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DESCRIPTION
METHOD FOR PRODUCING REAGENT FOR ANTIBODY DETECTION AND USE
THEREOF

Technical Field
[0001]

The present invention relates to a method for producing a reagent for antibody detection.
The present invention also relates to a reagent for antibody detection produced by the method

and use thereof,

Background Art
[0002]

There exist a large number of methods for detecting antibodies contained in liquid
samples, for example, radioimmunoassay and enzyme-linked immunosorbent assay (ELISA).
ELISA is a method which involves: immobilizing particular antigens onto a microplate; after
serial dilution of an antibody-containing sample, performing antigen-antibody reaction on the
microplate; and detecting the bound antibody using an enzyme-labeled secondary antibody.
This method requires evaluating antibody tests directed to individual antigens using separate
assay plates.

[0003]

As an approach for solving this problem, a multiplex technique has received attention,
which can simultaneously analyze antibodies against diverse antigens by use of microbeads
bearing reporter fluorescence as a carrier for immobilization.

[0004]

In the application of any of these techniques, such diverse antigens must be prepared in
water-soluble forms. Proteins of native structures that can be prepared in water-soluble forms
or chemically synthesized polypeptide fragments have conventionally been used in most cases.
[0005]

For example, a method for detecting an antibody contained in the blood of a cancer
patient is described in Patent Literature 1 or 2. This method involves immobilizing an antigen
epitope peptide (antigenic peptide composed of several amino acids) onto beads; contacting the
beads with the blood components of a subject; and detecting antigen epitope peptide-specific

antibody contained in the blood of the subject. The epitope portion to which the antibody binds,
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however, differs depending on the type of HLA. Use of the method described in Patent
Literature 1 or 2 therefore requires clearing various conditions such as the examination of the
HLA type of the subject and the identification of an epitope peptide appropriate for the HLA type
of the subject.
[0006]

For preparing a detection reagent for an antibody against a particular antigenic protein,
the reagent to be prepared comprises all epitope portions derived from one type of antigenic
protein on the surface of one type of bead and performs highly sensitive and stable detection.
For this purpose, it is preferred to obtain an antigen having a water-soluble and flexible structure.
Nonetheless, most of denatured proteins, poorly soluble proteins (e.g., membrane proteins), or
proteins having unstable physical properties tend to aggregate. In this respect, partial peptides
capable of exhibiting stable physical properties have conventionally been used in most cases.
[0007]

Use of such partial peptides requires synthesizing diverse overlapping peptides for
covering all epitopes and also requires preparing many types of beads. In addition, it is
practically difficult to provide seamless epitope peptides. Even if a full-length antigen having a
native structure can be obtained luckily, a general protein, which has a higher-order structure
with a hydrophobic moiety buried in the interior, does not always expose its epitope to react with
an antibody.

[0008]

Even in a reagent for antibody detection prepared using solubilized proteins, thiol
groups contained in the proteins might form a disulfide bond over time and thereby influence the
antibody detection.

[0009]

For example, Patent Literature 3 describes a method for detecting an anti-HCV antibody
contained in the serum of a subject by use of the long-chain polypeptide of human hepatitis C
virus (HCV). Patent Literature 3 states that an intraprotein or interprotein disulfide bond
generated over time reduces antibody detection sensitivity. The solution to this problem
described therein is to dissociate the intraprotein or interprotein disulfide bond using a reducing
agent before or during detection, thereby improving the antibody detection sensitivity. Since
even the solubilized proteins might precipitate over time, some approach is necessary for solving
this problem.

[0010]

TAPS-sulfonate (trimethylammoniopropyl methanethiosulfonate; hereinafter, referred to
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as TAPS) is known as a compound that solubilizes proteins.  TAPS can bind to thiol groups in a
protein to reversibly cationize the protein (see e.g., Non Patent Literatures 1 and 2)
[0011]

The catiomzed protein exhibits improved solubility in water.  Since the binding of
TAPS to the protein is reversible reaction, TAPS is known to dissociate from the protein upon
cellular uptake so that the protein can exert its original functions as a result of retolding.
Nonetheless, no attempt has been made so far on the process of preparing a reagent for antibody
detection by use of solubilization using TAPS.  Also. antibodies are generally known to bind to
glycosylated proteins.  No previous report, however, shows whether an antibody can bind to a

protein bound with an artificially synthesized compound such as TAPS.
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[0012]

Patent Literature 1; Japanese Patent No. 3960614 (Immunodia Co., L.td.)
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[0013]
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Non Patent Literature 2: M. Inoue et al., Biotechnol. Appl. Biochem., 28, 207-213 (1998)

Summary of Invention
Technical Problem
[0014]

The present invention has been made in light of the circumstances mentioned above.
The present invention provides a method for efficiently producing a reagent for the detection of
an antibody present in a liquid sample, the antibody specifically binding to a poorly soluble
antigenic protein. The present invention also provides a reagent for antibody detection

produced by the production method and use thereof.

Solution to Problem
[0015]

Specitically, an object of the present invention is to provide the tollowing aspecis
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[0016]

(1) A method for producing a reagent for antibody detection comprising an antigenic
protein and a carrier, the method comprising the steps of: solubilizing the antigenic protein by
cationization; and allowing the cationized antigenic protein to bind to the carrier.

(2) The method for producing a reagent for antibody detection according to (1), wherein
the antigenic protein is a full-length protein.

(3) The method for producing a reagent for antibody detection according to (1) or (2),
wherein the antigenic protein is a membrane protein.

(4) The method for producing a reagent for antibody detection according to any one of
(1) to (3), wherein the antigenic protein is a cancer antigenic protein.

(5) The method for producing a reagent for antibody detection according to any one of
(1) to (4), wherein the cationization is performed by the binding of a cationizing agent to thiol
groups of the antigenic protein.

[0017]

(6) The method for producing a reagent for antibody detection according to (5), wherein
the cationizing agent is selected from any one of a thiosulfonate compound, a mixed disulfide
compound, a pyridyl sulfide cationizing agent, and an alkyl halide cationizing agent, and
mixtures thereof.

(7) The method for producing a reagent for antibody detection according to (6), wherein
the thiosulfonate compound is a compound represented by the following formula:

[Formula 1]

O

|
R*-S-S

I

O

wherein R' represents a linear alkylene group having 2 to 20 carbon atoms; R? represents an

alkyl group having 1 to 3 carbon atoms; and n represents any integer of 1 to 3.

(8) The method according to (7), wherein the compound is TAPS-sulfonate wherein R
is -(CH,)s-; R is CHs-; and n is 1.

(9) The method for producing a reagent for antibody detection according to (7), wherein
the compound is TAP3S-sulfonate wherein R' is -(CHz)s-; R* is CH3-; and n is 3.
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(10) The method for producing a reagent for antibody detection according to (6),
wherein the alkyl halide cationizing agent is TAP-Br.

(11) The method for producing a reagent for antibody detection according to any one of
(1) to (10), wherein the carrier is magnetic beads.
[0018]

(12) A reagent for antibody detection produced by a method according to any one of (1)
to (11).
[0019]

(13) A method for detecting an antigen-specific antibody contained in a sample, the
method comprising the steps of: contacting a reagent for antibody detection according to (12)
with the sample; adding thereto an antibody-binding labeled secondary antibody to allow the
secondary antibody to bind to the antibody; recovering the reagent for antibody detection; and
detecting the reagent for antibody detection bound with the antibody.

(14) The method according to (13), wherein the sample is an isolated body fluid.
[0020]

The present inventors have completed the present invention by finding that a reagent for
antibody detection that is intended to detect an antibody against an antigenic protein can be

produced by the configuration as described above.

Advantageous Effects of Invention
[0021]

A cationizing agent can be used in an antigenic protein solubilization step to thereby
efficiently solubilize and recover antigenic proteins. Hence, a reagent for antibody detection
comprising a large number of antigenic protein molecules bound with a carrier can be efficiently
produced, compared with conventional methods.

Furthermore, this reagent for antibody detection is much more stable than reagents
produced by the conventional methods and can thus be stored for a long period.

[0022]

In one aspect of the present invention, poorly soluble antigenic proteins can be used as
antigens for antibody detection. Use of such antigenic proteins permits detection of antibodies
even if the antigenic proteins, because of their difference in HLA type, differ in epitope portions
which can be recognized by the antibodies. This eliminates the need of producing a plurality of
reagents according to the HL A type of a subject and can provide an efficient production method,

compared with the methods involving the immobilization of epitope peptides on beads.
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[0023]

In addition, the cationizing agent bound with thiol groups in an antigenic protein can
inhibit the time-dependent generation of an intraprotein or interprotein disulfide bond. This can
be expected to be effective for preventing reagents for antibody detection from aggregating over
time through interprotein disulfide bonds. Thus, the reagents for antibody detection can
maintain their functions, compared with the conventional methods, even when poorly soluble
antigenic proteins are bound with a carrier or even after long-term storage at room temperature
or at 4°C or -20°C.

[0024]

On the other hand, such artificially synthesized compounds bound with antigenic
proteins might hinder the antigenic proteins from binding to antibodies. However, the present
inventors have revealed that antibodies can be detected using antigenic proteins even bound with
cationizing agents.

[0025]

According to these features, a reagent for antibody detection can be efficiently produced
by use of the production method of the present invention. The reagent for antibody detection
produced by the production method of the present invention can detect an antibody (against an
antigenic protein) present in a liquid sample and as such, can detect a cancer antigenic protein-
specific antibody trom a serum sample, for example, regardiess of the HLA type of a cancer
patient.

[0026]

TAPS-sulfonate or TAP-Br, in particular, has a low molecular weight. This compound
can therefore minimize steric hindrance that inhibits protein-antibody reaction, while
maintaining its high solubilizing ability. This low molecular weight also facilitates the binding
of a plurality of its molecules to a protein.  As a result, all SH groups contained in the protein
can be cationized. This can prevent beads from aggregating during long-term storage. By
virtue of these features, the method of the present invention using TAPS-sulfonate or TAP-Br is

more effective than the conventional methods.

Brief Description of Drawings

[0027]

[Fig. 1] Fig. 1 is a diagram illustrating protein cationization.

[Fig. 2] Fig. 2 is a diagram showing results of SDS-PAGE analysis after cationization of WT-1
with TAPS.



10

20

25

30

W6766
7

[Fig. 3] Fig. 3 is a diagram showing results of SDS-PAGE analysis afier cationization of MAGE-
A4 with TAPS.
[Fig. 4] Fig. 4 is a diagram showing results of HPLC purification of TAPS-bound WT-1.
[Fig. 5] Fig. 5 is a diagram showing results of HPLC purification of TAPS-bound MAGE-A4.
[Fig. 6] Fig. 6 is a diagram showing results of SDS-PAGE analysis after HPLC purification of
TAPS-bound WT-1 and MAGE-A4. Min represents an elution time in the HPLC purification
(Fig. 4 or 5). For example, the lane indicated by "49min" depicts the migration of fractions
collected for 1 minute from the elution time of 49 minutes.
[Fig. 7] Fig. 7 is a diagram showing results of SDS-PAGE analysis of prepared antigenic proteins
Each lane was charged with 2 ug of each antigenic protein.
[Fig. 8] Fig. 8 is a diagram showing results of detecting antibodies against 6 types of cancer
antigenic proteins contained in the serum of cancer patients using a reagent for antibody
detection produced by the production method of the present invention.
[Fig. 9] Fig. 9 is a diagram showing results of detecting antibodies against 3 types of cancer
antigenic proteins contained in the serum of cancer patients using a reagent for antibody
detection produced by the production method of the present invention.
[Fig. 10] Fig. 10 is a diagram showing results of detecting antibodies against 3 types of cancer
antigenic proteins contained in the serum of cancer patients using a reagent for antibody
detection produced by the production method of the present invention.
[Fig. 11] Fig. 11 is a diagram showing results of reverse-phase HPLC (high-performance liquid
chromatography) performed on TAPS-bound, TAP3S-bound, native, and reduced lysozymes.
[Fig. 12] Fig. 12 is a diagram showing the percentages of bead aggregates contained in
suspensions of TAPS-bound, TAP3S-bound, native, and reduced MAGE-A4-immobilized beads
stored at 4°C for 5 days or at 37°C for 10 days or 41 days.
[Fig. 13] Fig. 13 is a diagram showing results of Western blotting performed on storage solutions
of TAPS-bound MAGE-A4-immobilized beads (lane 2), TAP3S-bound MAGE-A4-immobilized
beads (lane 3), and native MAGE-A4-immobilized beads (lane 4) stored for 104 days. Lane ]
depicts the migration of 100 ng of the MAGE-A4 protein as a control.
[Fig. 14] Fig. 14 provides images showing the detection of proteins bound with the surface of
Bio-Plex COOH beads, TAPS-bound MAGE-A4-immobilized beads stored for 104 days,
TAP38-bound MAGE-A4-immobilized beads stored for 104 days, and native MAGE-A4-
immobilized beads stored for 104 days. The left images are images taken by a confocal laser
scanning fluorescence microscope. The right images are differential interference images (bright

field) taken at the same time therewith.
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Description of Embodiments
[0028]
Hereinafter, embodiments of the present invention will be described.
[0029]

First, the method for producing a reagent for antibody detection according to the present
invention (hereinafier, also referred to as the production method of the present invention) will be
described.

[0030]

The production method of the present invention is a method for producing a reagent for
antibody detection, comprising the steps of: solubilizing the antigenic protein by cationization,
and allowing the cationized antigenic protein to bind to the carrier. The antigenic protein may
be a poorly soluble protein.

[0031]

In the present specification, the term "poorly soluble" is provided merely for illustrating
a property of the protein and refers to the property of not forming a uniform mixed solution by
dissolution in a liquid, particularly, the property of being impossible or difficult to dissolve in
water or a physiological solvent. The poorly soluble proteins of types described herein can be
defined as poorly soluble proteins when substantially the majorities thereof are recovered into
precipitated fractions after centrifugation at 15,100 x g for 1 hour of the proteins in water, in
water and a salt, or in water and a physiological solvent that does not denature the proteins.
[0032]

The "protein” described herein includes peptides, polypeptides, and the like. The
protein is not limited to naturally occurring proteins that are found in nature and also
encompasses recombinant proteins derived from cells transformed by gene transfer or the like,
proteins expressed using an in vitro cell-free protein expression system, and synthetic proteins
prepared in a synthetic organic chemistry manner. Alternatively, a functional group may be
added to a portion or the whole of amino acids constituting the protein in such a way that the
amino acid(s) is acetylated, phosphorylated, or methylated, or a portion or the whole of amino
acids constituting the protein may be modified with a sugar, a protein, a lipid, or the like.

