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DESCRIPTTON
MUETHOD FOR PRODUCING REAGENT FOR ANTIBODY DETECTION AND LISE
THEREGF

Technival Field

< (001

The present invention relates to a method for producing a reacent for anhbody detection
The present invention also relales to a reagent for antibody detectinn produced by the methad

and use thereof

[0 Background Art
[17302]

There exist a large number of methods for detecung antibodies containgd in liquid
samples, for example, radioimmunoassay and enzyme-hinked immunosorbent assay (E1.ISA)
ELISA 18 a method which mvolves: immobilizing particular antigens onto a nucroplate, atier

5 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 tondividual antigens using separate
assay plates.

[1013

24 As an gpproach for solving this problem, a multiplox technique has received avention.
which can simultancously analyze antibodies against diverse antigens by use of microbeads
bearing reporter fluorescence as a carrier for immaobilization
10004

In the application ol any of these techniques, such diverse antigens must be prepared m

water soluble forms Protemns of native structures that can be prepared in water-soluble forms

]
71

or chemically svnthesized polypeptde fragments have converntionally heen used i most cases
ROURIRN
For example. o method for getecting an antibody contained e the Blood ora canca
patient 18 described in Patent { terature 1 or 2. This method invalves inumobilizing an aniigen
3 epitope peptide (antipenic peptide composed of several amino acids} onto beads; conlacting the
beads with the Blood companents of a subject; and detecting antizen epitope peptide-specific

antibody contained n the blood of the subject, The epiiape portian oo which the antibody binds,
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however, differs depending on the type of HLLA.  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.

Fer this purpose, it is preferred to obtain an antigen having a water-sceluble and flexible structure.
Nonetheless, most of denatured proteins, poorly soluble proteins (e.g., membrane proteins), or
proteins having unstable physical properties tend to aggregate. [n 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. Ewven 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 atways expose its epitope to react with
an antibody.

[0008]

Even in a reagent for antibody detection prepared using solubiiized proteins, thiol
groups contained in the proteins might form a disulfide bond wver 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 sclution 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 (trimethylammoniopropy! methanethiosulfonate; hereinatter, referred to
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as TAPS ) is known as a compound that solubilizes proteins TAPS can bind te thiol graups in a
protem to reversibly cationize the protein {see ey, Non Patent Literatures | and 2)
[ondT

Ihie vationmized protein exhibits improved solubility in water  Since the binding of
TAPS o the protein is reversible reaction, TAPS is known to dissociate from the protem upon
cellular uptake so that the protein can exert its original functions as a result of refolding
Nanetheless, no attemipt has been made so far on the process ol preparing a reazent tor antibody
detection by use of solubilization using TAPS,  Also. antibodies are general’s known to bind to
gwveusviated protemns.  No previous report, however, shows whether an antibody can bind te a

protein bound with an artificially synthesized compound such s TAPS.

Citation List

Patent Literature

[On12]

Patent Literature 1: Japanese Patent No 3960614 (Immunodia Co | Lid)

Patent Literature 2: JP 2005-G98877 A (Hitacht Software Engincering Co., Ltd )
Patent Literature 3: Japanese Paient No. 3225468 (Dainabot Co, Lid.)

Non Patent Literature

[('lt;’i | 3]

Non Patent Literature 1 M. Seno et al . Growth Factors, 15, 215-220(1998)

Non Patent Diteratuze 2: M. Inoue et al |, Biotechnol Appl Biochem . 28, 207-213 (1008)

Summary of Invention
Technical Problem
[D014]

Fhe present invention has been made in light of the ccumstanees mentioned above
ihe present imventon provides a method tor etficiently producimg a reagent for the detection ot
an anttbody present ina liquid sample, the antibody specttically bindiag to a poorly soluble

antigenic protetn.  The present invention also provides a reagent for antibody detection

produced by the production method and use thereof

Solotion to Proklem
RUGRY

Speaiticelly, an object ol the present invention 1s (o provide the tollowing aspects
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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]

0 CH,
I |
R2- 55—t RlaNS4=CH,
I |
O CH3 N

wherein R! represents a linear alkylene group having 2 to 20 carbon atoms; R represents an
alky! group having | to 3 carbon atoms; and n represents any integer of 1 to 3.

(8) The method according to (7), wherein the compound 18 TAPS-sulfonate wherein R
is -(CHz)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 -(CHy)s-; R*is CHj-; 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 tluid.
[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 HLA type of a subject and can provide an effictent 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 etfective 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 from a serum sample, for example, regardless 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 W-1

with TAPS.
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[Fig. 3] Fig. 3 is a diagram showing results of SDS-PAGE analysis after 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] Tig. 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 "4Smin" depicts the migration of fractions
collected for | 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
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 1
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-
immaobilized beads stored for 104 days.  The lefl 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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Presceription of Embodinients
oo
Hereinafter, ecmbodiments ot the present invention will be described.

1G22

&
First. the method tor producing a reagent tor antibody dercction according 1o the present

mventon (hereinatier. also reterred 1o as the productor method of the presem invention) will be

deseribed,

[ao3a)

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

[O031]

[n the present specitication, the term "poorly soluble” 1s provided merely tor illustrating
a property of the protein and refers to the property of not torming a uniform mixed solution by
dissolution in a liquid, particularly, the property of being impossible or difficult to dissolve 1
water or a physiclogical solvent.  The poorly soluble proteins of types described herein can be
detined as pootly soluble proteins when substanuially the angorities thereof are recovered nto
preapiated fractions after centvifugation at 15,100 ~ g for 1 hour of the proteins in water. i
water and & salt, or in water and a physiological solvent that does not denature the proteing
[0032]

The “protein” described herein ineludes peptides, polypeptides, and the ke The
protein is not hinnted to uaturally cccurring proteins that are feund 1o nature and aiso
encompasses recombinand proteing derived from cells transtoroied by gene transter or the hke,
proteins expressed using an in vitro cell-free protein expression system, and synthetic proteins
prepared in g svathetic organic chemistry manner.  Alternatively, a functional gioun may be
added 1o & portion o the whole of amumgo acids constituting the protein i suen a way that the
armae aetdis) by acetviated, phosphorvlated. or wethy ated, o w portion or the whole of wanine
avids constituting the protern may be maditied with w sugar a4 protein. a lipid, orthe hike
[UH}}]

The "pooriy solable protem” described hercin reters toa protein that 1s impossible or
dificult to dissolve even by stiring i water or a physiological selvent at room temperatire and

may be dissolved by use ofl for exaniple. g denaturant but torms precipitates as 4 resalt 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 £, colf using a gene recombination technique). Examples of the poorly
soluble protein inciude, 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 iz 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 intraceliular
organclies. 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 F. cofi
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
bload).

[0044]

The "secondary antibody" refers to an antibody and an active fragment thereof that
recognizes 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. The "labeled secondary antibody" refers
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to a secondary antibody bound with a label such as a radioisotope, a luminescent agent, ot 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.
10045]

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
| 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]

(l)
|
R*—S-S—X
I
O

[0048]

The thiosulfonate compound used in the production method of the present invention 1s a
thiosulfonate compound represented by [Formula 3] given below having one or more guaternary
ammonium group-derived cations in one molecule.

[0049]

[Formula 3]
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|
R*-S-S—

I

O

[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;
hereinafier, 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
(:|'+355(:)2 "ES - (:}'Lz(:l'iz(:]'iz - I\If¥ (:l'{3
I

CH;

[0055]

[Formula 5]

CH;
I

(:+{3E;()2_"55 & C:r12(:|'hz(:r12 E Pq+; (:r13 * Br-
|
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;3
I

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

CH; /s

[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, NFH; " is the group having a cation,
[0059]

[Formula 7]

®
® S N
H3N/\/ Gl

[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]

—y

\ / S-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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|
Br- CH2CH2CH2 - Nt CH3 + Br-
|

CH;

RSy

Vurious cationizing agerts can be used in the production methoed ot the present
invention. TAPS-sulfonate or TAP-Br, in particular, has o low moleetlar werght Fhis
componnd can therefore minimize sterie hindrance that inhibirs protein-antibody renction, while
maintaining iis high solubilizing atnlity.  This low molecular weight also tacilitates the binding
ol a plurality of its molecules to a protetn.  As a result, afl SH groups cootained 1 the protein
carr be cationized.  This can prevent beads from ageregating during long-term storape
[LOoS]

Hereinatter, the steps ot preparing an antigenic protein and preparing a UAPS-bound
antigenic protein using TAPS will be described as one example of the obtainment ot 1 cationized
antigenic protein,

HIOGG!

