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METHOD FOR DETECTING SUBSTANCE IN BIOLOGICAL SAMPLE TECHNICAL FIELD [0001] The
present invention relates to a method for qualitatively and/or quantitatively detecting a substance in a

" biological sample. In particular, the method of the present invention can detect even a trace amount of
substance that is present in a biological sample and that cannot be readily detected in usual manner.
BACKGROUND ART [0002] In order to detect a substance in a biological sample, a method utilizing a
substance that specifically binds to the former substance (substance to be detected) has been widely
used. For example, immunoassays utilizing antigen-antibody reactions and nucleic acid hybridization
assays utilizing hydrogen bonds between nucléf §QHW&@éare known. For example, in the
'mmunoassay, an aﬂlﬂg%tﬁ'zdﬁ‘ﬁ'&)g‘%ﬁ%%%g%%@@ﬁﬁ%ﬁ&@ﬁ %@%Eﬁ%fé&%@ﬁ%ﬁsﬁ an
antibody, when the substance to be detected Is an antigen, i1s immobilized on a carrier such as a
microplate, microbeads, or a sensor chip, and after the reaction with the substance to be detected, the
presence or absence or the degree of the antigen-antibody reaction is measured. [0003] As general
means for tA&ErhiNdbifizakiba, for example, hydrophobic bonding and covalent bonding are known. In
the "hydrophobic bonding”, a carrier and a protein that specifically binds to a substance to be detected

(hereinafter| A4y e’ RsrBtFeErio e EpB afie B tetrmy Brildon At EaED R bIHAIALIEH between
(he hydrophoRic R SRl R TISLANGISINAIEPIANG MAIRY Bl R ARACIBIRBIEN T NIS 19

convenient from thé point of not needing specitic’ reagents. However, such binding is usually weak. In
the case whaterher i aphebis bonding issanplied tabierRxanple pRerymerinkem fiemyaesasbent
assay (ELISA), the protein is detached from the carrier during, for example, a washing procedure after
binding in miadylisesnPubtheandyaldicaind saseuwalnararespecific protein is bound to a carrier by
hydrophobic_bonding, the function of the protein may be lost - 2 - completely or partially in many
cases. The%c%@ggﬁ%mg@ilizes interaction between functional groups (e.g., amino groups) of a
specific projgiand fynRiaR QRS danfRroxst dpups) RHaderkanibe sufase elibagpuier
and is strong. However, after a specific protein is boundto a carrier by covalent bonding, the function
of the proteihds dpstiemplétekysan gariadtydnsitamncasas;dikecthe bydraptiebjhboheingy{004] In
addition to the hydrophobic bonding and the covalent bonding, known is a method for fusing a plurality
of histidine H§RRculéd R A ARTSHIBET Vol Eiitah HAerpmbihg theFoidas pratens BEiaYy the
histidine tags to, for example, a basal plate, such as.a.protein chip, havi surface provided with
nickel. The THBFSUBH BALTAE tHE TS o RS S R RS DAL R B B ot S Sitbng. Sind
nickel ions ase kRewi.tehBeRsRGIcaY m@lﬁ%@lyﬁﬁwﬁ biglegicalinaleriles. /00O L AlIaatively, a
method of binding a protein to a carrier using the binding ability of avidin or streptavidin to biotin
(vitamin 11)dras beeresievelapdchdvidiansia ghietprotembaetived fdomaalbumgen, andrexdtahrely on
strongly binds to biotin. The interaction between avidin and biotin is one of the strongest non-covalent

bonds (GredrfATETSYCAAY PRIERP BIfeMITobHEss 857 aRshiR Bd&ienibrrraivaviithke protein
e : t | v binds 10 biogin. Bioti | 3
alclar B B 8 B B OO i

nucleic acidsgdipids.i 9huUg@eghains, using, for example, commercially available kits and also hardly
affects the properties of biotinylated molecules. The interaction of (strept)avidin-biotin, because of its
high bindingl f6¥&H, has peemahvidedysuics dhdomexelripielifor Butestionlof ariigehshinticadiipeids in the
fields of molecular biology and hiochemistry (Green, 9%(:%, Methods Enzymol, 184: 51-67). In the
Case of bindHSACHH BN CEEaR gD Doirl i P AT ot PR GR I FRIBBHDE 10 o
basal plate yich as,3 Misiablats dhieuah.oevalaRtReRARG arNEraRRoRic RRRFIAG, and hefR
biotinylated protein i1s’bound thereto. Furthermore, a technique of immobilizing basal
plate-biotin-avitimbjefis desite dopratRiothatbis iatcakisoalserverartee hinlwpicibrwditkis: bdund to a
basal plate provided with biotin by avidin-biotin binding, and then a biotinylated desired protein is
bound to an&#aehibilsdexdEpBhabec AIRY(IPINOSPES Aco3m8EE. A (139 %) yonvsnkjatiisgbsiance can

be detected USINYLE RIFIR Ry e S S RSLIS PrORIS Mo Bty Ul AP ghaiave

In the case
where the hydrophobic bonding is applied to, for example, enzyme-linked immunosorbent
assay (ELISA), the protein is detached from the carrier during, for example, a washing

procedure after binding in many cases. Furthermore, in the case where a specific protein is

bound to a carrier by hydrophobic bonding, the function of the protein may be lost



[0006] In such a specific binding assay system using a solid phase on which a protein that specifically
binds to a substance, such as an antigen or antibody, to be detected is bound by hydrophobic bonding
or covalent bonding, non-specific binding, which causes a background signal and thus should be
reduced, is generally a severe problem. In order to solve this problem, the following methods have
been proposed for example: a method of adding an extract of a bacterium component to a reagent for
detection (JP No. S59-99257 A (1984)); a method of grdding a culture component of host cells
containing a vector of the same species as that used in production of a recombinant protein capable of

specifically BRAMGHS A" RBLEARCES B tRtected nd e lsaERI IR oFithrin 1 tHE GRS Eing the
protein to a le (JP 8-4 - and a. method.of -freating an agyeous extract
from cells oﬁ%g%gﬁilggp (S:Eégé’s%ﬁ%%to%&%%ﬁ%fg Sr%%%r@%ﬁwrgtnetl%?&%ﬁ%ﬁg’%&g%uggegiﬁéalIy binding

to a substange:ta BexfeipotedsAandithe eelknatsoptairingrtis prateiRiang thenweding mater-soluble
fraction of the heated aqueous extract to a sample (JP No. 2004-301646 A). These methods show

some effectspon fishibition of momdpreeifi bindingo {oBOT pThéiasdhy (tilizing théhaviditebiatitoiinding
has also a bﬁ:ﬁ robil‘jzm with background signalgiggjelg the assay using a solid phase on which a protein
that specific l&ﬂﬁ% ¥ 18 BB LERIE Y e et S gErRPBY S8PEX R ple, hydrophobic bonding or

covalent bopgling) CUAARIRASHE DAKS RESCARRRSH doh sang. tis,rpbleyihars, for example: a

2

method in which a sample is put into tontact with a solid phase to which inactivated (strept)avidin is

bound and themeconsachswith apsalidi phaSe demvhiahaetives (@rephavdinigbaunaclB-Nes ki 114590
A (1996)); a method in which a biotinylated substance is bound to an avidin-bound solid phase, and

then this is putding tbedtatewiiegadnitigathohistfiathijentogipe skamebictiriaroie. Buch 292727 A

1999)); and a methad in which a bjotin-containing solution is gut into contact with a solid phase (JP
No. 20054878 S 154 AL BEUL L REUEA Rt dUE 0k ASUEEHY RO Ab B Biding,

Unfortunatefye ol e RENOS: 4 nsoit ineficienbpactioal euaniages GHATIGLIST [0008]
Patent Literature Patent Literature 1: JP No. S59-99257 A (1984) Patent Literature 2: JP No.

H8-43392 As(:Ody Patend titeradvirey3o IR dNGi 20048016246 A Patent Literature 4: JP No. H4-236353
A (1992) Patent Literature 5: JP No. 1-18-114590 A (1996) Patent Literature 6: JP No. H11-211727 A
(1999) Patelid0te raffermatireing petndglbimding a protein to a carrier using the binding ability of

avidin or streptavidin to biotin (vitamin H) has been developed.  Avidin is a glycoprotein
derived from albumen and extremely strongly binds to biotin. The interaction between
avidin and biotin is one of the strongest non-covalent bonds (Green, (1975), Adv Protein
Chem, 29: 85-133). Meanwhile, streptavidin is an avidin-like protein derived from
actinomycetes and also strongly binds to biotin.  Biotin is a molecule having a low
molecular weight of 244 and can be easily bound to various biological molecules, such as
proteins, nucleic acids, lipids, or sugar chains, using, for example, commercially available
kits and also hardly affects the properties of biotinylated molecules. The interaction of
(streptiavidin-biotin, because of its high binding force, has been widely used, for example,
for detection of antigens and antibodies in the fields of molecular biology and biochemistry
{Green, (1990), Methods Enzymol, 184: 51-67).  In the case of binding a protein to a carrier
using avidin or {strept)avidin, (strept)avidin is immobilized to a basal plate such as a
microplate through covalent bonding or hydrophobic bonding, and then a biotinylated protein
is bound thereto. Furthermore, a technique of immobilizing basal plate-biotin-avidin-biotin-
desired protein in this order is also reported, in which avidin is bound to a basal plate

provided with biotin by avidin-biotin binding, and then a biotinylated desired protein is



[0009] Non-Patent Literature  Non-Patent Literature 1: Green, (1975), Adv Protein Chem, 29: 85-133
Non-Patent Literature 2: Green, (1990), Methods Enzymol, 184: 51-67 SUMMARY OF INVENTION
TECHNICAL PROBLEM [0010] It is an object of the present invention to provide a method for
gualitatively and/or quantitatively detecting a substance in a biological sample. [0011] Specifically, it is
an object of the present invention to provide a methg% for qualitatively and/or quantitatively detecting
or measuring a trace amount of substance that is preSent in a biological sample while reducing the

background signal level, SOLUTION, TO PROBI_EM [0012] The jnventors have diligently studied and,
as a result, iprvaihst QBrRASHR m%frﬁd%ﬁrdggﬁ% H]%géé\ées %cg féaﬁ%ﬁg §B4&Kground
signal levelJppaienlarpingreecin deieqt g amapaLabsubsiancs Dahin AERRANY abiclogical
sample, in a system in which a biotinylated protein, the biotinylated protein being a prot€in that
specifically feiftdsdm:=a substance to be detected and has been biotinylated, is immobilized on a carrier
through binding between biotin and a biotin-binding protein. Specifically, a reduction in nonspecific
binding wad i§hificintusherseeedic hondbybratey extrert dnbzaalsoinh Mirding ploein weteintbat added
to a biological s e. Alternatively, addition of a cell homogenate extract prepared from cells
genctioally SSTERIGE B 4o A St WG bPBUANT T SRR Shadilie AR St GG protein
achieved syRsiantially.thenamas elschdAaliBased.cq.hedmowieasesrihed aboya.dheqresent
invention provides a method of high-sensitive detection with reduced non-specific bindingin a system
in which a stipsthncé that $pedbifiealyddetdcts gesubstpance torbedbieetedlis tndnrabitized drisa carrier
through avidin-biotin binding. [0014] Thergresent invention includes the foIIowigg1 nonlimiting
embodimerRE it S ERIBIERtRETOAS R Se Fo PHER S B Supdtih caistBosisloyleH Saple,

s comog: o LBIAIA R SR, e £ bl s oy e g pretin
method of adding a culture component of host cells containing a vector of the same species as
that used in production of a recombinant protein capable of specifically binding to a
substance to be detected and the vector not containing the gene encoding the protein to a
sample (JP No. H8-43392 A (1996}); and a method of heat-treating an agueous extract from
cells of the same species as that producing a recombinant protein capable of specifically
binding to a substance to be detected, and the cell not containing this protein, and then adding
water-soluble fraction of the heated aqueous extract to a sample (JP No. 2004-301646 A).
These methods show some effects on inhibition of non-specific binding.