[0033]

The "poorly soluble protein" described herein refers to a protein that is impossible or

difficult to dissolve even by stirring in water or a physiological solvent at room temperature and

may be dissolved by use of, for example, a denaturant but forms precipitates as a result of the
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replacement of the denaturant with a physiological solvent. Even in the case of a protein that is
soluble in nature, the protein of interest is also expressed as a poorly soluble protein when this
protein of interest is recovered in the form of an inclusion body by the expression thereof as a
recombinant protein using an organism of different species (e.g., by the construction of an
expression system in E. coli using a gene recombination technique). Examples of the poorly
soluble protein include, but are not limited to, full-length proteins, membrane proteins, and
cancer antigenic proteins.
[0034]

In the present specification, the term "solubilization" refers to the dissolution of a
protein in a physiological solvent with its amino acid sequence maintained. The term
"solubilization" means that when a solution containing a protein dissolved with a denaturant is
centrifuged after replacement with a physiological solvent, the amount of the protein recovered
into a supernatant is increased after the centrifugation.

[0035]

The full-length proteins mean not only natural proteins confirmed to exist in vivo but a
protein encoded by the largest open reading frame (ORF) predicted from the genomic sequence.
The amino acid sequences of such full-length proteins can be obtained from, but not limited to,
database, for example, The ORFeome Collaboration (http://www.orfeomecollaboration.org/) or
GeneCards(R) (http://www.genecards.org/).

[0036]

The membrane proteins refer to proteins having a transmembrane structure. These
proteins are present at the surface of cell membranes, nuclear envelopes, and other intracellular
organelles. One protein molecule contains a hydrophilic moiety which is within the cell or is in
contact with the outside of the cell, and a hydrophobic moiety which is buried in the cell
membrane. For this reason, these membrane proteins, when obtained by expression in E. coli
or the like, rarely form a three-dimensional structure in an aqueous solution and tend to form an
inclusion body.

[0037]

The cancer antigenic proteins refer to antigenic proteins that are expressed in tumors
and induce immune response or antigenic proteins that can serve as an index for the presence of
tumors. Examples of the cancer antigenic proteins include proteins that are expressed at
increased levels by the malignant transformation of cells, and proteins having one or some amino
acids thereof mutated as a result of the malignant transformation of cells.

[0038]
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A feature of the production method of the present invention is to cationize a protein.
More preferably, a feature of the production method of the present invention is to cationize a
poorly soluble protein.

[0039]

The cationization of the protein refers to the addition of excessive positive charges to
the protein. The cationized protein exhibits improved solubility in water owing to charge
repulsion. Examples of an approach for the protein cationization include the binding of a
cationizing agent to a protein.

[0040]

The "carrier" refers to a material having solid-phase surface to which the antigenic
protein is to be bound. Specific examples thereof include, but are not limited to, glass, nylon
membranes, semiconductor wafers, and microbeads.

[0041]

The binding of the antigenic protein to the carrier means that the "antigenic protein” is
immobilized directly onto the surface of the carrier using a technique known in the art.
Alternatively, the antigenic protein may be immobilized indirectly thereonto via, for example, a
biotin-avidin bond or via a linker molecule.

[0042]

The "sample" refers to a test piece containing the antibody (including subtypes such as
IgG, IgA, IgM, IgD, and IgE) and an active fragment thereof (including e.g., Fab and F(ab'),
fragments) to be detected by the reagent for antibody detection according to the present
invention.

[0043]

The "body fluid" refers to a sample in a liquid state that can be collected from an
organism. The body fluid corresponds to peripheral blood, bone marrow fluid, cord blood,
pleural fluid, ascitic fluid, urine, and the like. The body fluid also corresponds to samples
obtained by the treatment of these body fluids according to methods well known to those skilled
in the art (e.g., plasma or serum obtained from a supernatant by the centrifugation of peripheral
blood).

[0044]

The "secondary antibody" refers to an antibody and an active fragment thereof that
recognizes the antibody (including subtypes such as [gG, IgA, IgM, IgD, and IgE) and an active
fragment thereof (including e.g., Fab and F(ab'), fragments) to be detected by the reagent for

antibody detection according to the present invention. The "labeled secondary antibody" refers
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to a secondary antibody bound with a label such as a radioisotope, a luminescent agent, or a
fluorophore.  Alternatively, a protein such as an enzyme (such as luciferase or peroxidase),
biotin or green fluorescent protein (GFP) may be used as the "label". In the case of such a
"label" derived from the protein, the "labeled secondary antibody" may be prepared in a genetic
engineering manner as one recombinant protein in the form of a fusion protein.
[0045]

The cationizing agent that can be used in the production method of the present invention
can be any of various compounds that can add positive charges to the protein via disulfide bonds
(Fig. 1). For example, a thiosulfonate compound, a mixed disulfide compound, a pyridyl
disulfide cationizing agent, or an alkyl halide cationizing agent can be used.

[0046]

The thiosulfonate compound used in the production method of the present invention is a
compound represented by {[Formula 2] given below. In this formula, X represents a group
having a cation. One group having a cation represented by X may be used, or a linkage of the
groups represented by X may be used. In the formula, R* represents a lower alkyl group having
1 to 3 carbon atoms. Specifically, the thiosulfonate compound used in the production method
of the present invention is a thiosulfonate compound having one or more cations derived from X
in one molecule. Examples of the group represented by X include quaternary ammonium
groups.

[0047]
[Formula 2]

(I?
R*—S-S—X

]

O

[0048]

The thiosulfonate compound used in the production method of the present invention is a
thiosulfonate compound represented by [Formula 3] given below having one or more quaternary
ammonium group-derived cations in one molecule.

[0049]

[Formula 3]
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[0050]
wherein R' represents a linear or branched alkylene group having 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12,
13, 14, 15, 16, 17, 18, 19, or 20 carbon atoms; R* represents a lower alkyl group having 1, 2, or 3
carbon atoms; and n represents any integer of 1, 2,3, 4, 5, 6, 7, 8, 9, and 10, more preferably any
integer of 1, 2, and 3.

[0051]

Examples of features of the thiosulfonate compound include an inert dissociable group
formed as the dissociable group R? after protein cationization reaction as illustrated in Fig. 1.
[0052]

Examples of the compound containing one quaternary ammonium group-derived cation
in one molecule include trimethylammoniopropyl methanethiosulfonate (TAPS-sulfonate;
hereinafter, referred to as TAPS). Examples of the compound containing three quaternary
ammonium group-derived cations in one molecule include TAP3S-sulfonate (hereinafter,
referred to as TAP3S).

[0053]

TAPS refers to a compound represented by [Formula 4] given below. TAPS has a
strongly positively charged quaternary amine in the molecule and cationizes a protein through
cysteine residue-mediated binding to the protein. The cationized protein exhibits improved
solubility and contains stably protected SH groups. TAPS can be synthesized with reference to,
for example, Biotechnol. Appl. Biochem. (1998) 28, 207-213 or purchased as a reagent in the
form of Br salt (represented by [Formula 5] given below) (molecular weight: 292.26) (from
Wako Pure Chemical Industries, Ltd., Katayama Chemical, Ltd., etc.).

[0054]
[Formula 4]
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CH;
I

CH,S0, - S - CH,CH,CH, - N*- CH;
I
CH;

[0055]

[Formula 5]

CH;
|

CH;S0, - S - CH,CH,CH, - N CH; » Br-
I
CH;

[0056]

TAP3S refers to a molecular-weight compound represented by [Formula 6] given below.
TAP3S has 3 strongly positively charged quaternary amines in the molecule and can more
strongly cationize a protein than TAPS. TAP3S can be synthesized with reference to, for
example, International Publication No. WO 2011/118731.
[0057]
[Formula 6]

CH;
I
CH,S0, - S { CH,CH,CH, - N* CH;
I
CH3 3

[0058]
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Examples of the mixed disulfide compound used in the production method of the
present invention include cystamine as represented by [Formula 7] given below. In the case of
cystamine, NH;" is the group having a cation.
[0059]
[Formula 7]

®
® S N
HBN/\/ \S/\/ 3

[0060]

Examples of the pyridyl sulfide cationizing agent used in the production method of the
present invention include compounds as represented by [Formula 8] given below. X represents
a group having a cation. One group having a cation represented by X may be used, or a linkage
of the groups represented by X may be used.

[0061]
[Formula 8]

—N

\ / 5-S — X

[0062]

The cationizing agent that can be used in the production method of the present invention
may be an alkyl halide cationizing agent that can add positive charges to a protein through S-
alkylation. For example, (3-bromopropyl)trimethylammonium (TAP-Br) can be used. TAP-
Br irreversibly binds SH groups in a protein and thereby improves its protein-solubilizing ability.
TAP-Br (molecular weight: 261.00) can be purchased, for example, as a reagent in the form of
Br salt (represented by [Formula 9]) (e.g., from Sigma-Aldrich Corp.).
[0063]
[Formula 9]
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CHs
I

Br- CH,CH,CH, - N=CH; » Br-
I

CH;

[0064]

Various cationizing agents can be used in the production method of the present
mvention.  TAPS-sulfonate or TAP-Br, in particular, has a low molecular weight.  This
compound can therefore minimize steric hindrance that inhibits protein-antibody reaction, while
maintaining its high solubilizing ability.  This low molecular weight also facilitates the binding
of a plurality of its molecules to a protein,  As a result. all SH groups contained in the protein
can be cationized. This can prevent beads from aggregating during long-term storage.

[0065]

Hereinafter, the steps of preparing an antigenic protein and preparing a TAPS-bound
antigenic protein using TAPS will be described as one example of the obtainment of a cationized
antigenic protein.

[0066]

A gene of the antigenic protein is transterred to /v. coli. which is then cultured. The
cultured F. coli is homogenized to recover the antigenic protein.  In this recovery, the antigenic
protein may be in the form of an inclusion body.

[0067]

The recovered inclusion body is solubilized with a denaturant. Examples of the
denaturant used include, but are not limited to, urea, guanidine hydrochloride, and surfactants.
[0068]

The antigenic protein thus denatured is treated with a reducing agent to cleave the SS
bonds. Examples of the reducing agent include, but are not limited to, dithiothreitol (DTT) and
2-mercaptoethanol (2ME).

[0069]

TAPS is added to the solution containing the denatured antigenic protein, and the
mixture is left standing at room temperature for 30 minutes.  The amount of TAPS added is
preferably a TAPS molar concentration of 1 to [0 times, more preferably 1.1 to 1.2 times the

molar concentration of thiol groups contained in the antigenic protein and the solution
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[0070]

After 30 minutes, polyethyleneimine having an average molecular weight of 600 is
added at a final concentration of 0.2% to the solution containing the TAPS-bound antigenic
protein. Then, 10% acetic acid is added thereto in 4 times the amount of the resulting solution.
The solution containing the TAPS-bound antigenic protein is centrifuged to recover a supernatant.
[0071]

Subsequently, the TAPS-bound antigenic protein contained in the supernatant is purified.
In the purification, a method such as dialysis or column chromatography can be used. For
example, the supernatant is transferred to a dialysis tube and dialyzed against pure water or up to
0.5% acetic acid at 4°C to remove the denaturant. The dialyzed liquid is centrifuged at 12,000
rpm at 4°C to room temperature for 15 minutes to recover a supernatant.

[0072]

The cationized antigenic protein is obtained through these steps.
[0073]

The cationized antigenic protein exhibits high water solubility, is easily prepared, and
exhibits very high stability under weakly acidic conditions (preferably pH 6 or lower, more
preferably pH 2 to 5). The cationized antigenic protein therefore can maintain its water
solubility in a state where epitopes in its full-length protein are seamlessly exposed. For this
reason, all epitopes contained in one antigenic protein can be immobilized on one type of bead so
as to facilitate the reaction of the epitopes with antibodies.

[0074]

Next, the TAPS-bound protein is allowed to bind to a carrier.
[0075]

In one aspect, magnetic beads, non-magnetic beads, a microplate, or the like can be
used as the carrier. Magnetic beads are preferably used in terms of convenient analysis
operation. Hereinafter, a case using the beads as the carrier will be described.

[0076]

The beads are suspended in a solution for binding. In the case where the beads have
already been modified to help the beads bind to the protein, the beads are bound directly to the
TAPS-bound protein. In the absence of such modification to help the beads bind to the protein,
the beads are modified with a material, such as skimmed milk, which does not inhibit the
reaction of the TAPS-bound protein with an antibody during antibody detection.

[0077]

The solution of the TAPS-bound protein is mixed with the suspension of the beads.
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For example, 2 to 16 hours are preferred as the mixing time of beads activated into a state
reactive with amino groups.
[0078]

The beads are recovered, then suspended in a solution for washing, and washed by
centrifugation. Examples of the solution for washing include phosphate buffer solutions. For
storing the beads thus washed, the beads are suspended in a buffer for storage and stored.
Examples of the buffer for storage include a storage buffer available from Bio-Rad Laboratories,
Inc. A weakly acidic (preferably pH 6 or lower, more preferably pH 2 to 5) buffer for storage
more stably maintains the solubility of the TAPS-bound protein.

[0079]

The reagent for antibody detection can be produced through these steps.
[0080]

Next, an antibody detection method will be described in detail as one aspect using the
reagent for antibody detection produced by the production method of the present invention
(hereinafter, referred to as the reagent of the present invention).

[0081]

The reagent of the present invention may be a reagent for antibody detection comprising
a cationized poorly soluble antigenic protein and beads.

[0082]

A sample presumed to contain an antibody is obtained from a subject. A body fluid
can be used as the sample. Peripheral blood, bone marrow fluid, cord blood, pleural fluid,
ascitic fluid, urine, or the like can be used as the body fluid. Peripheral blood is preferably used
in consideration of easy collection and a small burden on the subject. The amount of the
sample collected is preferably an amount that puts no heavy burden on the subject. The
peripheral blood can be collected by use of a whole blood collection method using a vacuum
blood collection tube, a blood collection bag, or the like. For blood collection, heparin or the
like may be added in order to prevent the coagulation of blood.

[0083]

Plasma is collected from the collected blood by centrifugation. Alternatively, the
plasma may be obtained during the partial collection of blood by use of an apheresis apparatus.
[0084]

Also, peripheral blood may be collected, and serum can be obtained by the removal of
blood cell components and blood-clotting components and also used as the sample.

