) 10 10 10 10 10 
Buffer (ul) 100 1OO 100 100 100 1OO 
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0354) The reaction mixtures were left overnight at room 
temperature for binding to occur (Schiff base) after which 
the samples were loaded onto a Ni-NTA Qiagen spin col 
umn. The columns were washed three times with a phos 
phate buffer pH 7.4 by spinning at 2000 rpm (700xg) for two 
minutes in a microcentrifuge followed by two washes with 
40 ul 95% ethanol to remove unbound Octanal. The lid of 
the columns pierced with a needle and a JSPME headspace 
fiber (PDMS Carboxan) was inserted and allowed to equili 
brate for 45 seconds (pre-release samples). Twenty ul of 
different concentrations of HCl varying from 0.5 to 0.01 M 
were added to the column to release the bound Octanal. 
Samples were taken as described above (release samples). 
The fibers were eluted and analyzed using the following 
method for GC-MS: 

0355 Sample inlet: GC 
0356. Injection source: Manual 
0357 Injection location: Front inlet port 
0358 Column 
0359 Capillary column (2): Union connection at front 
inlet/front detector/MSD 

0360 Model Number: Phenomenex Zebron ZB-1 (non 
polar 100% polydimethylsiloxane) 

0361 Nominal length: 60.0 m each/total 120.0 m 
0362 Nominal diameter: 250.00 um 
0363) Nominal film thickness: 0.25 um 
0364) Mode: constant pressure 
0365 Pressure: 35.8 psi 
0366 Nominal initial flow: 2.2 mL/minute 
0367 Average velocity: 39 cm/second 
0368 Inlet: front inlet 
0369 Outlet: MSD 
0370 Outlet pressure: vacuum 
0371 Front Detector 
0372 Temperature: 250° C. 
0373) Hydrogen flow: 40.0 mL/minute 
0374) Air flow: 450.0 mL/minute 
0375 Mode: constant makeup flow 
0376 Makeup gas type: helium 
0377 Data rate: 5 hz 
0378. Thermal Aux 2 
0379 Use: MSD transfer line heater 
0380 Description: MSD interface 
0381 Initial temperature: 280° C. 
0382 Oven 
0383) Initial temperature: 80° C. 
0384) Initial time: 1.00 minute 
0385) Ramps: Rate: 8.50/Final Temp: 260° C./Final 
Time: 2.00 
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0386 Run time: 23.00 min 
0387 Front Inlet 
0388) Mode: splitless 
0389. Initial temperature: 240° C. 
0390 Pressure: 35.8 psi 
0391) Purge flow: 50.0 mL/minute 
0392) Purge time: 0.50 minute 
0393 Total flow: 54.3 mL/minute 
0394 Gas type: helium 
0395. Mass Spec MS-D 
0396 Tune file: atune.u 
0397 Aquisition mode: scan 
0398 Solvent Delay: 2.00 minutes 
0399 Electron Multiplier Voltage: 2752.9 
0400 Scan parameters: low mass: 35/high mass: 450 
0401 MS Quad: 106° C. 
0402 MS Ion Source: 230° C. 
0403 Octanal Properties: 
0404 Boiling Point: 171° C. 
04.05) d=0.8139 
04.06 Experimental Values: 
0407 Odor Detection Threshold (in water)=0.00041 
0.0064 ppm 

0408 Odor Detection Threshold (in air)=0.0058-0.0136 
04.09 Calculated Values: 
0410 Odor Detection Threshold (water)=0.0042 ppm 
0411 Vapor Pressure (atm)=0.00329 
0412) Diffusion Coefficient (cm second)=0.0061 
0413 clogP=2.78 
0414. The results are shown in Table 19. A clear release 
of Octanal was detected after addition of HC1. 

2. Formation of the Amine Bond 

0415) To further test our assumption, the imine was 
further reduced using sodium borohydride to form a much 
more stable and non-hydrolyzable amine bond. 
0416 a. Labeling of the VAP. The procedure was 
repeated as outlined above for the Imine bond. In addition, 
after 18 hours, 100 ul of sodium borohydride (0.1 M pH 9) 
were added and the mixture was incubated at room tem 
perature for 1.5 hours. 
0417 b. Purification of the VAP with fragrance: The 
mixture solution from above was purified using a Ni-NTA 
column (spin column from Qiagen, used according to stan 
dard manufacturer procedures). The mixture was purified 
and all unbound fragrance was eluted using phosphate buffer 
(0.5N pH 7) by centrifuging six times for two minutes at 
2000 rpm at 700xg. The column was again allowed to 
air-dry using an air pump for 1.5 hours. 
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0418 c. Testing for Release: using the same method as 
previously mentioned, a very minimal release of fragrance 
was now discemable and the olfactory index was compa 
rable to a control of unbound VAP. 

0419 d. Release of Octanal-VAP complex from the Ni 
NTA column: The Octanal-VAP complex was eluted from 
the column according to the standard manufacturer proce 
dures, and diluted with SDS-PAGE sample buffer, boiled for 
five minutes at 95° C. 

0420 e. Molecular Weight determination: The Octanal 
labeled VAP was loaded on SDS-PAGE (15%, denaturing 
conditions) and was run against a control unbound VAP. The 
heavier (est. 1 kilodalton) molecular weight shown by the 
slower migration confirmed binding of the Octanal to VAP 
through an amide bond (results not shown). 

Example 57 
Coupling of Color Compound to VAP 

0421 Fluorescent dyes such as rhodamine can be 
covalently coupled to VAPs whereby the active binding 
properties are retained. Rhodamine and its derivatives are 
water-soluble basic dyes used in labeling all types of bio 
molecules. Tetramethyl-rhodamine-5-(and 6)-isothiocyanate 
(TRITC) is a derivative of tetramethyl-rhodamine, which 
reacts with nucleophiles Such as amines, Sulfihydryls, and 
the phenolate ion of tyrosine side chains. The only stable 
product however is with the primary amine groups, and so 
TRITC is almost entirely selective for the modification of e 
and N-terminal amines in proteins. The reaction involves 
attack of the nucleophile on the central, electrophilic carbon 
of the isothiocyanate group. Binding of TRITC to a VAP 
without loss of binding activity is here shown for iMab 142 
XX-002 (for amino acid sequence see Table 3). iMab 142 
XX-002 has specific binding activity for Lactoferrin. 
0422 Ten ul aliquots of a TRITC solution (1 mg/ml in 
DMSO) were added five times to 1 ml iMab142-XX-002 
solution (10 mg/ml in 0.1 M NaCO pH 9) with mixing in 
between. The mixture was incubated overnight at 4°C. in 
the dark under gentle stirring. The labeled iMab was purified 
from unreacted TRITC by dialysis against PBS pH 7.4. 
SDS-PAGE analysis of the purified TRITC-labeled iMab 
revealed a single colored protein band thus demonstrating 
that covalent labeling of TRITC was successful (see FIG. 
13, Lane 1). Specific binding of the TRITC labeled 
iMab 142-XX-002 to lactoferrin was demonstrated by using a 
gel-shift assay. iMab 142-XX-002 (2 mg/ml) was mixed with 
either PBS 6.5, bovine serum albumin (10 mg/ml in PBS pH 
6.5) or lactoferrin (10 mg/ml in PBS pH 6.5) and analyzed 
for migration on a 7.5% native PAA gel after electrophoresis 
(100V. 90 minutes) (FIG. 13). Migration is clearly repressed 
if TRITC-labeled iMab142-XX-0002 is mixed with lactofer 
rin indicating strong and specific binding (FIG. 13, Lane 3). 
The retardation factor (Rf) of the samples is: 
0423 TRITC-iMab: 0.66 
0424) TRITC-iMab+BSA: 0.66 
0425 TRITC-iMab+LF: 0.006 

Example 58 
Coupling of AntiCLys-VAP to Hair 

0426. The purpose of this experiment is to directly label 
hair coated with Lysozyme protein using a Rhodamine 
TRITCC-labeled-antiCLys-VAP. 
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0427 Hair strands (approximately 0.5 grams) were rinsed 
with potassium phosphate buffer (0.5 M pH 7.6). The hair 
strands were then immersed in 1.5 ml of a 25% solution of 
aqueous glutaraldehyde and incubated for 18 hours at 37°C. 
The hair was then washed thoroughly with phosphate buffer 
and water. 

0428 Hair strands were then transferred to a 1 ml solu 
tion of phosphate buffer, to which was also added 100 ul of 
Egg White Lysozyme (0.1 g in 1 ml stock solution). The 
mixture was allowed to react overnight at 4°C. The hair 
strands were then thoroughly washed with coupling buffer 
and then water. 

0429 All remaining aldehydes and other double bonds 
were then eliminated by adding 100 ml of sodium borohy 
dride (0.1M). The hair strands were then washed with water 
and then resuspended in 1 ml phosphate buffer. 
0430) 10 ul of TRITC-labelled antiCLys-VAP with the 
highest protein content obtained from the G-25 purification 
step of the previous example was then added to an Eppen 
dorf tube containing hair samples in 100 ul of 1xPBS buffer 
(pH 8). The reaction conditions are summarized below, 
indicating specific binding of TRITC-labeled VAPs to hair, 
via the crosslinked lysozyme that was coupled to the hair 
Surface: 

Sample fluorescence 

1 Hair + blocking agent weak 
2 Hair weak 
3 Hair-Lysozyme + blocking agent strong 
4 Hair-Lysozyme strong 

0431. An Elisa assay with Lysozyme bound to the surface 
of the wells confirmed that the TRITCC-coupling did not 
interfere with the VAP-affinity for lysozyme. The Elisa 
reaction was done with anti-VSV-horse radish peroxidase, 
detecting the VSV tag that is present on the carboxy terminals 
of the antiCLys-VAP 

sample size WAP - TRITC WAP Blocking Buffer 

1000 ng O.239 O.266 O.06S 
500 ng O.132 O.136 O.074 
250 ng O.O89 O.O99 O.044 
100 ng 0.077 O.118 O.O45 
50 ng O.O63 0.055 O.040 

Example 59 

Covalent Coupling of Polymeric Compounds to 
VAPS 

0432 Polymers such as polymethacrylate and polyethyl 
eneglycol can be covalently coupled to VAP whereby the 
active binding properties are retained. This is demonstrated 
by coupling iMab148-xx-0002 (for amino acid sequence, 
see Table 3), which binds to bovine lactoferrin, covalently to 
Eupergit 1014F. iMab148-XX-0002 is a derivative of 
iMab142-XX-0002. iMab142-XX-0002 was isolated as a 
lactoferrin binder as described in Examples 47 and 48. In 
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order to couple iMab148-xx-0002 covalently to polymeric 
compounds without loss of affinity, all lysine residues were 
replaced by non-reactive amino acids. For amino acid 
sequence, see Table 3. In addition, the 6X his tag was 
removed and a tag containing lysines was added. This tag 
has the following composition: KSSKGKSK (SEQ ID 
NO:10) and is numbered 06. The tag exchange was per 
formed in vector Cm126 according to standard molecular 
biology procedures. The resulting iMab is iMab148-06 
0002. iMab148-06-0002 was produced as described in 
Example 7.25 mg iMab148-06-0002 with affinity for bovine 
lactoferrin was mixed with 1 g of epoxy-activated 
metacrylic beads (Eupergit 1014F) and incubated overnight 
in 10 ml PES pH 9+0.5 M NaCl at room temperature. 
0433. The unreacted epoxy groups were blocked by incu 
bation with PBS pH 9-0.2 Methanolamine for four hours. 
The resin was subsequently washed with 10 Murea+20 mM 
DTT to remove non-covalently bound proteins. Subsequent 
washing of the resin with PBS pH 8 allows correct refolding 
of the immobilized iMab. With the immobilized VAP. lacto 
ferrin was isolated from casein whey, which was prepared as 
follows. Fresh cow milk was heated up to 35° C. and 
acidified with H2SO4 (30%) to pH 4.6. The precipitated 
milk solution was centrifuged (12,000 rpm, 30 minutes) to 
remove solids. The supernatant was adjusted to pH 6.5 and 
further clarified by ultracentrifugation (25,000 rpm, 30 min 
utes) and filtration (0.45um filter). The clarified casein whey 
(100 ml, in PBS pH 6.5) was loaded on an Eupergit 1014F 
column (2 ml) immobilized with 7.5 mg/ml iMab148-xx 
0002. After loading, the column was washed with 20-col 
umn volumes of PBS pH 6.5 to remove aspecifically bound 
proteins. PBS+2 MNaCl was applied to elute specific bound 
proteins. Eupergit 1014F (2 ml) without immobilized iMab 
was used as a negative control. SDS-PAGE analysis of input 
and eluate protein fractions (FIG. 14), showed that lactof 
errin (~80 kDa) was specifically recovered (FIG. 15, Lane 
5) despite its low concentration in bovine casein whey (0.05 
g/l). Only little aspecific binding of lactoferrin to resin 
material is observed (FIG. 14, Lane 3), indicating that the 
major amount of bound lactoferrin is iMab specific. 

