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SPECIFICATION
Title of the Invention:
Recombinant proteins derived from the genus Limulus and DNA encoding

the same

Technical Field

[0001] The present invention relates to recombinant proteins derived from the genus

Limulus, DNA encoding the same, and methods of use thereof.
Background Art

[0002] Horseshoe crabs are said to be "living fossils," with only two genera and four
species existing on Earth. There are only two genera: Limulus, which lives only
on the east coast of the North American continent, and Tachypleus, which lives
only in the southeastern waters of Asia.

[0003] When a group of organisms is distributed across widely separated regions, this is
called a discontinuous distribution. Organisms like the horseshoe crab, which are
distributed across two regions on Earth, are extremely rare.

[0004] The genus Limulus contains only one species, Limulus polyphemus. The genus
Tachypleus contains only three species: Tachypleus tridentatus, Tachypleus gigas,
and Tachypleus rotundicauda (also called Carcinoscorpius rotundicauda).

[0005] It is known that an extract of amoebocytes present in the blood of this organism
(amoebocyte lysate) coagulates when it comes into contact with endotoxin.
Taking advantage of this property, amebocyte lysates are widely used as a highly
sensitive reagent for detecting endotoxin in the quality control of pharmaceuticals,
and the like.

[0006] This reagent is called a "lysate reagent." Also, because the property of endotoxin
causing coagulation was first discovered in Limulus polyphemus, this reagent is

sometimes called "Limulus reagent" or "LAL (Limulus amoebocyte lysate)
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reagent." Even though the reagent uses amebocyte lysate from the genus
Tachypleus, it is conventionally called "Limulus reagent" or "LAL reagent."

[0007] Currently, the lysate reagent (Limulus reagent, LAL reagent) used by
pharmaceutical manufacturers in Japan, the United States, and Europe is made
from Limulus polyphemus. Due to concerns about extinction, capture of Limulus
polyphemus is strictly limited, but there are reports that the population is still
declining.

[0008] In order to protect horseshoe crabs, there is an idea to artificially produce proteins
in amebocyte lysate using recombinant technology and prepare reagents (Patent
Documents 1 to 8). In fact, products utilizing recombinant proteins, such as
PyroGene (trademark) (Lonza), Endo Zyme (trademark) (HygLos), and
PyroSmart (trademark) (Seikagaku Corporation), have been commercialized.

[0009] However, all of these methods use recombinant proteins derived from organisms
of the genus Tachypleus. There have been no reports of a reagent using
recombinant proteins derived from Limulus polyphemus, which is widely used as
a lysate reagent.

[0010] The reason is that in Limulus polyphemus, the proteins and their genes involved
in the mechanism of coagulation caused by endotoxin have not been completely
identified structurally or functionally.

[0011] In the genus Tachypleus, for example, the complete gene sequence and amino
acid sequence from Tachypleus tridentatus were reported (Non-Patent Document
1) in 1991, and the complete gene sequence and amino acid sequence from
Tachypleus rotundicauda (Carcinoscorpius rotundicauda) were reported (Non-
Patent Document 2) in 1995 with respect to factor C, a protein involved in the
coagulation mechanism.

[0012] However, in Limulus polyphemus, even though more than 20 years have passed
since the report in the genus Tachypleus, complete identification of these proteins
and genes in terms of both structure and function has not been achieved. This is
because due to the various differences and diversity of biomolecules depending on

the genus and species of horseshoe crab, it has not been possible to accurately
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determine the full-length sequence structure, expression, and function of these
proteins and genes using conventional methods.

[0013] In fact, a comprehensive analysis of the genes of Limulus polyphemus is being
conducted as part of the invertebrate genome project using next-generation
sequencers (http://genome.wustl.edu/genomes/detail/limulus-polyphemus/). The
full-length sequences of all proteins and genes involved in the coagulation
mechanism of Limulus polyphemus have not yet been elucidated. This fact also
demonstrates the difficulty in accurately determining the full-length sequence

structures of these proteins and genes in Limulus polyphemus.

Prior Art Literature

Patent Documents
[0014] Patent Document 1: U.S. Patent No. 5,712,144 Specification
Patent Document 2: U.S. Patent No. 5,716,834 Specification
Patent Document 3: U.S. Patent No. 5,858,706 Specification
Patent Document 4: U.S. Patent No. 5,985,590 Specification
Patent Document 5: U.S. Patent No. 6,645,724 Specification
Patent Document 6: International Publication No. 2008/004674
Patent Document 7: JP2014-510898A
Patent Document 8: International Publication No. 2014/092079
Non-Patent Document
[0015] Non-Patent Document 1: Muta T et al., Journal of Biological Chemistry, 266, 655
4-6561 (1991)
Non-Patent Document 2: Ding JL et al., Molecular Marine Biology and
Biotechnology, 4(1), 90-103 (1995)

Summary of the Invention

Problem To Be Solved by The Invention

[0016] An object of the present invention is to provide all full-length recombinant
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[0017]

[0018]

proteins involved in the coagulation mechanism of Limulus polyphemus, cDNAs
encoding these proteins, and uses thereof.
Means For Solving the Problem

The present inventors have succeeded in obtaining full-length cDNAs encoding all of
the protein factors involved in the coagulation mechanism of Limulus polyphemus,
something that no one had succeeded in doing for many years, and in expressing all
of the recombinant proteins, and have further discovered that these can be used for a
variety of purposes, thereby completing the present invention.
That is, the present invention includes the following aspects.
[1]

A recombinant first protein, such as a recombinant protein which is any of the
following:
(A) A recombinant protein comprising the amino acid sequence represented by SEQ
ID NO: 2 or 4.
(B) A recombinant protein comprising an amino acid sequence having 95% or more
identity to the amino acid sequence represented by SEQ ID NO: 2 or 4 and having
factor C activity.
(C) A recombinant protein encoded by DNA comprising a base sequence having 95%
or more identity to the base sequence represented by SEQ ID NO: 1 or 3, and having
factor C activity.
(D) A recombinant protein encoded by DNA that hybridizes under stringent
conditions with DNA consisting of the complementary sequence of the base sequence
represented by SEQ ID NO: 1 or 3, and having factor C activity.
(2]

A recombinant second protein, such as a recombinant protein which is any of the
following:
(A) A recombinant protein comprising the amino acid sequence represented by SEQ
ID NO: 6, 8, 10, or 12.
(B) A recombinant protein comprising an amino acid sequence having 95% or more
identity to the amino acid sequence represented by SEQ ID NO: 6, 8, 10, or 12 and
having factor B activity.

(C) A recombinant protein encoded by DNA comprising a base sequence having 95%
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or more identity to the base sequence represented by SEQ ID NO: 5, 7, 9, or 11,
and having factor B activity.
(D) A recombinant protein encoded by DNA that hybridizes under stringent
conditions with DNA consisting of the complementary sequence of the base
sequence represented by SEQ ID NO: 5, 7,9, or 11, and having factor B activity.
[3]

A recombinant third protein, such as a recombinant protein which is any of the
following:
(A) A recombinant protein comprising an amino acid sequence represented by
SEQ ID NO: 14, 16, 18, 20, or 22.
(B) A recombinant protein comprising an amino acid sequence having 95% or
more identity to the amino acid sequence represented by SEQ ID NO: 14, 16, 18,
20, or 22 and having pro-clotting enzyme activity.
(C) A recombinant protein encoded by DNA comprising a base sequence having
95% or more identity to the base sequence represented by SEQ ID NO: 13, 15, 17,
19, or 21, and having pro-clotting enzyme activity.
(D) A recombinant protein encoded by DNA that hybridizes under stringent
conditions with DNA consisting of a complementary sequence of the base
sequence represented by SEQ ID NO: 13, 15, 17, 19, or 21, and having pro-
clotting enzyme activity.
[1-1]

The use of a recombinant first protein to activate a protein having factor B
activity (e.g., a second protein below).
(A) A protein comprising the amino acid sequence represented by SEQ ID NO: 6,
8, 10, or 12.
(B) A protein comprising an amino acid sequence having 95% or more identity to
the amino acid sequence represented by SEQ ID NO: 6, 8, 10, or 12 and having
factor B activity.

(C) A protein encoded by DNA comprising a base sequence having 95% or more
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identity to the base sequence represented by SEQ ID NO: 5, 7, 9, or 11, and
having factor B activity.
(D) A protein encoded by DNA that hybridizes under stringent conditions with
DNA consisting of a complementary sequence of the base sequence represented
by SEQID NO: 5,7, 9, or 11, and having factor B activity.
[1-1-1]

The use described in [1-1], wherein the second protein is a recombinant second
protein.
[2-1]

The use of a recombinant second protein to activate a protein having pro-
clotting enzyme activity (e.g., a third protein such as the proteins below).
(A) A protein comprising an amino acid sequence represented by SEQ ID NO: 14,
16, 18, 20, or 22.
(B) A protein comprising an amino acid sequence having 95% or more identity to
the amino acid sequence represented by SEQ ID NO: 14, 16, 18, 20, or 22 and
having pro-clotting enzyme activity.
(C) A protein encoded by DNA comprising a base sequence having 95% or more
identity to the base sequence represented by SEQ ID NO: 13, 15, 17, 19, or 21,
and having pro-clotting enzyme activity.
(D) A protein encoded by DNA that hybridizes under stringent conditions with
DNA comprising of a complementary sequence of the base sequence represented
by SEQ ID NO: 13, 15, 17, 19, or 21, and having pro-clotting enzyme activity.
[2-1-1]

The use described in [2-1], wherein the third protein is a recombinant third
protein.
[3-1]

Use of a recombinant third protein to cleave a substrate.
[3-1-1]

The use described in [3-1], wherein the substrate is a synthetic substrate.
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[1-2]

A method for detecting endotoxin in a sample, comprising the step of contacting a
recombinant first protein with the sample.
[1-2-1]

The method described in [1-2], further comprising a step of contacting the
recombinant first protein that has been contacted with the sample with a protein
having factor B activity, such as a second protein.

[1-2-1-1]

The method described in [1-2-1], wherein the second protein is a recombinant
second protein.
[1-2-2]

The method described in [1-2-1] or [1-2-1-1], further comprising a step of
contacting the protein having factor B activity that has been in contact with the
"recombinant first protein that has been in contact with a sample" with a protein
having pro-clotting enzyme activity, such as a third protein.

[1-2-2-1]

The method described in [1-2-2], wherein the third protein is a recombinant third
protein.
[1-2-3]

The method described in [1-2-2] or [1-2-2-1], further comprising a step of
contacting the protein having pro-clotting enzyme activity that has been in contact
with "a protein having factor B activity that has been in contact with a recombinant
first protein that has been in contact with a sample" with a detection substrate.

[1-3]

An endotoxin detection agent comprising a recombinant first protein.
[1-3-1]

The agent according to [1-3], further comprising a protein having factor B activity,
such as a second protein.
[1-3-1-1]

The agent described in [1-3-1], wherein the second protein is a recombinant second
protein.

[1-3-2]
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The agent described in [1-3-1] or [1-3-1-1], further comprising a protein having
pro-clotting enzyme activity, such as a third protein.
[1-3-2-1]

The agent described in [1-3-2], wherein the third protein is a recombinant third
protein.
[1-4]

A cDNA which is any one of the following (hereinafter also referred to as "first
cDNA"):
(A) cDNA comprising the base sequence represented by SEQ ID NO: 1 or 3.
(B) a cDNA comprising a nucleotide sequence having 95% or more identity to the
nucleotide sequence represented by SEQ ID NO: 1 or 3 and encoding a protein
having factor C activity.
(C) a cDNA that hybridizes under stringent conditions with a DNA consisting of a
complementary sequence to the base sequence represented by SEQ ID NO: 1 or 3
and encodes a protein having factor C activity.
(D) a cDNA encoding a protein comprising the amino acid sequence represented
by SEQ ID NO: 2 or 4.
(E) a cDNA comprising an amino acid sequence having 95% or more identity to
the amino acid sequence represented by SEQ ID NO: 2 or 4 and encoding a
protein having factor C activity.
[1-4-1]

A DNA construct comprising the first cDNA.
[1-4-2]

A cell transformed with the DNA construct described in [1-4-1] and expressing
a recombinant first protein.
[1-4-3]

A method for producing a recombinant first protein, comprising the step of
culturing the cell according to [1-4-2].
[2-4]

A cDNA which is any one of the following (hereinafter also referred to as

"second cDNA"):
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(A) cDNA comprising the nucleotide sequence represented by SEQ ID NO: 5, 7,
9,0orll
(B) a cDNA comprising a nucleotide sequence having 95% or more identity to the
nucleotide sequence represented by SEQ ID NO: 5, 7, 9, or 11 and encoding a
protein having factor B activity.
(C) a cDNA that hybridizes under stringent conditions with DNA consisting of a
complementary sequence of the base sequence represented by SEQ ID NO: 5, 7, 9,
or 11 and encodes a protein having factor B activity.
(D) a cDNA encoding a protein comprising the amino acid sequence represented
by SEQ ID NO: 6, 8, 10, or 12.
(E) A ¢cDNA comprising an amino acid sequence having 95% or more identity to
the amino acid sequence represented by SEQ ID NO: 6, &, 10, or 12 and encoding
a protein having factor B activity.
[2-4-1]

A DNA construct comprising a second cDNA.
[2-4-2]

A cell transformed with the DNA construct described in [2-4-1] and expressing
a recombinant second protein.
[2-4-3]

A method for producing a recombinant second protein, comprising the step of
culturing the cell according to [2-4-2].
[3-4]

A cDNA which is any one of the following (hereinafter also referred to as
"third cDNA"):
(A) cDNA comprising the nucleotide sequence represented by SEQ ID NO: 13,
15,17, 19, or 21.
(B) a cDNA comprising a nucleotide sequence having 95% or more identity to the
nucleotide sequence represented by SEQ ID NO: 13, 15, 17, 19, or 21 and

encoding a protein having pro-clotting enzyme activity.
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[0019]

(C) a cDNA that hybridizes under stringent conditions with a DNA consisting of a
complementary sequence of the base sequence represented by SEQ ID NO: 13, 15,
17, 19, or 21 and encodes a protein having pro-clotting enzyme activity.
(D) a cDNA encoding a protein comprising the amino acid sequence represented
by SEQ ID NO: 14, 16, 18, 20, or 22.
(E) A cDNA encoding a protein comprising an amino acid sequence having 95%
or more identity to the amino acid sequence represented by SEQ ID NO: 14, 16,
18, 20, or 22 and having pro-clotting enzyme activity.
[3-4-1]

A DNA construct comprising the third cDNA.
[3-4-2]

A cell transformed with the DNA construct described in [3-4-1] and expressing
a recombinant third protein.
[3-4-3]

A method for producing a recombinant third protein, comprising the step of
culturing the cell according to [3-4-2].
[1-5]

A method for producing an endotoxin detection agent, comprising the step of
artificially expressing a protein using a first cDNA.
[1-5-1]

The manufacturing method described in [1-5], further comprising a step of
artificially expressing a protein using a second cDNA.
[1-5-2]

The manufacturing method described in [1-5-1], further comprising a step of

artificially expressing a protein using a third cDNA.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG.1 is an electrophoretic photograph of PCR products in the process of
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obtaining cDNA for a protein having Limulus polyphemus factor C activity.

FIG. 2 is an electrophoretic photograph of PCR products in the process of
obtaining cDNA for a protein having Limulus polyphemus factor C activity.

FIG. 3 is a diagram showing the cleaving activity of a synthetic substrate upon
contact of each recombinant protein alone or in a mixture with endotoxin.

FIG. 4 is a diagram showing the standard curve for endotoxin using a mixture of

three types of recombinant proteins.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0020] <1> Recombinant first protein and method for producing same

[0021]

[0022]

[0023]

(1) Recombinant first protein

The first recombinant protein is a recombinant protein that has Factor C activity.
The recombinant first protein is specifically a recombinant protein which is any of
the following:

(D A recombinant protein comprising the amino acid sequence of a protein having
factor C activity of Limulus polyphemus.

(IT) A variant of (I) above, which is a recombinant protein having factor C activity.
Examples of the amino acid sequence of a protein having Limulus polyphemus
factor C activity include the amino acid sequence shown in SEQ ID NO: 2 or 4.
Further, examples of the base sequence encoding such an amino acid sequence
include the base sequences shown in SEQ ID NO:1 or 3.

The recombinant first protein may more specifically be a recombinant protein that
is any of the following:

(A) A recombinant protein comprising the amino acid sequence represented by
SEQ ID NO: 2 or 4.

(B) A recombinant protein comprising an amino acid sequence having 95% or
more identity to the amino acid sequence represented by SEQ ID NO: 2 or 4 and
having factor C activity.

(C) A recombinant protein encoded by DNA comprising a base sequence having
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[0024]

[0025]

[0026]

[0027]

[0028]

95% or more identity to the base sequence represented by SEQ ID NO: 1 or 3, and
having factor C activity.

(D) A recombinant protein encoded by DNA that hybridizes under stringent
conditions with DNA consisting of the complementary sequence of the base
sequence represented by SEQ ID NO: 1 or 3, and having factor C activity.

The expressions "comprising an amino acid sequence" or "comprising a base
sequence" also encompass the cases "consisting of the amino acid sequence" or
"consisting of the base sequence."

This protein was obtained for the first time in the world by the method disclosed
in the Embodiments of this Specification, and its full-length sequence, structure
and function have been elucidated for the first time. Its function is to become
active in the presence of endotoxin and to convert proteins having factor B
activity, such as the second protein described below, into their active form
(referred to as "factor C activity" in the present application). The first recombinant
protein may exhibit Factor C activity at least in combination with a second protein,
such as the second recombinant protein.

Having factor C activity means that the recombinant protein of interest is
conjugated to a second protein (not in an activated form). Combination with a
protein (inactive type) having factor B activity such as the third protein (inactive
type), a protein (inactive type) having pro-clotting enzyme activity such as the
third protein (inactive type), and a detection substrate, can be confirmed by
detecting the progression of the cascade reaction in the presence of endotoxin.
"Cascade reaction" refers to a series of reactions in which a protein having factor
C activity (inactive form) is activated by endotoxin, a protein having factor B
activity (inactive form) is activated by a protein having factor C activity (active
form), and a protein having pro-clotting enzyme activity (inactive form) is
activated by the protein having factor B activity (active form). The progress of the
cascade reaction can be detected by cleavage of the detection substrate.

Among the recombinant first proteins, the most preferred are the recombinant
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[0029]

[0030]

proteins of (I) above, such as the recombinant protein of (A) above, but variants
thereof may also be used so long as they have factor C activity.

A variant may be, for example, a recombinant protein that comprises an amino
acid sequence that includes one or several amino acid substitutions, deletions,
insertions, and/or additions at one or several positions in the amino acid sequence
of a recombinant first protein as described above (e.g., the amino acid sequence
represented by SEQ ID NO: 2 or 4), and has factor C activity. The above-
mentioned "one or several" may be, for example, 1 to 20, 1 to 10, 1 to 5, or 1 to 3.
The above-mentioned substitution, deletion, insertion, and/or addition of one or
several amino acids are conservative mutations that maintain the normal function
of the protein. A representative example of a conservative mutation is a
conservative substitution. Conservative are mutations that substitute for each
other, for example, between Phe, Trp, and Tyr when the substitution site is an
aromatic amino acid, between Leu, Ile, and Val when the substitution site is a
hydrophobic amino acid, between GIn and Asn when polar amino acids, and
between Lys, Arg, and His when basic amino acids, between Asp and Glu when
acidic amino acids, and between Ser and Thr when amino acids with hydroxyl
groups. These mutations substitute each other. Substitutions that are considered to
be conservative substitutions include, specifically: Substitution of Ala to Ser or
Thr, substitution of Arg to Gln, His or Lys, substitution of Asn to Glu, Gln, Lys,
His or Asp, substitution of Asp to Asn, Glu or Gln, substitution of Cys to Ser or
Ala, substitution of Gln to Asn, Glu, Lys, His, Asp or Arg, Substitution of Glu
with Gly, Asn, Gln, Lys or Asp, substitution of Gly with Pro, substitution of His
with Asn, Lys, Gln, Arg or Tyr, substitution of Ile with Leu, Met, Val or Phe,
substitution of Leu with Ile, Met, Val or Phe; substitution of Lys with Asn, Glu,
Gln, His or Arg; substitution of Met with Ile, Leu, Val or Phe; substitution of Phe
with Trp, Tyr, Met, Ile or Leu; substitutions of Ser with Thr or Ala, substitutions
of Thr with Ser or Ala, substitutions of Trp with Phe or Tyr, substitutions of Tyr
with His, Phe or Trp, and substitutions of Val with Met, Ile or Leu.

The variant may also be, for example, a recombinant protein that contains an

amino acid sequence that has 80% or more, 90% or more, 95% or more, 96% or
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[0031]

[0032]

[0033]

more, 97% or more, 98% or more, or 99% or more identity to the amino acid
sequence of the recombinant first protein as described above (e.g., the amino acid
sequence represented by SEQ ID NO: 2 or 4) and has factor C activity.

The variant may also be a recombinant protein that is encoded by DNA containing
a base sequence that has 80% or more, 90% or more, 95% or more, 96% or more,
97% or more, 98% or more, or 99% or more identity to the base sequence
encoding the amino acid sequence of the recombinant first protein as described
above (e.g., the base sequence represented by SEQ ID NO: 1 or 3), and that has
factor C activity.

The variant may also be, for example, a recombinant protein that is encoded by
DNA that hybridizes under stringent conditions with DNA consisting of a
complementary sequence of a base sequence encoding the amino acid sequence of
the above-mentioned recombinant first protein (for example, the base sequence
represented by SEQ ID NO: 1 or 3), and that has factor C activity. The "stringent
conditions" are as described in Molecular Cloning, edited by T. Maniatis et al.:
This refers to the conditions under which so-called specific hybrids are formed
and non-specific hybrids are not formed in the normal hybridization procedure
described in, for example, A Laboratory Manual 2nd ed. (1989), Cold Spring
Harbor Laboratory. Specifically, "stringent conditions" refers to conditions in
which the sodium salt concentration is 15 to 750 mM, preferably 50 to 750 mM,
and more preferably 300 to 750 mM, the temperature is 25 to 70°C, preferably 50
to 70°C, and more preferably 55 to 65°C, and the formamide concentration is 0 to
50%, preferably 20 to 50%, and more preferably 35 to 45%. Further, under
stringent conditions, the conditions for washing the filter after hybridization
typically include a sodium salt concentration of 15 to 600 mM, preferably 50 to
600 mM, and more preferably 300 to 600 mM, and a temperature of 50 to 70°C,
preferably 55 to 70°C, and more preferably 60 to 65°C.

Specifically, the variants are preferably the recombinant proteins (B) to (D) above.
The "95% or more" in the above (B) and (C) is preferably 96% or more, more
preferably 97% or more, more preferably 98% or more, and more preferably 99%

or more.
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[0034] Further, any peptide such as a His tag or a V tag may be added to the recombinant
first protein, so long as it has factor C activity.

[0035] In addition, in the present application, the term "recombinant protein" refers to a
protein obtained by artificially introducing a gene encoding the protein into a host
cell other than horseshoe crab and expressing the gene. Therefore, the protein
itself obtained from natural horseshoe crabs does not fall under the category of
"recombinant protein" in this application.

[0036] (2) Method for Producing Recombinant First Protein

Since the complete amino acid sequence of the recombinant first protein has
been disclosed for the first time by the present invention, it can be produced, for
example, by genetic engineering techniques using DNA encoding this sequence.
The method for producing the first recombinant protein by genetic engineering
techniques is not particularly limited, and for example, a typical method for
producing a protein by genetic engineering techniques can be used. The first
recombinant protein can be produced, for example, by utilizing a heterologous
expression system or a cell-free protein synthesis system.

[0037] For example, the first cDNA described below can be artificially introduced into a
host cell other than horseshoe crab, and a protein can be expressed from this
cDNA to produce the recombinant first protein. The present invention also
provides a method for producing such a recombinant first protein.

[0038] When artificially introducing DNA into a host cell, a DNA construct (such as a
vector) into which the DNA has been artificially incorporated may be used. An
example of such an artificial DNA construct is a DNA construct into which the
first cDNA has been incorporated. Such artificial DNA constructs are described
below.

[0039] Host cells other than horseshoe crab are not particularly limited, so long as they
are capable of functionally expressing a protein from the first cDNA. Host cells
other than those of horseshoe crab include, for example, mammalian cells and
insect cells. Mammals include rodents and primates. Rodents include Chinese

hamsters, hamsters, mice, rats, and guinea pigs. An example of a Chinese hamster
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[0040]

[0041]

[0042]

[0043]

[0044]

cell is a Chinese hamster ovary-derived cell line (CHO). Examples of CHO
include CHO DG44, CHO S, and CHO K1. Primates include, but are not limited
to, humans, monkeys, and chimpanzees. Human cells include human embryonic
kidney (HEK) derived cell lines. An example of HEK is HEK293.

"Functionally expressed" means that the expressed recombinant first protein
exhibits Factor C activity. The presence of factor C activity can be confirmed by
the method described in the Embodiments below. Further, whether or not the
expressed protein contains a target amino acid sequence, such as any of the
structures (A) to (D), can be confirmed by analyzing the amino acid sequence of
the expressed protein and comparing it with the target amino acid sequence.

The method for artificially introducing the first cDNA into a host cell is not
particularly limited, so long as the cDNA is retained in the host cell in an
expressible state. The first recombinant protein can be expressed by growing the
host cell into which the first cDNA has been artificially introduced.

The transformed host cells can be grown, for example, by culturing the cells. The
culture conditions are not particularly limited as long as the cells can grow and
proliferate, and conditions normally used for culturing the cells can be used with
appropriate modifications as necessary. For example, when the host cell is a
mammalian cell, a medium generally used for culturing mammalian cells can be
used. Examples of such media that can be used include RPMI1640 medium
(Sigma), DMEM medium (Sigma), and ExpiCHOTM Expression Medium
(Thermo Fisher Scientific). The culture can be carried out, for example, at 36° C
to 38° C under a supply of 5% to 8% CO: by static culture or suspension culture.
Kits specifically designed for protein expression may also be used.

The expressed recombinant first protein can be recovered as a solution fraction
containing it and used for various applications described below.

The solution fraction containing the recombinant first protein may be, for example,

a culture medium, a culture supernatant, a cell lysate extract, or a mixture thereof.
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The recombinant first protein may be purified to a desired extent before use, or
may be used as is without purification.

[0045] Purification can be carried out by known methods used for protein purification.
Such methods include ammonium sulfate precipitation, gel filtration
chromatography, ion exchange chromatography, hydrophobic interaction
chromatography, hydroxyapatite chromatography, and the like.

[0046] The present invention makes it possible for the first time to artificially and
functionally express a recombinant first protein. The recombinant first protein
thus produced can be used, for example, for the purposes described below.

[0047] <2> Recombinant second protein and method for producing same
The recombinant second protein is a recombinant protein that has factor B activity.

[0048] The recombinant second protein is specifically a recombinant protein that is any
of the following:

(I) A recombinant protein comprising the amino acid sequence of a protein having
Limulus polyphemus factor B activity.
(IT) A recombinant protein which is a variant of (I) and has factor B activity.

[0049] Examples of the amino acid sequence of a protein having Limulus polyphemus
factor B activity include the amino acid sequences shown in SEQ ID NO: 6, &, 10,
or 12. Further, examples of base sequences encoding such amino acid sequences
include the base sequences shown in SEQ ID NO: 5, 7,9, or 11.

[0050] The recombinant second protein may more specifically be a recombinant protein
that is any of the following:

(A) A recombinant protein comprising the amino acid sequence represented by
SEQ ID NO: 6, 8, 10, or 12.

(B) A recombinant protein comprising an amino acid sequence having 95% or
more identity to the amino acid sequence represented by SEQ ID NO: 6, 8, 10, or
12 and having factor B activity.
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[0051]

[0052]

[0053]

(C) A recombinant protein encoded by DNA containing a base sequence having
95% or more identity to the base sequence represented by SEQ ID NO: 5,7, 9, or
11, and having factor B activity.

(D) A recombinant protein encoded by DNA that hybridizes under stringent
conditions with DNA consisting of the complementary sequence of the base
sequence represented by SEQ ID NO: 5, 7,9, or 11, and having factor B activity.
The function of this protein is to be activated by a protein (activated form) having
factor C activity, such as the activated first protein, and this is the function of
converting proteins having pro-clotting enzyme activity, such as the third protein
described below, into an active form (referred to as "factor B activity" in this
application). The recombinant second protein may exhibit factor B activity at least
in combination with a first protein, such as the recombinant first protein, and a
third protein, such as the recombinant third protein.

Having factor B activity can be confirmed by detecting the progress of the
cascade reaction when the target recombinant protein is combined with a protein
(active type) having factor C activity such as protein 1 (active type), a protein
(inactive type) having pro-clotting enzyme activity such as protein 3 (inactive
type), and a detection substrate. This can be confirmed by detecting the progress
of the cascade reaction. This system may further contain endotoxin for converting
a protein having factor C activity (inactive form) into an active form.

For other details, the explanation in <1> above can be applied mutatis mutandis.
That is, for example, in the above <1>, "SEQ ID NO: 1 or 3" can be read as "SEQ
IDNO:5,7,9,0r 11," "SEQ ID NO: 2 or 4" can be read as "SEQ ID NO: 6, 8, 10,
or 12," "(recombinant) first protein" can be read as "(recombinant) second
protein," "first cDNA" can be read as "second cDNA," "factor C" can be read as

"factor B," and the like.

[0054] <3> Recombinant third protein and method for producing same

[0055]

The recombinant third protein is a recombinant protein having pro-clotting
enzyme activity.
The recombinant third protein is specifically a recombinant protein which is any

of the following:
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[0056]

[0057]

[0058]

(D A recombinant protein comprising an amino acid sequence of a protein having
pro-clotting enzyme activity of Limulus polyphemus.

(IT) A recombinant protein which is a variant of (I) and has pro-clotting enzyme
activity.

Examples of the amino acid sequence of a protein having pro-clotting enzyme
activity of Limulus polyphemus include the amino acid sequences shown in SEQ
ID NO: 14, 16, 18, 20, or 22. Further, examples of base sequences encoding such
amino acid sequences include the base sequences shown in SEQ ID NO: 13, 15,
17,19, and 21.

The recombinant third protein may more specifically be a recombinant protein
that is any of the following:

(A) A recombinant protein comprising an amino acid sequence represented by
SEQ ID NO: 14, 16, 18, 20, or 22.

(B) A recombinant protein comprising an amino acid sequence having 95% or
more identity to the amino acid sequence represented by SEQ ID NO: 14, 16, 18,
20, or 22 and having pro-clotting enzyme activity.

(C) A recombinant protein encoded by DNA containing a base sequence having
95% or more identity to the base sequence represented by SEQ ID NO: 13, 15, 17,
19, or 21, and having pro-clotting enzyme activity.

(D) A recombinant protein encoded by DNA that hybridizes under stringent
conditions with DNA consisting of a complementary sequence of the base
sequence represented by SEQ ID NO: 13, 15, 17, 19, or 21, and having pro-
clotting enzyme activity.

The function of this protein is to be activated by a protein (activated form) having
factor B activity, such as an activated second protein, and this is the function of
cleaving a substrate (protein or peptide) described below (referred to as "pro-

clotting enzyme activity" in this application). The recombinant third protein
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[0059]

[0060]

may exhibit pro-clotting enzyme activity at least in combination with a second
protein, such as the recombinant second protein.

Having pro-clotting enzyme activity means can be confirmed by detecting the
progress of the cascade reaction when the recombinant protein of interest is
combined with a protein (activated form) having factor B activity, such as a
second protein (activated form), and a detection substrate. This can be confirmed
by detecting the progress of the cascade reaction. This system may further contain
a protein having factor C activity (active form) for converting a protein having
factor B activity (inactive form) into an active form. Further, this system may
further contain endotoxin for converting a protein having factor C activity
(inactive form) into an active form.

For other details, the explanation in <1> above can be applied mutatis mutandis.
That is, for example, in the above <1>, "SEQ ID NO: 1 or 3" can be read as "SEQ
ID NO: 13, 15,17, 19, or 21," "SEQ ID NO: 2 or 4" can be read as "SEQ ID NO:
14, 16, 18, 20, or 22," "(recombinant) first protein" can be read as "(recombinant)
third protein," "first cDNA" can be read as "third cDNA," "factor C" can be read

as "pro-clotting enzyme," and the like.

[0061] <4> Use of the recombinant first protein

[0062]
[0063]

[0064]

The recombinant first protein can be used to activate a protein having factor B
activity, such as a second protein. In other words, the present invention
encompasses a method for activating a protein having factor B activity,
comprising the step of contacting a recombinant first protein with a protein having
factor B activity.

Proteins having factor B activity include a second protein.

The second protein is specifically any of the following proteins:

(I) A protein containing the amino acid sequence of a protein having Limulus
polyphemus factor B activity.

(IT) A variant of (I) above, the protein having factor B activity.

The second protein may more specifically be a protein that is any of the

following:
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[0065]

[0066]

[0067]

[0068]

(A) A protein comprising the amino acid sequence represented by SEQ ID NO: 6,
8, 10, or 12.

(B) A protein comprising an amino acid sequence having 95% or more identity to
the amino acid sequence represented by SEQ ID NO: 6, 8, 10, or 12 and having
factor B activity.

(C) A protein encoded by DNA comprising a base sequence having 95% or more
identity to the base sequence represented by SEQ ID NO: 5, 7, 9, or 11, and
having factor B activity.

(D) A protein encoded by DNA that hybridizes under stringent conditions with
DNA consisting of a complementary sequence of the base sequence represented
by SEQID NO: 5,7, 9, or 11, and having factor B activity.

Proteins having factor B activity also include the following proteins:

(IIT) A protein containing the amino acid sequence of a protein having factor B
activity from a horseshoe crab other than Limulus polyphemus.

(IV) A variant of the above (III), which has factor B activity.

The explanation of the protein having factor B activity can be applied mutatis
mutandis to the explanation in <2> above.

The present invention has demonstrated for the first time that the recombinant
first protein (A) retains factor C activity. The protein (A) and its variants having
such functions are applied to the activation of a protein having factor B activity.
The protein having factor B activity used herein may be one obtained from a
natural product or one artificially produced (e.g., recombinant second protein), so
long as it has the above-mentioned structure and function. The present invention
makes it possible for the first time to artificially and functionally express a
recombinant second protein. It has become possible to stably produce the second
protein with a consistent quality without obtaining it from natural Limulus
polyphemus. Therefore, the protein having factor B activity is preferably a

recombinant second protein.
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[0069] Activation of a protein having factor B activity using recombinant protein 1 can
be achieved by contacting a recombinant protein 1 (active) molecule with a
protein having factor B activity (inactive) molecule. In order to convert the
recombinant first protein into an active form, the recombinant first protein
(inactive form) may be contacted with a protein having factor B activity (inactive
form) in the presence of endotoxin.

[0070] The conditions for this contact are not particularly limited, so long as they are
conditions under which the recombinant first protein (active form) can exert factor
C activity and activate the protein having factor B activity (if the contact is
performed in the presence of endotoxin, the conditions are also conditions under
which the endotoxin can activate the recombinant first protein). For example,
reaction conditions for a known lysate reagent can be adopted.

[0071] Activation of a protein having factor B activity can be confirmed by the method
described in the Embodiments below.

[0072] <5> Use of recombinant second protein

The recombinant second protein can be used to activate a protein that has pro-
clotting enzyme activity, such as a third protein. In other words, the present
invention encompasses a method for activating a protein having pro-clotting
enzyme activity, comprising the step of contacting a recombinant second protein
with a protein having pro-clotting enzyme activity.

[0073] An example of a protein having pro-clotting enzyme activity is the third protein.

[0074] The third protein is specifically any of the following proteins:

(D A protein comprising the amino acid sequence of a protein having pro-clotting
enzyme activity of Limulus polyphemus.
(IT) A variant of (I) above, the protein having pro-clotting enzyme activity.

[0075] The third protein may more specifically be a protein that is any of the following:
(A) A protein comprising an amino acid sequence represented by SEQ ID NO: 14,
16, 18, 20, or 22.
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[0076]

[0077]

[0078]

[0079]

(B) A protein comprising an amino acid sequence having 95% or more identity to
the amino acid sequence represented by SEQ ID NO: 14, 16, 18, 20, or 22 and
having pro-clotting enzyme activity.

(C) A protein encoded by DNA comprising a base sequence having 95% or more
identity to the base sequence represented by SEQ ID NO: 13, 15, 17, 19, or 21,
and having pro-clotting enzyme activity.

(D) A protein encoded by DNA that hybridizes under stringent conditions with
DNA comprising of a complementary sequence of the base sequence represented
by SEQ ID NO: 13, 15, 17, 19, or 21, and having pro-clotting enzyme activity.
Further, examples of proteins having pro-clotting enzyme activity include the
following proteins:

(IIT) A protein containing the amino acid sequence of a protein having pro-
clotting enzyme activity of a horseshoe crab other than Limulus polyphemus.

(IV) A variant of the above (III), the protein having pro-clotting enzyme activity.
The explanation of the protein having pro-clotting enzyme activity can be applied
mutatis mutandis to the explanation of <3> above.

The protein having pro-clotting enzyme activity used herein may be one obtained
from a natural product or one artificially produced (e.g., recombinant third
protein) so long as it has the above-mentioned structure and function.

Activation of a protein having pro-clotting enzyme activity using a recombinant
second protein can be achieved by contacting a recombinant second protein
(active) molecule with a protein having pro-clotting enzyme activity (inactive)
molecule. Further, in order to convert the recombinant second protein into an
active form, the recombinant second protein (inactive form) may be contacted
with a protein having pro-clotting enzyme activity (inactive form) in the presence

of a protein having factor C activity (active form). Still further, in order to activate
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[0080]

[0081]

[0082]
[0083]

[0084]

this protein having factor C activity, it may be contacted with a protein having
factor C activity (inactive form), a recombinant second protein (inactive form),
and a protein having pro-clotting enzyme activity (inactive form) in the presence
of endotoxin.

The conditions for this contact are not particularly limited, so long as they are
conditions under which the recombinant second protein (active type) can exhibit
factor B activity and activate a protein with pro-clotting enzyme activity (where
carried out in the presence of a protein having factor C activity (active form),
conditions under which the protein having factor C activity (active form) can
further exhibit factor C activity and activate the recombinant second protein and
where performed in the presence of endotoxin, conditions that allow endotoxin to
activate proteins with factor C activity). For example, reaction conditions for a
known lysate reagent can be adopted.

Activation of the third protein can be confirmed by the method described in the
Embodiments below.

An example of a protein having factor C activity is protein 1.

The first protein is specifically any of the following proteins:

(D A protein comprising the amino acid sequence of a protein having factor C
activity of Limulus polyphemus.

(IT) A variant of (I) above, the protein having factor C activity.

The first protein may more specifically be a protein that is any of the following:
(A) A protein comprising the amino acid sequence represented by SEQ ID NO: 2
or4.

(B) A protein comprising an amino acid sequence having 95% or more identity to
the amino acid sequence represented by SEQ ID NO: 2 or 4 and having factor C
activity.

(C) A protein encoded by DNA comprising a base sequence having 95% or more
identity to the base sequence represented by SEQ ID NO: 1 or 3 and having factor
C activity.

(D) A protein encoded by DNA that hybridizes under stringent conditions with
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DNA consisting of a complementary sequence of the base sequence represented
by SEQ ID NO: 1 or 3, and that has factor C activity.

[0085] Proteins having factor C activity also include the following proteins:

(IIT) A protein comprising the amino acid sequence of a protein having factor C
activity from a horseshoe crab other than Limulus polyphemus.
(IV) A variant of the above (III), which has factor C activity.

[0086] The explanation of the protein having factor C activity can be applied mutatis
mutandis to the explanation of <1> above.

[0087] The protein having factor C activity used herein may be one obtained from a
natural product or one artificially produced (for example, recombinant first
protein), so long as it has the above-mentioned structure and function.

[0088] For other details, the explanation in <4> above can be applied mutatis mutandis.

[0089] <6> Use of recombinant third protein

The recombinant third protein can be used to cleave the substrate. In other
words, the present invention encompasses a method for cleaving a substrate
comprising the step of contacting a recombinant third protein with the substrate.

[0090] This substrate can also be used as the above-mentioned "detection substrate," and
may be a naturally occurring substrate or a synthetic substrate. Such a substrate is
not particularly limited as long as it is cleaved by the pro-clotting enzyme activity
of a protein (active form) having pro-clotting enzyme activity, such as the third
protein (active form).

[0091] Examples of substances that are cleaved by the activity of the pro-clotting enzyme
include proteins such as coagulogens and synthetic substrates represented by the
general formula X-Y-Z (wherein X- is a protecting group covalently bonded to Y,
Y is a peptide residue, and -Z is a signal substance bonded to Y by an amide
bond).

[0092] The protecting group X is not particularly limited, and any known protecting
group for peptides can be used. Such protecting groups include, for example, t-

butoxycarbonyl and benzoyl groups.
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[0093]

[0094]

[0095]

[0096]

[0097]

[0098]

The peptide residue Y is also not particularly limited, and examples thereof
include Leu-Gly-Ar9 (LGR) and Ile-Glu-Gly-Arg (IEGR) (SEQ ID NO: 23).

The signal substance Z is also not particularly limited, and examples thereof
include dyes and fluorescent dyes that are detectable under visible light. Examples
of such dyes include pNA (paranitroaniline), MCA (7-methoxycoumarin-4-acetic
acid), DNP (2,4-dinitroaniline), and Dansyl dyes.

Among these, Boc-Leu-Gly-Ar9-pNA (t-butoxycarbonyl-leucyl-glycyl-arginyl-
paranitroaniline, Boc-LGR-pNA) is preferred.