A gene of the antigenic protein is transierred o 2. cofr, which is then caltured. The
cuitured £ coli 1s homogenized to recover the antigenic protenn In this recovery, the antigenic
protemn niay be in the form ot an inclusion body.

o7

The recovered tnclusion body is solubilized with a denaturant.  Uxamples of the
Jdenaturant used include, but are aot limited to, urea. puamdine hydrochloride. and surtactants
sy

Fhe antigenic protem thus denatured 13 treated with @ reducing agent o cleave the 38
bonds  Examples ot the reducing agent include. but are notlimuted to, dabiothreaor i DTT and
2emerogptoethancl {ZMLE)

[hijeo |

TAPS 18 added 1o the solution containing the denatured antigenic pratein, and the

nuixture s lert standing ot room temperature (o 30 minutes The amount o TAPS added is

picterably 4 TAPS nwlar concentration of & to 7 mmes, miore sreterablyv 11 1o T2 times the

molar cencentraticn ot thial croups contamed o the antigema protein
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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 puritied.
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 (emperature 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 soluiion 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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bor example, 2 to 1o hours are preterred as the mixing time ot beads activated 1nto 1 state
FCACUVe wWith amao groups
[T

The beads arc recovered, then suspended in a solution tor washing, and washed by
centrifugation,  Examples ol the solution for washing include phosphate butler selutions. For
storing the beads thus washed. the beads are suspended in a bufler for storage and stored
Pxamules of the buther tor storage include a starege butter available trom Bio-Rad Laboratones
e Aweakly acidic (preterably pH 6 or lower, more preterably pEL 2t 5y butber tor storaee

mare stably maintaing the solubility of the TAPS-bound protein

[04379]
The reagent for antibody detection can be produced through these steps.
(ORI

Next, an antibody detection method will be deseribed 1n detail as one aspect using the
reagent ror antibody detection produced by the production method of the presest invention
(hereinafter, referred to as the reagent of the present invention)

(VO8]

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

[0082]

Asample presumed to contatn an antibody is ebtained from a subject. A body fluid
can he used as the sample  Peripheral blood, bone marrow fluid, cord blood, pleural fluid
ascitie tlurd, urlne, or the ke can be used ds the body thurd. Peripheral blood 1s preterably used
in constderation of easy collection and a small burden on the subject. The amount of the
sartiple collected is preferably an amount that puts no heavy burden on the subject.  The
peripheral blood can be collecied by use of a whole bload collection method using a vacuum
blood collection tube, a bleed collection bag, or the ke For blood collection, heparin or the
ke may be added in order 1o prevent the coagulation o bload
[i83

Plasma s colicared trom the collected blood by cenmfugation. Alternativels the
plasma may be abained duning the partial callectiion o blood by wse of an apheresis appuratus
{184

Also, penpheral bload may be collected, and serum can be obtained by the removal of
biood cell components and blaed-clotting components and also used as the sample.

ANIESY

7
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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 antibedy.  In 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 vive
antibodies in the subject.

- An antibody that correlates with therapeutic effects or a progress after treatment is
found by antibody analysis conducted before and afer 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.
[G092]

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
protens can be used.  This is because use of the proteins allows antibodies to be detected
without being limited by the HUA 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]

£, coli TT 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-cuitured for 2 hours.

[6096]

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 therete 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-HCl (pH 8.0), 50 mM NaCl, 5 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-HCI (pH
8) + 1 mM EDTA. After 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 after 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]

ACo®' column was equilibrated with solution A (20 mM Tris-HCI (pH 8.0}, 50 mM
NaCl, and 0.2% Tween 20).  Then, the supernatani 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.{ M Tris-HCl
(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 containing MAGE-A4,
70 mM TAPS-sulfonate was added, followed by treatment at 37°C for approximately 30 minutes.
[6109]

To the solution containing MAGE-A4 and TAPS-sulfonate, acetic acid in an amount of
1/10 thereot and 0.1% PEIS00 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 33
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 1D
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NOs: § and 6), XAGE b (SEQ ID NOs: 20 and 21, antigenic protein sequence: SEQ ID NQs: 7
and 8), gp100 (SEQ ID NOs: 22 and 23, antigenic protein sequence: SEQ ID NOs: 9 and 13},
Survivin-2B (SEQ 1D NOs: 24 and 235, antigenic protein sequence: SEQ 113 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-Plex COOH beads (amount of 1/10
(1.25 » 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 ug each).

[0115]

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

The coritainer 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
superpatant.

[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
remave a supernatant.

[0117]

To the recovered precipitates, 80 L 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.

[O118]

To the COOH bead suspension, 10% of 50 mg/mlL EDAC was added, and then, 10 ul.
of 50 mg/mL §-WHS (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 COGH bead suspension was shaken for

20 minutes in a rotary incubator,
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[trtj;’l]
o the COOH bead suspension, 130 jL of PBS was added. and the nuxture was shaker

tor 10 seconds with g vortex mixer  The COOH bead suspension was centrifuged at 1000 - g
for 1 mmules to remove a supernarant This operation was repeated again.
[121]

To the recovered precipitates, 100 4L of PBS was added. The mixture was shaken for
30 seconds with @ vortex minet. and the beads were suspended by sonication tor (5 seconda
(0122

The COOM bead suspension was mixed with the TAPS-bound protein suspensien The
total amount of the mixture was adjusted to 300 uL by the addicon of PBS.

[0123]

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

Lhe suspension containing the COOH beads and the TAPS-bound protein was
centrituged at 14,000 ¥ g for 4 nunutes to reniove a supernatant,
[0125]

The COOH beads (on which the TAPS-bound protein was immobilized) recovered as
precipitates were washed by the addition of SG0 uL ot PBS - The COOH bead suspension was
centrifuged at 14,000 g for 4 nunutes to remove a supernatant
W1Zo]

The COOH beads recovered as precipitates were resuspended by the addition of 250 pl.
of a blocking buifer.  The COOH bead suspension was shakoen for 15 seconds witl a vortex
mixer,

0127

White the COOH beads were shickded fromdght using an aluminum fotl, the COOH
bead suspension was shaken at room temperature for 30 minutes in g rotary incubator,

The COO bead suspensien was centrifuged at 14,000+ o for 4 minutes (e remove a
supernatant.

[012¥%]

[he CGOH beads recovered as precipitates were resuspended by the addition of Soo gl
ot butter hr storgge. The COOH bead suspension was centrituged at 16000+ wror o
MINLTEN W renivne o superatant

[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?Srcrlu ggp(c)?ggggg?mu 7
NY-ESO-1 26 433%x10°
XAGE1b 28 559X 10° a
MAGE-A4 43 3.68x10°
WT-1 45 1.95%10°
gp100 62 6.09%10°
Survivin-28 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, XAGEI1b, 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-ESQ-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
XAGE1b; 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, [nc.). 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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[he reaction was stopped by the addition of acetic acid i 1710 of the amount of the obtained
solutton Then, the selution was Jialvzed agamst Milli-Q water at 4°C for | day 1o obuain
TAPS-bound lvsezviie and TAP3IS-bound [yvsozvme The TAP3IS-sulfonare used was

syulhesized according 1o the approach described in Japancse Patent Application No 200

sl

(70804
143
TAPS-bound. TAP3S-hound. native, and reduced Ivsozymes were subjected to ey erse-
phase HPLC cthigh-pertormance liquid chromatographyvy  The native lysozyme cortans four
NS tonds i one molecule and has tvdrophilicity to some extent because its hvdrophobic croups
1o are not exposed. The redoced vsosvime (s & denatured protein with its 88 bonds redaced and
has the highest hydrophobicity (lowest solubility in water)  The column ased was COSMOSIL
Protein-R {manufactured by Nacalai Tesque, Inc).  The solvent used was acetonitrile diluted
with 040 hvdrochlone acid. and the acetonitrile concentration was set to 1% to St
(0144
13 The results summarizing reverse-phase HPLC charts are shown in big 110 The
straight line represents the concentrations of acetonitrile.  Pedks positioned closer to the left
side mean lower hydrophobicity (higher solubility in water) of samples.  The TAP3S-bound
Jysozyme was more hydrophilic than the native and reduced lysozymes and was cluted with a
low-conventration aceronmitrile solvent.  TAP3S. however, has the difficulty in protecting and
20 catiomzing all of'the 8 SH groups in the lvsozyime and showed peak dispersion due to
contamination by imperteet products in which a pertton ot SH groups was unprotected By
contrast, 1a the TAPS-bound lysozyme, all of the 8 SH groups were protecred and cationized,
Jdemoenstrating high homogenety Such a difference i the abulity (o pratect SH proups between
TAPS and TAP3S is aftributed to the sizes of their molecules.  This is presumably because, in

the case of protecting semcwhat dense SH groups on a protein molecule, the Jarge TAP3S

oy

]

molecule causes stariv hindrance on the protein molecule 10 be cationized, resulting i a trace
amaunt ot residual SH croups imeapable of binding to TAP3S thus. the subscguent SHOSS

exchange reaction proceeds slowly

A Tixanple 5
[H5]
~bvaluation of storage stability of beads>
When a redaeent for antibody detection 1s prepared and siered ina state where the SH

sroups of e protein are inecmrletedy protected s possible that uanprotected residuad SH
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groups form S8 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 of 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 case 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-PAGE in order to confirm 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 immaobilized 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 blotiing using an anti-His-tag antibody (OGHis, manufactured 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 among 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 [gG-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 eftective
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

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

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

XAGE1b or NY-ESO-| 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 XAGE1b or NY-ESO-1 was purified by reverse-phase HPLC.