Example 60 

Covalent Coupling of Enzymes to VAPs 
0434 Enzymes such as horseradish peroxidase (HRP) 
can be covalently coupled to VAPs whereby the active 
binding properties of VAPs are retained. 
0435) iMab142-xx-0002 (2 mg/ml in 50 mM KPi pH 
7.5+1 mM EDTA) was mixed with 10 ul N-succinimidyl 
S-acetylthioacetate (SATA, Pierce) (15 mg/ml in DMSO) 
and incubated for 30 minutes at room temperature. The 
mixture was dialyzed overnight against 50 mM KPi+1 mM 
EDTA to remove unreacted SATA. The thus obtained SATA 
activated iMab (1 ml) was deacetylated by addition of 100 
ul hydroxylamine (0.5 M in 50 mM KPi pH 7.5+25 mM 
EDTA) and subsequent incubation for two hours at room 
temperature. The mixture was dialyzed overnight against 50 
mM KPi+1 mM EDTA to remove excess hydroxylamine. 
The deacetylated SATA-activated iMab (2 mg/ml) was 
mixed with maleimide activated HRP (Pierce) in a molar 
ratio of (1:5) and reacted overnight at 4° C. The thus 
obtained iMab 142-XX-0002-HRP conjugate was purified 
from excess HRP by nickel-nitrile acetic acid agarose (Ni 
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NTA) chromatography according to the manufacturer's pro 
tocol. Specific binding of iMab142-XX-0002-HRP conjugate 
to lactoferrin was demonstrated by using a gel-shift assay. 
iMab 142-XX-0002-HRP (0.1 mg/ml) was mixed with either 
PBS 6.5, bovine serum albumin (10 mg/ml in PBS pH 6.5) 
or lactoferrin (10 mg/ml in PBS pH 6.5) and analyzed for in 
situ peroxidase activity with migration through a 7.5% 
native PAA gel using electrophoresis (100V. 90 minutes) 
(FIG. 15). Migration is clearly repressed if iMab142-xx 
0002-HRP is mixed with lactoferrin indicating strong and 
specific binding (FIG. 15, Lane 3). The retardation factor 
(Rf) of the samples is: 
0436 HRP-iMab: 0.31 
0437 HRP-iMab+BSA: 0.31 
0438 HRP-iMab+LF: 0.008 

Example 61 

Selection of Hair and Skin Binding VAPs 
0439 Phage display libraries with variegations in AR4 
were constructed as described in Example 45 by using 
amplified CDR3 regions of lamas (Lama glama) that were 
immunized with hair and skin proteins obtained as described 
in Example 55. Amplification of the CDR3 regions was 
performed as described in Example 43. In addition to 
introduction into phage display vector CM114-iMab 113 and 
CM114-iMab114, the CDR3 regions were also introduced 
into CM114-iMab1300 and CM114-iMab1500 (Table 3). 
These iMabs have a seven beta-strand scaffold. CM114 
iMab1300 and CM114-iMab1500 were constructed by 
insertion of the corresponding iMabs constructed as 
described in Example 3 as a NotI-Sfil fragment into CM 14 
replacing iMab 100. In order to introduce appropriate 
restriction sites and to adapt the environment of the camel 
idae CDR3 regions to the scaffolds of iMab1300 and 1500 
three extra rounds of PCR were performed (see Example 
43). For introduction into iMab1300 primer 822/823/824 
were used as forward primers and 829/811 and 830 were 
Subsequently used as reverse primers. For introduction into 
iMab 1500 primers 813/814 were used as forward primers 
and 815/816/817 were subsequently used as reverse primer. 
For primers see Table 5. Enrichment for VAPs binding to the 
target molecules was performed as described in Example 47. 
AS target molecules either soluble hair and skin proteins 
were used or whole pieces of hair and skin. 
0440 After the first round of panning about 100,000 
colonies were formed. After the second panning round, 
50,000 colonies were formed. After the third round of 
panning, about 10,000 colonies were formed. After three 
panning rounds with each library, at least 96 clones were 
sequenced to determine the nucleotide sequence of the 
presented iMab. Clones having identical nucleotide 
sequences and which were present more than two times 
within the 96 clones that were checked were selected for 
subcloning into the expression vector Cm126 as described in 
Example 4. VAPs were produced as described in Examples 
5 and 7. 

0441 To test the binding of the VAPs to hair and skin, 
pieces of hair and skin were incubated with the VAPs (-20 
microgram protein in 500 microliter Phosphate buffer pH 
7.4). After extensive washing (-20x the sample volume) 
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with phosphate buffer containing 0.1% tween-20 the binding 
VAPs were eluted with protein sample buffer (8%SDS, 40% 
glycerol in 0.25 M Tris-HCl buffer pH 6.8) and analyzed 
with SDS-PAGE. Binding VAPs was identified by Western 
Blotting. After gel-electrophoresis the proteins were trans 
ferred to PVDF membrane. After blocking for one hour at 
RT with 2% ELK (dried skim milk) in 1xRBS pH 7.4, a 
1:20,000 diluted anti-VSV-HRP conjugated antibody was 
added. Aspecifically bound anti-VSV-HRP conjugated anti 
body was removed after one hour by washing the membrane 
four times for 15 minutes with 1xPBS pH 7.4 at RT. HRP 
activity was visualized with fluorescent substrate provided 
by Pierce (cati 34095) according to the manufacturers 
protocol. Fluorescence was detected with FluorChemTM 
8900 (Alpha Innotech). Four VAPs, iMab143-XX-0029, 
iMab143-XX-0030, iMab143-XX-0033 and iMab143-XX 
0034 showed binding to hair (FIG. 16). The amino acid 
sequences of the binding iMabs are shown in Table 20. To 
skin none of the tested iMabs showed binding in this 
experiment. 

0442. The VAPs were also analyzed by ELISA as 
described in Example 8. Purified VAP (-50 ng) in 100 ul 
blocking buffer (0.5% BSA or Seablock) was added to a 
microtiter plate well coated with either 0.5% BSA(control), 
hair or skin proteins obtained as described in Example 55 
blocked with 0.5% BSA or Seablock and incubated for 1 
hour at room temperature on a table shaker (300 rpm). The 
microtiter plate was excessively washed with PBS (three 
times), PBS+0.1% Tween-20 (times) and PBS (three times). 
Bound VAPs were detected by incubating the wells with 100 
uPBS containing anti-VSV-HRP conjugate (Roche) for one 
hour at room temperature. After excessive washing using 
PBS (three times), PBS+0.1% Tween-20 (three times) and 
PBS (three times), wells were incubated with 100 ul Turbo 
TMB for five minutes. The reaction was stopped with 100 ul 
2M HSO, and absorption was read at 450 nm using a 
microtiter plate rearder (Biorad). Seven of the in total 19 
tested VAPs showed binding to skin proteins and also seven 
showed binding to hair proteins. The results are shown in 
Table 22. Five of the seven skin binding iMabs showed also 
binding to hair. iMab 142-XX-0032 and 143-XX-0035 showed 
only binding to skin proteins so far and iMab142-XX-38 and 
iMab 142-XX-39 only to hair proteins. The sequences of the 
binding VAPs are shown in Tables 20 and 21. 

Example 62 

Binding of VAPS to Human Skin Cryosections 
0443) Several iMabs isolated as described in Example 61 
were tested for their binding capacity to human skin. Abdo 
men skin obtained after Surgical correction with informed 
consent was dissected into pieces of 1 x0.5 cm and Snap 
frozen in liquid nitrogen. Frozen sections 6 Lm thick were 
air dried and fixated in acetone for ten minutes at 4° C. 
Endogenous peroxidase was inactivated with a 30-minute 
incubation in methanol containing 0.02% H.O.. After rehy 
dration in water and PBS, aspecific binding was blocked 
with a 20 minute preincubation in PBS containing 10% 
Normal Horse Serum (NHS, Vector Laboratories). Excess 
serum was removed and iMab PBS solution were directly 
applied. The iMabs were used in a dilution described in the 
results. 

0444. After a two-hour incubation at RT, sections were 
briefly washed twice in excess PBS containing 0.1% NHS 
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and for a one-hour incubation in PBS solution containing 
mouse-monoclonal anti-VSV-Hrp antibody diluted 1:250 
and 1% NHS. Section were washed three times for five 
minutes in PBS containing 0.1% NHS before color reaction 
was performed in DAB metal concentrate solution (Pierce) 
for ten minutes. Sections were washed in demi-water and 
mounted in glycergel (Dako). Most iMabs did not show a 
specific binding and will be tested further. Two iMabs, 
iMab 142-XX-0032 and iMab143-XX-0031, did show a spe 
cific staining (see FIG. 19). iMab142-XX-0032 stained some 
cells in the dermis, the layer underneath the epidermis and 
iMab143-XX-0031 stained all nuclei and the epidermis. 
Whether staining is specific for skin is not yet determined. 
But the results show that iMabs binding to components, 
proteins or cells in skin were isolated. 

Example 63 

Enrichments of Hair and/or Skin Binding VAPS 
with Identical AR Regions in Different Scaffolds 

0445 VAPs binding to hair and/or skin were isolated and 
produced as described in Example 61. Identical AR regions 
were enriched in different scaffolds, showing that binding to 
the target molecule is ont dependent o the scaffold but on the 
AR. The AR regions that were isolated are: 

1. AANDLLDYELDCIGMGPNEYED 

2. AAWPGILDYELGTERQPPSCTTRRWDYDY 

0446 AR region 1 was isolated from the libraries made 
in CM114-iMab 113 resulting in a nine-beta-strand contain 
ing VAP. iMab142-xx-0036 and from CM114-iMab1500 
resulting in a seven-beta-strand. Containing VAP. iMab143 
XX-0036AR region 2 was isolated from the libraries made in 
CM114-iMab1500 and from CM114-iMab1300 resulting 
both in a seven-beta-strand VAP but with different amino 
acid sequences, iMab143-XX-0037 and iMab 144-XX-37, 
respectively. 