When coagulogen is used as the substrate, cleaving of the substrate by the pro-
clotting enzyme activity can be detected by detecting "gelation," for example.
Gelation can be detected, for example, by visually detecting a decrease in fluidity.
Further, when the synthetic substrate as described above is used, the substrate
cleaved by the pro-clotting enzyme activity can be detected, for example. By
detecting a signal, Z is released to emit a signal such as color or fluorescence
when the amide bond between Y and Z is broken. The detection of a signal may
be carried out by a method appropriate for the type of the signal. For example, the
signal of pNA can be detected by absorbance (405 nm).

Cleaving of a substrate using a recombinant third protein can be carried out by
contacting a recombinant third protein (active form) molecule with a substrate
molecule. In order to convert the recombinant third protein into an active form,
the recombinant third protein (inactive form) may be contacted with a substrate in
the presence of a protein having factor B activity (active form). Further, in order
to convert this protein having factor B activity into an active form, a protein

having factor B activity (inactive form), a recombinant third protein (inactive
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[0099]

[0100]

form), and a substrate may be contacted in the presence of a protein having factor
C activity (active form). Further, in order to convert this protein having factor C
activity into an active form, the protein having factor C activity (inactive form),
the protein having factor B activity (inactive form), the recombinant third protein
(inactive form), and the substrate may be contacted in the presence of endotoxin.

The conditions for this contact are not particularly limited as long as they are
conditions under which the recombinant third protein (active type) can exhibit
pro-clotting enzyme activity and cleave the substrate (where carried out in the
presence of a protein having factor B activity (active form), conditions under
which the protein having factor B activity (active form) can further exhibit factor
B activity and activate the recombinant third protein and where carried out in the
presence of a protein having factor C activity (active form), conditions under
which the protein having factor C activity (active form) can further exhibit factor
C activity and activate the second protein and where carried out in the presence of
endotoxin, conditions required to allow endotoxin to activate proteins with factor
C activity). For example, reaction conditions for a known lysate reagent can be
adopted.

For other details, the explanation in <4> above can be applied mutatis mutandis.

[0101] <7> Method for detecting endotoxin

[0102]

[0103]

[0104]

The method for detecting endotoxin of the present invention is a method for
detecting endotoxin in a sample, which comprises the step of contacting the
recombinant first protein with the sample.

The method may further include the step of contacting the recombinant first
protein that has been contacted with the sample with a protein having factor B
activity, such as a second protein. The protein having factor B activity can be a
recombinant second protein.

This method may further include a step of contacting the protein having factor B
activity that has been in contact with the "recombinant first protein that has been
in contact with the sample" with a protein having pro-clotting enzyme activity,
such as a third protein. The protein having pro-clotting enzyme activity may be a
recombinant third protein.

Endotoxin in a sample can be detected by detecting activation of recombinant
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[0105]

[0106]

[0107]

protein 1 that has come into contact with the sample. Activation of the
recombinant first protein can be confirmed by the method described in the
Embodiments below. Further, the activation of the recombinant first protein can
also be directly detected using a substrate (detection substrate). That is, by using
as a detection substrate a substance that is cleaved by the factor C activity of the
activated recombinant first protein to emit a signal, activation of the recombinant
first protein can be directly detected. Therefore, this method may further comprise
the step of contacting the "recombinant first protein contacted with the sample"
with a detection substrate.

When the method further includes a step of contacting with a protein having
factor B activity, the activation of the protein having factor B activity can be
detected by the method described in <4> above. Further, the activation of a
protein having factor B activity can also be detected directly using a substrate
(detection substrate). That is, by using as a detection substrate a substance that is
cleaved by the factor B activity of an activated protein having factor B activity
and emits a signal, the activation of a protein having factor B activity can be
directly detected. Thus, this method may further comprise the step of contacting
the "protein having factor B activity contacted with the recombinant first protein"
with a detection substrate.

The method further comprising a step of contacting the method with a protein
having pro-clotting enzyme activity can be performed by detecting the activation
of a protein having pro-clotting enzyme activity (cleavage of a substrate by the
method described in <6> above) by the method described in <5> above. Therefore,
this method may further comprise the step of contacting "the protein having pro-
clotting enzyme activity that has been contacted with the protein having factor B
activity" with a substrate (detection substrate). Examples of detection substrates
capable of detecting the activation of a protein having pro-clotting enzyme
activity include those exemplified in the above item <6>.

These steps may be performed sequentially or simultaneously. For example, when
these steps are performed simultaneously, the sample, recombinant first protein

(inactive form), a protein having factor B activity (inactive form), a protein
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[0108]

[0109]

[0110]

[0111]

having pro-clotting enzyme activity (inactive form), and a detection substrate may
be contacted simultaneously in the same system.

The contact conditions are the same as those described in <4> to <6> above. For
example, the contact between the recombinant first protein and the sample is not
particularly limited as long as the conditions are such that endotoxin in the sample
can activate the recombinant first protein. The contact conditions may be, for
example, reaction conditions for known lysate reagents. For example, the pH of
the reaction solution may be 5 to 10, preferably 7 to 8.5. The reaction temperature
may be from 10°C to 80°C, preferably from 20°C to 50°C, and more preferably
from 30°C to 40°C. The reaction temperature is, for example, 37°C. The reaction
time is not particularly limited and may be appropriately set depending on various
conditions. The reaction time may be, for example, 5 minutes to 2 hours,
preferably 15 minutes to 90 minutes, and more preferably 30 minutes to 40
minutes.

The specimen is not particularly limited as long as it is a sample in which
endotoxin needs to be detected. Examples of specimens include medical water,
pharmaceuticals, infusions, blood formulations, medical devices, medical
instruments, cosmetics, food and drink, environmental samples, biological
components, natural proteins, recombinant proteins, nucleic acids, and
carbohydrates. The specimen itself, or an extract or washing solution thereof, can
be mixed, dispersed or dissolved in a reaction system and subjected to endotoxin
detection.

Endotoxin may be detected qualitatively or quantitatively. Quantitative detection
can be performed by making a connection in advance using a calibration curve or
a relational expression of the relationship between the amount (concentration) and
the detection level depending on the type of substrate (for example, the degree of
"gelation" when using coagulogen as a substrate, and the degree of signal when
using a synthetic substrate) using multiple standards with different endotoxin
amounts (concentrations) and converting endotoxin amount (concentration) from
the detection level when using actual samples, for example.

<8> Endotoxin detection agent

The endotoxin detection agent of the present invention is an endotoxin
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detection agent that contains the recombinant first protein.

[0112] The detection agent may further comprise a protein having factor B activity, such
as a second protein. The protein having factor B activity may be a recombinant
second protein.

[0113] The detection agent may further comprise a protein having pro-clotting enzyme
activity, such as a third protein. The protein having pro-clotting enzyme activity
may be a recombinant third protein.

[0114] As explained in <1> to <3> above, these proteins may be in a form present, for
example, in a culture medium, a culture supernatant, a cell lysate extract, or a
mixture thereof. These proteins may be purified to a desired extent before use, or
may be used as is without purification. For example, when these proteins are
contained in the culture supernatant, the medium may be used as it contains the
medium components.

[0115] The amounts of the recombinant first protein, the protein having factor B activity,
and the protein having pro-clotting enzyme activity in this detection agent can be
appropriately determined depending on the activity of each protein, and the like.
For example, the final concentration of each protein in the reaction solution mixed
with the sample can be 15 to 30 pg/mL.

[0116] The detection agent may further comprise a substrate (detection substrate).

[0117] The detection agent can be produced by incorporating these substances as
constituents. The detection agent may further contain additives such as excipients,
stabilizers, and buffers. Further, the form of this detection agent is not particularly
limited, and it can be formulated in any form, such as a solid (for example, a
freeze-dried form) or a liquid.

[0118] In this detection agent, these substances may be contained together as components
in a single container, or may be contained in separate containers.

[0119] The detection agent may further contain a dissolution buffer, an endotoxin
standard, a reaction vessel (e.g., a tube or a microplate), and the like. The
detection agent also includes the form of a kit.

[0120] This detection agent can be used, for example, in the method described in <7>

above.
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[0121] <9> First cDNA and its use

[0122]

[0123]

[0124]

[0125]

[0126]

(1) First cDNA

The first cDNA is a cDNA that is either:
(A) cDNA containing the base sequence represented by SEQ ID NO: 1 or 3.
(B) a cDNA comprising a nucleotide sequence having 95% or more identity to the
nucleotide sequence represented by SEQ ID NO: 1 or 3 and encoding a protein
having factor C activity.
(C) a cDNA that hybridizes under stringent conditions with a DNA consisting of a
complementary sequence to the base sequence represented by SEQ ID NO: 1 or 3
and encodes a protein having factor C activity.
(D) a cDNA encoding a protein comprising the amino acid sequence represented
by SEQ ID NO: 2 or 4.
(E) a cDNA comprising an amino acid sequence having 95% or more identity to
the amino acid sequence represented by SEQ ID NO: 2 or 4 and encoding a
protein having factor C activity.
This cDNA was obtained for the first time in the world by the method disclosed in
the Embodiments of this Specification, and this is the first time that the full-length
sequence structure and the function of the protein encoded thereby have been
elucidated. Its function is "factor C activity."
Among the first cDNAs, the cDNA (A) above is most preferred, but variants
thereof may also be used so long as the protein encoded thereby has factor C
activity.
Specifically, the variants are preferably the cDNAs (B) to (E) above. The "95% or
more" in the above (B), (C), and (E) is preferably 96% or more, more preferably
97% or more, more preferably 98% or more, and more preferably 99% or more.
In addition, the meaning of "stringent conditions" and other explanations can be
applied mutatis mutandis to the explanation in <1> above.

The first cDNA may also have any codon replaced with an equivalent codon. For
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[0127]

[0128]

[0129]

[0130]

example, a cDNA obtained by replacing any codon in the cDNA of (A) above
with an equivalent codon is included in the cDNA of (D) above.
Since the complete nucleotide sequence of the first cDNA has been disclosed by
the present invention, it can be produced by known DNA synthesis techniques or
genetic engineering techniques using this sequence information. The first cDNA
was first obtained by the method described in the Embodiments below, but since
its base sequence has been disclosed in the present invention, it can also be
produced by methods other than those described in the Embodiments.
(2) DNA construct containing first cDNA, transformed cell, and method for
producing recombinant first protein using the same

The present invention provides a DNA construct comprising the first cDNA.
An example of such an artificial DNA construct is a vector. As the vector, a
plasmid, a virus, or other known vector can be appropriately selected depending
on the purpose, such as amplification, maintenance, or introduction of
recombinant DNA, library construction, cloning, or protein translation (protein
expression). By introducing the first cDNA into such a vector or the like, a DNA
construct containing the first cDNA can be produced.
The present invention also provides a cell comprising the first cDNA. Such cells
may, for example, be cells transformed with such a DNA construct and express
the recombinant first protein. The present invention also provides a method for
producing a recombinant first protein, which comprises the step of culturing such
cells.
The method for transforming a cell (host cell) with the DNA construct and the
method for culturing the transformed cell to produce the recombinant first protein

can be similarly described in <1> (2) above.

[0131] <10> Second cDNA

(1) Second cDNA
The second cDNA is a cDNA that is either:
(A) cDNA containing the nucleotide sequence represented by SEQ ID NO: 5, 7, 9,

orll.
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[0132]

[0133]

[0134]

(B) a cDNA comprising a nucleotide sequence having 95% or more identity to the
nucleotide sequence represented by SEQ ID NO: 5, 7, 9, or 11 and encoding a
protein having factor B activity.
(C) a cDNA that hybridizes under stringent conditions with DNA consisting of a
complementary sequence of the base sequence represented by SEQ ID NO: 5, 7, 9,
or 11 and encodes a protein having factor B activity.
(D) a cDNA encoding a protein comprising the amino acid sequence represented
by SEQ ID NO: 6, 8, 10, or 12.
(E) A cDNA comprising an amino acid sequence having 95% or more identity to
the amino acid sequence represented by SEQ ID NO: 6, 8, 10, or 12 and encoding
a protein having factor B activity.
For other explanations, the explanation in <9> (1) above can be applied mutatis
mutandis. That is, for example, "factor C" in the above item <9> (1) may be read
as "factor B," and "first cDNA" as "second cDNA," and the like.
(2) DNA construct containing second cDNA, transformed cell, and method for
producing recombinant second protein using the same

The present invention provides a DNA construct comprising the second cDNA.
The invention also provides cells containing the second cDNA, such as cells
transformed with such a DNA construct to express a recombinant second protein.
The present invention also provides a method for producing a recombinant second
protein, which comprises the step of culturing such cells.
For other explanations, the explanation in <9> (2) above can be applied mutatis

mutandis.

[0135] <11> Third cDNA

(1) The third cDNA
The third cDNA is a third cDNA that is any of the following:
(A) cDNA comprising the nucleotide sequence represented by SEQ ID NO: 13,
15,17, 19, or 21.
(B) a cDNA comprising a nucleotide sequence having 95% or more identity to the

nucleotide sequence represented by SEQ ID NO: 13, 15, 17, 19, or 21 and
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[0136]

[0137]

[0138]

encoding a protein having pro-clotting enzyme activity.

(C) a cDNA that hybridizes under stringent conditions with a DNA consisting of a
complementary sequence of the base sequence represented by SEQ ID NO: 13, 15,
17, 19, or 21 and encodes a protein having pro-clotting enzyme activity.

(D) a cDNA encoding a protein comprising the amino acid sequence represented
by SEQ ID NO: 14, 16, 18, 20, or 22.

(E) A cDNA encoding a protein comprising an amino acid sequence having 95%
or more identity to the amino acid sequence represented by SEQ ID NO: 14, 16,
18, 20, or 22 and having pro-clotting enzyme activity.

For other explanations, the explanation in <9> (1) above can be applied mutatis
mutandis. That is, for example, "factor C" in <9> (1) above can be read as "pro-
clotting enzyme," and "first cDNA" can be read as "third cDNA," and the like.

(2) The present invention related to a method for producing recombinant third
protein using DNA construct containing the third cDNA and transformed cells
provides a DNA construct containing a third cDNA. The invention also provides
cells containing the third ¢cDNA, such as cells transformed with such a DNA
construct to express a recombinant third protein. The present invention also
provides a method for producing a recombinant third protein, which comprises the
step of culturing such cells.

For other explanations, the explanation in <9> (2) above can be applied mutatis

mutandis.

[0139] <12> Method for producing endotoxin detection agent

[0140]

[0141]

The present invention also provides a method for producing an endotoxin
detection agent, which comprises the step of artificially expressing a protein using
the first cDNA.

The method may further include the step of artificially expressing the protein
using a second cDNA. The method may further include the step of artificially
expressing a protein using a third cDNA.

The method for artificially expressing a protein using these cDNAs is not

particularly limited, but the methods described in <9> (2), <10> (2), and <11> (2)
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above can be used, for example.

[0142] In this manner, a recombinant first protein is expressed by artificial expression
using the first cDNA. Similarly, a second recombinant protein is expressed
artificially using a second cDNA, and a third recombinant protein is expressed
artificially using a third cDNA.

[0143] The expressed protein is, as explained in <I1> to <3> above, and it may be in a
form present in a culture medium, a culture supernatant, a cell lysate extract, or a
mixture thereof, for example. These proteins may be purified to a desired extent
before use, or may be used as is without purification. For example, when these
proteins are contained in the culture supernatant, the medium may be used as it
contains the medium components.

[0144] For other details, the explanation in <8> above can be applied mutatis mutandis.
Therefore, the method for producing the endotoxin detection agent of the present
invention also includes the method for producing the kit.

[0145] In the present invention, either or both of the second protein (e.g., recombinant
second protein) and the third protein (e.g., recombinant third protein) may be
replaced with their counterparts derived from horseshoe crabs other than Limulus
polyphemus. The same applies to the second and third cDNAs. Examples of
horseshoe crabs other than Limulus polyphemus include organisms belonging to
the genus Tachypleus, such as Tachypleus tridentatus, Tachypleus gigas, and
Tachypleus rotundicauda.

[0146] That is, B factor (such as recombinant B factor) derived from horseshoe crabs
other than Limulus polyphemus (such as Tachypleus tridentatus) in place of a
second protein (such as a recombinant second protein), pro-clotting enzyme
derived from the same organism (such as recombinant pro-clotting enzyme) in
place of a third protein (recombinant third protein, etc.), a B factor gene (cDNA
etc.) derived from the same organism in place of a second cDNA, and a pro-
clotting enzyme gene (cDNA, etc.) derived from the same organism instead of the
third cDNA may be used, respectively.

[0147] Any of these proteins and genes may contain an amino acid sequence or a
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[0148]

[0149]

[0150]

[0151]

nucleotide sequence that is actually found in a horseshoe crab other than Limulus
polyphemus, or may be a variant thereof. For variants, the explanations of variants
in <I>to <11> above can be applied mutatis mutandis. Further, these proteins and
genes may or may not be derived from the same horseshoe crab other than
Limulus polyphemus.
As is clear from the above explanation, the method for producing an endotoxin
detection agent of the present invention includes artificially introducing each of
the first cDNA, the second cDNA, and the third cDNA (with regard to the second
cDNA and the third cDNA, either one or both of which may be replaced with a
gene derived from a horseshoe crab other than Limulus polyphemus (such as
Tachypleus tridentatus)) into a host cell other than that of a horseshoe crab, and
each recombinant protein (3 types in total) was expressed from each of these
cDNAs. Next, as described above in <8>, Embodiments in which each of these
expressed recombinant proteins is contained as a constituent component are also
included.
Embodiments
Hereinafter, the present invention will be described in detail with reference to
examples. However, these are merely illustrative of the present invention and the
scope of the present invention is not limited to these Embodiments.
(1) Synthesis of primers

In order to attempt to clone a protein having factor C activity in Limulus
polyphemus, the following primers were synthesized.
<Primers used for cloning a protein having factor C activity>
SK15-dT20: CTGCAGGAATTCGATTTTTTTTTTTTTTTTTTT (SEQ ID NO:
24)
SK15-FC-S: ATCGATAAGCTTGATGATCTGGGCTTGTGTGATGA (SEQ ID
NO: 25)
SK15-AS: CTGCAGGAATTCGAT (SEQ ID NO: 26)
LFC-5race: CTACACCAAGTTCCA (SEQ ID NO: 27)
LFC-1st-S: GTAAACCATGTGACAAACTGGAGGC (SEQ ID NO: 28)
LFC-1st-As: AATAAGGCCTCCATCGATAGAAGTA (SEQ ID NO: 29)
LFC-EcoRI-kozak-S:
GGGGAATTCAAGCTTGCCACCATGGTACTAGCGTCGTTC (SEQ ID NO:
30)
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[0152]

[0153]

[0154]

[0155]

LFC-Xhol-stop-As: GGGCTCGAGTCAAATGAACTGCCGAATCCACGATA
(SEQ ID NO: 31)
In order to attempt cloning of a protein having factor B activity and a protein
having pro-cloning enzyme activity, the following primers were synthesized.
<Primers used for cloning a protein having factor B activity and a protein having
pro-clotting enzyme activity>
SK15-FB-S: ATCGATAAGCTTGATCACATGCAAGGAAAAGTTCT (SEQ ID
NO: 32)
SK15-FB-As: CTGCAGGAATTCGATCACTGTTTAAACAAACTGAA (SEQ
ID NO: 33)
SK15-PCE-S: ATCGATAAGCTTGATAGACCAGAGTGGTCTTTCTG (SEQ
ID NO :34)
SK15-As: CTGCAGGAATTCGAT (SEQ ID NO: 26)
(2) Preparation of total RNA from hemocytes of Limulus polyphemus

Total RNA was prepared using the PureLink (registered trademark) RNA Mini
Kit and the PureLink (registered trademark) DNase kit (Thermo Fisher Scientific),
and the basic operations were performed according to the attached instructions.
TRIzol solution was added to 2.23 g of a pool of hemocytes of Limulus
polyphemus to disrupt the cells. Thereafter, chloroform was added thereto and the
mixture was centrifuged to obtain an aqueous layer. Ethanol was added to the
resulting aqueous layer, which was then passed through a silica membrane
cartridge provided in the kit to bind the nucleic acid components to the silica
membrane. DNase I provided with the kit was added to this silica membrane to
degrade DNA, and after washing the cartridge, an elution buffer was added to
recover total RNA (1.3 mg).
(3) Obtaining cDNA (first cDNA) encoding a protein having Limulus
polyphemus factor C activity
(3-1) First step

A reverse transcription reaction was carried out using the total RNA recovered
in (2) above as a template and SK15-d20 (SEQ ID NO: 24) as a primer to obtain
cDNA. This primer is designed to selectively bind to the polyA sequence of
mRNA, and further has an additional sequence outside that can be used for

polymerase chain reaction (PCR). In this reaction, SuperScript III Reverse
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Transcriptase (Thermo Fisher Scientific) was used as the reverse transcriptase,
and the reaction conditions were in accordance with the attached instructions.

[0156] (3-2) Second step

PCR was performed using the obtained cDNA as a template, SK15-FC-S (SEQ
ID NO: 25) as a sense primer, SK15-As (SEQ ID NO: 26) as an antisense primer,
and Tks Gflex DNA polymerase (Takara Bio) as a polymerase.

[0157] The PCR products were confirmed by agarose gel electrophoresis. The target
DNA (LpFC1) was barely detectable, and nonspecific DNA amplification was
detected (Figure 1A). So, the following steps were attempted: In Figure 1A, lane
"1" is the size marker, and lane "2" is the PCR product. The triangle marks the
area where LpFCl is predicted to be present.

[0158] (3-3) Third Step

The region where LpFC1 was predicted to be present was excised from the gel,
and DNA was extracted and purified. Using this as a template, PCR was
performed using SK15-FC-S (SEQ ID NO: 25) as a sense primer, SK15-As (SEQ
ID NO: 26) as an antisense primer, and Tks Gflex DNA polymerase (Takara Bio)
as a polymerase.

[0159] The PCR products were subjected to agarose gel electrophoresis, and surprisingly,
the target DNA (LpFC1) was significantly amplified (FIG. 1B). This LpFC1 was
excised from the gel, extracted and purified. As a result, obtaining a partial DNA
fragment (LpFC1) that may encode a protein having Limulus polyphemus factor
C activity was achieved. In FIG. 1B, lane "1" is the size marker, and lane "2" is
the PCR product. The triangle indicates the location of LpFCI.

[0160] (3-4) Fourth Step

LpFC1 was mixed with EcoRV enzyme-treated pBluescript II SK (+), and the
vector was introduced by recombination reaction using In-Fusion HD Enzyme
premix (Takara Bio). The reaction product was transformed into E. coli DH5a
competent cells, which were then spread onto an ampicillin LB medium plate

containing X-Gal and IPTG, and colonies were selected by blue-white screening.
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[0161]

[0162]

[0163]

[0164]

[0165]

DNA amplification was then performed by colony PCR on the candidate colonies.
In this case, M13-20 Primer was used as the sense primer, M13 Reverse Primer
was used as the antisense primer, and Tks Gflex DNA polymerase (Takara Bio)
was used as the polymerase. The resulting PCR product was subjected to agarose
gel electrophoresis, and then excised from the gel, extracted, and purified DNA
(LpFC1) was used as a template to confirm the sequence-by-sequence PCR. This
resulted in the determination of the DNA sequence of LpFC1.
(3-5) Fifth step

The 5' end of synthetic DNA LFC-5race (SEQ ID NO: 27), which was prepared
with reference to the sequence information of LpFC1, was phosphorylated with
T4 Polynucleotide Kinase (Takara Bio) in the presence of ATP. The target DNA
(LpFC2) was obtained by reverse transcription reaction using the total RNA as a
template, the obtained phosphorylated primer, and the reverse transcriptase
Superscript III Reverse Transcriptase (Thermo Fisher Scientific). As a result, a
partial DNA fragment (LpFC2) which may code for an amino acid sequence
containing a portion of a protein having the activity of Limulus polyphemus factor
C was obtained.
LpFC2 was treated at high temperature (95°C, 2 min) in the presence of RNase A,
followed by ethanol precipitation. Subsequent treatment with T4 RNA Ligase
(New England Biolabs) resulted in the production of concatemeric DNA (LpFC3)
in which LpFC2 was continuously linked. As a result, a partial DNA fragment
(LpFC3) which may code for an amino acid sequence comprising a portion of a
protein having the activity of Limulus polyphemus factor C was obtained.
PCR was performed using LpFC3 as a template, LFC-1st-S (sequence number 28)
as a sense primer, LFC-1st-As (sequence number 29) as an antisense primer, and
Tks Gflex DNA polymerase (Takara Bio) to amplify the target DNA (LpFC4).
When the PCR products were examined by agarose gel electrophoresis, the target
DNA (LpFC4) was hardly detectable, and non-specific DNA amplification was
detected (Figure 2A). So, the following steps were attempted: In Figure 2A, lane
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[0166]

[0167]

[0168]

[0169]

[0170]

[0171]

"1" is the size marker, and lane "2" is the PCR product. The triangle indicates the
position of LpFC4.
(3-6) 6th step

The region where LpFC4 was expected to be present was excised from the gel,
and DNA was extracted and purified. Using this as a template, PCR was
performed using LFC-1st-S (SEQ ID NO: 28) as a sense primer, LFC-1st-As
(SEQ ID NO: 29) as an antisense primer, and Tks Gflex DNA polymerase
(Takara Bio) as a polymerase.
The PCR products were subjected to agarose gel electrophoresis, and to our
surprise, the target DNA (LpFC4) was significantly amplified and detected at a
very high concentration (Figure 2B). This LpFC4 was excised from the gel,
extracted and purified. As a result, there was success in obtaining a partial DNA
fragment (LpFC4) that may code for an amino acid sequence containing a portion
of a protein having Limulus polyphemus factor C activity. In FIG. 2B, lane "1" is
the size marker, and lane "2" is the PCR product. The triangle marks indicate
areas where LpFC4 is predicted to be present.
The sequence of LpFC4 was analyzed by sequence PCR using LpFC4 as a
template. This revealed the 5' DNA sequence of the target protein.
(3-7) Seventh step

PCR was performed using the cDNA obtained in (3-1) above as a template,
LFC-EcoRI-kozak-S (sequence number 30) as a sense primer, LFC-Xhol-stop-As
(sequence number 31) as an antisense primer, and Tks Gflex DNA polymerase
(Takara Bio) as a polymerase.
The PCR product was purified by phenol-chloroform extraction and ethanol
precipitation, and then treated with EcoRI and Xhol enzymes. The restriction
enzyme digestion products were subjected to agarose gel electrophoresis and
excised from the gel, and the DNA was extracted and purified to obtain the target
DNA (LpFCS).
LpFC5 was mixed with the expression vector pCA7 (Takeda et al., 2005, J. Virol.
79:14346-14354) that had been treated with EcoRI and Xhol enzymes, and
ligation reaction was carried out using Ligation Mix (Takara Bio). The reaction

mixture was transformed into E. coli DH5a competent cells and spread onto an
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[0172]

[0173]

[0174]

[0175]

[0176]

ampicillin-containing LB medium plate. The resulting colonies were selected by
colony PCR and then inoculated onto ampicillin-containing LB medium.
After cultivation, plasmid purification was performed using NucleoSpin®
Plasmid Easy Pure (Macherey-Nagel). The nucleotide sequences of the two clones
obtained were analyzed by sequence PCR using the plasmids as templates.
This resulted in the first successful elucidation of the full-length cDNA sequence
(sequence number 1, sequence number 3) encoding a protein that may have
Limulus polyphemus C factor activity, and the full-length amino acid sequence of
that protein (sequence number 2, sequence number 4). SEQ ID NOs: 1 and 3
(SEQ ID NOs: 2 and 4) are in a variant relationship, and are considered to be
based on polymorphism between individuals. The expression and activity analysis
of this protein will be described later.
(4) Obtaining cDNA (second cDNA) of a protein having Limulus polyphemus B
factor activity

Using the cDNA obtained in (3-1) above as a template, PCR was performed
using SKI15-FB-S (sequence number 32) as the sense primer, SK15-FB-As
(sequence number 33) as the antisense primer, and Tks Gflex DNA polymerase
(Takara Bio) as the polymerase. The amplified fragment was cloned in the same
manner as described above (3-4), and the nucleotide sequences of the four clones
obtained were analyzed.
This resulted in the elucidation of the full-length cDNA sequences encoding
proteins that may have Limulus polyphemus factor B activity (sequence number 5,
sequence number 7, sequence number 9, sequence number 11) and the full-length
amino acid sequences of those proteins (sequence number 6, sequence number &,
sequence number 10, sequence number 12). SEQ ID NOs: 5, 7, 9 and 11 (SEQ ID
NOs: 6, 8, 10 and 12) are related to variants and are believed to be based on
polymorphism between individuals. The expression and activity analysis of this
protein will be described later.
(5) Obtaining cDNA (third cDNA) of a protein having pro-clotting enzyme
activity of Limulus polyphemus

PCR was performed using the cDNA obtained in (3-1) above as a template,
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[0177]

[0178]

[0179]

[0180]

SK15-PCE-S (sequence number 34) as a sense primer, SK15-As (sequence
number 26) as an antisense primer, and Tks Gflex DNA polymerase (Takara Bio)
as a polymerase. The amplified fragment was cloned in the same manner as in (3-
4) above, and the nucleotide sequences of the five resulting clones were analyzed.
As a result, the full-length sequences of the cDNAs encoding proteins that may
have pro-clotting enzyme activity of Limulus polyphemus (SEQ ID NO: 13, SEQ
ID NO: 15, SEQ ID NO: 17, SEQ ID NO: 19, SEQ ID NO: 21) and the full-length
amino acid sequences of those proteins (SEQ ID NO: 14, SEQ ID NO: 16, SEQ
ID NO: 18, SEQ ID NO: 20, SEQ ID NO: 22) were elucidated. SEQ ID NOs: 13,
15,17, 19 and 21 (SEQ ID NOs: 14, 16, 18, 20 and 22) are related to variants and
are considered to be based on polymorphism between individuals. The expression
and activity analysis of this protein will be described later.
(6) Expression of recombinant proteins

The cDNA (SEQ ID NO: 13) obtained in (5) above was ligated to pCA7, a
vector for expressing proteins in mammalian cells, to obtain an expression
plasmid. The cDNA (SEQ ID NO: 5) obtained in (4) above was ligated to the
protein expression vector pCA7 according to the literature (Kobayashi et al., 2015,
J Biol Chem, 290:19379-19386) to obtain an expression plasmid. Using these
expression plasmids and the expression plasmid obtained in (3-7) above
(containing the cDNA of sequence number 1) and the ExpiCHOTM Expression
System (Thermo Fisher Scientific), each recombinant protein was obtained as a
culture supernatant fraction.
Transfection of the expression plasmid into cells and recovery of the recombinant
protein were carried out according to the attached instructions.
As a result, there was success for the first time in expressing and obtaining a
protein from Limulus polyphemus that may have factor C activity (sequence
number 2), a protein that may have factor B activity (sequence number 6), and a
protein that may have pro-clotting enzyme activity (sequence number 14). The

activity analysis of these proteins will be described later.
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[0181]

[0182]

[0183]

[0184]

(7) Activity measurement

In the presence of 50 mM Tris buffer (pH 8.0) and synthetic substrate (Boc-
LGR-pNA), various combinations of the three recombinant proteins obtained in
(6) above examined the endotoxin-dependent activation of three types of
recombinant proteins using United States Pharmacopoeia Standard Endotoxin
(USP-RSE, Seikagaku Corporation) (0 EU/mL, 0.05 EU/mL; EU is an endotoxin
unit) as a sample. The reaction was carried out at 37°C for 30 minutes.
If the cascade reaction proceeds in this assay system, the protein having factor C
activity is activated by endotoxin, this activated protein having factor C activity
activates a protein having factor B activity, this activated protein having factor B
activity activates a protein having pro-clotting enzyme activity and the synthetic
substrate Boc-LGR-pNA is cleaved by the activated protein having pro-clotting
enzyme activity, thereby resulting in the release of pNA, which was detected by
measuring the change in absorbance (A405 nm). As a result, cleaving of the
synthetic substrate was observed when all three recombinant proteins were
present (Figure 3). In Figure 3, FC is the protein expressed from the cDNA
obtained in (3-7) above, FB is the protein expressed from the cDNA obtained in
(4) above, and PCE is the protein expressed from the cDNA obtained in (5) above.
The final protein concentrations in the reaction solution (100 pL) mixed with the
endotoxin sample were 22.8 pg/mL for FC, 20.0 pg/mL for FB, and 23.5 pg/mL
for PCE. Each assay was performed in triplicate, and the standard deviation is
shown in the figure as an error bar.
Based on this, the expressed protein which may have factor C activity, the protein
which may have factor B activity, and the protein which may have pro-clotting
enzyme activity have factor C activity, factor B activity, and pro-clotting enzyme
activity, respectively, and this demonstrated for the first time that contact with
endotoxin triggers a cascade reaction. It was also demonstrated for the first time
that these recombinant proteins can be used to detect endotoxin.
Further, under these conditions, the concentration dependency of endotoxin was
examined, and a calibration curve was prepared. The curve showed good linearity

in the concentration range of 0.001 to 0.1 EU/mL (Figure 4). The assay was
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performed in triplicate at each endotoxin concentration, and the standard deviation
is shown in the figure as an error bar.

[0185] The above results demonstrated for the first time that the use of each of the three
recombinant proteins enables quantitative detection of endotoxin with high
sensitivity and accuracy.

[0186] (8) Activity comparison with recombinant factor C from Tachypleus sp.

The activity of recombinant factor C (hereinafter referred to as "LFC") derived
from Limulus polyphemus was compared with that of recombinant factor C
(hereinafter referred to as "TFC") derived from the genus Tachypleus.

[0187] LFC was obtained as a culture supernatant fraction by expressing the cDNA of
SEQ ID NO: 1 in the same manner as described above in (6). TFC was obtained
as a culture supernatant fraction by expressing the C factor gene of Tachypleus
tridentatus (SEQ ID NO: 1 in W02014/092079) by the method described in
Example 1.(2) of the same document in the same manner as in (6) above. Here,
pCl-neo (Promega) was used as the protein expression vector.

[0188] Western blotting was performed on the LFC and TFC to be tested using a factor
C-specific monoclonal antibody (2C12; Yoshiki Miura, et al., J. Biochem. 112:
476-481 (1992)). Equal volumes of samples (3 pL each) were applied and the
band intensities were measured optically to give LFC of 18,036 and TFC of
24,516. That is, the relative amount of recombinant factor C in equal volumes of
samples (TFC/LFC) was 1.4.

[0189] Next, the activities of each recombinant factor C in a cascade reaction system (a
system containing factor C, factor B, and pro-clotting enzyme) were compared.
Both the B factor and the pro-clotting enzyme were recombinant proteins derived
from the genus Tachypleus. The former expresses the factor B gene of Tachypleus
tridentatus (SEQ ID NO: 5 in W02014/092079), and the latter expresses the pro-
clotting enzyme gene of the same organism (SEQ ID NO: 7 in the same
document) by the method described in the same document (Example 2.
Preparation of recombinant factor B and recombinant pro-clotting enzyme), and
the culture supernatant fraction was used.

[0190] The activities of each sample of recombinant factor C (LFC or TFC) (both at the
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[0191]

[0192]

[0193]

[0194]

[0195]

same volume), as well as the above-mentioned recombinant factor B (TFB) derived
from Tachypleus tridentatus and recombinant pro-clotting enzyme (TPCE) derived
from the same, were measured by the method described in (7) above. The conditions
were the same except for the recombinant C factor used.

In each cascade reaction system, the change in absorbance (mAbs/min) at endotoxin
concentrations of 0 EU/mL (blank) and 0.05 EU/mL was 0.53 and 14.27 in the LFC
system, and 0.51 and 9.15 in the TFC system. That is, in this system, LFC showed
approximately 1.6 times the activity of TFC (approximately 2.2 times when the
difference in protein amount mentioned above is taken into consideration).

The disclosure of Japanese Patent Application No. 2016-204729 (filing date: October
18, 2016) is hereby incorporated by reference in its entirety into this Specification.

All publications, patent applications, and technical standards mentioned in this
Specification are herein incorporated by reference to the same extent as if each
individual publication, patent application, or technical standard was specifically and
individually indicated to be incorporated by reference.

Industrial Applicability

According to the present invention, all full-length recombinant proteins involved in
the coagulation mechanism of Limulus polyphemus, cDNAs encoding these proteins,
and uses thereof can be provided. The present invention is particularly useful for
detecting endotoxin.

[Explanation of sequence listing]

SEQ ID NO: 1: Base sequence of the first cDNA

SEQ ID NO: 2: Amino acid sequence of the first protein

SEQ ID NO: 3: Nucleotide sequence of the first DNA - variant 1

SEQ ID NO: 4: Amino acid sequence of first protein - variant 1

SEQ ID NO: 5: Nucleotide sequence of the second cDNA

SEQ ID NO: 6: Amino acid sequence of the second protein

SEQ ID NO: 7: Nucleotide sequence of the second cDNA - variant 1
SEQ ID NO: 8: Amino acid sequence of the second protein - variant 1
SEQ ID NO: 9: Nucleotide sequence of the second cDNA - variant 2

SEQ ID NO: 10: Amino acid sequence of the second protein - variant 2
SEQ ID NO: 11: Nucleotide sequence of the second cDNA - variant 3
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SEQ ID NO: 12: Amino acid sequence of the second protein - variant 3
SEQ ID NO: 13: Base sequence of the third cDNA

SEQ ID NO: 14: Amino acid sequence of the third protein

SEQ ID NO: 15: Nucleotide sequence of the third cDNA - variant 1
SEQ ID NO: 16: Amino acid sequence of the third protein - variant 1
SEQ ID NO: 17: Nucleotide sequence of the third cDNA - variant 2
SEQ ID NO: 18: Amino acid sequence of the third protein - variant 2
SEQ ID NO: 19: Nucleotide sequence of the third cDNA - variant 3
SEQ ID NO: 20: Amino acid sequence of the third protein - variant 3
SEQ ID NO: 21: Nucleotide sequence of the third cDNA-variant 4
SEQ ID NO: 22: Amino acid sequence of the third protein - variant 4
SEQ ID NO: 23: Synthetic substrate peptide IEGR

SEQ ID NOs: 24 to 34: primers
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[Claim 1]

[Claim 2]

[Claim 3]
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Claims
A recombinant protein which is any of the following:
(A) A recombinant protein comprising the amino acid sequence represented
by SEQ ID NO: 2 or 4.
(B) A recombinant protein comprising an amino acid sequence having 95%
or more identity to the amino acid sequence represented by SEQ ID NO: 2
or 4 and having factor C activity.
(C) A recombinant protein encoded by DNA comprising a base sequence
having 95% or more identity to the base sequence represented by SEQ ID
NO: 1 or 3, and having factor C activity.
(D) A recombinant protein encoded by DNA that hybridizes under stringent
conditions with DNA consisting of the complementary sequence of the base
sequence represented by SEQ ID NO: 1 or 3, and having factor C activity.
Use of the recombinant protein according to claim 1 for activating the
following protein:
(A) A protein comprising the amino acid sequence represented by SEQ ID
NO: 6, 8, 10, or 12.
(B) A protein comprising an amino acid sequence having 95% or more
identity to the amino acid sequence represented by SEQ ID NO: 6, 8, 10, or
12 and having factor B activity.
(C) A protein encoded by DNA comprising a base sequence having 95% or
more identity to the base sequence represented by SEQ ID NO: 5, 7,9, or 11,
and having factor B activity.
(D) A protein encoded by DNA that hybridizes under stringent conditions
with DNA consisting of a complementary sequence of the base sequence
represented by SEQ ID NO: 5,7, 9, or 11, and having factor B activity.
A method for detecting endotoxin in a sample, comprising a step of

contacting the recombinant protein described in claim 1 with the sample.
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[Claim 4] An endotoxin detection agent comprising the recombinant protein

according to Claim 1.