[0157]

Beads on which TAP-bound XAGE1b, 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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SEQUENGCE LISTING

<110> National University Corporation Okayama University
MEDINET Co., Ltd

<120> Production method of reagent for antibody detection

<130>

<150
<151>

<160> 25

<1705

<2102 1
<211
212>
213>

DNA
<400> 1

atgcaggacc
gegooteget
gecaagttag
gogtcogeet
ccegeogtoe
cagtgggoge
EEGCCCECEC
a3acaggagc
actgteccact
ggtectootc
tacctgocca
accttcgacg

aaccacteat

W6766

JP2012-082735
2012-03-30

1554

Homo sapiens

cgegcttccac
geoctacagea
gegecgecga
ctgageccgea
cctecctege
cggtegctgga
CECCACCEEC
cgagctggee
tttceggeca
GECCCAEcea
gotgectega
ggacgeccag

tocaagcatga

Patent!n version 3.1

gtgtetccog
gocagagcag
ggocagoget
gcaaatggec
tegoggcege
ctttecgeceo
tccgcogeea
CEECECEEAg
gtteactege
ggegteatco
gagccagcce
ctacggtcac

ggatcocate

gageeggogt
cagggagtoc
gaacgtotee
tecpacgtee
ggotgtgoce
cogggogett
GCCGCECCEG
CCgoacgage
acagccggag
ggcoaggooa
getattogea
acgecctegs

gECCaEcagy

ctcagcacac
£EE8aCCCEEs
aggeccgegag
gggacctgaa
tgootgteag
cggettacgg
cgccgectea
agoagtpoct
cotgtegeta
geatgttteo
atcagggtta
accatgegge

gotogotepg

goteogetee
cggcateteg
£agCCECEER
cgogetgetg
CBECECBECE
gtegtteggee
cteottcate
gagegoctte
cgggcccttc
taacgecgeco
cagecacggte
goagttcceoe

tgagcagoag

60

120

180

240

300

360

420

480

540

600

660

120

180



tactegetec cgoccooget ctatgpctge cacaccocca
caggctttgc tgctgaggac gecctacage agtgacaatt
cttgaatgca tgacctggaa tcagatgaac ttaggagceca
gegagetoca gelcagtgaa atggacagaa gggcagagoca
agcgataacc acacaacgec catcctetge ggageccaat
gtctteagag geattcagga tgtgegacgt gtgectggag
teggcatetg agaccagtga gaaacgeococe tteatgtetg
agatatttta agetgtcoca cttacagatg cacagcagga
taccagtgtyg acttcaagga ctgtgaacga aggttticte
caccaaagga gacatacagg tgtgaaacca ttccagtgta
tcccggtecg accacctgaa gacccacace aggactcata
cocttcaget gtegetgece aagttgtcag aaaaagtitg
cgccatcaca acatgoatca gagaaacatg accaaactce
<2100 2

211> 517

<212> PRT

<213> Homo sapiens

<400> 2

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
20 25

Val Arg Asp Pro Gly Gly [le Trp Ala Lys Leu
35 40

Ser Ala Glu Arg Leu GIn Gly Arg Arg Ser Arg
50 55

32

cogacagetyg caccggeage
tataccaaat gacatcccag
cottaaageg agttgctect
accacageac agggtacgag
acagaataca cacgcacggt
tagecoogac tottetaceg
cttacccagg ctgcaataag
agcacactgg tgagaaacca
gttcagacca gotcaaaaga
aaacttgtca gegaaagttc
caggtaaaac aagtgaaaag
cceggtcaga tgaattagte

agotggogot ttga

Pro Ala Ser GIn 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



Glu Pro GIn GIn Met Gly Ser Asp Val Arg Asp Leu
75

65 10

33

Pro Ala Val Pro Ser Leu Gly Gly Gly Gly Gly Cys Ala Leu

85

90

Ser Gly Ala Ala GIn Trp Ala Pro Val Leu Asp Phe Ala Pro

100

Ala Ser Ala Tyr Gly Ser Leu Gly
115 120

Pro Pro Pro Pro Pro Pro Pro Pro
130 135

Ser Trp Gly Gly Ala Glu Pro His
145 150

Thr Val His Phe Ser Gly Gln Phe
165

Tyr Gly Pro Phe Gly Pro Pro Pro
180

Ala Arg Met Phe Pro Asn Ala Pro
195 200

GIn Pro Ala [le Arg Asn GIn Gly
210 215

Thr Pro Ser Tyr Gly His Thr Pro
225 230

105

Gly Pro

His Ser

Glu Glu

Thr Gly

170

Pro Ser

185

Tyr Leu

Tyr Ser

Ser His

Asn His Ser Phe Lys His Glu Asp Pro Met

245

250

110

Ala Pro Pro Pro
125

Phe Ile Lys GIn
140

Gin Cys Leu Ser
155

Thr Ala Gly Ala

Gln Ala Ser Ser
190

Pro Ser Cys Leu
205

Thr Val Thr Phe
220

His Ala Ala Gin
235

Gly G!n GIn Gly

Asn Ala Leu Leu

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 GIn Gin Tyr Ser Val Pra Pro Pro Val Tyr Gly
260 265

Pro Thr Asp Ser Gys Thr Gly Ser Gin Ala Leu Leu Leu
275 280 285

Tyr Ser Ser Asp Asn Leu Tyr Gin Met Thr Ser Gin Leu
290 295 300

Thr Trp Asn GIn Met Asn Leu Gly Ala Thr Leu Lys Gly
305 310 315

Gly Ser Ser Ser Ser Val Lys Trp Thr Glu Gly Gln Ser
325 330

Thr Gly Tyr Glu Ser Asp Asn His Thr Thr Pro [le Leu
340 345

Gin Tyr Arg lle His Thr His Gly Val Phe Arg Gly Tle
355 360 365

Arg Arg Val Pro Gly Val Ala Pro Thr Leu Val Arg Ser
370 375 380

Thr Ser Glu Lys Arg Pro Phe Met Cys Ala Tyr Pro Gly
385 390 395

Arg Tyr Phe Lys Leu Ser His Leu GIn Met His Ser Arg
405 410

Gly Glu Lys Pro Tyr GIn Cys Asp Phe Lys Asp COys Glu
420 425

Ser Arg Ser Asp GIn Leu Lys Arg His GIn Arg Arg His
435 440 445

Cys His Thr
270

Arg Thr Pro

Glu Cys Met

Val Ala Ala
320

Asn His Ser
335

Cys Gly Ala
350

GIn Asp Val

Ala Ser Glu

Cys Asn Lys
400

Lys His Thr
415

Arg Arg Phe
430

Thr Gly Val




Lys Pro Phe Gin Cys Lys Thr Cys GIn 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
465 470 475 480

Pro Phe Ser Cys Arg Trp Pro Ser Cys Gin Lys Lys Phe Ala Arg Ser
485 490 495

Asp Glu Leu Val Arg His His Asn Met His GIn Arg Asn Met Thr Lys
500 505 510

Leu GIn Leu Ala Leu
515

<210> 3

<211> 954
<212> DNA
213>

<400> 3
atgtottetg

gaggecectgg
tcotectect
ggtooctecoce
tgegaggcaac
gacgcagart
ctgctecgea
atcaaaaatt
atgatcttig

acctgcctge

Homo sapiens

agoagaagag
gootggteeg
ctecteteet
agagtcctca
ccaatgageg
cottgtteoe
agtatcgage
acaagegetg
geattgacegt

gectttecta

teageactege
tgogcagect
cocctggcace
gegagoctet
ttccagoage
agaagcacte
caaggagctg
ctttectgte
gaaggaagtg

tgatggecotg

aagectgage
coctactactg
ctggaggaag
goottaccea
caagaagage
agtaacaagg
gtcacaaage
atctteggea
gaccccacca

ctgeggtaata

aaggogttea
dggageagea
tecctgetec
ctaccatcag
aggegccaag
tggatgagtt
cagaaatget
aagecteooga
goaacaccta

atcagatctt

gecccaagaa
gectgotgte
tgagtcagea
cttoacttec
cacctegeoct
ggctoatttt
ggagagagte
gtooctgaag
caccettgte

tcccaagaca

60

120

180

240

300

360

420

480

540

600



gecottotga taatcgtect ggpcacaatt goaatggage gegacagege ctotgageag
gaaatctgge aggagotpgge tgtgatesege gtgtatgate geagggagea cactgtetat
geggagecca ggaaactget cacccaagat tgggtgcagg aaaactacct ggagtacceg
caggtacccg goagtaatce tgcgogotat gagttcotgt gggetocaag ggctetgget