[0007] The assay utilizing the avidin-biotin binding has also a big problem with background
signals, like the assay using a solid phase on which a protein that specifically binds to a
substance to be detected is bound by, for example, hydrophobic bonding or covalent bonding.
Countermeasures have been proposed for solving this problem are, for example: a method in
which a sample is put into contact with a solid phase to which inactivated (streptjavidin is
bound and then contact with a solid phase to which active (streptjavidin is bound (JP No. H8-
114590 A (1996)); a method in which a biotinylated substance is bound to an avidin-bound
solid phase, and then this is put into contact with a conjugate of polyethylene glycol and
biotin (JP No. H11-211727 A (1999)); and a method in which a biotin-containing solution is
put into contact with a solid phase (JP No. 2002-48794 A}, in addition to the above-

mentioned methods for preventing non-specific binding. Unfortunately, all the methods



2) binding the biotinylated protein to the carrier provided in step 1) through binding between biotin and
the biotin-binding protein to produce a biotinylated protein-bound carrier; 3) mixing (a) a biological
sample, and (b-i) a cell homogenate extract prepared from cells of the same species as that of
the host cells used for expressing the biotin-binding protein, the protein that specifically binds to a
substance to be detected, and/or the biotinylated protfin in step 1), and a biotin-binding protein, or
(b-) a cell homogenate extract prepared from cells of the same species as that of the host cells used

for expressing the biotin-binding protein, the protein that specifically binds to a substance to be
detected, aﬁ’g??bt?lm’éslﬂfgﬁfﬁ%?éﬁc rat&AVARAEE 1) and genetically engineered to express a
biotin-bindi@f‘éqtﬁg}q iriagjadding the mixture to the biotinylated protein-bound carrier produced in step
2); and 4) detecting a substance specifically bound to the biotinylated protein. [0016]
[Embodimei@R 6Patent IEheamethod according to Embodiment 1, wherein step 3(b-i) in Embodiment
1 comprises adding a cell homogenate extract extracted from cells comprising any vector, as the cell
homogenate extracEq@oOLZ{fEsbodirdBif B]S59-9PRe methdttaccording to Embodiment | or 2, wherein

20cording 10 any NP RIGSBHEAS 1a'S, Wrareit i bofbbcal sample s selected from he group
consisting of blood, ;sgrym,e&ierosPiRalfuihosalyfess A

Patent Literature 4: JP No, H4-236353 A (1992)

Patent Literatuore 5: JP No. H8-114590 A (1996)

Patent Literature 6: JP No. H11-211727 A (1999)

Patent Literature 7: J¥ No. 2002-48794 A
[0009] Non-Patent Literature

Non-Patent Literature 1: Green, (1975), Adv Protein Chem, 29: 85-133

Non-Patent Literature 2; Green, (1990), Methods Enzymol, 184: 51-67
SUMMARY OF INVENTION
TECHNICAL PROBLEM
[0010] It is an object of the present invention to provide a method for qualitatively and/or
quantitatively detecting a substance in a biological sample.
[0011] Specifically, it is an object of the present invention to provide a method for
qualitatively and/or quantitatively detecting or measuring a trace amount of substance that is
present in a biological sample while reducing the background signal level.
SOLUTION TG PROBLEM
[0012] The inventors have diligently studied and, as a result, have arrived at the present
invention through a measure for reducing the back ground signal level, in particular, in order
to detect a trace amount of substance that is present in a biological sample, in a system in
which a biotinylated protein, the biotinylated protein being a protein that specifically binds to
a substance to be detected and has been biotinylated, is immobilized on a carrier through
binding between biotin and a biotin-binding protein.  Specifically, a reduction in nonspecific

binding was significant when a cell homogenate extract and a biotin-binding protein were



throat swab, sweat, urine, tear, lymph fluid, semen, ascites, and mother's milk. [0019] [Embodiment 5]
An agent for diluting a biological sample, which comprises: 1) a cell homogenate extract and a
biotin-binding protein, or 2) a cell homogenate extract prepared from cells genetically engineered
to express a biotin-binding protein. [0020] [Embodiment 6] A kit for detecting a substance in a
biological sample, which comprises: A) a carrier gn which a biotinylated protein, the biotinylated
protein being a protein that specifically binds to a substance to be detected and has been biotinylated,
is immobilized through bjnding between hiotin and a bigtin-binding protein; and an agent for diluting a
biological s&ff5 %8 1%}?@9 SAMIRS;) ﬂéﬁ}%ﬁf&éﬁ%ﬂ&g&ﬁ aﬂéiL CRIETEH ESEOPIRE e
species as ihat of ienpshcalls &fg‘?ﬁe@&@%&éﬁc?%@g J%%B&?%Blﬂg'&%{%‘iﬁ}%téﬁt?&{ Qigindhat
specifically binds to a’substante to be detected, and/or the biotinylated protein in step A),and a
biotin-bindingderetaindiag proteld; urk ealli konogendierextrage prépared from cells of the same species
as that of the host cells used for expressing the biotin-binding protein, the protein that specifically
binds to a stifstahcEascHeréiedieer ladtod areibstiiaee dhsrotesienin steptian anel s atiogiod

Hi6
g e R SR A e Utettn SR e RN AR Binding i & system im which a

substance that specifically detects a substance to be detected is immobilized on a carrier
through avidin-biotin binding.

[0014] The present mvention includes the following nonlimiting embodiments.

[0015] [Embodiment 1}

A method for detecting a substance in a biological sample, which comprises:

1) providing a carrier on which a biotin-binding protein 1s bound and providing a
biotinylated protein by biotinylating a protein that specifically binds to a substance to be
detected;

2) binding the biotinylated protein to the carrier provided in step 1) through binding
between biotin and the biotin-binding protein to produce a biotinylated protein-bound carrier;

3) mixing

(a) a biological sample, and

(b-1) a cell homogenate extract prepared from cells of the same species as that of the
host cells used for expressing the biotin-binding protein, the protein that specifically binds to
a substance to be detected, and/or the biotinylated protein in step 1), and a biotin-binding
protein, or

(b-ii) a cell homogenate extract prepared from cells of the same species as that of the
host cells used for expressing the biotin-binding protein, the protein that specifically binds to
a substance to be detected, and/or the biotinylated protein in step 1) and genetically
engineered to express a biotin-binding protein,
and adding the mixture to the biotinylated protein-bound carrier produced 1n step 2); and

4} detecting a substance specifically bound to the biotinylated protein.

[0016] [Embodiment 2]



[0021] The method of the present invention enables high-sensitivity and stable detection, with a
reduced background signal level, of a substance to be detected in a biological sample. In particular,
the method of the present invention enables detection of a trace amount of substance which is present
in a biological sample and, usually, cannot be readily detected or measured. BRIEF DESCRIPTION
OF THE DRAWINGS [0022] [Fig. 1] Fig. 1 shows expression of a BioEase tag (biotinylation tag)-fused
SITU-1 protein. Specifically, Fig. IA shows the result'cg’f Western blotting for detecting a SITU-1 protein,

and Fig. | B shows the result of activity stainin% for detecting a biotinylated protein. [(_)0231 E. coli BL21
(DE3) expressing thE'BRIEHSE 5601 5y 1@ Hiobedireraid wikessnisiel d(and tiaeedimsg . coli crude
extract fracti -P 15% acrylamide gel)in such a.manner that the amount
ot the tota B B S B e S S P8 & oz
SpecificallyiidgeclPshRweathe éeghilis of staining with alkaline phosphatase (AP) after the reaction of
an anti-SITH-1 antibody (1/1000 dilution) and an AP-labeled anti-rabbit IgG antibody (1/1000 dilution);
and Fig. 1B[8AbWs thanesliteof Staining after the reaction of streptavidin-horseradish peroxidase
(HRP) (1/1000 dilutign). In both Figs. IA and 1B, extraction samples derived from E, coli containing an
expression vector aljt‘)%é”iﬁ Edu%cﬁ&rélé‘@otﬂtfﬁ’sboﬁeh%%éif?(gr‘?s‘@ BB E R RSP - E protein
are shown Ry the:arrows..[0925]4n the streptavidin-HRP staining in Fig. 1B, two thick bands were
detected. Since no band corresponding to the lower band was detected with the anti-SITH-1 antibody
in Fig. IA, tHedower sanshiias:helipved to be a partially decomposed SITU-1 portion including the
BioEase tag [Fig.2] JFig. 2 is a graph showing the effects of various types of serum diluents on
non-specific binding! 'Seetdrns! wrsral wertmiayaendititBa bithPBS dreo shovharbin dhehiskpgiads (dotted
line), sections where serum was diluted with a PBS cgﬁ&f{aﬁi]ni urified - 8 - tama%iidi +&253.1$1TM2) are

; Y hBoenate

shown by oPERRGUSFES (EEI ) SHABIE WibEed B a AR E

extract havig pRly,aR EXRIASEINYREIOTAHB P e Jv,es eshe(daiieAding)sSaAIons where serum
was diluted with a solution containing an E. coli homogenate extract having only an expression vector
and purified{ T0A2 JargEshiowdimanasierisks (solid line), and section where serum was diluted with a TM2
expressing E. coli homogenate extract are shown by closed circles (solid line). The vertical axis
(luminescence) of tHelgRapH fRipfdsdnsahickissahtonite YOEBIEMENISSITH-1 antibody while the
lateral axis represenlt thglfjhlutlon ratltg of the,selgiallé(i %%Hi[g%g{]tl-SlTH—l antibody. [Fig.3] Fig. 3is

a graph showing S/N ratios a??hoégﬁr’ggﬁe%%{/aem ifiltion ratios of the %rnotji?gﬁ%-l antibody obtained from

the results shown imfigedi PRE]PeRtIGNEWHRES SelURA Was tiluiad With RB S are ShRVWAYQReN
squares (dotted line), sections where serum was diluted with a PBS containing purified tamavidin 2

(TM2) are shiwin-bindperpsgesres (solid line), sections where serum was diluted with an F., coli
homogenate extract havig%‘only an expression vector are shown by asterisks (dotted line), sections
where serurPAY dittifaBofitca'Siution containing an E. coli homogenate extract having only an

expression vector anhpufied T2 pLe oML axeriske. (ol linel. and ssaipnanere serum was

diluted with a 1M2 expressing E. coli homogenate extract are s n by closed circles (solid line).