<110>

<120>

<130>

<150>
<151>

<160> 34

<170>

<210> 1
<211>
<212>
<213>

DNA

<400> 1

atggtactag
cacccagttc
aagtgtggag
cgatggaggc
tacaaacgat
aaatatggaa
aggacaggag
ggttgtcctc
ccacaaacta
acctgtcttc
atggtttcat
gctactttaa
tgccagggca
cctgaccttg
tatggtcaat
atgggtttgg
tgtgttaaag
gatgttggcg
gtatggggta
ggcaaggttc
tttctggcta
ttccgattcg
tggttcgaga
gctcaaggtg
ccaagttcct
cacagattag
ttgaatgaca
tatctggata
tcaagttttg

3063

F201706-7383

JP2016-204729
2016-10-18

cgtcgttctt
agtccagagg
atccaggata
cttattgtaa
gtcaagagtg
cttggtgtag
cttgtacatg
ttcttcaatc
ttgactacag
caaatgggca
ctctagaaca
ggttctcatg
acggtcagtg
accctgtaag
ttcctcaagg
acaccttaaa
tggcagacag
aacctgtcag
cagccatata
caaactctgg
gtgatctgaa
attatgtcag
ttgaggagaa
tatgtaccaa
tgactgagac
atgctgataa
gcctaacatt
tccaagatca
tttgtatgat

49

SEQUENCE LISTING

Seikagaku Corporation

PatentIn version 3.5

Limulus polyphemus

ggtgtctggt
agtagatctg
cgtgttcaac
accatgtgac

tagggctggt
cggtgagtgt
tcgtgacaga
ggatccccag
ctgttcacca
gtggagtagc
tggcaaagta
tgatagtccc
gagtgggcag
ccatgctgaa
cactgaagta
atgtaaccct
agaggtcaac
gatccactgt
tcacgaactt
aggtgcagtg
tgggataaaa
ttcatcaaca
ctgtgtgtac
tatggccgct
tctacgaggg
tcactttatt
ctgggctcct
gctacagcca
ggatttgtca

ttagttctag
ggcttgtgtg
gtccccgcega
aaactggagg
ctcgacagtt
cagtgtaaga
tatgaaggtg
gttcaggaag
ggcttcaagc
tttccaccca
aactctccta
tactacttga
ataccacagt
caccaggtta
acctatacgt
gatgggtcct
tgtgacagta
cctgectggcet
tcctcagtat
catgtagtga
tcagacgagt
gcagggagaa
gttacatcga
cgtcttgectg
aaagggttag
tgggagctaa
ggagaacctg
gtgtggaaaa
gacaagaaca

ggctattagc
atgacacgag
agcaatgtac
ctaaagatgt
gtgtgagttg
atgggggtat
tgcattgtga
taaaaaatcc
ttaaaggcgt
aatgtattcg
gtgccgatct
ttggtcaaga
gtcagaaatt
aaattggcct
gtactggtaa
ggtcgggaac
aagctgtgga
gttccttaac
gtcgtgcagc
acaacggtcc
tgaagtctct
agtcaggatg
aacagagagc
tgttagacaa
caacgacgtg
tggatcgcag
ggaatgaaac
ccaagtcttg
aagccaaatg

Recombinant protein of Limulus and cDNA encoding the same

ccaacaaatg
gtttgagtgt
gtacttctat
gtgtcccaag
tccacctaac
ttgtgatcag
aatccttcaa
accaaatgat
ggcacgtatc
agaatgttcc
gatagaagga
aacattaacc
ggtcttctgc
agaacaaaaa
ttacttcttg
acagccgtcc
cttcttggat
tgctggtact
tattcatgct
gtactcagac
tgctcagagt
tcctgatgga
ctgggaaaga
agatgtaatt
gattggacta
tagtgttgct
taactgtgta
ttttcaaccc
Caaagaccct

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740



ggacctttgg
gggtcttctg
tcttgtacat
tgccaaaccc
aactcaatca
gccagagcag
tcttccaagg
tgcgagtcaa
aagtggagtg
tctcctttca
atctccagat
aatgagaaat
attgacccaa
gatgactacg
ggaaatctca
cgagtgcaac
gcgttagegg
cagcaagccg
ggcttgccac
gatgcctgca
aggcggtggs
aaccagtatg
tga

<210> 2

<211> 1020
<212> PRT
<213>

<400> 2
Met Val Leu
1
Ala Gln Gln

Cys Asp Asp

35

Phe Asn Val
50

Tyr Cys
65

Tyr

Lys

Lys Arg

Cys Pro Pro

Lys Asn Gly

115
Asp Arg Tyr
130
Gln

Leu Ser

aaaacggaca
taagatacag
caaatggcac
ctcctgtacc
gtcgtgttgg
ccggacctcc
tcaaactgcc
gatactacga
gtcgaccagc
tcgtcaatgg
ggcttgcaga
ggatcattac
gtcagtttaa
tacaagtaag
actttgacat
caatatgtct
tggtgacagg
ttctgectgt
tgacagtgac
gtggagacag
tcctggaagg
ggggcttcac

Ala

5
Met His
20
Thr Arg

Pro Ala

Pro Cys
Gln
85
Lys

Cys

Asn
100
Gly Ile

Glu Gly

Asp Pro

Ser Phe
Pro
Phe
Lys
Asp
70
Glu
Tyr
Cys
Val

Gln

cgccaagctt
ctgcgaggtc
gtggagtgcc
atcctatggt
gtcgccattc
tccaaaacct
tgaaggtcat
actgcttgga
aagctgtata
aaattccacc
tcataatatg
tgcagcccac
attctacctg
agaggctatc
agccctgatt
gcctactgat
atggggtttg
tgttgcagca
agagaacatg
tggaggacca
gatcgtcagc
taaagttaac

Limulus polyphemus

Leu Val

Val Gln

Glu Cys
40
Gln Cys
55
Lys Leu

Cys Arg

Gly Thr
Gln
120
Cys

Asp

His
135

Val Gln

50

catggtcaaa
ctccactacc
cctaaacctc
tctgtggaca
ttgaggttgc
agatccgcac
taccgggtgg
tctcaaggta
ccagtttgtg
gaaataggtc
tggtttcttc
tgtgtcacct
ggcaaatact
gagatccatg
caactgaaga
ctcactacaa
aatgaaaaca
agcacctgtg
ttctgtgcag
ttagtgtttg
tggggcagcc
gtttttctat

Ser Gly Leu
10

Ser Arg

25

Lys

Gly

Cys Gly

Thr Tyr Phe

Glu Ala Lys

75

Ala Gly Leu

90

Trp Cys Ser

105

Arg Thr Gly

Glu Ile Leu

Glu val Lys

gtattgatgg
tcagtggaac
gatgtattaa
tcaaaccccc
cacggttacc
caccctctac
ggtctcaagc
gaagatgcga
gacggtcaga
agtggccgtg
agtgtggagg
actctgctac
atcgagatga
tgaatcctaa
cttctgttgc
gagaaaacct
acacatattc
aacaaggata
gttacaagca
ctgatgattc
ccaatggatg
cgtggattcg

Val Leu Gly

Val Leu
30
Gly

Asp

Pro
45
Arg

Asp

Tyr
60
Asp

Trp

Val Cys

Asp Ser Cys

Gly Glu Cys

110

Ala Cys Thr
125

Gln Gly

140

Asn

Cys

Pro Pro

attttatgct
tgagacagta
agtcatcacc
aagtagaaca
cctcccttta
tgtggacctg
catttacacg
ctctaatgga
ctctccccgt
gcaggcagga
agctctactg
tgccgagatc
cagtaaggat
ctacgatcct
tctgaccaca
gaaagaggga
agagatgatt
tcaggactcg
ggggcgctat
ccgcaccgat
tggcaagtct
gcagttcatt

Leu Leu
15
Gly Leu

Tyr Val

Arg Pro

Pro Lys
80
Val Ser
95
Gln Cys

Cys Arg

Pro Leu

Asn Asp

1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3063



145
Pro

Val
Pro
Lys
Phe
225
Cys
Leu
Val
Glu
Thr
305
Cys
Asp
Gly
Glu
Asn
385
Phe
Leu
Arg
Val
Cys
465
Pro
Trp
Leu

Ala

Gln

Gln
Ala
Lys
Val
210
Ser
Gln
Val
Lys
Val
290
Leu
Val
Phe
Cys
Leu
370
Ser
Leu
Ala
Lys
Tyr
450
Thr
Ser
Ile
Met
Pro

530
Asp

Thr
Arg
Cys
195
Asn
Cys
Gly
Phe
Ile
275
Thr
Lys
Lys
Leu
Ser
355
Ser
Gly
Ala
Gln
Ser
435
Val
Asn
Ser
Gly
Asp
515
Gly

Gln

Ile
Ile
180
Ile
Ser
Asp
Asn
Cys
260
Gly
Tyr
Cys
Val
Asp
340
Leu
Ser
Gly
Ser
Ser
420
Gly
Thr
Met
Leu
Leu
500
Arg
Glu

Leu

Asp
165
Thr
Arg
Pro
Ser
Gly
245
Pro
Leu
Thr
Asn
Ala
325
Asp
Thr
Val
Ala
Asp
405
Phe
Cys
Ser
Ala
Thr
485
His
Ser

Pro

Gln

150
Tyr

Cys
Glu
Ser
Pro
230
Gln
Asp
Glu
Cys
Pro
310
Asp
Val
Ala
Cys
Val
390
Leu
Arg
Pro
Lys
Ala
470
Glu
Arg
Ser

Gly

Pro

Ser
Leu
Cys
Ala
215
Tyr
Trp
Leu
Gln
Thr
295
Asp
Arg
Gly
Gly
Arg
375
His
Asn
Phe
Asp
Gln
455
Arg
Thr
Leu
Val
Asn

535
Val

Cys
Pro
Ser
200
Asp
Tyr
Ser
Asp
Lys
280
Gly
Gly
Glu
Glu
Thr
360
Ala
Val
Gly
Asp
Gly
440
Arg
Leu
Leu
Asp
Ala
520
Glu

Trp

Ser
Asn
185
Met
Leu
Leu
Gly
Pro
265
Tyr
Asn
Ser
Val
Pro
345
Val
Ala
Val
Ile
Tyr
425
Trp
Ala
Ala
Arg
Ala
505
Leu

Thr

Lys

Pro
170
Gly
Val
Ile
Ile
Gln
250
Val
Gly
Tyr
Trp
Asn
330
Val
Trp
Ile
Asn
Lys
410
Val
Phe
Trp
Val
Gly
490
Asp
Asn

Asn

Thr

51

155
Gly

Gln
Ser
Glu
Gly
235
Ile
Ser
Gln
Phe
Ser
315
Cys
Arg
Gly
His
Asn
395
Ser
Ser
Glu
Glu
Leu
475
Lys
Asn
Asp
Cys

Lys

Phe
Trp
Ser
Gly
220
Gln
Pro
His
Phe
Leu
300
Gly
Asp
Ile
Thr
Ala
380
Gly
Asp
Ser
Ile
Arg
460
Asp
Gly
His
Ser
Val

540
Ser

Lys
Ser
Leu
205
Ala
Glu
Gln
Ala
Pro
285
Met
Thr
Ser
His
Ala
365
Gly
Pro
Glu
Ser
Glu
445
Ala
Lys
Leu
Phe
Leu
525
Tyr

Cys

Leu
Ser
190
Glu
Thr
Thr
Cys
Glu
270
Gln
Gly
Gln
Lys
Cys
350
Ile
Lys
Tyr
Leu
Thr
430
Glu
Gln
Asp
Ala
Ile
510
Thr

Leu

Phe

Lys
175
Phe
His
Leu
Leu
Gln

255
His

Leu
Pro
Ala
335
Pro
Tyr
Val
Ser
Lys
415
Ala
Asn
Gly
Val
Thr
495
Trp
Phe
Asp

Gln

160
Gly

Pro
Gly
Arg
Thr
240
Lys
Gln
Thr
Asp
Ser
320
Val
Ala
His
Pro
Asp
400
Ser
Gly
Cys
Val
Ile
480
Thr
Glu
Trp
Ile

Pro



545
Ser

Cys
Gln
Glu
Asn
625
Cys
Pro
Leu
Lys
Lys
705
Cys
Asp
Cys
Ser
Leu
785
Asn
Thr
Tyr
Ala
Phe
865
Arg
Leu
Asn

Ala

Thr

Ser
Lys
Ser
Val
610
Gly
Gln
Ser
Pro
Pro
690
Leu
Glu
Ser
Gly
Thr
770
Ala
Glu
Ala
Tyr
Ile
850
Asp
Val
Lys
Asn
Ala

930
Val

Phe
Asp
Ile
595
Leu
Thr
Thr
Arg
Arg
675
Arg
Pro
Ser
Asn
Arg
755
Glu
Asp
Lys
Glu
Arg
835
Glu
Ile
Gln
Glu
Thr
915

Ser

Thr

Val
Pro
580
Asp
His
Trp
Pro
Thr
660
Leu
Ser
Glu
Arg
Gly
740
Ser
Ile
His
Trp
Ile
820
Asp
Ile
Ala
Pro
Gly
900
Tyr
Thr

Glu

Cys
565
Gly
Gly
Tyr
Ser
Pro
645
Asn
Pro
Ala
Gly
Tyr
725
Lys
Asp
Gly
Asn
Ile
805
Ile
Asp
His
Leu
Ile
885
Ala
Ser

Cys

Asn

550
Met

Pro
Phe
Leu
Ala
630
Val
Ser
Leu
Pro
His
710
Tyr
Trp
Ser
Gln
Met
790
Ile
Asp
Ser
Val
Ile
870
Cys
Leu
Glu
Glu

Met

Met
Leu
Tyr
Ser
615
Pro
Pro
Ile
Pro
Pro
695
Tyr
Glu
Ser
Pro
Trp
775
Trp
Thr
Pro
Lys
Asn
855
Gln
Leu
Ala
Met
Gln

935
Phe

Asp
Glu
Ala
600
Gly
Lys
Ser
Ser
Leu
680
Ser
Arg
Leu
Gly
Arg
760
Pro
Phe
Ala
Ser
Asp
840
Pro
Leu
Pro
Val
Ile
920
Gly

Cys

Leu
Asn
585
Gly
Thr
Pro
Tyr
Arg
665
Ala
Thr
Val
Leu
Arg
745
Ser
Trp
Leu
Ala
Gln
825
Asp
Asn
Lys
Thr
Val
905
Gln
Tyr

Ala

Ser
570
Gly
Ser
Glu
Arg
Gly
650
Val
Arg
Val
Gly
Gly
730
Pro
Pro
Gln
Gln
His
810
Phe
Asp
Tyr
Thr
Asp
890
Thr
Gln
Gln

Gly

52

555
Asp

His
Ser
Thr
Cys
635
Ser
Gly
Ala
Asp
Ser
715
Ser
Ala
Phe
Ala
Cys
795
Cys
Lys
Tyr
Asp
Ser
875
Leu
Gly
Ala
Asp

Tyr

Lys
Ala
Val
Val
620
Ile
Val
Ser
Ala
Leu
700
Gln
Gln
Ser
Ile
Gly
780
Gly
Val
Phe
Val
Pro
860
Val
Thr
Trp
Val

Ser
940

Asn
Lys
Arg
605
Ser
Lys
Asp
Pro
Gly
685
Ser
Ala
Gly
Cys
Val
765
Ile
Gly
Thr
Tyr
Gln
845
Gly
Ala
Thr
Gly
Leu
925
Gly

Gln

Lys
Leu
590
Tyr
Cys
Val
Ile
Phe
670
Pro
Ser
Ile
Arg
Ile
750
Asn
Ser
Ala
Tyr
Leu
830
Val
Asn
Leu
Arg
Leu
910
Pro

Leu

Gly

Ala
575
His
Ser
Thr
Ile
Lys
655
Leu
Pro
Lys
Tyr
Arg

735
Pro

Arg
Leu
Ser
815
Gly
Arg
Leu
Thr
Glu
895
Asn
Val

Pro

Arg

560
Lys

Gly
Cys
Ser
Thr
640
Pro
Arg
Pro
Val
Thr
720
Cys
Val
Asn
Trp
Leu
800
Ala
Lys
Glu
Asn
Thr
880
Asn
Glu
Val

Leu

Tyr



945

950
Asp Ala Cys Ser Gly Asp Ser Gly Gly Pro Leu Val Phe Ala Asp Asp

965

53

955

970

960

975

Ser Arg Thr Asp Arg Arg Trp Val Leu Glu Gly Ile Val Ser Trp Gly

980

Ser Pro Asn Gly Cys Gly Lys Ser

995
Val Asn
1010

<210> 3

<211> 3063
<212> DNA
<213>

<400> 3

atggtactag
cacccagttc
aagtgtggag
cgatggaggc
tacaaacgat
aaatatggaa
aggacaggag
ggttgtcctc
ccacaaacta
acctgtcttc
atggtttcat
gctactttaa
tgccagggca
cctgaccttg
tatggtcaat
atgggtttgg
tgtgttaaag
gatgttggceg
gtatggggta
ggcaaggttc
tttctggcta
ttccgattcg
tggttcgaga
gctcaaggtg
ccaagttcct
cacagattag
ttgaatgaca
tatctggata
tcaagttttg
ggacctttgg
gggtcttctg
tcttgtacat
tgccaaaccc

Val Phe Leu Ser Trp

cgtcgttctt
agtccagagg
atccaggata
cttattgtaa
gtcaagagtg
cttggtgtag
cttgtacatg
ttcttcaatc
ttgactacag
caaatgggca
ctctagaaca
ggttctcatg
acggtcagtg
accctgcaag
ttcctcaagg
acaccttaaa
tggcagacag
aacctgtcag
cagccatata
caaactctgg
gtgatctgaa
attatgtcag
ttgaggagaa
tatgtaccaa
tgactgagac
atgctgataa
gcctaacatt
tccaagatca
tttgtatgat
aaaacggaca
taagatacag
caaatggcac
ctcctgtacc

1000

1015

Limulus polyphemus

ggtgtctggt
agtagatctg
cgtgttcaac
accatgtgac

tagggctggt
cggtgagtgt
tcgtgacaga
ggatccccag
ctgttcacca
gtggagtagc
tggcaaagta
tgatagtccc
gagtgggcag
ccatgctgaa
cactgaagta
atgtaaccct
agaggtcaac
gatccactgt
tcacgaactt
aggtgcagtg
tgggataaaa
ttcatcaaca
ctgtgtgtac
tatggccgct
tctacgaggg
tcactttatt
ctgggctcct
gctacagcca
ggatttgtca
cgccaagctt
ctgcgaggtc
gtggagtgcc
atcctatggt

985

990

Asn Gln Tyr Gly Gly Phe Thr Lys

ttagttctag
ggcttgtgtg
gtccccgcega
aaactggagg
ctcgacagtt
cagtgtaaga
tatgaaggtg
gttcaggaag
ggcttcaagc
tttccaccca
aactctccta
tactacttga
ataccacagt
caccaggtta
acctatacgt
gatgggtcct
tgtgacagta
cctgectggcet
tcctcagtat
catgtagtga
tcagacgagt
gcagggagaa
gttacatcga
cgtcttgctg
aaagggttag
tgggagctaa
ggagaacctg
gtgtggaaaa
gacaagaaca
catggtcaaa
ctccactacc
cctaaacctc
tctgtggaca

1005

Ile Arg Gln Phe Ile

1020

ggctattagc
atgacacgag
agcaatgtac
ctaaagatgt
gtgtgagttg
atgggggtat
tgcattgtga
taaaaaatcc
ttaaaggcgt
aatgtattcg
gtgccgatct
ttggtcaaga
gtcagaaatt
aaattggcct
gtactggtaa
ggtcgggaac
aagctgtgga
gttccttaac
gtcgtgcagc
acaacggtcc
tgaagtctct
agtcaggatg
aacagagagc
tgttagacaa
caacgacgtg
tggatcgcag
ggaatgaaac
ccaagtcttg
aagccaaatg
gtattgatgg
tcagtggaac
gatgtattaa
tcaaaccccc

ccaacaaatg
gtttgagtgt
gtacttctat
gtgtcccaag
tccacctaac
ttgtgatcag
aatccttcaa
accaaatgat
ggcacgtatc
agaatgttcc
gatagaagga
aacattaacc
ggtcttctgc
agaacaaaaa
ttacttcttg
acagccgtcc
cttcttggat
tgctggtact
tattcatgct
gtactcagac
tgctcagagt
tcctgatgga
ctgggaaaga
agatgtaatt
gattggacta
tagtgttgct
taactgtgta
ttttcaaccc
caaagaccct
attttatgct
tgagacagta
agtcatcacc
aagtagaaca

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980



aactcaatca
gccagagcag
tcttccaagg
tgcgagtcaa
aagtggagtg
tctcctttca
atctccagat
aatgagaaat
attgacccaa
gatgactacg
ggaaatctca
cgagtgcaac
gcgttagegg
cagcaagccg
ggcttgccac
gatgcctgca
aggcggtggg
aaccagtatg
tga

<210> 4

<211> 1020
<212> PRT
<213>

<400> 4
Met Val Leu
1
Ala Gln Gln

Cys Asp Asp
35
Val

Phe Asn

50
Tyr Cys
65
Tyr

Lys

Lys Arg

Cys Pro Pro

Lys Asn Gly

115

Asp Arg Tyr

130

Leu Gln Ser

145

Pro Gln Thr

Val Ala Arg

gtcgtgttgg
ccggacctcc
tcaaactgcc
gatactacga
gtcgaccagc
tcgtcaatgg
ggcttgcaga
ggatcattac
gtcagtttaa
tacaagtaag
actttgacat
caatatgtct
tggtgacagg
ttctgectgt
tgacagtgac
gtggagacag
tcctggaagg
ggggcttcac

Ala

5
Met His
20
Thr Arg

Pro Ala

Pro Cys
Gln
85
Lys

Cys

Asn
100
Gly Ile

Glu Gly

Asp Pro

Ser Phe
Pro
Phe
Lys
Asp
70
Glu
Tyr
Cys
Val

Gln

gtcgccattc
tccaaaacct
tgaaggtcat
actgcttgga
aagctgtata
aaattccacc
tcataatatg
tgcagcccac
attctacctg
agaggctatc
agccctgatt
gcctactgat
atggggtttg
tgttgcagca
agagaacatg
tggaggacca
gatcgtcagc
taaagttaac

Limulus polyphemus

Leu Val

Val Gln

Glu Cys
40
Gln Cys
55
Lys Leu

Cys Arg

Gly Thr
Gln
120
Cys

Asp

His
135

Val Gln

150

Ile Asp
165

Ile Thr

Tyr

Ser Cys

Leu Pro

Ser
Ser
25

Lys
Thr
Glu
Ala
Trp
105
Arg
Glu
Glu

Ser

Asn

54

ttgaggttgc
agatccgcac
taccgggtgg
tctcaaggta
ccagtttgtg
gaaataggtc
tggtttcttc
tgtgtcacct
ggcaaatact
gagatccatg
caactgaaga
ctcactacaa
aatgaaaaca
agcacctgtg
ttctgtgcag
ttagtgtttg
tggggcagcc
gtttttctat

Gly Leu
10
Arg Gly

Cys Gly

Tyr Phe

Ala Lys
75
Gly Leu
90
Cys Ser

Thr Gly

Ile Leu

Val Lys
155
Pro Gly
170

Gly Gln

cacggttacc
caccctctac
ggtctcaagc
gaagatgcga
gacggtcaga
agtggccegtg
agtgtggagg
actctgctac
atcgagatga
tgaatcctaa
cttctgttgc
gagaaaacct
acacatattc
aacaaggata
gttacaagca
ctgatgattc
ccaatggatg
cgtggattcg

Val Leu Gly

Val Leu
30
Gly

Asp

Pro
45
Arg

Asp

Tyr
60
Asp

Trp

Val Cys

Asp Ser Cys

Gly Glu Cys

110

Ala Cys Thr
125

Gln Gly

140

Asn

Cys

Pro Pro

Phe Lys Leu

Trp Ser Ser

cctcccttta
tgtggacctg
catttacacg
ctctaatgga
ctctccccgt
gcaggcagga
agctctactg
tgccgagatc
cagtaaggat
ctacgatcct
tctgaccaca
gaaagaggga
agagatgatt
tcaggactcg
ggggcgctat
ccgcaccgat
tggcaagtct
gcagttcatt

Leu Leu
15
Gly Leu

Tyr Val

Arg Pro

Pro Lys
80
Val Ser
95
Gln Cys

Cys Arg

Pro Leu

Asn Asp
160
Lys Gly
175

Phe Pro

2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3063



Pro
Lys
Phe
225
Cys
Leu
Val
Glu
Thr
305
Cys
Asp
Gly
Glu
Asn
385
Phe
Leu
Arg
Val
Cys
465
Pro
Trp
Leu
Ala
Gln
545

Ser

Cys

Lys
Val
210
Ser
Gln
Val
Lys
Val
290
Leu
Val
Phe
Cys
Leu
370
Ser
Leu
Ala
Lys
Tyr
450
Thr
Ser
Ile
Met
Pro
530
Asp

Ser

Lys

Cys
195
Asn
Cys
Gly
Phe
Ile
275
Thr
Lys
Lys
Leu
Ser
355
Ser
Gly
Ala
Gln
Ser
435
Val
Asn
Ser
Gly
Asp
515
Gly
Gln
Phe

Asp

180
Ile

Ser
Asp
Asn
Cys
260
Gly
Tyr
Cys
Val
Asp
340
Leu
Ser
Gly
Ser
Ser
420
Gly
Thr
Met
Leu
Leu
500
Arg
Glu
Leu

Val

Pro

Arg
Pro
Ser
Gly
245
Pro
Leu
Thr
Asn
Ala
325
Asp
Thr
Val
Ala
Asp
405
Phe
Cys
Ser
Ala
Thr
485
His
Ser
Pro
Gln
Cys

565
Gly

Glu
Ser
Pro
230
Gln
Asp
Glu
Cys
Pro
310
Asp
Val
Ala
Cys
Val
390
Leu
Arg
Pro
Lys
Ala
470
Glu
Arg
Ser
Gly
Pro
550
Met

Pro

Cys
Ala
215
Tyr
Trp
Leu
Gln
Thr
295
Asp
Arg
Gly
Gly
Arg
375
His
Asn
Phe
Asp
Gln
455
Arg
Thr
Leu
Val
Asn
535
Val
Met

Leu

Ser
200
Asp
Tyr
Ser
Asp
Lys
280
Gly
Gly
Glu
Glu
Thr
360
Ala
Val
Gly
Asp
Gly
440
Arg
Leu
Leu
Asp
Ala
520
Glu
Trp
Asp

Glu

185
Met

Leu
Leu
Gly
Pro
265
Tyr
Asn
Ser
Val
Pro
345
Val
Ala
Val
Ile
Tyr
425
Trp
Ala
Ala
Arg
Ala
505
Leu
Thr
Lys

Leu

Asn

Val
Ile
Ile
Gln
250
Ala
Gly
Tyr
Trp
Asn
330
Val
Trp
Ile
Asn
Lys
410
Val
Phe
Trp
Val
Gly
490
Asp
Asn
Asn
Thr
Ser

570
Gly

55

Ser
Glu
Gly
235
Ile
Ser
Gln
Phe
Ser
315
Cys
Arg
Gly
His
Asn
395
Ser
Ser
Glu
Glu
Leu
475
Lys
Asn
Asp
Cys
Lys
555
Asp

His

Ser
Gly
220
Gln
Pro
His
Phe
Leu
300
Gly
Asp
Ile
Thr
Ala
380
Gly
Asp
Ser
Ile
Arg
460
Asp
Gly
His
Ser
Val
540
Ser

Lys

Ala

Leu
205
Ala
Glu
Gln
Ala
Pro
285
Met
Thr
Ser
His
Ala
365
Gly
Pro
Glu
Ser
Glu
445
Ala
Lys
Leu
Phe
Leu
525
Tyr
Cys

Asn

Lys

190
Glu

Thr
Thr
Cys
Glu
270
Gln
Gly
Gln
Lys
Cys
350
Ile
Lys
Tyr
Leu
Thr
430
Glu
Gln
Asp
Ala
Ile
510
Thr
Leu
Phe
Lys

Leu

His
Leu
Leu
Gln
255
His
Gly
Leu
Pro
Ala
335
Pro
Tyr
Val
Ser
Lys
415
Ala
Asn
Gly
Val
Thr
495
Trp
Phe
Asp
Gln
Ala

575
His

Gly
Arg
Thr
240
Lys
Gln
Thr
Asp
Ser
320
Val
Ala
His
Pro
Asp
400
Ser
Gly
Cys
Val
Ile
480
Thr
Glu
Trp
Ile
Pro
560
Lys

Gly



Gln
Glu
Asn
625
Cys
Pro
Leu
Lys
Lys
705
Cys
Asp
Cys
Ser
Leu
785
Asn
Thr
Tyr
Ala
Phe
865
Arg
Leu
Asn
Ala
Thr
945
Asp

Ser

Ser
Val
610
Gly
Gln
Ser
Pro
Pro
690
Leu
Glu
Ser
Gly
Thr
770
Ala
Glu
Ala
Tyr
Ile
850
Asp
Val
Lys
Asn
Ala
930
Val
Ala

Arg

Ile
595
Leu
Thr
Thr
Arg
Arg
675
Arg
Pro
Ser
Asn
Arg
755
Glu
Asp
Lys
Glu
Arg
835
Glu
Ile
Gln
Glu
Thr
915
Ser
Thr
Cys

Thr

580
Asp

His
Trp
Pro
Thr
660
Leu
Ser
Glu
Arg
Gly
740
Ser
Ile
His
Trp
Ile
820
Asp
Ile
Ala
Pro
Gly
900
Tyr
Thr
Glu

Ser

Asp

Gly
Tyr
Ser
Pro
645
Asn
Pro
Ala
Gly
Tyr
725
Lys
Asp
Gly
Asn
Ile
805
Ile
Asp
His
Leu
Ile
885
Ala
Ser
Cys
Asn
Gly

965
Arg

Phe
Leu
Ala
630
Val
Ser
Leu
Pro
His
710
Tyr
Trp
Ser
Gln
Met
790
Ile
Asp
Ser
Val
Ile
870
Cys
Leu
Glu
Glu
Met
950
Asp

Arg

Tyr
Ser
615
Pro
Pro
Ile
Pro
Pro
695
Tyr
Glu
Ser
Pro
Trp
775
Trp
Thr
Pro
Lys
Asn
855
Gln
Leu
Ala
Met
Gln
935
Phe

Ser

Trp

Ala
600
Gly
Lys
Ser
Ser
Leu
680
Ser
Arg
Leu
Gly
Arg
760
Pro
Phe
Ala
Ser
Asp
840
Pro
Leu
Pro
Val
Ile
920
Gly
Cys
Gly

Val

585
Gly

Thr
Pro
Tyr
Arg
665
Ala
Thr
Val
Leu
Arg
745
Ser
Trp
Leu
Ala
Gln
825
Asp
Asn
Lys
Thr
Val
905
Gln
Tyr
Ala
Gly

Leu

Ser
Glu
Arg
Gly
650
Val
Arg
Val
Gly
Gly
730
Pro
Pro
Gln
Gln
His
810
Phe
Asp
Tyr
Thr
Asp
890
Thr
Gln
Gln
Gly
Pro

970
Glu

56

Ser
Thr
Cys
635
Ser
Gly
Ala
Asp
Ser
715
Ser
Ala
Phe
Ala
Cys
795
Cys
Lys
Tyr
Asp
Ser
875
Leu
Gly
Ala
Asp
Tyr
955

Leu

Gly

Val
Val
620
Ile
Val
Ser
Ala
Leu
700
Gln
Gln
Ser
Ile
Gly
780
Gly
Val
Phe
Val
Pro
860
Val
Thr
Trp
Val
Ser
940
Lys
Val

Ile

Arg
605
Ser
Lys
Asp
Pro
Gly
685
Ser
Ala
Gly
Cys
Val
765
Ile
Gly
Thr
Tyr
Gln
845
Gly
Ala
Thr
Gly
Leu
925
Gly
Gln
Phe

Val

590
Tyr

Cys
Val
Ile
Phe
670
Pro
Ser
Ile
Arg
Ile
750
Asn
Ser
Ala
Tyr
Leu
830
Val
Asn
Leu
Arg
Leu
910
Pro
Leu
Gly
Ala

Ser

Ser
Thr
Ile
Lys
655
Leu
Pro
Lys
Tyr
Arg
735
Pro
Gly
Arg
Leu
Ser
815
Gly
Arg
Leu
Thr
Glu
895
Asn
Val
Pro
Arg
Asp

975
Trp

Cys
Ser
Thr
640
Pro
Arg
Pro
Val
Thr
720
Cys
Val
Asn
Trp
Leu
800
Ala
Lys
Glu
Asn
Thr
880
Asn
Glu
Val
Leu
Tyr
960
Asp

Gly



980

Ser Pro Asn Gly Cys Gly Lys Ser

995
Val Asn
1010

<210> 5

<211> 1203
<212> DNA
<213>

<400> 5
atggcgtgga
gttagtagag
aaaggtggat
ttgaaggata
tgtcctgatg
gaaacaaaga
attacaacta
ttgaagggtg
tggatggcag
ataatcagta
ctgaccccaa
tatcatgtgg
attgctatca
ctccctgacc
tggggtgatc
gttgttccaa
aatgggataa
caaggcgatt
gtggtgtcgt
gtgagttacc
tga

<210> 6

<211> 400
<212> PRT
<213>

<400> 6

Val Phe Leu Ser Trp

tttgtgtgat
tggggatcat
taaaagggtc
gtttccctgt
cagcagcacc
ttccaagatt
ttggacgttc
ggagaggaat
ctgtttttgt
gcaagtacat
ctcgcttagc
aagatgtgat
ttgtgttaaa
cagaggcagt
tggatttcgc
tcggtgactg
Ccgaaaaagtt
ctggtggacc
tcggacacaa
tagagtggat

1000

1015

Limulus polyphemus

aacgttgttt
ctttcctaag
ctgcaagtcc
cgtttgctct
aagtgtaacc
acatatacca
ggggtcacca
cattgctgga
gaaaaatttt
tttgtctgct
tgtccgcgta
tatccatcct
agaggaactg
aacagattca
cggtccacga
taacaaagcc
tatttgtgct
gttgatgcta
gtgtgccgag
cgcgaaggtt

Limulus polyphemus

57

985

990

Asn Gln Tyr Gly Gly Phe Thr Lys

gctttggcett
acacagaacg
ctcacagact
tggaatggtc
acaacagtta
ggttgtggaa
atacttcctc
ggtgtagaag
ggcattggca
gcccacgctt
ggaggccact
gactacgtag
aattttactg
ttaaaaggca
agtcaagttc
tatcagaagc
ggattggaag
gtgaacaata
gagggatttc
acgaactcgt

Met Ala Trp Ile Cys Val Ile Thr Leu Phe Ala

1

5

10

Leu Ser Asn Lys Val Ser Arg Val Gly Ile Ile

20

25

Asn Asp Asn Lys Gln Cys Thr Ala Lys Gly Gly

35

40

Lys Ser Leu Thr Asp Cys Pro Ala Val Leu Ala

50

55

1005

Ile Arg Gln Phe Ile

1020

ctagtacgtt
ataataaaca
gtcctgectgt
ggtttcagcc
caactattgt
aaagaaaagt
ccatatctac
ctaaaattgg
gattccattg
tcctcattgg
acgtaaagat
aaagggagaa
atttggtccg
gaagggtgac
tgcgcgaggt
tcaacaccct
aaggtgggaa
gtagttggat
ctggtgtgta
tagaccaggc

Leu Ala

Phe Pro

30
Leu Lys
45
Thr Leu

60

gagtaataaa
gtgtacagca
cttggctacg
tattgtatgt
ccctacaaaa
aaatgtagat
ttctcaagat
cgecctggect
tgctggtagc
aggtcgaaag
gggtcaagaa
ttacaatgat
tccaatctgt
agtagctgga
tagtatcccc
tgctcttaaa
agatgcttgt
agtgacggga
cacgcgtgta
agtcactaac

Ser Ser Thr

15

Lys Thr Gln
Gly Ser Cys

Lys Asp Ser

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1203



Phe
65

Cys
Val
Gly
Ser
Arg
145
Trp
Cys
Ala
Arg
Asp
225
Ile
Arg
Gly
Pro
Gly
305
Asn
Lys
Asn

Ala

Glu
385

Pro
Pro
Pro
Lys
Pro
130
Gly
Met
Ala
Phe
Val
210
Val
Ala
Pro
Arg
Arg
290
Asp
Gly
Asp
Ser
Glu

370
Trp

<210>
<211>
<212>
<213>

<400>

7
1

Val
Asp
Thr
Arg
115
Ile
Ile
Ala
Gly
Leu
195
Gly
Ile
Ile
Ile
Arg
275
Ser
Cys
Ile
Ala
Ser
355
Glu

Ile

203

DNA
Limulus polyphemus

7

Val
Ala
Lys
100
Lys
Leu
Ile
Ala
Ser
180
Ile
Gly
Ile
Ile
Cys
260
Val
Gln
Asn
Thr
Cys
340
Trp
Gly

Ala

Cys
Ala
85

Glu
Val
Pro
Ala
Val
165
Ile
Gly
His
His
Val
245
Leu
Thr
Val
Lys
Lys
325
Gln
Ile
Phe

Lys

Ser
70

Ala
Thr
Asn
Pro
Gly
150
Phe
Ile
Gly
Tyr
Pro
230
Leu
Pro
Val
Leu
Ala
310
Gly
Val

Pro

Val
390

Trp
Pro
Lys
Val
Ile
135
Gly
Val
Ser
Arg
Val
215
Asp
Lys
Asp
Ala
Arg
295
Tyr
Phe
Asp
Thr
Gly

375
Thr

Asn
Ser
Ile
Asp
120
Ser
Val
Lys
Ser
Lys
200
Lys
Tyr
Glu
Pro
Gly
280
Glu
Gln
Ile
Ser
Gly
360
Val

Asn

Gly
Val
Pro
105
Ile
Thr
Glu
Asn
Lys
185
Leu
Met
Val
Glu
Glu
265
Trp
Val
Lys
Cys
Gly
345
Val
Tyr

Ser

Arg
Thr
90

Arg
Thr
Ser
Ala
Phe
170
Tyr
Thr
Gly
Glu
Leu
250
Ala
Gly
Ser
Leu
Ala
330
Gly
Val
Thr

Leu

58

Phe
75

Thr
Leu
Thr
Gln
Lys
155
Gly
Ile
Pro
Gln
Arg
235
Asn
Val
Asp
Ile
Asn
315
Gly
Pro
Ser

Arg

Asp
395

Gln
Thr
His
Ile
Asp
140
Ile
Ile
Leu
Thr
Glu
220
Glu
Phe
Thr
Leu
Pro
300
Thr
Leu
Leu
Phe
Val

380
Gln

Pro
Val
Ile
Gly
125
Leu
Gly
Gly
Ser
Arg
205
Tyr
Asn
Thr
Asp
Asp
285
Val
Leu
Glu
Met
Gly
365
Val

Ala

Ile
Thr
Pro
110
Arg
Lys
Ala
Arg
Ala
190
Leu
His
Tyr
Asp
Ser
270
Phe
Val
Ala
Glu
Leu
350
His
Ser

Val

Val
Thr
95

Gly
Ser
Gly
Trp
Phe
175
Ala
Ala
Val
Asn
Leu
255
Leu
Ala
Pro
Leu
Gly
335
Val
Lys
Tyr

Thr

Cys
80

Ile
Cys
Gly
Gly
Pro
160
His
His
Val
Glu
Asp
240
Val
Lys
Gly
Ile
Lys
320
Gly
Asn
Cys

Leu

Asn
400



atggcgtgga
gttagtagag
aaaggtggat
ttgaaggata
tgtcctgatg
gaaacaaaga
attacaacta
ttgaagggtg
tggatggcag
ataatcagta
ctgaccccaa
tatcatgtgg
attgctatca
ctccctgacc
tggggtgatc
gttgttccaa
aatgggataa
caaggcgatt
gtggtgtegt
gtgagttacc
tga

<210> 8

<211> 400
<212> PRT
<213>

<400> 8
Met Ala Trp
1

tttgtgtgat
tggggatcat
taaaagggtc
gtttccctgt
cagcagcacc
ttccaagatt
ttggacgttc
ggagaggaat
ctgtttttgt
gcaagtacat
ctcgcttagc
aagatgtgat
ttgtgttaaa
cagaggcagt
tggatttcgc
tcagtgattg
cgaaaaagtt
ctggtggacc
tcggacacaa
tagagtggat

Ile
5

Cys Vval

aacgttgttt
ctttcctaag
ctgcaagtcc
cgtttgctct
aagtgtaacc
acatatacca
ggggtcacca
cattgctgga
gaaaaatttt
tttgtctgct
tgtccgcgta
tatccatcct
agaggaactg
aacagattca
cggtccacga
taacaaagcc
tatttgtgct
gttgatgcta
gtgtgccgag
cgcgaaggtt

Limulus polyphemus

Ile Thr

Leu

59

gctttggcett
acacagaacg
ctcacagact
tggaatggtc
acaacagtta
ggttgtggaa
atacttcctc
ggtgtagaag
ggcattggca
gcccacgctt
ggaggccact
gactacgtag
aattttactg
ttaaaaggca
agtcaagttc
tatcagaatc
ggattggaag
gtgaacaata
gagggatttc
acgaactcgt

Phe
10

Ala

ctagtacgtt
ataataaaca
gtcctgctgt
ggtttcagcc
caactattgt
aaagaaaagt
ccatatctac
ctaaaattgg
gattccattg
tcctcattgg
acgtaaagat
aaagggagaa
atttggtccg
gaagggtgac
tgcgcgaggt
tcaacaccct
aaggtgggaa
gtagttggat
ctggtgtgta
tagaccaggc

Leu Ala Ser

gagtaataaa
gtgtacagca
cttggctacg
tattgtatgt
ccctacaaaa
aaatgtagat
ttctcaagat
cgcctggect
tgctggtagc
aggtcgaaag
gggtcaagaa
ttacaatgat
tccaatctgt
agtagctgga
tagtatcccc
tgctcttaaa
agatgcttgt
agtgacggga
cacgcgtgta
agtcactaac

Ser Thr

15

Leu
Asn
Lys
Phe
65

Cys
Val
Gly
Ser
Arg

145
Trp

Ser
Asp
Ser
50

Pro
Pro
Pro
Lys
Pro
130
Gly

Met

Asn
Asn
35

Leu
Val
Asp
Thr
Arg
115
Ile
Ile

Ala

Lys
20

Lys
Thr
Val
Ala
Lys
100
Lys
Leu

Ile

Ala

Val
Gln
Asp
Cys
Ala
85

Glu
Val
Pro

Ala

Val

Ser
Cys
Cys
Ser
70

Ala
Thr
Asn
Pro
Gly

150
Phe

Arg
Thr
Pro
55

Trp
Pro
Lys
Val
Ile
135
Gly

Val

Val
Ala
40

Ala
Asn
Ser
Ile
Asp
120
Ser

Val

Lys

Gly
25

Lys
Val
Gly
Val
Pro
105
Ile
Thr
Glu

Asn

Ile
Gly
Leu
Arg
Thr
90

Arg
Thr
Ser

Ala

Phe

Ile
Gly
Ala
Phe
75

Thr
Leu
Thr
Gln
Lys

155
Gly

Phe
Leu
Thr
60

Gln
Thr
His
Ile
Asp
140
Ile

Ile

Pro
Lys
45

Leu
Pro
Val
Ile
Gly
125
Leu

Gly

Gly

Lys
30

Gly
Lys
Ile
Thr
Pro
110
Arg
Lys
Ala

Arg

Thr
Ser
Asp
Val
Thr
95

Gly
Ser
Gly

Trp

Phe

Gln
Cys
Ser
Cys
80

Ile
Cys
Gly
Gly
Pro

160
His

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1203



Cys Ala Gly

Ala Phe Leu
195
Val Gly
210

Val

Arg

Asp Ile

225

Ile Ala Ile

Arg Pro Ile

Gly Arg Arg

275

Pro Arg Ser
290

Ser Asp
305

Asn

Cys

Gly Ile

Lys Asp Ala
Ser
355

Glu

Asn Ser

Glu
370
Trp

Ala

Glu
385

Ile

<210> 9

<211> 1203
<212> DNA
<213>

<400> 9

atggcgtgga
gttagtagag
aaaggtggat
ttgaaggata
tgtcctgatg
gaaacaaaga
attacaacta
ttgaagggtyg
tggatggcag
ataatcagta
ctgaccccaa
tatcatgtgg
attgctatca