gaaaccaget atgtgaaagt cctggagcat gtgetcagge tcaatgeaag agttogeatt

36

gectacccat coctgegtga ageagetttg ttagaggage aagagggagt ctea

210> 4

Q211> 317

<212> PRT

<213> Homo sapiens

<400> 4
Met Ser Ser Glu GIn Lys Ser GIn His Cys
1 5 10

Glu Ala GIin Glu Glu Ala Leu Gly Leu Val
20 25

Thr Glu Glu GIn Glu Ala Ala Val Ser Ser
35 40

Gly Thr Leu Glu Glu Val Pro Ala Ala Glu
50 55

Ser Pro GIn Gly Ala Ser Ala Leu Pro Thr
65 70

Trp Arg GIn Pro Asn Glu Gly Ser Ser Ser
85 90

Ser Thr Ser Pro Asp Ala Glu Ser Leu Phe
100 105

LLys Pro Glu Glu Gly Val
15

Giy Ala Gin Ala Pro Thr
30

Ser Ser Pro Leu Val Pro
45

Ser Ala Gly Pro Pro GIn
60

Thr lle Ser Phe Thr Cys
75 80

G!n Glu Glu Glu Gly Pro
95

Arg Glu Ala Leu Ser Asn
110

120

780

840

900

954




Lys Val Asp Glu Leu Ala His

115

Glu Leu Val Thr Lys Ala Glu
135

130

Lys Arg Cys Phe Pro Val Ile

145

Met [le Phe Gly [le Asp Val

Tyr Thr Leu Val Thr Cys Leu

180

Asn Asn GIn lle Phe Pro Lys

195

Thr [le Ala Met Glu Gly Asp
215

210

Glu Leu Gly Val Met Gly Val

225

Gly Glu Pro Arg Lys Leu Leu

Leu Glu Tyr Arg GIn Val Pro

260

37

Phe Leu Leu Arg Lys lyr Arg Ala Lys

120

125

Met Leu Glu Arg Val [le Lys Asn Tyr

140

Phe Gly Lys Ala Ser Glu Ser Leu Lys

155

Lys Glu Val Asp
170

Gly Leu Ser Tyr
185

Thr Gly Leu Leu
200

Ser Ala Ser Glu

Tyr Asp Gly Arg
235

Thr Gln Asp Trp
250

Gly Ser Asn Pro
265

Leu Trp Giy Pro Arg Ala Leu Ala Glu Thr Ser

2175

280

Pro

Asp

Ile

Glu

220

Glu

Val

Ala

Tyr

160

Thr Ser Asn Thr
175

Gly Leu Leu Gly
190

[le Val Leu Gly
205
Giu Ile Trp Glu

His Thr Val Tyr
240

Gin Glu Asn Tyr
255

Arg Tyr Glu Phe
270

Val Lys Val Leu
285

Glu His Val Val Arg Val Asn Ala Arg Val Arg [le Ala Tyr Pro Ser

290

295

300



38

Leu Arg Glu Ala Ala Leu Leu Glu Glu Glu Glu Gly Val

305

210> 5

<211> 543

<212> DNA

<213> Homo sapiens

<400> 5
atgcaggeeg aaggeceges

cotggeattc ctgatgecce

ggcgecagag gteoeeggeg
ccgcggegte cgeatggegg
aggggeccge agagoecgeot
gaagcagage tggcccgcag
gtecttctega agpagttcac
gaccaccgec aactgeaget
tggatcacge agtgetttet
taa

210> 6

<211> 180

<212> PRT

<213> Homo sapiens

<400> 6

310

cacagggegt
agggggcaat
CECaggEeca
cgcggctica
gettgagtte
gagecteggee
tetgtecgge
ctooateage

geoegtgttt

315

tegacgggee
getggcgece
geaagggecot
ggectgaatg
taccteogoca
caggatgeco
aacatactga
teoctgtoteo

tteegcteage

atgctgategg cccaggagge
caggagagec ggetgccacg
CEEBECCELLE agBaggcEce
gatgetgeag atgeggggoe
tgectttoge gacacccatg
caccgettoe cgtgocages
ctatcogact gactgctgca
agoagetttc cctgttgatg

ctececteagg gcagaggege

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 lle 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 55 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 90 95

Ala Thr Pro Met Glu Ala Glu Leu Ala Arg Arg Ser Leu Ala GIn 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 [le Leu Thr Ile Arg Leu Thr Ala Ala Asp His Arg GlIn
130 135 140

Leu GIn Leu Ser [le Ser Ser Cys Leu Gln G!'n Leu Ser Leu Leu Met
145 150 155 160

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

Gly GIn Arg Arg
180

210> 7

211> 246

<212> DNA

<213> Homo sapiens

<400> 7
atggagagee ccaaaaagaa gaaccagoag otgaaagtog ggatcctaca cctgggeage

agacagaaga agatcaggat acagetgaga tcccagtgeg cgacatggaa ggtegatetec

60

120




40

aagagetgea teagtcaaac accggggata aatctgeatt tegettccge cgtcaagete
aagataatac ctaaagagga acactgtaaa atgccagaag caggtraaga goaaccacaa

gtttaa

<210> 8

<211> 81

<212> PRT

<213> Homo sapiens

<400> 8

Met Glu Ser Pro Lys Lys Lys Asn GIn Gln Leu Lys Val Gly [le Leu
1 5 10 15

His Leu Gly Ser Arg Gin Lys Lys Ile Arg Ile GIn Leu Arg Ser Gin
20 25 30

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

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

Lys Glu Glu His Cys Lys Met Pro Glu Ala Gly Glu Glu GIn Pro Gin
65 70 75 80

Val

210> 9

<211> 1698

<212> DNA

<213> Homo sapiens

<400> 9
atgaaagtac ccagaaacca ggactgectt getegtctcaa gegoaactcag aaccaaageo

tggaacagee agetgtatcc agagtggaca gaagcoccaga gacttgactg ctggagaget

180

240

2486

60

120




geteaagtet
ttetctattg
teggtoanca
caggaaactg
totoagaaga
ggegecccag
atgpaagtga
agctcagect
goottpgatg
ctccatgace
gacagtagteg
ggcccagtea
tececagtte
gotggocaag
gagecctetg
gtecagatge
gteatgegta
gaggtatcaa
gtegagacca
atcatgtcta
ttaaggoteg
tcegteacce
tcoggteage

goctgoatgg

ccctoaaggt
cottgaactt
ataccatcat
acgatgcctg
gaagotttgt
tgtetggget
ctgtotacca
tcaccattac
gagggaacaa
ctagtggcta
gaacoctgat
ctgeccaggt
caggeaccac
tecctactac
gaaccacate
caactgcaga
ccacactgge
ttegteggtect
cagctagaga
cggaaagtat
tgaagagaca
tggacattgt
gegatgeoatt

agatoctcate

cagtaatgat
cectggaage
caatgggage
catctteect
ttatgteteg
gageattege
togoogeeea
tgaccagate
geacttoctg
tetggeoteaa
ctetegggca
ggtectgeag
agatgggcac
agaagttete
tgtgcaeggte
gagecacaggt
agagatgtca
ttectggaace
getacotate
tacaggttce
agtocceccotg
ccagggtatt
tgagotgact

gocagggtec

41

gggoctacac
caaaaggtat
caggtgtegs
gatggtggac
aagacctgeg
acaggcages
toccoggaget
cctttctoog
agaaatcage
getgacctet
cttgtegtcea
getgecattc
aggccaactg
getactacac
ccaaccactg
atgacacctg
actccagagg
acagetgeac
cctgagectg
ctgggoocoe
gattetgtte
gaaagtgeeg
gtgtootece

cagoeccectg

tgatteegtec
tgccagateg
gaggacagec
cttgcccate
gocaatactg
caatgetgge
atgtgoctet
tgagegtete
ctetgacctt
cctacacctg
ctoatactta
ctectoaccte
cagaggecce
ctggtcagee
aagtcataag
agaaggtece
ctacaggtat
aggtaacaac
aaggtccaga
tgotegateg
tgtatcgata
agatcctgca
aaggeggect

cocagogect

aaatgectee
geoaggttate
agtgtatoce
tggotetteg
goaagttcta
£acacacacs
tgoteattce
ccagttgoege
tgocotocag
ggactttgga
cctggageect
ctgteggotac
taacaccaca
gocaactgea
cactgeacct
agtttecagag
gacacctgea
tacagagtgg
tgcocagctea
tacagccacce
tggttcottt
gegotetgcog
geccaaggaa

gtegccageocet

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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gtegctaccca gooccageotg ccagotpgett ctgocaccaga tactgaaggg tEEctcgges
acatactgec tcaatgtgtc tctggctgat accaacagec tggcagtggt cagcacccag
cttatcatec ctgegttaa