0447 The sequences of the iMabs are listed in Tables 20 
and 21. 

Example 64 

Coupling of Fluorescent AntiHair-VAP to Hair 
0448 iMabs that were selected for their binding to hair as 
described in Example 61 were labeled with fluorescent dye 
(Alexa Fluor 488 carboxylic acid, succinimidyl ester, 
Molecular Probes cath A-20000). While stirring, 100 ul dye 
(10 mg/ml in dimethylsulfoxide) was added to 900 ul iMab 
(2 mg/ml in 0.1 M sodium bicarbonate pH 8.3). The mix was 
allowed to react for 14 hours at 4°C. while mixing gently. 
The labeling reaction was stopped by the addition of 100 ul 
of freshly prepared 1.5 M hydroxylamine pH 8.5 to the 
labeling mix, incubated at 20° C. for one hour while mixing 
gently. Free dye was removed by dialysis over a 7000 Dalton 
dialysis membrane versus 1xPBS pH 7.4 for 24 hours, 
refreshing the dialysis buffer three times. 
0449) To determine labeling of the iMabs small samples 
(~20 microliter) of labeled iMab were mixed with one 
volume loading buffer (8% SDS, 40% glycerol in 0.25 M 
Tris-HCl buffer pH 6.8) and allowed to denature for one 
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hour at 20°C. Ten ul samples were loaded on a 1 mm 15% 
SDS-PA gel and run at 100 Volt. Fluorescence was detected 
with FluorchemTM 8900 (Alpha Innotech). All samples were 
labeled with Alexa-488 (FIG. 17). Binding to hair was 
determined as described in Example 61 except that binding 
was determined with confocal laser Scanning microscopy 
(CLSM) (LSM510, Zeiss) instead of eluting with SDS 
loading buffer. Binding of Alexa-488 labeled iMabs to hair 
is shown in Table 23. FIG. 18 shows the results of the 
CLSM for iMab143-XX-0030 and iMab143-XX-34. 

Example 65 

Bivalent Hair-Conditioning Agents 
0450 A VAP with hair binding specificity was selected 
from phage display libraries uses methods known to those 
skilled in the art or as described in Example 61. Bi-valent 
molecules (mono-specific or bi-specific for keratin) can 
easily be synthesized by duplicating the corresponding DNA 
sequence and adding flexible or inflexible, long or short 
spacers. As an illustrative example, a spacer is described in 
the sequence SGGGGSGGGGSGGGG. Such bi-valent 
VAPs are non-aggressive hair-perming agents as they tend to 
cross-link individual hairs directly upon contact. The flex 
ibility of the spacer will determine the strength and feel of 
the perming agent, ranging from permanent hair waves to 
slight gelling agent effects. Besides the example spacer, 
many other spacers are described in Scientific literature to 
fuse proteins together. Even cross-linking agents Such as 
glutharaldehyde can be used to couple mono-valent VAPs in 
ways that the affinity to hair is not entirely lost. 

NVKLVEKGGNFVENDDDLKLTCRAEXXXXXXMGWFR (SEQ ID NO:11) 
QAPNDDSTNVATIXXXXXXYGDSWKERFDIRRDXXX 
XXXNTVTLSMDDLOPEDSAEYNCXXXXXXDSHYRGQ 
GTDVTVSS (VAP1) 

ggggsggggsggggs (linker) (SEQ ID NO:12) 

NVKLVEKGGNFVENDDDLKLTCRAEXXXXXXMGWFR (SEQ ID NO:11) 
QAPNDDSTNVATIXXXXXXYGDSWKERFDIRRDXXX 
XXXNTVTLSMDDLOPEDSAEYNCXXXXXXDSHYRGQ 
GTDVTVSS (VAP2) 

0451. To apply the perm agent to the hair, the hair is 
contacted with an effective amount of the bi-valent VAPs as 
described in the invention (i.e., an amount that is sufficient 
to achieve a noticeable conditioning effect to the hair, 
depending on the affinity characteristics of the Surface 
binding agent that is isolated from the panning procedure). 
Preferably, the perm agent is formulated with a suitable 
diluent that does not react with the perm agent, preferably a 
water-based diluent. Preferably, bi-valent VAPs are applied 
to the hair of one human head at a rate of 0.001 g to about 
1 g per usage. In another preferred example, the bi-Valent 
VAP is applied directly in a shampoo composition as are 
widely known in the art. 

Example 66 

VAPS without Cysteines 
0452 iMab 122 was used as a template for the design and 
construction of completely cysteine-less VAPS. About 400 
models were generated in which each individual cysteine 
was replaced by any other amino acid except for cysteine. 
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All models were assessed by Prosa II. All acceptable models 
Suggested replacement of the cysteine with hydrophobic 
amino acids residues (W. V. Y. F and I). Four models that 
showed the best ZP-values were selected for synthesis and 
testing (iMab138-XX-0007, 139-XX-0007, 140-xx-0007 and 
141-XX-0007, Table 3 and FIGS. 22A-22). 
0453) An oligonucleotide-mediated site-directed 
mutagenesis method was used to construct the iMabs. 
CM114-iMab122 was used as a template for the PCR 
reactions, together with oligonucleotide primers pr775, 
pr776, pr777, pr778, pr779, pr780 and pr78 (see Table 5). In 
the first PCR reaction, primers pr775 and pr779 were used 
for the construction of iMab138-xx-0007, primers pr776 and 
pr779 for the construction of iMab139-XX-0007, pr777 and 
pr780 for the construction of iMab140-XX-0007 and pr778 
and pr781 for the construction of iMab141-XX-0007. The 
obtained PCR fragments were used as primers in two 
parallel PCR reactions with CM114-iMab122 as template. In 
one reaction, the fragments were used in combination with 
pr42 as forward primer and in the other reaction, the 
fragments were used in combination with prS1 as reverse 
primer. The obtained PCR fragments were isolated via 
agarose gel separation and isolation (Qiagen gel extraction 
kit). The products were mixed in an equimolar ratio and a 
fragment overlap-PCR reaction with primers pr42 and pris 1. 
This PCR fragment was digested with NdeI and Sfil. The 
resulting fragment was isolated via an agarose gel and 
ligated into Cm126 linearized with Ndel and Sfl. Sequence 
analysis confirmed that in the produced iMabs the cysteine 
residues were replaced by other amino acids (Table 3 and 4). 
The iMabs were produced and purified as described in 
Examples 5 and 7 and analyzed for CD spectra as described 
in Example 13. Each iMab spectra were measured at 20° C. 
and after heating for ten minutes at 80° C. and cooling to 20° 
C. For comparison also CD spectra of iMab 111 with an extra 
cysteine bridge (see also Example 37) and iMab 116 with 
only one cysteine bridge (see also Example 31) were mea 
sured. The CD spectra of these two mutant iMabs are 
identical to the spectrum of iMab100 (see FIG. 9). The 
results are shown in FIG. 20. The double cysteine mutations 
iMab138-XX-0007, 139-XX-0007 and 141-XX-0007 are more 
affected by temperature treatment (FIGS. 20A and 20B). 
Especially iMab138-XX-0007 shows a decrease of more than 
50% in magnitude after heating. iMab140-XX-0007 displays 
a more flattened CD spectrum which Suggests less secondary 
structure. The iMab 140-xx-0007 CD spectrum is identical 
before and after heating. This shows that removal of all 
cysteines from the core does have an effect on the structure 
of the iMab but that impact of the effect on the structure is 
dependent on the Substituted amino acids. 

Example 67 

VAPS with a Different pI Value 

0454) iMab100 was used as a template for the design of 
iMabs with a different isoelectric point (pl) by exchange of 
exposed amino acids with more acidic or alkaline amino 
acids depending on the desired p, without loss of affinity. 
New iMabs were designed as described in Example 2 and 
three were synthesized based on their pi value, pI4.99, 
pI6.48 and 7.99, and their ZP-values, resulting in iMab 135 
XX-0002, iMab136-XX-0002 and iMab137-XX-0002, respec 
tively. For the amino acid and nucleotide sequence, see 
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Tables 3 and 4. The iMabs were synthesized as described in 
Example 3 and produced as described in Examples 4, 5 and 
7. Their binding affinity was tested as described in Example 
8. All three iMabs still bound lysozyme (results not shown). 
The CD spectra of the iMabs were measured at 20° C., at 80° 
C. and after heating for ten minutes at 80° C. and cooling to 
20° C. as described in Example 13. The spectra are shown 
in FIG. 21. There is no difference between the CD spectra 
of these iMabs and of iMab 100. Also, heating does not 
influence the folding of the iMabs. This shows that the 
exposed amino acids can be changed without influencing the 
affinity or structure of the iMab. 
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TABLE 1. 

1Neu 

CA GLY 2 -9.450 - 13.069 10.671 100 25.06 C 
CA GLY 3 -9.868 - 10.322 8.019 1.OO 20.77 C 
CA GLY 4 -6.884 -928O 5.813 1.OO 19.01 C 
CA GLY 5 -6.047 -5.991 4.01 6 1.OO 19.7S C 
CA GLY 6 -2.638 -4.349 3.12S 1.OO 22.33 C 
CA GLY 7 -1382 -1.720 5.647 1.OO 24.80 C 
CA GLY 8 -0.685 1.08O 3.150 1.OO 28.23 C 
CA GLY 9 -O.917 1.393 -0.623 1.OO 26.37 C 
CA GLY 10 0.737 3.923 -2.887 1.OO 29.08 C 
CA GLY 11 -0.741 5.082 -6.156 100 26.48 C 
CA GLY 12 0.157 7.450 -8.989 100 27.26 C 
CA GLY 13 -2.216 10.173 -10.146 1.OO 26.73 C 
CA GLY 15 -3.567 5.434 - 12.371 100 23.37 C 
CA GLY 16 -5.492 2.682 -10.482 100 22.86 C 
CA GLY 17 -4.920 O.709 -7.288 1.OO 20.21 C 
CA GLY 18 -6.462 -2.512 -5.933 1.OO 19.23 C 
CA GLY 19 -7.735 -2.659 -2.366 1.OO 17.13 C 
CA GLY 2O -7524 -6.278 -1.141 1.OO 1906 C 
CA GLY 21 -9.914 -7.812 1.35S 1.OO 15.28 C 
CA GLY 22 - 10.325 - 11479 2.238 1.OO 15.88 C 
CA GLY 23 -11.233 -13.572 5.249 1.OO 18.12 C 
CA GLY 24 -10.228 - 16.988 6.5SO 100 18.67 C 
CA GLY 25 - 11569 -19.457 9.107 1.OO 20.29 C 
CA GLY 33 -21.431 - 13.432 3.640 1.OO 24.64 C 
CA GLY 34 -21.423 -9.665 3.090 1.OO 2124 C 
CA GLY 35 - 18.613 -7.157 2.347 1.OO 17.90 C 
CA GLY 36 -18.908 -3.427 3.018 1.OO 16.78 C 
CA GLY 37 - 16.219 -0.829 2.103 1.OO 15.77 C 
CA GLY 38 - 16.123 2.573 3.946 1.OO 16.15 C 
CA GLY 39 - 13.870 S.619 3.251 1.OO 17.11 C 
CA GLY 40 - 12.494 8.314 5.642 1.OO 19.95 C 
CA GLY 46 -16.461 10.313 9.058 1.OO 25.44 C 
CA GLY 47 - 16.556 6.82O 7.445 1.OO 21.6S C 
CA GLY 48 -18.73S 6.834 4.274 1.OO 18.17 C 
CA GLY 49 -19.877 3.539 2.632 1.OO 16.87 C 
CA GLY SO -18.781 3.271 -1.024 100 16.20 C 
CA GLY 51 -19.542 -0.410 -1819 100 18.17 C 
CA GLY S8 -23.016 -6.OS7 -5.656 1.OO 25.27 C 
CA GLY 59 -24.O37 -2.432 -4.897 1.OO 25.25 C 
CA GLY 60 -21.8O1 O483 -5.960 100 27.11 C 
CA GLY 61 -22.391 4.033 -4.746 1.OO 33.08 C 
CA GLY 69 -14.428 4.962 -10.168 1.OO 1937 C 
CA GLY 70 -15.191 1646 -8.389 100 17.40 C 
CA GLY 71 -14.920 -1883 -9.862 1.OO 17.48 C 
CA GLY 72 - 15.954 -5092 -8.038 1.OO 17.29 C 
CA GLY 73 - 13.296 -7.784 -8446 1.OO 17.82 C 
CA GLY 74 - 13.990 -10198 -5.611 1.OO 2026 C 
CA GLY 81 - 14.142 -8.971 -1.381 1.OO 1595 C 
CA GLY 82 -11604 - 6.836 -3.256 1.OO 1451 C 
CA GLY 83 - 12.322 -3.672 -5.337 1.OO 1459 C 
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TABLE 1-continued 