[0085]
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For antibody detection, the plasma or the serum is diluted, if necessary.
[0086]

The reagent of the present invention is mixed with the plasma. The mixing time is
preferably approximately 2 hours, for example, for reaction at room temperature or overnight
reaction at 4°C.  The reagent of the present invention is recovered using a centrifugation
method or a magnetic apparatus and washed.

[0087]

There may be apprehension that the cationization influences antigen-antibody reaction.
In such a case, the influence can be easily tested, because the cationization can be canceled by
treatment with a reducing agent such as dithiothreitol.

[0088]

For antibody detection, a secondary antibody is allowed to bind to the antibody. 1n the
case of, for example, a human subject, the antibody bound with the reagent of the present
invention is a human antibody. Thus, a labeled anti-human antibody is used as the secondary
antibody for labeling. Examples thereof include biotinylated anti-human IgG mouse
monoclonal antibodies.

[0089]

The beads bound with the secondary antibody are detected using a flow cytometer.
Bio-Plex (Bio-Rad Laboratories, Inc.), in which beads themselves are stained, may be used in the
detection. In such a case, plural types of beads can be applied simultaneously to an apparatus.
Thus, plural types of antibodies can be analyzed by one operation. This can shorten the
analysis time.

[0090]

An antibody can also be detected from other liquid samples using the reagent of the
present invention in the same way as described in the above paragraphs except that the plasma is
changed to the liquid samples such as serum.

[0091]

The analysis of an antibody contained in the blood of a subject according to these
embodiments presumably achieves the following situations:

- The allergenic reactivity of the subject is determined by the analysis of in vivo
antibodies in the subject.

- An antibody that correlates with therapeutic effects or a progress after treatment is
found by antibody analysis conducted before and after the treatment. The antibody thus found

is used as an index to decide a therapeutic strategy or to predict or determine prognosis.
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- For immune cell therapy, an antigen whose specific antibody has been detected in the
serum of a patient is used in the treatment to thereby improve therapeutic effects.

- Before and after radiotherapy, antibodies are analyzed to thereby predict therapeutic
effects reportedly involving immune functions, such as abscopal effects.

[0092]

Although the effects mentioned above may be attained by a reagent for antibody
detection using an epitope peptide, the reagent of the present invention is superior in that
proteins can be used. This is because use of the proteins allows antibodies to be detected
without being limited by the HLA type of a subject. As a result, even an HLA type that is
generally regarded as being minor and thus less understood in epitope peptide analysis can be

analyzed.

Example 1
[0093]

Hereinafter, the present invention will be described in detail with reference to Examples.
However, the present invention is not intended to be limited by these Examples by any means, as
a matter of course.

[0094]
<Study on large-scale culture and preparation methods for MAGE-A4 and WT-1>

First, each antigenic protein for use in antibody detection was prepared.
[0095]

E. coli T7 Express was transformed with each of 2 types of plasmid DNAs of His-tag-
fused MAGE-A4 (SEQ ID NOs: 16 and 17, antigenic protein sequence: SEQ ID NOs: 3 and 4)
and His-tag-fused WT-1 (SEQ ID NOs: 14 and 15, antigenic protein sequence: SEQ ID NOs: 1
and 2) cloned into pET28b vectors. Several colonies formed on a plate were picked up, then
added to 10 mL of an LB/Kan25 medium, and shake-cultured for 2 hours.

[0096]

Next, a small amount of the cultures was added to 400 mL of a TB medium and further
cultured at 37°C. When the bacterial cell concentration reached OD600 = 0.7 to 0.8, IPTG was
added thereto at a final concentration of 0.5 mM. The cells were further cultured at 37°C for 3
hours.

[0097]

The bacterial cells were dispersed using a sonicator in 40 mL of a lysis buffer (20 mM

Tris-HCI (pH 8.0), 50 mM NaCl, S mM MgSQ,, and 0.2% Tween 20) and further homogenized
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by 1 minute x 3 sets.
[0098]

To the solution containing the bacterial cell homogenates, 1 pL of a strong nuclease
Benzonase (HC) was added, and the mixture was left standing at room temperature for
approximately 15 minutes.

[0099]

For WT-1, precipitates (inclusion body) were recovered by centrifugation (8 krpm, 10 to
15 min, room temperature), while the supernatant was removed. To the recovered precipitates,
50 to 100 mL of RO water was added, and the precipitates were resuspended using a sonicator
and recovered by centrifugation (8 krpm, 10 to 15 min, room temperature).

[0100]

For MAGE-A4, a supernatant was recovered by centrifugation (8 krpm, 10 to 15 min,

room temperature).

[0101]

< Solubilization of WT-1 by reversible cationization method of denatured precipitated fraction>
[0102]

The precipitates were dissolved in 5 to 10 mL of 6 M guanidine and 0.1 M Tris-HCI1 (pH
8)+ 1 mM EDTA. Afier deaeration and nitrogen substitution, 30 mM DTT (solid) was added
thereto, followed by treatment at 37°C for approximately 1 hour.

[0103]

To the solution containing WT-1, 70 mM TAPS-sulfonate was added, followed by
treatment at 37°C for approximately 30 minutes.
[0104]

To the solution containing WT-1 and TAPS-sulfonate, acetic acid in an amount of 1/10
thereof and 0.1% PEI600 were added, and the mixture was then well dialyzed against Milli-Q
water at 4°C.  After the dialysis, SDS-PAGE was performed. The results are shown in Fig, 2.
The lane indicated by sup depicts the migration of the solution thus dialyzed. The lane
indicated by ppt depicts the migration of a sample obtained as an insoluble fraction afier the
dialysis. The lane indicated by "Reduced" depicts the migration of the protein separated from
TAPS by the addition of a reducing agent to the sample. The lane indicated by "Non-reduced"
depicts the migration of the TAPS-bound protein without the addition of a reducing agent to the
sample. The SDS-PAGE analysis results shown in Fig. 2 demonstrated that WT-1 was
successfully TAPS-bound and solubilized.

[0105]
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< His-tag purification of MAGE-A4 using Co*" column>
[0106]

A Co*" column was equilibrated with solution A (20 mM Tris-HCI (pH 8.0), 50 mM
NaCl, and 0.2% Tween 20). Then, the supernatant of MAGE-A4 was adsorbed onto the resin.
Then, the resin was thoroughly washed with solution A. Next, 30 mL of solution A+ 5 mM
imidazole was injected thereto. After addition of 4 mL of solution A + 200 mM imidazole, the
column was left standing for 5 minutes, followed by protein elution. This operation was
repeated five times to recover purified MAGE-A4.

[0107]
<Binding of TAPS to MAGE-A4>
[0108]

MAGE-A4 thus affinity-purified was added to an eggplant-shaped flask, then
dehydrated using a freeze dryer, and dissolved in 3 mL of 6 M guanidine and 0.1 M Tris-HCI
(pH 8). Afier deaeration and nitrogen substitution, 30 mM DTT (solid) was added thereto,
followed by treatment at 37°C for approximately 1 hour. To the solution containing MAGE-A4,
70 mM TAPS-sulfonate was added, followed by treatment at 37°C for approximately 30 minutes.
[0109]

To the solution containing MAGE-A4 and TAPS-sulfonate, acetic acid in an amount of
1/10 thereof and 0.1% PEI600 were added, and the mixture was then well dialyzed against Milli-
Q water at 4°C.  After the dialysis, SDS-PAGE was performed. The results are shown in Fig.
3.

[0110]
<HPLC purification>

TAPS-bound MAGE-A4 and WT-1 were purified using reverse-phase HPLC. The
chromatograms are shown in Figs. 4 and 5.

[0111]

After HPLC, TAPS-bound MAGE-A4 and WT-1 were analyzed by SDS-PAGE. The
results are shown in Fig. 6. The analysis results demonstrated that a highly pure antigenic
protein can be prepared by the reverse-phase HPLC purification of the TAPS-bound protein.
Fractions were recovered as MAGE-A4 at elution times of 50 minutes to 51 minutes (lane
"50min" in Fig. 6), while fractions were recovered as WT-1 at elution times of 52 minutes to 53
minutes (lane "52min" in Fig. 6). These fractions were used in the subsequent steps.

[0112]
His-tag-fused NY-ESO-1 (SEQ ID NOs: 18 and 19, antigenic protein sequence: SEQ ID
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NOs: 5 and 6), XAGE1b (SEQ ID NOs: 20 and 21, antigenic protein sequence: SEQ ID NOs: 7
and 8), gp100 (SEQ ID NOs: 22 and 23, antigenic protein sequence: SEQ ID NOs: 9 and 10),
Survivin-2B (SEQ ID NOs: 24 and 25, antigenic protein sequence: SEQ ID NOs: 11 and 12)
were prepared by the same method as that for WT-1. The prepared proteins were analyzed by
SDS-PAGE. The results are shown in Fig. 7.
[0113]
<Binding to Bio-Plex COOH beads (manufactured by Bio-Rad Laboratories, Inc.)>
[0114]

The antigens were immobilized onto 6 types of Bio-Piex COOH beads (amount of 1/10
(1.25 x 10° beads)) using Bio-Plex amine coupling kit (manufactured by Bio-Rad Laboratories,
Inc.). All of the antigens used were antigens in a denatured state solubilized by TAPS binding
(11 pg each).

[0115]

Each solubilized protein was dissolved in a buffer and left standing on ice.

The container of the COOH beads was shaken for 30 seconds with a vortex mixer, and
the beads were suspended by sonication for 30 seconds.

The COOH bead suspension was centrifuged at 14,000 x g for 4 minutes to remove a
supernatant.

[0116]

To the recovered precipitates, 100 uL. of a bead wash buffer was added. The mixture
was shaken for 10 seconds with a vortex mixer, and the beads were suspended by sonication for
10 seconds. The COOH bead suspension was centrifuged at 14,000 x g for 4 minutes to
remove a supernatant.

[0117]

To the recovered precipitates, 80 puL of a bead activation buffer was added. The
mixture was well shaken for 30 seconds with a vortex mixer, and the beads were suspended by
sonication for 30 seconds.

[0118]

To the COOH bead suspension, 10% of 50 mg/mL EDAC was added, and then, 10 uL
of 50 mg/mL S-NHS (N-hydroxysulfosuccinimide) was added. The COOH bead suspension
was shaken for 30 seconds with a vortex mixer.

[0119]
While the beads were shielded from light, the COOH bead suspension was shaken for

20 minutes in a rotary incubator.
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[0120]

To the COOH bead suspension, 150 uL of PBS was added, and the mixture was shaken
for 10 seconds with a vortex mixer. The COOH bead suspension was centrifuged at 14,000 x g
for 4 minutes to remove a supernatant. This operation was repeated again.

[0121]

To the recovered precipitates, 100 uL of PBS was added. The mixture was shaken for
30 seconds with a vortex mixer, and the beads were suspended by sonication for 15 seconds.
[0122]

The COOH bead suspension was mixed with the TAPS-bound protein suspension. The
total amount of the mixture was adjusted to 500 uL by the addition of PBS.

[0123]

While the beads were shielded from light, the COOH bead suspension was shaken at
room temperature for 2 hours in a rotary incubator.
[0124]

The suspension containing the COOH beads and the TAPS-bound protein was
centrifuged at 14,000 x g for 4 minutes to remove a supernatant.
[0125]

The COOH beads (on which the TAPS-bound protein was immobilized) recovered as
precipitates were washed by the addition of 500 pLL of PBS. The COOH bead suspension was
centrifuged at 14,000 x g for 4 minutes to remove a supernatant.

[0126]

The COOH beads recovered as precipitates were resuspended by the addition of 250 pL
of a blocking buffer. The COOH bead suspension was shaken for 15 seconds with a vortex
mixer.

[0127]

While the COOH beads were shielded from light using an aluminum foil, the COOH
bead suspension was shaken at room temperature for 30 minutes in a rotary incubator.

The COOH bead suspension was centrifuged at 14,000 x g for 4 minutes to remove a
supernatant.

[0128]

The COOH beads recovered as precipitates were resuspended by the addition of 500 pL
of a buffer for storage. The COOH bead suspension was centrifuged at 16,000 x g for 6
minutes to remove a supernatant.

[0129]
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The TAPS-bound protein-immobilized beads thus obtained were suspended in 150 pL of

a storage buffer and stored therein. Table 1 shows the concentration of each type of bead.
[0130]

[Table 1]
Cancer antigenic protein Bead No. (theBr?Sr?i ggpg?ggggg?mu
NY-ESO-1 26 433x%10°
XAGE1b 28 5.59%10°
MAGE-A4 43 3.68x10°
WT-1 45 1.95%10°
gp100 62 6.09%10°
Survivin-2B 64 1.61x10°
Example 2
[0131]

<Analysis of antibody contained in serum of cancer patient - 1>

Blood was collected from two cancer patients (Donor 1 and Donor 2), and serum was
obtained therefrom.
[0132]

Six types of magnetic beads on which the antigenic proteins (NY-ESO-1, WT-1,
MAGE-A4, XAGElb, gp100, and Survivin-2B) were respectively immobilized were mixed at
the same concentrations and dispensed to the wells of a 96-well plate (Bio-Rad Laboratories, Inc.,
#171-025001). The serum of each patient was added to each well. While shielded from light
using an aluminum foil, the plate was shaken at room temperature for 1 hour for reaction. The
beads were washed with Wash Station (Bio-Rad Laboratories, Inc.). For antibody detection,
biotinylated anti-human IgG (H+L) (manufactured by Vector Laboratories, Inc., BA-3000) was
added as a secondary antibody to each well. While shielded from light using an aluminum foil,
the plate was shaken at room temperature for 30 minutes for reaction. The beads were washed
with Wash Station (Bio-Rad Laboratories, Inc.). (R-)Phycoerythrin (PE)-labeled streptavidin
(Vector Laboratories, Inc.) was added to each well. While shielded from light using an
aluminum foil, the plate was shaken at room temperature for 10 minutes for reaction. The

beads were washed with Wash Station (Bio-Rad Laboratories, Inc.) and analyzed using Bio-Plex
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(Bio-Rad Laboratories, Inc.) The serum of each patient used was diluted 400-fold, 1600-fold,
and 6400-fold.
[0133]
As shown in Fig. 8, the sample derived from Donor 1 was confirmed to respond to NY-
ESO-1.
[0134]
This result suggested that: the blood of Donor 1 contained an antibody recognizing NY-
ESO-1; cancer in Donor 1 expressed NY-ESO-1; and peptide vaccine or DC vaccine therapy
using NY-ESO-1 was possibly effective for Donor 1.
[0135]
As a result of this test, the sample derived from Donor 2 was confirmed to respond to
XAGEIlb.
[0136]
This result suggested that: the blood of Donor 2 contained an antibody recognizing
XAGET1Db; cancer in Donor 2 expressed XAGE1b; and peptide vaccine or DC vaccine therapy
using XAGE1b was possibly effective for Donor 2.