210> 10

<211> 565

<212> PRT

<213> Homo sapiens

<400> 10

Met Lys Val Pro Arg Asn Gin Asp Trp Leu Gly Val Ser Arg Gln Leu

1 b 10 15

Arg Thr Lys Ala Trp Asn Arg Gln Leu Tyr Pro Glu Trp Thr Glu Ala
20 25 30

Gin Arg Leu Asp Cys Trp Arg Gly Gly Gin Val Ser Leu Lys Val Ser
35 40 45

Asn Asp Gly Pro Thr Leu Ile Gly Ala Asn Ala Ser Phe Ser lle Ala
50 55 60

Leu Asn Phe Pro Gly Ser GIn Lys Val Leu Pro Asp Gly GIn Val Ile
65 70 15 80

Trp Val Asn Asn Thr Ile Ile Asn Gly Ser GIn Val Trp Gly Gly GIn
85 90 95

Pro Val Tyr Pro GIn Glu Thr Asp Asp Ala Cys [le Phe Pro Asp Gly
100 105 110

Gly Pro Cys Pro Ser Gly Ser Trp Ser GIn Lys Arg Ser Phe Val Tyr
115 120 125

Val Trp Lys Thr Trp Gly GIn Tyr Trp GIn Val Leu Gly Gly Pro Val
130 135 140

1620

1680

1698
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Ser Gly Leu Ser Ile Gly Thr Gly Arg Ala Met Leu Gly Thr His Thr
145 150 155 160

Met Glu Val Thr Val Tyr His Arg Arg Gly Ser Arg Ser Tyr Val Pro
165 170 175

l.eu Ala His Ser Ser Ser Ala Phe Thr I1le Thr Asp GIn Val Pro Phe
180 185 190

Ser Val Ser Val Ser Gin Leu Arg Ala Leu Asp Gly Gly Asn Lys His
195 200 205

Phe Leu Arg Asn G!n Pro Leu Thr Phe Ala Leu GIn Leu His Asp Pro
210 215 220

Ser Gly Tyr Leu Ala Glu Ala Asp Leu Ser Tyr Thr Trp Asp Phe Gly
225 230 235 240

Asp Ser Ser Gly Thr Leu lle Ser Arg Ala Leu Val Val Thr His Thr
245 250 255

Tyr Leu Glu Pro Gly Pro Val Thr Ala GIn Val Val Leu Gln Ala Ala
260 265 270

[le Pro Leu Thr Ser Cys Gly Tyr Ser Pro Val Pro Gly Thr Thr Asp
275 280 285

Gly His Arg Pro Thr Ala Glu Ala Pro Asn Thr Thr Ala Gly Gin Val
290 295 300

Pro Thr Thr Glu Val Val Gly Thr Thr Pro Gly GIn Ala Pro Thr Ala
305 310 315 320

Glu Pro Ser Gly Thr Thr Ser Val Gln Val Pro Thr Thr Glu Val lle
325 330 335
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Ser Thr Ala Pro Val Gin Met Pro Thr Ala Glu Ser Thr Gly Met Thr
340 345 350

Pro Glu Lys Val Pro Val Ser Glu Val Met Gly Thr Thr Leu Ala Glu
355 360 365

Met Ser Thr Pro Glu Ala Thr Gly Met Thr Pro Ala Glu Val Ser [le
370 375 380

Val Val Leu Ser Gly Thr Thr Ala Ala GIn Val Thr Thr Thr Glu Trp
385 390 395 400

Val Glu Thr Thr Ala Arg Glu Leu Pro Ile Pro Glu Pro @lu Gly Pro
405 410 415

Asp Ala Ser Ser [le Met Ser Thr Glu Ser Ile Thr Gly Ser Leu Gly
420 425 430

Pro Leu Leu Asp Gly Thr Ala Thr Leu Arg Leu Val Lys Arg GIn Val
435 440 445

Pro Leu Asp Cys Val Leu Tyr Arg Tyr Gly Ser Phe Ser Val Thr Leu
450 455 460

Asp lle Val GIn Gly Iie Glu Ser Ala Glu lie Leu GIn Ala Val Pro
465 470 475 480

Ser Gly Glu Gly Asp Ala Phe Glu Leu Thr Val Ser Cys GIn Gly Gly
485 490 495

Leu Pro Lys Glu Ala Cys Met Glu !le Ser Ser Pro Gly Cys Gln Pro
500 505 510

Pro Ala GIn Arg Leu Cys GIn Pro Val Leu Pro Ser Pro Ala Cys Gln
515 520 525




45

Leu Val Leu His Gin Ile Leu Lys Gly Gly Ser Gly Thr Tyr Cys Leu
530 535 540

Asn Val Ser Leu Ala Asp Thr Asn Ser Leu Ala Val Val Ser Thr GIn
545 550 555 560

Leu Ile Met Pro Gly
565

<2100 11

211> 429

<212> DNA

<213> Homo sapiens

<400> 1
atggetgooc cgacgttgee coctgoctge cagocctttc tcaaggacca cogeatetot

acattcaaga actggecctt cttggagggc tgogectgca coccggagog gatgeccgag
getggettea tecactgcce cactgagaac gagccagact tggeccagtg tttettetee
ttcaaggage tggaaggcte ggagecagat gacgacccca tagaggaaca taaaaageat
tegtooggtt gogetttect ttotgtcaag aagcagtttg aagaattaac cottggtgaa
tttttgaaac tggacagaga aagagccaag aacaaaattg caaaggaaac caacaataag
aagaaagaat ttgaggaaac tgoggagaaa gtgcgocgtg ccatcgagea getgectgee
atggattga

210> 12

211> 142

<212> PRT

<213> Homo sapiens

<400> 12

Met Gly Ala Pro Thr Leu Pro Pro Ala Trp Gln Pro Phe Leu Lys Asp
1 5 10 15

60
120
180
240
300
360
420

429
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His Arg Tle Ser Thr Phe Lys Asn Trp Pro Phe Leu Glu Gly Cys Ala
20 25 30

Cys Thr Pro Glu Arg Met Ala Glu Ala Gly Phe lle His Cys Pro Thr
35 40 45

Glu Asn Glu Pro Asp Leu Ala GlIn Cys Phe Phe Cys Phe Lys Glu Leu
50 55 60

Glu Gly Trp Glu Pro Asp Asp Asp Pro [le Glu Glu His Lys Lys His
65 10 75 80

Ser Ser Gly Cys Ala Phe Leu Ser Val Lys Lys Gln Phe Glu Glu Leu
85 90 95

Thr Leu Gly Glu Phe Leu Lys Leu Asp Arg Glu Arg Ala Lys Asn Lys
100 105 110

Ile Ala Lys Glu Thr Asn Asn Lys Lys Lys Glu Phe Glu Glu Thr Ala
15 120 125

Glu Lys Val Arg Arg Ala [le Glu GIn Leu Ala Ala Met Asp
130 135 140

<210> 13
211> 129
<212> PRT
213> Gallus gallus

<400> 13
Lys Val Phe Gly Arg Cys Glu Leu Ala Ala Ala Met Lys Arg His &ly
| 5 10 15

Leu Asp Asn Tyr Arg Gly Tyr Ser Leu Gly Asn Trp Val Cys Ala Ala
20 25 30

Lys Phe Glu Ser Asn Phe Asn Thr Gln Ala Thr Asn Arg Asn Thr Asp
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35 40 45

Gly Ser Thr Asp Tyr Gly Ile Leu GIn Ile Asn Ser Arg Trp Trp Cys
50 55 60

Asn Asp Gly Arg Thr Pro Gly Ser Arg Asn Leu Cys Asn [le Pro Cys
65 70 15 80

Ser Ala Leu Leu Ser Ser Asp [le Thr Ala Ser Val Asn Cys Ala Lys
85 90 95

Lys Ile Val Ser Asp Gly Asn Gly Met Asn Ala Trp Val Ala Trp Arg
100 105 110

Asn Arg Cys Lys Gly Thr Asp Val Gln Ala Trp [le Arg Gly Cys Arg
115 120 125

Leu

<210> 14

211> 1618
<212> DNA

<213> Artificial

<220>
<223> His-tag fusion protein

<400> 14
atgggeagea gocatcatea toatcatcac ageagoggee tggteccece cggoagceat 60

atgecaggace cggetteocac gtgtetoccg gagocggogt cteageacac gotcegotee 120
gegeotgget gooctacagoa gocagageag cagggagtce gggaccoggg cggoatetes 180
gocaagttag gogeogocga ggocagoget gaacgtotco agggecggag gagccgoese 240
gogtecgget ctgagecgea geaaatggee toogacgtee gggacctgaa cgegetgetg 300

ccecgecgtee cetocotgeg tggogecegee geotgtgoce tgectgtgag cggegeggce 360




caglgegcec
EECGCCECEC
aaacaggage
actgteocact
getootecote
tacctgecca
accttogacg
aaccactcat
tactcggtge
caggetttec
cttgaatgea
gegagctoca
agcgataacce
gtottcagag
toggeatote
agatatttta
taccagtgtg
caccaaagga
teccgetoce
coctteaget
cgocatcaca
<210
211>