EMBODIMENTS OFATH EatNMENTHRIbh [002:4] 4y IMethad tan detebting gl subsianes e polagieal
sample The method of the present invention comprises: I) providing a carrier on which a

biotin-bindirigasrenesiien By baa el pravitinecd Oistifiitated protbis byebibtinyisthtedaiproteipbitiaed
specifically tglia?gl?gli?b?ns n’?gs qe?\?v%gr? l?i%tg*? g%?itg%;iotin—bindin g protein; and
an agent for diluting a biological sample, comprising
B-i) a cell homogenate extract prepared from cells of the same species as that of the
host cells used for expressing the biotin-binding protein, the protein that specifically binds to
a substance to be detected, and/or the biotinvlated protein in step A), and a biotin-binding
protein, or
B-11) a cell homogenate extract prepared from cells of the same species as that of the

host cells used for expressing the biotin-binding protein, the protein that specifically binds to

a substance to be detected, and/or the biotinylated protein in step A) and genetically



2) binding the bionnylated protein to the carrier provided in step I) through binding between biotin and
the biotin-binding protein to produce a biotinylated protein-bound carrier; 3) mixing (a) a biological
sample, and -9 - (b-i) a cell homogenate extract prepared from cells of the same species as that
of the host cells used for expressing the biotin-binding protein, the protein that specifically binds to a
substance to be detected, and/or the biotinylated protein in step 1), and a biotin-binding protein, or
(b-ii) a cell homogenate extract prepared from cells 6f'the same species as that of the host cells used
for expressing the biotin-binding protein, the protein that specifically binds to a substance to be
detected, aRBBRtREHISHESESE ot ERHPIYERY genetically engineered to express a

biotin-bindingmt i @}é& di ?ﬁitﬁ the biotinylated protein-bound carrier produced in step
2); and 4) detectlnggAsu s?gjlr?cgﬁs%%%i ically ﬁmd to the biotinylated protein. [0028] 1. Substance to

be detectedimbiglogicahsanaplethe Reesentinvaniiomislates ia-a-methad fpudelsttingasubstance
in a biological sample. [0029] Any biological sample that is expected to contain a substance as a

detection targét eandoecddedliprthepresent ivebrtionswittmutdim ivatisteExdmplb s bfgivel sample
include cells and tissues collected from organisms and fragments thereof, for example, humors, more

preferably, bloRRItEBRImEe eI pIHAF Al cabiRE B sreRlsh delfeitn HRdrea A HPuid,
men, i : ' . ilutios h
semen, ascijgs. and. '%98%&?{ssp%ﬁ‘énl%??3%33@%0%1%9@@;!%@?&885&’%?%%&8{ gl %g?%f‘ﬁ&@%g‘%ﬁ e

dilution rate is, but not limited'to, genera e rang out out 100 d, prefterably
about 100 tent@Qdeld. The solution for dilution may be any buffer solution, which may contain any
proper blocking agent. Preferred blocking agents have high inhibitory effect on nonspecific binding,

and can be Bl &ctel itk BiddldNg Hyehik WB_MQWBV\@&O persons skilled in the art, such as BSA and
(o b detoct o o Ak e t B SATASIE LA VG U LU BFEr I foloine
such as antijedis ard anfgans pnd el FAg MERLS, ROPURESAHEISIG.ACIdS serrbalyJgtes. pnd
glycolipids and also include bacteria and viruses contained biological samples.
protein, and Fig. 1B shows the result of activity staining for detecting a biotinylated protein.
[0023] E.coli BL21 (IDE3) expressing the Biokase tag-fused SITH-1 protein was sonicated,
and the resulting E. coli crude extract fraction was developed on SDS-PAGE (15%
acrylamide gel) in such a manner that the amount of the total protein in each lane was 20 pg
and was then transferred onto a PYDF membrane.
(00241 Specifically, Fig. 1A shows the results of staining with alkaline phosphatase (AP)
after the reaction of an anti-SITH-1 antibody (1/1000 dilution) and an AP-labeled anti-rabbit
IgG antibody (1/1000 dilution); and Fig. 1B shows the results of staining after the reaction of
streptavidin-horseradish peroxidase (HRP) (1/1000 dilution). In both Figs. 1A and 1B,
extraction samples derived from E. coli containing an expression vector alone were used as
controls. The positions of the BioEase tag-fused SITH-1 protein are shown by the arrows.
[0025] Inthe streptavidin-HRP staining in Fig. 1B, two thick bands were detected.  Since
no band corresponding to the lower band was detected with the anti-SITH-1 antibody in Fig.
[ A, the lower band was believed to be a partially decomposed SITH-1 portion including the
BioFase tag.
[Fig.2] IFig. 2 is a graph showing the effects of various types of serum diluents on
non-specific binding.  Sections where serum was diluted with PBS are shown by open

squares (dotted line), sections where serum was diluted with a PBS containing purified



- 10 - [0032] The present invention enables measurement of a trace amount of substance that is
present in a biological sample and cannot be readily detected or accurately determined quantitatively
by conventional methods. For example, if the substance to be detected is an antibody exhibiting a low
antibody titer in a serum (e.g., a low antibody titer not detectable at 1000-fold dilution, but detectable at

100-fold dilution with difficulty), a low dilution rate of the serum is required. As a result, non-specific
binding derived from serum components inevitably incréases. Thus, no known method enables
detection or determination of quantity for the antibody. In contrast, the method of the present invention

can readily GBEGWR AddiAeRFdRYMINCGERAMNFGT die BBy FH0 B3 RS aE: W dhe Re
substance tQ. i I invention i ntibody.. nonlimiting.e I

cibatance A b S R S e -
(SITH-1). Othsireaieplescinslyderantibogies against othrn aniigensmebheResirsess lantibodies
against virus-related antigens derived from, for example, cytomegaloviruses, hepatitis viruses, HIVs,
ITTLVs, measiespoitisastmatiinfingrmzdnarusss casitib oo myalmar brctddidirare kitewmbyigens derived
from, for example, Helicobacter pylori, and antibodies against fupgi-related antigens. [0034] In the
case whereaﬁli‘ér@fiﬁé?ﬁhgg‘?g eEtien e Sﬁf@%%éﬁ%ﬂw A Anitg B *iﬁa]léxamples

of the subsignas dnclide.antioans.darived fram.ihe.ahovesmentionedipathogens, gancer antigens, and
prostate specific antigens. [0035] SITH-I based on description in PCT/JP2008/67300 (1) SITH-1

protein and(huelgissaside) of thhg girueitesand funationsdfithalSttHdaproiinianchntsleic acid are
disclosed in PCT/JP2008/67300, and the entity thereof is incorporated therein. [0036] The SITH-1 is a
factor involvifigltiientatstabast wiRreseripekoMilyey) mity miovecsartidiy sl ted proterhIpd cieingdy.

d during latent infection with h ' he.term ~specifically ex d.duripg latent
infoction i horbed kot narEih FETEDS 1S SHEA RN Sr SERELcoh DURE FHORLEI forvec
from herpes,yirusesidprnglaieiiRiaeian M PrOdHEINRINR iR with herpes viruses in hosts

infected with herpes viruses. [0037] Examples of the SITU-1 protein and the nucleic acid include (a) a
protein whidlbdiag aSamiime abicssaqueneesafliBiQ DINEB 3 andiawudigiomidencadidgtie protein.
[0038] The SITU-1 protein having the amino acid sequence of SEQ ID NO: 1, as described in
Reference ER&mpretaoWheES a8 SHURIEN et S acprstaningpiidisp dameuminek predaid
during Iatengrlgfs?ctlon with human heﬁ)g}sdl 1ru(§es 6 1111V-r6P).SThe SITH-%&égt&lﬁ%lgngﬁrggﬁm having

. A hown by O SOYUAres e, SeCclinns where serum was . 1
the amino acid sequenée %ffnSéQ‘ﬁB composed of %%9 amino acids, and having a molecular

mass of abaiddfeBrikia PR3N The Shivlah-dxpreteinds @rspdediyihe pusisiciaciddfethgnel TH-1
gene. The cDNA of this SITH-1 gene, as shown in SEQ ID NO: 3, has a size of 1795 base pairs (about

1.79 kbp), thechinolestide sequencs fliduethe @54 thotot@B6thiaingghe initatidnoogenafkezakcATG),
while the nucleotide sequence from 1431st to 1433rd being the termination codon (TAA). Accardingly,

the SIT1-1-THIERRNECRR AARESHARISEHAE ehRHe A1 RASRAHS KH SYLh FRR AR frame

(ORE) In the ueiealiie~epaNGe o R RN, 06RREY100 Asize g {/ dase pairs (about
0.48 kbp). In the cDNA of the SITH-I, the nucleotide sequencerepresenting the ORE region is shown

in SEQ ID NBown The eledticessgguenee)of SEQ ID NO: 2 includes three bases of the stop codon.
[0040] The SITH-1 nucleic acid is always expressed in the cytoplasm of a cell latent-infected with

HHV-6, but FO{RODEEENdEN iRBEIsVEaN ITBR nucleic acid encoding the SITH-1 protein is encoded
by a DNA that is.a complementary strand of the HHV-6 latent.infection specific gene (H6UT), which
has been re@cgﬁgi t(f’ dM?tgﬂ ??g g%ﬁ?&?&&f@%%%n‘@e% ho{ﬂ%*‘fﬁtte*ﬁlﬁl late stage of the latent
infection with 1-IHV-6;, I’ H@%@gﬁmﬁyﬁv@e}ﬁwggﬂ%ﬁ%&protein is a protein that is specifically

expressed during latent infection with- HHV-6.
1) providing a carrier on which a biotin-binding protein is bound and providing a

biotinylated protein by biotinylating a protein that specifically binds to a substance to be
detected;
2) binding the biotinylated protein to the carrier provided in step 1} through binding
between biotin and the biotin-binding protein to produce a biotinylated protein-bound carrier;
3) mixing

(a) a biological sample, and



[0041] The SITH-1 protein binds to a host protein, CAML (calcium-modulating cyclophilin ligand,
~Accession #: U18242) to increase the calcium concentration in the glial cells. The CAML is a protein
that is known to be abundantly present in the brain and lymphocytes in the host living organism and
increase the intracellular calcium concentration. It is considered that an increase in intracellular
calcium concentration due to expression of the - 12 - SITI-1-1 protein propably leads to activation of
overall signaling in the latent-infected cells, and thus contributes to efficient reactivation of TIRV-6.

[0042] It is known that the glial cells in the brain are latent-infected with1-11-1V-6. When HI-1V-6 during
the latent infection 6Pt fHEThSMNSANHS SKAGE RHEAT TRRATHeL W%‘%ﬁé%ﬁ%?&ﬁq’ﬁ&ﬁ e

expresses e S L hesAldm.aaneRpiaianeamis e FERRGIR e alielgelindhis Beligygd that

an increase in intracellular calcium concentration in the brain is wedded to psychiatric disorders such
as mood disoralsiis(AikenAdunbatRepdrs 200 3ioldddsld ke HUnlspiotgininas gidunchiodithat
maintains activity to bind to the host protein, CAML, to increase the intracellular calcium concentration.
Furthermor@reixpression of the SITH-I protein in the glial cells, in which this protein seems to be most

strongly expressed, in the braip can induce psychiatric disorders, Accardingly, the SITH-1 pratein is
pelieven 1 be oxpr LSRG e R B TP E L P aE A R SgE B

reactivation;plihe feipes KrusER o fauReNENBLdR ave:any meYebietiadisaienlonAdh @),