Example 3
[0137]
< Analysis of antibody contained in serum of cancer patient - 2>

Serum was obtained from 8 renal cell cancer patients (Donor 2 to Donor 9) before and
after EP-DC therapy.

The EP-DC therapy refers to a treatment method which involves: preparing lysates by
the freeze-thaw method or the like from tumor tissues removed by surgery from a cancer patient;
electroloading the lysates into dendritic cells; and administering the dendritic cell vaccine thus
prepared to the patient.

[0138]

Six types of magnetic beads on which the antigenic proteins were respectively
immobilized were mixed at the same concentrations and dispensed to the wells of a 96-well plate
(Bio-Rad Laboratories, Inc., #171-025001). The serum of each patient was added to each well.
While shielded from light using an aluminum foil, the plate was shaken at room temperature for
1 hour for reaction. The beads were washed with Wash Station (Bio-Rad Laboratories, Inc.).
For antibody detection, biotinylated anti-human IgG (H+L) (manufactured by Vector
Laboratories, Inc., BA-3000) was added as a secondary antibody to each well. While shielded
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from light using an aluminum foil, the plate was shaken at room temperature for 30 minutes for
reaction. The beads were washed with Wash Station (Bio-Rad Laboratories, Inc.). PE-labeled
streptavidin (Vector Laboratories, Inc.) was added to each well. While shielded from light
using an aluminum foil, the plate was shaken at room temperature for 10 minutes for reaction.
The beads were washed with Wash Station (Bio-Rad Laboratories, Inc.) and analyzed using an
assay apparatus of Bio-Plex (Bio-Rad Laboratories, Inc.). The serum of each patient used was
diluted 400-fold, 1600-fold, and 6400-fold.
[0139]

As shown in Fig. 9, the serum of Donor 6 and Donor 8 was confirmed to respond to
MAGE-A4. Accordingly, the blood of Donor 6 and Donor 8 contained an antibody recognizing
MAGE-A4, suggesting that the in vivo tumor tissues of the patients Donor 6 and Donor 8
possibly expressed MAGE-A4. In this case, peptide vaccine or DC vaccine therapy using
MAGE-A4 was presumably appropriate for these patients.

[0140]

As shown in Fig. 10, the serum of Donor 3 was confirmed to respond more highly to
WT-1 after DC vaccine therapy compared with before the therapy. Accordingly, the blood of
Donor 3 contained an antibody recognizing WT-1, suggesting that the tumor tissues of Donor 3
possibly expressed WT-1. In this case, peptide vaccine or DC vaccine therapy using WT-1 was

presumably appropriate for this patient.

Example 4
[0141]
<Evaluation of cationizing reagent for its ability to protect SH group>

Chicken egg white lysozyme (SEQ ID NO: 13; hereinafter, also simply referred to as
lysozyme; manufactured by Kewpie Corp.) was used as a sample to evaluate the ability of a
cationizing reagent to protect SH groups.
[0142]

15 mg of the lysozyme was weighed into a 100-mL pear-shaped flask and dissolved in 2
mL of 6 M guanidine hydrochloride, 0.1 M Tris-HCI (pH 8.5), and 2 mM EDTA. After
deaeration and nitrogen substitution of the obtained solution, dithiothreitol (DTT) was added
thereto at a final concentration of 30 mM, and the mixture was reacted for 2 hours in a
thermostat bath of 37°C.  To the obtained reduced lysozyme, each cationizing reagent (TAPS-
sulfonate (manufactured by Katayama Chemical, Ltd.) or TAP3S-sulfonate) was added at a final

concentration of 70 mM, and the mixture was further reacted at room temperature for 2 hours.
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The reaction was stopped by the addition of acetic acid in 1/10 of the amount of the obtained
solution. Then, the solution was dialyzed against Milli-Q water at 4°C for 1 day to obtain
TAPS-bound lysozyme and TAP3S-bound lysozyme. The TAP3S-sulfonate used was
synthesized according to the approach described in Japanese Patent Application No. 2010-
070804,
[0143]

TAPS-bound, TAP3S-bound, native, and reduced lysozymes were subjected to reverse-
phase HPLC (high-performance liquid chromatography). The native lysozyme contains four
SS bonds in one molecule, and has hydrophilicity to some extent because its hydrophobic groups
are not exposed. The reduced lysozyme is a denatured protein with its SS bonds reduced and
has the highest hydrophobicity (lowest solubility in water). The column used was COSMOSIL
Protein-R (manufactured by Nacalai Tesque, Inc.). The solvent used was acetonitrile diluted
with 0.1% hydrochloric acid, and the acetonitrile concentration was set to 1% to 50%.

[0144]

The results summarizing reverse-phase HPLC charts are shown in Fig. 11. The
straight line represents the concentrations of acetonitrile. Peaks positioned closer to the left
side mean lower hydrophobicity (higher solubility in water) of samples. The TAP3S-bound
lysozyme was more hydrophilic than the native and reduced lysozymes and was eluted with a
low-concentration acetonitrile solvent. TAP3S, however, has the difficuity in protecting and
cationizing all of the 8 SH groups in the lysozyme and showed peak dispersion due to
contamination by imperfect products in which a portion of SH groups was unprotected. By
contrast, in the TAPS-bound lysozyme, all of the 8 SH groups were protected and cationized,
demonstrating high homogeneity. Such a difference in the ability to protect SH groups between
TAPS and TAP3S is attributed to the sizes of their molecules. This is presumably because, in
the case of protecting somewhat dense SH groups on a protein molecule, the large TAP3S
molecule causes steric hindrance on the protein molecule to be cationized, resulting in a trace
amount of residual SH groups incapable of binding to TAP3S; thus, the subsequent SH/SS

exchange reaction proceeds slowly.

Example §
[0145]
<Evaluation of storage stability of beads>
When a reagent for antibody detection is prepared and stored in a state where the SH

groups of the protein are incompletely protected, it is possible that unprotected residual SH
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groups tform SS bonds to cause the aggregation of proteins or the aggregation of reagents for
antibody detection.  Thus, the storage stability of the reagent for antibody detection was
confirmed by the following procedures.
[0146]

According to the procedures described in Example 1, TAPS-bound, TAP3S-bound, or
native MAGE-A4 was prepared. and beads on which each protein was immobilized were
prepared.

[0147]

The prepared beads were suspended in a buffer for storage and stored under conditions
of 4°C or 37°C.  After a lapse of given time, the abundance ot bead aggregates among the beads
in the suspension was measured using a hemocytometer.  The percentage of bead aggregates
shown in the results was calculated according to the number of aggregates each involving 3 or
more beads / the total number of beads - 100.

[0148]

Fig 12 shows the percentage of bead aggregates contained in each suspension stored at
4°C for 5 days or at 37°C for 10 days or 41 days. In the casc of storage at 4°C, the percentage
of bead aggregates was decreased in the stored TAPS-bound or TAP3S-bound MAGE-A4-
immobilized beads compared with the stored native MAGE-A4-immobilized beads. In the case
of storage at 37°C, the percentage of bead aggregates was decreased in the stored TAPS-bound
MAGE-A4-immobilized beads compared with the stored native MAGE-A4-immobilized beads
[0149]

Next, the bead storage solution was subjected to SDS-PAGL in order to contirm that
this decrease in the percentage of bead aggregates was not attributed to the liberation of the
immobilized antigenic protein from the beads.

[0150]

MAGE-A4 immobilized on the beads was N-terminally His-tagged. Thus, liberated
MAGE-A4 proteins in the storage solution of the MAGE-A4-immobilized beads were detected
by Western blotting using an anti-His-tag antibody (OGHis. manutactured by Medical &
Biological Laboratories Co., Ltd. (MBL.)).

[0151]

The results are shown in Fig. 13, The storage solutions of the TAPS-bound MAGE-
Ad-immobilized beads, the TAP3S-bound MAGE-A4-immobilized beads, and the native
MAGE-A4-immobilized beads stored for 104 days were used as the samples migrated in lanes 2.

3. and 4, respectively.  Free proteins were detected at the same levels amony all of these
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samples, demonstrating the absence of the phenomenon in which cationization facilitates the
liberation of antigenic proteins from beads.
[0152]

In addition, bound proteins were detected as to Bio-Plex COOH beads, the TAPS-bound
MAGE-A4-immobilized beads stored for 104 days, the TAP3S-bound MAGE-A4-immobilized
beads stored for 104 days, and the native MAGE-A4-immobilized beads stored for 104 days.
[0153]

An anti-His-tag antibody (OGHis, manufactured by Medical & Biological Laboratories
Co., Ltd. (MBL)) diluted to 200 ng/mL in PBS was mixed with the beads of each type at room
temperature for 30 minutes. Then, the beads were washed twice with PBS. Next, an anti-
mouse IgG-Alexa 488 (secondary antibody; Invitrogen Corp.) diluted to 200 ng/mL in PBS was
mixed with the beads of each type at room temperature for 30 minutes. Then, the beads were
washed twice with PBS. These beads were observed under a confocal laser scanning
fluorescence microscope (excitation light: 488 nm, fluorescence filter LP505) to visualize the
presence of the His-tagged MAGE-A4 protein on the surface of the beads. The taken images
are shown in Fig. 14.  All of the images were taken with the same detection sensitivity. As
shown in Fig. 14, the MAGE-A4 protein was confirmed to be bound with the surface of all of the
beads.

[0154]

The results of Example 5 demonstrated that the beads prepared by the method for
producing a reagent for antibody detection disclosed in the present invention are more effective
for inhibiting the formation of aggregates than beads prepared using a native protein. This
inhibition of the formation of aggregates was also confirmed to be not attributed to the liberation
of the antigenic protein from the bead surface. TAP3S is generally known to be superior in
protein-solubilizing ability to TAPS. Unlike this solubilizing ability, however, the inhibitory

etfects on the aggregation of prepared beads were shown to be higher in TAPS.

Example 6
[0155]
<Protein cationization using TAP-Br>

XAGE!1b or NY-ESO-1 affinity-purified as described above was added to an eggplant-
shaped flask, then dehydrated using a freeze dryer, and dissolved in 3 mL of 6 M guanidine and
0.1 M Tris-HCI (pH 8).  After deaeration and nitrogen substitution, 30 mM DTT (solid) was
added thereto, followed by treatment at 37°C for approximately 1 hour. To the solution
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containing XAGE1b or NY-ESO-1, 70 mM TAP-Br was added, followed by treatment at 37°C
for approximately 60 minutes.
[0156]

To the solution containing XAGE1b or NY-ESO-1 and TAP-Br, acetic acid in an
amount of 1/10 thereof was added, and the mixture was then well dialyzed against Milli-Q water
at 4°C. TAP-bound XAGEI1b or NY-ESO-1 was purified by reverse-phase HPLC.

[0157]

Beads on which TAP-bound XAGE!1b, TAPS-bound XAGE1b, TAP-bound NY-ESO-1,
and TAPS-bound NY-ESO-1 were respectively immobilized were prepared by the method
described in Example 1. The TAP-bound antigenic protein was also confirmed to be
successfully immobilized on the beads, as with the TAPS-bound antigenic protein.

[0158]
All publications and patents cited herein are incorporated herein by reference in their

entirety.

Industrial Applicability
[0159]

As described above, a reagent for antibody detection comprising an antigenic protein
can be efficiently produced by use of the production method of the present invention. The
reagent for antibody detection produced by the production method of the present invention was
confirmed to be highly stable and also capable of efficiently detecting an antibody in a liquid
sample. Use of the reagent of the present invention can provide an antibody analysis test that is
free from the constraints of the HLA type of a subject. This test can probably be carried out, for
example, to thereby decide a therapeutic strategy for a disease involving the immunity or to

thereby predict or determine therapeutic effects on the disease.
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£agocagece
ctacggtcac

gegatcccatg

gageoggogt
cagggagtoc
gaacgtetce
tccgacgtge
ggoctgtgece
cegegegott
CCCGCECCEC
ccgoacgagg
acagccggag
ggccaggeea
gotattcgea
acgocctege

ggccagcagg

ctcagcacac
£Egacceees
aggeccgeag
gggacctgaa
tegoctgtgag
cggettacgg
cgccgectoa
agcagtgect
cctgtegota
ggatgtttee
atcagggtta
accatgegge

getegotege

Production method of reagent for antibody detection

goteogetee
cggeatctgg
ZagCCECEEE
cgogetegotg
CZECECELECE
gtegttggec
ctecttcate
gagegocttc
cgggecctto
taacgegecce
cagcacggte
geagttccee

tgagcageag

60

120

180

240

300

360

420

480

540

600

660

120

780




tacteggtec
caggotttec
cttgaatgea
gegagetceca
agcgataacc
gtettcagag
tcggeatetg
agatatttta
taccagtetg
caccaaagga

tcceggteog

cgococeeoget
tgotgageac
tgacctggaa
getcagteaa
acacaacgcc
goattcagga
agaccagtga
agctgteocea
acttcaagga
gacatacageg

accacctgaa

cccttcaget gteggtggce

cgccatcaca

210> 2

211> 511
<212> PRT
213>

<400> 2

acatgcatca

Homo sapiens

ctatgegctgc
gocctacage
tcagatgaac
atggacagaa
catcctotge
tetgcgacgt
£23acECCCo
cttacagatg
ctegtgaacga
tgtgaaacca
£acccacace
aagttgtcag

gagaaacatg

€acaccccea
agtgacaatt
ttaggageca
gggcagagea
ggagcccaat
gtgectegag
ttecatgtgte
cacagcagga
aggttttete
ttccagtgta
aggactcata
aaaaagtttg

accaaactcc

Met GIn Asp Pro Ala Ser Thr Cys Val Pro Glu

1

5

10

Thr Leu Arg Ser Gly Pro Gly Cys Leu GIn Gin
25

20

Val Arg Asp Pro Gly Gly Iie Trp Ala Lys Leu

35

40

Ser Ala Glu Arg Leu GIn Gly Arg Arg Ser Arg

50

55

32

cogacagctg
tataccaaat
cottaaageg
accacagecac
acagaataca
tagecccgac
cttacccagg
agcacactgg
gttcagacca
aaacttgtca
caggtaaaac
cccgegtcoaga