165
Ser Ile
180
Ile Gly

Gly His

Ile His

Ile
Gly
Tyr

Pro

Ser Ser

Arg Lys
200
Val Lys
215

Asp Tyr

230

Ile Val
245
Cys Leu
260
Val Thr

Gln Val

Asn Lys

Leu

Pro

Val

Leu

Ala

Lys Glu

Asp Pro

Ala Gly
280
Arg Glu
295

Tyr Gln

310

Thr Lys
325
Cys Gln
340
Trp Ile

Gly Phe

Ala Lys

Lys

Val
Pro

Val

Phe Ile

Asp Ser

Thr Gly
360
Gly Vval
375

Thr Asn

390

tttgtgtgat
tggggatcat
taaaagggtc
gtttccctgt
cagcagcacc
ttccaagatt
ttggacgttc
ggagaggaat
ctgtttttgt
gcaagtacat
ctcgcttagc
aagatgtgat
ttgtgttaaa

Limulus polyphemus

aacgttgttt
ctttcctaag
ctgcaagtcc
cgtttgctct
aagtgtaacc
acatatacca
ggggtcacca
cattgctgga
gaaaaatttt
tttgtctgcet
tgtccgcgta
tatccatcct
agaggaactg

60

170

Lys Tyr Ile

185

Leu Thr Pro

Met Gly Gln

Val Glu Arg

235

Glu Leu Asn
250

Glu Ala

265

Trp

Val

Gly Asp

Val Ser Ile
Asn
315

Gly

Asn Leu
Ala
330
Gly

Cys
Gly Pro
345
Val

Val Ser

Tyr Thr Arg

Ser Leu Asp

395

gctttggett
acacagaacg
ctcacagact
tggaatggtc
acaacagtta
ggttgtggaa
atacttcctc
ggtgtagaag
ggcattggca
gcccacgctt
ggaggccact
gactacgtag
aattttactg

Ala
190
Leu

Leu Ser

Thr Arg
205
Glu Tyr
220

Glu

His

Asn Tyr

Phe Thr Asp

Thr Ser
270
Phe

Asp

Leu Asp

285
Pro Val Val
300

Thr Leu Ala

Leu Glu Glu

Met Leu
350

His

Leu
Phe Gly
365
Val Vval
380

Gln

Ser

Ala Val

ctagtacgtt
ataataaaca
gtcctgctgt
ggtttcagcc
caactattgt
aaagaaaagt
ccatatctac
ctaaaattgg
gattccattg
tcctcattgg
acgtaaagat

aaagggagaa
atttggtccg

175
Ala His

Ala Val

Val Glu

Asn Asp
240
Leu Val
255
Leu Lys

Ala Gly

Pro Ile

Leu Lys
320
Gly Gly
335
Val Asn

Lys Cys

Tyr Leu

Thr Asn
400

gagtaataaa
gtgtacagca
cttggctacg
tattgtatgt
ccctacaaaa
aaatgtagat
ttctcaagat
cgcctggect
tgctggtagc
aggtcgaaag
gggtcaagaa
ttacaatgat
tccaatctgt

60
120
180
240
300
360
420
480
540
600
660
720
780



ctccctgacc
tggggtgatc
gttgttccaa
aatgggataa
caaggcgatt
gtggtgtegt
gtgagttacc
tga

<210>
<211>
<212>
<213>

10
400
PRT

<400> 10
Met Ala Trp
1
Leu Ser Asn
Asn
35
Leu

Asn Asp
Ser
50
Pro

Lys

Phe
65
Cys

Val

Pro Asp

Val Pro Thr

Gly Lys Arg
115
Pro Ile
130

Gly

Ser

Arg Ile

145
Trp

Met Ala

Cys Ala Gly

Ala Phe Leu
195
Val Gly
210

Val

Arg

Asp Ile

225

Ile Ala Ile

Arg Pro Ile

cagaggcagt
tggatttcgc
tcagtgattg
cgaacaagtt
ctggtggacc
tcggacacaa
tagagtggat

Ile Cys Va

5
Lys Val Se
20
Lys

Gln Cy

Thr Asp Cy

Val Se
70
Al

Cys

Ala Ala

85

Lys Glu Th

100

Lys Val As

Leu Pro Pr

Ile Ala

aacagattca
cggtccacga
taacaaagcc
tatttgtgct
gttgatgcta
gtgtgccgag
cgcgaaggtt

61

ttaaaaggca
agtcaagttc
tatcagaatc
ggattggaag
gtgaacaata
gagggatttc
acgaactcgt

Gly

Limulus polyphemus

1 Ile
r Arg
s Thr
s Pro
55
r Trp
a Pro
r Lys
n Val
o Ile

135
Gly

150

Ala Val
165

Ile

Ph
Ser I1
180
Ile Gly

Gly His Ty

Ile Pr
23
Le

His
Ile Val
245
Leu

Cys Pr

260

Gly

e Val
e Ser
Arg
r Val
215
o Asp
0
u Lys

o Asp

Thr
Val
Ala
40

Ala
Asn
Ser
Ile
Asp
120
Ser
Val
Lys
Ser
Lys
200
Lys
Tyr
Glu

Pro

Leu
Gly
25

Lys
Val
Gly
Val
Pro
105
Ile
Thr
Glu
Asn
Lys
185
Leu
Met
Val
Glu

Glu
265

Phe
10

Ile
Gly
Leu
Arg
Thr
90

Arg
Thr
Ser
Ala
Phe
170
Tyr
Thr
Gly
Glu
Leu

250
Ala

Ala
Ile
Gly
Ala
Phe
75

Thr
Leu
Thr
Gln
Lys
155
Gly
Ile
Pro
Gln
Arg
235

Asn

Val

gaagggtgac
tgcgegaggt
tcaacaccct
aaggcgggaa
gtagttggat
ctggtgtgta
tagaccaggc

Leu Ala Ser

Phe Pro Lys

30

Leu Lys Gly
45

Thr Leu

60

Gln

Lys

Pro Ile

Thr Val Thr

Ile Pro
110

Arg

His
Ile Gly
125
Asp Leu
140
Ile

Lys

Gly Ala

Ile Gly Arg
Ala
190

Leu

Leu Ser

Thr Arg
205
Glu Tyr
220

Glu

His

Asn Tyr

Phe Thr Asp

Thr Ser

270

Asp

agtagctgga
tagtatcccc
tgctcttaaa
agatgcttgt
agtgacggga
cacgcgtgta
agtcactaac

Ser Thr
15
Thr Gln

Ser Cys

Asp Ser

Val Cys
Thr
95
Gly

Ile
Cys
Ser Gly
Gly
Pro

160
His

Trp

Phe
175
Ala His

Ala Vval

Val Glu

Asn Asp
240
Leu Val
255

Leu Lys

840
900
960
1020
1080
1140
1200
1203



Gly Arg Arg
275
Ser

Pro Arg

290
Ser Asp
305

Asn

Cys

Gly Ile

Lys Asp Ala
Ser
355

Glu

Asn Ser

Ala Glu
370
Glu Trp

385

Ile

<210>
<211>
<212>
<213>

11
1203
DNA

<400> 11

atggcgtgga
gttagtagag
aaaggtggat
ttgaaggata
tgtcctgatg
gaaacaaaga
attacaacta
ttgaagggtg
tggatggcag
ataatcagta
ctgaccccaa
tatcatgtgg
attgctatca
ctccctgacc
tggggtgatc
gttgttccaa
aatgggataa
caaggcgatt
gtggtgtegt
gtgagttacc
tga

<210>
<211>
<212>

12
400
PRT

Val Thr

Gln Vval

Asn Lys

Val

Leu

Ala

Ala Gly
280
Arg Glu
295

Tyr Gln

310

Thr Asn
325
Cys Gln
340
Trp Ile

Gly Phe

Ala Lys

Lys

Val
Pro

Val

Phe Ile

Asp Ser

Thr Gly
360
Gly val
375

Thr Asn

390

tttgtgtgat
tggggatcat
taaaagggtc
gtttccctgt
cagcagcacc
ttccaagatt
ttggacgttc
ggagaggaat
ctgtttttgt
gcaagtacat
ctcgcttagc
aagatgtgat
ttgtgttaaa
cagaggcagt
tggatttcgc
tcagtgattg
cgaacaagtt
ctggtggacc
tcggacacaa
tagagtggat

Limulus polyphemus

aacgttgttt
ctttcctaag
ctgcaagtcc
cgtttgctct
aagtgtaacc
acatatacca
ggggtcacca
cattgctgga
gaaaaatttt
tttgtctgct
tgtccgcgta
tatccatcct
agaggaactg
aacagattca
cggtccacga
taacaaagcc
tatttgtgct
gttgatgcta
gtgtgccgag
cgcgaaggtt

62

Trp Gly Asp

Val Ser Ile
Asn
315

Gly

Asn Leu
Ala
330
Gly

Cys
Gly Pro
345
Val

Val Ser

Tyr Thr Arg

Ser Leu Asp

395

gctttggcett
acacagaacg
ctcacagact
tggaatggtc
acaacagtta
ggttgtggaa
atacttcctc
ggtgtagaag
ggcattggca
gcccacgctt
ggaggccact
gactacgtag
aattttactg
ttaaaaggca
agtcaagttc
tatcagaatc
ggattggaag
gtgaacaata
gagggatttc
acgaactcgt

Leu Asp Phe

285
Val

Pro Val

300
Thr

Leu Ala

Leu Glu Glu

Met Leu
350

His

Leu
Phe Gly
365
Val Vval
380

Gln

Ser

Ala Val

ctagtacgtt
ataataaaca
gtcctgectgt
ggtttcagcc
caactattgt
aaagaaaagt
ccatatctac
ctaaaattgg
gatttcattg
tcctcattgg
acgtaaagat
aaagggagaa
atttggtccg
gaagggtgac
tgcgcgaggt
tcaacaccct
aaggecgggaa
gtagttggat
ctggtgtgta
tagaccaggc

Ala Gly

Pro Ile

Leu Lys
320
Gly Gly
335
Val Asn

Lys Cys

Tyr Leu

Thr Asn
400

gagtaataaa
gtgtacagca
cttggctacg
tattgtatgt
ccctacaaaa
aaatgtagat
ttctcaagat
cgcctggect
tgctggtagc
aggtcgaaag
gggtcaagaa
ttacaatgat
tccaatctgt
agtagctgga
tagtatcccc
tgctcttaaa
agatgcttgt
agtgacggga
cacgcgtgta
agtcactaag

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1203



<213>

<400>

Met
1
Leu
Asn
Lys
Phe
65
Cys
Val
Gly
Ser
Arg
145
Trp
Cys
Ala
Arg
Asp
225
Ile
Arg
Gly
Pro
Ser
305
Asn
Lys

Asn

Ala

Ala
Ser
Asp
Ser
50

Pro
Pro
Pro
Lys
Pro
130
Gly
Met
Ala
Phe
Val
210
Val
Ala
Pro
Arg
Arg
290
Asp
Gly
Asp

Ser

Glu

12

Trp
Asn
Asn
35

Leu
Val
Asp
Thr
Arg
115
Ile
Ile
Ala
Gly
Leu
195
Gly
Ile
Ile
Ile
Arg
275
Ser
Cys
Ile
Ala
Ser

355
Glu

Ile
Lys
20

Lys
Thr
Val
Ala
Lys
100
Lys
Leu
Ile
Ala
Ser
180
Ile
Gly
Ile
Ile
Cys
260
Val
Gln
Asn
Thr
Cys
340
Trp

Gly

Cys
5
Val
Gln
Asp
Cys
Ala
85
Glu
Val
Pro
Ala
Val
165
Ile
Gly
His
His
Val
245
Leu
Thr
Val
Lys
Asn
325
Gln
Ile

Phe

Val
Ser
Cys
Cys
Ser
70

Ala
Thr
Asn
Pro
Gly
150
Phe
Ile
Gly
Tyr
Pro
230
Leu
Pro
Val
Leu
Ala
310
Lys
Gly
Val

Pro

Limulus polyphemus

Ile
Arg
Thr
Pro
55

Trp
Pro
Lys
Val
Ile
135
Gly
Val
Ser
Arg
Val
215
Asp
Lys
Asp
Ala
Arg
295
Tyr
Phe
Asp
Thr

Gly

Thr
Val
Ala
40

Ala
Asn
Ser
Ile
Asp
120
Ser
Val
Lys
Ser
Lys
200
Lys
Tyr
Glu
Pro
Gly
280
Glu
Gln
Ile
Ser
Gly

360
Val

Leu
Gly
25

Lys
Val
Gly
Val
Pro
105
Ile
Thr
Glu
Asn
Lys
185
Leu
Met
Val
Glu
Glu
265
Trp
Val
Asn
Cys
Gly

345
Val

Phe
10

Ile
Gly
Leu
Arg
Thr
90

Arg
Thr
Ser
Ala
Phe
170
Tyr
Thr
Gly
Glu
Leu
250
Ala
Gly
Ser
Leu
Ala
330
Gly
Val

Thr

63

Ala
Ile
Gly
Ala
Phe
75

Thr
Leu
Thr
Gln
Lys
155
Gly
Ile
Pro
Gln
Arg
235
Asn
Val
Asp
Ile
Asn
315
Gly
Pro

Ser

Arg

Leu
Phe
Leu
Thr
60

Gln
Thr
His
Ile
Asp
140
Ile
Ile
Leu
Thr
Glu
220
Glu
Phe
Thr
Leu
Pro
300
Thr
Leu
Leu

Phe

Val

Ala
Pro
Lys
45

Leu
Pro
Val
Ile
Gly
125
Leu
Gly
Gly
Ser
Arg
205
Tyr
Asn
Thr
Asp
Asp
285
Val
Leu
Glu
Met
Gly

365
Val

Ser
Lys
30

Gly
Lys
Ile
Thr
Pro
110
Arg
Lys
Ala
Arg
Ala
190
Leu
His
Tyr
Asp
Ser
270
Phe
Val
Ala
Glu
Leu
350
His

Ser

Ser
15

Thr
Ser
Asp
Val
Thr
95

Gly
Ser
Gly
Trp
Phe
175
Ala
Ala
Val
Asn
Leu
255
Leu
Ala
Pro
Leu
Gly
335
Val

Lys

Thr
Gln
Cys
Ser
Cys
80

Ile
Cys
Gly
Gly
Pro
160
His
His
Val
Glu
Asp
240
Val
Lys
Gly
Ile
Lys
320
Gly
Asn

Cys

Leu



370

375

64

380

Glu Trp Ile Ala Lys Val Thr Asn Ser Leu Asp Gln Ala Val Thr Lys
390

385

<210>
<211>
<212>
<213>

13
1128
DNA

<400> 13

atgttggtga
tgcagtagtc
tcaaaccgat
Caaaaaaatg
aaagtttgtt
actacaactg
cgtaatatta
tggatggctg
cttgtcacca
gatgtgatgc
aatgacagtt
gtgctcgcga
acgcacaaaa
atgagaaacc
gtattacgag
aaggatttaa
gcttgccagg
ctcgttggaa
acaaaagtga

<210>
<211>
<212>
<213>

14
375
PRT

<400> 14
Met Leu Val
1
Ser Met Phe
Phe Pro Asp
35
Cys Lys
50
Asn Leu

Ile

Tyr
65

Lys Val Cys

ataacatgtt
tcggcagaca
ttactaacga
attataattt
gtccgaaaca
aacgaccgcc
caactaccag
ctgtctatat
acaggcacgt
gagctgacgt
cagatccaat
cgtatttgaa
ttaaaccaat
catttgtcgc
aagtgcagtt
atattacaaa
gtgattctgg
ttgtgtcttt
ccgaattttt

Asn

5
Ser Cys
20
Asp Glu

Asp Val

Leu Lys

Pro
85

Cys

Asn Met
Ser
Glu
Leu
Glu

70
Lys

Limulus polyphemus

ttcattgctg
gcgtagacag
tggaatatgt
actgaaagaa
aagtattgta
aatacggata
gattattgga
Caaacaagga
gattacagca
attctcggtt
tgattttgca
tgatatcgca
ttgtctacct
cggatgggga
accaatatgg
cgtgtatatg
aggtccaatg
cggaaagaaa
agattggatt

Limulus polyphemus

Phe Ser

Ser Leu

Ser Cys
40
Asn Cys
55
Ser Ile

Gln Ser

395

tgtttcccac
tttgttttcc
aaagatgttt
tcaatatgcg
aatccaataa
ccatccaatc
gggcaggaag
ggaatcagaa
tcgcactgtg
cgcctaggtg
gttacgtcag
attctgaagt
tatgaaagct
acaacagcat
ggacacgagc
tgtgctgggt
atgttgcctg
tgcgecgttgc
gcagtaaata

Leu
10
Arg

Leu Cys

Gly Gln
25
Ser

Asn Arg

Arg Asp Leu
Phe
75

Asn

Cys Gly

Ile Val

90

tcctgatgtc
ccgatgatga
tgaattgtag
gttttgaagg
cagaagcacc
ttcctaaaca
caacacctgg
gtgttcagtg
ttgtaaacag
aacacaattt
tgaaacatca
taaacgacac
taaggtatga
ttaatggccc
cctgcaggca
atgcagatgg
ataaaagcgg
ctggatttcc

tggtgtag

Phe Pro Leu
Gln
30

Asn

Arg Arg

Phe Thr
45
Leu Gln
60

Glu

Lys

Gly Ile

Pro Ile Thr

400

tatgtttagc
agaatcatgc
agatctttta
cataacaccc
tccaaaaacc
gtgtggaaat
agcctggccc
tggaggtgcg
tttaggaaca
atatagcacc
tgaaaacttt
tgttacgttt
ggatctagca
atctagtgca
ggcctacgag
cggtaaagat
gaacttttat
tggggtttac

Leu Met
15
Phe Val

Asp Gly

Asn Asp

Thr Pro
80
Glu Ala

95

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1128



Pro Pro Thr Thr

100
Lys

Lys
Pro Gln
115
Gly

Asn Leu

Ile Gly
130

Tyr

Gln Glu

Val Ile
145

Leu

Lys Gln

Val Thr Asn Arg
165
Thr Asp
180

Asn

Ser Leu Gly

Glu His Leu
195

Val

Gly
Phe Ala
210
Leu

Thr Ser

Tyr Asn Ile
225

Thr

Asp

His Lys Ile Lys
245

Glu Ala Met
260

Gly

Asp Leu

Ala Phe Asn Pro

275
Ile Trp Gly His Glu
290
Ile Thr
305

Ala

Asn Val Tyr

Cys Gln Gly Asp

325

Gly Asn Phe Tyr Leu

340

Leu Pro Gly Phe Pro
355

Ile Ala

370

Trp Val Asn

<210>
<211>
<212>
<213>

15
1128
DNA

<400> 15

atgttggtga ataacatgtt
tgcagtagtc tcggcagaca
tcaaaccgat ttactaacga
Caaaaaaatg attataattt
aaagtttgtt gtccgaaaca
actacaactg aacgaccgcc

Thr
Cys
Ala
Gly
150
His
Val
Tyr
Val
Ala

230
Pro

Ser
Pro
Met
310
Ser
Val
Gly

Met

Thr Glu

Asn
120
Pro

Gly

Thr
135
Gly Ile

Val Ile

Met Arg
Thr
200
His

Ser

Lys
215
Ile Leu

Ile Cys

Asn Pro

Ala
280
Arg

Ser

Cys
295
Cys Ala

Gly Gly

Gly Ile

Val Tyr
360
Val
375

Limulus polyphemus

ttcattgctg
gcgtagacag
tggaatatgt
actgaaagaa
aagtattgta
aatacggata

65

Arg Pro Pro
105
Arg

Asn Ile

Gly Ala Trp
Val
155

Ser

Arg Ser

Thr Ala
170
Ala Asp
185

Asn

Val

Asp Ser

His Glu Asn
Asn
235

Tyr

Lys Leu
Pro
250
Val

Leu

Phe
265
Val

Ala

Leu Arg

Gln Ala Tyr
Ala
315

Met

Gly Tyr
Met
330
Ser

Pro

Val
345
Thr

Phe

Lys Val

tgtttcccac
tttgttttcc
aaagatgttt
tcaatatgcg
aatccaataa
ccatccaatc

Ile Arg

Ile

Pro Ser

110

Thr Thr
125
Pro Trp
140
Gln Cys

His Cys

Phe Ser

Thr
Met
Gly
Val

Val

Arg Ile

Ala Ala

Ala
160
Asn

Gly

Val
175

Arg Leu

190

Ser Asp
205
Phe Vval
220
Asp Thr

Glu Ser

Gly Trp

Pro
Leu
Val
Leu

Gly

Ile Asp

Ala Thr

Thr Phe
240
Arg Tyr
255

Thr Thr

270

Glu Vval
285
Glu Lys
300
Asp Gly

Leu Pro

Gly Lys

Gln
Asp
Gly
Asp

Lys

Leu Pro

Leu Asn

Lys Asp
320
Lys Ser
335

Cys Ala

350

Thr Glu

365

tcctgatgtc
ccgatgatga
tgaattgtag
gttttgaagg
cagaagcacc
ttcctaaaca

Phe

Leu Asp

tatgtttagc
agaatcatgc
agatctttta
cataacaccc
tccaaaaacc
gtgtggaaat

60
120
180
240
300
360



cgtaatatta
tggatggctg
cttgtcacca
gatgtgatgc
aatgacagtt
gtgctcgcga
acgcacaaaa
atgagaaacc
gtattacgag
aaggatttaa
gcttgccagg
ctcgttggaa
acaaaagtga

<210>
<211>
<212>
<213>

16
375
PRT

<400> 16

caactaccag
ctgtctatat
acaggcacgt
gagctgatgt
cagatccaat
cgtatttgaa
ttaaaccaat
catttgtcgc
aagtgcagtt
atattacaaa
gtgattctgg
ttgtgtcttt
ccgaattttt

gattattgga
caaacaagga
gattacagca
attctcggtt
tgattttgca
tgatatcgca
ttgtctacct
cggatgggga
accaatatgg
cgtgtatatg
aggtccaatg
cggaaagaaa
agattggatt

Limulus polyphemus

66

gggcaggaag
ggaatcagaa

tcgcactgtg
cgcctaggtg
gttacgtcag
attctgaagt
tatgaaagct
acaacagcat
ggacacgagc
tgtgetgggt
atgttgcctg
tgcgecgttgc
gcagtaaata

caacacctgg
gtgctcagtg
ttgtaaacag
aacacaattt
tgaaacatca
taaacgacac
taaggtatga
ttaatggccc
cctgcaggca
atgcagatgg
ataaaagcgg
ctggatttcc

tggtgtag

agcctggccc
tggaggtgcg
tttaggaaca
atatagcacc
tgaaaacttt
tgttacgttt
ggatctagca
atctagtgca
ggcctacgag
cggtaaagat
gaacttttat
tggggtttac

Met
1
Ser
Phe
Ile
Tyr
65
Lys
Pro
Asn
Ile
Val
145
Leu
Ser
Gly
Phe

Tyr

Leu
Met
Pro
Cys
50

Asn
Val
Pro
Leu
Gly
130
Tyr
Val
Leu
Glu
Ala

210
Leu

Val
Phe
Asp
35

Lys
Leu
Cys
Lys
Pro
115
Gly
Ile
Thr
Gly
His
195
Val

Asn

Asn
Ser
20

Asp
Asp
Leu
Cys
Thr
100
Lys
Gln
Lys
Asn
Thr
180
Asn

Thr

Asp

Asn Met
5
Cys Ser

Glu Glu

Val Leu

Glu
70
Lys

Lys

Pro
85
Thr Thr

Gln Cys

Glu Ala

Gln Gly
150
Arg His
165
Asp Val

Leu Tyr

Ser Val

Ile Ala

Phe
Ser
Ser
Asn
55

Ser
Gln
Thr
Gly
Thr
135
Gly
Val
Met
Ser
Lys

215
Ile

Ser
Leu
Cys
40

Cys
Ile
Ser
Glu
Asn
120
Pro
Ile
Ile
Arg
Thr
200
His

Leu

Leu
Gly
25

Ser
Arg
Cys
Ile
Arg

105
Arg

Arg
Thr
Ala
185
Asn
His

Lys

Leu
10

Arg
Asn
Asp
Gly
Val
90

Pro
Asn
Ala
Ser
Ala
170
Asp
Asp
Glu

Leu

Cys
Gln
Arg
Leu
Phe
75

Asn
Pro
Ile
Trp
Ala
155
Ser
Val
Ser

Asn

Asn

Phe
Arg
Phe
Leu
60

Glu
Pro
Ile
Thr
Pro
140
Gln
His
Phe
Ser
Phe

220
Asp

Pro
Arg
Thr
45

Gln
Gly
Ile
Arg
Thr
125
Trp
Cys
Cys
Ser
Asp
205
Val

Thr

Leu
Gln
30

Asn
Lys
Ile
Thr
Ile
110
Thr
Met
Gly
Val
Val
190
Pro

Leu

Val

Leu
15

Phe
Asp
Asn
Thr
Glu
95

Pro
Arg
Ala
Gly
Val
175
Arg
Ile
Ala

Thr

Met
Val
Gly
Asp
Pro
80

Ala
Ser
Ile
Ala
Ala
160
Asn
Leu
Asp

Thr

Phe

420
480
540
600
660
720
780
840
900
960
1020
1080
1128



225

Thr His Lys

Glu Asp Leu

Ala Phe Asn

275

Ile Trp Gly
290

Ile Thr

305

Ala

Asn

Cys Gln

Gly Asn Phe

Leu Pro Gly
355
Ile Ala

370

Trp

<210>
<211>
<212>
<213>

17
1128
DNA

<400> 17
atgttggtga
tgcagtagtc
tcaaaccgat
Caaaaaaatg
aaagtttgtt
actacaactg
cgtaatatta
tggatggctg
cttgtcacca
gatgtgatgc
aatgacagtt
gtgctcgcga
acgcacaaaa
atgagaaacc
gtattacgag
aaggatttaa
gcttgccagg
ctcgttggaa
acaaaagtga

<210>
<211>

18
375

230

Ile Lys
245
Ala Met
260
Gly Pro

His Glu

Val Tyr

Pro

Ser

Pro

Met

Ile Cys

Asn Pro

Ala
280
Arg

Ser

Cys
295

Cys Ala

310

Gly Asp
325
Tyr Leu
340
Phe Pro

Val Asn

ataacatgtt
tcggcagaca
ttactaacga
attataattt
gtccgaaaca
aacgaccgcc
caactaccag
ctgtctatat
acaggcacgt
gagctgacgt
cagatccaat
cgtatttgaa
ttaaaccaat
catttgtcgc
aagtgcagtt
atattacaaa
gtgattctgg
ttgtgtcttt
ccgaattttt

Ser
Val
Gly

Met

Gly Gly

Gly Ile

Val Tyr
360
Val
375

Limulus polyphemus

ttcattgctg
gcgtagacaa
aggaatatgt
actgaaagaa
aagtattgta
aatccgtata
gattattgga
caaacaagga
gattacagca
attctcggtt
tgattttgca
tgatatcgca
ttgtctacct
cggatgggga
accaatatgg
cgtgtatatg
aggtccaatg
cggaaagaaa
agattggatt

67

235
Pro Tyr
250

Val

Leu

Phe
265
Val

Ala

Leu Arg

Gln Ala Tyr
Ala
315

Met

Gly Tyr
Met
330
Ser

Pro

Val
345
Thr

Phe

Lys Val

tgtttcccac
tttgttttcc
aaagatgttt
tcaatatgcg
aatccaataa
ccatccaatc
gggcaggaag
ggaatcagaa
tcgcactgtg
cgcctaggtg
gttacgtcag
attctgaagt
tatgaaagct
acaacagcat
ggacacgagc
tgtgctgggt
atgttgcctg
tgcgegttgce
gcagtaaata

Glu Ser Leu

Gly Trp Gly

270

Glu Vval Gln
285

Glu Lys

300

Asp

Asp

Gly Gly

Leu Pro Asp

Gly Lys Lys
350
Phe

Thr Glu

365

tcctgatgtc
ccgatgatga
tgaattgtag
gttttgaagg
cagaagcacc
ttcctaaaca
caacacctgg
gtgttcagtg
ttgtaaacag
aacacaattt
tgaaacatca
taaacgacac
taaggtatga
ttaatggccc
cctgcaggca
atgcagatgg
ataaaagcgg
ctggatttcc

tggtgtag

240
Arg Tyr
255
Thr Thr

Leu Pro

Leu Asn

Lys Asp
320
Lys Ser
335
Cys Ala

Leu Asp

tatgtttagc
agaatcatgc
agaactttta
cataacaccc
tccaaaaact
gtgtggaaat
agcctggccc
tggaggtgcg
tttaggaaca
atatagcacc
tgaaaacttt
tgttacgttt
ggatctagca
atctagtgca
ggcctacgag
cggtaaagat
gaacttttat
tggggtttac

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1128



<212>
<213>

<400>

Met
1
Ser
Phe
Ile
Tyr
65
Lys
Pro
Asn
Ile
Val
145
Leu
Ser
Gly
Phe
Tyr
225
Thr
Glu
Ala
Ile
Ile
305
Ala
Gly

Leu

Leu
Met
Pro
Cys
50

Asn
Val
Pro
Leu
Gly
130
Tyr
Val
Leu
Glu
Ala
210
Leu
His
Asp
Phe
Trp
290
Thr
Cys

Asn

Pro

PRT
Limulus polyphemus

18

Val
Phe
Asp
35

Lys
Leu
Cys
Lys
Pro
115
Gly
Ile
Thr
Gly
His
195
Val
Asn
Lys
Leu
Asn
275
Gly
Asn
Gln

Phe

Gly
355

Asn
Ser
20

Asp
Asp
Leu
Cys
Thr
100
Lys
Gln
Lys
Asn
Thr
180
Asn
Thr
Asp
Ile
Ala
260
Gly
His
Val
Gly
Tyr

340
Phe

Asn Met
5
Cys Ser

Glu Glu
Val Leu

Lys Glu
70

Pro Lys

85

Thr Thr

Gln Cys
Glu Ala

Gln Gly
150

Arg His

165

Asp Val

Leu Tyr
Ser Val

Ile Ala
230

Lys Pro

245

Met Arg

Pro Ser

Glu Pro

Tyr Met
310

Asp Ser

325

Leu Val

Pro Gly

Phe
Ser
Ser
Asn
55

Ser
Gln
Thr
Gly
Thr
135
Gly
Val
Met
Ser
Lys
215
Ile
Ile
Asn
Ser
Cys
295
Cys
Gly
Gly

Val

Ser
Leu
Cys
40

Cys
Ile
Ser
Glu
Asn
120
Pro
Ile
Ile
Arg
Thr
200
His
Leu
Cys
Pro
Ala
280
Arg
Ala
Gly

Ile

Tyr
360

Leu
Gly
25

Ser
Arg
Cys
Ile
Arg

105
Arg

Arg
Thr
Ala
185
Asn
His
Lys
Leu
Phe
265
Val
Gln
Gly
Pro
Val

345
Thr

Leu
10

Arg
Asn
Glu
Gly
Val
90

Pro
Asn
Ala
Ser
Ala
170
Asp
Asp
Glu
Leu
Pro
250
Val
Leu
Ala
Tyr
Met
330

Ser

Lys

68

Cys
Gln
Arg
Leu
Phe
75

Asn
Pro
Ile
Trp
Val
155
Ser
Val
Ser
Asn
Asn
235
Tyr
Ala
Arg
Tyr
Ala
315
Met

Phe

Val

Phe
Arg
Phe
Leu
60

Glu
Pro
Ile
Thr
Pro
140
Gln
His
Phe
Ser
Phe
220
Asp
Glu
Gly
Glu
Glu
300
Asp
Leu

Gly

Thr

Pro
Arg
Thr
45

Gln
Gly
Ile
Arg
Thr
125
Trp
Cys
Cys
Ser
Asp
205
Val
Thr
Ser
Trp
Val
285
Lys
Gly
Pro

Lys

Glu
365

Leu
Gln
30

Asn
Lys
Ile
Thr
Ile
110
Thr
Met
Gly
Val
Val
190
Pro
Leu
Val
Leu
Gly
270
Gln
Asp
Gly
Asp
Lys

350
Phe

Leu
15

Phe
Glu
Asn
Thr
Glu
95

Pro
Arg
Ala
Gly
Val
175
Arg
Ile
Ala
Thr
Arg
255
Thr
Leu
Leu
Lys
Lys
335
Cys

Leu

Met
Val
Gly
Asp
Pro
80

Ala
Ser
Ile
Ala
Ala
160
Asn
Leu
Asp
Thr
Phe
240
Tyr
Thr
Pro
Asn
Asp
320
Ser

Ala

Asp



Trp Ile Ala Val Asn Met Val

370

<210>
<211>
<212>
<213>

19
1128
DNA

<400> 19
atgttggtga
tgcagtagtc
tcaaaccgat
caaaaaaatg
aaagtttgtt
actacaactg
cgtaatatta
tggatggctg
cttgtcacca
gatgtgatgc
aatgacagtt
gtgctcgcga
acgcacaaaa
atgagaaacc
gtattacgag
aaggatttaa
gcttgccagg
ctcgttggaa
acaaaagtga

<210>
<211>
<212>
<213>

20
375
PRT

<400> 20
Met Leu Val
1

Ser Met Phe

Phe Pro Asp

35

Ile Cys Lys

50

Tyr Asn Leu

65

Lys Val Cys

Pro Pro Lys

ataacatgtt
tcggcagaca
ttactaacga
attataattt
gtccgaaaca
aacgaccgcc
caactaccag
ctgtctatat
acaggcacgt
gagctgacgt
cagatccaat
cgtatttgaa
ttaaaccaat
catttgtcgc
aagtgcagtt
atattacaaa
gtgattctgg
ttgtgtcttt
ccgaattttt

Asn

5
Ser Cys
20
Asp Glu

Asp Val

Leu Lys
Pro
85
Thr

Cys

Asn

Asn Met Phe
Ser
Glu
Leu
Glu
70

Lys

Thr

375

Limulus polyphemus

ttcattgctg
gcgtagacaa
tggaatatgt
actgaaagaa
aagtattgta
aatccgtata
gattattgga
caaacaagga
gattacagca
attctcggtt
tgattttgca
tgatatcgca
ttgtctacct
cggatgggga
accaatatgg
cgtgtatatg
aggtccaatg
cggaaagaaa
agattggatt

Limulus polyphemus

Ser

Ser Leu

Ser Cys
40
Asn Cys
55
Ser Ile

Gln Ser

Thr Glu

69

tgtttcccac
tttgttttcc
aaagatgttt
tcaatatgcg
aatccaataa
ccatccaatc
gggcaggaag
ggaatcagaa
tcgcactgtg
cgcctaggtg
gttacgtcag
attctgaagt
tatgaaagct
acaacagcat
ggacacgagc
tgtgctgggt
atgttgcctg
tgcgecgttgc
gcagtaaata

Leu
10
Arg

Leu Cys

Gly Gln
25
Ser

Asn Arg

Arg Asp Leu
Phe
75

Asn

Cys Gly
Val
990
Pro

Ile

Arg Pro

tcctgatgtc
ccgatgatga
tgaattgtag
gttttgaagg
cagaagcacc
ttcctaaaca
caacacctgg
gtgttcagtg
ttgtaaacag
aacacaattt
tgaaacatca
taaacgacac
taaggtatga
ttaatggccc
cctgcaggca
atgcagatgg
ataaaagcgg
ctggatttcc

tggtgtag

Phe Pro Leu
Gln
30

Asn

Arg Arg
Thr
45

Gln

Phe

Leu
60
Glu

Lys

Gly Ile

Pro Ile Thr

Ile Arg Ile

tatgtttagc
agaatcatgc
agatctttta
cataacaccc
tccaaaaaat
gtgtggaaat
agcctggccc
tggaggtgcg
tttaggaaca
atatagcacc
tgaaaacttt
tgttacgttt
ggatctagca
atctagtgca
ggcctacgag
cggtaaagat
gaacttttat
tggggtttac

Leu Met
15
Phe Val

Asp Gly

Asn Asp

Thr Pro
80
Glu Ala
95

Pro Ser

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1128



Pro
115
Gly

Asn Leu

Ile Gly
130
Val Tyr
145

Leu

Ile

Val Thr

Ser Leu Gly

Gly Glu His

195
Val

Phe Ala

210

Tyr Leu Asn

225

Thr His Lys

Glu Asp Leu

Ala Phe Asn

275

Ile Trp Gly
290

Ile Thr

305

Ala

Asn

Cys Gln

Gly Asn Phe

Leu Pro Gly
355
Ile Ala

370

Trp

<210>
<211>
<212>
<213>

21
1128
DNA

<400> 21
atgttggtga
tgcagtagtc
tcaaaccgat
caaaaaaatg
aaagtttgtt
actacaactg
cgtaatatta

100
Lys Gln

Gln Glu

Lys Gln

Cys
Ala

Gly

Asn
120
Pro

Gly

Thr
135

Gly Ile

150

Asn Arg
165
Thr Asp
180
Asn Leu

Thr Ser

Asp Ile

His
Val
Tyr
Val

Ala

Val Ile

Met Arg
Thr
200
His

Ser

Lys
215

Ile Leu

230

Ile Lys
245
Ala Met
260
Gly Pro

His Glu

Val Tyr

Pro
Arg
Ser
Pro

Met

Ile Cys

Asn Pro

Ala
280
Arg

Ser

Cys
295

Cys Ala

310

Gly Asp
325
Tyr Leu
340
Phe Pro

Val Asn

ataacatgtt
tcggcagaca
ttactaacga
attataattt
gtccgaaaca
aacgaccgcc
caactaccag

Ser
Val
Gly

Met

Gly Gly

Gly Ile

Val Tyr
360
Val
375

Limulus polyphemus

ttcattgctg
gcgtagacag
tggaatatgt
actgaaagaa
aagtattgta
aatacggata
gattattgga

70

105

Arg Asn Ile

Gly Ala Trp
Val
155

Ser

Arg Ser

Thr Ala
170
Ala Asp
185

Asn

Val

Asp Ser

His Glu Asn
Asn
235

Tyr

Lys Leu
Pro
250
Val

Leu

Phe
265
Val

Ala

Leu Arg

Gln Ala Tyr
Ala
315

Met

Gly Tyr
Met
330
Ser

Pro

Val
345
Thr

Phe

Lys Val

tgtttctcac
tttgttttcc
aaagatgttt
tcaatatgcg
aatccaataa
ccatccaatc

gggcaggaag

110

Thr Thr
125
Pro Trp
140
Gln Cys

His Cys

Phe Ser

Thr
Met
Gly
Val

Val

Arg Ile

Ala Ala

Ala
160
Asn

Gly

Val
175

Arg Leu

190

Ser Asp
205
Phe Val
220
Asp Thr

Glu Ser

Gly Trp

Pro
Leu
Val
Leu

Gly

Ile Asp

Ala Thr

Thr Phe
240
Arg Tyr
255

Thr Thr

270

Glu Vval
285
Glu Lys
300
Asp Gly

Leu Pro

Gly Lys

Gln
Asp
Gly
Asp

Lys

Leu Pro

Leu Asn

Lys Asp
320
Lys Ser
335

Cys Ala

350

Thr Glu

365

tcctgatgtc
ccgatgatga
tgaattgtag
gttttgaagg
cagaagcacc
ttcctaaaca
caacacctgg

Phe

Leu Asp

tatgtttagc
agaatcatgc
agatctttta
cataacaccc
tccaaaaact
gtgtggaaat
agcctggccc

60
120
180
240
300
360
420



tggatggctg
cttgtcacca
gatgtgatgc
aatgacagtt
gtgctcgcga
acgcacaaaa
atgagaaacc
gtattacgag
aaggatttaa
gcttgccagg
ctcgttggaa
acgaaagtga

<210>
<211>
<212>
<213>

22
375
PRT

<400> 22
Met Leu Val
1

Ser Met Phe

Phe Pro Asp

35

Ile Cys Lys
50

Tyr Asn Leu

65

Lys

Val Cys

Pro Pro Lys
Pro
115

Gly

Asn Leu

Ile Gly
130
Val Tyr
145

Leu

Ile

Val Thr

Ser Leu Gly

Glu His
195
Val

Gly
Phe Ala
210
Leu

Tyr Asn

225

ctgtctatat
acaggcacgt
gagctgacgt
cagatccaat
cgtatttgaa
ttaaaccaat
catttgtcgc
aagtgcagtt
atattacaaa
gtgattctgg
ttgtgtcttt
ccgaattttt

Asn

5
Ser Cys
20
Asp Glu

Asp Val

Leu Lys
Pro
85
Thr

Cys

Thr
100
Lys Gln

Gln Glu

Lys Gln

Asn Met Phe
Ser
Glu
Leu
Glu
70
Lys
Thr
Cys
Ala

Gly

caaacaagga
gattacagca
attctcggtt
tgattttgca
tgatatcgca
ttgtctacct
cggatgggga
accaatatgg
cgtgtgtatg
aggtccaatg
cggaaagaaa
agattggatt

Limulus polyphemus

Ser

Ser Leu

Ser Cys
40
Asn Cys
55
Ser Ile

Gln Ser

Thr Glu

Asn
120
Pro

Gly

Thr
135

Gly Ile

150

Asn Arg
165
Thr Asp
180
Asn Leu

Thr Ser

Asp Ile

His
Val
Tyr
Val

Ala

Val Ile

Met Arg
Thr
200
His

Ser

Lys
215

Ile Leu

230

71

ggaatcagaa
tcgcactgtg
cgcctaggtg
gttacgtcag
attctgaagt
tatgaaagct
acaacagcat
ggacacgagc
tgtgctgggt
atgttgcctg
tgcgecgttgc
gcagtaaata

Leu
10
Arg

Leu Cys

Gly Gln
25
Ser

Asn Arg

Arg Asp Leu
Phe
75

Asn

Cys Gly

Ile val
90
Arg Pro Pro
105
Arg

Asn Ile

Gly Ala Trp
Val
155

Ser

Arg Ser

Thr Ala
170
Ala Asp
185

Asn

Val

Asp Ser

His Glu Asn
Asn
235

Lys Leu

gtgttcagtg
ttgtaaacag
aacacaattt
tgaaacatca
taaacgacac
taaggtatga
ttaatggccc
cctgcaggca
atgcagatgg
ataaaagcgg
ctggatttcc

tggtgtag

Phe Ser Leu
Gln
30

Asn

Arg Arg

Phe Thr
45
Leu Gln
60

Glu

Lys

Gly Ile

Pro Ile Thr

Ile Ile
110
Thr

Arg
Thr Thr
125
Pro Trp Met
140
Gln

Cys Gly

His Cys Val

Phe Val
190
Pro

Ser
Ser Asp
205
Phe Val
220

Asp

Leu

Thr Val

tggaggtgcg
tttaggaaca
atatagcacc
tgaaaacttt
tgttacgttt
ggatctagca
atctagtgca
ggcctacgag
cggtaaagat
gaacttttat
tggggtttac

Leu Met
15
Phe Val

Asp Gly

Asn Asp

Thr Pro
80
Glu Ala
95
Pro Ser

Arg Ile

Ala Ala

Ala
160
Asn

Gly

Val
175
Arg Leu

Ile Asp

Ala Thr

Thr Phe

240

480
540
600
660
720
780
840
900
960
1020
1080
1128



Thr
Glu
Ala
Ile
Ile
305
Ala
Gly

Leu

Trp

His
Asp
Phe
Trp
290
Thr
Cys
Asn

Pro

Ile
370

<210>
<211>
<212>
<213>

<220>
<223>

<400>
Ile Glu Gly Arg

1

<210>
<211>
<212>

<213>

<220>
<223>

<400>
ctgcaggaat tcgatttttt tttttttttt ttttt

<210>
<211>
<212>

<213>

Lys
Leu
Asn
275
Gly
Asn
Gln
Phe
Gly

355
Ala

23
4
PRT

Ile
Ala
260
Gly
His
Val
Gly
Tyr
340
Phe

Val

Lys
245
Met
Pro
Glu
Cys
Asp
325
Leu

Pro

Asn

Pro
Arg
Ser
Pro
Met
310
Ser
Val

Gly

Met

Ile
Asn
Ser
Cys
295
Cys
Gly
Gly

Val

Val
375

Artificial Sequence

peptide

23

24
35
DNA

primer

24

25
35
DNA

Artificial Sequence

Artificial Sequence

Cys
Pro
Ala
280
Arg
Ala
Gly

Ile

Tyr
360

Leu
Phe
265
Val
Gln
Gly
Pro
Val

345
Thr

Pro
250
Val
Leu
Ala
Tyr
Met
330

Ser

Lys

72

Tyr
Ala
Arg
Tyr
Ala
315
Met

Phe

Val

Glu
Gly
Glu
Glu
300
Asp
Leu

Gly

Thr

Ser
Trp
Val
285
Lys
Gly
Pro

Lys

Glu
365

Leu
Gly
270
Gln
Asp
Gly
Asp
Lys

350
Phe

Arg
255
Thr
Leu
Leu
Lys
Lys
335
Cys

Leu

Tyr
Thr
Pro
Asn
Asp
320
Ser

Ala

Asp

35



<220>
<223>

<400>

atcgataagc ttgatgatct gggcttgtgt gatga

<210>
<211>
<212>
<213>

<220>
<223>

<400>

primer

25

26

15

DNA

Artificial Sequence

primer

26

ctgcaggaat tcgat

<210>
<211>
<212>
<213>

<220>
<223>

<400>

27

15

DNA

Artificial Sequence

primer

27

ctacaccaag ttcca

<210>
<211>
<212>
<213>

<220>
<223>

<400>

28

25

DNA

Artificial Sequence

primer

28

gtaaaccatg tgacaaactg gaggc

<210>
<211>
<212>
<213>

<220>
<223>

29

25

DNA

Artificial Sequence

primer

73

35

15

15

25



74

<400> 29
aataaggcct ccatcgatag aagta 25

<210> 30

<211> 39

<212> DNA

<213> Artificial Sequence

<220>
<223> primer

<400> 30
ggggaattca agcttgccac catggtacta gecgtcgttc 39

<210> 31

<211> 35

<212> DNA

<213> Artificial Sequence

220>
<223> primer

<400> 31
gggctcgagt caaatgaact gccgaatcca cgata 35

<210> 32

<211> 35

<212> DNA

<213> Artificial Sequence

<220>
<223> primer

<400> 32
atcgataagc ttgatcacat gcaaggaaaa gttct 35

<210> 33

<211> 35

<212> DNA

<213> Artificial Sequence

<220>
<223> primer

<400> 33



ctgcaggaat tcgatcactg tttaaacaaa ctgaa

<210>
<211>
<212>
<213>

<220>
<223>

<400>

34

35

DNA

Artificial Sequence

primer

34

atcgataagc ttgatagacc agagtggtct ttctg

75

35

35
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SE, SI, SK, SM, TR), OAPI (BF, BJ, CF, CG, CI, CM,
GA, GN, GQ, GW, KM, ML, MR, NE, SN, TD, TG).