Antibody against SITU-1 tibody against the SITH-I can be prepared as a polyclonal
antibody or asnienacionabaniteadyfirom/thehs Mbkhprotdipritsivdnanty o) andartiadipeyitide thereof as
antigen by a known process. Examples of the known process are described in documents such as
Harlow et aknEisheHieSXRabarateliy-Hamial RostRSpring Harbor Laboratory, New York (1988))"
and Iwasaki et.al., ."Monoclonal Antihody: HyQridama and ELISA, Kodansha (1991)", The resulting ant
pody can b TSGR BIa 40t DR ah Bk RO CERER S e B DeE DHOAR () Theterm
“antibody” refers (o qynAQIgRLING (16AeddP.dEa g Golal a0k RARfIpaBE R (RD)2 ragments.
and Fe fragments thereof). Examples of the antibody include, but not limited to, polyclonal antibodies,
monoclonal [@tBddies, Sigiessteandediantitsddiebi Aogiichbsamendntibodies, and humanized antibodies.
[0046] The term "antibody recognizing the SITU-1 protein" includes complete maolecules and antibody
fragments (fBP"eRB??ﬁﬂb{Wﬁ%“&ﬁdWﬁ’éi??f%h@r% riscting 8 uRHRAN BIAG I /LD FEF Srotein.
Fab, F(ab')2, other fragments of the SITU-1 antibody can sed - 13 - L ethod
disclosed in ??’ea % est&é% Esnpglé%ﬁjlg%?tlsc%nggaﬁﬁfltﬁ%gme%e%%G%Stgb%#frsz’gfﬁgen%té%%%%%g&%gﬁégoduced
by cleavage hy BEQIQQIYSIShH$RERARN 80&M08, Cido@ PaRaNdYieldingaab fiag nems) OmprEASIN
(yielding an F(ab.)2 fragment). [0047] It is believed that patients having mood disorders and individuals
having potentii mobidssise ridies edhitsitineczenisees exgrisgionsvibly offtHer SKpOwlprbimanthies
increased SITH-1 antibody titers. In on embo%: ent of the present invention, detection of the SIT11-
1 antibody 1S BBIUBiCAP ST B ERGE TR RH b8 Sl RAOG HrBb cRolrd ARE"

individuals hgyipa.potentialmoad giserders. [0048] 2. Carrier on which biotinylated protein, the
biotinylated protein being a protein that specifically binds to a substance to be detected and has been
biotinylated,[igiomobiizedumors Tilwe prasedtdfieedtlonutilizes«alehrridhemivhich exdoidtjbyladed
protein, the biotinylated protein being a protein that specifically binds to a substance to be detected
and has beeinbisarigiatersid bou e ByEmaify Ptk EcrPBistiH ARe R iots ARG el [©049] The

carrier of thel 86%8%11&.'” net 'SohEon 15 %Epqu)%egaz%y be any buffer solution, which may contain any

proper blocking agent.  Preferred blocking agents have high inhibitory effect on nonspecific
binding, and can be selected from blocking agents well-known to persons skilled in the art,
such as BSA and casein.

[0031] The substance to be detected in the present invention is any substance that is desired
to be detected or measured in a biological sample, and preferred examples thereof include
proteins such as antibodies and antigens and their fragments, peptides, nucleic acids,
carbohydrates, and glycolipids and also include bacteria and viruses contained biological

samples.



1) providing a carrier on which a biotin-binding protein is bound and providing a biotinylated protein by
biotinylating a protein that specifically binds to a substance to be detected; and 2) binding the b
otinylated protein to the carrier provided in step 1) through binding between biotin and the
biotin-binding protein to produce a biotinylated protein-bound carrier. [0050] "Biotin" is a generic hame
of D-[(+)-cis-hexahydro-2-oxo0-1H-thieno-(3,4)- imidazb%le-4-valeric acid]. It is one of water-soluble
vitamin categorized into a vitamin B group, and is also referred to as vitamin B7, vitamin H, or
coenzyme R. Biotin very strongly binds to avidin, one of the glycoproteins contained in e%g white, so

that its absoHItéh is PRERIBHHRELORTRRPIFSJBBFUEEIE] G RAmOIS Y CRsEBrS R &iciency

disease in some cases..[Q051] The term "biotin” throughqut the cification includes iminob otin

(Hotmann St sty Fae Nt s o Ry e e R ) 2002)

Anal Biochefna 38 343-8p ddnapstbiotinanalegs sugh-asbiecytimanddiatiresylfoxidesdirarddifon - 14

- to the biotin described above. [0052] Systems using biotin-avidin (biotin-binding protein) complexes

are widely usédhad e fibidisof: hiochenbisty fitroleadarbidlogy, diksuenitimdn ooy e DKl sis, and

clinical assa&.g(%OOSB] The present inveption includes immobilizatign_ of a protein that s,pecifica%y binds
r

to a substarl@4a e Hetstedtt deEARC @iItARG Bihting BR OUEE A BiSttNand 2 BioHRUSR &g Protein.
I e presant INGRIRN-RANO REeen Piokn and: A ARIRRINIROBIGIMAY O fSlgUEd to as
avidin-biotin binding". [0054] Biotin-binding protein Any protein that strongly binds to biotin can
be preferablyd¢isediasibe piatin-binding piatein nandexamiplesdhecgohinclude avidinstrepiavidin,
neutravidin, AVR protein (Biochem. J., (2002), 363: 609-617), bradavidin (J. Biol. Chem., (2005), 280:
13250-13258y, thsizatilelidy Bidstemiragt, (Roorthed3) 307 oSyt arHevicin (opebydzEe1 7y, and
variants thereof. T%e gissociation co,nstaf‘ut1 %D?é%tfp biotin is preferably 10-8 M or less, more
preferably TR 0P 1EEE TG BPATERABIV T2 RIr less. The biotin-binding protein that is added to
a sample torg-testa will bedeacringd brlaw,d0ASR] Raicuiaivuprefessd hintindindigy proteins are
tamavidin and variants thereof, which can be highly expressed in E. coli. Tamavidin is a biotin-binding
protein discengbedynnanladibile:mushpoam Blewbtus:coinubeiastiWai20Q2407%2 8 khdlbpeakia et al.,
(2009), FESS J, 276: 1383-1397). An example of the variants of tamavidin is tamavidin exhibiting high
binding cap&Pffdeaity [ HEwaptiaiadBiginy ehBdMd<ricttsHEE T/ 58bo0ssa8E2) 1d8%6] The term
"tamavidin"eilgfggg h;I)resent iqvq,ﬂtion {eféarss ggﬁgmavidin 1,('I?a|\!4ltilgh5%navidin 2 gTMZ%Ea% v&riant

n €8 ag2aInsi Oney antigen TPES VIIUSCS, ar S aist VIrus-r a ens .
thereof. Spéciically, tamavidin of the present mvention may be typicaiy a protein having the amino

acid sequeng;of SEQI D S 2RI SE RNV InQEa Roiaikansrded By & nutlgic acidshaving the
nucleotide sequence of SEQ ID NO: 4 or SEQ ID NO: 6. Alternatively, tamavidin of the present
invention mayripea proteifiratisiaveriantiob & pregeinsh buirtg the ankitol ackicses) denveddi SE oD
NO: 5 or SEQ ID NO; 7 or a protein encoded b% a nucleic acid having the nucleotide sequence of SEQ

ID NO: 4 or BEBPIe| BRSO & EFERANhG BIGHH BRI § ARt S GBS tamavidin 1 or 2 or

hiah bindi bil ] e .7 : ‘ fication.

i o B S oD RS o ey e BT e PP A I ReReR
nonlimiting examples of the substance include antigens derived from the above-mentioned

pathogens, cancer antigens, and prostate specific antigens.

[00351 SITH-1 based on description in PCT/IP2008/67300

(1) SITH-1 protein and nucleic acid

The structures and functions of the SITH-1 protein and nucleic acid are disclosed in
PCT/IP2008/67300, and the entity thereof is incorporated therein.
[0036] The SITH-1 is a factor involving latent infection with herpes viruses, and more
particularly, a protein specifically expressed during latent infection with herpes viruses. The
term “specifically expressed during latent infection with herpes viruses” therein refers to
specific expression of genes or gene products derived from herpes viruses during latent

infection (not productive infection) with herpes viruses in hosts infected with herpes viruses.



[0057] The variant of tamavidin | or 2 may be a protein having an amino acid sequence comprising
deletion, substitution, insertion, and/or addition of one or more amino acids in the amino acid
sequence of SEQ ID NO: 5 or 7 and having biotin binding capability similar to that of tamavidin 1 or 2.
The substitution may be conservative substitution. The conservative substitution refers to replacement
of a specific amino acid residue with any residue having similar physicochemical features. Nonlimiting
examples of the conservative substitution include substitutions between ammo acid residues
containing aliphaticg);oups, such as mutual substitution between lle, Val, Leu, and Ala; and

substitutiono8&the & poriFTaditiced IldPad s Atd ha BEsSHoM EREESlS (3anatarg BElvEsn Glu

and Asp, and hetween.Gin and As  yariant 2|etion, itution, i tion, and/or
adition of A R B e e 08

nown technique such as site-specific
mutagenesigy(eg. Jer Nudleic AsidiRpsaaCHe: ilikDadi® s2QidpPe 648 F:G300N 1082 auickised
incorporated herein in its entirety) to a DNA encoding a wild-type protein. Throughout the specification,
the term "ore Beferoreahinoicitisionerei refetsderahideninbedoisl patainshatidstheificaHbe deleted,
substituted, inserted, and/or added by preferahly site-specific,muta(gse(nesis. In additigrﬁgg;ﬁ‘term -one

or more amMBEERIE WS TR FERSHAS SHE SE QPP AT HE SIS TR Yne OPMY ino acids"
refers to, but notlimite 59@%%%ﬁ?%sﬁiepé]ﬁxﬁ%@E’JYdA_’s%cgfeli’?g?@ofgg]ﬂﬁ 1§5%: 3010k L8S50skD OF 6%, 8 or less,

5 or less, or 3 or less amino acids. {0059] The variant of tamavidin | or 2 may also be a protein

including araaminaagid seouensg havinguadnemelegyief G0 Hrmaore, preferably 65% or more, 70%
or more, 75% or more, 80% or more, 85% or more, 90% or more, 95% or more, 96% or more, 97% or

more, 98% tF1Adle,ldeddddbl mioteimibracprsréaiilyegn g oradortths fHd Hmigenacid Settldhee of
SEQ ID NO: 5 or SEQ ID NO: 7 and having.bjotin binding capability similar to that of - 16 - avidin 1
or 2or high BTG A GAIG a1 R e SR AL PSP EEY T B e ientity
between twamine acid SeAMAREESIANSS ARBYNARI PyeHisiah nsRastionshdaathamatical
calculation. Alternatively, the percent identity between two protein sequences may be determined
through comperisorhéitsaquente ko smation: Using Bl GAR coriBuidsqnoghaneavaitaiole Jooonthe
University of Wisconsin Genetics Computer Group (UWGCG) based on the algorithm by Needleman,

S. B. and WS8H, CAesorslingdy; Pl e inacleszaqidhgs phardertid assaumepadbrmttrithithe cAP

program inclugde..(1) scoring matrix: blosu escribed in Henikoff, S. and 1-lenikaff..J.G,, (Proc.
Nt Aced. St R G OdT Aot TOB ) 12 58 S E R e Bl i and 4
no penalty feserminabgaiise H06H vy pihepoaramsuass by mersarsrskilledsingherant may also be
used for comparison of the sequences. The percent identity can be determined by, for example,

comparison avittetiid seguience infoeseation thsitdk & BighS Tignbgranmdes@ribed Gh Altsdhl et. al., (Nucl.
Acids. Res., 25, pp. 3389-3402, 1997). This program_is available from the websijtes of National Center

for Biotechnﬁiﬁé‘ipi%?ﬁ?éﬁé‘ﬁe(ﬂ%% IBNWHARREAN BSaparcioDBS)SHP ' fernet. The
conditions ( @fﬁﬁlet%?g {onideniiReancly by daﬁf%ﬁ%-éﬁpég&gﬁ?mé% S?Hégggf’g dgfqilon these sites.