agctggcegct

CACCEECALe
gacatccocag
agttgetect
agggtacgag
cacgcacggt
tottgtaceg
ctgcaataag
tgagaaacca
gectcaaaaga
gegaaagtte
aagtgaaaag
tgaattagte

ttga

Pro Ala Ser GlIn His

15

Pro Glu GIn GIn Gly

30

Gly Ala Ala Glu Ala

45

Gly Ala Ser Gly Ser

60

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1554



Giu Pro GIn GIn Met Gly Ser Asp Val

65

10

Pro Ala Val Pro Ser Leu Gly Gly Gly

Ser Gly Ala Ala
100

Ala Ser Ala Tyr
115

Pro Pro Pro Pro
130

Ser Trp Gly Gly
145

Thr Val His Phe

Tyr Gly Pro Phe
180

Ala Arg Met Phe
195

Gln Pro Ala Ile
210

Thr Pro Ser Tyr
225

Asn His Ser Phe

85

GIn Trp Ala

Gly Ser Leu

Pro Pro Pro
135

Ala Glu Pro
150

Ser Gly GlIn
165

Gly Pro Pro

Pro Asn Ala

Arg Asn GIn
215

Gly His Thr
230

Lys His Glu
245

Pro Val
105

Gly Gly
120

Pro His

His Glu

Phe Thr

Pro Pro

185

Pro Tyr

200

Gly Tyr

Pro Ser

Asp Pro

Arg

Gly

90

Leu

Pro

Ser

Glu

Gly

170

Ser

Leu

Ser

His

Met
250

Asp

15

Gly

Asp

Ala

Phe

Gin

155

Thr

GlIn

Pro

Thr

His

235

Gly

33

Leu Ash Ala Leu Leu

Cys Ala

Phe Ala

Pro Pro
125

[le Lys
140

Cys Leu

Ala Gly

Ala Ser

Ser Cys
205

Val Thr
220

Ala Ala

Gin GIn

Leu

Pro

110

Pro

GIn

Ser

Ala

Ser

190

Leu

Phe

Gin

Gly

80

Pro Val
95

Pro Gly

Ala Pro

Glu Pro

Ala Phe
160

Cys Arg
175

Gly GIn

Glu Ser

Asp Gly

Phe Pro

240

Ser Leu
255



Gly Glu

Thr

Pro

Ser
290

Tyr

Thr
305

Trp

Gly Ser

Thr Gly

Gin Tyr

Arg Arg
370

Thr Ser
385

Arg Tyr

Gly Glu

Gln GIn Tyr
260

Asp Ser Cys
275

Ser Asp Asn

Asn GIn Met

Ser
325

Ser Ser

Tyr Glu
340

Ser

Arg lle His

355

Val Pro Gly

Glu Lys

Arg

Leu
405

Phe Lys

Lys Pro Tyr

420

Ser Val

Thr Gly

Leu Tyr

295

Asn lLeu
310

Val Lys

Asp Asn

Thr His

Val Ala

375

Pro Phe

390

Ser His

GIn Cys

Ser Arg Ser Asp GIn Leu Lys

435

Pro
265

Ser Gin Ala

280

Gin Met Thr

Gly Ala Thr

Thr Glu

330

Trp

His Thr

345

Thr

Gly Val Phe

360

Pro Thr Leu

Met Cys Ala

Glin Met
410

Leu

Asp Phe Lys
425

Leu

Ser

Leu

315

Gly

Pro

Arg

Val

Tyr

395

His

Asp

34

Pro Pro Val Tyr

Leu

GIn

300

Lys

GIn

lle

Gly

Arg

380

Pro

Ser

Cys

Gly

Leu

285

Leu

Gly

Ser

Leu

I[le

365

Ser

Gly

Arg

Glu

Arg His Gin Arg Arg His

440

445

Cys His Thr
270

Arg Thr Pro

Glu Cys Met

Val Ala Ala
320

Asn His Ser
335

Cys Gly Ala
350

Gln Asp Val

Ala Ser Glu

Cys Asn Lys
400

Lys His Thr
415

Arg Arg Phe
430

Thr Gly Val



35

Lys Pro Phe Gin Cys Lys Thr Cys Gln Arg Lys Phe Ser Arg Ser Asp

450

455

460

His Leu Lys Thr His Thr Arg Thr His Thr Gly Lys Thr Ser Glu Lys
470

465

475

Pro Phe Ser Cys Arg Trp Pro Ser Cys Gin Lys

485

490

Asp Glu Leu Val Arg His His Asn Met His Gin

500

Leu GIn Leu Ala Leu
515

<210> 3

<211> 954
<212> DNA
<213>

<400> 3
atgtcttctg

gaggcecteg
tectecteot
getcoctecoe
tggaggcaac
gacgcagagt
ctgctecgea
atcaaaaatt
atgatctttg

acctgectgeg

Homo sapiens

agcagaagag
geotgeteee
ctectetggt
agagtcctca
ccaatgaggg
ccttgttecg
agtatcgage
acaagcgetg
geattgacgt

goctttecta

tcagcactge
tgcgeagget
cecctggoace
gegageotot
ttccageage
agaagcactc
caaggagoetg
ctttcctgtg
gaaggaagtg

tgatggeotg

505

aagcctgagg
cctactactg
ctggaggaag
gccttacccea
caagaagagg
agtaacaagg
gtcacaaagg
atcttecggea
gaccccacca

ctgggtaata

480

Lys Phe Ala Arg Ser

495

Arg Asn Met Thr Lys

510

aaggegttea
aggagcagga
tgoctgotee
ctaccatcag
aggggeocaag
teggatgagtt
cagaaatget
aagectecga
gcaacaccta

atcagatcett

ggcccaagaa
ggctectgte
tgagtcagea
cttecacttgc
cacctegect
gegcteoatttt
ggagagagtc
gtoocctgaag
caccottgte

tcccaagaca

60

120

180

240

300

360

420

480

540

600
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ggcocttotga taatcgtect gggecacaatt geaatggagg

gaaatctggp aggagctgeg tgtgatggeg gtetatgate

ggeggageocca ggaaactget cacccaagat tgggtgcagg

caggtacccg geoagtaatcc tgecgogotat gagttootgt

gaaaccagct atgtgaaagt cctggagcat gtgegtcageg

gcctacccat ccctgegtga agocagetttg ttagaggagg

210> 4

211> 317

<212> PRT

<213> Homo sapiens

<400> 4
Met Ser Ser Glu GIn Lys Ser GIn
1 5

Glu Ala GIn Glu Glu Ala Leu Gly
20

Thr Glu Glu GIn Glu Ala Ala Val
35 40

Gly Thr Leu Glu Glu Val Pro Ala
50 55

Ser Pro GIn Gly Ala Ser Ala Leu
65 70

Trp Arg GIn Pro Asn Glu Gly Ser
85

Ser Thr Ser Pro Asp Ala Glu Ser
100

His Cys Lys
10

Leu Val Gly
25

Ser Ser Ser

Ala Glu Ser

Pro Thr Thr
75

Ser Ser Gln
90

Leu Phe Arg
105

gegacagege ctetgaggag
gragggagea cactgtotat
aaaactacct ggagtaccgg
ggeetocaag geototgeet

tcaatgcaag agttcgeatt

aagagggagt ctga

Pro Glu Glu

Ala Gin Ala
30

Ser Pro Leu
45

Ala Gly Pro
60

Ile Ser Phe

Glu Glu Glu

Glu Ala Leu
110

Gly Val
15

Pro Thr

Val Pro

Pro GIn

Thr Cys
80

Gly Pro
95

Ser Asn

660

120

780

840

900

954



Lys

Glu

Lys

145

Met

Tyr

Asn

Thr

Glu

225

Gly

Leu

Leu

Glu

Val Asp Glu Leu Ala His

115

Leu Val Thr Lys Ala Glu

130

135

Arg Cys Phe Pro Val Ile

150

[le Phe Gly [le Asp Val

165

Thr Leu Val Thr Cys Leu

180

Asn GIn [le Phe Pro Lys

195

Ile Ala Met Glu Gly Asp

210

215

Leu Gly Val Met Gly Val

230

Glu Pro Arg Lys Leu Leu

245

Glu Tyr Arg GIn Val Pro

260

Phe

120

Met

Phe

Lys

Gly

Thr

200

Ser

Tyr

Thr

Gly

Trp Gly Pro Arg Ala Leu Ala

215

280

His Val Val Arg Val Asn Ala

290

295

Leu Leu

Leu Glu

Gly Lys

Glu Val
170

Leu Ser
185

Gly Leu

Ala Ser

Asp Gly

Gln Asp

250

Ser Asn
265

Glu Thr

Arg Val

37

Arg Lys lyr
125

Arg Val [le
140

Ala Ser Glu
155

Asp Pro Thr

Tyr Asp Gly

Leu Iie [le
205

Glu Glu Glu
220

Arg Glu His
235

Trp Val GIn

Pro Ala Arg

Ser Tyr Val
285

Arg [le Ala
300

Arg Ala Lys

Lys Asn Tyr

Leu Lys
160

Ser

Asn Thr
175

Ser

Leu
190

Leu Gly

Val Leu Gly

Ile Trp Glu

Thr Val Tyr

240

Glu Asn Tyr

255

Tyr Glu Phe

270

Lys Val Leu

Tyr Pro Ser
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Leu Arg Glu Ala Ala Leu Leu Glu Glu Glu Glu Gly val
305 310 315

210> 5

211> 543

<212> DNA

<213> Homo sapiens

<400> 5
atgcaggcog aaggocggeg cacageggeet togacggegog atgetgatge cccaggagge

coctggeattc ctgatgegcoc agggggcaat gotggoggcc caggagagee gegtgccacg
ggogecagag gtoocccggeg cgcaggpsca geaaggecct CEEEECCELE AgLagECEee
cogogggegtc cgoateggogg cgcggottca gegotgaatg gatgetgeag atgeggggce
agggegecge agagccgect gottgagttc tacctogeca tgeetttcge gacaccceatg
gaagcagage tggoccogeag gagectggee caggatgoce caccgettce cgtgecageg
gtecttotga aggagttcac tgtgteccgee aacatactga ctatccgact gactgotgca
gaccaccgec aactgeaget ctocatcage tectgtotoc agecagetttc cctgttgatg
teggatcacge agtgetttot gooogtgttt ttggctcage ctcoctcagg gcagaggege
taa

<210> 6

<211> 180

<212> PRT

<213> Homo sapiens

<400> 6

Met Gin Ala Glu Gly Arg Gly Thr Gly Gly Ser Thr Gly Asp Ala Asp
1 5 10 15

Gly Pro Gly Gly Pro Gly Ile Pro Asp Gly Pro Gly Gly Asn Ala Gly
20 25 30

Gly Pro Gly Glu Ala Gly Ala Thr Gly Gly Arg Gly Pro Arg Gly Ala
35 40 45

60

120

180

240

300

360

420

480

540

543
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Gly Ala Ala Arg Ala Ser Gly Pro Gly Gly Gly Ala Pro Arg Gly Pro
50 5b 60

His Gly Gly Ala Ala Ser Gly Leu Asn Gly Cys Cys Arg Cys Gly Ala
65 70 75 80

Arg Gly Pro Glu Ser Arg Leu Leu Glu Phe Tyr Leu Ala Met Pro Phe
85 a0 95

Ala Thr Pro Met Glu Ala Glu Leu Ala Arg Arg Ser Leu Ala Gln Asp
100 105 110

Ala Pro Pro Leu Pro Val Pro Gly Val Leu Leu Lys Glu Phe Thr Val
115 120 125

Ser Gly Asn Ile Leu Thr [le Arg Leu Thr Ala Ala Asp His Arg Gin
130 135 140

Leu GIn Leu Ser Ile Ser Ser Cys Leu Gln GIn Leu Ser Leu Leu Met
145 150 155 160

Trp [le Thr GIn Cys Phe Leu Pro Val Phe Leu Ala GIn Pro Pro Ser
165 170 175

Gly GIn Arg Arg
180

Q210> 1

<211> 246

<212> DNA

<213> Homo sapiens

<400> 7
atggagagcec ccaaaaagaa gaaccagcag ctgaaagtocg ggatcctaca ccotgggcage 60

agacagaaga agatcaggat acagctgaga tcccagtgeg cgacatggaa ggtgatctge 120
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aapagctgea tcagtcaaac accggggata aatctggatt tggettocegg cgtcaaggte
aagataatac ctaaagagga acactgtaaa atgccagaag caggigaaga gcaaccacaa

gtttaa

<210> 8

<211> 81

<212> PRT

<213> Homo sapiens

<400> 8

Met Glu Ser Pro Lys Lys Lys Asn GIn Gin Leu Lys Val Gly Ile Leu
1 5 10 15

His Leu Giy Ser Arg Gin Lys Lys lie Arg Ile GIn Leu Arg Ser GIn
20 25 30

Cys Ala Thr Trp Lys Val [le Cys Lys Ser Cys [le Ser GIn Thr Pro
35 40 45

Gly 1le Asn Leu Asp Leu Gly Ser Gly Val Lys Val Lys Ile lie Pro
50 55 60

Lys Glu Glu His Cys Lys Met Pro Glu Ala Gly Glu Glu GIn Pro Gin
65 10 15 80

Val

<2100 9

<211> 1698

<212> DNA

<213> Homo sapiens

<400> 9
atgaaagtac ccagaaacca ggactggett ggtgtoctcaa ggcaactcag aaccaaagee

tggaacaggc agetgtatce agagtggaca gaagcccaga gacttgactg ctggagagst

240

246

60

120



getcaagtgt
ttcteotattg
tgggtoaaca
caggaaactg
tctcagaaga
ggegecccag
atggaagtga
agcteageot
geocttggate
ctccatgace
gacagtagtg
ggcccagtcea
tccccagtte
gotggccaag
gagecctetg
gtgcagatge
gtocatgggta
gaggtatcaa
gteggagacca
atcatgtcta
ttaaggeteg
tcogtecacce
teocggteage

gectgeatgg

ccctcaaggt
ccttgaactt
ataccatcat
acgatgectg
gaagetttgt
tgtotgeget
ctgtctacca
tcaccattac
gagggaacaa
ctagtggeta
gaaccctgat
ctgeccaggt
caggoaccac
tegcctactac
gaaccacatce
caactgcaga
ccacactgge
ttetggtect
cagctagaga
cggaaagtat
tgaagagaca
tggacattgt
gggatgeatt