<2127
<213

15
537
PRT

cgetgotega
CEGCACCEEC
cgagotegge
ttteoggcea
CECCOageca
getgectega
ggacgcccag
tcaagcatga
cgeceeeggt
tgotgaggac
tgacctggaa
getocagteaa
acacaacgcs
geattoagga
agaccagtga
agotgtecea
acttcaagga
gacatacagg
accacctgaa
gtegetegce

acatgoatca

Artificial

ctttgcgece
tcegocegeca
CEgcgCLEag
gttecactgec
gegcgtoatco
£AECCaECCs
ctacggtcac
ggatcccatg
ctatggotege
gecctacage
tcagatgaac
atggacagaa
catcctetge
tetecgacet
£344CECCCO
cttacagatg
ctgtegaacega
tgtegaaacca
gacccacace
aagttgtcag

gagaaacatg

CCEggcgett
GCCCCECCES
CCECACEaLE
acagccgeag
ggccaggeea
getattegea
acgccctoge
geccagcags
£Aacaccccoa
agtgacaatt
ttaggageca
gggcagagea
ggagecccaat
gtecctegag
ttecatgtety
cacageagga
aggttttote
ttecagtgta
aggactcata
aaaaagttte

accaaactcc

48

cggettaceg
cgccgectea
agcagtgect
cctgtegeta
ggategtttee
atcagggtta
accatgcgec
gotegotees
cogacagete
tataccaaat
ccttaaageg
accacagoac
acagaataca
tagecccogac
cttaccoagg
agcacactgg
gttcagacea
aaacttegtoa
cagegtaaaac
cceggtoaga

agotggegot

gtegttegee
ctcctteate
gagegoctte
ceggeccctte
taacgegecce
cagcacggte
goagttccce
tgagcageag
caccggeage
gacatccoag
agttgctgct
agggtacgag
cacgcacgpet
tettetacegg
ctgcaataag
tgagaaacca
gctcaaaaga
gogaaagttc
aagtegaaaag
tgaattagtc

ttegaatte

420

480

540

600

660

120

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1618
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<220>
<223> His-tag fusion protein

<400> 15
Met Gly Ser Ser His His His His His His Ser Ser Gly Lsu Val Pro
1 5 10 15

Arg Gly Ser His Met GIn Asp Pro Ala Ser Thr Cys Val Pro Glu Pro
20 25 30

Ala Ser GIn His Thr Leu Arg Ser Gly Pro Gly Cys Leu Gin GIn Pro
35 40 45

Glu GIn GIn Gly Val Arg Asp Pro Gly Gly [le Trp Ala Lys Leu Gly
50 55 60

Ala Ala Glu Ala Ser Ala Glu Arg Leu GIn Gly Arg Arg Ser Arg Gly
65 70 15 80

Ala Ser Gly Ser Glu Pro Gin GIn Met Gly Ser Asp Val Arg Asp Leu
85 90 95

Asn Ala Leu Leu Pro Ala Val Pro Ser Leu Gly Gly Gly Gly Gly Cys
100 105 110

Ala Leu Pro Val Ser Gly Ala Ala Gin Trp Ala Pro Val Leu Asp Phe
115 120 125

Ala Pro Pro Gly Ala Ser Ala Tyr Gly Ser Leu Gly Gly Pro Ala Pro
130 135 140

Pro Pro Ala Pro Pro Pro Pro Pro Pro Pro Pro Pro His Ser Phe [le
145 150 155 160

Lys GIn Glu Pro Ser Trp Gly Gly Ala Glu Pro His Glu Glu GIn Cys
165 170 175




Leu Ser Ala Phe Thr Val His Phe
180

Gly Ala Cys Arg Tyr Gly Pro Phe
195 200

Ser Ser Gly GIn Ala Arg Met Phe
210 215

Cys Leu Glu Ser GIn Pro Ala Ile
225 230

Thr Phe Asp Gly Thr Pro Ser Tyr
245

Ala GIn Phe Pro Asn His Ser Phe
260

GIn Gly Ser Leu Gly Glu GIn GIn
215 280

Gly Cys His Thr Pro Thr Asp Ser
290 295

Leu Arg Thr Pro Tyr Ser Ser Asp
305 310

Leu Glu Cys Met Thr Trp Asnh GlIn
325

Gly Val Ala Ala Gly Ser Ser Ser
340

Ser Asn His Ser Thr Gly Tyr Glu
355 360

Ser Gly GIn Phe Thr Gly Thr Ala
185 190

Gly Pro Pro Pro Pro Ser GIn Ala
205

Pro Asn Ala Pro Tyr Leu Pro Ser
220

Arg Asn Gln Gly Tyr Ser Thr Val
235 240

Gly His Thr Pro Ser His His Ala
250 255

Lys His Glu Asp Pro Met Gly GIn
265 270

Tyr Ser Val Pro Pro Pro Val Tyr
285

Cys Thr Gly Ser GIn Ala Leu Leu
300

Asn Leu Tyr Gin Met Thr Ser Gln
315 320

Met Asn Leu Gly Ala Thr Leu Lys
330 335

Ser Val Lys Trp Thr Glu Gly Gin
345 350

Ser Asp Asn His Thr Thr Pro lle
365
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Leu Cys Gly Ala GIn Tyr Arg lle His Thr His Gly Val Phe Arg Gly
370 375 380

Ile Gln 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 Asnh Lys Arg Tyr Phe Lys Leu Ser His Leu Gln 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 GIn Arg Arg
450 455 460

His Thr Gly Val Lys Pro Phe G!n 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 @In 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> Artificial

220>
223> His-—tag fusion protein

<400> 16
atgggoagea gocatcatca tcatcatcac ageageggce tegtgecgeg cggeagocat 60

atgtettote ageagaagag tcagcactge aagectgage aaggeettga ggcccaagaa 120
gaggeectge goctegteey tgogeoagget cctactactg aggagcagea ggotgetgte 180
tectoctect ctoctetget ccetggecace ctggaggaag tgooctgetege tgagtcagea 240
ggtcotecoc agagtoctca gggagectet geottaccoa ctaccatcag cttcacttge 300
tggaggeaac ccaatgageg ttccageage caagaagagg aggggccaag cacctogoct 360
gacgeagagt cottgttecg agaagcactc agtaacaagg tggatgagtt gectecatttt 420
ctgctecgea agtatogage caaggagetg gtcacaaage cagaaatget ggagagagte 480
atcaaaaatt acaagcgcteg ctttoctgte atcttogeca aagectcega gtecctgaag 540
atgatottte poattgacgt gaaggaagtg gaccccacca geaacaccta caccettgtc 600
acctgectgg gectttecta tgatgecctg cteggtaata atcagatett teccaagaca 660
geoottotega taatcgteoct gegcacaatt geaatggage gegacagege ctcteaggag 120
gaaatctgee aggagcteeg tgtgatgeee gtetatgate ggageggagea cactgtotat 780
gegggagecca ggaaactget cacccaagat tgegtgcage aaaactacct ggagtacegg 840
caggtacceg geagtaatee tgogegotat gagttoctet ggggtccaag geototggot 900
gaaaccaget atgtgaaagt cotggageat gtegtcagge tcaatgeaag agttegeatt 960
gectacceat coctgegtga agecagottty ttagagpage aagagggagt ctgaggatece 1020
210> 17

211> 337

<212> PRT

213> Artificial

220>
<223> His~tag fusion protein




<400> 17

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 Ser Ser Glu Gin Lys Ser GIn His Cys Lys Pro
20 25 30

Glu Glu Gly Val Glu Ala Gin Glu Glu Ala Leu Gly Leu Val Gly Ala
35 40 45

GIn Ala Pro Thr Thr Glu Glu GIn Glu Ala Ala Val Ser Ser Ser Ser
50 55 60

Pro Leu Val Pro Gly Thr Leu Glu Glu Val Pro Ala Ala Glu Ser Ala
65 70 75 80

Gly Pro Pro GIn Ser Pro Gin Gly Ala Ser Ala Leu Pro Thr Thr lle
85 90 95

Ser Phe Thr Cys Trp Arg Gln Pro Asn Glu Gly Ser Ser Ser GIn Glu
100 105 110

Glu Glu Gly Pro Ser Thr Ser Pro Asp Ala Glu Ser Leu Phe Arg Glu
115 120 125

Ala Leu Ser Asn Lys Val Asp Glu Leu Ala His Phe Leu Leu Arg Lys
130 135 140

Tyr Arg Ala Lys Glu Leu Val Thr Lys Ala Glu Met Leu Glu Arg Val
145 150 155 160

Ile Lys Asn Tyr Lys Arg Cys Phe Pro Val [le Phe Gly Lys Ala Ser
165 170 175

Glu Ser Leu Lys Met [le Phe Gly [le Asp Val Lys Glu Val Asp Pro
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180 185 190