ATOM S1 CA GLY 84 -10.287 -1.441 -7646 1.OO 1551 C 
ATOM 52 CA GLY 85 -10.204 2.403 - 7.291 1.OO 16.32 C 
ATOM S3 CA GLY 86 -9.791 3.931 - 10.768 1.OO 17.40 C 
ATOM S4 CA GLY 87 -8.338 7.2O3 - 12.126 1.OO 20.53 C 
ATOM 55 CA GLY 89 -6.478 11899 -7.844 1.OO 33.26 C 
ATOM S6 CA GLY 90 -4.328 13.752 -5.293 1.OO 33.41 C 
ATOM 57 CA GLY 91 -7.27S 14.318 -3.027 1.OO 28.24 C 
ATOM S8 CA GLY 92 -8.033 10.627 -2.71S 1.OO 23.61 C 
ATOM S9 CA GLY 93 -5.654 10.161 O.314 100 22.12 C 
ATOM 60 CA GLY 94 - 7.413 8.486 3.2OS 1.OO 18.21 C 
ATOM 61 CA GLY 95 -8.183 S.294 SO47 100 18.57 C 
ATOM 62 CA GLY 96 - 10.462 2SO2 3.647 1.OO 17.72 C 
ATOM 63 CA GLY 97 -12.048 -0.109 5.899 100 18.72 C 
ATOM 64 CA GLY 98 - 13.364 -3.549 4.893 1.OO 18.53 C 
ATOM 6S CA GLY 99 -16.169 -4.934 7.135 100 18.45 C 
ATOM 66 CA GLY 100 -17.OOS -8.651, 6.806 1.OO 17.71 C 
ATOM 67 CA GLY 108 -18.629 -7.767 11.674 100 32.51 C 
ATOM 68 CA GLY 109 -14.846 -7.953 11.718 1.OO 28.62 C 
ATOM 69 CA GLY 110 - 12.921 -5079 10.098 1.OO 23.31 C 
ATOM 70 CA GLY 111 -9.483 -4.260 8.692 1.OO 1982 C 
ATOM 71 CA GLY 112 -8.175 - 1.OOS 7.171 100 19.7S C 
ATOM 72 CA GLY 113 -5.635 0.154 4.554 100 18.42 C 
ATOM 73 CA GLY 114 -4.325 3.731 4.046 1.OO 18.70 C 
ATOM 74 CA GLY 115 -3.915 S.26S O.S76 1.OO 19.95 C 
ATOM 75 CA GLY 116 -1.274 7.843 -O.S10 1.OO 25.78 C 
ATOM 76 CA GLY 117 -1.158 9.173 -4.076 1.OO 31.06 C 
ATOM 77 CA GLY 118 1962 10.836 -5SOO 100 38.60 C 
ATOM 78 CA GLY 119 3.251 11.884 -8.972 1.OO 42.50 C 
TER 

1MEL 

ATOM 79 CA GLY A 3 -9.610 - 12.241 11.306 1.OO 36.96 C 
ATOM 80 CA GLY A 4 -9.672 -9.746 8.42O 1.OO 28.80 C 
ATOM 81 CA GLY A 5 -6.352 -8.965 6.761 1.OO 3164 C 
ATOM 82 CA GLY A 6 -6.225 -6.212 4.154 1.OO 24.68 C 
ATOM 83 CA GLY A 7 -3.391 -5.808 163O 1.OO 21.60 C 
ATOM 84 CA GLY A 8 -2.679 -3.267 -1.OSS 1.OO 17.27 C 
ATOM 85 CA GLY A 9 -2.837 O4SO -0.715 1.OO 18.58 C 
ATOM 86 CA GLY A 10 O. 112 2.848 -0.895 1.OO 16.78 C 
ATOM 87 CA GLY A 11 O.663 5.945 -3.023 1.OO 11.36 C 
ATOM 88 CA GLY A 12 -O.OO1 6.528 -6.640 1.OO 8.84 C 
ATOM 89 CA GLY A 13 -0.394 9450 -8.944 1.OO 1116 C 
ATOM 90 CA GLY A 14 -3.8OS 10.880 -9.667 1.OO 10.62 C 
ATOM 91 CA GLY A 16 -3.498 5.586 -11.682 100 7.90 C 
ATOM 92 CA GLY A 17 -SO29 2.507 - 10.132 1.OO 7.54 C 
ATOM 93 CA GLY A 18 -4.536 O406 -6.998 1.OO 6.47 C 
ATOM 94 CA GLY A 19 -5.823 -2.962 -5868 1.OO 5.43 C 
ATOM 95 CA GLY A 20 -6.773 -3.739 -2.263 1.00 8.09 C 
ATOM 96 CA GLY A 21 -7.534 - 7.231 -0.907 1.OO 8.76 C 
ATOM 97 CA GLY A 22 -9.056 -8.745 2.173 1.00 8.33 C 
ATOM 98 CA GLY A 23 -9.100 - 12.281 3.393 1.OO 13.77 C 
ATOM 99 CA GLY A 24 - 11.485 - 13.177 6.222 1.OO 17.53 C 
ATOM OO CA GLY A 25 -9.970 -15.910 8.36O 1.OO 23.23 C 
ATOM O1 CA GLY A 26 -11.324 -17.98S 11.176 1.OO 25.25 C 
ATOM O2 CA GLY A 32 - 22.537 - 12.961. 4.478 100 S.OO C 
ATOM O3 CA GLY A 33 -21.061 -9.574 3450 1.OO 4.64 C 
ATOM O4 CA GLY A 34 -17.SS7 -8.097 2.923 1.OO 2.48 C 
ATOM OS CA GLY A 35 - 17.173 -4.447 1958 100 2.00 C 
ATOM O6 CA GLY A 36 -14.942 - 1420 2.147 100 3.40 C 
ATOM O7 CA GLY A 37 - 15.248 1.77S 4.153 1.OO 6.64 C 
ATOM O8 CA GLY A 38 - 12.98O 4.768 4.009 100 8.74 C 
ATOM O9 CA GLY A 39 - 12.174 7.634 6.381 1.OO 1924 C 
ATOM 10 CA GLY A 44 -17.378 11.364 7.293 1.OO 26.93 C 
ATOM 11 CA GLY A 45 - 16.728 7.653 7.090 1.OO 16.63 C 
ATOM 12 CA GLY A 46 -17.836 6.562 3.651 1.OO 13.26 C 
ATOM 13 CA GLY A 47 -19.278 3220 2.664 1.OO 8.30 C 
ATOM 14 CA GLY A 48 -17.484 2.453 -0.6.27 1.OO 6.32 C 
ATOM 15 CA GLY A 49 -18.387 -O.943 -1936 100 3.71 C 
ATOM 16 CA GLY A 57 -24.217 -9.042 -5.792 100 11.04 C 
ATOM 17 CA GLY A 58 - 22.300 -5.759 -S.S82 100 7.10 C 
ATOM 18 CA GLY A 59 -23.147 -2.237 -4.440 100 9.00 C 
ATOM 19 CA GLY A 60 -21067 O.930 -4.751 100 8.36 C 
ATOM 2O CA GLY A 61 -21.147 4.392 -3.266 1.OO 15.85 C 
ATOM 21 CA GLY A 67 - 14.348 3.577 -11.091 100 12.68 C 
ATOM 22 CA GLY A 68 - 14.176 O.900 -84.16 1.OO 8.15 C 
ATOM 23 CA GLY A 69 -15.003 -2.767 -8.799 1.OO 8.39 C 
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TABLE 1-continued 

ATOM 24 CA GLY A 70 -15.301 -5.266 -5.949 1.OO 5.47 C 
ATOM 2S CA GLY A 71 -15.018 -8998 -6.510 1.OO 8.48 C 
ATOM 26 CA GLY A 72 - 14.299 - 12.215 -4.617 100 18.00 C 
ATOM 27 CA GLY A 79 - 12.288 -10.021 -1938 1.OO 9.55 C 
ATOM 28 CA GLY A 80 -10.619 -723O -3.968 1.OO 4.94 C 
ATOM 29 CA GLY A 81 -11.319 -3691 -4.814 1.OO 492 C 
ATOM 3O CA GLY A 82 -9.8O8 -2556 -8.096 1.OO 7.44 C 
ATOM 31 CA GLY A 83 -9.608 1.233 -8.010 1.OO 6.5S C 
ATOM 32 CA GLY A 84 -9.109 2.986 -11359 1.OO 9.49 C 
ATOM 33 CA GLY A 85 -9.157 6.689 - 12.211 1.OO 12.54 C 
ATOM 34 CA GLY A 87 -8.265 11.163 - 7.900 1.OO 1546 C 
ATOM 3S CA GLY A 88 -6.724 12.875 -4.855 1.OO 13.94 C 
ATOM 36 CA GLY A 89 -10.223 13.046 -3.286 1.OO 18.68 C 
ATOM 37 CA GLY A 90 -9.896 9.253 -2.924 1.OO 9.SS C 
ATOM 38 CA GLY A 91 - 7.043 9.782 -0.407 1.OO 6.54 C 
ATOM 39 CA GLY A 92 -8.2O1 8.111 2.809 1.OO 6.38 C 
ATOM 40 CA GLY A 93 -7.841 S.198 S.2OS 1.OO 6.33 C 
ATOM 41 CA GLY A 94 -9.509 2.130 3.746 1.OO 6.08 C 
ATOM 42 CA GLY A 95 - 11.083 -0.367 6.028 1.OO 10.12 C 
ATOM 43 CA GLY A 96 - 12.264 -3.845 5.241 1.OO 10.76 C 
ATOM 44 CA GLY A 97 - 15.411 -S.059 6.99S 1.OO 9.08 C 
ATOM 4S CA GLY A 98 -17.534 -8.225 7.154 1.OO 8.28 C 
ATOM 46 CA GLY A 122 - 15.862 -7486 11.967 1.OO 1549 C 
ATOM 47 CA GLY A 123 - 13.351 -4.917 11.OOO 100 12.37 C 
ATOM 48 CA GLY A 124 -9.811 -4.988 9.8O1 1.OO 14.34 C 
ATOM 49 CA GLY A 125 -6.730 -2.842 10.015 1.OO 22.49 C 
ATOM SO CA GLY A 126 -6.910 O.334 7.957 1.OO 17.72 C 
ATOM S1 CA GLY A 127 -4.732 O.802 4.921 100 16.51 C 
ATOM 52 CA GLY A 128 -3.822 4.319 3.804 1.OO 16.84 C 
ATOM 53 CA GLY A 129 -4.119 S.119 O.160 1.OO 11.90 C 
ATOM S4 CA GLY A 130 -2.710 8.445 -0.901 1.OO 8.75 C 
ATOM SS CA GLY A 131 -3.277 9.842 -4.344 100 1437 C 
ATOM 56 CA GLY A 132 -0.48O 12.243 -5.478 100 23:32 C 
ATOM 57 CA GLY A 133 -0.447 15.425 -7.580 100 36.14 C 
TER 