agatctcate

cagtaatgat
ccctggaage
caatgggagc
catcttecot
ttatgteteg
gagcattggg
togeegegga
tgaccagetg
geacttcctg
tetggctgaa
ctcteggeca
gegtoctgeag
agatgggoac
agaagttegtg
tetgcagete
gagcacaggt
agagatgtea
ttetggaace
gotacctate
tacaggttcc
agtcccocotg
ccagggtatt
tgagetgact

gecagggtege

41

ggecctacac
caaaaggtat
caggtgteeg
gatggtegac
aagacctgeg
acaggcageg
tcocggaget
ccttteteog
agaaatcage
getgacctet
cttgtggtea
getgecatte
aggccaactg
ggtactacac
ccaaccactg
atgacacctg
actccagagg
acagctgcac
cctgagectg
ctggecccce
gattgtgtte
gaaagtgecg
gtgtectgoe

cagccccectg

tgattggtege
tgeccagatgg
gaggacagec
cttgccoate
gccaatactg
caatgetggge
atgtgectot
tgagogtete
ctctgacott
cctacacctg
ctcatactta
ctectecaccte
cagaggeccee
ctggtoagge
aagtcataag
agaaggtgcc
ctacaggtat
aggtaacaac
aaggtecaga
tgotegatee
tgtatcgata
agatcotgca
aaggegggct

cccagegget

aaatgectco
geaggttate
agtgtatcce
tggctetteg
gecaagttota
cacacacacc
tgcteattce
ccagttgogg
tgeectecag
ggactttgga
cctggagect
ctgtgegctac
taacaccaca
gocaactgea
cactgcacct
agtttcagag
gacacctgea
tacagagtgg
tgcocagetea
tacagccacc
tggttocttt
ggcteteceg
geccaaggaa

gteccagcot

180

240

300

360

420

480

540

600

660

120

180

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560
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gtgctaccca geccagoctg ccageotgett ctgecaccaga tactgaagegg tggoteggeg

acatactgec tcaatgtgtc totgectgat accaacagec tggcagtggt cagcacccag

cttatcatge ctggttaa

<210>
Q211>
212>
213>

<400>

Met Lys Val Pro Arg Asn GIn Asp Trp Leu

1

Arg Thr Lys Ala Trp Asn Arg Gln Leu Tyr

Gln Arg Leu Asp Cys Trp Arg Gly Gly Gin

Asn Asp Gly Pro Thr Leu I1le Gly Ala Asn

50

Leu Asn Phe Pro Gly Ser Gin Lys Val Leu

65

Trp Val Asn Asnh Thr Ile Ile Asn Gly Ser

Pro Val Tyr Pro Gln Glu Thr Asp Asp Ala

Gly Pro Cys Pro Ser Gly Ser Trp Ser GIn

Val Trp Lys Thr Trp Gly GIn Tyr Trp GIn
130

10
565
PRT
Homo sapiens

10

5

20

35

85

100

115

Gly Val Ser Arg Gin Leu
15

Pro Glu Trp Thr Glu Ala
30

Val Ser Leu Lys Val Ser
45

Ala Ser Phe Ser Ile Ala
60

Pro Asp Gly GIn Val Ile
75 80

Gln Val Trp Gly Gly GIn
a5

Cys Ile Phe Pro Asp Gly
110

Lys Arg Ser Phe Val Tyr
125

Val Leu Gly Gly Pro Val
140

1680

1698



Ser

145

Met

Leu

Ser

Phe

Ser

225

Asp

Tyr

Ile

Gly

Pro

305

Glu

Gly

Glu

Ala

Val

Leu

210

Gly

Ser

Leu

Pro

His

290

Thr

Pro

Leu Ser

Val Thr

His Ser
180

Ser Val
195

Arg Asn

Tyr Leu

Ser Gly

Glu Pro

260

Leu Thr

275

Arg Pro

Thr Glu

Ser Gly

Ile

Val

165

Ser

Ser

Gin

Ala

Thr

245

Gly

Ser

Thr

Val

Thr
325

Gly Thr
150

Tyr His

Ser Ala

Gin Leu

Pro Leu
215

Glu Ala
230

Leu Ile

Pro Val

Cys Gly

Ala Glu
295

Val Gly
310

Thr Ser

Gly

Arg

Phe

Arg

200

Thr

Asp

Ser

Thr

Tyr

280

Ala

Thr

Val

Arg Ala

Arg Gly
170

Thr 1le
185

Ala Leu

Phe Ala

Leu Ser

Arg Ala

250

Ala GIn

265

Ser Pro

Pro Asn

Thr Pro

Gln Val
330

43

Met Leu Gly
155

Ser Arg Ser

Thr Asp GlIn

Asp Gly Gly
205

Leu Gin Leu
220

Tyr Thr Trp
235

Leu Val Val

Val Val Leu

Val Pro Gly
285

Thr Thr Ala
300

Gly GIn Ala
315

Pro Thr Thr

Thr

Tyr

Val

190

Asn

His

Asp

Thr

Gln

270

Thr

Gly

Pro

Glu

His Thr
160

Val Pro
175

Pro Phe

Lys His

Asp Pro

Phe Gly
240

His Thr
255

Ala Ala

Thr Asp

Gin Val

Thr Ala

320

Val lle
335




Ser Thr Ala Pro Val Gin Met Pro Thr Ala

340

Pro Glu Lys Val Pro Val Ser
355

Met Ser Thr Pro Glu Ala Thr
370 375

Val Val Leu Ser Gly Thr Thr
385 390

Val Glu Thr Thr Ala Arg Glu
405

Asp Ala Ser Ser [le Met Ser
420

Pro Leu Leu Asp Gly Thr Ala
435

Pro Leu Asp Cys Val Leu Tyr
450 455

Asp [le Val Gin Gly Ile Glu
465 470

Ser Gly Glu Gly Asp Ala Phe
485

Leu Pro Lys Glu Ala Cys Met
500

Pro Ala GIn Arg Leu Cys Gln
515

Glu

360

Gly

Ala

Leu

Thr

Thr

440

Arg

Ser

Glu

Glu

Pro
520

345

Val Met

Met Thr

Ala GIn

Pro Ile
410

Glu Ser
425

Leu Arg

Tyr Gly

Ala Glu

Leu Thr
490

[le Ser
505

Val Leu

44

Glu Ser Thr Gly Met Thr
350

Gly Thr Thr Leu Ala Glu
365

Pro Ala Glu Val Ser [le
380

Val Thr Thr Thr Glu Trp
395 400

Pro Glu Pro Glu Gly Pro
415

Ile Thr Gly Ser Leu Gly
430

Leu Val Lys Arg Gln Val
445

Ser Phe Ser Val Thr Leu
460

Iie Leu GIn Ala Val Pro
475 480

Val Ser Cys GIn Gly Gly
495

Ser Pro Gly Cys GIn Pro
510

Pro Ser Pro Ala Cys Gln
525
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Leu Val Leu His Gin Ile Leu Lys Gly Gly Ser Gly Thr Tyr Cys Leu

530

535

940

Asn Val Ser Leu Ala Asp Thr Asn Ser Leu Ala Val Val Ser Thr GIn
550

545

Leu [le Met Pro Gly

210> 11

<211> 428
<212> DNA
213>

<400> 11
atggegtecce

acattcaaga
getggettea
ttcaaggage
tcgtocgett
tttttgaaac
aagaaagaat
atggattga

<2100
\CARD

212>
213

12
142
PRT

<400> 12

565

Homo sapiens

cgacgtigcce
actggeoctt
tccactgcce
tggaaggctg
gegettteot
tggacagaga

ttegaggaaac

Homo sapiens

ccctgeotge
cttggagggo
cactgagaac
ggagecagat
ttctgtcaag
aagagccaag

tgcggagaaa

555

cagoccttte
tgcgectgea
gagccagact
gacgacccoa
aageagttteg
aacaaaattg

gtegcgeegtg

560

tcaaggacca ccgeatctet
cccoggageg gatggoogag
tgegcccagtg tttcttetge
tagaggaaca taaaaagcat
aagaattaac cottggtgaa
caaaggaaac caacaataag

ccatcgagea goetggetece

Met Gly Ala Pro Thr Leu Pro Pro Ala Trp GIn Pro Phe Leu Lys Asp

1

5

10

15

60

120

180

240

300

360

420

429
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His Arg Ile Ser Thr Phe Lys Asn Trp Pro Phe Leu Glu

20 25

Cys Thr Pro Glu Arg Met Ala Glu Ala Giy Phe [le His
35 40 45

Glu Asn Glu Pro Asp Leu Ala GIn Cys Phe Phe Cys Phe
50 55 60

Glu Gly Trp Glu Pro Asp Asp Asp Pro [le Glu Glu His
65 70 75

Ser Ser Gly Cys Ala Phe Leu Ser Val Lys Lys GIn Phe
85 90

Thr Leu Gly Glu Phe Leu Lys Leu Asp Arg Glu Arg Ala
100 105

[le Ala Lys Glu Thr Asn Ash Lys Lys Lys Glu Phe Glu
115 120 125
Glu Lys Val Arg Arg Ala Ile Glu Gin Leu Ala Ala Met
130 135 140
210> 13
Q211> 129
<212> PRT

<213> Gallus gallus

<400> 13

Lys Val Phe Gly Arg Cys Glu Leu Ala Ala Ala Met Lys
1 5 10

Leu Asp Asn Tyr Arg Gly Tyr Ser Leu Gly Asn Trp Val
20 25

Gly Cys Ala
30

Cys Pro Thr

Lys Glu Leu

Lys Lys His
80

Glu Glu Leu
95

Lys Asn Lys
110

Glu Thr Ala

Asp

Arg His Gly
15

Cys Ala Ala
30

Lys Phe Glu Ser Asn Phe Asn Thr Gln Ala Thr Asn Arg Asn Thr Asp



47

35 40

Gly Ser Thr Asp Tyr Gly I[le Leu GIn Ile Asn
50 55

Asn Asp Gly Arg Thr Pro Gly Ser Arg Asn Leu
65 70 15

Ser Ala Leu Leu Ser Ser Asp Ile Thr Ala Ser
85 90

Lys Ile Val Ser Asp Gly Asn Gly Met Asn Ala
100 105

Asn Arg Cys Lys Gly Thr Asp Val Gln Ala Trp
115 120

Leu

210> 14

<211> 1618
<212> DNA

213> Artificial

<2205
<223> His-tag fusion protein

<400> 14
atgggcagea gecatcatca tcatcatcac agecagoggce

atgcaggacc cggettecac gtgtgtccecg gagecggegt
gegoctggegt gectacagea gocagageag cagggagtee
gecaagttag gegecgecga ggecageget gaacgtctee
gegteogget ctgagecgea goaaatgege tcogacgtge

cccgeegtee cotocctgegg tggoggeegee geetgtgece

45

Ser Arg Trp Trp Cys
60

Cys Asn [le Pro Cys
80

Val Asn Cys Ala Lys
95

Trp Val Ala Trp Arg
110

[le Arg Gly Cys Arg
125

tggtgecgog cggoagocat
ctcagecacac gotoecgetoe
gggacceggg cggeatetgg
agegccegag gagecgceges
gggacctgaa cgegotgotg

tgectgtgag cggogegeee

60

120

180

240

300

360




cagteggcec
£ECCCOECEC
aaacaggage
actgtccact
ggteoteoto
tacctgccca
accttcgacg
aaccactcat
tactcggtge
caggetttgce
cttgaatgca
gegageteca
agcgataacc
gtottcagag
toggeatote
agatatttta
taccagtgte
caccaaagga
tceoggteog
ccottoagot
cgecatcaca
<210>
<213

212>
213>

15
537
PRT

cgetectega
CECCACCEEC
cgagetegee
tttccggcca
GECCCageca
getecctega
ggacgeccag
tcaagcatga
cgecocoget
tegctgageac
tgacctggaa
getcagtgaa
acacaacgcc
geattcagga
agaccagtga
agctgtccca
acttcaagga
gacatacagg
accacctgaa
gtogetggce

acatgcatca

Artificial

ctttgcgeco
tccgecgcca
Cggcgeogeag
gttocactgge
ggoegteatco
gagccagecs
ctacggtcac
ggatcccatg
ctatggctgc
gecctacage
tcagatgaac
atggacagaa
catcctetge
tegtgegacet
£2aacgecce
cttacagatg
ctegtgaacga
tgtgaaacca
£acccacace
aagttgtcag

gagaaacatg

cogggegett
CCCCGECCEC
CCECacgage
acageoggag
ggccaggeea
getattogea
acgeccctego
gECCagcagg
cacaccccea
agtgacaatt
ttaggageca
gggoagagea
ggageccaat
gtgcctgeag
ttecatgtgte
cacagoagga
aggttttete
ttecagtgta
aggactcata
aaaaagtttg

accaaactce

48

cggcttacgg
cgecgectca
agcagtgect
cetgtegeta
gegatgtttee
atcagggtta
accatgoeggce
gotegoteeg
ccgacagetg
tataccaaat
ccttaaaggg
accacageac
acagaataca
tagccccgac
cttacccagg
agcacactgg
gttcagacca
aaacttgtcea
caggtaaaac
ccoggteaga

agetggeget

gtegttgeec
ctcotteate
gagcgeotte
cgggocctite
taacgegecce
cagcacggte
geagttccco
tgagcageag
Caccgecage
gacatcccag
agttgetgct
agggtacgag
cacgcacggt
tettgtacgg
ctgcaataag
tgagaaacca
gctcaaaaga
gegaaagtte
aagtgaaaag
tgaattagte