Although these parameters can be partly modified if necessary, search Is generally carried out using
the default valigsdAliRIEIVEY, B Rereenbideniity detwaentiveiaminaagidisequedeasdtiay be
determined using a program such as genetic information processing software GENETYX Ver. 7

(available fréiT BENETYIX CORPORAT IONY b HRAB PAGIDGthentahakend sdabeH iy blateatried out
using the default values. [0062] T cent.identity between two nucleotige sequences can be
detenmined 85 RO FEHBERSH AN bt AP CAL O R LU B RDR Ao is carred
out through eampaLisaN:AE SALHERGEADIRIEIRNIoRUSIAG: -3e0MPHIRERIAgrem: ARarticlarly preferred
computer program is a version 10.0 program "GAP", Wisconsin package of Genetics Computer Group
(GCG, MadigemoWissrbin) i eNEieuxyetadh id 934 Nuah Adids RéBcallR 3Bk st ewdezdhtie "GAP"
program enables comparison between two amino acid - 17 - sequences and comparison between a
nucleotide sé¥faete’ Wil HhlXnfino acid sequence, in addition to comparison of two nucleotide
sequences. ] The "hiofin-binding protein” to be immobili toa carrier is used for preparing a
Diotinylatedt YD bH e AT er BUEh RS (he BSCALY ot G S R S anty
between biofif apd Aheligkn-bindigepiatein.Accondingly; itiscpreterradhat the diatindpinding activity
of a variant of tamavidin 1 or 2 is not significantly decreased compared to that in the case of forming
the biotinylatéd pibtsinpusing e se kuildvyods; butitlimiptiisitingn [0064}iacoringliipadaslimitingly,
in the variant of tamavidin 1, preferably, N14, S18, Y34, 536, 578, W82, W98, W110, and D118 in the
amino acid sEGUEHEH BRSREPIBSNIGRS HFECAYE TOHIFEACINERE TRl THeNBESREA" T exhifiple, Y34
indicates the 34th.tyrosine residue. of the amin ' nes f§ A[&LH(P L tsesrggt'\ﬁ}y in the
modification %(%ntﬁggée%a?kﬁﬁg aci rﬁgglﬁdbe@?ﬁg %ur%%n%gfcgﬁs %ré:%enra%% replac%g’i \ﬁl%i‘l éneékavfgng a
similar property or structure. For example, asparagine (N14) is replaced with glutamine (Q) or aspartic
acid (D), preferably aspartic acid; serine (S18, S36, or S78) is replaced with threonine (T) or tyrosine
(Y), preferably threonine; tyrosine (Y34) is replaced with ser ne (S), threonine (T), or phenylalanine (F),
preferably phenylalanine; tryptophan (W82, W98, or W110) is replaced with phenylalanine (F); and

acnartic acid (ND112) iec renlaced with aliitamic acid (E) aor acecnaradine (N nrefarahlv/s acnaranine



[0065] In the variant of tamavidin 2, preferably, four tryptophan residues (W69, W80, W96, and W108)
~in the amino acid sequence of SEQ ID NO: 7 are not modified. Alternatively, when these amino acid
residues are modified, the amino acid is preferably replaced with one having a similar property or
structure, for example, phenylalanine(F). In addition, desirable that amino acid residues (N14, S18,
Y34, 536, S76, 178, and D116) that probably interactgirectly with biotin are also not modified.
Alternatively, in the modification of these amino acid : sidues, the amino acid is preferably replaced
with one haviKﬂla similar property or structure in order to maintain the binding with biotin. For example,

asparaginey ( ] ol i (gdeinarEvesicsrdQysrad sisertivg ety Aefsiae ekdis; aspartic

2 T1)80_r ?;rigs(i%rgh?%% rc%g}lgﬁjeﬁge E?h e?‘ﬁ@%ﬁ%%t&'\:gi seri ﬁgﬁflg 536, or S76) is replaced with threonine

, preterably threonine; tyrosine ?\]}ﬁ ) Is replaced with serine (S), threonine (T), or
phenylalanip@), preterabhnphenyalaninesitbieeningdh /A imiaplackd:vathigerne ) ontyegsine (Y),
preferably serine; and aspartic acid (D116) is replaced with glutam c acid (E) or asparagine (N),
preferably ddpafdgieini 066 Rréfievket variantshofitdenavitinidnttye plasbns imlatenionfirtiodetahe
following variants (PCT/JP2009/64302). 0067éThe tamavidin variant is a modified biotin-pinding
protein that Hag AN At SEiidte b SECHEF NS GPATF AR G SGUBREEEdmiNSsing one

to several appinQ.agid mufalons, iy is SRINSAEE 9 NAVIPARNCIMAIAAY Of ALIGAREAON0 WA IS

sequence and that shows biotin binding activity, wherein one or more residues selected from the group

consisting af dpdiedkgimaiesidus@iite L4 th silealdioRidR NQeh 2hitbe! lRsneresidye at the
141st site of SEQ ID NO: 7; 3) the lysine residue at the 26th site of SEQ ID NO: 7; and 4) the lysine
residue at the07#3kd Siee BFSED RO LTS adareipadbet withiaic el visutedlaminshadiastasidaes.

grouUp consiSHTY B i dEEA SIS R SRS e S T i G T ARG
residue at tRe 394t SHe Isfeplaged Wi é}lﬂ%ﬁ?dwi&i%gﬁﬁofs_ﬁi%&n%& fheysingsesidueatdhg 141st
site is replaced with a glutamic acid residue, in SEQ ID NO: 7;
in the brain can induce psychiatric disorders. Accordingly, the SITH-1 protein 1s believed to
be expressed during the latent infection with herpes viruses or at the initial stage of
reactivation of the herpes viruses to cause the host to have any psychiatric disorder,
(00447 (2) Antibody against SITH-1
The antibody against the SITH-1 can be prepared as a polyclonal antibody or a
monoclonal antibody from the SITH-1 protein, its variant, or a partial peptide thereof as
antigen by a known process. Examples of the known process are described in documents
such as Harlow et al., “Antibodies: A laboratory manual {Cold Spring Harbor Laboratory,
New York (1988))” and Iwasaki et al., “Monoclonal Antibody: Hybridoma and ELISA,
Kodansha (1991)”. The resulting antibody can be used, for example, for detection and
measurement of the SITH-1 protein.
[0045] The term “antibody” refers to immunoglobulins (IgA, 1gD, IgE, IgG, 1gM, and Fab
fragments, F(ab”); fragments, and Fc fragments thereof). Examples of the antibody include,
but not limited to, polyclonal antibodies, monoclonal antibodies, single-stranded antibodies,
antiidiotype antibodies, and humanized antibodies.
[0046] The term “antibody recognizing the SITH-1 protein” includes complete molecules
and antibody fragments (for example, Fab and F(ab’), fragments) that can specifically bind to

the SITH-1 protein.  Fab, F(ab’},, and other fragments of the SITH-1 antibody can be used



a modified biotin-binding protein (D40ON-R104E) in which the aspartic acid residue at the 40th site is
replaced with a asparagine residue, and the arginine residue at the 104th site is replaced with a
glutamic acid residue, in SEQ ID NO: 7; a modified biotin-binding protein (D40ON-K141E) in which
the aspartic acid residue at the 40th site is replaced with a asparagine residue, and the lysine residue
at the 141st site is replaced with a glutamic acid resiﬁ e, in SEQ ID NO: 7; and - 19 - a modified
biotin-binding protein (D40ON-R104E-K141E) in which the aspartic acid residue at the 40th site is
replaced with a asparagine residue, the arginine residue at the 104th site is replaced with a glutamic

acid residueﬁ,cawal&?%fﬂj _ﬁéé.f‘égfah@%éceﬁ%ﬂm tf&tfgﬁée@ F@ﬁ%@%‘%‘{ﬁfaa@ﬁﬁ&ﬁﬂ’é*é’éﬁ"&i‘%&id&é{clﬁ SEQ
e, e R PR PRSI AU SR L EXRTBIER QIR fOh e 01 coter

include, but nét Timited to, ¢ S ﬁlstere mark); nitroce uoge, agarose, highly
cross-linkeghgphigrical aagarosabdrxina: tbitpsadn POIYRIME AL HIRly RChdamide, polyesters,
polycarbonates, polyamides, polypropylene, nylons, polydivinylidene difluoride, latex, polystyrene
latex, silica,l0(HSe, diasdtibercddidl piatinurhasingn cobpenriton, sdindssisedehfamitosticeh wafers,
polyethylene, polyethyleneimine, poly(lactic acid), resins, polysaccharides, proteins such as albumin,
carbon, RSP PP PSS HAUL L Sk el P thosiaespesd

composition; @il { %H%SQ;S&@ speqficngings- 109/l Fxamples of the shape.of las salid Garer

include, but not limited to, eaéis, magnetic beads, thin film%[,;%cgaplllary tubes, filters, plates,
microplates; cathainanetibrsi e d aeprorchips i fat folid casfes: suchasibimiibmsiandiglates may
be provided with pits, grooves, or filter bottoms, as is known in the art. [0071] In an embodiment of the
invention, baadi&msidnalyday sphesicandisneetbdigvtAeriange of about 25 nm to about 1 mm. In a
preferred em%%' ent, the beads may have a diameter in the range of about 50 pm to about 10 m.
The size of iz s-ray-be-Sttéet et £ '

3 Wwiich piotinyviated pr e rotinviated nrotenn Bein e, o Hrofein
C CU UTPDC U U U C JC aAlodJ C U N JU VV UU CA y

limitation, fo, gxampie. it /ae6e$e SNabhigh sensliyiv i dsieeion is desiad Reads amndssnrbgd
above can preferably be used as the solid carrier in the view point that the béads provide high
contacting frequency lbepneen thedatigetisilirstan cartebendelediedhanihtiae supstancetibat specifically
binds to the target substance, and that cleaning operation thereof is easy. [0073i?As a method for

producing aaritasH RIEHRbSIBE R BrséiHy rbteRs IS Bhurinsd biotamamy proteirctrd it

directly bouﬂgstgetgn %&Eggfé%d? SO0 \%Ilh‘{ '1“11% !:bé?\%f!gén-bg.gtih and a biotin-binding protein.

[0049] The carrier of the present invention can be produced by:

1) providing a carrier on which a biotin-binding protein is bound and providing a
biotinylated protein by biotinylating a protein that specifically binds to a substance to be
detected; and

2) binding the biotinylated protein to the carrier provided in step 1) through binding
between biotin and the biotin-binding protein to produce a biotinylated protein-bound carrier.
[0050] “Biotin™ is a generic name of D-[{(+}-cis-hexahydro-2-oxo-1H-thieno-(3,4)-
imidazole-4-valeric acid]. It is one of water-soluble vitamin categorized into a vitamin B
group, and is also referred to as vitamin B,, vitamin H, or coenzyme R.  Biotin very strongly
binds to avidin, one of the glycoproteins contained in egg white, so that its absorption 1s
prectuded. Thus, large dose of uncooked egg white may cause biotin deficiency disease in
SOme cases.