MBS

— ERFATERE (X05FE215:03))

— BEEMZREDES & L TR LA X b
(3RA15.2(a))

GNEH: VAR - KR ITTLADEBEANZZAALILEET I IRTORLEOHEBLAERE.
INS5EI—RITBcDNA, ThEORBREARET 5, BAIWES2FLIF4TERINDETI /
BEFA*STCHEBIELE, BHNES6. 8, 10, FHIF12TERINZIT7I/BENAESCHA
M2ERE BEIES 14, 16, 18, 20, FALE22TRINDIT7TI/VEBENESTHEABR
EHE., ThoDNNYF7r b FNHEI—-—RFTBcDNA, ZnS5OFIA,
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B # =
FEADBM -
Y LAWABHKXROBMAERERFINEI—FTBDNA
KAl 2
[0001] AFBIEX. VAL ZEEROHEBRIAERE,. CnhZ2z1—RFF3DNARY

[0002]

[0003]

[0004]

[0005]

[0006]

INODRMAEICEAT 5,
Bkl

AT MAZE TEZA] EEHDNTHY., HEREIC2EB4ELIERE
LA, BE LT, EKRERBEOAMMCERTS ) LR (Limulus)
Bl & PYVTREBEHOMMERTS %LU (Tachypleus) &
DHTH B,

—DOEMENZELBENLHIBIC AN TORT 2 EEaREROME W
W, A7 MHZDOL D ICHIR ED 2 DOHIRICO I NIEIITIKER L LY,

VLI ZABICBT 2EMIEY LILR - RY 7 LR (Limulus polyphemus
) D1BOATHY., 9FTLIORABILET2EMISFTLIR - NF
V&Y R (Tachypleus tridentatus) . #FFL DR - FHRX (Tachypleus
gigas) . #FTLUR - AYYT1HUH (Tachypleus rotundicauda, 7
W/ ZANEDR -AY YT 424 (Carcinoscorpius rotundicauda)
EHEEDHLND) DI3IBEOATH D,

COEYOMPICHFET D7 AR A~ (amoebocyte) DIEH (7 AR
HA4 k-S54 t— b, amoebocyte lysate) ATV R MFI VICHEMT S &,
RETDHZENMONTWS, COMEZFBALT. PAXRYA -S4+
—MIZVRMFOUVEEREIRETZ2HES L TEEROREEESEIC
ELERINTWS,

CORERL 54— MEE] EMEhTWS, FEAIVRMFIVICE
S>TRENELCDHEIE. ZACT)LILZ - RYITTLATRREINIE
Mo, ZOREFEIE M) LJIRERZE] ¥ TLAL (Limulus amoebocyte lysate)
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[0007]

[0008]

[0009]

[0010]

[0011]

[0012]

AE| EMENZEEHD, IXFTLVIRBDTARYA N -S4 E—+
ZRWEERETH->TH, BELE T LAILIHE] © TALEE] &ENT
W5,

RE. BARMOEERA—H—DPMEALTWVWE S t2—FEE (Y LILR
AE, LALEAX) &, YALLR - RV Tz LREZREEELTWS, YLILZR -
R 7 T LRIFHEROBEIN SRBHEDE L CHIRI N TWBA, KAEE
BB LTWEEDMELH 5,

ATNAZ%FRET DO, PARYA - SAE— NROEHEZHEH
ARMTAIMICEREL., BEREZFRT BRI HS (RKEFX#1~8) .
Z L TERIC, X EREEZFMAL T, PyroGene (F#E) (Lonza) . Endo
Zyme (F5#R) (Hyglos), PyroSmart (FfR) (&E{ZFEIX) &WoLEAENE
mMINTW3,

LHOL. IhbiEWThE9F LI RBOEMICHE T 22 EEE
ZRAWVWEEDTHY. 4 - FEAEE LTELERLTWS Y LR - R
V7 T LARICHRT HHEMAERELZAVAERERZRS I TULAL,

FOEAIK., VAIWR -RYTTLATIE, TVRMIVICE>TRE
DNELDAN=ZXLICEST2EAERCETOELR TN, BEMICHHEER
IKHREBICEAEINTVWARLWSASLTH S,

HETLIZABTI. Bz, BEXHDZZXLICEETS 1 DOERET
HBHCEFICOVWTIE, 19NFILHYFTLIR - M) FTUEHY ZHEKRDESR
IBEFRINRCT I /BRI GEREFER 1)  1995F ISRy F LY
Z2-AYYTFAADY (AP /7 RANEDR -QAYYT1HDY) HED
TRWBRTEIRCT I /BEND GEREFXE2) ThEThBREINT
W3,

LAl DAIR - RYITTLRTHE., BIRBYF LU RABILE T 2HRE
NO2FELUERBLTHARS, ThOHDOERERTEGTOBERTEREED
BEICH T ZZTEABEICIERI L TVWAW, BT MHZOBPEDHEEIC
L DEFEDTFORLOEEPSHREZICER LT, —BHAFETIEIAS
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[0013]

[0014]

[0015]

[0016]

DERERVEGTOELREBIBEDERMIRE. FIR. B L UKEEERN
TERD DL TH D,

RIS, RERY - o —%@oBEHEYS /L7002 bO—&
ELT VAR - R) 72 LADEGFOEBENCEFIITONTVE D
(http://genome.wustl, edu/genomes/detail/limulus—polyphemus/) . ') A
WR - R) I I LAOREA NI LICEET 2L TOEAERTELRTO
EREFIOERBICIEE>TWAY, TOFEEE, YLILR - RYTTALRIK
BIFHIN5OERERVCELRTFOEREETIEED ERAREDRE M %R
HFTW3B,

FofTHlT STk

RraF Xk

RFEFSCIRT : KEREFSES, 712, 14 4SHASE

RFEF A2 - KEREFHES, 716, 83 4SHMAE

FFEFCHR3 : KEFRFEFES, 858, 70 6503
FEEF SRS : KEREFSE DS, 985, 59 0SHAH
FEEr SRS ¢ KERFEFE6, 645, 724 S5HEE

FrEr ke - EfRARME2008, /70046745

B E7 %2014 —-51089 82,k

RrEF RS : EFEAR$E 2014 70920795

FEHF R SR

FE4FEFSCmRT - Muta T et al., Journal of Biological Chemistry, 266, 655

I}

I}

4-6561 (1991)
JEHFEFSTAR2 : Ding JL et al,, Molecular Marine Biology and Biotechnolo
gy, 4(1), 90-103 (1995)
FIADHE
FIANERLELD & T257E
AFEBIE, VLILA - R I LZADREXA DA LICESTZITRTOD
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[0017]

[0018]

TEROMWAELAE. ChHE2I—RTSBcDNA. ThoDRAREREM
THIEEBEET D,

AR BDDFE

AEBPEIE. REFLRILAD LY LR - R 72 LZRDEE X H
ZALICBEETEZIRTCOEHERNFAI—RT25%L2ROc DNADERE
 RUEDIRTOMBLAEREORRICKII L. BICINONEZERRIC
FIATES2&E2REL. AERAEZERI

Thabhs, AFRBRUTORKEEST 5,

[1]

DTFOWTNATHZMEMABEHESOMBRZIE 1 ELE,

(A) BBINES2FLIF4TRINDT7I /BRI Z2E2CHEBAERE,
(B) BBAINES2F/IF4TRINDT7 I /BEIICH LTI ERULEDHE
—MA2ETBT7 I/ BENESH. HD. CRFELEE2ETHEMRIAERE
(C) ERHBB1 £/IE3TRINZEERINICH LTI 5%LULORE—MH
BT HEERNESCDNAICL>TIO—RINh, D, CRFEMEEAE
I HMEMAEAE,

(D) BESIES 1 £41E 3 TRINDIEEBINDOHEBEINSLEDNAE
AMN) IV NREBETNATYVIAXTBEDNAICE>TI—FEh,
No. CRFENHEZET 2R ZELE,

[2]

LTFOWTFhHNTHLIMBRABHESFOMMZE2ELE,

(A) EEAIESO6., 8, 10, F/HIX12TRINDT7I/BEINESTHE
Mm2EHE,

(B) E5&ES6. 8. 10, F/kiF12TRINZDT7I/BEIICHLT
O5%ULDOR—4%2EBT 273 /BEINEzEH HD. BRFEMEEZET
M2 ERE,

(C) BEHHFESS. 7. 9. FHEIE1 1 TRINDEERINIINLTIE®
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DEDE—14%=ET2EEEINEZSOCDNAICLE>TI—KEh, D, B
HFEtzEd 28R AERE,

(D) EFEFESS5. 7. 9. FLiF1 1 TRINZEERIIDOHEMBEII, S
BBDNAERN) YTz MRFEHTNA TSI A1 ZXTTBDNAICELST
J—RXh, D2, BRAFEHZET2HEBRZIAERE,
[3]

LTFOWTNATHZMEMABEHESOMBAEIELE,

(A) BE3FES14, 16, 18, 20, FLIF22TRINDT7 I /BE
NEza 2 EEE,

(B) BHES14, 16, 18, 20, FALEXK22TRINS T I /BB
FICH L TOBRULOR—ME2ETZT7I /BEIEEH. D, 7OV
OvT4 Vv IIUHA LEEEETHHEBAERE,

(C) BEHMFES13, 15, 17, 19, F/£I1E2 1 TRINDEEETIC
HLTOS%RULEDEA—ME2ET2EBERINEZZEDNAICL>TI—KX
h, o, 7Os0yF4 VIV YA LEEEETIHEBRIEHE,
(D) BHBE=13, 15, 17, 19, L2 1 TRINBZEERIOD
EREEINSADZDNAERNY YT NREBETN, TYE A4 XTSBD
NAICLE>TO—RXh, D, OO0y T4 VI IVHA LEEEEY
M EHE,
[1—1]

BRFEEAETHEAE BIAIEUTOEAEEDHE2EHE) #EH
g 50D, HRAE1 EREOFER,

(A) BEHFESO6. 8. 10, FLIE12TRINDT7I/BEIN=EUE
SE=1

(B) E25ES6. 8. 10, F/&iF12TRINZDT7I/BEIICHTLT
O5%ULDOR—4%2EBT 273 /BN czEaH HD. BREFEMEEZET
2EHE,

(C) BEAIESS. 7. 9. FE1 1 TRINIZEERINICHLTI5%
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DEDE—14%=ET2EEEINEZSOCDNAICLE>TI—KEh, D, B
HFEtzEd5&EBE.

(D) EFEFESS5. 7. 9. FLiF1 1 TRINZEERIIDOHEMBEII, S
BRBEDNAERNY YDV MREBTNA TV T4 XTHDNAICEST
J—KIh, Do, BEFEHEZET 2EHE,

[1—1-1]

F2EREN, HREZAE28HETHS. [1 -1 ]1E&EOFER,

[2—1]

TORYTFAVITIVHALEREETSZERE BIAREUTOERE
EDEIEHE) aEMET 200, HBAE2EREDFER,

(A) BHES14, 16, 18, 20, FALEXK22TRINS T I /BB
NezzUEBHE.

(B) BHBES 14, 16, 18, 20, FLF22TRINET7I /BEE
FUCH L TOBRULOR—ME2ET 27 I /BREINEEH. HD. 7OV
AT« JIVHALESEZET2ERE,

(C) BHMBE=S13, 15, 17, 19, FEIE21 TRINBEERFIC
S LTO5%ULDA—M%EET IEERIIZELDNAICEI>TI—RY
h, D2, 7O/0vF4« v II VM LFRHEETH2EQE.

(D) BEHE=S13, 15, 17, 19, FELIE21 TRINBZEERIOD
HBERINSRBEDNAERN) VIV NRFEHTNATYH A4 XT 35D
NAICLE>TO—RIh, D, 7020y 7« VI IS LESREEY
EHE,
[2—1—1]

EIEQEN, HRZAEIETHETH S, [2—-1]1EEHDOER,
[3—1]

EEEUMT 5700, X EIEBEDER,
[3—1-1]

EEN. AREETHD. [3—1]18FHOFEA,
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[1—-2]

HRAE 1 EAEARAEEMIEZI Ty 75250, RiExFOIV R
FUOBREFE
[1—2—1]

BRECEMUEBAEI1ERELZ. F2ERESOBRTEMEZET 2
BEAECEMIEIRTY TERICED. [1 - 2]8#HOAZX,
[1—-2—-1—-1]

F2EOEN, BMAFE2EBHETHS. [1 —2—-1]8EDHE
[1—-2-—-2]

MeAEEMUERAE 1 E0E] (EMULABRTEMEEZET 2EH
BHx, BI3IBEAEFOO0/O0vF AV IIVYALELEETZEREE
EMIts27y 7ERICEG. [1-2-11XE[1-2—-1-1]12HD
Pahs N
[1—-2—-—2—-1]

EIEEEY, HMAEIETHETHS. [1 —2-2]18HDAE
[1—-2-3]

MMRAC MU HRASE 1 EHEEEMULAABRTEM 26T 2EHE
lEegEMmLAETOr7Oy T4 I VFALEREBET2EAERX. BEFB
BECEMIEZRTy TE2REICET. [1—-2-2]1X@E[1-2-2—1]
SHOFE,

[1—-3]

HEZE1EQEZE0. TV N MER2UBREBHEL
[1-3-1]

B2EOESOBRTEHAEIZIERELARICET. [1 -3 1EHOF
[1-3—-1—-1]

B2EEHED, HMAE2EHETHS. [1 -3 —1]1E&HODFH,
[1—-3—-2]
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BEIZERESO/ OOy T A VI I VA LEEEETZ2EEEETFIC
E6. [1-3-11XIE[1 -3 -1 1]1ZHDH,

[1-3—-2—-1]

EIEHEN. EMAEIEHETHS. [1 -3 —2]EHODH,
[1—4]
UTFOWTNhATHBcDNA (UF ITE1cDNAL &BH5WD) .
(A) BESIES 1 £/LIE3 TRINZIEEBRINEZLcDNA,

(B) BHES1F/IE3TRINDIBEBRIICH LT 5RULEOR—4
*BY5EERINEEH N, CRAFEMEEZEITIERELZI—RT5c
DNA,

(C) BAINES1F£/IE3TRINDEBEERIOEREINSMBDNAL
ARMN) I MNREHTNATIVIA4XL, D, CRAFEMHZETHE
HE%J1—K35cDNA,

(D) BBINES2F/IF4TRINDT7I/BEINEZSCEREEZI—RY
2cDNA,

(E) BESIBES 2F/£IF4 TRIND T I /BEINICH LTI 5%LULEDR
—4EEITHT7I/BEIESH MDD, CRFIEEZEI2EREEZO—
R¥bcDNA,

[1—4—-1]

51 cDNAZZELDNABEEY,

[1—4-2]

[1—4—-1]0BHDODNABRY THEGRINTHBEAFE 1 ERELZR
IRY KA,

[1—4—-3]

[1 -4 -2]BOMBEEEIZIATy 7250, MBAFE1ERED
EEFE

[2—-4]

UTFTOWTFNILTHBcDNA (LT TE2cDNA] EHWVWD)
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(A) BBIESS. 7. 9, FLIF1 1 TRINZERRIEZZSLcDNA
(B) BEAIZSS., 7. 9, F/HIE1 1 TRINDIEBEERINICNLTIS%
UEtDoR—M%=EBT HRERIZEH. HD. BEFEHEZETH2E0E%
d—K3¥3B5cDNA,

(C) EEHFESSE., 7. 9, F/IE1 1 TRINDIEEBRIOHBBEIH S
BBDNAERN) I MRFEHTNATYE14 XL, B2, BERFE
MEET2E0E8%21—RT5cDNA,

(D) E3ES6. 8. 10, FkLIF12TRINZ7I/BEINEZEVE
HE%#3—K3§3cDNA,

(E) B5ES6. 8. 10, FLiF12TRINZDT7I/BEIICHLT
O5%ULDOR—4%2EBT 273 /BN czEaH HD. BEFEEEZET
2EHE%Z1—RTBcDNA,

[2—4—1]

2 c DNAESTDNAEEY,

[2—4—2]

[2—-4—1]&HODNABEY CHEGRINTHERIE2EHEL R
IRY 2 HRE.

[2—4—-3]

[2 -4 -2]EHOMIREEZEETZ2 ATy 7280, MBRAE2EQED
EERE,

[3—4]
UTFOWTNhATHBcDNA (UF MTE3cDNAL &H5WD) .
(A) BSIE=13, 15, 17, 19, FLIE21 TRINLEERI%
8 cDNA,

(B) BHES13. 15, 17, 19, F£E21 TRINSEERIIC
SHLTOERULOR—MEETZEERNEEH. N2, 7O/AY T4
VIIUYA LENRERETEEHEEZI - RIS cDNA,



WO 2018/074498 10 PCT/JP2017/037629

(C) BHE=13, 15, 17, 19, F£EIE21 TRINDZEERID
HBEEINSBBDNAER N IV MREHFTNATIYVHT4 XL, D
D, O/RvFavIIVYA LEEEETSEREAI—RNTS5cDN
A,
(D) ERFIES 14, 16, 18, 20, FLIF22TRINDT7I /B
FlastEHE%# 01— K35 cDNA,
(E) BR5IES 14, 16, 18, 20, FLIF22TRIND 73 /B
B LTOSRULEDE—ME2ET 273 /BEIE2EH. ND. 7OV
Ay T4 VI IV ALENZET2EREZI—RTB5cDNA,
[3—4—1]
E3cDNAZZELDNABEEY,
[3—4-2]
[3—4—1]HODNAEBEY CHEGRINTHERZIEIBEHELR
IRY AR,
[3—4—-3]
[3—4 - 2]RHOMBEEETZRTy 7480, HBRAEIEAED
EEFE.
[1-5]
EB1cDNAZAWTAINIKEHEEZRRIE A7y T280. TV
R b ¥ VREFIORIER %,
[1-5—-1]
B2cDNAZAWTAIMICEREZRRIEIRAT Y TZEICET, [
1 — 5 IREHDEES *.
[1-5-2]
BIcDNAZAWTAIMICEHEZRRIE DA Ty T2EILED., [
1—-5—-1]1E8&DOREHZE,
IS4 E oD 78 B8 752 B BA
[0019] [E1]Y) LR - RY DT LROCHFEMAZET2ERED c DNARSE
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[0020]

[0021]

[0022]

[0023]

BRICBIT5PCREYOESKHEETH 2,
[B2]) LWV R - R) T2 LADCEFEE%ZETS2EHED c DNARFE
RICBIT5PCREYOESXKHEETH 5,
[EBI&MEMAEREOEREZEEEREMETI Y RN F OV EDEMICEK
EREEOUINEEERTRTH S,
[E4]13 @D EREDRENMEAVLEIY RV OREBIRERTH
Tdh b,
FAAEERT 27-DDOWEE
<1>H#|ZE1EHERTZORZE
(1) HBAE1EQE
HMZE1EQEIR. CRAFEGHEZET5HBAEEETH S,
Mz E1EQEIE. EFEMICE. MTOWTIhATHLEMZERET
H5
(1) YLIWR - RY) Tz LZAOCHFEEEZETHEEEDT I / BEES
EECHBAERE,
(1) aiEe (1) oY TP TH>T. CRFEMEBET2HBAES
=1
DLIWR - R T LZADCHRFEEZET2E0EDT I /BES & L
Tid. BANES2FLIF4TRINDT I /BEINETONSE, T %
DEH>RT7I/BEIEZI— NI HEEBIE L TE, BIES1E£LE3
TRINZBEBINET LN D,
B2 E 1 EQEER. LYBREKNIZKE., MTFTOWThHATHEBEBRAER
BTH>TLW,
(A) BEAIES2F /134 TRINBD 7 I /BEN 42 SUCHEBRAERE,
(B) BBAINES2F/IF4TRINDT I /BEIICH LTI SE%ULEDHE
—4EETHTI/BEINESH. D, CRAFELHEZET2HBAERE

[

e}

(C) EFES1ELIEITRINDIBEERINICH LT 5%ULDOR—MH
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[0024]

[0025]

[0026]

[0027]

[0028]

HETHEERINZECDNAICEL>TI—RKIh, D, CRFEHEEZE
I AHMMAEAE,

(D) BESIES 1 £/41E 3 TRINDIEEBINDOHEBEINSLEDNAE
AMN) I MNRFEHTNATYVEIAXTBDNAICE>TI—FEh,
No. CRFENHEZET 2R ZELE,
2B, [7I/BENEST] i TREEINZST ] &V KRB,
Y (73X VBEINGAD] HEFIEHE BEEINSLD] BE
EEE KA

COEREIF. APHEOEBAICATINAAEICEY HRTHOH TE
BFTIh, ZOLROEIBERCEENI O THLMIINZEDTH %,
ZOMEEIR. TURMNFOUVOBEETTESMREEQY, BB T 25 2ERE
EOBRTEMAATH2ERELEMRICE(L It 2HEE (REBEEHICH
WT TCRFEM] &WD) THb, MBAFE 1 ERER., LA &bk
ZE2EAESOE2EAELOMAEDLHICEWVWT, CRTFEMEETRTE
DTH>TLL,

CRFEUEA2ET I EIE. HREAZMEMIEAES, F2EAE (F
MERCA S TWAVLE D, T MEEEHR] &WS) EOBRTFEEEET
2EHE GEEMR) . £3ERE GBEMDR) Fo/ni/nyvra vy
VA LEMEBETSERE GEEHR) | RUBREREESHAEDE L
BRI, TVRMNFEDVDBEETTOART— RRISOETERET DI &I
LYMEERTE S,

[ART—FRRE] &l TVRMID VLY CHTFEEHAET 2EH
g GEENR) NEEEIh. CEFEEZET 2888 CEMR) ICLY
BRFEMABTH2ERE GEEHR) MEHELINh, BRFEEEZETS
ERE (EMER) &Y nsnoyvra v v LEMEET 2ELE
GEEMR) NEHEEINZ—EORIGEWD, BRI — RRIGDHEITIE.
RHBAEEOLMICEL > TRETE 3,

HBZBE1EQEDY B, REFFELVWOIERIER (A) OHEBAERES

)

b
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[0029]

[0030]

OrisE (1) OHBZEOETHZ P, CRAFEEEETZRY. Thod
NYTPURTH>THEW,

WY F7rME BIZE, ERBOLDGHBAE 1 EREDT7 I/ BES (
BIZILEIES2F/IE4 TRINZ 7 I /BET) ICHEVWT, 1T&HLLCIE
BEDAEBETO., 1TELLIFREOT I/ BOBHR. RK. A, R X
BEMESL 7 /BN 4EH. D, CRAFEMHAET2EMAERE
TH>TEW, AigE NMTABLLIEEE] & HlxiE 1~20@, 1~1
O, 1~5M@, F/E1~3FTH>TLW, LEDT1ELLIEEEDT
I/BOBH. RER BA. RO/ XIEANMIE. EEEOEENERICHE
INBEREHNEETHD, RENEZEDORKRNLE O, RENERTHD
o REMEBHREIE. FIAIE. BRIBMIFEKRT I /B THDIFEICIE. Phe
. Trp. TyrfE T, BRI EKET S /BBTHDIHFEICIE. Leu, Ile, Val
BT, BET7I/BTHZBEICIE. Gln, AsnET, EEMTI/BTHD
BAEICIE. Lys, Arg, HisfET, BBE7 I /BETH BB EICIE. Asp, GLUET
L ERAFVINEEROTI/BTHEZHEICIE, Ser. ThiETHEWIIE
MIDEETHD, RENBHREARINDIEBERE LTE. BEMICIE. Ala
A 5Ser XIEThr ~DBEH, Argh S6Ln, HisXIZLys~DEHE, AsnhHSG6lu, G
In, Lys. HisXIZAsp~DEHE, AsphH HAsn, GLUXIEGIn~DEHE, CysHhHS
erNIFAla~DEHE, GlnH HAsn, Glu, Lys, His., AspXIitArg~ADEHE, Glu
M 5Gly, Asn, Gln, LysXIZAsp~DEH, Glyh SPro~DEH, HishH SAsn
. Lys. Gln, ArgXIETyr~DEH#, Ileh Sleu, Met. ValXiEPhe~DEHa,
Leumr 5Ile, Met, ValXiZPhe~DiE#H2, LysH SHAsn, Glu, Gln, HisXIdArg
ADEBEH, Meth SHIle, Leu, ValXIikPhe~DEHE, Phemh HTrp. Tyr. Met,
IleXiZLeu~DEHE, Serm SThrXIZAla~DEHE, Thrh SSer XiFZAla~d
B, TrpH SPheXETyrADEH, Tyrh SHis, PheXETrpAD B, RO
. Valh SMet, IleXidLeu~DBBRHAEIF SN 3,

T, NUTY NI FIAE EROLDBHBAEI1EQEOTI /B
B (BIZILESES 2 /i34 TRIND 7 I /B ICLT, 80
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[0031]

[0032]

[0033]

%A E, 90%LUE, 95%LLE. 96%UE, 97 %L, 98%LLE,
QINULDRA—MEETZ7I/BEIZ2a2H N2, CAFEEZET
DHBLAERETH>TH L,

Ereo N TUME B, EEREOL DDA E1EQEOTI /B
fc5l% 21— K9 HIREES (FIAFEITIES 1 £4IE 3 TRINDIBEET!
) IKLT, 80%LAE. 90%RALE, 95%LAE. 96%EALE, 97 %L
E. 98%LUE, 99%ULDE—M%EETHIEEEIZZTLDNAICLS
TIA—RIN, 2. CAFEMEZETIHMABRETH>TEHLL,

Free NUTU MG BIZIE ERBOLD GHBAE 1 EREOTI /B
fe5%z 31— N9 28EmRS (BIXIEEIES 1 £/k1E3 TRINDIEERT
) OEBEINNSBBEDNAEIN) Iy NRFBTNA TV H A4 XS
ZDNAILE>TIA—RTh, »D, CAFEMHEEET2HMRAEHETH
2THLW, TZARYY Ty MeEMH] & T. Maniatis5#F. Molecula
r Cloning: A Laboratory Manual 2nd ed. (1989) Cold Spring Harbor Labo
ratory/R EICEBBOBBEDNA TV F4E—2 3 VEET, Whp2RFEN
BNA Ty RO I, IERENDNS Ty RBIEHRIhAaWEGE
Wi, TRAMI VY zy bREMG] & BEMICIE. F MY LERBRED
15~750mM, IFFL<IE50~750mM, LUBFFLLIXE300~
750mM, BEMN25~70TC, FFLKIEF50~70TC, &YHFxELL
I55~65C., RILLTINBENO~50%. F£LLIF20~50%
FYFFLLIEF3E~45%TOREEZWVND, IHIC, AMNYYTIVR
BREHTIE N TNVIAE=—2 3V BOT 4L —DRERED. BRI
FRIDLBREN1E5~600mM, FFELIE50~600mM, &Y
FELLIE3I00~600mM, JEBENE50~70C, FFELLIEE55~7
O0C., dYHFFELLIF60~65CTH%,

NYTF7rhELTEHEMICIE, 818 (B) ~ (D) OMBAZERENFR
LW, AIGE (B) RV (C) ICHBIF2 T95%LULE] IF, FFELLIEZ96%
e, FYFFLLKIE97%EE, SYHFFLIE98%RUE LYFEL
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[0034]

[0035]

[0036]

[0037]

[0038]

[0039]

IF99%LUETH B,

T, HEZE1EQER. CRAFEEZETIRY. Hissv T, VS
TEDEREDRTF RENMIMINTVWTH &L,

o AEREHICHSWT THBLAERE] &3, EREZI1—RT2E
GBFEAIMICHT MAZUAOEEHBICEAL. BREIELIZ&ICLY
"TONLEREZWD, LEA>T. RADAT M AZALIEINZER
BZDHDIE. AEBERICH TS HEBAELE] ITIFEHE LAV,
(2) M2 E 1 EREOEE
B2 E1EQEIR. ZOTERAT I/ BEIINARIBPICEK > THIDH TH
RINEDT, FlzE., COEFIAEI—RKIBDNAZEVWT, BFIFE
MFRICLYRET LI ENTES, MRAB 1 EHEZEGTFIFNFE
L YRET 2 AEGIRICHRINT, flid. ERELBGTIENFE
ICEYEETZ2EEDHEERATE S, MR B 1 EAEIE. Iz &
RARRCEMEEOESRREFA L TERET LI ENTES,

BIZIE, BRI 281 cDNAZAIMICHT MAZUADOTEEMEICE
AL, COcDNANSEHEAREIEDZ I &ICL> TR E 1 EAE
ZRETDHIENTES, AFRBPIE, COLOREHAE 1 EHEOHER
e HIRET B,
BEEHMREICATIMICDNAZEAT . HBZDNANAIHICHEARAE
NEEDNABREY (N5 —RE) ZAVWTELL, COLIBQAIDODN
ARBEME LTI, BIZIEET1 c DNADEAATN/ZD NAEEYHIHIT
TX%, COLIBRATIDODNABEDICOWTIFHRRT 3,

AT MHZLUADEIMEIE. 51 cDNANSERE ZMAEMIC (funct
ionally) BIEIEZIENTEBRYICBEVWTHICREI NGV, AT KA
“UAOEEMIEE LTE. BRI TR EREEN TSNS,
BEEE LTE, FomBECERENETONS, (FomEBEELTE., Fv
AZ—=—ZANLAY—, NLRF—, IVA, Zv b BEILEY MDBEBEFLHL
5 FYAZ—XNLAY—OHEE LTIE. BIZAIE. F¥y4=Z—ZXNALZR
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[0040]

[0041]

[0042]

[0043]

[0044]

& —IRSRmREMpEk (CHO) A¥IF5Nhd, CHO&LTIE, CHO D
G44, CHO S®»CHO KI1p#iFohs, EREE LT FICH
[RXNAQWA, B b HIL, FURVI—BEIFENE, E NOHIIBE LT
X, b MBEBMBESMaY (HEK) A'%iFbha, HEKE LTI
HEK293Aa#IFoh3,

MHEEERICRIR T 2] &1, HRRINAMEMAE 1 EQEN. CRFEN
ERTIEEWVWD, CRFEEETRT C &id. BIBRORBEFHICEBED A IEIC
SYUMRTEIENTES, T, RIRINALELENFIRE (A) ~ (D)
OWINHIDOEEZFOENODT X /BRI ASOMENME. BEINLES
BO7I/BENEZSHL. ChZBMNOT7 I /BEIFIERT B2 &ICE
YR T DI ENTE S,

B1cDNAZAIHICTEEHMRICEATSZFED. UFcDNADREE
MR CTRIBAGRICERINZREBEAZRY ICEVWTHICHIR I RW,
BE1cDNANAIMICEAINBEFHEZEETIES & T, BBAE
1 EREARRIEDIENTE S,

MEGRINBEIMREOEER. fAIAFEBMIBEEZEET S &ICLY
THTENTED, TOROEERGS., YBMENEETCEETEZRY
RHIREINT., AZMEOBEICEERVWONZIEZHEZ, BEICLYEE
BELTAWRIENTES, fl2E. BEMBEISHIAEMEOSSICIE.
HIEMEORBICEEAVONIEMAERWVWDIENTES, DL
B & LT, BIAIERPMI164055H (Sigmazt) . DMEMIEZH: (Sigma%t) *°ExpiC
HO™ Expression Medium (Thermo Fisher Scientific) MEEZRAWB I ENT
X%, EEIE, HxE. 36CT~38CT. 5%~8%CO,HIATT. HE
EEHDIWTFEEEREICLYTICENTES, ERERREEHOF Y
MzRWTH &L,

HRLEBZAE1E0EIR. ChzE8F735AKESE LTEIRL T,
‘MY 2RERRICHATE S,

2B 1 E0ELASET 2AREDE. fIAE, BHER BEELSE M
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[0045]

[0046]

[0047]

[0048]

[0049]

[0050]

REMMRMEY. EREZETNODREMETHY S %, HBAE 1 EREIL.
FMEOREICERELTAVWTEL, BREETZOEEFAVTELL,

BRI, EREOREICAVWONILAMOEEICLYITIZENTES,
FOLDIRBRFZEELTIE, MBT7VEZJLIEE. FILABE/7OTNITZ 7
A= AFREOOTNITZ 74— BKEEFERI QT NTZT7 14—,
EROFOT7REYAMNIORMNIIST7 1 —FDNEIFLN B,

AFRBICLY., HBRZE1EAEOALH. M OMENLRRRENOTH
BEICA >, TOELDICLTHEINMHBAE 1 EQEIF. HIAITHRIRT
DRARICHERTZIENTE S,
<2>HEMZBE2EOERVTOEE

A E2EQEIR. BRFEGHEZET5HBAEEETH S,

M E2EAEIZ. EFEMICE. MTOWTIATHIEMZERET
H5
(1) VDAWR - RYI7zLZADBAFEEHZETZEREDT I / BES
EECHBAERE,

(1) s (1) o) F7Y hTH->T, BRFEMEET 2HBAER
=1

DANWNR - RYTTLADBERFELEZETL2EREDOT7 I /BEII &L
T, BHFES6, 8, 10, FhIF1 2TRIND T I /BEIHIEITFS
nad, £, Z2OLOQ7 I /BB %= 0— N3 2BEET & LTI, B
ES5. 7. 9. FLE 11 TRINDEBEERIN/ZETLND,

2B 2EQEER. LYBRFHIZKE. MTFTOWThHATHEBEBRZAER
BTH>TLW,

(A) BEHFESO6., 8. 10, FLIE12TRIND7I/BEIE=SOHE
m2EHE,

(B) E5ES6. 8. 10, F/hiF12TRINZDT7I/BEIICHLT
O5%ULDOR—4%2BT 273 /BRI czEH HD. BREFEMEEZET
M2 ERE,
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[0051]

[0052]

[0053]

[0054]

[0055]

(C) BHESS5. 7. 9. T 1 1 TRINZEERIICHLTIS%
DEDE—14%=ET2EEEINEZSOCDNAICE>TI—RKREh, D, B
EFEtsET 202 ERE,
(D) EEHFESS. 7. 9. F/HIE1 1 TRINDIEBEERIOHEBEIIH S
BBEDNAERN) DY NRFEHETNA TV FA1XTBDNAICEST
d—RXh, D, BEFEHEET HEBIELE,
COEHEOMEEE. BB ALB 1 BEHESEOCRTFELEAET S
BEAE GEMR) Lo TEMEEAY, RT3 E3EHESO O/ 0O
YTA VI IV LEEEETSZEREAEMRICELLIE2HEE (K
FEERICEWT IBEFEM] &WD) THd, MAE2ELHER. P4
CEHHEBMZAF I RREFOR 1 ERERVHEZEITAEFDHE I EH
BEOHAEDLEICEWT, BREFEEHERTEDTH>TLW,
BRFEMEAETHI&IE. HREAIMM|AEREE, B1EHE (B
M) EOCAFEEZFTZEAE (FME) . FIERE FEEHD)
Fo7/Osayvra v VIV A LEEREETSERE GEEMDR) . R
REBEEEMEAEDLELBRIC. HAT—RRIGOETERHE T2 EICE
YHRTES, COXRICIE. CAFEHEEZETI2EHE GEFMR) %2FH%
BICEEIEZEODI YV RMFIUDNILICHEELTVWTH KL,
TOMODERAIE. FIEE<1 >OFHRAZERTE S, $abb. HIZE. 7
B<1>ICHTS BIUNES1FLIE3] = BIESS. 7. 9. FkiF
111, (BEANES2FLIF4] %= TEEHNBES6. 8, 10, FhiF1 2]
[ (fEz) B1EQE] =2 [T (M2) F£288E] . 851 cDNA
1 # T82cDNA] ., ICEFI] % IBRTF] A& EFhEThmmAHBEAIN
(Edk
<3S>HM|AEIELERVTZOEZE
M2 BI3ERER., 7070y T4 VT VHA LEREBT 2B
ERETHD,
HMAEIRAERF. EFENIKIE. UMFOWTIHLTHIMEBAERET
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[0056]

[0057]

[0058]

Hdo

(1) YLIWR -RY 7z LZ207O70y T4V ITIVHA LFEEERT
P2EHEDT7 I /BRI ZECHEBRAERE.