ttgaatte

540

600

660

120

180

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1618



<220>
<223> His-tag fusion protein

<400>

15

Met Gly Ser Ser

1

Arg Gly

Ala

Glu

Ala

65

Ala

Asn

Ala

Ala

Pro

145

Lys

Ser His
20

GIn His
35

Ser

GIn
50

GIn Gly

Ala Glu Ala

Ser Gly Ser

Ata Leu Leu

100

Pro Val
115

Leu

Pro Pro Gly

130

Pro Ala Pro

Gin Glu Pro

His

5

Met

Thr

Val

Ser

Glu

85

Pro

Ser

Ala

Pro

Ser
165

His His His

Gln Asp Pro

Leu Arg Ser
40

Arg Asp Pro
55

Ala Glu Arg
70

Pro Gin GIn

Ala Val Pro

Gly Ala Ala
120

Ser Ala Tyr
135

Pro Pro Pro
150

Trp Gly Gly

His

Ala

25

Gly

Gly

Leu

Met

Ser

105

Gln

Gly

Pro

Ala

His

10

Ser

Pro

Gly

GIn

Gly

90

Ley

Trp

Ser

Pro

Glu
170

49

Ser Ser Gly

Thr Cys Val

Gly Cys Leu

45

Trp Ala
60

[le

Gly
75

Arg Arg

Ser Asp Val

Gly Gly Gly

Ala Pro Val

125

Leu Gly Gly

140

Pro Pro His

155

Pro His Glu

Leu Val Pro
15

Pro Glu Pro

30

Gin GIn Pro

Leu Gly

Lys

Arg Gly
80

Ser

Arg Asp Leu

95

Gly
110

Gly Cys

Asp Phe

Leu

Pro Ala Pro

Phe Ile
160

Ser

Glu GIn Cys

175




Leu Ser Ala Phe Thr
180

Gly Ala Cys Arg Tyr
195

Ser Ser Gly GIn Ala
210

Cys Leu Glu Ser GIn
225

Thr Phe Asp Gly Thr
245

Ala Gin Phe Pro Asn
260

GIn Gly Ser Leu Gly
275

Gly Cys His Thr Pro
290

Leu Arg Thr Pro Tyr
305

Leu Glu Cys Met Thr
325

Gly Val Ala Ala Gly
340

Ser Asn His Ser Thr
355

Val His

Gly Pro

Arg Met
215

Pro Ala
230

Pro Ser

His Ser

Glu GIn

Thr Asp

295

Ser Ser

310

Trp Asn

Ser Ser

Gly Tyr

Phe

Phe

200

Phe

Ile

Tyr

Phe

GIn

280

Ser

Asp

Gln

Ser

Glu
360

Ser Gly
185

Gly Pro

Pro Asn

Arg Asn

Gly His
250

Lys His
265

Tyr Ser

Cys Thr

Asn Leu

Met Asn
330

Ser Val
345

Ser Asp

Gln Phe Thr

Pro Pro Pro
205

Ala Pro Tyr
220

Gin Gly Tyr
235

Thr Pro Ser

Glu Asp Pro

Val Pro Pro
285

Gly Ser Gin
300

Tyr GIn Met
315

Leu Gly Ala

Lys Trp Thr

Asn His Thr
365

Gly Thr Ala

190

Ser

Leu

Ser

His

Met

270

Pro

Ala

Thr

Thr

Glu

350

Thr

Gin Ala

Pro

Thr

His

265

Gly

Val

Leu

Ser

Leu

335

Gly

Pro

Ser

Val

240

Ala

GIn

Tyr

Leu

Gln

320

Lys

GIn

Ile




51

Leu Cys Gly Ala GIn Tyr Arg Ile His Thr His Gly Val Phe Arg Gly
370 375 380

Ile GIn Asp Val Arg Arg Val Pro Gly Val Ala Pro Thr Leu Val Arg
385 390 395 400

Ser Ala Ser Glu Thr Ser Glu Lys Arg Pro Phe Met Cys Ala Tyr Pro
405 410 415

Gly Cys Asn Lys Arg Tyr Phe Lys Leu Ser His Leu GIn Met His Ser
420 425 430

Arg Lys His Thr Gly Glu Lys Pro Tyr GIn Cys Asp Phe Lys Asp Cys
435 440 445

Glu Arg Arg Phe Ser Arg Ser Asp Gin Leu Lys Arg His Gln Arg Arg
450 455 460

His Thr Gly Val Lys Pro Phe GIn Cys Lys Thr Cys GIn Arg Lys Phe
465 470 475 480

Ser Arg Ser Asp His Leu Lys Thr His Thr Arg Thr His Thr Gly Lys
485 490 495

Thr Ser Glu Lys Pro Phe Ser Cys Arg Trp Pro Ser Cys GIn Lys Lys
500 505 510

Phe Ala Arg Ser Asp Glu Leu Val Arg His His Asn Met His GIn Arg
515 520 525

Asn Met Thr Lys Leu Gln Leu Ala Leu
530 535

<210> 16
<211> 1020
<212> DNA



<213

<220>
<223>

<400> 16
atgggcagcea

atgtotteotg
gaggocotgg
toectecteot
ggtecteoce
tggaggeaac
gacgoagagt
ctgeteogea
atcaaaaatt
atgatottte
acctgeotgg
ggoecttotea
gaaatctgge
Egegagecca
caggtacccg
gaaaccagct
gectaccecat
<210>
211>

212>
213>

17
337
PRT

<220>
223>

Artificial

His—tag fusion

gocatcatca
agcagaagag
gectgetege
ctectetget
agagtcctca
ccaatgageg
cettgttecg
agtatceage
acaagegetg
gecattgacet
gectttecta
taatcgtect
aggagetegge
ggaaactget
gcagtaatec
atgtgaaagt

ccctgecgtga

Artificial

protein

tcatcatcac
tcagcactge
tgegeaggot
ccctggeace
gggagectot
ttccageage
agaagcactc
caaggagote
ctttectgte
gaaggaagty
tgatggecte
gggcacaatt
tetgatgege
cacccaagat
tgegegotat
cotggageat

agcagetttg

His-tag fusion protein

agcagegece
aagectgagg
cctactactg
cteggaggaag
geottacccea
caagaagagg
agtaacaagg
gtcacaaagg
atctteggea
gaccccacca
ctgggtaata
gcaatggage
gtgtatgatg
teggtgcage
gagttectgt
gtgetcageg

ttagaggagg

tggtecepcg
aaggegttea
aggageagga
tegcotgctec
ctaccatcag
agegeccaag
tggatgagtt
cagaaatget
aagecctccga
gcaacaccta
atcagatctt
gCEAacagege
ggagggagea
aaaactacct
ggggtccaag
tcaatgcaag

aagagggagt

cggoagccat
ggcccaagaa
ggotgetete
tgagtcagea
cttcacttge
cacctegect
gectcatttt
ggagagagte
gtooctgaag
cacccttgte
tcccaagaca
ctotgaggag
cactgtctat
ggagtaccgg
ggetotgeot
agttegecatt

cteaggatce

60

120

180

240

300

360

420

480

540

600

660

120

180

840

900

960

1020




<400>

17

Met Gly Ser

1

Arg

Glu

Gin

Pro

65

Gly

Ser

Giu

Ala

Tyr

145

I[le

Glu

Gly

Glu

Ala

50

Leu

Pro

Phe

Glu

Leu

130

Arg

Lys

Ser

Ser

Gly

35

Pro

Val

Pro

Thr

Gly

115

Ser

Ala

Asn

Leu

Ser

His

20

Val

Thr

Pro

GIn

Cys

100

Pro

Asn

Lys

Tyr

Lys

His

Met

Glu

Thr

Gly

Ser

85

Trp

Ser

Lys

Glu

Lys

165

Met

His His

Ser Ser

Ata Gin

Glu Glu
55

Thr Leu
70

Pro Gln

Arg Gln

Thr Ser

Val Asp

135

Leu Val
150

Arg Cys

[1e Phe

His

Glu

Glu

40

GIn

Glu

Gly

Pro

Pro

120

Glu

Thr

Phe

Gly

His His
10

GIn Lys
25

Glu Ala

Glu Ala

Glu Val

Ala Ser

90

Asn Glu
105

Asp Ala

Leu Ala

Lys Ala

Pro Val

170

[le Asp

Ser

Ser

Leu

Ala

Pro

15

Ala

Gly

Glu

His

Glu

155

[le

Val

Ser Gly

GIn His

Gly Leu
45

Val Ser
60

Ala Ala

Leu Pro

Ser Ser

Ser Leu

125

Phe Leu

140

Met Leu

Phe Gly

Lys Glu

Leu

Cys

30

Val

Ser

Glu

Thr

Ser

110

Phe

Leu

Glu

Lys

Val

Val Pro
15

Lys Pro

Gly Ala

Ser Ser

Ser Ala
80

Thr [le
95

Gin Glu

Arg Glu

Arg Lys

Arg Val
160

Ala Ser
175

Asp Pro




180 185

Thr Ser Asn Thr Tyr Thr Leu Val Thr Cys

195 200

Gly Leu Leu Gly Asn Asn GIn [le Phe Pro
210 215

[le Val

225

Leu Gly Thr Ile Ala Met Glu Giy
230

Glu [le Trp Glu Glu Leu Gly Val Met Gly

245 250

His Thr Val Tyr Gly Glu Pro Arg Lys Leu

260 265

GIn Glu Asn Tyr Leu Glu Tyr Arg Gln Val

215 280

Arg Tyr Glu Phe Leu Trp Gly Pro Arg Ala
290 295

Val Lys

305

Ala Tyr

Val

<210>
211>
212>
<213>

Val Leu Glu His Val Val Arg Val
310

Pro Ser Leu Arg Glu Ala Ala Leu
325 330

18

135

DNA
Artificial

Leu

Lys

Asp

235

Val

Leu

Pro

Leu

Asn

315

Leu

Gly Leu
205

Thr Gly
220

Ser Ala

Tyr Asp

Thr Gln

Gly Ser

285

Ala Glu
300

Ata Arg

Glu Glu

190

Ser Tyr Asp

Leu Leu Ile

Ser Glu Glu
240

Gly Arg Glu
255

Asp Trp Val
270

Asn Pro Ala

Thr Ser Tyr

Val Arg [le
320

Glu Glu Gly
335




<220>

<223> His-tag fusion

<400, 18
atgggcagea

atgectagea
£ECacaggeg
CCaggggeca
gEgcgcaggeg
geocgoggett
ctgettgagt
aggagectgg
actgtgtoog
ctctecatea
ctgccegtet
atgtegatoa
cgectaageca
<210
(VARD;

\VAVY
<213>

19
214
PRT

<220>
223>

<400> 19

gccatcatca
tgactggteg
gttcgacegeg
atgetegcge
cagcaagesc
cagggetgaa
tctacctoge
cccaggatge
gcaacatact
getectgtet
ttttegetoa
cgoagtgett

agett

Artificial

protein

toatcatcac
acagcaaatg
cgatgetgat
cccaggagag
ctoggegcog
tggatgctece
catgectttc
ccocaccgett
gactatccga
ccageagett
gecteectea

tetgeccgtg

His—tag fusion protein

agcagogece
getogoggat
gecccaggag
gogegtecoa
Egaggagece
agatgegges
gecgacaccea
cccgtgccag
ctgactgeotg
tocctgttea
gEEgcagagec

tttteggctea

ot
fwii

tegtgocgce
ccatgcagge
geocctggoat
CEEECELECag
CCCGECEEELE
CCaggeegece
tggaagcaga
ggetgctict
cagaccaccg
tgtggatcac
getaacaget

gecteccctc

cggcageeat
Cgaaggeceg
tcotgatggs
aggtcocogg
tccgoatgge
£EaEagCccLe
gotggoeege
gaaggagttc
ccaactgcag
geagtgcottt
ttccotgttg

aggecagagg

Met Gly Ser Ser His His His His His His Ser Ser Gly Leu Val Pro

1

5

10

15

Arg Gly Ser His Met Ala Ser Met Thr Gly Gly Gin Gin Met Giy Arg
25

20

30

60

120

180

240

300

360

420

480

540

600

660

120

135



Gly Ser Met GIn Ala Glu Gly
35

Ala Asp Gly Pro Gly Gly Pro
50 55

Ala Gly Gly Pro Gly Glu Ala
65 70

Gly Ala Gly Ala Ala Arg Ala
85

Gly Pro His Gly Gly Ala Ala
100

Gly Ala Arg Gly Pro Glu Ser
115

Pro Phe Ala Thr Pro Met Glu
130 135

GIn Asp Ala Pro Pro Leu Pro
145 150

Thr Val Ser Gly Asn [le Leu
165

Arg GIn Leu GlIn Leu Ser Ile
180

Leu Met Trp [le Thr GIn Cys
195

Pro Ser Gly GIn Arg Arg
210

Arg

40

Gly

Gly

Ser

Ser

Arg Leu Leu

120

Ala

Val

Thr

Ser

Phe
200

Giy Thr Gly

[le Pro Asp

Ala Thr Gly

15

Gly Pro
90

Gly

Gly Leu
105

Asn

Glu

Glu Leu Ala

Pro Gly Val

165

[le Arg Leu
170

Ser Cys lLeu

185

Leu Pro Val

Gly Ser Thr
45

Gly Pro Gly
60

Gly Arg Gly

Gly Gly Ala

Gly Cys Cys
110

Phe Tyr Leu
125

Arg Arg Ser
140

Leu Leu Lys

Thr Ala Ala

Gln Gin Leu
190

Phe Leu Ala
205

Gly Asp

Gly Asn

Pro Arg
80

Pro Arg
95

Arg Cys

Ala Met

Leu Ala

Glu Phe
160

Asp His
175

Ser Leu

GIn Pro




<210>
<211
212>
213

20
371
DNA

<220>
223>

<400> 20
atgggcagea

atggctagea
cccaaaaaga
aagatcagga
atcagtcaaa
cctaaagagg
aagacaagcet
210> 21

<211> 118
<212> PRT

213>

<2205
<223>

<400> 21

His—

Artificial

tag fusion

gccatcatca
tgactgetes
agaaccagca
tacagctgag
caccgeggegat
aacactgtaa

gotegag

Artificial

protein

tcatcatcac agcagcggco
acagcaaatg ggtegeggat
getgaaagtc ggpgatccotac
atcccagtgc gogacatgga
aaatctggat ttgeggttecg

aatgccagaa gcaggtgaag

His-tag fusion protein

Met Gly Ser Ser His His His His His His Ser

1

5

10

Arg Gly Ser His Met Ala Ser Met Thr Gly Gly

20

25

Gly Ser Glu Phe Arg Met Glu Ser Pro Lys Lys

35

40

Lys Val Gly Ile Leu His Leu Gly Ser Arg GIn

tggtgccgeg cgecagecat
ccgaattocg catggagage
acctgggcag cagacagaag
agegtgatetg caagagetge
gegtcaaggt gaagataata

agcaaccaca agtitaaatg

Ser Gly Leu Val Pro
15

GIn Gin Met Gly Arg
30

Lys Asn GIn GIn Leu
45

Lys Lys [le Arg [le

60

120

180

240

300

360

377




58

50 55 60

GIn Leu Arg Ser GIn Cys Ala Thr Trp Lys Val Ile Cys Lys Ser Cys
65 70 15 80

[le Ser GIn Thr Pro Gly Ile Asn Leu Asp Leu Gly Ser Gly Val Lys
85 30 95

Val Lys Ile Ile Pro Lys Glu Glu His Cys Lys Met Pro Glu Ala Gly
100 105 110

Glu Glu GIn Pro Gin Val
115

<210> 22

211> 1766
<212> DNA

<213> Artificial

<220>
<223>

<400> 22
atgggcagea

atgaaagtac
tggaacagge
getcaagtet
ttoctetattg
tgggteaaca
caggaaactg
tctcagaaga
EgEgeccoag

atggaagtga

His-tag fusion

gecatcatca
ccagaaacca
agctgtatee
ccctcaaggt
ccttgaactt
ataccatcat
acgatgectg
gaagetttgt
tgtetegect

ctgtetacca

protein

teatcatcac
ggactggett
agagtggaca
cagtaatgat
ccctggaage
caatgggagc
catcttecct
ttatgtcteg
gagoatteee

tegeegeega

agcageggee tggtgecgcg cggeagecat
ggtetotcaa ggoaactcag aaccaaagec
gaagcccaga gacttgactg ctggagaggt
ggegoctacac tgattgegtegc aaatgectece
caaaaggtat tgoccagatgg geaggttate
caggteteee gaggacagec agtgtatoce
gatggtegac cttgeccate tggctettge
aagacctgge gecaatactg geaagttcta
acaggecagegg caatgotggg cacacacacc

tocceggaget atgtgectet tgcteattce

60

120

180

240

300

360

420

480

540

600



agcteageot
gocttggatg
ctccatgacc
gacagtagtg
ggcccagtea
tccocagtte
getggecaag
gageectcte
gtegcagatge
gtcatggeta
gaggtatcaa
gtggagacca
atcatgtcta
ttaaggcteg
teegtoacee
tocggteagg
geotgcatgg
gtgoctaccea
acatactgeo
cttatcatge
<210>
211>