1F97 

ATOM S8 CA GLY A 29 -9.830 -13499 10.551 1.OO 41.25 C 
ATOM S9 CA GLY A 30 -9.746 -10.552 8.1 SO 100 22.43 C 
ATOM 60 CA GLY A 31 -6.475 -9.224 6.722 1.OO 24.73 C 
ATOM 61 CA GLY A 32 -4.787 -7.2O3 3.981 1.OO 20.95 C 
ATOM 62 CA GLY A 33 -1574 -7.581 1983 1.OO 28.77 C 
ATOM 63 CA GLY A 34 -0.760 -3.875 2.262 1.OO 33.48 C 
ATOM 64 CA GLY A 35 -2.198 - 1.487 4.855 1.OO 27.47 C 
ATOM 6S CA GLY A 36 -0.223 1.510 3.544 1.OO 29.20 C 
ATOM 66 CA GLY A 37 -0.984 1885 -0.16O 1.OO 23.99 C 
ATOM 67 CA GLY A 38 O.681 4472 -2.392 1.OO 24.19 C 
ATOM 68 CA GLY A 39 -0.199 4.783 -6.071 1.OO 15.35 C 
ATOM 69 CA GLY A 40 O.260 7.491 -8.737 1.OO 12.64 C 
ATOM 70 CA GLY A 41 -2.766 9.641 -9587 1.OO 924 C 
ATOM 71 CA GLY A 43 -3.890 4.861 - 12.131 1.OO 14.44 C 
ATOM 72 CA GLY A 44 -5.807 1.735 - 11:160 1.OO 21.52 C 
ATOM 73 CA GLY A 45 -5.444 O.202 -7.726 100 22.48 C 
ATOM 74 CA GLY A 46 -6.964 -2.72O -5.861 1.OO 21.22 C 
ATOM 7S CA GLY A 47 -7.458 -2.391 -2.118 1.OO 2006 C 
ATOM 76 CA GLY A 48 -7.106 -5.988 -0.927 1.OO 13.56 C 
ATOM 77 CA GLY A 49 -9.118 -7.626 1851 1.OO 1914 C 
ATOM 78 CA GLY A SO -8.738 -11362 24O1 1.OO 22.49 C 
ATOM 79 CA GLY A 51 -10.667 - 13.442 4.932 1.OO 20.58 C 
ATOM 80 CA GLY A 52 -11.032 -17.051 6.076 1.OO 24.SS C 
ATOM 81 CA GLY A S3 -13S12 - 18.935 8.234 1.OO 17.82 C 
ATOM 82 CA GLY A 57 -19.932 - 13.290 4102 1.OO 10.39 C 
ATOM 83 CA GLY A S8 -21.330 -9.790 3.738 1.OO 8.00 C 
ATOM 84 CA GLY A 59 -18.524 - 7.465 2.656 100 7.62 C 
ATOM 85 CA GLY A 60 -18.773 -3.717 3.244 1.OO 6.84 C 
ATOM 86 CA GLY A 61 - 16.384 -0.804 2.777 1.OO 8.48 C 
ATOM 87 CA GLY A 62 - 16.301 2.656 4.292 100 13.92 C 
ATOM 88 CA GLY A 63 - 14.245 5.726 3.449 1.OO 1189 C 
ATOM 89 CA GLY A 64 - 13.094 8.083 6.189 1.OO 23.18 C 
ATOM 90 CA GLY A 68 - 16.689 12612 6.413 1.OO 46.37 C 
ATOM 91 CA GLY A 69 -17.861 8.988 6.532 1.OO 32.33 C 
ATOM 92 CA GLY A 70 -19.096 7.427 3.276 1.OO 18.88 C 
ATOM 93 CA GLY A 71 -19.976 3.841 2.373 1.OO 12.11 C 
ATOM 94 CA GLY A 72 -18.208 2.531 -0.728 1.OO 9.54 C 
ATOM 95 CA GLY A 73 -19.659 -0.955 -0.492 1.OO 9.17 C 
ATOM 96 CA GLY A 77 -22.346 -4.092 -3.568 1.OO 17.96 C 

PGR2026-00025 - JHU 
Ex. 2049 - Page 80



US 2006/O 140889 A1 Jun. 29, 2006 
42 

TABLE 1-continued 

ATOM 197 CA GLY A. 78 -20.630 -0.882 -4.664 1.OO 11.41 C 
ATOM 198 CA GLY A 79 - 22.720 2.163 -3.704 100 8.01 C 
ATOM 199 CA GLY A 85 -15.239 3.577 - 11.142 1.OO 17.93 C 
ATOM 200 CA GLY A 86 -15.128 0.968 -8.358 1.OO 1544 C 
ATOM 201 CA GLY A. 87 - 15.569 -2.740 -9.02O 1.OO 16.79 C 
ATOM 202 CA GLY A 88 -16.272 -5.311 -6.312 1.OO 1407 C 
ATOM 203 CA GLY A 89 - 14.727 -8.756 -5.888 1.OO 16.75 C 
ATOM 204 CA GLY A 91 - 10.820 -10.288 -2.524 1.OO 17.13 C 
ATOM 205 CA GLY A. 92 -11.033 -6.489 -2.552 1.OO 12.84 C 
ATOM 206 CA GLY A 93 - 12.232 -3.404 -4.409 1.OO 12.33 C 
ATOM 207 CA GLY A 94 -10.610 -2.146 - 7.6O2 1.OO 1243 C 
ATOM 208 CA GLY A 95 - 10.518 1.519 -8.590 1.OO 11.12 C 
ATOM 209 CA GLY A 96 - 10.279 1926 - 12.3SS 1.OO 16.95 C 
ATOM 210 CA GLY A 97 -8.644 5.292 -11.532 1.OO 21.11 C 
ATOM 211 CA GLY A. 99 - 7443 11.068 -7.844 1.OO 22.37 C 
ATOM 212 CA GLY A 100 -5.937 13.065 -4.977 1.OO 23.75 C 
ATOM 213 CA GLY A 101 -9.51S 13.338 -3.639 100 22.84 C 
ATOM 214 CA GLY A 102 -9.383 9.634 -2.783 1.OO 1551 C 
ATOM 21S CA GLY A 103 -6.718 10.015 -0.07O 1.OO 11.57 C 
ATOM 216 CA GLY A 104 - 7.876 8.577 3.237 1.OO 9.52 C 
ATOM 217 CA GLY A 105 -8.530 S.333 SOSO 100 12.64 C 
ATOM 218 CA GLY A 106 - 10.727 2.534 3.753 1.00 7.32 C 
ATOM 219 CA GLY A 107 - 12.073 -0.044 6.17S 1.OO 7.52 C 
ATOM 220 CA GLY A 108 - 13.078 -3.483 4.952 1.OO 9.97 C 
ATOM 221 CA GLY A 109 -15.819 -4.936 7.140 1.OO 12.91 C 
ATOM 222 CA GLY A 110 - 16.559 -8.639 6.792 1.OO 11.27 C 
ATOM 223 CA GLY A 118 -17.046 -10.415 12.491 1.OO 13.29 C 
ATOM 224 CA GLY A 119 - 13.800 -8.756 11482 1.OO 15.SS C 
ATOM 225 CA GLY A 120 - 12.342 -5.613 9.917 1.OO 11.36 C 
ATOM 226 CA GLY A 121 -9.139 -4.141 8.532 1.OO 11.36 C 
ATOM 227 CA GLY A 122 -8.151 -0.571 7.641 1.OO 1114 C 
ATOM 228 CA GLY A 123 - 6.080 0.52O 4.643 1.OO 11.58 C 
ATOM 229 CA GLY A 124 -4.59S 3.978 4.206 1.OO 15.52 C 
ATOM 230 CA GLY A 12S -4.504 S2OO O.621 1.OO 9.61 C 
ATOM 231 CA GLY A 126 -2.079 7.899 -0.493 1.OO 10.84 C 
ATOM 232 CA GLY A 127 -2415 9.054 -4.098 1.OO 10.58 C 
ATOM 233 CA GLY A 128 0.98S 10.216 -5.373 1.OO 14.41 C 
ATOM 234 CA GLY A 129 1.308 13.675 -6.91S 1.OO 12.32 C 
TER 

1DQT 

ATOM 235 CA GLY C 2 -10.OOS -8.876 13.603 1.00 35.96 C 
ATOM 236 CA GLY C 3 -10.267 -7.5O2 10.101 100 30.2O C 
ATOM 237 CA GLY C 4 -7.171 -6.498 8.221 1.OO 27.24 C 
ATOM 238 CA GLY C 5 -6.397 -5.009 4.845 1.OO 23.16 C 
ATOM 239 CA GLY C 6 -3.219 -3.760 3.07O 1.OO 22.73 C 
ATOM 240 CA GLY C 7 - 1859 -O343 3.998 1.OO 24.33 C 
ATOM 241 CA GLY C 8 -1.267 0.851 0436 1.OO 21.64 C 
ATOM 242 CA GLY C 9 -2.613 O-109 -3.024 1.OO 20.25 C 
ATOM 243 CA GLY C 10 -1.486 1813 -6.246 1.OO 20.37 C 
ATOM 244 CA GLY C 11 -4.559 2.055 -84.80 1.OO 22.46 C 
ATOM 245 CA GLY C 12 -4.228 1.091 - 12.139 1.OO 24.30 C 
ATOM 246 CA GLY C 14 -7.812 2.779 -15.613 1.OO 30.82 C 
ATOM 247 CA GLY C 15 -8.831 3.617 - 12.06O 1.OO 25.29 C 
ATOM 248 CA GLY C 16 -8.949 0.054 -10.709 1.OO 21.63 C 
ATOM 249 CA GLY C 17 -7.920 -0.828 -7.174 1.OO 20.22 C 
ATOM 2SO CA GLY C 18 -8.037 -4.397 -5.93O 1.OO 20.86 C 
ATOM 251 CA GLY C 19 - 7.062 -5.746 -2.SS8 1.OO 21.25 C 
ATOM 252 CA GLY C 20 - 7.903 -8.418 O.OO3 1.OO 21.73 C 
ATOM 253 CA GLY C 21 -9.906 -7.860 3.174 100 22.97 C 
ATOM 254 CA GLY C 22 -9.210 -10.573 S.688 1.OO 26.59 C 
ATOM 2SS CA GLY C 23 -10.945 - 11.564 8.878 1.OO 26.47 C 
ATOM 256 CA GLY C 24 -10.701 - 13.907 11.826 1.OO 31.54 C 
ATOM 257 CA GLY C 25 - 11.932 - 16.084 13.33S 1.OO 31.33 C 
ATOM 258 CA GLY C 32 -20.611 - 12.339 S.419 1.OO 21.25 C 
ATOM 259 CA GLY C 33 -21.785 -8.834 4.607 1.OO 21.86 C 
ATOM 260 CA GLY C 34 -18.854 -6.717 3.456 100 1978 C 
ATOM 261 CA GLY C 35 - 18.920 -2.932 3.364 1.OO 1911 C 
ATOM 262 CA GLY C 36 - 16.430 -0.515 1.806 1.OO 19.23 C 
ATOM 263 CA GLY C 37 - 16.229 2.889 3.46O 1.OO 25.95 C 
ATOM 264 CA GLY C 38 - 14.212 S.923 2.415 1.OO 30.90 C 
ATOM 26S CA GLY C 39 - 12.916 7.802 S.426 1.OO 40.84 C 
ATOM 266 CA GLY C 43 - 16.713 11.053 8.779 1.OO 46.74 C 
ATOM 267 CA GLY C 44 -17.290 8.066 6. SOS 1.OO 36.18 C 
ATOM 268 CA GLY C 45 -19.O3O 7.541 3.173 1.OO 28.21 C 
ATOM 269 CA GLY C 46 -20.279 4.093 2.143 1.OO 25.48 C 
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0496) 