Thr Ser Asn Thr Tyr Thr Leu Val Thr Cys Leu Gly Leu Ser Tyr Asp
195 200 205

Gly Leu Leu Gly Asn Asn Gln [le Phe Pro Lys Thr Gly Leu Leu [le
210 215 220

Ile Val Leu Gly Thr Ile Ala Met Glu Gliy Asp Ser Ala Ser Glu Glu
225 230 235 240

Glu Ile Trp Glu Glu Leu Gly Val Met Gly Val Tyr Asp Gly Arg Glu
245 250 255

His Thr Val Tyr Gly Glu Pro Arg Lys Leu Leu Thr GIn Asp Trp Val
260 265 270

GIn Glu Asn Tyr Leu Glu Tyr Arg Gln Val Pro Gly Ser Asn Pro Ala
275 280 285

Arg Tyr Glu Phe Leu Trp Gly Pro Arg Ala Leu Ala Glu Thr Ser Tyr
290 295 300

Val Lys Val Leu Glu His Val Val Arg Val Asn Ala Arg Val Arg lle
305 310 315 320

Ala Tyr Pro Ser Leu Arg Glu Ala Ala Leu Leu Glu Glu Glu Glu Gly
325 330 335

Val

<210> 18

<211> 735

<212> DNA

<213> Artificial




<2207
<223

<400>

His—tag fusion protein

18

atggecagea gocatcatca toatcatcac agcagoggce tggtgocgeg cggoagecat

atggctapgca tgactggtee acagcaaatg gegtogeggat ccatgcaggc cgaaggcceg

gocacagege gttogacggg cgatgetgat ggeccaggag gecctggecat toctgatgge

cocagggeegca atgetgeoeg cccaggagag gegggtgeca cgggegecag aggtoccogg

gecgeagggs cagcaagggc ctogeggccg ggaggagecs CocCgogEgg tecgoatgge

gecgegeett cagggetgaa tggatgotee agatgcgege ccaggegecc gERagagecge

ctgettegagt totacctoge catgeotttc gogacaccca tggaageaga getggeccooge

aggageoetgg cccaggatge cocaccgett cocgteoccag ggetecticot gaaggagttc

actgtgtocg geaacatact gactatcoga ctgactgotg cagaccaccg ccaactgcag

ctctecatca gotectgtet ccageagett tcoctgtiga tgtggatcac geagtgettt

ctgecogtet ttttgectca gectecctea gggeagagge gotaacaget ttocotgtte

atgtggatca cgeagtgott teotgocopteg tittggetca gectoococtc agggoagaeg

cgotaagcoa agett

<210>
Q211>
22
<213

<220>
223>

<400>

19

214

PRT
Artificial

His—tag fusion protein

19

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 Gly Arg

20 25 30

60

120

180

240

300

360

420

480

540

600

660

120

135
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Gly Ser Met GIn Ala Glu Gly Arg Gly Thr Gly Gly Ser Thr Gly Asp
35 40 45

Ala Asp Gly Pro Gly Gly Pro Gly [le Pro Asp Gly Pro Gly Gly Ash
50 55 60

Ala Gly Gly Pro Gly Glu Ala Gly Ala Thr Gly Gly Arg Gly Pro Arg
65 70 15 80

Gly Ala Gly Ala Ala Arg Ala Ser Gly Pro Gly Gly Gly Ala Pro Arg
85 90 95

Gly Pro His Gly Gly Ala Ala Ser Gly Leu Asn Gly Cys Cys Arg Cys
100 105 110

Gly Ala Arg Gly Pro Glu Ser Arg Leu Leu Glu Phe Tyr Leu Ala Met
115 120 125

Pro Phe Ala Thr Pro Met Glu Ala Glu Leu Ala Arg Arg Ser Leu Ala
130 135 140

GIn Asp Ala Pro Pro Leu Pro Val Pro Gly Val Leu Leu Lys Glu Phe
145 150 155 160

Thr Val Ser Gly Asn Ile Leu Thr Ile Arg Leu Thr Ala Ala Asp His
165 170 175

Arg Gin Leu GIn Leu Ser [le Ser Ser Cys Leu GIn GIn Leu Ser Leu
180 185 190

Leu Met Trp Ile Thr GIn Cys Phe Leu Pro Val Phe Leu Ala GIn Pro
195 200 205

Pro Ser Gly Gin Arg Arg
210




<210> 20
<211 3N
<212> DNA

<213> Artificial

<220>

<223> His-

<400> 20
atgggcagca

atggotagea
cccaaaaaga
aagatcagga
atcagtcaaa
cctaaagagg
gagacaaget
210> 21

<211> 118
<212> PRT

tag fusion

gocatcatca
tgactegteg
agaaccagea
tacagctgag
cacoggggat
aacactgtaa

gctogag

<213> Artificial

<220>

g

o

protein

tcatcatcac agcagoggee tggtgccgce cggcagecat
acagcaaatg gegteogoggat ccgaattecg catggagage
getgaaagtc gggatcctac acctgggcag cagacagaag
atcocagtgc gogacatgga aggtgatctg caagagetge
aaatctggat ttgggttcecg gegtcaaggt gaagataata

aatgccagaa geaggtgaag agcaaccaca agtitaaatg

<223> His-tag fusion protein

<400> 21

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 Gly Arg
20 25 30

Gly Ser Glu Phe Arg Met Glu Ser Pro Lys Lys Lys Asn Gin Gin Leu
35 40 45

Lys Val Gly [le Leu His Leu Gly Ser Arg Gin Lys Lys lle Arg [le

60

120

180

240

300

360

3n



50

98

58

60

GIn Leu Arg Ser GIn Cys Ala Thr Trp Lys Val [le Cys Lys Ser Cys

65

10

15

80

Ite Ser GIn Thr Pro Gly Ille Asn Leu Asp Leu Gly Ser Gly Val Lys

85

90

95

Val Lys [le Ile Pro Lys Glu Glu His Cys Lys Met Pro Glu Ala Gly

100

Glu Glu GIn Pro Gin Val

115

<210>
Q21
212>
213

22

DNA
<220>
<223>

<400> 22
atggecagea

atgaaagtac
tegaacaggc
getcaagtpt
ttotetatte
tgggtcaaca
caggaaactg
tcteagaaga
Egggegccoag

atggaagtga

1766

Artificial

His-tag fusion

gecatcatcea
ccagaaacca
agetgtatee
ccctcoaaget
cottgaactt
ataccatcat
acgatgeotg
gaagettigt
tetotggect

ctgtetacca

protein

teatcateac
ggactggett
agagtggaca
cagtaatgat
ccotggaage
caatgggage
catctteoot
ttatgtotag
gageattgeg

tegooggega

105

agcageggee tggtgecgeg
getgtetcaa gegcaactcag
gaagcoocaga gacttgactg
gggectacac tgattggtec
caaaaggtat tgocagatgg
caggtgtgeg gaggacageo
gatggtggac cttgeccate
aagacctgge gecaatactg
acaggoaggg caatgotege

teccggaget atgtgecctet

110

cegcagecat
aaccaaagec
ctggagaggt
aaatgectco
geaggttate
agtgtatoce
tggctetteg
geaagttota
cacacacace

tgeteattce

60

120

180

240

300

360

420

480

540

600




agotcagoot
geocttepate
ctecatgace
gacagtagteg
gecccagtea
tcecccagtte
getggccaag
gageoctotg
gtgcagatec
gtcatgggta
gaggtatcaa
gtggagacea
atcatgtcta
ttaaggetee
tecgteacce
teoegtgage
gectgcatge
gtectaccea
acatactgec
cttatcatge
210>
Q11>

212>
213

23
585
PRT

<220>
223>

tcaccattac
gagggaacaa
ctagtgecta
gaaccctgat
ctgoccaget
caggcaccac
tgcctactac
gaaccacatc
caactgoaga
ccacactgge
ttgtegtect
cagctagaga
cggaaagtat
tgaagagaca
tggacattgt
gggatgeatt
agatctcato
gececagocteg
tcaatgtgte

ctggttaage

Artificial

tgaccaggte
geacttectg
tetggotgaa
ctetegegca
ggtoctgcag
agatgggcac
agaagttgteg
tgtgcagete
gapgcacaggt
agagatgtca
ttetggaace
gctacctate
tacaggttce
agtccccotg
ccagggtatt
tgagetgact
gecagegtec
ccagetggtt
tetgectgat