<212>
213>

23
585
PRT

<220>
<223>

tcaccattac
gagggaacaa
ctagtgecta
gaaccctgat
ctgeccaggt
caggeaccac
tgectactac
gaaccacatc
caactgcaga
ccacactgge
ttgtegtect
cagotagaga
cggaaagtat
tgaagagaca
teggacattgt
gggatgeatt
agatctcate
geccagectg
tcaatgtgte

ctggttaagc

Artificial

tgaccaggtg
gcacttcctg
tetggeoteaa
ctctegegca
gegtectecag
agatgggecac
agaagttetg
tetecaggte
gagcacaggt
agagatgtca
ttetggaace
getacctate
tacaggttce
agtcccceotg
ccaggetatt
tgagectgact
gccagegtee
ccagetggtt
tetggctgat

gEGCEC

His-tag fusion protein

cotttectocg
agaaatcagec
gcotgacctet
cttgtegtca
getgecatte
aggccaactg
getactacac
ccaaccactg
atgacacctg
actccagagg
acagctgcac
cctgagectg
ctgeggcccce
gattgtgtte
gaaagtgeog
gtgteotgoo
cagecococtg
ctecaccaga

accaacagcce

tgagegtete
ctetgacctt
cctacacctg
ctecatactta
ctctcaccte
Cagagegcces
ctggteaggc
aagtcataag
agaaggtegce
ctacaggtat
aggtaacaac
aaggtccaga
tgctegateg
tgtatcgata
agatcctgea
aaggogggot
cccageoggeot
tactgaagegg

tgegcagtegt

CCagttgeeg
tgocctocag
gegactttgga
coctggagect
cteteggetac
taacaccaca
gccaactgca
cactgecacct
agtttcagag
gacacctgea
tacagagteg
tgocagotea
tacagccacc
tggtteottt
gectgtegecg
gecccaaggaa
gtgecagoct
tggotogeee

cagcacccag

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1766



<400> 23

Met Gly Ser Ser His His
1 5

Arg Gly Ser His Met Lys
20

Ser Arg GIn Leu Arg Thr
35

Trpo Thr Glu Ala GIn Arg
50

Leu Lys Val Ser Asn Asp
65 70

Phe Ser Ile Ala Leu Asn
85

Gly GIn Val Ile Trp Val
100

Trp Gly Gly GIn Pro Val
115

Phe Pro Asp Gly Gly Pro
130

Ser Phe Val Tyr Val Trp
145 150

Gly Gly Pro Val Ser Gly
165

Gly Thr His Thr Met Glu

60

His His His His Ser Ser Gly

Val

Lys

Leu

b5

Gly

Phe

Asn

Tyr

Cys

135

Lys

Leu

Val

10

Pro Arg Asn Gin Asp Trp

25

Ala Trp Asn Arg Gin Leu

40

Asp

Pro

Pro

Asn

Pro

120

Pro

Thr

Ser

Thr

45

Cys Trp Arg Gly Gly

Thr Leu

Gly Ser
a0

Thr Tle
105

Gin Glu

Ser Gly

Trp Gly

lie Gly

170

Val Tyr

[le

15

Gln

[le

Thr

Ser

GIn

155

Thr

His

60

Gly Ala

Lys Val

Asn Gly

Asp Asp

125

Trp Ser

140

Tyr Trp

Gly Arg

Arg Arg

Leu Val Pro
15

Leu Gly Val
30

Tyr Pro Glu

Gln Val Ser

Asn Ala Ser
80

Leu Pro Asp
95

Ser Gln Val
110

Ala Cys Ile

Gin Lys Arg

Gin Val Leu
160

Ala Met Leu
175

Gly Ser Arg




Ser

Gln

Gly

225

Leu

Trp

Val

Leu

Gly

305

Ala

Ala

Thr

Thr

180

Tyr Val Pro
195

Val Pro Phe
210

Asn Lys His

His Asp Pro

Asp Phe Gly
260

Thr His Thr
275

Gin Ala Ala
290

Thr Thr Asp

Gly GIn Val

Pro Thr Ala
340

Glu Val Ile
355

Gly Met Thr

Leu

Ser

Phe

Ser

245

Asp

Tyr

[le

Gly

Pro

325

Giu

Ser

Pro

Ala His

Val Ser
215

Leu Arg
230

Gly Tyr

Ser Ser

Leu Glu

Pro Leu

295

His Arg

310

Thr Thr

Pro Ser

Thr Ala

Glu Lys

Ser

200

Val

Asn

Leu

Gly

Pro

280

Thr

Pro

Glu

Gly

Pro

360

Val

185

Ser Ser

Ser Gln

Gin Pro

Ala Glu

250

Thr
265

Leu

Gly Pro

Ser Cys

Thr Ala

Val Val

330

Thr
345

Thr

Val

GIn

Pro Val

61

Ala Phe Thr
205

Leu Arg Ala
220

Leu Thr Phe
235

Ala Asp Leu

[le Ser Arg

Val Thr Ala
285

Gly Tyr Ser
300

Glu Ala Pro
315

Gly Thr Thr

Ser Val GIn

Met Pro Thr

365

Ser Giu Val

190

[le Thr Asp

Leu Asp Gly

Ala Leu GlIn
240

Ser Tyr Thr
255

Ala Leu Val
270

Gln Val Val

Pro Val Pro

Asn Thr Thr
320

Pro Gly GIn
335

Val Pro Thr
350

Ala Giu Ser

Met Gly Thr




Thr

385

Glu

Thr

Pro

Gly

Lys

465

Ser

GlIn

Cys

Gly

Pro

545

Thr

370 375

Leu Ala Glu Met Ser Thr
390

Val Ser lle Val Val Leu
405

Thr Glu Trp Val Glu Thr
420

Glu Gly Pro Asp Ala Ser
435

Ser Leu Gly Pro Leu Leu
450 455

Arg Gin Val Pro Leu Asp
470

Val Thr Leu Asp [le Val
485

Ala Val Pro Ser Gly Glu
500

Gln Giy Gly Leu Pro Lys
515

Cys GIn Pro Pro Ala Gln
530 535

Ala Cys GIn Leu Val Leu
550

Tyr Cys Leu Asn Val Ser

Pro

Ser

Thr

Ser

440

Asp

Cys

Gin

Gly

Glu

520

Arg

His

Leu

Glu Ala

Gly Thr
410

Ala Arg

425

[le Met

Gly Thr

Val Leu

Gly Ile

490

Asp Ala

505

Ala Cys

Leu Cys

Gin [le

Ala Asp

62

380

Thr Gly Met Thr Pro Ala

395

400

Thr Ala Ala GIn Val Thr

Glu Leu Pro

Ser Thr Glu
445

Ala Thr Leu
460

Tyr Arg Tyr
415

Glu Ser Ala

Phe Glu Leu

Met Glu lle
525

Gln Pro Val
540

Leu Lys Gly
555

Thr Asn Ser

Ile

430

Ser

Arg

Gly

Glu

Thr

510

Ser

Leu

Gly

Leu

415

Pro Glu

[le Thr

Leu Val

Ser Phe

480

[le Leu
495

Val Ser

Ser Pro

Pro Ser

Ser Gly

560

Ala Val




565

63

570

Val Ser Thr Gin Leu Ile Met Pro Gly

<210>
<2115
22
213>

<220>
<223>

<400>

580

24

537

DNA
Artificial

His-tag fusion protein

24

atgggecagea goecatcatca tcatcatcac

atggctageca tgactggtegg acagcaaatg

ccccctgoect ggcageocctt tctcaaggac

ttettegage getgegoctg caccceggag

cccactgaga acgagccaga cttggcccag

tgggagecag atgacgacce catagaggaa

ctttotegtca agaagcagtt tgaagaatta

gaaagagcca agaacaaaat tgcaaaggaa

actgeggaga aagtgegecg tgecatcgag

210>
Q211>
212>
<213>

<220>
<223>

<400>

25

176

PRT
Artificial

His—tag fusion protein

25

285

agcageggee tggteccgee
getogeggat ccatgggtec
caccgoatct ctacattcaa
cegatggeeg aggetggett
tetttettet gettcaagga
cataaaaagc attcgtccgg
acccttggte aatttttgaa
accaacaata agaagaaaga

cagctggctg ccatggattg

b/b

cggeagecat
cccgacgttg
gaactggcce
catccactge
gotggaagec
ttgegettte
actggacaga
atttgaggaa

actcgag

Met Gly Ser Ser His His His His His His Ser Ser Gly Leu Val Pro

1

5

10

15

60

120

180

240

300

360

420

480

5317




Arg Gly

Gly

Lys

Cys

65

Pro

Glu

Lys

Glu

Asn

145

Thr

Ser

Asp

50

Ala

Thr

Leu

His

Leu

130

Lys

Ala

Ser His Met
20

Met Gly Ala
35

His Arg lle

Cys Thr Pro

Glu Asn Glu
85

Glu Gly Trp
100

Ser Ser Gly
115

Thr Leu Gly

[le Ala Lys

Glu Lys Val
165

Ala Ser Met Thr Gly
25

Pro Thr Leu Pro Pro
40

Ser Thr Phe Lys Asn
55

Glu Arg Met Ala Glu
70

Pro Asp Leu Ala GIn
90

Glu Pro Asp Asp Asp
105

Cys Ala Phe Leu Ser
120

Glu Phe Leu Lys Leu
135

Glu Thr Asn Asn Lys
150

Arg Arg Ala Ile Glu
170

64

Gly Gin GIn Met Gly Arg

Ala

Trp

Ala

15

Cys

Pro

Val

Asp

Lys

155

Gln

30

Trp Gln Pro Phe Leu
45

Pro Phe Leu Glu Gly
60

Gly Phe Ile His Cys
80

Phe Phe Cys Phe Lys
95

Ile Glu Glu His Lys
110

Lys Lys GIn Phe Glu
125

Arg Glu Arg Ala Lys
140

Lys Glu Phe Glu Glu
160

Leu Ala Ala Met Asp
175
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CLAIMS
[Claim 1]

A method for producing a reagent for antibody detection comprising an antigenic
protein and a carrier, the method comprising the steps of: solubilizing the antigenic protein by
cationization; and allowing the cationized antigenic protein to bind to the carrier.

[Claim 2]

The method for producing a reagent for antibody detection according to claim 1,
wherein the antigenic protein is a full-length protein.
[Claim 3]

The method for producing a reagent for antibody detection according to claim 1 or 2,
wherein the antigenic protein is a membrane protein.
[Claim 4]

The method for producing a reagent for antibody detection according to any one of
claims 1 to 3, wherein the antigenic protein is a cancer antigenic protein.
[Claim 5]

The method for producing a reagent for antibody detection according to any one of
claims 1 to 4, wherein the cationization is performed by the binding of a cationizing agent to
thiol groups of the antigenic protein.

[Claim 6]

The method for producing a reagent for antibody detection according to claim 5,
wherein the cationizing agent is selected from any one of a thiosulfonate compound, a mixed
disulfide compound, a pyridyl sulfide cationizing agent, and an alkyl halide cationizing agent,
and mixtures thereof.

[Claim 7]

The method for producing a reagent for antibody detection according to claim 6,

wherein the thiosulfonate compound is a compound represented by the following formula:

[Formula 1]
0 CH;
55| RN
0 .

CH,
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wherein R' represents a linear alkylene group having 2 to 20 carbon atoms; R* represents an
alkyl group having 1 to 3 carbon atoms; and n represents any integer of 1 to 3.
[Claim 8]

The method according to claim 7, wherein the compound is TAPS-sulfonate wherein R’
is -(CHy)s-; R?is CHsz-;and nis 1.

[Claim 9]

The method for producing a reagent for antibody detection according to claim 7,
wherein the compound is TAP3S-sulfonate wherein R' is -(CHa)s-; R? is CHs-; and n is 3.
[Claim 10]

The method for producing a reagent for antibody detection according to claim 6,
wherein the alkyl halide cationizing agent is TAP-Br.

[Claim 11]

The method for producing a reagent for antibody detection according to any one of
claims 1 to 10, wherein the carrier is magnetic beads.
[Claim 12]

A reagent for antibody detection produced by a method according to any one of claims 1
to 11.

[Claim 13]

A method for detecting an antigen-specific antibody contained in a sample, the method
comprising the steps of: contacting a reagent for antibody detection according to claim 12 with
the sample; adding thereto an antibody-binding labeled secondary antibody to allow the
secondary antibody to bind to the antibody; recovering the reagent for antibody detection; and
detecting the reagent for antibody detection bound with the antibody.

[Claim 14]

The method according to claim 13, wherein the sample is an isolated body fluid.