(11 giE@ (1) oY TP TH->T, 7O/0v 74 VI IUHA L
SEMEET SHEMAEAE,

JLIA - RYTTALZADTOAI AT AV II VYA LESEEETHE
HEO7 X /BB E LTI BIES14, 16, 18, 20, FLiF2
2TRINDT7I/BEBENNGETOLONDG, /. ZTOLIRT I /BEI %
O—R92EERIELTE BAUFES13. 156, 17, 19, Fkid2
1 TRINZEERINEIT SN,

M2 EIEQEIE, LYBENIZKEK., MTFTOWThATHEZERZIER
BTH>T&LL,

(A) BHBES 14, 16, 18, 20, FLF22TRINET7I /BEE
Nzl 2 ERE,

(B) BHBE=S 14, 16, 18, 20, FLF22TRINET7I /JBEE
BT LTOSRULEDE—ME2ET 27 I /BEIE=EH. ND. 7OV
Oy T4 Y JIVHALENEETZHBRAELE,

(C) BBHE=S13, 15, 17, 19, FIE21 TRINDEERFIC
WLTOL%RULEDOA—ME2ET HIEERINEZECDNAICL>TI— KX
h, ™o, 7O00vF4 v JIUHA LEREZET2HBRZAERE,
(D) BEHHF=S13, 15, 17, 19, FkiF21 TRINDEBEERID
EREBINSRBZDNAERN Y YT MNREBHETNATYY 4 X$SBD
NAILE>TOI—KIh, D, 7O00v T4 VIV HA LENRERT
A EHE,

COEAEOHEEE, EUREL-LE2EAESEOBRFELEET D
TAE CEME) ICL->TEHEEAQY, BT 2EE (BEREFLRERT
FR) &M 24 (KHEEZEICSWT I7O0s0vF 4 v T UHA
LEM] WD) ThHhd, HMAEIERER. DA et AE 28
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[0059]

[0060]

[0061]

[0062]
[0063]

[0064]

BEDE2EAELOHEAEDLEICSVWT, OO0y T4V II VYA A
EMERTEDTH > TLL,

TRoO0vT4 Vv IIVHALERERETSIE1F. NREAMEMAE
HE%, £2&08 (4R FOBRTFEHZETH2EHE (EMHR) Xk
UCHREREE EHAEDLELRIC. A AT —RFRIGOETEZRETE I &I
JYMERTE S, ZOXRICIFE. BRAFEHEZETI2EHE GEEMR) Z2&
MEICELIESOOCHFEEHZETHERE (EHE) NILICER
LTWTHELW, T, COXRICIE. CRFEHAETH2ELRE GEFEMER
) ESEMEICELIERLHODI YV RMFIUNRILICEELTVWTE LW

ZOMOERRAIF. AIE<I>OFRAZERATES, $4bs, X 7l
E<I1>ICHITS TRINES1FLIE3] = BIIES13. 15, 17,
19, FiF211 . TRIES2FLIE4] =2 TBIUES14, 16, 1
8. 20, Fkiz22] ., I (Mix) F1&81QE] &2 [ (#z) B3E
HE|]. 81 cDNA] 2 #83cDNA] ., ICHR¥I % IFOosnOovw
TAVIIVUHA L] BREEFNETRTEABANE L,
<AS>HBAHE1EZHEOFER

HRZAE1EQER. F2EAESOBRTFEMAET 2EHESEML
THEDIERTZIENTES, METNIE. AERBE, HEAE1EE
BE4BRTEMHEZEITI2EOELEMIELIRTY 280, BREFEMS
BY2EHEDOENHLAEZEET S,

BEFEHZBT2EAEE LTE. B2EFENETFLNS,

FB2EHER. BEFEMICE. UMTOWTIhATHEIEHETH 5,

(1) VAIWR - RYIJTLADBRFEEEZET2EHEDT I / BES
EEUERE,

(11)siE (1) o) 7Y hThH->T,. BRFEEEAET 2EHE,

B2EAEIR. JYERKHIZIE. LTOWThOTHEEAETH>TL

(AT
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[0065]

[0066]
[0067]

[0068]

(A) BEAES6. 8. 10, LK1 2TRING7I/BEINAES0UE
SE=H

(B) B2AHF=S6. 8. 10, FLIE12TKRIND7I /BEIHNICHLT
O5%ULEDEA—4%2ETZ7I/BENZ2H. D, BREFEEHZET
EHHE,

(C) BEHFESS., 7, 9, F/HIE1 1 TRINDIEBEERIIHLTIE®
UEtOoR—M4%2E72E8EREIZSODNAICL>TI—RKIh, D, B
RFEMEEET 2EAE,

(D) BESUESS. 7. 9. F/iE1 1 TRINZEBEERIOEEERIL, S
BBEDNAERN) IV MRFRBETNAT)FA1XFTBDNAICEST
J—RKRIh, »D. BREFEHEET2EHE,

T, BRAFEHZBETH2EREEL LT, UTOEHEBEITFLON S,
(11 1) VAR - R T2 LRUHNDHT NAZOBRFEEEET S
EHEOT7 I/ BENEEUEHE,

(Iv)siEg (11 1) oNYFPYhTH>T, BRFELEEETIEAE

BEFEEHZET2E0E D RRAIIE. AIE<2>ODHRIPEZERTE S,

AFERICLY, HBZAE1EQED (A) OEEENCEFEEHERFEL
TWBZENHOTHLMNMII N, TOLIAEEEED (A) DERE
RUOCZEQNR)T7Y b, BREFEEHEZETH5EREOFEMHICIEALEED
ThHd,

CZTRAWSBREFEEZET2EAEIR. LROBERUVEEZET
fRY. XRAMHDOIMELLHDTEH. ATHICEREIhAED (BIXIE 8
WMZE2EAE) THLW, AFPRICLY, HBZAE2EQEOATIHNND
BEENARRI O THREICAY, F2EABLZRAD) LIV - R Tz
LZANOLEIGT LR —EDRETHENICHET S ENTED LD
IKiaofel &hnh, BRFEHZET2EEEIR. MBRAE2ERETHD
ZEDTFFE LWL,
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[0069]

[0070]

[0071]

[0072]

[0073]

[0074]

[0075]

A B 1 EREZAVWVCBETFEMEZE T 2E0EOEM I, Hfx
B1EOE CEME) 2FELBRFEREZETIERE GEEHE) 2F&
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r2UEHE,
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EREDOT7 I/ BENZSUELRE,

(IV)®IEB (11 1) onN)7YhTH>T, CRFEUEAET HEAE

CRFEMHZET2E0EDHAIF. AIEE<1 >ODFHRBALZERTE %,

CITRAWSLCHFEEZET2EHEIR. LROBERUVEEEZET
BRY., RAMHOEBLAEBOTH, ATHICEEINAEZED (BIXIE, #
MZEI1EBE) THLL,

ZOMODFRERIZ. AIEE<4 >OFAEERTE 3,
<6>fE A EI3ERNEDMER

MHMAEITOEIG, EEEUMT2OICHERTZENTES, BE
ThIE. AFERIZ, HBRAEIEREZEELEMIEIRT Y T22T.
BB A EEZEET 5,

COEHR, RIEEO GEREE] ELTHERWD I ENTE, RABEX
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BN 00y T4 v T I VYA LEEICE > TU I hiZ &iE.
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RFEMEE2ET2EAE CEME) OFETT. BRFEMEAET2EHE
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W, IHIC. COCHEFEMHZETH2EREZEHRICELIEZ0HIC.
IVRMNRDUBEAETTCCRATEEAZET 2E0E GEEHE) . BRFE
MEEYT2E0E EEME) | MBRAEIERE GEENE) . RUEE
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EEAETHEAE CEMER) NPCRFEMEZREBE L CE2EAEAEMLL
TEBRME, TVRMFIUVERETTIIREICIE, IHIKTVRFMFYY
NCRFEUABT2EAELFHILTEILRN) THERYICBWVWTHIC
REIhAWL, fIAE 2MOSMt— MNERICBITIRBEEEERT 2
ZENTED,

ZOMDERRAIE. FIEE<4 >DFPRAZERATE %,
<7>IVRMFDUOBERE

AFEBOIY R MFI U UORERZEIR. BRAE 1 EREZRE &R
IHZRTYTERL, REFOIV R MY VOBREFETH S,

ZOHEIE, MFCERULBRZE 1 EAEEZ, B2EHEEOBRERT
EMABTAERELEMIEIRATY TERICEATVWTLWL, TOBE
FEMEZETI2ELEIR. BBRIAE2E[ETH>TLW,
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WO 2018/074498 28 PCT/JP2017/037629

[0105]
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o ERMOZMHIE. BIZAEARNDS A - FRBEICBTIRBEGHEEATS
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(2) 53 cDNAZETDNAESEY., HEGRGEMERE. ChaRV/iE
ZBESEQNEDEERZE

AFEEIZ, B3 cDNAASEDNABEYAIRHT S, TEARBIL,
ZDE>TDNABEY CHEGSBRINTHERIEIEAE A RIET M
ZNE3IcDNAZEUHRZRHET 5, FAAHKPIE. 0L LHiE%E
BEITZRATy 7280, MBAEIEQEOEERELIRHET 5,

Z DDA, FIEt<9> (2) DOFHRAZERATE 3,
<12>TVRMFIVUVRBERIORERE

AFEBIE, BT cDNAZAVWTAIMICEHE2RRAIEIIRATYy %
BU. TVRMYUREBFRIOREREHIREIT 5,

CDAHEE. BE2cDNAZAVWTAINICEHEARREIEZ2RATy 7
HEHEICEATWTEY, T, BE3cDNAZAVWTAINICEREARIE
IHBRATY TERICEATULTEL,

INSDcDNAEZBAWTATIHICEREARRIE 2 5XEBICRES
naang, Bz, aism<o> (2) . <10> (2) . <11>(2) &
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[0142]

[0143]

[0144]

[0145]

[0146]

[0147]

REINAEAEERAWVWDIENTES,

CDEIBHET, B1cDNAZAVWTAINICRRIEZ Z&ICLY
HTAE1 EREI’RIEIND, AKIC, BICE2cDNAZHAVWTAIHN
ICRIAIEZ & THREBAE2EAEN. E3cDNAZRVWTAIMICHE
RIEZIETHMAESIERENETNETNHEHIEIN S,

RIRINLEQER. AIRE<1>~<3>ICEHRBLEEBY. HIAIE 55
B, BB LB MRERBREY. FREThOOEEMEOFRICELET S
HRETHY S5, INHLOEREIR. FMEOREICEHELTRWTH LK,
BEETEOEEAVTE LN, fIZIE. ChODEAENMEELERICS
BINTWBHEICIE., TOBMKSEZSALITFAVTE LWL,

ZOMODERIAIE. RIEB<8>DFMPAZERTE S, LN >T. AFEBOD
IV RN URHEIOEER G, ¥y NOREREAETET 5,

BH. AREPATIE. B2E80E MBRAFE280ELY) RUE3ERE
(M2 BEIZHERYE) OWThh—ARXENAF%E, VLR -KRY T
LZUADHT MNAHZICHETZ2INSORBYICTNThBERITEH L
W, B2cDNARVEIcDNAIKDWTHEKETH D, JALILZ - K
TILAPHDOAT M AZELTRE, #FTLIR - YTV 4 YR (Tachy
pleus tridentatus) , #F L DR - FHR (Tachypleus gigas) , #F%7
LOZ-AY YT 47U % (Tachypleus rotundicauda) D FTL I RE
ICBT 2EMPBIF 5N,

TAabL, B2EHE MBMAE2E[ERLRE) IKRKXTYLILR - R
TTLAUADOATNAZ (WFTLIR - N)FTUHYRRE) HEDB
HF MEABREFAYL) =2, F3EHE (HMAE3IEHELAY) IIRX
TR4EYHEEOO/0yv 4« 7T vH¥4 L B2 7Tosavr4> T
IVHALRE) 2, F2cDNAIRATEEYHEEDOBRERTESERT (c
DNAXLZE) &, 3 cDNAIRATEEYHEEO OO0y T4V VT
YHALEBETF (cDNARE) Z#ZhThBVWTELL,

INSLOEREYERTIR. WThE, VAR - RYTZLZALUADS
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[0148]

[0149]

[0150]

[0151]

ThAZICERICREINS 7 X/ BEIIXITBERIZZLEHEDTH>T
HELWVL. ERNHDONYFPURTH>THELW, NUT Y MIDWTIE, &7l
B<I>~<ZT1T1>IIHBFBN) 7Y NOFHBAEERTES, £/, Ihb
DEBHEPEEGTIE. VLR - RYTILZAUADE—DHT MH=ICH
RKIDEDTH>THLL, FITARLLTH L,

LT, RIGCDERANSBHALMGREBY . AFEROIY R M2 VKR
KDEEREICIE. B1cDNA, 52cDNA, RUSE3cDNA (52
CDNARUTEI cDNAIDWTIE, ZOVWTIhHA—AXIERNA%E ) L
ARV TZLAUADAT M A= (9FFL IR - M) FUHYRRE)
BEDBEEFICBIBMATELWY) OFNETNEAINICHT MAHZLANOD
BEMBICEAL, CThO5&ZL2DcDNANSRLZDMERAERE (5131
7)) ZRIRIE, RWVWT. AiEE<8>0D&EBY. ThHLDRREINALZELZD
M2 EAEAEBRKOE LTEEE2RBBEE8EIND,

K

AR, EREGIC & > TARBEEFMICEHRBET 25, Th oI ARFEEBOH
RCTHY., ARPOLEEITCNOICREIND D TIEAL,

(1) 754 —DEK

DLIVR - R T LRACBITHRCHFEEZET2EREDO/ O—=V
TaRADIOH, FTEREOZTSAI—%EH LT,
<CRFEMZEIZIEAEO/ O—=—VJICAVWETS4<x—>
SK15-dT20 :  CTGCAGGAATTCGATTTTTTTTTTTTTTTTITTTIT (ERFIHS2 4)

i

SK15-FC-S :  ATCGATAAGCTTGATGATCTGGGCTTGTGTGATGA (EZ3I&ES25)
SK15-As :  CTGCAGGAATTCGAT (E23&ES26)

LFC-5race :  CTACACCAAGTTCCA (ER3&/ES2 7)

LFC-1st-S :  GTAAACCATGTGACAAACTGGAGGC (EEFIE=2 8)

LFC-1st-As :  AATAAGGCCTCCATCGATAGAAGTA (ERFIEE29)
LFC-EcoRI-kozak-S :  GGGGAATTCAAGCTTGCCACCATGGTACTAGCGTCGTTC (FR%IEE
£30)
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[0152]

[0153]

[0154]

[0155]

LFC-XhoI-stop-As :  GGGCTCGAGTCAAATGAACTGCCGAATCCACGATA (BZZES 3 1
)

/. BRTEMAEIHI2ERERYTOI0Y T4 YT IT VYA LEM
BT HEREORI/IO— =V T a5HADH. TROETSAT—%EK
L7,
<BRFEMZEITHEQAERCIOO0v T4 VI VYA LEEEET
PEREO/O—=VJICRWET 4 —>
SK15-FB-S :  ATCGATAAGCTTGATCACATGCAAGGAAAAGTTCT (ER5I&ES 3 2)
SK15-FB-As :  CTGCAGGAATTCGATCACTGTTTAAACAAACTGAA (F23I&ES 3 3)
SK15-PCE-S :  ATCGATAAGCTTGATAGACCAGAGTGGTCTTTCTG (F23I&ES 3 4)
SK15-As :  CTGCAGGAATTCGAT (E25I&ES26)

(2) VLR - R 7 LZ2OMBRMEN SO ~—4 JLRNADES

N—#4 JURNADASL L, Purelink (Z$XFHE) RNA Mini Kit&PureLink (
Z&xiatZ) DNase kit (Thermo Fisher Scientific) %Z{EMH L. EAHIRIE
TR DBRBAEICHK >z, VLI - RY 7T AZADMBKME T —I2.23¢
ICTRIZOVAR ZNINL CHIRRZRFE L7z, D%, Zhic/ 00w AZR
MUTEODBEL. KBAESBL, BONLKEBICTIY / —ILERMLKE.
INZzEFy MIREOYY) ARA—KN) vy JILBT & T, BB %Z>Y
HEICHEAEIE, 2OV HEICF Yy MR{TDDNase 1% 01X TDONA% 3 R
L. A— MYy DS E. BENYy 7 7—%RMLT. F—4%JLRNA (1.3m
9) Z[@EUX L7,

(3) VLR - RYIJTLADCRHFEMEZETZ2EEEDCNA (B1c
DNA) DS
(3—1) B12RFy 7

AIEE (2) TEYX L7 M—4JLRNAZ T & LT, SK15-d20 (EBHI&ES 2 4
) #7543 —E LTRAWEHEEERIGET\W, cDNAEB, K754 < —
IEMRNAD R Y ABRFUISBIRBICHE SR T 5 £ D ICERETSI . BICETOHMHMUICRY
AS—F - FxA4v - -YFHayv (PR) ([CRIETEEAMETIEZHE LTV
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[0156]

[0157]

[0158]

[0159]

[0160]

%, ARISTIEHESEER & L TSuperScript III Reverse Transcriptase (
Thermo Fisher Scientific) ZFAW. RINFHIZHMDEHRAZEICHK > 1,
(3—-2) 2257y~
BONIDNAZEERIE L, VR T54<7—& LTSKI5-FC-S (BLHIES 2
5) . PYFEVRTSSA4<w—&LTSKIS-As (BEeFIES26) . R XS5—
¥ & L TTks Gflex DNA polymerase (# 75 /3N1 %) #FHWTPCRE1To /-,
PCREM%ZT7 HO—RATINEKKEITHERLIEZ S, BBE L7DNA (LpF
Cl) RIFEAERIMTET, FFEMNDINABRISARITIINE (1 A) , %
ZT UWFoORFy TaEdoee Lk, BB, I1AFRD 1] OL—V
EHAX—h—, 2] OL—VHPRE#NTH D, FHL=ZAENIELPFCID
BENFERINZEDTH S,
(3—3) E3IxRFv S
LoFCIDBEENFEI NI &I SEIY H LT, DNAZHIH, BEL
Too THEHEELT, VAT 54 7v—& LTSKIG-FC-S (EEHFES25)
CTUFEVRATSAT—E LTSKIG-As (BBHIES26) . RYXS—HE
L TTks Gflex DNA polymerase (# 7 Z5/84 F) ZRWTPCRZEIT > 7=,
PCREME T HO—ZATINEKXB LR, BIREZEICEME LN
A (LpFC1) AZFLKIBIRLTWE (1 B) . ZOLpFC1Z7 I o8Y L
THiH., BE L, ThiZLY, YVALR -RYTTLRADCHEFEEES
T5EAEA0— NLTWBATREMEN 3 SDNADER B A (LpFCT) DEVSIC
BRI L7z, B, 1BHDO 1] OL—VigHA41XAx—h—, 2] OL
—VHPCREMTH B, Fo. ZAMIELFCIDMBTH 5,
(3—4) B4R7v7
LpFC1%A EcoRVEZZRALIE | /=pBluescript II SK (+) &34 L. In-Fusion H
D Enzyme premix (¥ A5/ 31 #4) ZAVWTHBZARIGICLYRTH—~DE
A&ET>7T-, RIGYN%E. coli DHS« competent cel UICFSEERH L. X-Gal.
IPTGEEC T ESL Y VIBEM T L —MIZH LT, FI—K74 b ZTY
— VLB I0=—DEEET o0
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[0161]

[0162]

[0163]

[0164]

[0165]

ZFO%, BEHEOIO=-—ICN T2 I0=—PCRTINAIEIE# 1T o7z, T DR
. BVRTFPS 4T —ELTM3-20 Primer, PVFEVRTSA<T—&LTM
3 Reverse Primer, R') X5 —+t & L TTks Gflex DNA polymerase (¥ h 5
NAF) ZRAVE, BONKPREMEZ 7 HO—IATILVEIIXEER. TILHDH
PIYH L THiH, BB L7DNA (LpFC1) #§EIE LT, ¥ —2 TV APCRICEK
YEH AR LT, ThiIT& Y. LpFCTIMDNAERZIAMHIBA L 7=,

(3—5) HE5RF7Tv S

LoFC1DECTIEHR & S ICER L /=& MDNA LFC-5race (EB5IHES27) D5
" KA. ATPIETE T CT4 Polynucleotide Kinase (9 HS5/8AA) kYY)
VEBIE U7, BIEBDO M—# I RNAZGFEE L, BN VBIELTS1~
— & Wier Ef#3RSuperScript III Reverse Transcriptase (Thermo Fisher Sc
ientific) ZAWEHERERISICELY. BBE T SBDNA (LpFC2) %157, &
nickY, VAR - RYIJTLZAOCRTFEEAET2EHAEO -9 %
BUT7I/BENEI—RLTWSAEEMEN D Z2DNADER DM H (LpFC2) %
B

LpFC2%RNase AF7E T CEURALIE (95C. 299@) LAdB, T4/ —Iik
By A{T>7=, ZD#%. T4 RNA Ligase (New England Biolabs) TRLIE | /=&
B, LpFC2A%ERmMICHES LY A7 < —1EDNA (LpFC3) B SNz, Th
WKEY, VAIWR -RY T LZAOCHEAFEEAET2E0EO—Ho%22
7 X /BN %EI— FLTWS MDD HDNADERS R (LpFC3) %15
T=o

LoFC3% 8B, TV RS54 < —& LTLFC-1st-S (Ee5&ES28) . 7
VFEVRATS A7 —& LTCLFC-1st-As (EEHIES 2 9) . Tks Gflex DNA p
olymerase (¥ HS5/81#) HFHW/PCRE{T\L., HAYE T BDNA (LpFC4) %
1BiE L 7,

PCREMZT7 HO—RTINERKEITHELEI S, BME LADNA (LpF
C4) IFIFEAERMTET, FIFFENADNABIRIRIMNI N (B2A) . %
ZT UWFORFy el e e Lk, BB, H2AFRD 1] OL—V
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[0166]

[0167]

[0168]

[0169]

[0170]

[0171]

G4 X<v—h—., T2] OL—UHIPCREMITH D, £/-. =AENILLpFC4
DHRETH S,

(3—6) LEerRTv/

LoFCADFEENFRINZEDE TSI LY H LT, DNAZ ., BEL
Too ThEHHELT, BV RAT547—& LTLFC-1st-S (EBHES2 8)
TUVFEVRTS4<T—E LTLFC-1st-As (BB S 29) . RUAS—
£ & L TTks Gflex DNA polymerase (¥ hS /N1 F) ZFRAWTPCRZTT > 7=,

PREMAZ T HO—RFIETKB LABER. BIREZEICEME LADN
A (LpFC4) AZELIBIBL. EFICHBETHREINL (B2B) , TODLpF
Ca= I bty L THH, B8 L, chilkY, VLALR-RY Tz
LZDOCRAFEMEETIEHED—HAE2E2CTI /BEHNAI1—-RFLT
W2 ETREME DY HDNADER BT F (LpFC4) DEFICEZh L7z, b, 2B
RO 1] OL—VidHAZXT—h"—, T2] OL—UHPCREYTH B, F
. ZAEELpFCADFEENFRINZ L TH S,

LpFCA% 858 & L. ¥ — Y T APCRIC & YLpFCADELS % fEHT L7c, ThIC
Y. BEMELSE®DS {AIODNAEFIAHI L 7=,

(3—=7) BETRFv 7

AisE (3 —1) THAEDNAZEHRE L, BV R T 54w —& L TLFC-EcoRI
~kozak-S (EEHHE=30) . 7VvFtEYRFS547—& L TLFC-XhoI-stop-A
s (fg5BES3 1), RYAXAS5—t & LTTks Gflex DNA polymerase (¥ HS
NAF) ZAWVWTPCRZT1T o 7=,

PCREMZ7 T/ —)L/0O07A)LLHE. T4/ —ILIEBICK > TSR
. ECORIEZZR & XhoIEARCALIE L 7o, HIREERUIBEME T HO—XATILESR
KEL T SEIY H U, DNAZ ., #B5 L TEMDNA (LpFC5) %157,

LpFC5% EcoRIEESR & XhoIEESR CHLIE L 7= FIRNR 4 4 —pCA7 (Takeda et al.
, 2005, J virol 79:14346-14354) &3B& L. Ligation Mix (4 H5/3( =
) ERWTSA Y —YavRin%aiTo, RIG¥%E. coli DH5 o competent
celICBEI L, PYEY) VEHALBEM T L — MR/ L, BN
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[0172]

[0173]

[0174]

[0175]

[0176]

AO=-—HALI0=—PRICL ZBELIT o2k, 7Y EY Y v EALBEMIC
FE®E L7,

E&E%. NucleoSpin (ES%PH#ZE) Plasmid Easy Pure (Ry /NS4 - F—
TIW) IKEB TSR RIERET >, BONEL2BOI/O—VDTFRX
RESERIE L, —2 TV APCRICE Y R~ DIREES % 82T L 7=,

ZhiZkY, VLR -RY T LADCRTFEZEAET HA8EMENH D
EHE%Z 01— FT5cNAOERESS (FHIES 1. BIIEFESI3) & TOE
BEO7 I/ BOo2REES (BEHINES2. BEIES L) OBEBBICHD TR
L7, BBAES1 &3 (BBANES2E4) FAN) 7Y NOBERICHY. BHF
BOZBIEICEEALND, COEQEORBERCEEBITICOWVWTIE
#®kd B,

(4) VAWR - RV I LADOBRAFEEEETI2EREDCDNA (B2 c
DNA) DHIF
AiEe (3 — 1) THALDNAZEZHEE L, £V R T 54 v —& L TSKI5-FB-S
(EE51&ES32) . PvFEVRT S 4<% —& LTSKI6-FB-As (ELHI&ES 3
3) . BRYXS—+F & L TTks Gflex DNA polymerase (¥ hHS5/81 %) %
WTPRAE1To 7, $BIE L BT %2702 (3 —4) CRAUCFIET/O—=v7
L. o4O/ O—VICDOWTE L DIEEES %= 8847 L 7,

ZhiZ&Y, VLR -RY T LADBRTFEEEZE T HAEMENH D
EHE%Z 11— FT 5cNAOERESS (E57IEFESS. BHNES 7. BHIES9
EBINES11) & FOEREOT I /BOLRES (BEFES 6. B
£S58, BHWES10, BIES12) ALK, BHIESS., 7. 98
KU1 1 (BRHBESG6. 8. 10HLU12) ENYTY FOBRICHY.
BEFEEOZRICEDIL EEALOND, COEAEORBERTEEETICOW
TIRERT 5,

(5) VLR -RY7zL207A/Ay T4V ITIVHA LESEEET
ZEBAEDCDNA (B3 cDNA) OEE
AlEe (3 — 1) THADNAZEHRE L. BV R T 54 v —& L TSKI5-PCE-
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[0177]

[0178]

[0179]

[0180]

S (FB3IES34) . FVvFEVRTS54<v—& LTSKI5-As (EBHIES2 6
) . RYXS5—+E & L TTks Gflex DNA polymerase (¥ HS5/54 ) AAW
TPCRZ1To 7/, BIRLAMIAZAIEE (3 —4) EAUCFIETI/O—=TL
. BONESEOIO—VICDWTE A DIREFS %8 L,
CHICEY, VLLR -RYTTAZROTOVAY T4V TIVHA L
MEBTHAREN’HLIEAEEI— NT S5cNAOLRET (BEIES1 3
. EBHNES15, EBHNES17., EBIES19, BBIES21) & TD&E
HEO7 I /BOLRES (BFES1 4. BEHES1 6, BIES1 8.
fE7&ES20. BAFES22) #fALL, BHES13. 16, 17, 1
9BLU21 (EBHES14, 16, 18, 208LU22) @AY FTUH
ORERICHY ., BFEBOZRICEDICEEILONS, COEREORRERY
SEMRTIC OV T BRT %,

(6) #HMZEREDHIR

AIEC (5) THE/cDNA (EEFIES 1 3) %, HWEHFME TOERERIREMA
Ry H—pCATIC DR E, BTSRRI N&1S/K, Rid (4) THR7cDNA (B
5|1&ES5) &, xat (Kobayashi et al., 2015, J Biol Chem, 290:19379-19
386) ICHEV. BEHEHRRBANI Y —pCATICDAE, RT3 NaBi,
INODRRETZIAINBLURIE (3—7) TRONERETSIAIN (
EEHIES 1 DDNADHEAAE N/ E D) &, ExpiCHO™ Expression System (T
hermo Fisher Scientific) Z{E\\., HWELFESE LTE2OHEBAERE
18T,
HMIEANDRIRTSAI RO VR T7 27 a3y HBAEREORNIE
. BT OHRBEICRE - 7

ZhickY., VoIWR - RY 7z LRAD, CRFEEEET HAEEMELH
2&EB0E (BBES2) . BEFEUEZET2HMIHLERE (BIF
56) . /0y Fqa v I I VYA LERER T SAREAHIERE (
BHIES14) ORBERVIRBICADOTEMI L, ThSEREOEMEMENT
ICDOWTIRBRART 5,
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[0181]

[0182]

[0183]

[0184]

(7) EMERIE

50mM k1) ZIBER (pH8.0) . AREE (Boc-LGR-pNA) DFIEFT. i
(6) THRASEEOHRZAEHEDEADHEEGEICOWVWT. KEXRAE
EITY NbF2 Y (USP-RSE, 4{bZTHEMAR) (0EU/mL, 0.05EU/mL, E
URTY RhFIVBA) Z28EFELT. TV RN VICRELLEIEDOHE
BRABEQEOEE L ERARL, ZORIGIE3 7CT3 0NRIT> 7.

CDF7YvEARTHRT—RRBMETTHIE. TV RMFIVICLYC
HFEEZ2BT2E0E8MNEEEIN. COFESEEINAEZCRTFEEHZEY
P2EREICLYBRAFEEZETH2ERENEHELIN. COFEMHEINE
BREFEEHAEI2EAEICLY IO/0v T4 VI UHA LENEEET
ZEAENEEEIN. COFEMEEINAETOVOYy T4 YT VYA LRE
MEBTHEEEICEY AREEBoc-LGR-pNADIRTI iy ThiT & Y pNAA
BEET D, pNADBEREIE. TRFEE (A405nm) DELZRET 2 & THRALE
o TOMRR. 3BOMBAEAEI - LIBEICAREEDUMAA SNz
(M3) , Ay, B3, FCIFRIEE (3 —7) TRECINANSLRITIHALE
BHE. FBILAIEE (4) THENADLREIRIE/ERE. PCEILRAIEE (5) T
FcDNADLRIVI T LEHETHD, TV R M FIURBERE LK
DRBHE (100ul) FOEAEKBEIL. FCA22.8ug/nl, FBA20.0uwg/mL
. PCEA23.5ug/mLTCH o1, BT vEAIEN=3 TTV, EERFEETS—
N—& LTEHPICHFEE L.

D ENL, BFRINLCRFEEHEZE T 2NN HIERE. BE
FEMAETIAEEIHIEAE. OOy TV ITI VYA LEEE
ET 28N’ HIEAEIE. ThETNhCRTFEME. BREFEE. 700
YTFA VT IVTALFEEEBL, TVRMEYVEEMTEIEICEST
ARAT—RKRIEHPELDZEDMOTRING, FLIhOLOEBRAERE
ZRALT. TVRMFIVERETES ZEDOHTRINE,

I, COEBTFTTIVRMNFYVOBERELHERAR, BREHEERL
fe&Z %, 0,001 501 EU/mMLDIREEE CRFLAEREZSRLE (H4)
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[0185]

[0186]

[0187]

[0188]

[0189]

[0190]

s BEIVRINFVVBEILBIETYyEAIIN=3TT\W, EEREELIS
—/N—& L THERICHEE L.

UEDHERHMNS, AIEED IBEOERMBLAEGHEZAWSIET, TV
P VOEENLERENDSHRETCORELARTH S I ENMH TR
Ihi,

(8) #F 7L ABEAFDIE#Z CHTF & DIEMLLE

VAR - R 7T LABROMBBLACRHT (LUF ILFCI ) &, #F 7L
D ZABHEROHERZ CETF (LAF ITFCl ) &DEMALLEER L,

LFCIZ. BE5UES 1 DcDNA%ZRIEE (6) SRRICKIRI G, BELRES &
LTHER, TFCIE, 4F LI - NUFTVHYZOCEFEMERF (W02014/0
92079DELHIES 1) ZRXMOERGI 1. (2) ICEHEOFEICL > THIE
(6) EAKRICHREIE, BELEBFESE LTHFL, 2Tk, ERERR
ARV —ELT. WTFhHpCl-neo (Promega) % FBULN,

AEBRICH T BLFCETFCICDOWT, CERFRENGE/ 7O0—F Ltk (201
2 ; Yoshiki Miura, et al., J. Biochem. 112: 476-481 (1992)) ZFW\/="
TRHvT70Y hefTolk, FELLWEEBOY YTV (B3ul) 277314 L
TNy NOMEEHFERITAE U 72#ER, LFCIZ18036, TFCI£24516TaH o 7=
o Thabb, FEREQY Y TILHOHBX CRFOENE (TFC/LFC) 1.4
THhoT.

RIS BRAT—KRIE%R (CERF. BRF. Ro7O070yv5rq4 v Iy
YA LEEETIR) KBTI MMACRTOEREELE L, BRFK
OO0y T4 VI IVYA LR, WEThESF LI XABEBARROHERZ
EHEEZRWL, AiElE. §F LR - NYFVHYROBRTFELGRT (W
02014/092079DEFIES 5) %, BHFRRAEMOTO/AYF 1V TIVH
1 LEBETF (AXMORINEST) =, TNETNRXIICEBEHDOFE (EiE
Bl 2. HBAT7OS—BEHBATOIOYvT A VT IUYA LORESE
) TREIH, BELFENE LTHEALEOERAVW,

2 CEF (LFCRIATFC) &Y > I (WThEREBE) . WUICHT
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BOYFTLIZR - NUFU4HY RBXOEHEZBAF (TFB) RUEBEEXD
Mgz 7osayrFa« v T4 L (TPCE) ZAWT, ®igd (7) ICEEH
DFHETEMERE L. AVWSHBACETUADERMHIEIR—& L,

[0191] B‘BAHRS—RRIBFRICHIFTS, EU/mL (TS5 4) R0, 05EU/mMLOR TV
RhFVREICEITD2/AEDEL (nAbs/min) (&, LFCOFRTO. 53K 14
27, TFCORTO.51, 9.15CTH o7 TRDBIDRICHWT. LFCIXTFCO
#1.6f&5 (RIEENDECEDEELEETNIEH2.2(5) OFMERLE,

[0192] BHAESHFHEHF2016—-2047295 (HFEH:2016%F 108
18H) ORI ZEDODL2ENSRICELY APFHEEICERYAEFNS,
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[555R184] EREVICCHOEMAZAEASD. TV R MFY VRHHL



<110>

<120>

<130>

<150>
<151>

<160> 34

<170>

<210> 1
<211>
<212>
<213>

DNA

<400> 1

atggtactag
cacccagttc
aagtgtggag
cgatggaggc
tacaaacgat
aaatatggaa
aggacaggag
ggttgtcctc
ccacaaacta
acctgtcttc
atggtttcat
gctactttaa
tgccagggca
cctgaccttg
tatggtcaat
atgggtttgg
tgtgttaaag
gatgttggcg
gtatggggta
ggcaaggttc
tttctggcta
ttccgattcg
tggttcgaga
gctcaaggtg
ccaagttcct
cacagattag
ttgaatgaca
tatctggata
tcaagttttg

3063

F201706-7383

JP2016-204729
2016-10-18

cgtcgttctt
agtccagagg
atccaggata
cttattgtaa
gtcaagagtg
cttggtgtag
cttgtacatg
ttcttcaatc
ttgactacag
caaatgggca
ctctagaaca
ggttctcatg
acggtcagtg
accctgtaag
ttcctcaagg
acaccttaaa
tggcagacag
aacctgtcag
cagccatata
caaactctgg
gtgatctgaa
attatgtcag
ttgaggagaa
tatgtaccaa
tgactgagac
atgctgataa
gcctaacatt
tccaagatca
tttgtatgat

49

SEQUENCE LISTING

Seikagaku Corporation

PatentIn version 3.5

Limulus polyphemus

ggtgtctggt
agtagatctg
cgtgttcaac
accatgtgac

tagggctggt
cggtgagtgt
tcgtgacaga
ggatccccag
ctgttcacca
gtggagtagc
tggcaaagta
tgatagtccc
gagtgggcag
ccatgctgaa
cactgaagta
atgtaaccct
agaggtcaac
gatccactgt
tcacgaactt
aggtgcagtg
tgggataaaa
ttcatcaaca
ctgtgtgtac
tatggccgct
tctacgaggg
tcactttatt
ctgggctcct
gctacagcca
ggatttgtca

ttagttctag
ggcttgtgtg
gtccccgcega
aaactggagg
ctcgacagtt
cagtgtaaga
tatgaaggtg
gttcaggaag
ggcttcaagc
tttccaccca
aactctccta
tactacttga
ataccacagt
caccaggtta
acctatacgt
gatgggtcct
tgtgacagta
cctgectggcet
tcctcagtat
catgtagtga
tcagacgagt
gcagggagaa
gttacatcga
cgtcttgectg
aaagggttag
tgggagctaa
ggagaacctg
gtgtggaaaa
gacaagaaca

ggctattagc
atgacacgag
agcaatgtac
ctaaagatgt
gtgtgagttg
atgggggtat
tgcattgtga
taaaaaatcc
ttaaaggcgt
aatgtattcg
gtgccgatct
ttggtcaaga
gtcagaaatt
aaattggcct
gtactggtaa
ggtcgggaac
aagctgtgga
gttccttaac
gtcgtgcagc
acaacggtcc
tgaagtctct
agtcaggatg
aacagagagc
tgttagacaa
caacgacgtg
tggatcgcag
ggaatgaaac
ccaagtcttg
aagccaaatg

Recombinant protein of Limulus and cDNA encoding the same

ccaacaaatg
gtttgagtgt
gtacttctat
gtgtcccaag
tccacctaac
ttgtgatcag
aatccttcaa
accaaatgat
ggcacgtatc
agaatgttcc
gatagaagga
aacattaacc
ggtcttctgc
agaacaaaaa
ttacttcttg
acagccgtcc
cttcttggat
tgctggtact
tattcatgct
gtactcagac
tgctcagagt
tcctgatgga
ctgggaaaga
agatgtaatt
gattggacta
tagtgttgct
taactgtgta
ttttcaaccc
Caaagaccct

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740



ggacctttgg
gggtcttctg
tcttgtacat
tgccaaaccc
aactcaatca
gccagagcag
tcttccaagg
tgcgagtcaa
aagtggagtg
tctcctttca
atctccagat
aatgagaaat
attgacccaa
gatgactacg
ggaaatctca
cgagtgcaac
gcgttagegg
cagcaagccg
ggcttgccac
gatgcctgca
aggcggtggs
aaccagtatg
tga

<210> 2

<211> 1020
<212> PRT
<213>

<400> 2
Met Val Leu
1
Ala Gln Gln

Cys Asp Asp

35

Phe Asn Val
50

Tyr Cys
65

Tyr

Lys

Lys Arg

Cys Pro Pro

Lys Asn Gly

115
Asp Arg Tyr
130
Gln

Leu Ser

aaaacggaca
taagatacag
caaatggcac
ctcctgtacc
gtcgtgttgg
ccggacctcc
tcaaactgcc
gatactacga
gtcgaccagc
tcgtcaatgg
ggcttgcaga
ggatcattac
gtcagtttaa
tacaagtaag
actttgacat
caatatgtct
tggtgacagg
ttctgectgt
tgacagtgac
gtggagacag
tcctggaagg
ggggcttcac

Ala

5
Met His
20
Thr Arg

Pro Ala

Pro Cys
Gln
85
Lys

Cys

Asn
100
Gly Ile

Glu Gly

Asp Pro

Ser Phe
Pro
Phe
Lys
Asp
70
Glu
Tyr
Cys
Val

Gln

cgccaagctt
ctgcgaggtc
gtggagtgcc
atcctatggt
gtcgccattc
tccaaaacct
tgaaggtcat
actgcttgga
aagctgtata
aaattccacc
tcataatatg
tgcagcccac
attctacctg
agaggctatc
agccctgatt
gcctactgat
atggggtttg
tgttgcagca
agagaacatg
tggaggacca
gatcgtcagc
taaagttaac

Limulus polyphemus

Leu Val

Val Gln

Glu Cys
40
Gln Cys
55
Lys Leu

Cys Arg

Gly Thr
Gln
120
Cys

Asp

His
135

Val Gln

50

catggtcaaa
ctccactacc
cctaaacctc
tctgtggaca
ttgaggttgc
agatccgcac
taccgggtgg
tctcaaggta
ccagtttgtg
gaaataggtc
tggtttcttc
tgtgtcacct
ggcaaatact
gagatccatg
caactgaaga
ctcactacaa
aatgaaaaca
agcacctgtg
ttctgtgcag
ttagtgtttg
tggggcagcc
gtttttctat

Ser Gly Leu
10

Ser Arg

25

Lys

Gly

Cys Gly

Thr Tyr Phe

Glu Ala Lys

75

Ala Gly Leu

90

Trp Cys Ser

105

Arg Thr Gly

Glu Ile Leu

Glu val Lys

gtattgatgg
tcagtggaac
gatgtattaa
tcaaaccccc
cacggttacc
caccctctac
ggtctcaagc
gaagatgcga
gacggtcaga
agtggccgtg
agtgtggagg
actctgctac
atcgagatga
tgaatcctaa
cttctgttgc
gagaaaacct
acacatattc
aacaaggata
gttacaagca
ctgatgattc
ccaatggatg
cgtggattcg

Val Leu Gly

Val Leu
30
Gly

Asp

Pro
45
Arg

Asp

Tyr
60
Asp

Trp

Val Cys

Asp Ser Cys

Gly Glu Cys

110

Ala Cys Thr
125

Gln Gly

140

Asn

Cys

Pro Pro

attttatgct
tgagacagta
agtcatcacc
aagtagaaca
cctcccttta
tgtggacctg
catttacacg
ctctaatgga
ctctccccgt
gcaggcagga
agctctactg
tgccgagatc
cagtaaggat
ctacgatcct
tctgaccaca
gaaagaggga
agagatgatt
tcaggactcg
ggggcgctat
ccgcaccgat
tggcaagtct
gcagttcatt