€ECCEC

His-tag fusion protein

cctttetoog
agaaatcage
gotgacectet
ctigtggtcea
gotgecatte
aggeccaactg
ggtactacac
ccaaccactg
atgacacctg
actccagagg
acagotgcac
cotgagootg
cteggeccee
gattgtgtte
gaaagtegcce
gtgtectgee
cageccoctg
ctegcaccaga

accaacagce

tgagegtegte
ctetgacctt
cctacacctg
ctoatactta
ctotcaccte
0agaggEoceco
ctggtecaggo
aagtcataag
agaaggtgee
ctacaggtat
aggtaacaac
aaggtccaga
tgotggateg
tgtatcgata
agatcctgea
aaggegggot
cccagogget
tactgaagge

tggcagtegt

ccagttgcee
tgocctecag
gegactttega
cetggagoct
ctgtgegctac
taacaccaca
gecaactgca
cactgcacct
agtttcagag
gacacctgea
tacagagteg
tgccagetca
tacagccacc
tggttocttt
gecteteceg
geccaaggaa
gtgccagect
tgectoggee

cagcacccoag

660

120

780

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 His
1 5

Arg Gly Ser His Met Lys Val
20

Ser Arg GIn Leu Arg Thr Lys
35

Trp Thr Glu Ala GIn Arg Leu
50 55

Leu Lys Val Ser Asn Asp Gly
65 70

Phe Ser lle Ala Leu Asn Phe
85

Gly GIn Val [le Trp Val Asn
100

Trp Gly Gly GIn Pro Val Tyr
115

Phe Pro Asp Gly Gly Pro Cys
130 135

Ser Phe Val Tyr Val Trp Lys
145 150

Gly Gly Pro Val Ser Gly Leu
165

Gly Thr His Thr Met Glu Val

60

His His His Ser Ser Gly Leu
10

Pro Arg Asn Gin Asp Trp Leu
25 30

Ala Trp Asn Arg Gin Leu Tyr
40 45

Cys Trp Arg Gly Gly GIn
60

Asp

Thr Leu Ile Gly Ata Asn
75

Pro

Gly Ser
90

Pro Gln Lys Val Leu

Thr 1le
105

[le Asn Gly Ser
110

Asn

Pro Gin Glu

120

Thr Asp Asp Ala
125

Ser Gly Ser Trp Ser GIn

140

Pro

Thr Trp Gly GIn Tyr Trp Gin

1556

Ile Gly
170

Ser Thr Gly Arg Ala

Thr Val Tyr His Arg Arg Gly

Val Pro
15

Gly Val

Pro Glu

Val Ser

Ala Ser
80

Pro Asp
95

Gln Vai

Cys lle

Lys Arg

Val Leu
160

Met Leu
175

Ser Arg



180

Ser Tyr Val Pro Leu Ala His Ser
195 200

GIn Val Pro Phe Ser Val Ser Val
210 215

Gly Asn Lys His Phe Leu Arg Asn
225 230

Leu His Asp Pro Ser Gly Tyr Leu
245

Trp Asp Phe Gly Asp Ser Ser Gly
260

Val Thr His Thr Tyr Leu Glu Pro
275 280

Leu GIn Ala Ala [le Pro Leu Thr
290 295

Gly Thr Thr Asp Gly His Arg Pro
305 310

Ala Gly Gin Val Pro Thr Thr Glu
325

Ala Pro Thr Ala Glu Pro Ser Gly
340

Thr Glu Val Ile Ser Thr Ala Pro
355 360

Thr Gly Met Thr Pro Glu Lys Val

61

185 190

Ser Ser Ala Phe Thr lle Thr Asp
205

Ser Gln Leu Arg Ala Leu Asp Gly
220

Gln Pro Leu Thr Phe Ala Leu GIn

235 240

Ala Glu
250

Ala Asp Leu Ser Tyr Thr
255

Thr Leu
265

[le Ser Arg Ala Leu Val
270

Gly Pro Val Thr Ala GIn Val Val
285

Gly Tyr Ser Pro Val Pro
300

Ser Cys

Glu Ala Pro Asn Thr Thr
315 320

Thr Ala

Val Val
330

Gly Thr Thr Pro Gly Gin
335

Thr Thr
345

Ser Val GIn Val Pro Thr
350

Val GIn Met Pro Thr Ala Glu Ser
365

Pro Val Ser Glu Val Met Gly Thr




370 375

Thr Leu Ala Glu Met Ser Thr
385 390

Glu Val Ser Ile Val Val Leu
405

Thr Thr Glu Trp Val Glu Thr
420

Pro Glu Gly Pro Asp Ala Ser
435

Gly Ser Leu Gly Pro Leu Leu
450 455

Lys Arg Gin Val Pro Leu Asp
465 470

Ser Val Thr Leu Asp lle Val
485

Gln Ala Val Pro Ser Gly Glu
500

Cys GIn Gly Gly Leu Pro Lys
515

Gly Cys GlIn Pro Pro Ala GIn
530 535

Pro Ala Cys Gin Leu Val Leu
545 550

Thr Tyr Cys Leu Asn Val Ser

Pro Glu Ata

Ser Gly Thr
410

Thr Ala Arg
425

Ser Ile Met
440

Asp Gly Thr

Cys Val Leu

Gin Gly Ile
490

Gly Asp Ala
505

Glu Ala COys

520

Arg Leu Cys

His GIn Tle

Leu Ala Asp

62

380

Thr Gly Met Thr Pro Ala
395 400

Thr Ala Ala GIn Val Thr
415

Glu Leu Pro Ile Pro Glu
430

Ser Thr Glu Ser [le Thr
445

Ala Thr Leu Arg Leu Val
460

Tyr Arg Tyr Gly Ser Phe
475 480

Glu Ser Ala Glu [le Leu
495

Phe Glu Leu Thr Val Ser
510

Met Glu I[le Ser Ser Pro
525

Gln Pro Val Leu Pro Ser
540

Leu Lys Gly Gly Ser Gly
555 560

Thr Asn Ser Leu Ala Val
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[op

510

Val Ser Thr Gin Leu Ile Met Pro Gly

<210> 24
<211> 537
<212> DNA

580

Q213> Artificial

<2207

<223> His-tag fusion protein

<400> 24
atgggcagea

atggctagca
ccoootgoct
ttettegage
cccactgaga
tgggageoag
ctttetgtea
gaaagageca
actgcggaga
<210> 25

11> 176
<212> PRT

gecatcatca tcatcatcac
tgactggteg acagcaaatg
gegoageoctt totcaaggac
gotgogeecte caccocggag
acgagccaga cttggcccag
atgacgaccc catagaggaa
agaagcagtt tgaagaatta
agaacaaaat tgcaaaggaa

aagtecgcce tgecatcgag

<213> Artificial

<220>

223> His~tag fusion protein

<400> 25

585

agcagogEce
getegeggat
caccgeatet
cggatggeeg
tgtttettet
cataaaaagc
acccttggte
accaacaata

cagctigegcte

tggtecegeg
ccatgggteco
ctacattcaa
aggotggett
gettcaagga
attcgtoegg
aatttttgaa
agaagaaaga

ccatggatte

575

cggeagocat
ccogacgtieg
gaactggece
catccactge
gotggaagge
ttgegottte
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

537
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Arg Gly Ser His Met Ala Ser Met Thr Gly Gly GIn Gln Met Gly Arg
20 25 30

Gly Ser Met Gly Ala Pro Thr Leu Pro Pro Ala Trp GIn Pro Phe Leu
35 40 45

Lys Asp His Arg [le Ser Thr Phe Lys Asn Trp Pro Phe Leu Glu Gly
50 55 60

Cys Ala Cys Thr Pro Glu Arg Met Ala Glu Ala Gly Phe lle His Cys
65 70 75 80

Pro Thr Glu Asn Glu Pro Asp Leu Ala Gln Cys Phe Phe Cys Phe Lys
85 90 95

Glu Leu Glu Gly Trp Glu Pro Asp Asp Asp Pro Ile Glu Glu His Lys
100 105 110

Lys His Ser Ser Gly Cys Ala Phe Leu Ser Val Lys Lys Gln Phe Glu
115 120 125

Glu Leu Thr Leu Gly Glu Phe Leu Lys Leu Asp Arg Glu Arg Ala Lys
130 135 140

Asn Lys Ile Ala Lys Glu Thr Asn Asn Lys Lys Lys Glu Phe Glu Glu
145 150 155 160

Thr Ala Glu Lys Val Arg Arg Ala lle Glu GIn Leu Ala Ala Met Asp
165 170 175
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CLAIMS

[Claim 1]
A method for producing a reagent for detection of antibody binding to an
antigenic protein; comprising a cationized antigenic protein and beads;
the method comprising the steps of:
solubilizing the antigenic protein by cationization wherein the
cationization is performed by the binding of a cationizing agent to thiol groups of the
antigenic protein; and
immobilizing the resultant cationized antigenic protein onto the beads
wherein the cationizing agent is TAPS-sulfonate or TAP-Br.
[Claim 2]
The method according to claim 1, wherein the antigenic protein is a full-length
protein.
[Claim 3]
The method according to claim 1 or 2, wherein the antigenic protein is a
membrane protein.
[Claim 4]
The method according to any one of claims 1 to 3, wherein the antigenic

protein is a cancer antigenic protein.
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[Claim 5]

The method according to any one of claims 1 to 4, wherein the beads are
magnetic beads.
[Claim 6]

A reagent produced by a method according to any one of claims 1 to 5.
[Claim 7]

A method for detecting an antigen-specific antibody contained in a sample, the
method comprising the steps of: contacting a reagent according to claim 6 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 §]

The method according to claim 7, wherein the sample is an isolated body fluid.