[0051] The term “biotin” throughout the specification includes iminobiotin (Hofmann et al.,
(1980}, Proc Natl Acad Sci USA, 77: 4666-4668), desthiobiotin (Hirsch et al., (2002), Anal

Biochem, 308: 343-357), and biotin analogs such as biocytin and biotin sulfoxide, in addition



binding protein is immobilized in advance may be purchased. Alternatively, a biotin-binding protein
~may be bound to a biotinylated carrier through binding between the biotin and the biotin-binding
protein. [0074] Direct binding of the biotin-binding protein can be performed, for example, by
hydrophobic bonding or covalent bonding. Alternatively, the biotin-binding protein may be directly
bound and immobilized to a microplate such as NEW, ELISA Plate kit (Sumitomo Bakelite Co., Ltd.)
according to the instructions attached to the kit. Aviéli}*l and streptavidin are commercially available
from, for example, Sigma. [0075]. In the case of the use of hydrophobic bonding, binding is achieved by
interaction BeHielS iR BraTsshasE Surface of the carrier and the hydrophobic moiety of the
biotin-bindi tei ific - 2. SOJUfi - ioti-hindi rotein into: gli ntact with
the surtace S oeder B e KR ramonor A Bt anc).
SpectraPlaig96etB ¢Peiddncaimey) o5 IReaatLBiog Ms9e-\WelhidialesyCornenioieh (ERGEY and is
allowed to stand for a predetermined time, so that the biotin-binding protein is bound and immobilized
on the carrie¥sby. the interaction between the hydrophobic moiety of the biotin-binding protein and the
hydrophobi orgon %f the carrier. 0076%)g/iegnwhile, irﬁ.the.cas of the .CO\ﬁaIent b dilgl .fu(?cé[ional
groups are Flbvided BR HFE QUr AL EPR AT oEP R0 R Ba e B e RE Rt BroLbE T iHe
olotin-binding pEIEIP. Fiob RN Anprsttansallies prRviAes Miiatiaus idnstiaal groups on
the surfaces are commercially available and can be preferably used. Nonlimiting examples of such
microplatesppsasigdediwith fiastionakgnoivps dmttiggstifaceinctuteambleicoanyiride; plates;e.g.,
Reacti-BindTm Maleic Anhydride Activated Polystyrene 96-Well Plates (PIERCE); activated amino
group plate8a. §¢ TeipREEIli @AMRAhBiNBdRikE M ates (Nunc); and carboxyl group plates, e.g.,
ELISA plateg%?i? type.C, flat bottom, Carbo) (Sumitomo Bakelite Co., Ltd). Nonlimiting
examples o c?? eads pro Pt functional groups on the surfaces include highly cross-linked
agarose beads, e-g-Aaeﬁfz%g?ﬁﬂM&%Eg ﬁﬁ&%%i@iﬁ?&%@ﬂ?@ﬁ)éﬁ?&blﬁ%ﬂ@@ﬁ@ feadlsi & Gnding
DynabeadsTM (Dynal). Linking between the biotin-binding protein and the solid carrier may be
performed geoartingd2iantpl thehinsisti oidndeattadine sk tepthei darrien @0 SPekificattyn but not limited
to, a protein can be bound to a solid carrier by a coupling process knowrﬁépersons skilled in the art

as follows. EBH&RsRple, GNBYABInERHrorirear Ha inkigid-aupiid el 8y d totthing rBaction
ofcarbory| gfoups xnoser.on e syifacecal U9l cauisr by moslsalon At i afgyos of the

biotin-binding profeln the presence of'a cro reagent, imethylaminopropyl)
carbodiimidg,(rRE). Alemativelyioa bistinainding wrateinds applige-tela sofidcarriesshaning a surface
active esterified with N-hydroxysuccinimide (NHS) in aubuffer solution not containing a primary amino
group and heeiftgrbl pHOOT 66000l &ssothind phefaatbp )l Grdupsion.thd belidosrérdngauaenthtie

amino groups of the biotin-binding protein. Alterngtivej%% mel(po groups of a biotin-binding protein can
be bound toaATHSGPRUFEE A AR ESIATeY L P eser éi B%P8Ss-linking reagent,

bis[su'fOSUCfga'@@' yﬂ%ﬂ%@%%%z?éh%ﬁ YRucemimidy! UReFAG (RSN ALRI 95AURS Bldieof,

biotin-binding protein can be nd to amino groups of a solid carrier surface using a cross-linking
reagent, N-sygininaidyd i3y rysidydeithia] prapionatedaP{dR) ien biotin-binding protein discovered
N-(4-maleimidobutyryloxy)succinimide (GMBS). [0078] Examples of a commercially available carrier

on which a Biotindsifidergushsesim id inmsbiliced menide BUP HARARESd fo Akivkapiaied. s(KEV s

ReactiBind T\, ptavidin Co Plates (PIERCE) and Nunc Sireptavidin Coated.96 Micro. WellTM
Plates (Nalglgﬂiggri)ﬁaacﬁmggﬁiest%‘beagse %’ﬁﬁ sg%f_\? ABEARES r@f&%paaéhé‘b 3\%‘ Tk %%}f&a?ﬁ%l 1
MagnaBind i SireatayidipBaads R & G- 004 BE The biotnhiding Rtedean aippdagiound to a
biotinylated carder through avidin-biotin binding as described above. That is, a biotin-binding protein is
bound to a HiatiftylatEétecarnet tatiiningthénfaet pratemamyeatibiotiefdiindingproteing dielietramers, and
then a biotinylated protein is further bound. [0080] An exemflary method of binding biotin to the carrier

involves use@navBistiAyiENEN reag¥ptiankiivisls oPRss BiotihyISie et meiGee BRI Rmited to,
EZ-Link (registered trademark) SulforNT.IS-Biotin (the length of the i . 32, ANGSLr , active
R B S S L R G VS DR

group: primar;%mein\é?lﬁer in e sa in IS mark

Sulfo-N HS‘L’E:tﬁi&gi’b@i%-6@88&1@9@,nﬂﬂmi@ryc@ﬂ@ﬁ}xgﬁﬁdﬂﬂ&Q&Qiét%@ﬁetf@ﬂ@fw@ID NO: 4 or

Sulfo-NHS-LCLC-Biotin (30.5 angstroms, primary amine), EZ-Link (registered trademark) PFP-Biotin

(9.6 angstrofiisQdmihg); &Z-Uiktkrfregisierethtratbmelk)\atsimidevPEOZ- Bialih ¢ 200 @Ay dtrdms, thiol

group), EZ-Link (registered trademark) Biotin-PEQ2 Amine (20.4 angstroms, carboxyl group), EZ-Link
5 e

(registered tAAEHAKS BISHIPEDES BOGRIHY BHF a6 ERY oty B2 Stéred
trademark) BioH1; 19, {150 ADYSHOMS: AdSAVIG IEOLRL &rkink (pgisterermdenak
Biotin-LC-H é%g%gg%% a g‘étl}oms, a%c?ehyde' roup), and EZ-Li k(registergeégtrademark) b
NIIS-Iminobiotin (13.5 angstroms, primary amine), which are available from PIERCE. [0081] Using
these biotinylation reagent, biotin can be bound to a desired carrier such a microplate, microbeads, or
a sensor chip by any known process. For example, various carriers having functional groups, such as

amino, carboxyl, thiol, tosyl, epoxy, and maleimide groups, and activated ester (for example, magnetic
haade <enharnce heade anarnce heade |atevy heade and microtiter nlatec) ran he 1iced Enr




[0082] Commercially available biotinylated carriers can also be used. Examples of the biotinylated
microplates include, but not limited to, ReactiBindTM Biotin Coated Polystyrene Plates (PIERCE).
Examples of the biotinylated microbeads include, but not limited to, magnetic beads, such as BioMag
Biotin (available from Polysciences); magnetic nanobeads, such as nanomag (registered trademark)-D
biotin and nanomag (registered trademark)-silica - 2)%% biotin available from Corefront; polystyrene

|

microbeads, such as Beadlyte (registered trademark) Biotin Beads (available from Upstate); agarose,

such as Biotin Agarose and. 2- iminobiotin-Agarose available from Sigma; and hjghly crqss:linked
agarose, sUéhi qu%ﬁﬁ’&rggglfh‘?ﬂﬁgﬁﬁﬁecﬂgﬁﬁg%ggﬁ?éﬁt%@ﬂr?dﬁ%?@é'ﬂ?dﬁ%i)%gﬁ?‘ﬁe length of
the ke DA e SRR IRpIUnG pUalerably aliad aargsiprs SRAIRIBRIRLErably al least
13.5 angstroms. 4] A biotin-binding protein-bound carrier can be produced by putting a
biotin-bindinge graigiaintasontastwitinsuiheob etinylated cavriess 1085 Bintinvlatecfmotdir In
the present invention, a biotinylated protein may be produced by binding biotin to a protein that
specifically #iriggavidiBubstance to be detected, and this biotinylated protein may be bound to a carrier

through bindj etween bjotin and a higtin-binding protein. [0086] The method of producing a
biotiny|ated?é5§t£\n \ijlvsgﬁa’f‘f}&?ﬁé? @Wﬁ%ﬁf& % %%éﬁ?ﬁ?]é? %“?fl -%J‘Ha%oa%%%lr%?é‘ﬁ ﬁ?%’t‘%%%cificany
binds to a substanceobedatecind using &Riatithahaling.iliR.g o Pi0t BBt REildnk me
(registered trademark) NHS-Lc-Biotin (PIERCE) and Biotin Labeling Kit-NH2 (DOJINDO MOLECULAR
TECHNOLQ&IESANG:Aliernatively [la Biotidylatednirodein griaytivebprdchigceg dylfusingitagene of a
protein that specifically binds to a substance to be detected with a DNA encoding a peptide comprising
a biotinylatellaedignesiddoAstidctinghs VeRIBrEEEIRG ﬂ?@%@’é&‘ﬁf‘eﬁ%’ﬁﬁﬂﬁl%&pré@é‘fng the

e oo A O IR BT IS RAERC AR RS GAAN AR S (1999)

J. Biol. Chefi, onlimiting“examples of s vectors include vectors including

BioEaseTM{ags ayalaplatom: Iﬂ‘ﬁf@%@ﬁbiﬁé@f@@iﬁlﬂegf thig spesificaliompnentthemscareRNATM

6 vector is used for mammalian cell expression, a pET 104 vector for E. col( expression, and a
pMT/BioEasaiveittaicioinbhasopitita mxioredsionce[008 cFamithersndres thatansthpel pheddgbps,
biotinylation of the earner described above also can be preferably used for biotinylation of a desired

protein. Thatish HHEtHBY HEHY U ROtFREHD H e Xde ht EarHe in it Bihs ERSeH &5 8§ finylation
reagent inclyde bt - 24 et Il 9, 7ok (egisirs agemarkL vl NS Riogn (e length

of the linker! 13 ahgstroms, the reactive group: primary amine, hereinafter the same order), EZ-Link
(registered adesmakiniHioshHS-LC-Biotin (22.4 angstroms, primary amine), EZ-Link (registered
trademark) Sulfo-NIS-LCLC-Biotin (30.5 angstroms, primary amine), EZ-Link (registered trademark)
PEP-Biotin (®®8hgsthensjarminejeEdoniralistgisenci tradenm and walksiiimiecPEOZIBISHTIG O 1
angstroms, thiol group), EZ-Link (reqi erequadema k). Biotin-PEO2 Amine (20.4 angstroms carboxyl
group), EZ-WW%?&%?%Q?&H@%H@ PEDETEIANT AR 6 ShgarbnidiEg O%S/}Sg(r%%'p),

EZ-Link (registeqed ademago.B oiindydrgzide 6bd.,anestamsm aoenvdsaioumedegoldity
(registered trademark) Biotin-LC-Hydrazide {24.7 angstroms, aldehyde group), and EZ-Link (registered

trademark) MErSHMminehiatire(3o ADYsr enesdprimary duine hrathich aftveonimer dallpeciditablenfrom
PIERCE. [0088] Using such a biotinylation reagent, biotin can be bound to a desired protein through
any known phsces®. T0D89] FeF eXmplecifF THE AR EHTTHE 8 BRECHIB R AR ¢ dalbrit EoraRfing

NS estr Bl sk B B ST AR AR HIOE BUSO) o phospra
Alternatively, i thecase ohihe iiss: of dbigindatian reagentrentaieing amine Greupsatifo acids.