Leu Leu
15
Gly Leu

Tyr Val

Arg Pro

Pro Lys
80
Val Ser
95
Gln Cys

Cys Arg

Pro Leu

Asn Asp

1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3063



145
Pro

Val
Pro
Lys
Phe
225
Cys
Leu
Val
Glu
Thr
305
Cys
Asp
Gly
Glu
Asn
385
Phe
Leu
Arg
Val
Cys
465
Pro
Trp
Leu

Ala

Gln

Gln
Ala
Lys
Val
210
Ser
Gln
Val
Lys
Val
290
Leu
Val
Phe
Cys
Leu
370
Ser
Leu
Ala
Lys
Tyr
450
Thr
Ser
Ile
Met
Pro

530
Asp

Thr
Arg
Cys
195
Asn
Cys
Gly
Phe
Ile
275
Thr
Lys
Lys
Leu
Ser
355
Ser
Gly
Ala
Gln
Ser
435
Val
Asn
Ser
Gly
Asp
515
Gly

Gln

Ile
Ile
180
Ile
Ser
Asp
Asn
Cys
260
Gly
Tyr
Cys
Val
Asp
340
Leu
Ser
Gly
Ser
Ser
420
Gly
Thr
Met
Leu
Leu
500
Arg
Glu

Leu

Asp
165
Thr
Arg
Pro
Ser
Gly
245
Pro
Leu
Thr
Asn
Ala
325
Asp
Thr
Val
Ala
Asp
405
Phe
Cys
Ser
Ala
Thr
485
His
Ser

Pro

Gln

150
Tyr

Cys
Glu
Ser
Pro
230
Gln
Asp
Glu
Cys
Pro
310
Asp
Val
Ala
Cys
Val
390
Leu
Arg
Pro
Lys
Ala
470
Glu
Arg
Ser

Gly

Pro

Ser
Leu
Cys
Ala
215
Tyr
Trp
Leu
Gln
Thr
295
Asp
Arg
Gly
Gly
Arg
375
His
Asn
Phe
Asp
Gln
455
Arg
Thr
Leu
Val
Asn

535
Val

Cys
Pro
Ser
200
Asp
Tyr
Ser
Asp
Lys
280
Gly
Gly
Glu
Glu
Thr
360
Ala
Val
Gly
Asp
Gly
440
Arg
Leu
Leu
Asp
Ala
520
Glu

Trp

Ser
Asn
185
Met
Leu
Leu
Gly
Pro
265
Tyr
Asn
Ser
Val
Pro
345
Val
Ala
Val
Ile
Tyr
425
Trp
Ala
Ala
Arg
Ala
505
Leu

Thr

Lys

Pro
170
Gly
Val
Ile
Ile
Gln
250
Val
Gly
Tyr
Trp
Asn
330
Val
Trp
Ile
Asn
Lys
410
Val
Phe
Trp
Val
Gly
490
Asp
Asn

Asn

Thr

51

155
Gly

Gln
Ser
Glu
Gly
235
Ile
Ser
Gln
Phe
Ser
315
Cys
Arg
Gly
His
Asn
395
Ser
Ser
Glu
Glu
Leu
475
Lys
Asn
Asp
Cys

Lys

Phe
Trp
Ser
Gly
220
Gln
Pro
His
Phe
Leu
300
Gly
Asp
Ile
Thr
Ala
380
Gly
Asp
Ser
Ile
Arg
460
Asp
Gly
His
Ser
Val

540
Ser

Lys
Ser
Leu
205
Ala
Glu
Gln
Ala
Pro
285
Met
Thr
Ser
His
Ala
365
Gly
Pro
Glu
Ser
Glu
445
Ala
Lys
Leu
Phe
Leu
525
Tyr

Cys

Leu
Ser
190
Glu
Thr
Thr
Cys
Glu
270
Gln
Gly
Gln
Lys
Cys
350
Ile
Lys
Tyr
Leu
Thr
430
Glu
Gln
Asp
Ala
Ile
510
Thr

Leu

Phe

Lys
175
Phe
His
Leu
Leu
Gln

255
His

Leu
Pro
Ala
335
Pro
Tyr
Val
Ser
Lys
415
Ala
Asn
Gly
Val
Thr
495
Trp
Phe
Asp

Gln

160
Gly

Pro
Gly
Arg
Thr
240
Lys
Gln
Thr
Asp
Ser
320
Val
Ala
His
Pro
Asp
400
Ser
Gly
Cys
Val
Ile
480
Thr
Glu
Trp
Ile

Pro



545
Ser

Cys
Gln
Glu
Asn
625
Cys
Pro
Leu
Lys
Lys
705
Cys
Asp
Cys
Ser
Leu
785
Asn
Thr
Tyr
Ala
Phe
865
Arg
Leu
Asn

Ala

Thr

Ser
Lys
Ser
Val
610
Gly
Gln
Ser
Pro
Pro
690
Leu
Glu
Ser
Gly
Thr
770
Ala
Glu
Ala
Tyr
Ile
850
Asp
Val
Lys
Asn
Ala

930
Val

Phe
Asp
Ile
595
Leu
Thr
Thr
Arg
Arg
675
Arg
Pro
Ser
Asn
Arg
755
Glu
Asp
Lys
Glu
Arg
835
Glu
Ile
Gln
Glu
Thr
915

Ser

Thr

Val
Pro
580
Asp
His
Trp
Pro
Thr
660
Leu
Ser
Glu
Arg
Gly
740
Ser
Ile
His
Trp
Ile
820
Asp
Ile
Ala
Pro
Gly
900
Tyr
Thr

Glu

Cys
565
Gly
Gly
Tyr
Ser
Pro
645
Asn
Pro
Ala
Gly
Tyr
725
Lys
Asp
Gly
Asn
Ile
805
Ile
Asp
His
Leu
Ile
885
Ala
Ser

Cys

Asn

550
Met

Pro
Phe
Leu
Ala
630
Val
Ser
Leu
Pro
His
710
Tyr
Trp
Ser
Gln
Met
790
Ile
Asp
Ser
Val
Ile
870
Cys
Leu
Glu
Glu

Met

Met
Leu
Tyr
Ser
615
Pro
Pro
Ile
Pro
Pro
695
Tyr
Glu
Ser
Pro
Trp
775
Trp
Thr
Pro
Lys
Asn
855
Gln
Leu
Ala
Met
Gln

935
Phe

Asp
Glu
Ala
600
Gly
Lys
Ser
Ser
Leu
680
Ser
Arg
Leu
Gly
Arg
760
Pro
Phe
Ala
Ser
Asp
840
Pro
Leu
Pro
Val
Ile
920
Gly

Cys

Leu
Asn
585
Gly
Thr
Pro
Tyr
Arg
665
Ala
Thr
Val
Leu
Arg
745
Ser
Trp
Leu
Ala
Gln
825
Asp
Asn
Lys
Thr
Val
905
Gln
Tyr

Ala

Ser
570
Gly
Ser
Glu
Arg
Gly
650
Val
Arg
Val
Gly
Gly
730
Pro
Pro
Gln
Gln
His
810
Phe
Asp
Tyr
Thr
Asp
890
Thr
Gln
Gln

Gly

52

555
Asp

His
Ser
Thr
Cys
635
Ser
Gly
Ala
Asp
Ser
715
Ser
Ala
Phe
Ala
Cys
795
Cys
Lys
Tyr
Asp
Ser
875
Leu
Gly
Ala
Asp

Tyr

Lys
Ala
Val
Val
620
Ile
Val
Ser
Ala
Leu
700
Gln
Gln
Ser
Ile
Gly
780
Gly
Val
Phe
Val
Pro
860
Val
Thr
Trp
Val

Ser
940

Asn
Lys
Arg
605
Ser
Lys
Asp
Pro
Gly
685
Ser
Ala
Gly
Cys
Val
765
Ile
Gly
Thr
Tyr
Gln
845
Gly
Ala
Thr
Gly
Leu
925
Gly

Gln

Lys
Leu
590
Tyr
Cys
Val
Ile
Phe
670
Pro
Ser
Ile
Arg
Ile
750
Asn
Ser
Ala
Tyr
Leu
830
Val
Asn
Leu
Arg
Leu
910
Pro

Leu

Gly

Ala
575
His
Ser
Thr
Ile
Lys
655
Leu
Pro
Lys
Tyr
Arg

735
Pro

Arg
Leu
Ser
815
Gly
Arg
Leu
Thr
Glu
895
Asn
Val

Pro

Arg

560
Lys

Gly
Cys
Ser
Thr
640
Pro
Arg
Pro
Val
Thr
720
Cys
Val
Asn
Trp
Leu
800
Ala
Lys
Glu
Asn
Thr
880
Asn
Glu
Val

Leu

Tyr



945

950
Asp Ala Cys Ser Gly Asp Ser Gly Gly Pro Leu Val Phe Ala Asp Asp

965

53

955

970

960

975

Ser Arg Thr Asp Arg Arg Trp Val Leu Glu Gly Ile Val Ser Trp Gly

980

Ser Pro Asn Gly Cys Gly Lys Ser

995
Val Asn
1010

<210> 3

<211> 3063
<212> DNA
<213>

<400> 3

atggtactag
cacccagttc
aagtgtggag
cgatggaggc
tacaaacgat
aaatatggaa
aggacaggag
ggttgtcctc
ccacaaacta
acctgtcttc
atggtttcat
gctactttaa
tgccagggca
cctgaccttg
tatggtcaat
atgggtttgg
tgtgttaaag
gatgttggceg
gtatggggta
ggcaaggttc
tttctggcta
ttccgattcg
tggttcgaga
gctcaaggtg
ccaagttcct
cacagattag
ttgaatgaca
tatctggata
tcaagttttg
ggacctttgg
gggtcttctg
tcttgtacat
tgccaaaccc

Val Phe Leu Ser Trp

cgtcgttctt
agtccagagg
atccaggata
cttattgtaa
gtcaagagtg
cttggtgtag
cttgtacatg
ttcttcaatc
ttgactacag
caaatgggca
ctctagaaca
ggttctcatg
acggtcagtg
accctgcaag
ttcctcaagg
acaccttaaa
tggcagacag
aacctgtcag
cagccatata
caaactctgg
gtgatctgaa
attatgtcag
ttgaggagaa
tatgtaccaa
tgactgagac
atgctgataa
gcctaacatt
tccaagatca
tttgtatgat
aaaacggaca
taagatacag
caaatggcac
ctcctgtacc

1000

1015

Limulus polyphemus

ggtgtctggt
agtagatctg
cgtgttcaac
accatgtgac

tagggctggt
cggtgagtgt
tcgtgacaga
ggatccccag
ctgttcacca
gtggagtagc
tggcaaagta
tgatagtccc
gagtgggcag
ccatgctgaa
cactgaagta
atgtaaccct
agaggtcaac
gatccactgt
tcacgaactt
aggtgcagtg
tgggataaaa
ttcatcaaca
ctgtgtgtac
tatggccgct
tctacgaggg
tcactttatt
ctgggctcct
gctacagcca
ggatttgtca
cgccaagctt
ctgcgaggtc
gtggagtgcc
atcctatggt

985

990

Asn Gln Tyr Gly Gly Phe Thr Lys

ttagttctag
ggcttgtgtg
gtccccgcega
aaactggagg
ctcgacagtt
cagtgtaaga
tatgaaggtg
gttcaggaag
ggcttcaagc
tttccaccca
aactctccta
tactacttga
ataccacagt
caccaggtta
acctatacgt
gatgggtcct
tgtgacagta
cctgectggcet
tcctcagtat
catgtagtga
tcagacgagt
gcagggagaa
gttacatcga
cgtcttgctg
aaagggttag
tgggagctaa
ggagaacctg
gtgtggaaaa
gacaagaaca
catggtcaaa
ctccactacc
cctaaacctc
tctgtggaca

1005

Ile Arg Gln Phe Ile

1020

ggctattagc
atgacacgag
agcaatgtac
ctaaagatgt
gtgtgagttg
atgggggtat
tgcattgtga
taaaaaatcc
ttaaaggcgt
aatgtattcg
gtgccgatct
ttggtcaaga
gtcagaaatt
aaattggcct
gtactggtaa
ggtcgggaac
aagctgtgga
gttccttaac
gtcgtgcagc
acaacggtcc
tgaagtctct
agtcaggatg
aacagagagc
tgttagacaa
caacgacgtg
tggatcgcag
ggaatgaaac
ccaagtcttg
aagccaaatg
gtattgatgg
tcagtggaac
gatgtattaa
tcaaaccccc

ccaacaaatg
gtttgagtgt
gtacttctat
gtgtcccaag
tccacctaac
ttgtgatcag
aatccttcaa
accaaatgat
ggcacgtatc
agaatgttcc
gatagaagga
aacattaacc
ggtcttctgc
agaacaaaaa
ttacttcttg
acagccgtcc
cttcttggat
tgctggtact
tattcatgct
gtactcagac
tgctcagagt
tcctgatgga
ctgggaaaga
agatgtaatt
gattggacta
tagtgttgct
taactgtgta
ttttcaaccc
caaagaccct
attttatgct
tgagacagta
agtcatcacc
aagtagaaca

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980



aactcaatca
gccagagcag
tcttccaagg
tgcgagtcaa
aagtggagtg
tctcctttca
atctccagat
aatgagaaat
attgacccaa
gatgactacg
ggaaatctca
cgagtgcaac
gcgttagegg
cagcaagccg
ggcttgccac
gatgcctgca
aggcggtggg
aaccagtatg
tga

<210> 4

<211> 1020
<212> PRT
<213>

<400> 4
Met Val Leu
1
Ala Gln Gln

Cys Asp Asp
35
Val

Phe Asn

50
Tyr Cys
65
Tyr

Lys

Lys Arg

Cys Pro Pro

Lys Asn Gly

115

Asp Arg Tyr

130

Leu Gln Ser

145

Pro Gln Thr

Val Ala Arg

gtcgtgttgg
ccggacctcc
tcaaactgcc
gatactacga
gtcgaccagc
tcgtcaatgg
ggcttgcaga
ggatcattac
gtcagtttaa
tacaagtaag
actttgacat
caatatgtct
tggtgacagg
ttctgectgt
tgacagtgac
gtggagacag
tcctggaagg
ggggcttcac

Ala

5
Met His
20
Thr Arg

Pro Ala

Pro Cys
Gln
85
Lys

Cys

Asn
100
Gly Ile

Glu Gly

Asp Pro

Ser Phe
Pro
Phe
Lys
Asp
70
Glu
Tyr
Cys
Val

Gln

gtcgccattc
tccaaaacct
tgaaggtcat
actgcttgga
aagctgtata
aaattccacc
tcataatatg
tgcagcccac
attctacctg
agaggctatc
agccctgatt
gcctactgat
atggggtttg
tgttgcagca
agagaacatg
tggaggacca
gatcgtcagc
taaagttaac

Limulus polyphemus

Leu Val

Val Gln

Glu Cys
40
Gln Cys
55
Lys Leu

Cys Arg

Gly Thr
Gln
120
Cys

Asp

His
135

Val Gln

150

Ile Asp
165

Ile Thr

Tyr

Ser Cys

Leu Pro

Ser
Ser
25

Lys
Thr
Glu
Ala
Trp
105
Arg
Glu
Glu

Ser

Asn

54

ttgaggttgc
agatccgcac
taccgggtgg
tctcaaggta
ccagtttgtg
gaaataggtc
tggtttcttc
tgtgtcacct
ggcaaatact
gagatccatg
caactgaaga
ctcactacaa
aatgaaaaca
agcacctgtg
ttctgtgcag
ttagtgtttg
tggggcagcc
gtttttctat

Gly Leu
10
Arg Gly

Cys Gly

Tyr Phe

Ala Lys
75
Gly Leu
90
Cys Ser

Thr Gly

Ile Leu

Val Lys
155
Pro Gly
170

Gly Gln

cacggttacc
caccctctac
ggtctcaagc
gaagatgcga
gacggtcaga
agtggccegtg
agtgtggagg
actctgctac
atcgagatga
tgaatcctaa
cttctgttgc
gagaaaacct
acacatattc
aacaaggata
gttacaagca
ctgatgattc
ccaatggatg
cgtggattcg

Val Leu Gly

Val Leu
30
Gly

Asp

Pro
45
Arg

Asp

Tyr
60
Asp

Trp

Val Cys

Asp Ser Cys

Gly Glu Cys

110

Ala Cys Thr
125

Gln Gly

140

Asn

Cys

Pro Pro

Phe Lys Leu

Trp Ser Ser

cctcccttta
tgtggacctg
catttacacg
ctctaatgga
ctctccccgt
gcaggcagga
agctctactg
tgccgagatc
cagtaaggat
ctacgatcct
tctgaccaca
gaaagaggga
agagatgatt
tcaggactcg
ggggcgctat
ccgcaccgat
tggcaagtct
gcagttcatt

Leu Leu
15
Gly Leu

Tyr Val

Arg Pro

Pro Lys
80
Val Ser
95
Gln Cys

Cys Arg

Pro Leu

Asn Asp
160
Lys Gly
175

Phe Pro

2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3063



Pro
Lys
Phe
225
Cys
Leu
Val
Glu
Thr
305
Cys
Asp
Gly
Glu
Asn
385
Phe
Leu
Arg
Val
Cys
465
Pro
Trp
Leu
Ala
Gln
545

Ser

Cys

Lys
Val
210
Ser
Gln
Val
Lys
Val
290
Leu
Val
Phe
Cys
Leu
370
Ser
Leu
Ala
Lys
Tyr
450
Thr
Ser
Ile
Met
Pro
530
Asp

Ser

Lys

Cys
195
Asn
Cys
Gly
Phe
Ile
275
Thr
Lys
Lys
Leu
Ser
355
Ser
Gly
Ala
Gln
Ser
435
Val
Asn
Ser
Gly
Asp
515
Gly
Gln
Phe

Asp

180
Ile

Ser
Asp
Asn
Cys
260
Gly
Tyr
Cys
Val
Asp
340
Leu
Ser
Gly
Ser
Ser
420
Gly
Thr
Met
Leu
Leu
500
Arg
Glu
Leu

Val

Pro

Arg
Pro
Ser
Gly
245
Pro
Leu
Thr
Asn
Ala
325
Asp
Thr
Val
Ala
Asp
405
Phe
Cys
Ser
Ala
Thr
485
His
Ser
Pro
Gln
Cys

565
Gly

Glu
Ser
Pro
230
Gln
Asp
Glu
Cys
Pro
310
Asp
Val
Ala
Cys
Val
390
Leu
Arg
Pro
Lys
Ala
470
Glu
Arg
Ser
Gly
Pro
550
Met

Pro

Cys
Ala
215
Tyr
Trp
Leu
Gln
Thr
295
Asp
Arg
Gly
Gly
Arg
375
His
Asn
Phe
Asp
Gln
455
Arg
Thr
Leu
Val
Asn
535
Val
Met

Leu

Ser
200
Asp
Tyr
Ser
Asp
Lys
280
Gly
Gly
Glu
Glu
Thr
360
Ala
Val
Gly
Asp
Gly
440
Arg
Leu
Leu
Asp
Ala
520
Glu
Trp
Asp

Glu

185
Met

Leu
Leu
Gly
Pro
265
Tyr
Asn
Ser
Val
Pro
345
Val
Ala
Val
Ile
Tyr
425
Trp
Ala
Ala
Arg
Ala
505
Leu
Thr
Lys

Leu

Asn

Val
Ile
Ile
Gln
250
Ala
Gly
Tyr
Trp
Asn
330
Val
Trp
Ile
Asn
Lys
410
Val
Phe
Trp
Val
Gly
490
Asp
Asn
Asn
Thr
Ser

570
Gly

55

Ser
Glu
Gly
235
Ile
Ser
Gln
Phe
Ser
315
Cys
Arg
Gly
His
Asn
395
Ser
Ser
Glu
Glu
Leu
475
Lys
Asn
Asp
Cys
Lys
555
Asp

His

Ser
Gly
220
Gln
Pro
His
Phe
Leu
300
Gly
Asp
Ile
Thr
Ala
380
Gly
Asp
Ser
Ile
Arg
460
Asp
Gly
His
Ser
Val
540
Ser

Lys

Ala

Leu
205
Ala
Glu
Gln
Ala
Pro
285
Met
Thr
Ser
His
Ala
365
Gly
Pro
Glu
Ser
Glu
445
Ala
Lys
Leu
Phe
Leu
525
Tyr
Cys

Asn

Lys

190
Glu

Thr
Thr
Cys
Glu
270
Gln
Gly
Gln
Lys
Cys
350
Ile
Lys
Tyr
Leu
Thr
430
Glu
Gln
Asp
Ala
Ile
510
Thr
Leu
Phe
Lys

Leu

His
Leu
Leu
Gln
255
His
Gly
Leu
Pro
Ala
335
Pro
Tyr
Val
Ser
Lys
415
Ala
Asn
Gly
Val
Thr
495
Trp
Phe
Asp
Gln
Ala

575
His

Gly
Arg
Thr
240
Lys
Gln
Thr
Asp
Ser
320
Val
Ala
His
Pro
Asp
400
Ser
Gly
Cys
Val
Ile
480
Thr
Glu
Trp
Ile
Pro
560
Lys

Gly



Gln
Glu
Asn
625
Cys
Pro
Leu
Lys
Lys
705
Cys
Asp
Cys
Ser
Leu
785
Asn
Thr
Tyr
Ala
Phe
865
Arg
Leu
Asn
Ala
Thr
945
Asp

Ser

Ser
Val
610
Gly
Gln
Ser
Pro
Pro
690
Leu
Glu
Ser
Gly
Thr
770
Ala
Glu
Ala
Tyr
Ile
850
Asp
Val
Lys
Asn
Ala
930
Val
Ala

Arg

Ile
595
Leu
Thr
Thr
Arg
Arg
675
Arg
Pro
Ser
Asn
Arg
755
Glu
Asp
Lys
Glu
Arg
835
Glu
Ile
Gln
Glu
Thr
915
Ser
Thr
Cys

Thr

580
Asp

His
Trp
Pro
Thr
660
Leu
Ser
Glu
Arg
Gly
740
Ser
Ile
His
Trp
Ile
820
Asp
Ile
Ala
Pro
Gly
900
Tyr
Thr
Glu

Ser

Asp

Gly
Tyr
Ser
Pro
645
Asn
Pro
Ala
Gly
Tyr
725
Lys
Asp
Gly
Asn
Ile
805
Ile
Asp
His
Leu
Ile
885
Ala
Ser
Cys
Asn
Gly

965
Arg

Phe
Leu
Ala
630
Val
Ser
Leu
Pro
His
710
Tyr
Trp
Ser
Gln
Met
790
Ile
Asp
Ser
Val
Ile
870
Cys
Leu
Glu
Glu
Met
950
Asp

Arg

Tyr
Ser
615
Pro
Pro
Ile
Pro
Pro
695
Tyr
Glu
Ser
Pro
Trp
775
Trp
Thr
Pro
Lys
Asn
855
Gln
Leu
Ala
Met
Gln
935
Phe

Ser

Trp

Ala
600
Gly
Lys
Ser
Ser
Leu
680
Ser
Arg
Leu
Gly
Arg
760
Pro
Phe
Ala
Ser
Asp
840
Pro
Leu
Pro
Val
Ile
920
Gly
Cys
Gly

Val

585
Gly

Thr
Pro
Tyr
Arg
665
Ala
Thr
Val
Leu
Arg
745
Ser
Trp
Leu
Ala
Gln
825
Asp
Asn
Lys
Thr
Val
905
Gln
Tyr
Ala
Gly

Leu

Ser
Glu
Arg
Gly
650
Val
Arg
Val
Gly
Gly
730
Pro
Pro
Gln
Gln
His
810
Phe
Asp
Tyr
Thr
Asp
890
Thr
Gln
Gln
Gly
Pro

970
Glu

56

Ser
Thr
Cys
635
Ser
Gly
Ala
Asp
Ser
715
Ser
Ala
Phe
Ala
Cys
795
Cys
Lys
Tyr
Asp
Ser
875
Leu
Gly
Ala
Asp
Tyr
955

Leu

Gly

Val
Val
620
Ile
Val
Ser
Ala
Leu
700
Gln
Gln
Ser
Ile
Gly
780
Gly
Val
Phe
Val
Pro
860
Val
Thr
Trp
Val
Ser
940
Lys
Val

Ile

Arg
605
Ser
Lys
Asp
Pro
Gly
685
Ser
Ala
Gly
Cys
Val
765
Ile
Gly
Thr
Tyr
Gln
845
Gly
Ala
Thr
Gly
Leu
925
Gly
Gln
Phe

Val

590
Tyr

Cys
Val
Ile
Phe
670
Pro
Ser
Ile
Arg
Ile
750
Asn
Ser
Ala
Tyr
Leu
830
Val
Asn
Leu
Arg
Leu
910
Pro
Leu
Gly
Ala

Ser

Ser
Thr
Ile
Lys
655
Leu
Pro
Lys
Tyr
Arg
735
Pro
Gly
Arg
Leu
Ser
815
Gly
Arg
Leu
Thr
Glu
895
Asn
Val
Pro
Arg
Asp

975
Trp

Cys
Ser
Thr
640
Pro
Arg
Pro
Val
Thr
720
Cys
Val
Asn
Trp
Leu
800
Ala
Lys
Glu
Asn
Thr
880
Asn
Glu
Val
Leu
Tyr
960
Asp

Gly



980

Ser Pro Asn Gly Cys Gly Lys Ser

995
Val Asn
1010

<210> 5

<211> 1203
<212> DNA
<213>

<400> 5
atggcgtgga
gttagtagag
aaaggtggat
ttgaaggata
tgtcctgatg
gaaacaaaga
attacaacta
ttgaagggtg
tggatggcag
ataatcagta
ctgaccccaa
tatcatgtgg
attgctatca
ctccctgacc
tggggtgatc
gttgttccaa
aatgggataa
caaggcgatt
gtggtgtcgt
gtgagttacc
tga

<210> 6

<211> 400
<212> PRT
<213>

<400> 6

Val Phe Leu Ser Trp

tttgtgtgat
tggggatcat
taaaagggtc
gtttccctgt
cagcagcacc
ttccaagatt
ttggacgttc
ggagaggaat
ctgtttttgt
gcaagtacat
ctcgcttagc
aagatgtgat
ttgtgttaaa
cagaggcagt
tggatttcgc
tcggtgactg
Ccgaaaaagtt
ctggtggacc
tcggacacaa
tagagtggat

1000

1015

Limulus polyphemus

aacgttgttt
ctttcctaag
ctgcaagtcc
cgtttgctct
aagtgtaacc
acatatacca
ggggtcacca
cattgctgga
gaaaaatttt
tttgtctgct
tgtccgcgta
tatccatcct
agaggaactg
aacagattca
cggtccacga
taacaaagcc
tatttgtgct
gttgatgcta
gtgtgccgag
cgcgaaggtt

Limulus polyphemus

57

985

990

Asn Gln Tyr Gly Gly Phe Thr Lys

gctttggcett
acacagaacg
ctcacagact
tggaatggtc
acaacagtta
ggttgtggaa
atacttcctc
ggtgtagaag
ggcattggca
gcccacgctt
ggaggccact
gactacgtag
aattttactg
ttaaaaggca
agtcaagttc
tatcagaagc
ggattggaag
gtgaacaata
gagggatttc
acgaactcgt

Met Ala Trp Ile Cys Val Ile Thr Leu Phe Ala

1

5

10

Leu Ser Asn Lys Val Ser Arg Val Gly Ile Ile

20

25

Asn Asp Asn Lys Gln Cys Thr Ala Lys Gly Gly

35

40

Lys Ser Leu Thr Asp Cys Pro Ala Val Leu Ala

50

55

1005

Ile Arg Gln Phe Ile

1020

ctagtacgtt
ataataaaca
gtcctgectgt
ggtttcagcc
caactattgt
aaagaaaagt
ccatatctac
ctaaaattgg
gattccattg
tcctcattgg
acgtaaagat
aaagggagaa
atttggtccg
gaagggtgac
tgcgcgaggt
tcaacaccct
aaggtgggaa
gtagttggat
ctggtgtgta
tagaccaggc

Leu Ala

Phe Pro

30
Leu Lys
45
Thr Leu

60

gagtaataaa
gtgtacagca
cttggctacg
tattgtatgt
ccctacaaaa
aaatgtagat
ttctcaagat
cgecctggect
tgctggtagc
aggtcgaaag
gggtcaagaa
ttacaatgat
tccaatctgt
agtagctgga
tagtatcccc
tgctcttaaa
agatgcttgt
agtgacggga
cacgcgtgta
agtcactaac

Ser Ser Thr

15

Lys Thr Gln
Gly Ser Cys

Lys Asp Ser

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1203



Phe
65

Cys
Val
Gly
Ser
Arg
145
Trp
Cys
Ala
Arg
Asp
225
Ile
Arg
Gly
Pro
Gly
305
Asn
Lys
Asn

Ala

Glu
385

Pro
Pro
Pro
Lys
Pro
130
Gly
Met
Ala
Phe
Val
210
Val
Ala
Pro
Arg
Arg
290
Asp
Gly
Asp
Ser
Glu

370
Trp

<210>
<211>
<212>
<213>

<400>

7
1

Val
Asp
Thr
Arg
115
Ile
Ile
Ala
Gly
Leu
195
Gly
Ile
Ile
Ile
Arg
275
Ser
Cys
Ile
Ala
Ser
355
Glu

Ile

203

DNA
Limulus polyphemus

7

Val
Ala
Lys
100
Lys
Leu
Ile
Ala
Ser
180
Ile
Gly
Ile
Ile
Cys
260
Val
Gln
Asn
Thr
Cys
340
Trp
Gly

Ala

Cys
Ala
85

Glu
Val
Pro
Ala
Val
165
Ile
Gly
His
His
Val
245
Leu
Thr
Val
Lys
Lys
325
Gln
Ile
Phe

Lys

Ser
70

Ala
Thr
Asn
Pro
Gly
150
Phe
Ile
Gly
Tyr
Pro
230
Leu
Pro
Val
Leu
Ala
310
Gly
Val

Pro

Val
390

Trp
Pro
Lys
Val
Ile
135
Gly
Val
Ser
Arg
Val
215
Asp
Lys
Asp
Ala
Arg
295
Tyr
Phe
Asp
Thr
Gly

375
Thr

Asn
Ser
Ile
Asp
120
Ser
Val
Lys
Ser
Lys
200
Lys
Tyr
Glu
Pro
Gly
280
Glu
Gln
Ile
Ser
Gly
360
Val

Asn

Gly
Val
Pro
105
Ile
Thr
Glu
Asn
Lys
185
Leu
Met
Val
Glu
Glu
265
Trp
Val
Lys
Cys
Gly
345
Val
Tyr

Ser

Arg
Thr
90

Arg
Thr
Ser
Ala
Phe
170
Tyr
Thr
Gly
Glu
Leu
250
Ala
Gly
Ser
Leu
Ala
330
Gly
Val
Thr

Leu

58

Phe
75

Thr
Leu
Thr
Gln
Lys
155
Gly
Ile
Pro
Gln
Arg
235
Asn
Val
Asp
Ile
Asn
315
Gly
Pro
Ser

Arg

Asp
395

Gln
Thr
His
Ile
Asp
140
Ile
Ile
Leu
Thr
Glu
220
Glu
Phe
Thr
Leu
Pro
300
Thr
Leu
Leu
Phe
Val

380
Gln

Pro
Val
Ile
Gly
125
Leu
Gly
Gly
Ser
Arg
205
Tyr
Asn
Thr
Asp
Asp
285
Val
Leu
Glu
Met
Gly
365
Val

Ala

Ile
Thr
Pro
110
Arg
Lys
Ala
Arg
Ala
190
Leu
His
Tyr
Asp
Ser
270
Phe
Val
Ala
Glu
Leu
350
His
Ser

Val

Val
Thr
95

Gly
Ser
Gly
Trp
Phe
175
Ala
Ala
Val
Asn
Leu
255
Leu
Ala
Pro
Leu
Gly
335
Val
Lys
Tyr

Thr

Cys
80

Ile
Cys
Gly
Gly
Pro
160
His
His
Val
Glu
Asp
240
Val
Lys
Gly
Ile
Lys
320
Gly
Asn
Cys

Leu

Asn
400



atggcgtgga
gttagtagag
aaaggtggat
ttgaaggata
tgtcctgatg
gaaacaaaga
attacaacta
ttgaagggtg
tggatggcag
ataatcagta
ctgaccccaa
tatcatgtgg
attgctatca
ctccctgacc
tggggtgatc
gttgttccaa
aatgggataa
caaggcgatt
gtggtgtegt
gtgagttacc
tga

<210> 8

<211> 400
<212> PRT
<213>

<400> 8
Met Ala Trp
1

tttgtgtgat
tggggatcat
taaaagggtc
gtttccctgt
cagcagcacc
ttccaagatt
ttggacgttc
ggagaggaat
ctgtttttgt
gcaagtacat
ctcgcttagc
aagatgtgat
ttgtgttaaa
cagaggcagt
tggatttcgc
tcagtgattg
cgaaaaagtt
ctggtggacc
tcggacacaa
tagagtggat

Ile
5

Cys Vval

aacgttgttt
ctttcctaag
ctgcaagtcc
cgtttgctct
aagtgtaacc
acatatacca
ggggtcacca
cattgctgga
gaaaaatttt
tttgtctgct
tgtccgcgta
tatccatcct
agaggaactg
aacagattca
cggtccacga
taacaaagcc
tatttgtgct
gttgatgcta
gtgtgccgag
cgcgaaggtt

Limulus polyphemus

Ile Thr

Leu

59

gctttggcett
acacagaacg
ctcacagact
tggaatggtc
acaacagtta
ggttgtggaa
atacttcctc
ggtgtagaag
ggcattggca
gcccacgctt
ggaggccact
gactacgtag
aattttactg
ttaaaaggca
agtcaagttc
tatcagaatc
ggattggaag
gtgaacaata
gagggatttc
acgaactcgt

Phe
10

Ala

ctagtacgtt
ataataaaca
gtcctgctgt
ggtttcagcc
caactattgt
aaagaaaagt
ccatatctac
ctaaaattgg
gattccattg
tcctcattgg
acgtaaagat
aaagggagaa
atttggtccg
gaagggtgac
tgcgcgaggt
tcaacaccct
aaggtgggaa
gtagttggat
ctggtgtgta
tagaccaggc

Leu Ala Ser

gagtaataaa
gtgtacagca
cttggctacg
tattgtatgt
ccctacaaaa
aaatgtagat
ttctcaagat
cgcctggect
tgctggtagc
aggtcgaaag
gggtcaagaa
ttacaatgat
tccaatctgt
agtagctgga
tagtatcccc
tgctcttaaa
agatgcttgt
agtgacggga
cacgcgtgta
agtcactaac

Ser Thr

15

Leu
Asn
Lys
Phe
65

Cys
Val
Gly
Ser
Arg

145
Trp

Ser
Asp
Ser
50

Pro
Pro
Pro
Lys
Pro
130
Gly

Met

Asn
Asn
35

Leu
Val
Asp
Thr
Arg
115
Ile
Ile

Ala

Lys
20

Lys
Thr
Val
Ala
Lys
100
Lys
Leu

Ile

Ala

Val
Gln
Asp
Cys
Ala
85

Glu
Val
Pro

Ala

Val

Ser
Cys
Cys
Ser
70

Ala
Thr
Asn
Pro
Gly

150
Phe

Arg
Thr
Pro
55

Trp
Pro
Lys
Val
Ile
135
Gly

Val

Val
Ala
40

Ala
Asn
Ser
Ile
Asp
120
Ser

Val

Lys

Gly
25

Lys
Val
Gly
Val
Pro
105
Ile
Thr
Glu

Asn

Ile
Gly
Leu
Arg
Thr
90

Arg
Thr
Ser

Ala

Phe

Ile
Gly
Ala
Phe
75

Thr
Leu
Thr
Gln
Lys

155
Gly

Phe
Leu
Thr
60

Gln
Thr
His
Ile
Asp
140
Ile

Ile

Pro
Lys
45

Leu
Pro
Val
Ile
Gly
125
Leu

Gly

Gly

Lys
30

Gly
Lys
Ile
Thr
Pro
110
Arg
Lys
Ala

Arg

Thr
Ser
Asp
Val
Thr
95

Gly
Ser
Gly

Trp

Phe

Gln
Cys
Ser
Cys
80

Ile
Cys
Gly
Gly
Pro

160
His

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1203



Cys Ala Gly

Ala Phe Leu
195
Val Gly
210

Val

Arg

Asp Ile

225

Ile Ala Ile

Arg Pro Ile

Gly Arg Arg

275

Pro Arg Ser
290

Ser Asp
305

Asn

Cys

Gly Ile

Lys Asp Ala
Ser
355

Glu

Asn Ser

Glu
370
Trp

Ala

Glu
385

Ile

<210> 9

<211> 1203
<212> DNA
<213>

<400> 9

atggcgtgga
gttagtagag
aaaggtggat
ttgaaggata
tgtcctgatg
gaaacaaaga
attacaacta
ttgaagggtyg
tggatggcag
ataatcagta
ctgaccccaa
tatcatgtgg
attgctatca

165
Ser Ile
180
Ile Gly

Gly His

Ile His

Ile
Gly
Tyr

Pro

Ser Ser

Arg Lys
200
Val Lys
215

Asp Tyr

230

Ile Val
245
Cys Leu
260
Val Thr

Gln Val

Asn Lys

Leu

Pro

Val

Leu

Ala

Lys Glu

Asp Pro

Ala Gly
280
Arg Glu
295

Tyr Gln

310

Thr Lys
325
Cys Gln
340
Trp Ile

Gly Phe

Ala Lys

Lys

Val
Pro

Val

Phe Ile

Asp Ser

Thr Gly
360
Gly Vval
375

Thr Asn

390

tttgtgtgat
tggggatcat
taaaagggtc
gtttccctgt
cagcagcacc
ttccaagatt
ttggacgttc
ggagaggaat
ctgtttttgt
gcaagtacat
ctcgcttagc
aagatgtgat
ttgtgttaaa

Limulus polyphemus

aacgttgttt
ctttcctaag
ctgcaagtcc
cgtttgctct
aagtgtaacc
acatatacca
ggggtcacca
cattgctgga
gaaaaatttt
tttgtctgcet
tgtccgcgta
tatccatcct
agaggaactg

60

170

Lys Tyr Ile

185

Leu Thr Pro

Met Gly Gln

Val Glu Arg

235

Glu Leu Asn
250

Glu Ala

265

Trp

Val

Gly Asp

Val Ser Ile
Asn
315

Gly

Asn Leu
Ala
330
Gly

Cys
Gly Pro
345
Val

Val Ser

Tyr Thr Arg

Ser Leu Asp

395

gctttggett
acacagaacg
ctcacagact
tggaatggtc
acaacagtta
ggttgtggaa
atacttcctc
ggtgtagaag
ggcattggca
gcccacgctt
ggaggccact
gactacgtag
aattttactg

Ala
190
Leu

Leu Ser

Thr Arg
205
Glu Tyr
220

Glu

His

Asn Tyr

Phe Thr Asp

Thr Ser
270
Phe

Asp

Leu Asp

285
Pro Val Val
300

Thr Leu Ala

Leu Glu Glu

Met Leu
350

His

Leu
Phe Gly
365
Val Vval
380

Gln

Ser

Ala Val

ctagtacgtt
ataataaaca
gtcctgctgt
ggtttcagcc
caactattgt
aaagaaaagt
ccatatctac
ctaaaattgg
gattccattg
tcctcattgg
acgtaaagat

aaagggagaa
atttggtccg

175
Ala His

Ala Val

Val Glu

Asn Asp
240
Leu Val
255
Leu Lys

Ala Gly

Pro Ile

Leu Lys
320
Gly Gly
335
Val Asn

Lys Cys

Tyr Leu

Thr Asn
400

gagtaataaa
gtgtacagca
cttggctacg
tattgtatgt
ccctacaaaa
aaatgtagat
ttctcaagat
cgcctggect
tgctggtagc
aggtcgaaag
gggtcaagaa
ttacaatgat
tccaatctgt