TABLE 8 

1NEU 

ATOM 1 CA GLY 2 -33.839 -10.967 -0.688 OO 25.06 C 
ATOM 2 CA GLY 3 -31.347 -8.590 -2.388 OO 20.77 C 
ATOM 3 CA GLY 4 -29.325 -6.O68 -0.288 OO 1901 C 
ATOM 4 CA GLY 5 -27.767 -2.669 -1162 OO 19.7S C 
ATOM S CA GLY 6 -27.109 O487 1.010 OO 22.33 C 
ATOM 6 CA GLY 7 -29.834 3.204 O812 OO 24.80 C 
ATOM 7 CA GLY 8 -27.542 6.161 0.057 OO 28.23 C 
ATOM 8 CA GLY 9 -23.790 6.593 -0.286 OO 26.37 C 
ATOM 9 CA GLY 10 -21.7SO 9.765 -0.074 1.OO 29.08 C 
ATOM 10 CA GLY 11 -18.5OS 10.289 -1920 OO 26.48 C 
ATOM 11 CA GLY 12 -15859 12.991 -2.286 OO 27.26 C 
ATOM 12 CA GLY 13 -14.782, 14.286 -5685 OO 26.73 C 
ATOM 13 CA GLY 15 - 12.221 9.666 -4.538 OO 23.37 C 
ATOM 14 CA GLY 16 -13.862 6.196 -4.876 OO 22.86 C 
ATOM 1S CA GLY 17 - 16.948 4.527 -3422 OO 20.21 C 
ATOM 16 CA GLY 18 -18.042 O.875 -3.195 OO 9.23 C 
ATOM 17 CA GLY 19 -21.543 -0.132 -4.244 100 7.13 C 
ATOM 18 CA GLY 2O -22.5SO -3.266 -2.294 1.OO 9.06 C 
ATOM 19 CA GLY 21 -24.854 -5.946 -3635 OO S.28 C 
ATOM 2O CA GLY 22 -25.493 -9.401 -2.2O3 OO 5.88 C 
ATOM 21 CA GLY 23 -28.333 -11.882 -1980 OO 8.12 C 
ATOM 22 CA GLY 24 -29.458 - 14.458 O564 1.OO 8.67 C 
ATOM 23 CA GLY 25 -31.806 -17.445 O.S94 1.OO 20.29 C 
ATOM 24 CA GLY 33 -26.348 -16.618 - 10.937 OO 24.64 C 
ATOM 2S CA GLY 34 -26.032 - 13.298 - 12772 OO 2124 C 
ATOM 26 CA GLY 35 -25.552 -9.691, -11.546 OO 7.90 C 
ATOM 27 CA GLY 36 -26.440 -6.639 -13.630 OO 6.78 C 
ATOM 28 CA GLY 37 -25.790 -3.001 - 12.SS3 OO 5.77 C 
ATOM 29 CA GLY 38 -27.841 -0.127 - 14.139 1.OO 16.15 C 
ATOM 3O CA GLY 39 -27.421 3.671 -13.662 OO 7.11 C 
ATOM 31 CA GLY 40 -30.023 6.514 - 13.788 OO 9.95 C 
ATOM 32 CA GLY 69 - 13.975 3.798 - 13.786 OO 9.37 C 
ATOM 33 CA GLY 70 -15.517 O412 - 12.834 100 7.40 C 
ATOM 34 CA GLY 71 -13.840 -2419 -10.867 OO 7.48 C 
ATOM 3S CA GLY 72 - 15.422 -5847 - 10.205 OO 7.29 C 
ATOM 36 CA GLY 73 - 14.951 - 6.863 -6.568 OO 7.82 C 
ATOM 37 CA GLY 74 -17.604 -9507 -6.OO1 OO 20.26 C 
ATOM 38 CA GLY 81 -21.892 -8.819 -6.747 OO 5.95 C 
ATOM 39 CA GLY 82 -20.2SO -5.588 -S.S72 OO 1451 C 
ATOM 40 CA GLY 83 -18.342 -3.035 -7.740 OO 1459 C 
ATOM 41 CA GLY 84 - 16.254 O.065 - 7.OSO OO 5.51 C 
ATOM 42 CA GLY 85 -16.847 3.424 -8859 OO 6.32 C 
ATOM 43 CA GLY 86 -13.490 S.206 -9235 OO 7.40 C 
ATOM 44 CA GLY 87 - 12.392 8.860 -9.S6S OO 20.53 C 
ATOM 4S CA GLY 89 -17.022 13.543 -10.254 1.OO 33.26 C 
ATOM 46 CA GLY 90 -19.763 16.019 -9.293 OO 33.41 C 
ATOM 47 CA GLY 91 -21.946 14.910 -12147 OO 28.24 C 
ATOM 48 CA GLY 92 -22.OO1 11.307 -11.004 1.OO 23.61 C 
ATOM 49 CA GLY 93 -25.084 11.842 -8.710 OO 22.12 C 
ATOM SO CA GLY 94 -27.797 9.318 -9.433 OO 8.21 C 
ATOM S1 CA GLY 95 -29.408 6.033 -8549 OO 8.57 C 
ATOM 52 CA GLY 96 -27.753 2.594 -9.167 OO 7.72 C 
ATOM S3 CA GLY 97 -29.778 -0.614 -9279 OO 8.72 C 
ATOM S4 CA GLY 98 -28.513 -4.176 -8.741 OO 8.53 C 
ATOM 55 CA GLY 99 -30.558 -6.911 - 10.517 OO 8.45 C 
ATOM S6 CA GLY 100 -29.969 -10.529 -9.427 OO 7.71 C 
ATOM 57 CA GLY 108 -34.816 -10.904 -11290 OO 32.51 C 
ATOM S8 CA GLY 109 -34.993 -9.224 - 7.900 OO 28.62 C 
ATOM S9 CA GLY 110 -33.628 -5.668 -7.622 OO 23.31 C 
ATOM 60 CA GLY 111 -32.4O6 -3.176 -SO20 OO 9.82 C 
ATOM 61 CA GLY 112 -31.140 O403 -5467 OO 9.75 C 
ATOM 62 CA GLY 113 -28.697 2.839 -3.811 OO 8.42 C 
ATOM 63 CA GLY 114 -28.461 6.627 -4417 OO 8.70 C 
ATOM 64 CA GLY 115 -25.110 8.413 -4.799 OO 9.95 C 
ATOM 6S CA GLY 116 -24.286 12.022 -3.753 OO 25.78 C 
ATOM 66 CA GLY 117 -20.816 13493 -4.292 OO 31.06 C 
ATOM 67 CA GLY 118 -19.6.16 16.565 -2.380 OO 38.60 C 
ATOM 68 CA GLY 119 -16.267 18.356 -1.757 OO 42.50 C 
TER 
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TABLE 8-continued 

1MEL 

ATOM 69 CA GLY A 3 -34.517 - 10.371 -1234 100 36.96 C 
ATOM 70 CA GLY A 4 -31790 -8022 -2.500 1.OO 28.80 C 
ATOM 71 CA GLY A 5 -30.310 -5.603 O.O18 1.OO 3164 C 
ATOM 72 CA GLY A 6 -27.884 -2.957 -1209 1.OO 24.68 C 
ATOM 73 CA GLY A 7 -25.500 -1.042 1.073 1.OO 21.60 C 
ATOM 74 CA GLY A 8 -23.OOS 1710 O458 1.OO 17.27 C 
ATOM 7S CA GLY A 9 -23.567 4.843 -1.499 1.OO 1858 C 
ATOM 76 CA GLY A 10 -23.648 8.381 -0.100 1.OO 16.78 C 
ATOM 77 CA GLY A 11 -21.736 11497 -1.127 1.OO 11.36 C 
ATOM 78 CA GLY A 12 -18.140 11.942 -1980 100 8.84 C 
ATOM 79 CA GLY A 13 -16.OO6 14.459 -3.746 1.OO 1116 C 
ATOM 80 CA GLY A 14 -15.243 14.091 -7418 1.OO 10.62 C 
ATOM 81 CA GLY A 16 - 12.92O 9.782 -4.SS4 100 7.90 C 
ATOM 82 CA GLY A 17 - 14217 6.244 -4.387 1.OO 7.54 C 
ATOM 83 CA GLY A 18 - 17.233 4.43O -2.940 1.OO 6.47 C 
ATOM 84 CA GLY A 19 -18.104 O.790 -2.418 1.OO 5.43 C 
ATOM 85 CA GLY A 2O -21.615 -0.610 -2.878 1.OO 8.09 C 
ATOM 86 CA GLY A 21 -22.724 -4.116 -1837 1.OO 8.76 C 
ATOM 87 CA GLY A 22 -25.644 -6.399 -2.433 1.OO 8.33 C 
ATOM 88 CA GLY A 23 -26.642 -9.585 -0.74S 1.OO 13.77 C 
ATOM 89 CA GLY A 24 -29.318 -11.732 -2.396 1.OO 17.53 C 
ATOM 90 CA GLY A 25 -31.340 - 13.525 O.256 1.OO 23.23 C 
ATOM 91 CA GLY A 26 -33.969 -16.194 O.081 1.OO 25.25 C 
ATOM 92 CA GLY A 32 -27.171 -16.809 -12-135 100 S.OO C 
ATOM 93 CA GLY A 33 -26.411 -13068 - 12.5O2 1.OO 4.64 C 
ATOM 94 CA GLY A 34 -26.109 -10.036 -10.166 1.OO 2.48 C 
ATOM 95 CA GLY A 35 -25.386 -6.603 -11.615 1.OO 2.00 C 
ATOM 96 CA GLY A 36 -25.845 -2.895 - 11.151 1.OO 3.40 C 
ATOM 97 CA GLY A 37 -28.032 -0.410 - 12.986 1.OO 6.64 C 
ATOM 98 CA GLY A 38 -28.158 3.311 - 12472 100 8.74 C 
ATOM 99 CA GLY A 39 -30.731 6.025 - 13.179 1.OO 1924 C 
ATOM OO CA GLY A 67 - 12.972 2.698 - 13.036 100 12.68 C 
ATOM O1 CA GLY A 68 - 15.482 O.261 -11.584 100 8.15 C 
ATOM O2 CA GLY A 69 -14.843 -3.306 -10511 1.OO 8.39 C 
ATOM O3 CA GLY A 70 -17.520 -5.831 -9.SS6 1.OO 5.47 C 
ATOM O4 CA GLY A 71 -16.742 -8.900 - 7.482 1.OO 8.48 C 
ATOM OS CA GLY A 72 -18.459 -11484 -5.287 100 18.00 C 
ATOM O6 CA GLY A 79 -21.342 -8.788 -4.615 1.OO 9.55 C 
ATOM O7 CA GLY A 80 -19.553 -5.399 -4.519 1.OO 4.94 C 
ATOM 08 CA GLY A 81 -18.901 -2.601 - 6.858 1.OO 492 C 
ATOM 09 CA GLY A 82 - 15.755 -0.638 - 6.085 1.OO 7.44 C 
ATOM 10 CA GLY A 83 -16.081 2.748 -7.76S 1.OO 6.5S C 
ATOM 11 CA GLY A 84 - 12.869 4.759 -8.177 1.OO 9.49 C 
ATOM 12 CA GLY A 85 -12.245 8.019 -10.028 1.OO 12.54 C 
ATOM 13 CA GLY A 87 - 16.853 12.035 - 11.452 1.OO 1546 C 
ATOM 14 CA GLY A 88 -20.054 14.OSS -10.95S 1.OO 13.94 C 
ATOM 1S CA GLY A 89 -21497 12.384 -14.095 1.OO 18.68 C 
ATOM 16 CA GLY A 90 -21.637 9.217 - 11.9SS 1.OO 9.SS C 
ATOM 17 CA GLY A 91 -24.288 10.888 -9.734 1.OO 6.54 C 
ATOM 18 CA GLY A 92 -27.349 8.637 -9.936 1.OO 6.38 C 
ATOM 19 CA GLY A 93 - 29.573 6.105 -8.204 1.OO 6.33 C 
ATOM 2O CA GLY A 94 -27.866 2.727 -8.154 1.OO 6.08 C 
ATOM 21 CA GLY A 95 -29.928 -0.377 -8.312 1.OO 10.12 C 
ATOM 22 CA GLY A 96 -28.884 -3923 - 7.638 1.OO 10.76 C 
ATOM 23 CA GLY A 97 -30.439 -6.641 -9.794 1.OO 9.08 C 
ATOM 24 CA GLY A 98 -30.321 -10.442 -10.097 1.OO 8.28 C 
ATOM 25 CA GLY A 122 -35.231 -9331 -9.016 1.OO 15.49 C 
ATOM 26 CA GLY A 123 -34.520 -5.802 -8.079 100 12.37 C 
ATOM 27 CA GLY A 124 -33:455 -4.050 -4.953 1.OO 14.34 C 
ATOM 28 CA GLY A 125 -33918 -0.696 -3.317 100 22.49 C 
ATOM 29 CA GLY A 126 -32.054 2.128 -SO22 1.OO 17.72 C 
ATOM 3O CA GLY A 127 - 29.137 3.817 -3.342 1.OO 16.51 C 
ATOM 31 CA GLY A 128 -28.275 7401 -4.265 1.OO 16.84 C 
ATOM 32 CA GLY A 129 -24.678 8.216 -4.904 1.OO 11.90 C 
ATOM 33 CA GLY A 130 -23.878 11.873 -5.299 1.OO 8.75 C 
ATOM 34 CA GLY A 131 -20.508 13.061 -6.466 100 1437 C 
ATOM 3S CA GLY A 132 - 19.632 16.597 -S.198. 1.OO 23.32 C 
ATOM 36 CA GLY A 133 -17.732, 19.533 -6.72O 1.OO 36.14 C 
TER 