The “one or more amino acids” refers to, but not limited to, 50 or less, preferably 40 or less,

30 or less, 20 or less, 10 or less, 8 or less, 5 or less, or 3 or less amino acids.

[0059] The variant of tamavidin 1 or 2 may also be a protein including an amino acid

sequence having a homology of 60% or more, preferably 65% or more, 70% or more, 75% or

more, 80% or more, 85% or more, 90% or more, 95% or more, 96% or more, 97% or more,

98% or more, or 99% or more, more preferably 99.3% or more to the amino acid sequence of

SEQ ID NO: 5 or SEQ ID NO: 7 and having biotin binding capability similar to that of



carboxyl group of a desired protein is converted into activated ester with carbodiimide such as
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydroxychloride (EDC), followed by addition of a
biotinylation reagent in a buffer solution (pH: about 5) to bind biotin to the desired protein. [0090] In the
case of producing a biotinytated protein using such a biotinylation reagent, the protein that is
specifically binds to a substance to be detected is preferably purified in advance. The purification may
be performed for an organism from which the proteih% originally derived or may be started after
expression of the protein by using genetic engineering in desired host cells by clonin%%ﬁene

encoding th@lﬁﬁé’fé‘iiﬁ ihty %H%@éﬁb’%@@ﬁ%@ﬁ?@ %Wa?ﬂ lo¥ SRS coHeding Gaaas &fian cells
(€-g., DUt ngpBREcRe B8l fRdl %Ve%saefggwgaﬂﬁsaé% QLD MARKEK:fasents such
as mouse, rat, Chinese hamster; and canine), insect cells (expression systems utilizing baculovirus
and Drosophia gystesi neast isabelhlantsarat@acillus subiilisc R efersed isHdealk, paddition,
established culture cell systems, for example, HE1C293, HelLa, HepG2, and 293T for human cells;
CHO, NIH3T8) andPCi2forcoteny telld 0081 COSHT) MDD wmdoVeraufaicothidpmmaimmaing cells;
and Sf9 and S2 for insect cells can be preferably used. Alternatively, the protein can be expressed
et Shiie i

using ceII-fr@é}é\;?prwBFf”'s%‘?gm@ ASG: B hév\ﬁ?‘?étéftog_e Whrat 8?_181?1% 8EHEett extract.
[0091] Pers@;‘}ﬁﬂ'@ﬁ/t@dﬁj LGP ARR ARERIEN E%'ﬁ‘é&@?éﬂli&as@ RVECIOFs SRR fordagtgells
used. [0092] The expressed protein can be purified’by any method well known to persons skilled in the
art, for exarmplg,, & combiaatiorsoh chremaagtaphiaprecessassseithas aplifapy ionsexciande
chromatography, hydrophobic chromatography, and gel-permeation chromatography or use of a tag

sequence foepurificagion. ieswerda eesssitediproesikebaSspadifitaliyindsto @ ghsiahctadlbe

detected may be expressed i st cells as E. colj or malian cells as a fusi rotein
with, for ex%b@gg}ugh@é@%@fé@%é @lﬁgll%@e‘}f:ﬁfﬁhﬁg @?&%’ :laelc]i%%ﬁj 03 iﬁha?ﬁ%@?g%in, a
chitin-bindir‘igeggp[ @f@éﬁﬁp@ggxin-binding protein, and the resulting protein may be purified by
affinity with glutathione, maltose, cellulose, chitin, or thioredoxin, respectively (for example, using a
glutathione-{@raobilized ocdlenpnyoPielmadary rirociycldihedfithbcacognitielssite wfed frptease into the
fusion site with the protein that specifically binds to a substance to be detected enables removal of the
tag sequencEBPFERMRY W?ﬁ‘fﬁ‘éeﬁ%ﬁeas)éhﬁﬁlﬁf GSEiflantEN . cAR bRelpratarss, RS weRHown to
persons skilled in the art,. such as enterokinase and Factor,Xa, gan be used. Alternativ he protein
may be puriﬁ%l%%ri}r?ana %i%%%?@t%‘bm 2 aat{ Ir}o]‘iljsé a{%ngl%r‘ﬁzgg nickel of & F}epe-(?g}‘cjt?l&r%{ %:tcl)jlﬁrgﬁ In
order to enhgngsythe pwsity, multipke fagsygenexfused o theipiateirthat spacificatohings to a

substance to be detected so that the protein is purified by a combined process. For example, a HisTag
and a biotinyated seqiisatenst Cleas B EBAS ECHvb{hawitrogempivay (D6 Blbad iMHelieimiiank ofithe - 26
- protein that specifically binds to a substance to be detected to ex%ssir%recombin nt pg{qotein in host
T.
a

cells, and thEPPRIFRENROP MK BEEBHornids AVSHEAY MerPEss HERSERFGRGH How affinity
avidin or lowaffini vidi : [ ) COlUmpy, 31 Bipdin.of bigtin lated rotein to
carrier In t%@gﬁs{%%%t%&g%%gg d;%tg%rkgga%l?é%%%%%%%o a ca%qr%?lthrough avidin-biotin binding by
providing a bigtiR-hiodifgdroteirkeuntdeentier gatalbiatinylates protginianttpulinglthem into contact
with each other. [0094] A crude cell homogenate extract containing a biotinylated protein is prepared in
a total proteifyleonesiveds, bansetdividsa s Detyagfrivotesinegiad Spreearss i ay DR8P mg/mL.
This extract is put into contact with a carrier fo which biotin-binding. protejn.i t 10C to 40C,
h ft g}VQY ?gﬁg%%?g?t

preferably 28148 38E 3PS YA 1 SR hrBISFABHY S0 RT R8 1er WWitRSthiS proc e biotinylated

protein is boypd;igReHiQta IR BHRUIGSRINIL T RYPACANSH I SXHRSSI QAL be
homogenate extract is preferably washed out in a buffer solution such as PBS or TBS containing
0.05% to 1%apreterablysthd %dd R vef@surfactant such as Tween 20. In the case of
performing the binding of a bioti%ated protein by putting a crude cell homogenate extract into contact

with a carriefO86&]allybpRAFERiFERRY PGB PAACHHRS YR SRAHESEE KA AR SFEIMARDPYiNENAln this

case, a separate purificatjon process is upnecessar (%89 Alternatively, a purified biotinylated
protein in a églsﬂ%ee%i?gt%ln o a(%f%%ﬁfﬁﬁf%%uﬁagt} mL m%;% egapL}f’ igr%’t%)ﬁc%)n % 1\/Sv€|P 3 %aarflr?éi%y\%v%ﬁ%%%

biotin-bindingtginds bosadJRERI3mAdsiienof Pidkegicrlsanpledo biotinylatediprateinbeund
carrier
computer program is a version 10.0 program “GAP”, Wisconsin package of Genetics
Computer Group (GCG, Madison, Wisconsin) (Devereux, et al., 1984, Nucl. Acids Res., 12

387). The use of the “GAP” program enables comparison between two amino acid



The method of the present invention includes, in step 3), mixing (a) a biological sample, and

(b) a cell homogenate extract prepared from cells of the same species as that of the host cells used for
expressing the biotin-binding protein, the protein that specifically binds to a substance to be detected,
and/or the biotinylated protein in step 1) and adding the mixture to the biotinylated protein-bound
carrier produced in step 2). - 27 - [0097] Addition of tﬁll_homogenate extract In a method of
detection using a canier, generally known approaches for reducing non-specific binding which causes
background signals are, for example, addition of a bacterium homogenate _extra’%fe%o a reagent for

detection (JENEIEBEFRHIS PR IBRTHRIA GH T U ChREAE TS HPShENFOF O AE Ceifits ¥ Sdple,
where a vecdt(%éﬁgltll}% 8 aﬁg&gi&st@g Hﬁ%i é&%g g% ﬁﬂg%gt_ion of a recombinant protein capable of

specifically binding to a substance to be detected and containing no gene encoding the protein is

introduced ifestiie ost:¢ells{ InbiaeHe43392 Ad 19860 land heat tiertiment-df fan agpaoysextract
from cells of the same species as that producing a recombinant protein capable of specifically binding
to a substartetiaylseed areseaet beithf canoritainerthis thedteinslidcd daition &f the weesrsblgbi fraction
to a sample, (JP. Puplication No, 2004-301646 A). [0098] The present jnventors have diligently studied
s, 25 10 G GPRE GO B S B e och e EABE I Sy 1 WA

protein for detectinn is houndito arcAISK hEoYgh Dinding hetwess bintin ande hioliasbinding protein.

Specifically, the present inventdrs have discovered that it is preferable to put a substance to be
detected inteoagriadt wiflinaicahienia tidpresente bidunii axhiirthemogsingtd extraitianpea, but it
biotin-binding protein. [0099] Cells from which a cell homogenate extract is derived are not preferably
limited, andigRahipiegtEereof are E. coli cells, yeast cells, mammalian cells, insect cells, and plant

lIs. Pref I t [ that of host cell d,f i biotin-bindi
orotein, the Pt (A HRAIE AN IR T & S DS ARR o Do TP HE Do
protein. For-example, dnsthe;saseot prepasing s iotindingingoprateiagthadratein dab sreckically

binds to a substance to be detected, and/or the biotinylated protein using E. coli, it is desirable to also
prepare the welhhomoedjEndie &kttadidfrdm kntaodin]fichexeagaaieMdpretisines tihe Bibtinybisdiag protein,
the protein that specifically binds to a substance to be detected, and/or the biotinylated protein in a

cell-free sysieitumhel cbn Homegeithtedashicsct LRER LR vsed irseek"6Hadtatiat anehiBistian af

desired buffglr solution. Fu&ther@ore fwo or more, cell Q mqg%?{%%%x ragis may k T]ngsgglgﬁggrding to

! LR 30k 7oy
the - 28 - combination of host cells used for 8)?5%3%[%19 the ing protein, the protein that

specifically biagdsi9 arsubstance tpdpe:detpiesipand/pkthe iptindated Pratain{RLae] Tl or
biotin-binding protein and/or the protein that specifically binds to a substance to be detected may be
extracted arrdppatifiadidrom, geltécoriginatyavinglthedeqiBbidins} tnsteath bisthedecbéinélyenetically

expressed. For example, in the case of using tamavidin as a biotin-Rinding pratein, a cell homogenate
extract of PIEUFEHiET ha&&gw&@(b&@%&?}&c ?amaﬁ;,%as&m@%%éé% Efr@ﬁée&&%mﬂ%ﬁﬁbn

s AR WSy Bl oA R BTt o
W110) is replaced with phenylalanine (F); and aspartic acid (12118) is replaced with glutamic
acid () or asparagine (N), preferably asparagine.