60
120
180
240
300
360
420
480
540
600
660
720
780



ctccctgacc
tggggtgatc
gttgttccaa
aatgggataa
caaggcgatt
gtggtgtegt
gtgagttacc
tga

<210>
<211>
<212>
<213>

10
400
PRT

<400> 10
Met Ala Trp
1
Leu Ser Asn
Asn
35
Leu

Asn Asp
Ser
50
Pro

Lys

Phe
65
Cys

Val

Pro Asp

Val Pro Thr

Gly Lys Arg
115
Pro Ile
130

Gly

Ser

Arg Ile

145
Trp

Met Ala

Cys Ala Gly

Ala Phe Leu
195
Val Gly
210

Val

Arg

Asp Ile

225

Ile Ala Ile

Arg Pro Ile

cagaggcagt
tggatttcgc
tcagtgattg
cgaacaagtt
ctggtggacc
tcggacacaa
tagagtggat

Ile Cys Va

5
Lys Val Se
20
Lys

Gln Cy

Thr Asp Cy

Val Se
70
Al

Cys

Ala Ala

85

Lys Glu Th

100

Lys Val As

Leu Pro Pr

Ile Ala

aacagattca
cggtccacga
taacaaagcc
tatttgtgct
gttgatgcta
gtgtgccgag
cgcgaaggtt

61

ttaaaaggca
agtcaagttc
tatcagaatc
ggattggaag
gtgaacaata
gagggatttc
acgaactcgt

Gly

Limulus polyphemus

1 Ile
r Arg
s Thr
s Pro
55
r Trp
a Pro
r Lys
n Val
o Ile

135
Gly

150

Ala Val
165

Ile

Ph
Ser I1
180
Ile Gly

Gly His Ty

Ile Pr
23
Le

His
Ile Val
245
Leu

Cys Pr

260

Gly

e Val
e Ser
Arg
r Val
215
o Asp
0
u Lys

o Asp

Thr
Val
Ala
40

Ala
Asn
Ser
Ile
Asp
120
Ser
Val
Lys
Ser
Lys
200
Lys
Tyr
Glu

Pro

Leu
Gly
25

Lys
Val
Gly
Val
Pro
105
Ile
Thr
Glu
Asn
Lys
185
Leu
Met
Val
Glu

Glu
265

Phe
10

Ile
Gly
Leu
Arg
Thr
90

Arg
Thr
Ser
Ala
Phe
170
Tyr
Thr
Gly
Glu
Leu

250
Ala

Ala
Ile
Gly
Ala
Phe
75

Thr
Leu
Thr
Gln
Lys
155
Gly
Ile
Pro
Gln
Arg
235

Asn

Val

gaagggtgac
tgcgegaggt
tcaacaccct
aaggcgggaa
gtagttggat
ctggtgtgta
tagaccaggc

Leu Ala Ser

Phe Pro Lys

30

Leu Lys Gly
45

Thr Leu

60

Gln

Lys

Pro Ile

Thr Val Thr

Ile Pro
110

Arg

His
Ile Gly
125
Asp Leu
140
Ile

Lys

Gly Ala

Ile Gly Arg
Ala
190

Leu

Leu Ser

Thr Arg
205
Glu Tyr
220

Glu

His

Asn Tyr

Phe Thr Asp

Thr Ser

270

Asp

agtagctgga
tagtatcccc
tgctcttaaa
agatgcttgt
agtgacggga
cacgcgtgta
agtcactaac

Ser Thr
15
Thr Gln

Ser Cys

Asp Ser

Val Cys
Thr
95
Gly

Ile
Cys
Ser Gly
Gly
Pro

160
His

Trp

Phe
175
Ala His

Ala Vval

Val Glu

Asn Asp
240
Leu Val
255

Leu Lys

840
900
960
1020
1080
1140
1200
1203



Gly Arg Arg
275
Ser

Pro Arg

290
Ser Asp
305

Asn

Cys

Gly Ile

Lys Asp Ala
Ser
355

Glu

Asn Ser

Ala Glu
370
Glu Trp

385

Ile

<210>
<211>
<212>
<213>

11
1203
DNA

<400> 11

atggcgtgga
gttagtagag
aaaggtggat
ttgaaggata
tgtcctgatg
gaaacaaaga
attacaacta
ttgaagggtg
tggatggcag
ataatcagta
ctgaccccaa
tatcatgtgg
attgctatca
ctccctgacc
tggggtgatc
gttgttccaa
aatgggataa
caaggcgatt
gtggtgtegt
gtgagttacc
tga

<210>
<211>
<212>

12
400
PRT

Val Thr

Gln Vval

Asn Lys

Val

Leu

Ala

Ala Gly
280
Arg Glu
295

Tyr Gln

310

Thr Asn
325
Cys Gln
340
Trp Ile

Gly Phe

Ala Lys

Lys

Val
Pro

Val

Phe Ile

Asp Ser

Thr Gly
360
Gly val
375

Thr Asn

390

tttgtgtgat
tggggatcat
taaaagggtc
gtttccctgt
cagcagcacc
ttccaagatt
ttggacgttc
ggagaggaat
ctgtttttgt
gcaagtacat
ctcgcttagc
aagatgtgat
ttgtgttaaa
cagaggcagt
tggatttcgc
tcagtgattg
cgaacaagtt
ctggtggacc
tcggacacaa
tagagtggat

Limulus polyphemus

aacgttgttt
ctttcctaag
ctgcaagtcc
cgtttgctct
aagtgtaacc
acatatacca
ggggtcacca
cattgctgga
gaaaaatttt
tttgtctgct
tgtccgcgta
tatccatcct
agaggaactg
aacagattca
cggtccacga
taacaaagcc
tatttgtgct
gttgatgcta
gtgtgccgag
cgcgaaggtt

62

Trp Gly Asp

Val Ser Ile
Asn
315

Gly

Asn Leu
Ala
330
Gly

Cys
Gly Pro
345
Val

Val Ser

Tyr Thr Arg

Ser Leu Asp

395

gctttggcett
acacagaacg
ctcacagact
tggaatggtc
acaacagtta
ggttgtggaa
atacttcctc
ggtgtagaag
ggcattggca
gcccacgctt
ggaggccact
gactacgtag
aattttactg
ttaaaaggca
agtcaagttc
tatcagaatc
ggattggaag
gtgaacaata
gagggatttc
acgaactcgt

Leu Asp Phe

285
Val

Pro Val

300
Thr

Leu Ala

Leu Glu Glu

Met Leu
350

His

Leu
Phe Gly
365
Val Vval
380

Gln

Ser

Ala Val

ctagtacgtt
ataataaaca
gtcctgectgt
ggtttcagcc
caactattgt
aaagaaaagt
ccatatctac
ctaaaattgg
gatttcattg
tcctcattgg
acgtaaagat
aaagggagaa
atttggtccg
gaagggtgac
tgcgcgaggt
tcaacaccct
aaggecgggaa
gtagttggat
ctggtgtgta
tagaccaggc

Ala Gly

Pro Ile

Leu Lys
320
Gly Gly
335
Val Asn

Lys Cys

Tyr Leu

Thr Asn
400

gagtaataaa
gtgtacagca
cttggctacg
tattgtatgt
ccctacaaaa
aaatgtagat
ttctcaagat
cgcctggect
tgctggtagc
aggtcgaaag
gggtcaagaa
ttacaatgat
tccaatctgt
agtagctgga
tagtatcccc
tgctcttaaa
agatgcttgt
agtgacggga
cacgcgtgta
agtcactaag

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1203



<213>

<400>

Met
1
Leu
Asn
Lys
Phe
65
Cys
Val
Gly
Ser
Arg
145
Trp
Cys
Ala
Arg
Asp
225
Ile
Arg
Gly
Pro
Ser
305
Asn
Lys

Asn

Ala

Ala
Ser
Asp
Ser
50

Pro
Pro
Pro
Lys
Pro
130
Gly
Met
Ala
Phe
Val
210
Val
Ala
Pro
Arg
Arg
290
Asp
Gly
Asp

Ser

Glu

12

Trp
Asn
Asn
35

Leu
Val
Asp
Thr
Arg
115
Ile
Ile
Ala
Gly
Leu
195
Gly
Ile
Ile
Ile
Arg
275
Ser
Cys
Ile
Ala
Ser

355
Glu

Ile
Lys
20

Lys
Thr
Val
Ala
Lys
100
Lys
Leu
Ile
Ala
Ser
180
Ile
Gly
Ile
Ile
Cys
260
Val
Gln
Asn
Thr
Cys
340
Trp

Gly

Cys
5
Val
Gln
Asp
Cys
Ala
85
Glu
Val
Pro
Ala
Val
165
Ile
Gly
His
His
Val
245
Leu
Thr
Val
Lys
Asn
325
Gln
Ile

Phe

Val
Ser
Cys
Cys
Ser
70

Ala
Thr
Asn
Pro
Gly
150
Phe
Ile
Gly
Tyr
Pro
230
Leu
Pro
Val
Leu
Ala
310
Lys
Gly
Val

Pro

Limulus polyphemus

Ile
Arg
Thr
Pro
55

Trp
Pro
Lys
Val
Ile
135
Gly
Val
Ser
Arg
Val
215
Asp
Lys
Asp
Ala
Arg
295
Tyr
Phe
Asp
Thr

Gly

Thr
Val
Ala
40

Ala
Asn
Ser
Ile
Asp
120
Ser
Val
Lys
Ser
Lys
200
Lys
Tyr
Glu
Pro
Gly
280
Glu
Gln
Ile
Ser
Gly

360
Val

Leu
Gly
25

Lys
Val
Gly
Val
Pro
105
Ile
Thr
Glu
Asn
Lys
185
Leu
Met
Val
Glu
Glu
265
Trp
Val
Asn
Cys
Gly

345
Val

Phe
10

Ile
Gly
Leu
Arg
Thr
90

Arg
Thr
Ser
Ala
Phe
170
Tyr
Thr
Gly
Glu
Leu
250
Ala
Gly
Ser
Leu
Ala
330
Gly
Val

Thr

63

Ala
Ile
Gly
Ala
Phe
75

Thr
Leu
Thr
Gln
Lys
155
Gly
Ile
Pro
Gln
Arg
235
Asn
Val
Asp
Ile
Asn
315
Gly
Pro

Ser

Arg

Leu
Phe
Leu
Thr
60

Gln
Thr
His
Ile
Asp
140
Ile
Ile
Leu
Thr
Glu
220
Glu
Phe
Thr
Leu
Pro
300
Thr
Leu
Leu

Phe

Val

Ala
Pro
Lys
45

Leu
Pro
Val
Ile
Gly
125
Leu
Gly
Gly
Ser
Arg
205
Tyr
Asn
Thr
Asp
Asp
285
Val
Leu
Glu
Met
Gly

365
Val

Ser
Lys
30

Gly
Lys
Ile
Thr
Pro
110
Arg
Lys
Ala
Arg
Ala
190
Leu
His
Tyr
Asp
Ser
270
Phe
Val
Ala
Glu
Leu
350
His

Ser

Ser
15

Thr
Ser
Asp
Val
Thr
95

Gly
Ser
Gly
Trp
Phe
175
Ala
Ala
Val
Asn
Leu
255
Leu
Ala
Pro
Leu
Gly
335
Val

Lys

Thr
Gln
Cys
Ser
Cys
80

Ile
Cys
Gly
Gly
Pro
160
His
His
Val
Glu
Asp
240
Val
Lys
Gly
Ile
Lys
320
Gly
Asn

Cys

Leu



370

375

64

380

Glu Trp Ile Ala Lys Val Thr Asn Ser Leu Asp Gln Ala Val Thr Lys
390

385

<210>
<211>
<212>
<213>

13
1128
DNA

<400> 13

atgttggtga
tgcagtagtc
tcaaaccgat
Caaaaaaatg
aaagtttgtt
actacaactg
cgtaatatta
tggatggctg
cttgtcacca
gatgtgatgc
aatgacagtt
gtgctcgcga
acgcacaaaa
atgagaaacc
gtattacgag
aaggatttaa
gcttgccagg
ctcgttggaa
acaaaagtga

<210>
<211>
<212>
<213>

14
375
PRT

<400> 14
Met Leu Val
1
Ser Met Phe
Phe Pro Asp
35
Cys Lys
50
Asn Leu

Ile

Tyr
65

Lys Val Cys

ataacatgtt
tcggcagaca
ttactaacga
attataattt
gtccgaaaca
aacgaccgcc
caactaccag
ctgtctatat
acaggcacgt
gagctgacgt
cagatccaat
cgtatttgaa
ttaaaccaat
catttgtcgc
aagtgcagtt
atattacaaa
gtgattctgg
ttgtgtcttt
ccgaattttt

Asn

5
Ser Cys
20
Asp Glu

Asp Val

Leu Lys

Pro
85

Cys

Asn Met
Ser
Glu
Leu
Glu

70
Lys

Limulus polyphemus

ttcattgctg
gcgtagacag
tggaatatgt
actgaaagaa
aagtattgta
aatacggata
gattattgga
Caaacaagga
gattacagca
attctcggtt
tgattttgca
tgatatcgca
ttgtctacct
cggatgggga
accaatatgg
cgtgtatatg
aggtccaatg
cggaaagaaa
agattggatt

Limulus polyphemus

Phe Ser

Ser Leu

Ser Cys
40
Asn Cys
55
Ser Ile

Gln Ser

395

tgtttcccac
tttgttttcc
aaagatgttt
tcaatatgcg
aatccaataa
ccatccaatc
gggcaggaag
ggaatcagaa
tcgcactgtg
cgcctaggtg
gttacgtcag
attctgaagt
tatgaaagct
acaacagcat
ggacacgagc
tgtgctgggt
atgttgcctg
tgcgecgttgc
gcagtaaata

Leu
10
Arg

Leu Cys

Gly Gln
25
Ser

Asn Arg

Arg Asp Leu
Phe
75

Asn

Cys Gly

Ile Val

90

tcctgatgtc
ccgatgatga
tgaattgtag
gttttgaagg
cagaagcacc
ttcctaaaca
caacacctgg
gtgttcagtg
ttgtaaacag
aacacaattt
tgaaacatca
taaacgacac
taaggtatga
ttaatggccc
cctgcaggca
atgcagatgg
ataaaagcgg
ctggatttcc

tggtgtag

Phe Pro Leu
Gln
30

Asn

Arg Arg

Phe Thr
45
Leu Gln
60

Glu

Lys

Gly Ile

Pro Ile Thr

400

tatgtttagc
agaatcatgc
agatctttta
cataacaccc
tccaaaaacc
gtgtggaaat
agcctggccc
tggaggtgcg
tttaggaaca
atatagcacc
tgaaaacttt
tgttacgttt
ggatctagca
atctagtgca
ggcctacgag
cggtaaagat
gaacttttat
tggggtttac

Leu Met
15
Phe Val

Asp Gly

Asn Asp

Thr Pro
80
Glu Ala

95

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1128



Pro Pro Thr Thr

100
Lys

Lys
Pro Gln
115
Gly

Asn Leu

Ile Gly
130

Tyr

Gln Glu

Val Ile
145

Leu

Lys Gln

Val Thr Asn Arg
165
Thr Asp
180

Asn

Ser Leu Gly

Glu His Leu
195

Val

Gly
Phe Ala
210
Leu

Thr Ser

Tyr Asn Ile
225

Thr

Asp

His Lys Ile Lys
245

Glu Ala Met
260

Gly

Asp Leu

Ala Phe Asn Pro

275
Ile Trp Gly His Glu
290
Ile Thr
305

Ala

Asn Val Tyr

Cys Gln Gly Asp

325

Gly Asn Phe Tyr Leu

340

Leu Pro Gly Phe Pro
355

Ile Ala

370

Trp Val Asn

<210>
<211>
<212>
<213>

15
1128
DNA

<400> 15

atgttggtga ataacatgtt
tgcagtagtc tcggcagaca
tcaaaccgat ttactaacga
Caaaaaaatg attataattt
aaagtttgtt gtccgaaaca
actacaactg aacgaccgcc

Thr
Cys
Ala
Gly
150
His
Val
Tyr
Val
Ala

230
Pro

Ser
Pro
Met
310
Ser
Val
Gly

Met

Thr Glu

Asn
120
Pro

Gly

Thr
135
Gly Ile

Val Ile

Met Arg
Thr
200
His

Ser

Lys
215
Ile Leu

Ile Cys

Asn Pro

Ala
280
Arg

Ser

Cys
295
Cys Ala

Gly Gly

Gly Ile

Val Tyr
360
Val
375

Limulus polyphemus

ttcattgctg
gcgtagacag
tggaatatgt
actgaaagaa
aagtattgta
aatacggata

65

Arg Pro Pro
105
Arg

Asn Ile

Gly Ala Trp
Val
155

Ser

Arg Ser

Thr Ala
170
Ala Asp
185

Asn

Val

Asp Ser

His Glu Asn
Asn
235

Tyr

Lys Leu
Pro
250
Val

Leu

Phe
265
Val

Ala

Leu Arg

Gln Ala Tyr
Ala
315

Met

Gly Tyr
Met
330
Ser

Pro

Val
345
Thr

Phe

Lys Val

tgtttcccac
tttgttttcc
aaagatgttt
tcaatatgcg
aatccaataa
ccatccaatc

Ile Arg

Ile

Pro Ser

110

Thr Thr
125
Pro Trp
140
Gln Cys

His Cys

Phe Ser

Thr
Met
Gly
Val

Val

Arg Ile

Ala Ala

Ala
160
Asn

Gly

Val
175

Arg Leu

190

Ser Asp
205
Phe Vval
220
Asp Thr

Glu Ser

Gly Trp

Pro
Leu
Val
Leu

Gly

Ile Asp

Ala Thr

Thr Phe
240
Arg Tyr
255

Thr Thr

270

Glu Vval
285
Glu Lys
300
Asp Gly

Leu Pro

Gly Lys

Gln
Asp
Gly
Asp

Lys

Leu Pro

Leu Asn

Lys Asp
320
Lys Ser
335

Cys Ala

350

Thr Glu

365

tcctgatgtc
ccgatgatga
tgaattgtag
gttttgaagg
cagaagcacc
ttcctaaaca

Phe

Leu Asp

tatgtttagc
agaatcatgc
agatctttta
cataacaccc
tccaaaaacc
gtgtggaaat

60
120
180
240
300
360



cgtaatatta
tggatggctg
cttgtcacca
gatgtgatgc
aatgacagtt
gtgctcgcga
acgcacaaaa
atgagaaacc
gtattacgag
aaggatttaa
gcttgccagg
ctcgttggaa
acaaaagtga

<210>
<211>
<212>
<213>

16
375
PRT

<400> 16

caactaccag
ctgtctatat
acaggcacgt
gagctgatgt
cagatccaat
cgtatttgaa
ttaaaccaat
catttgtcgc
aagtgcagtt
atattacaaa
gtgattctgg
ttgtgtcttt
ccgaattttt

gattattgga
caaacaagga
gattacagca
attctcggtt
tgattttgca
tgatatcgca
ttgtctacct
cggatgggga
accaatatgg
cgtgtatatg
aggtccaatg
cggaaagaaa
agattggatt

Limulus polyphemus

66

gggcaggaag
ggaatcagaa

tcgcactgtg
cgcctaggtg
gttacgtcag
attctgaagt
tatgaaagct
acaacagcat
ggacacgagc
tgtgetgggt
atgttgcctg
tgcgecgttgc
gcagtaaata

caacacctgg
gtgctcagtg
ttgtaaacag
aacacaattt
tgaaacatca
taaacgacac
taaggtatga
ttaatggccc
cctgcaggca
atgcagatgg
ataaaagcgg
ctggatttcc

tggtgtag

agcctggccc
tggaggtgcg
tttaggaaca
atatagcacc
tgaaaacttt
tgttacgttt
ggatctagca
atctagtgca
ggcctacgag
cggtaaagat
gaacttttat
tggggtttac

Met
1
Ser
Phe
Ile
Tyr
65
Lys
Pro
Asn
Ile
Val
145
Leu
Ser
Gly
Phe

Tyr

Leu
Met
Pro
Cys
50

Asn
Val
Pro
Leu
Gly
130
Tyr
Val
Leu
Glu
Ala

210
Leu

Val
Phe
Asp
35

Lys
Leu
Cys
Lys
Pro
115
Gly
Ile
Thr
Gly
His
195
Val

Asn

Asn
Ser
20

Asp
Asp
Leu
Cys
Thr
100
Lys
Gln
Lys
Asn
Thr
180
Asn

Thr

Asp

Asn Met
5
Cys Ser

Glu Glu

Val Leu

Glu
70
Lys

Lys

Pro
85
Thr Thr

Gln Cys

Glu Ala

Gln Gly
150
Arg His
165
Asp Val

Leu Tyr

Ser Val

Ile Ala

Phe
Ser
Ser
Asn
55

Ser
Gln
Thr
Gly
Thr
135
Gly
Val
Met
Ser
Lys

215
Ile

Ser
Leu
Cys
40

Cys
Ile
Ser
Glu
Asn
120
Pro
Ile
Ile
Arg
Thr
200
His

Leu

Leu
Gly
25

Ser
Arg
Cys
Ile
Arg

105
Arg

Arg
Thr
Ala
185
Asn
His

Lys

Leu
10

Arg
Asn
Asp
Gly
Val
90

Pro
Asn
Ala
Ser
Ala
170
Asp
Asp
Glu

Leu

Cys
Gln
Arg
Leu
Phe
75

Asn
Pro
Ile
Trp
Ala
155
Ser
Val
Ser

Asn

Asn

Phe
Arg
Phe
Leu
60

Glu
Pro
Ile
Thr
Pro
140
Gln
His
Phe
Ser
Phe

220
Asp

Pro
Arg
Thr
45

Gln
Gly
Ile
Arg
Thr
125
Trp
Cys
Cys
Ser
Asp
205
Val

Thr

Leu
Gln
30

Asn
Lys
Ile
Thr
Ile
110
Thr
Met
Gly
Val
Val
190
Pro

Leu

Val

Leu
15

Phe
Asp
Asn
Thr
Glu
95

Pro
Arg
Ala
Gly
Val
175
Arg
Ile
Ala

Thr

Met
Val
Gly
Asp
Pro
80

Ala
Ser
Ile
Ala
Ala
160
Asn
Leu
Asp

Thr

Phe

420
480
540
600
660
720
780
840
900
960
1020
1080
1128



225

Thr His Lys

Glu Asp Leu

Ala Phe Asn

275

Ile Trp Gly
290

Ile Thr

305

Ala

Asn

Cys Gln

Gly Asn Phe

Leu Pro Gly
355
Ile Ala

370

Trp

<210>
<211>
<212>
<213>

17
1128
DNA

<400> 17
atgttggtga
tgcagtagtc
tcaaaccgat
Caaaaaaatg
aaagtttgtt
actacaactg
cgtaatatta
tggatggctg
cttgtcacca
gatgtgatgc
aatgacagtt
gtgctcgcga
acgcacaaaa
atgagaaacc
gtattacgag
aaggatttaa
gcttgccagg
ctcgttggaa
acaaaagtga

<210>
<211>

18
375

230

Ile Lys
245
Ala Met
260
Gly Pro

His Glu

Val Tyr

Pro

Ser

Pro

Met

Ile Cys

Asn Pro

Ala
280
Arg

Ser

Cys
295

Cys Ala

310

Gly Asp
325
Tyr Leu
340
Phe Pro

Val Asn

ataacatgtt
tcggcagaca
ttactaacga
attataattt
gtccgaaaca
aacgaccgcc
caactaccag
ctgtctatat
acaggcacgt
gagctgacgt
cagatccaat
cgtatttgaa
ttaaaccaat
catttgtcgc
aagtgcagtt
atattacaaa
gtgattctgg
ttgtgtcttt
ccgaattttt

Ser
Val
Gly

Met

Gly Gly

Gly Ile

Val Tyr
360
Val
375

Limulus polyphemus

ttcattgctg
gcgtagacaa
aggaatatgt
actgaaagaa
aagtattgta
aatccgtata
gattattgga
caaacaagga
gattacagca
attctcggtt
tgattttgca
tgatatcgca
ttgtctacct
cggatgggga
accaatatgg
cgtgtatatg
aggtccaatg
cggaaagaaa
agattggatt

67

235
Pro Tyr
250

Val

Leu

Phe
265
Val

Ala

Leu Arg

Gln Ala Tyr
Ala
315

Met

Gly Tyr
Met
330
Ser

Pro

Val
345
Thr

Phe

Lys Val

tgtttcccac
tttgttttcc
aaagatgttt
tcaatatgcg
aatccaataa
ccatccaatc
gggcaggaag
ggaatcagaa
tcgcactgtg
cgcctaggtg
gttacgtcag
attctgaagt
tatgaaagct
acaacagcat
ggacacgagc
tgtgctgggt
atgttgcctg
tgcgegttgce
gcagtaaata

Glu Ser Leu

Gly Trp Gly

270

Glu Vval Gln
285

Glu Lys

300

Asp

Asp

Gly Gly

Leu Pro Asp

Gly Lys Lys
350
Phe

Thr Glu

365

tcctgatgtc
ccgatgatga
tgaattgtag
gttttgaagg
cagaagcacc
ttcctaaaca
caacacctgg
gtgttcagtg
ttgtaaacag
aacacaattt
tgaaacatca
taaacgacac
taaggtatga
ttaatggccc
cctgcaggca
atgcagatgg
ataaaagcgg
ctggatttcc

tggtgtag

240
Arg Tyr
255
Thr Thr

Leu Pro

Leu Asn

Lys Asp
320
Lys Ser
335
Cys Ala

Leu Asp

tatgtttagc
agaatcatgc
agaactttta
cataacaccc
tccaaaaact
gtgtggaaat
agcctggccc
tggaggtgcg
tttaggaaca
atatagcacc
tgaaaacttt
tgttacgttt
ggatctagca
atctagtgca
ggcctacgag
cggtaaagat
gaacttttat
tggggtttac

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1128



<212>
<213>

<400>

Met
1
Ser
Phe
Ile
Tyr
65
Lys
Pro
Asn
Ile
Val
145
Leu
Ser
Gly
Phe
Tyr
225
Thr
Glu
Ala
Ile
Ile
305
Ala
Gly

Leu

Leu
Met
Pro
Cys
50

Asn
Val
Pro
Leu
Gly
130
Tyr
Val
Leu
Glu
Ala
210
Leu
His
Asp
Phe
Trp
290
Thr
Cys

Asn

Pro

PRT
Limulus polyphemus

18

Val
Phe
Asp
35

Lys
Leu
Cys
Lys
Pro
115
Gly
Ile
Thr
Gly
His
195
Val
Asn
Lys
Leu
Asn
275
Gly
Asn
Gln

Phe

Gly
355

Asn
Ser
20

Asp
Asp
Leu
Cys
Thr
100
Lys
Gln
Lys
Asn
Thr
180
Asn
Thr
Asp
Ile
Ala
260
Gly
His
Val
Gly
Tyr

340
Phe

Asn Met
5
Cys Ser

Glu Glu
Val Leu

Lys Glu
70

Pro Lys

85

Thr Thr

Gln Cys
Glu Ala

Gln Gly
150

Arg His

165

Asp Val

Leu Tyr
Ser Val

Ile Ala
230

Lys Pro

245

Met Arg

Pro Ser

Glu Pro

Tyr Met
310

Asp Ser

325

Leu Val

Pro Gly

Phe
Ser
Ser
Asn
55

Ser
Gln
Thr
Gly
Thr
135
Gly
Val
Met
Ser
Lys
215
Ile
Ile
Asn
Ser
Cys
295
Cys
Gly
Gly

Val

Ser
Leu
Cys
40

Cys
Ile
Ser
Glu
Asn
120
Pro
Ile
Ile
Arg
Thr
200
His
Leu
Cys
Pro
Ala
280
Arg
Ala
Gly

Ile

Tyr
360

Leu
Gly
25

Ser
Arg
Cys
Ile
Arg

105
Arg

Arg
Thr
Ala
185
Asn
His
Lys
Leu
Phe
265
Val
Gln
Gly
Pro
Val

345
Thr

Leu
10

Arg
Asn
Glu
Gly
Val
90

Pro
Asn
Ala
Ser
Ala
170
Asp
Asp
Glu
Leu
Pro
250
Val
Leu
Ala
Tyr
Met
330

Ser

Lys

68

Cys
Gln
Arg
Leu
Phe
75

Asn
Pro
Ile
Trp
Val
155
Ser
Val
Ser
Asn
Asn
235
Tyr
Ala
Arg
Tyr
Ala
315
Met

Phe

Val

Phe
Arg
Phe
Leu
60

Glu
Pro
Ile
Thr
Pro
140
Gln
His
Phe
Ser
Phe
220
Asp
Glu
Gly
Glu
Glu
300
Asp
Leu

Gly

Thr

Pro
Arg
Thr
45

Gln
Gly
Ile
Arg
Thr
125
Trp
Cys
Cys
Ser
Asp
205
Val
Thr
Ser
Trp
Val
285
Lys
Gly
Pro

Lys

Glu
365

Leu
Gln
30

Asn
Lys
Ile
Thr
Ile
110
Thr
Met
Gly
Val
Val
190
Pro
Leu
Val
Leu
Gly
270
Gln
Asp
Gly
Asp
Lys

350
Phe

Leu
15

Phe
Glu
Asn
Thr
Glu
95

Pro
Arg
Ala
Gly
Val
175
Arg
Ile
Ala
Thr
Arg
255
Thr
Leu
Leu
Lys
Lys
335
Cys

Leu

Met
Val
Gly
Asp
Pro
80

Ala
Ser
Ile
Ala
Ala
160
Asn
Leu
Asp
Thr
Phe
240
Tyr
Thr
Pro
Asn
Asp
320
Ser

Ala

Asp



Trp Ile Ala Val Asn Met Val

370

<210>
<211>
<212>
<213>

19
1128
DNA

<400> 19
atgttggtga
tgcagtagtc
tcaaaccgat
caaaaaaatg
aaagtttgtt
actacaactg
cgtaatatta
tggatggctg
cttgtcacca
gatgtgatgc
aatgacagtt
gtgctcgcga
acgcacaaaa
atgagaaacc
gtattacgag
aaggatttaa
gcttgccagg
ctcgttggaa
acaaaagtga

<210>
<211>
<212>
<213>

20
375
PRT

<400> 20
Met Leu Val
1

Ser Met Phe

Phe Pro Asp

35

Ile Cys Lys

50

Tyr Asn Leu

65

Lys Val Cys

Pro Pro Lys

ataacatgtt
tcggcagaca
ttactaacga
attataattt
gtccgaaaca
aacgaccgcc
caactaccag
ctgtctatat
acaggcacgt
gagctgacgt
cagatccaat
cgtatttgaa
ttaaaccaat
catttgtcgc
aagtgcagtt
atattacaaa
gtgattctgg
ttgtgtcttt
ccgaattttt

Asn

5
Ser Cys
20
Asp Glu

Asp Val

Leu Lys
Pro
85
Thr

Cys

Asn

Asn Met Phe
Ser
Glu
Leu
Glu
70

Lys

Thr

375

Limulus polyphemus

ttcattgctg
gcgtagacaa
tggaatatgt
actgaaagaa
aagtattgta
aatccgtata
gattattgga
caaacaagga
gattacagca
attctcggtt
tgattttgca
tgatatcgca
ttgtctacct
cggatgggga
accaatatgg
cgtgtatatg
aggtccaatg
cggaaagaaa
agattggatt

Limulus polyphemus

Ser

Ser Leu

Ser Cys
40
Asn Cys
55
Ser Ile

Gln Ser

Thr Glu

69

tgtttcccac
tttgttttcc
aaagatgttt
tcaatatgcg
aatccaataa
ccatccaatc
gggcaggaag
ggaatcagaa
tcgcactgtg
cgcctaggtg
gttacgtcag
attctgaagt
tatgaaagct
acaacagcat
ggacacgagc
tgtgctgggt
atgttgcctg
tgcgecgttgc
gcagtaaata

Leu
10
Arg

Leu Cys

Gly Gln
25
Ser

Asn Arg

Arg Asp Leu
Phe
75

Asn

Cys Gly
Val
990
Pro

Ile

Arg Pro

tcctgatgtc
ccgatgatga
tgaattgtag
gttttgaagg
cagaagcacc
ttcctaaaca
caacacctgg
gtgttcagtg
ttgtaaacag
aacacaattt
tgaaacatca
taaacgacac
taaggtatga
ttaatggccc
cctgcaggca
atgcagatgg
ataaaagcgg
ctggatttcc

tggtgtag

Phe Pro Leu
Gln
30

Asn

Arg Arg
Thr
45

Gln

Phe

Leu
60
Glu

Lys

Gly Ile

Pro Ile Thr

Ile Arg Ile

tatgtttagc
agaatcatgc
agatctttta
cataacaccc
tccaaaaaat
gtgtggaaat
agcctggccc
tggaggtgcg
tttaggaaca
atatagcacc
tgaaaacttt
tgttacgttt
ggatctagca
atctagtgca
ggcctacgag
cggtaaagat
gaacttttat
tggggtttac

Leu Met
15
Phe Val

Asp Gly

Asn Asp

Thr Pro
80
Glu Ala
95

Pro Ser

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1128



Pro
115
Gly

Asn Leu

Ile Gly
130
Val Tyr
145

Leu

Ile

Val Thr

Ser Leu Gly

Gly Glu His

195
Val

Phe Ala

210

Tyr Leu Asn

225

Thr His Lys

Glu Asp Leu

Ala Phe Asn

275

Ile Trp Gly
290

Ile Thr

305

Ala

Asn

Cys Gln

Gly Asn Phe

Leu Pro Gly
355
Ile Ala

370

Trp

<210>
<211>
<212>
<213>

21
1128
DNA

<400> 21
atgttggtga
tgcagtagtc
tcaaaccgat
caaaaaaatg
aaagtttgtt
actacaactg
cgtaatatta

100
Lys Gln

Gln Glu

Lys Gln

Cys
Ala

Gly

Asn
120
Pro

Gly

Thr
135

Gly Ile

150

Asn Arg
165
Thr Asp
180
Asn Leu

Thr Ser

Asp Ile

His
Val
Tyr
Val

Ala

Val Ile

Met Arg
Thr
200
His

Ser

Lys
215

Ile Leu

230

Ile Lys
245
Ala Met
260
Gly Pro

His Glu

Val Tyr

Pro
Arg
Ser
Pro

Met

Ile Cys

Asn Pro

Ala
280
Arg

Ser

Cys
295

Cys Ala

310

Gly Asp
325
Tyr Leu
340
Phe Pro

Val Asn

ataacatgtt
tcggcagaca
ttactaacga
attataattt
gtccgaaaca
aacgaccgcc
caactaccag

Ser
Val
Gly

Met

Gly Gly

Gly Ile

Val Tyr
360
Val
375

Limulus polyphemus

ttcattgctg
gcgtagacag
tggaatatgt
actgaaagaa
aagtattgta
aatacggata
gattattgga

70

105

Arg Asn Ile

Gly Ala Trp
Val
155

Ser

Arg Ser

Thr Ala
170
Ala Asp
185

Asn

Val

Asp Ser

His Glu Asn
Asn
235

Tyr

Lys Leu
Pro
250
Val

Leu

Phe
265
Val

Ala

Leu Arg

Gln Ala Tyr
Ala
315

Met

Gly Tyr
Met
330
Ser

Pro

Val
345
Thr

Phe

Lys Val

tgtttctcac
tttgttttcc
aaagatgttt
tcaatatgcg
aatccaataa
ccatccaatc

gggcaggaag

110

Thr Thr
125
Pro Trp
140
Gln Cys

His Cys

Phe Ser

Thr
Met
Gly
Val

Val

Arg Ile

Ala Ala

Ala
160
Asn

Gly

Val
175

Arg Leu

190

Ser Asp
205
Phe Val
220
Asp Thr

Glu Ser

Gly Trp

Pro
Leu
Val
Leu

Gly

Ile Asp

Ala Thr

Thr Phe
240
Arg Tyr
255

Thr Thr

270

Glu Vval
285
Glu Lys
300
Asp Gly

Leu Pro

Gly Lys

Gln
Asp
Gly
Asp

Lys

Leu Pro

Leu Asn

Lys Asp
320
Lys Ser
335

Cys Ala

350

Thr Glu

365

tcctgatgtc
ccgatgatga
tgaattgtag
gttttgaagg
cagaagcacc
ttcctaaaca
caacacctgg

Phe

Leu Asp

tatgtttagc
agaatcatgc
agatctttta
cataacaccc
tccaaaaact
gtgtggaaat
agcctggccc

60
120
180
240
300
360
420



tggatggctg
cttgtcacca
gatgtgatgc
aatgacagtt
gtgctcgcga
acgcacaaaa
atgagaaacc
gtattacgag
aaggatttaa
gcttgccagg
ctcgttggaa
acgaaagtga

<210>
<211>
<212>
<213>

22
375
PRT

<400> 22
Met Leu Val
1

Ser Met Phe

Phe Pro Asp

35

Ile Cys Lys
50

Tyr Asn Leu

65

Lys

Val Cys

Pro Pro Lys
Pro
115

Gly

Asn Leu

Ile Gly
130
Val Tyr
145

Leu

Ile

Val Thr

Ser Leu Gly

Glu His
195
Val

Gly
Phe Ala
210
Leu

Tyr Asn

225

ctgtctatat
acaggcacgt
gagctgacgt
cagatccaat
cgtatttgaa
ttaaaccaat
catttgtcgc
aagtgcagtt
atattacaaa
gtgattctgg
ttgtgtcttt
ccgaattttt

Asn

5
Ser Cys
20
Asp Glu

Asp Val

Leu Lys
Pro
85
Thr

Cys

Thr
100
Lys Gln

Gln Glu

Lys Gln

Asn Met Phe
Ser
Glu
Leu
Glu
70
Lys
Thr
Cys
Ala

Gly

caaacaagga
gattacagca
attctcggtt
tgattttgca
tgatatcgca
ttgtctacct
cggatgggga
accaatatgg
cgtgtgtatg
aggtccaatg
cggaaagaaa
agattggatt

Limulus polyphemus

Ser

Ser Leu

Ser Cys
40
Asn Cys
55
Ser Ile

Gln Ser

Thr Glu

Asn
120
Pro

Gly

Thr
135

Gly Ile

150

Asn Arg
165
Thr Asp
180
Asn Leu

Thr Ser

Asp Ile

His
Val
Tyr
Val

Ala

Val Ile

Met Arg
Thr
200
His

Ser

Lys
215

Ile Leu

230

71

ggaatcagaa
tcgcactgtg
cgcctaggtg
gttacgtcag
attctgaagt
tatgaaagct
acaacagcat
ggacacgagc
tgtgctgggt
atgttgcctg
tgcgecgttgc
gcagtaaata

Leu
10
Arg

Leu Cys

Gly Gln
25
Ser

Asn Arg

Arg Asp Leu
Phe
75

Asn

Cys Gly

Ile val
90
Arg Pro Pro
105
Arg

Asn Ile

Gly Ala Trp
Val
155

Ser

Arg Ser

Thr Ala
170
Ala Asp
185

Asn

Val

Asp Ser

His Glu Asn
Asn
235

Lys Leu

gtgttcagtg
ttgtaaacag
aacacaattt
tgaaacatca
taaacgacac
taaggtatga
ttaatggccc
cctgcaggca
atgcagatgg
ataaaagcgg
ctggatttcc

tggtgtag

Phe Ser Leu
Gln
30

Asn

Arg Arg

Phe Thr
45
Leu Gln
60

Glu

Lys

Gly Ile

Pro Ile Thr

Ile Ile
110
Thr

Arg
Thr Thr
125
Pro Trp Met
140
Gln

Cys Gly

His Cys Val

Phe Val
190
Pro

Ser
Ser Asp
205
Phe Val
220

Asp

Leu

Thr Val

tggaggtgcg
tttaggaaca
atatagcacc
tgaaaacttt
tgttacgttt
ggatctagca
atctagtgca
ggcctacgag
cggtaaagat
gaacttttat
tggggtttac

Leu Met
15
Phe Val

Asp Gly

Asn Asp

Thr Pro
80
Glu Ala
95
Pro Ser

Arg Ile

Ala Ala

Ala
160
Asn

Gly

Val
175
Arg Leu

Ile Asp

Ala Thr

Thr Phe

240

480
540
600
660
720
780
840
900
960
1020
1080
1128



Thr
Glu
Ala
Ile
Ile
305
Ala
Gly

Leu

Trp

His
Asp
Phe
Trp
290
Thr
Cys
Asn

Pro

Ile
370

<210>
<211>
<212>
<213>

<220>
<223>

<400>
Ile Glu Gly Arg

1

<210>
<211>
<212>

<213>

<220>
<223>

<400>
ctgcaggaat tcgatttttt tttttttttt ttttt

<210>
<211>
<212>

<213>

Lys
Leu
Asn
275
Gly
Asn
Gln
Phe
Gly

355
Ala

23
4
PRT

Ile
Ala
260
Gly
His
Val
Gly
Tyr
340
Phe

Val

Lys
245
Met
Pro
Glu
Cys
Asp
325
Leu

Pro

Asn

Pro
Arg
Ser
Pro
Met
310
Ser
Val

Gly

Met

Ile
Asn
Ser
Cys
295
Cys
Gly
Gly

Val

Val
375

Artificial Sequence

peptide

23

24
35
DNA

primer

24

25
35
DNA

Artificial Sequence

Artificial Sequence

Cys
Pro
Ala
280
Arg
Ala
Gly

Ile

Tyr
360

Leu
Phe
265
Val
Gln
Gly
Pro
Val

345
Thr

Pro
250
Val
Leu
Ala
Tyr
Met
330

Ser

Lys

72

Tyr
Ala
Arg
Tyr
Ala
315
Met

Phe

Val

Glu
Gly
Glu
Glu
300
Asp
Leu

Gly

Thr

Ser
Trp
Val
285
Lys
Gly
Pro

Lys

Glu
365

Leu
Gly
270
Gln
Asp
Gly
Asp
Lys

350
Phe

Arg
255
Thr
Leu
Leu
Lys
Lys
335
Cys

Leu

Tyr
Thr
Pro
Asn
Asp
320
Ser

Ala

Asp

35



<220>
<223>

<400>

atcgataagc ttgatgatct gggcttgtgt gatga

<210>
<211>
<212>
<213>

<220>
<223>

<400>

primer

25

26

15

DNA

Artificial Sequence

primer

26

ctgcaggaat tcgat

<210>
<211>
<212>
<213>

<220>
<223>

<400>

27

15

DNA

Artificial Sequence

primer

27

ctacaccaag ttcca

<210>
<211>
<212>
<213>

<220>
<223>

<400>

28

25

DNA

Artificial Sequence

primer

28

gtaaaccatg tgacaaactg gaggc

<210>
<211>
<212>
<213>

<220>
<223>

29

25

DNA

Artificial Sequence

primer

73

35

15

15

25



74

<400> 29
aataaggcct ccatcgatag aagta 25

<210> 30

<211> 39

<212> DNA

<213> Artificial Sequence

<220>
<223> primer

<400> 30
ggggaattca agcttgccac catggtacta gecgtcgttc 39

<210> 31

<211> 35

<212> DNA

<213> Artificial Sequence

220>
<223> primer

<400> 31
gggctcgagt caaatgaact gccgaatcca cgata 35

<210> 32

<211> 35

<212> DNA

<213> Artificial Sequence

<220>
<223> primer

<400> 32
atcgataagc ttgatcacat gcaaggaaaa gttct 35

<210> 33

<211> 35

<212> DNA

<213> Artificial Sequence

<220>
<223> primer

<400> 33



ctgcaggaat tcgatcactg tttaaacaaa ctgaa

<210>
<211>
<212>
<213>

<220>
<223>

<400>

34

35

DNA

Artificial Sequence

primer

34

atcgataagc ttgatagacc agagtggtct ttctg

75

35

35
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