1F97 

ATOM 37 CA GLY A 29 -33.679 -11.517 -0.8O8 1.OO 41.25 C 
ATOM 38 CA GLY A 30 -31468 -8.740 -2.17O 1.OO 22.43 C 
ATOM 39 CA GLY A 31 -30.250 -5.886 O.O38 1.OO 24.73 C 
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TABLE 8-continued 

ATOM 40 CA GLY A 32 -27.706 -3.10S 0530 1.OO 20.95 C 
ATOM 41 CA GLY A 33 -25.811 - 1.723 3.523 1.OO 28.77 C 
ATOM 42 CA GLY A 34 -26.349 1878 2419 1.OO 33.48 C 
ATOM 43 CA GLY A 35 - 29.027 3.067 -0.012 1.OO 27.47 C 
ATOM 44 CA GLY A 36 -27.980 6.732 0.249 1.OO 29.20 C 
ATOM 4S CA GLY A 37 -24.279 6.955 -0.586 1.OO 23.99 C 
ATOM 46 CA GLY A 38 -22.275 10.179 -0.393 1.OO 24.19 C 
ATOM 47 CA GLY A 39 -18.592 10.286 -1.3O2 1.OO 15.35 C 
ATOM 48 CA GLY A 40 - 16.117 13.059 -2.218 1.OO 1264 C 
ATOM 49 CA GLY A 41 -15.286 13515 -5.906 1.OO 9.24 C 
ATOM SO CA GLY A 43 - 12.412 8.992 -4.540 1.OO 14.44 C 
ATOM 51 CA GLY A 44 - 13.115 S.267 -4685 1.OO 2152 C 
ATOM 52 CA GLY A 45 - 16.460 3.862 -3.63O 100 22.48 C 
ATOM 53 CA GLY A 46 -18.082 0.444 -3.532 1.OO 21.22 C 
ATOM 54 CA GLY A 47 -21.817 O.219 -4.135 1.OO 2006 C 
ATOM SS CA GLY A 48 - 22.797 -2.825 -2.072 1.OO 13.56 C 
ATOM 56 CA GLY A 49 -25.390 -5432 -3.034 1.OO 1914 C 
ATOM 57 CA GLY A SO -25.724 -8.537 -0.876 1.00 22.49 C 
ATOM 58 CA GLY A 51 -28.046 -11470 -1549 1.OO 20.58 C 
ATOM S9 CA GLY A S2 -28.951 - 14.871 -0.1 OS 1.OO 24.SS C 
ATOM 60 CA GLY A S3 -30.893 -17.875 - 1.353 1.OO 17.82 C 
ATOM 61 CA GLY A 57 -26.875 - 15.797 -9.701 1.OO 10.39 C 
ATOM 62 CA GLY A 58 -26.674 -13.408 - 12.632 1.OO 8.00 C 
ATOM 63 CA GLY A 59 -25.845 -9.939 -11.318 1.OO 7.62 C 
ATOM 64 CA GLY A 60 -26.653 - 6.841 - 13.371 1.OO 6.84 C 
ATOM 65 CA GLY A 61 -26.457 -3.109 -12711 1.OO 8.48 C 
ATOM 66 CA GLY A 62 -28.184 -0.168 - 14.336 1.OO 13.92 C 
ATOM 67 CA GLY A 63 -27.611 3:567 - 14.043 1.OO 1189 C 
ATOM 68 CA GLY A 64 -30.532 5.981 - 14.200 1.OO 23.18 C 
ATOM 69 CA GLY A 85 -12.888 2.268 - 13813 1.OO 17.93 C 
ATOM 70 CA GLY A 86 -15.508 -0.149 - 12.447 1.OO 1544 C 
ATOM 71 CA GLY A. 87 - 14.603 -3542 -11.016 1.OO 16.79 C 
ATOM 72 CA GLY A 88 -17.118 -6.318 - 10.381 1.OO 1407 C 
ATOM 73 CA GLY A 89 -17.389 -8.592 -7.349 1.OO 16.7S C 
ATOM 74 CA GLY A 91 -20.798 -8.262 -3.202 100 17.13 C 
ATOM 7S CA GLY A. 92 -20.995 -S.OS9 -5.247 100 12.84 C 
ATOM 76 CA GLY A. 93 -19.287 -2.826 -7.79S 1.OO 12.33 C 
ATOM 77 CA GLY A 94 - 16.243 -0.709 -6.986 1.OO 12.43 C 
ATOM 78 CA GLY A 95 - 15.485 2.596 -8.696 1.OO 11.12 C 
ATOM 79 CA GLY A 96 -11.76S 3.339 -8.67S 1.OO 16.9S C 
ATOM 80 CA GLY A 97 -12.85S 7.004 -8.899 1.OO 21.11 C 
ATOM 81 CA GLY A. 99 -16.935 12.349 -10.689 1.OO 22.37 C 
ATOM 82 CA GLY A 100 -19.974 14613 -10.361 1.OO 23.75 C 
ATOM 83 CA GLY A 101 -21.190 13.009 - 13.619 1.OO 22.84 C 
ATOM 84 CA GLY A 102 -21.82O 9789 -11.695 1.OO 1551 C 
ATOM 85 CA GLY A 103 -24.651 11.224 -9.S6S 1.OO 11.57 C 
ATOM 86 CA GLY A 104 -27.817 9.170 -9.882 1.OO 9.52 C 
ATOM 87 CA GLY A 105 - 29.401 S.897 -8.871 100 12.64 C 
ATOM 88 CA GLY A 106 -27.851 2484 -9.413 1.OO 7.32 C 
ATOM 89 CA GLY A 107 -30.057 -0.590 -9.334 100 7.52 C 
ATOM 90 CA GLY A 108 -28.588 -3984 -8524 1.OO 997 C 
ATOM 91 CA GLY A 109 -30.576 -6.743 -10.211 100 12.91 C 
ATOM 92 CA GLY A 110 -29.973 -10.3OO -9.043 1.OO 11.27 C 
ATOM 93 CA GLY A 118 -35.528 - 12.495 -8-616 1.OO 13.29 C 
ATOM 94 CA GLY A 119 -34.748 -9395 -6.594 1.OO 1555 C 
ATOM 95 CA GLY A 120 -33436 -5.837 - 6.855 1.OO 11.36 C 
ATOM 96 CA GLY A 121 -32.267 -2.894 -4.778 1.OO 1136 C 
ATOM 97 CA GLY A 122 -31.635 0.758 -5.660 100 11.14 C 
ATOM 98 CA GLY A 123 -28.791 2.935 -4.379 100 11.58 C 
ATOM 99 CA GLY A 124 -28.626 6.699 -4.773 1.OO 1552 C 
ATOM 200 CA GLY A 12S -25.128 8.065 -S.281 1.OO 9.61 C 
ATOM 201 CA GLY A 126 -24.275 11.677 -4.483 1.OO 10.84 C 
ATOM 202 CA GLY A 127 -20.739 12.778 -5.330 1.OO 10.58 C 
ATOM 203 CA GLY A 128 -19.667. 15.540 -2.929 1.OO 14.41 C 
ATOM 204 CA GLY A 129 -18.355 18.818 -4.335 1.OO 12.32 C 
TER 

1DQT 

ATOM 205 CA GLY C 2 -37.OOO -7.8O3 -3.232 1.OO 35.96 C 
ATOM 206 CA GLY C 3 -33.582 -6.481 -4.122 100 30.2O C 
ATOM 207 CA GLY C 4 -31.887 -3.962 - 1908 1.OO 27.24 C 
ATOM 208 CA GLY C 5 -28.640 -2.044 - 1950 1.OO 23.16 C 
ATOM 209 CA GLY C 6 -27.069 O.72O O.216 1.OO 22.73 C 
ATOM 210 CA GLY C 7 -28.256 4.289 -0.273 1.OO 24.33 C 
ATOM 211 CA GLY C 8 -24.800 S.874 -0.329 1.OO 21.64 C 
ATOM 212 CA GLY C 9 -21.252 4822 -1.130 1.OO 20.25 C 
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TABLE 8-continued 

ATOM 213 CA GLY C 10 -18.186 7.087 -0.97O 1.OO 20.37 C 
ATOM 214 CA GLY C 11 -15.855 5.961 -3.761 100 22.46 C 
ATOM 215 CA GLY C 12 - 12.159 5548 -2.990 1.OO 24.30 C 
ATOM 216 CA GLY C 14 -8.661 S.S2O -6.931 100 30.82 C 
ATOM 217 CA GLY C 15 - 12.218 5495 -8.241 1.OO 25.29 C 
ATOM 218 CA GLY C 16 -13342 2.240 -6.6O4 1.OO 21.63 C 
ATOM 219 CA GLY C 17 - 16.853 1719 -5.287 1.OO 20.22 C 
ATOM 220 CA GLY C 18 -17.869 -1533 -3.647 1.OO 20.86 C 
ATOM 221 CA GLY C 19 -21.187 -2.475 -2.147 1.OO 21.25 C 
ATOM 222 CA GLY C 2O -23.544 -5.395 -1581 1.OO 21.73 C 
ATOM 223 CA GLY C 21 -26.665 -6.116 -3611 1.OO 22.97 C 
ATOM 224 CA GLY C 22 -29.032 -8.318 -1.684 1.OO 26.59 C 
ATOM 225 CA GLY C 23 -32.087 - 10.258 -2.722 1.OO 26.47 C 
ATOM 226 CA GLY C 24 -34.892 - 12.390 -1373 1.OO 31.54 C 
ATOM 227 CA GLY C 25 -36.216 - 14.994 - 1.386 1.OO 31.33 C 
ATOM 228 CA GLY C 32 -28.221 -15.396 -10.763 1.OO 21.25 C 
ATOM 229 CA GLY C 33 -27.582 - 12.861 - 13.499 1.OO 21.86 C 
ATOM 230 CA GLY C 34 -26.676 -9507 - 11.974 1.OO 1978 C 
ATOM 231 CA GLY C 35 -26.814 -6.238 - 13.884 1.OO 1911 C 
ATOM 232 CA GLY C 36 -25.505 -2.810 -12890 1.OO 1923 C 
ATOM 233 CA GLY C 37 -27.371 O.131 - 14.384 100 25.95 C 
ATOM 234 CA GLY C 38 -26.592 3830 - 14.106 1.OO 30.90 C 
ATOM 23S CA GLY C 39 - 29.761 5.879 -13.906 1.OO 40.84 C 
ATOM 236 CA GLY C 66 -16.463 -4.323 -12.728 1.OO 23.17 C 
ATOM 237 CA GLY C 67 - 15.869 -7.277 - 10.506 1.OO 22.56 C 
ATOM 238 CA GLY C 68 -17.716 -9.180 - 7.811 1.OO 21.60 C 
ATOM 239 CA GLY C 69 -18.545 - 12.367 -5.959 1.OO 22.69 C 
ATOM 240 CA GLY C 7S -23.757 - 10.273 -4597 1.OO 23.03 C 
ATOM 241 CA GLY C 76 -20.713 -8.179 -3.648 1.OO 24.30 C 
ATOM 242 CA GLY C 77 -20.192 -5.631 -6.425 1.OO 23.46 C 
ATOM 243 CA GLY C 78 -17.130 -3.554 - 7.209 1.OO 25.74 C 
ATOM 244 CA GLY C 79 -17.159 -0.822 -9.864 1.OO 26.08 C 
ATOM 24S CA GLY C 80 - 13.722 O.S67 - 10.77O 1.OO 29.1S C 
ATOM 246 CA GLY C 81 - 12.154 3.299 - 12.879 1.OO 26.23 C 
ATOM 247 CA GLY C 84 - 15.857 12.510 -10.546 1.OO 24.79 C 
ATOM 248 CA GLY C 85 -18.200 12.785 - 13.517 1.OO 25.37 C 
ATOM 249 CA GLY C 86 -19.382 9.218 - 12.817 1.OO 25.21 C 
ATOM 2SO CA GLY C 87 -20.993 10.374 -9.582 1.OO 23.95 C 
ATOM 251 CA GLY C 88 -24.588 9.210 -9.761 1.OO 23.67 C 
ATOM 252 CA GLY C 89 -27.227 6.570 -9.098 1.OO 22.75 C 
ATOM 2S3 CA GLY C 90 -26.436 2.913 -9.751 1.OO 23.39 C 
ATOM 254 CA GLY C 91 - 29.1SO 0.276 -9.841 100 22.SS C 
ATOM 255 CA GLY C 92 -28.491 -3.332 -9.011 1.OO 22.29 C 
ATOM 256 CA GLY C 93 -30.706 -5811 - 10.865 1.OO 20.45 C 
ATOM 257 CA GLY C 94 -30.958 -9.487 -9.970 1.OO 20.73 C 
ATOM 258 CA GLY C 105 -35.975 - 7.679 -9.086 1.OO 24.94 C 
ATOM 259 CA GLY C 106 -34.133 -4.376 -8.832 1.OO 25.24 C 
ATOM 260 CA GLY C 107 -32.992 -2.157 -5.97O 1.OO 24.05 C 
ATOM 261 CA GLY C 108 -33.717 1.590 -5.66S 1.OO 25.85 C 
ATOM 262 CA GLY C 109 -30.127 2.411 -6.479 100 23.77 C 
ATOM 263 CA GLY C 110 -26.942 3.329 -4.666 1.OO 22.46 C 
ATOM 264 CA GLY C 111 -25.759 6.950 -4.824 1.OO 24.13 C 
ATOM 26S CA GLY C 112 - 22.06S 6.752 -5.6OS 1.OO 22.83 C 
ATOM 266 CA GLY C 113 -20.136 9.957 -4.898 1.OO 23.40 C 
ATOM 267 CA GLY C 114 - 16.799 10.239 -6.594 1.OO 25.42 C 
END 

0497 
TABLE 9-continued 

TABLE 9 
Zp-comb objective function 

Zp-comb objective function molecule (lower is better) (lower is better) 
molecule (lower is better) (lower is better) 

iMab ISO010 -2.85 2704 
iMab 101 -5.63 853 iMab 400 -5.58 734 
iMab 201 -534 683 iMab ISOO12 -5.35 889 
iMab ISOO3 -4.29 860 iMab ISOO13 -2.85 1162 
iMab ISOO4 -1.49 2744 iMab ISOO14 -2.92 924 
iMab 300 -6.28 854 Mab ISOO15 -3.48 925 
iMab ISOO6 -329 912 iMab ISOO16 -3.23 837 
Mab ISOO7 -2.71 1558 iMab 500 -3.94 1356 
iMab ISO08 -1.10 808 iMab ISOO18 -297 867 
iMab ISO09 -3.70 1623 iMab ISOO19 -3.11 1366 
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TABLE 11-continued 

ATOM 48 CA GLY 111 -30.950 -6.748 -2.225 1.OO 1982 C 
ATOM 49 CA GLY 112 -30.333 -2.979 -24.12 1.OO 1975 C 
ATOM SO CA GLY 113 -28.024 -0.343 -0.875 100 18.42 C 
ATOM S1 CA GLY 114 -28.469 3.472 -1.024 100 18.70 C 
ATOM 52 CA GLY 115 -25.546 S.827 - 1.713 1.OO 19.95 C 
ATOM S3 CA GLY 116 -25.09S 9.402 -0.363 1.OO 25.78 C 
ATOM S4 CA GLY 117 -22.037 11.484 -1.264 1.OO 31.06 C 
ATOM 55 CA GLY 118 -20.985 14-508 O.8OS 1.OO 38.60 C 
ATOM S6 CA GLY 119 -17.884 16.768 1.101 1.OO 42.50 C 
TER 

1MEL 

ATOM 57 CA GLY A 6 -13.853 9.205 -3.269 1.OO 7.90 C 
ATOM S8 CA GLY A 7 - 14.SS7 S.SOO -3.346 1.OO 7.54 C 
ATOM S9 CA GLY A 8 - 16.958 3.068 - 1674 1.OO 6.47 C 
ATOM 60 CA GLY A 9 -17.168 -0.701 -1.485 1.OO 5.43 C 
ATOM 61 CA GLY A 20 -20.455 -2.621 -1546 1.OO 8.09 C 
ATOM 62 CA GLY A 21 -20.823 -6.351 -0.794 1.OO 8.76 C 
ATOM 63 CA GLY A 22 -23.429 -9.023 -1.196 1.OO 8.33 C 
ATOM 64 CA GLY A 23 -23.620 - 12.484 O.211 1.OO 1377 C 
ATOM 6S CA GLY A 24 -26.198 - 14.877 -1.245 1.OO 17.53 C 
ATOM 66 CA GLY A 25 -27.419 -17.241 1448 1.OO 23.23 C 
ATOM 67 CA GLY A 26 -29.608 -20.285 1.362 1.OO 25.25 C 
ATOM 68 CA GLY A 32 -25.1OS -18.522 -11.77O 100 S.OO C 
ATOM 69 CA GLY A 33 -24.991 - 14.689 -11.77S 1.OO 4.64 C 
ATOM 70 CA GLY A 34 -24.729 -11.897 -9.152 1.OO 2.48 C 
ATOM 71 CA GLY A 35 -24.799 -8.264 -10.249 1.OO 2.00 C 
ATOM 72 CA GLY A 36 -25.716 -4.753 -9.249 1.OO 3.40 C 
ATOM 73 CA GLY A 37 -28.543 -2.5O2 -10376 1.OO 6.64 C 
ATOM 74 CA GLY A 38 -29.128 1.074 -9379 100 8.74 C 
ATOM 7S CA GLY A 39 -32.163 3.371 -9309 100 1924 C 
ATOM 76 CA GLY A 67 - 14.374 3.095 - 12.462 100 12.68 C 
ATOM 77 CA GLY A 68 - 16.1.89 O.136 -10.946 1.OO 8.15 C 
ATOM 78 CA GLY A 69 -14.842 -3.360 -10453 1.OO 8.39 C 
ATOM 79 CA GLY A 70 -16.896 -6.384 -9.408 1.OO 5.47 C 
ATOM 80 CA GLY A 71 -15.309 -9.468, -7894 1.OO 8.48 C 
ATOM 81 CA GLY A 72 - 16.197 -12511 -5.798. 1.OO 18.00 C 
ATOM 82 CA GLY A 79 -19.282 -10.422 -4.331 1.OO 9.55 C 
ATOM 83 CA GLY A 80 -18.031 - 6.806 -4.095 1.OO 4.94 C 
ATOM 84 CA GLY A 81 -18.236 -3.718 -6.133 1.OO 492 C 
ATOM 85 CA GLY A 82 -15331 -1.340 -5.635 1.OO 7.44 C 
ATOM 86 CA GLY A 83 -16.455 2.094 -6.79S 1.OO 6.5S C 
ATOM 87 CA GLY A 84 - 13.706 4.649 - 7.462 1.OO 9.49 C 
ATOM 88 CA GLY A 85 -13.919 8.136 -8.959 1.OO 12.54 C 
ATOM 89 CA GLY A 87 -19.256 11.437 -9.096 1.OO 1546 C 
ATOM 90 CA GLY A 88 -22.580 12828 -7.836 1.OO 13.94 C 
ATOM 91 CA GLY A 89 -24.298 11.258 - 10.888 1.OO 18.68 C 
ATOM 92 CA GLY A 90 -23.577 7.916 -9.17S 1.OO 9.SS C 
ATOM 93 CA GLY A 91 -26.004 8.885 -6.36O 1.OO 6.54 C 
ATOM 94 CA GLY A 92 -28.681 6.180 -6.349 1.OO 6.38 C 
ATOM 95 CA GLY A 93 -30.154 3.149 -4618 1.OO 6.33 C 
ATOM 96 CA GLY A 94 -27.980 O.121 -5.274 1.OO 6.08 C 
ATOM 97 CA GLY A 95 -29.551 -3.256 -5.491 1.OO 10.12 C 
ATOM 98 CA GLY A 96 -27.885 - 6.624 -5.451 1.OO 10.76 C 
ATOM 99 CA GLY A 97 - 29.379 -9.337 - 7.656 100 9.08 C 
ATOM OO CA GLY A 98 -28.752 - 13.014 -8.455 1.OO 8.28 C 
ATOM O1 CA GLY A 122 -33.497 -12.862 -6.462 1.OO 15.49 C 
ATOM O2 CA GLY A 123 -33.164 -9.374 -5211 100 12.37 C 
ATOM O3 CA GLY A 124 -31.827 -7.789 -2.102 100 1434 C 
ATOM O4 CA GLY A 125 -32.483 -4.741 O.OO2 1.OO 22.49 C 
ATOM OS CA GLY A 126 -31400 -1.487 - 1608 1.OO 17.72 C 
ATOM O6 CA GLY A 127 -28.513 O495 -0.221 100 16.51 C 
ATOM O7 CA GLY A 128 -28.376 4.247 -0.807 1.OO 16.84 C 
ATOM O8 CA GLY A 129 -25.116 5.718 -1910 1.OO 11.90 C 
ATOM O9 CA GLY A 130 -24.954 9.478 -1961 1.OO 8.7S C 
ATOM 10 CA GLY A 131 -22066 11.329 -3.496 100 1437 C 
ATOM 11 CA GLY A 132 -21.513 14.817 - 1947 1.OO 23.32 C 
ATOM 12 CA GLY A 133 -20.378. 18.169 -3.369 100 36.14 C 
TER 

1F97 

ATOM 13 CA GLY A 43 - 13.239 8.515 -3.437 1.OO 14.44 C 
ATOM 14 CA GLY A 44 - 13.393 4.758 -3.940 1.OO 21.52 C 
ATOM 1S CA GLY A 45 - 16.246 2.710 -2.546 100 22.48 C 
ATOM 16 CA GLY A 46 -17.296 -O.926 -2.623 1.OO 21.22 C 
ATOM 17 CA GLY A 47 -21.OO1 -1717 -2.638 1.OO 2006 C 
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