[0065] In the variant of tamavidin 2, preferably, four tryptophan residues (W69, W80, W96,
and W108) in the amino acid sequence of SEQ 113 NO: 7 are not modified. Alternatively,
when these amino acid residues are modified, the amino acid is preferably replaced with one
having a similar property or structure, for example, phenylalanine(F). In addition, it is
desirable that amino acid residues (N14, S18, Y34, 836, 876, T78, and D116) that probably
interact directly with biotin are also not modified.  Alternatively, in the modification of
these amino acid residues, the amino acid is preferably replaced with one having a similar

property or structure in order to maintain the binding with biotin. For example, asparagine

(N14) is replaced with glutamine (Q) or aspartic acid (D}, preferably aspartic acid; aspartic



[0101] The cell used for preparation of the cell homogenate extract may contain any vector, preferably
an empty vector. The empty vector is of the same species as that of the vector used in expression of
the biotin-binding protein, the protein that specifically binds to a substance to be detected, and/or the
biotinylated protein and does not contain a gene that encodes these proteins. The empty vector may
further contain any nucleic acid. Alternatively, the empéryw/ vector may be different from the vector used
in expression of the biotin-binding protein, the protein that specifically binds to a substance to be
detected, and/or the bjotinylated protein. [01_02]9@5 the cell homo%enate extract, any components

derived fromCe A5 tah HEBISERAWTHO BDHERO TV ESERRA DI, DBt oS SRR Ik Hbohydrate
inid: f i f P , f
Compo“e”tﬁa}é%'gn%@S%Em%%eiﬁﬁg%ﬂ%w LINeLeef G Bﬁe%%eﬁg Eéy ?%%{i/@?&é SRlPLle exEgets o

cells can be use genate extract can be prepare arlety of processes
without limitatieihihe gEN@kaihes|im Gkl er)ina Riapsr shitural medium-aseiRo MOy nize alegolubilized
by a physical means such as ultrasonication, a chemical means using a surfactant, or enzyme
treatment, andhthenngr Bxerdvtecanci prepimed asesheb mdennsoneamslisolbied bycoamituigdtion or

filtration. In order to prolong the storage life, preferably, the clear liquid prepared by, for example,

centrifugati@ﬁ‘l&ar“ﬁ‘[frﬁﬁtﬁjrﬁgﬂ%”i?é%‘%ﬁfﬂ%@_@)@ﬁfﬁgﬁé( pBtE4=8 Snhibitor or is heated, for example, in
an autoclaveip, sPRIERs, o deACNAIR WANONE CRANDES.s-A0in ARG AINALAGH R-CompengNts derived
from cells. The concentration of the cell homogenate extract can be varied depending on the strength

of occurringvacianspaeific/ reactivr4sid ymay be appropriately set in a range sufficient to absorb the
non-specific reaction. [0104] As a nonlimiting specific example of the method for preparing a cell

homogenaté08%ithct! ¢ theedsenofBarols ealiedHicednicanindinhminasie Sirahaaearsinepsshally
containing a gene encodli igtin-binding protein) are inoculated into an LB culture medium.
containing SNERIONE: SR Gt i e b MR by TS SR BT iy B BT Pk the
absorbance,gf G, 608 Eﬁ%%%ﬁc%@ef&%a%?é%fﬂgm&%@ torde m&&%%f@{ﬁpms%&ge% HLle S MM,
preferably 0.1 to 1 mM IPTG is added thereto; and then shake culture is further performed at 15C to
37C, preferahtyratt2bhtoidHiay foriRite hdeipreferablyferddstdubs fulcdhe hactehiakealls are collected
by centrifugation from the culture solution, are suspended in a desired buffer solution, and are
homogeniz&@PaiftER&&Atrifugation of the homogenized solution, the supernatant is collected as a crude

E. coli extract. [010 \Vty‘gen a biolo?gﬁggsgggrglz%d&f‘n%g% %’@E(%%%‘@-C?" homogenate extract, the

sample is reacted wi h,‘Huetrﬁbntllﬁ?nﬁ ed fo, e cellhomogenhate extract that has been prepared with

a desired buffer (whighpayssR@imuiosakample: BRAL SFa8INH or@ gommercially available blocking
agent) into a total protein concentration of 0.05 to 5 rng/mL, preferably 0.5 to 5 mg/mL, at 10C to 30C,
preferably, 20C to 30Cterlsmirr¢siduhpgtphefodblytd 0Min@o R MOV thedase of a serum as the
biological sample, the serum is generally diluted with the crude cell homogenate extract to 10 to

10000-fold, preferabl) 1603 06O 8T Brbidfapiy £6b S Bbb-fold. [0106] Addition of
biotin-bindinag(éagggﬂged with dhesmethod, of the .preseptinvgntion, the background signal level can be
finally suppressed by adding a biotin-binding protein to a biological sample. [0107] Such a
biotin-bindingpssieinmaypberdhd isame amovidifferantfrom the htinthineitg.dreteindoauditot tde
carrier. Either the wild type or a variant may be used. The biotin-binding activity of the variant may be
equivalent, Highethoetouweewsinpaged:to that of - 30 - the wild type. In an embodiment of the addition,

d f a biotin-binding. pratei ich. be. I i ofel nay b db
Genetic engincering MU A3 LA Lo LA e AR S AR St o, For
example, in gpofhen.embadiment A mutiee,ofaisarmp'e and-2 LRl Romadenalr exliad:-ayPpg dreated

with a carrier to which the biotin-binding protein is immobilized (for example, the mixture is passed
through a calurapipéstepidsi} sghstead etidirecidaddit GEQF XieMNiibtin-binding protein to the sample.

a modified biotin-binding protein (D40N-R104E) in which the aspartic acid residue
at the 40th site is replaced with a asparagine residue, and the arginine residue at the 104th site
is replaced with a glutamic acid residue, in SEQ 1D NO: 7;

a modified biotin-binding protein {D40N-K141E) in which the aspartic acid residue
at the 40th site is replaced with a asparagine residue, and the lysine residue at the 141st site is

replaced with a glutamic acid residue, in SEQ ID NO: 7; and



[0108] In the case of adding the biotin-binding protein to a crude cell homogenate extract, the final
concentration of the added biotin-binding protein is, but not limited to, Ito 500 pg/inL, preferably 10 to
100 Rg/mL The concentration of the biotin-binding protein when it is genetically engineered to be
expressed in the cells may also substantially be the same as above, but any other concentration is
acceptable. [0109] Alternatively, a gene encoding a higtin-binding protein is introduced into host cells
and is expressed, and a cell extract containing a biotin-binding protein obtained by homogenizing the
host cells may be used (step_b-ii). In this case, the biotin-bindirﬁﬁrotein maé.be expressed in a

desired host by a mictReH R DB RIRY BE RS e th e . ]n'ﬂl% Eh%’ Wh&%aﬁ%gﬁéﬂi%rotein
that specifically;binds, o zﬁgayg?éapggg}gegg Jelests 395'%\49% %Qﬁi?ér,etgcbé%l?}ﬂ@ d; RQIGIRIS Rypressed
by genetic engineering, the cell homobgenate extract is preferably derived from the same species as

that of the hogt;{@d 10t dn Mencasrehihaehiasthiging mdcolk B gepe-gacedingdhe Biotin-hinding protein
is incorporated into an expression vector and is introduced into E. coli, and the E. coli is cultured while

expression siprotdinig indlgeti CondittsrivformindiiedbniNélich as an expression vector and host E.

appropriate ' 11 Aldiorn-orbiotogiealsample to carrier A biological sample and a
cell homogenate exfragt,can, Be addedilag Garust pyanvmethed: fisHolagcat sampigadowever,
must come into contact with the cell homogenate extract during or before the contact of the biological
sample withitie earegik dibatisdtherk 3hitbielogieal sampie may ke putificsdiidientdantactayith the
cell homogenate extract, and components derived from the cell homogenate extract are not

necessarily ¢, tehikes earAel finaiye. tbglavsy Witk th e Vintogicapshivpleo rbiserayiiedes carrier to
which the cell homoggenate extract component is bound. may he prepared, and a biglogical sample may
e added 1 RIEBIORAF e N e ST LB Ep e VAR e R RS piologica
sample is alipyedioPass gueia celkhamaaenals SXiiARLEQRPORSRCQlNIN: k2] After the
addition, the biological’'sample and the cell homogenate extract are reacted with the carrier, but not
limited to, apdBEeI3RE ppietdiatuyeR0Ed0 30T ator BRid)intsidshpopreferabid S0 pritetosZunh [3113] 4.
Method of detection of substance to be detected The method of detection according to the
present inveifigRiBetatieh auhspipbinst Belkfatsbte P spEEHEAN BN MBI AE BidtALE 8 protein in
step 4). [0114] P [sQns lel{e{g in th a{tgn%ragﬂgo(éx)riateg Se]i?”cﬁm‘? method for detecting a substance
erties’of a desire n. Prefer

Six q siable composifion, NON-Sec 11128,
to be detected based on the properties’of a desired protei erreagexamples of such a method

include immunoessays: sthsaT anRzmRe: iitked JoHanURoROrERM @S IAY ABLIRAINEUBEgssandwich
ELISA)) and radioirnmunoassay (R1A); and other assays such as nucleic acid hybridization assay and
surface plasmgmresbeadcaehas ey safimn Basampte, thlvestggrsdsisreacpddanitadh oo batatde shand
specifically binds and interacts with a substance to be detected and that iz)sémmob'li ed by avidin-biotin

binding, the SStRER 0 BEPHREEEY TS oA FEPMAMERRITURBUSSHT TSI HHE NG for
example, an %glpegdgr ﬁé}&@%@&g HQ@QQH%S%%Q js;allowed to react with the antibody present in a

sample to bg tested, and the reaction product is detected by any method well known to persons skilled

in the art. FQuexampieadethsodasevberesthe sampletadamiested iscopbdarivathiieny huhan being,
the human antibody bound to the antigen is detected using an anti-human antibody. In this procedure,

the anti-huntangartiisbayis fabslsvahit & flueredoehpinarsadkhedimenbriradiendompe hareiahe

fluorescence, intensity, enzyme actiyity, or radiation dose is finally measured to indirectly measure or
it ol M AU I s B e b
antibody ag@i%gﬂgg%;gtﬁggj}ggg@cog &.aatigen is immobilized and is allowed to react with the

antigen present in a Sample to be tested, and an antibody against another epitope of the antigen is
further reactguWith tWetlamtigery. limthidqurdoe dusejhisisehordsy yhantihddyeagainst fhedetheti@pitope is
labeled as described above to indirectly measure the amount of the antigen. Alternatively, in the

nucleic acid HiTdiZatel axdespriber eRsrecaer %ﬁ@p%%@@%pg%%ﬁéb _ 14 CANE Sl S R &nerhl |
hundreds °rtﬁ%%’%ré’"tt%%E.S?Qﬂaﬁzgfgﬁogl‘%%%@%‘l{vejﬁ'&%ﬁ S “e%gl‘gﬁgr.‘g%g’g%lsc%@%%w ”6%%%8‘:%‘@8“0'6'0

acid to be detérmined s immo throug en biotin an [ nding protein. This'Is
reacted with & $aBRIA-ie:RetesieS SARtRAINNG RIDHCIBICRGIE: Iabsied witha Thuetessant maiefiRIOr
radioisotope, and the amount of the fluorescence or isotope is measured.

thereof is easy.

[0073] As a method for producing a carrier on which a biotin-binding protein is bound, the

biotin-binding protein may be directly bound to the carrier, or a carrier on which a biotin-



[0116] Any labeling well known to persons skilled in the art may be employed. Alternatively,

- commercially available fluorescence- or enzyme-labeled anti-human antibodies may be used.
Examples of the fluorescence labeling include labeling using, for example, fluorescein or rhodamine,
and labeling using a fluorescent protein such as a green fluorescent protein (GFP). Enzymes used for
enzyme labeling are, but not limited to, peroxidase, aé]%aline phosphatase, luciferase, and glucose ox
dase. Substrates for measurement using these enzyfmes are commercially available. For example,
TBA and substrates for chemiluminescence can be used for peroxidase. Examples of the radioisotope

include iodiREMBGER"SHE 12 FRIP RIS (Pt TRIPFEDS) PR RTLIm {31 HhE BhdSEBUS (32P) for
nucleic acids. 71.Th igen. or ' / 1k ' ical e
(specimen)dt%?:iéfrhlOj é% e%gﬁy%ég?c% g%%ﬁgy@g%%@ﬁ&%@ﬁ%@%ﬁﬁ@?ﬁ? é@ﬁﬁrﬁé@ g{’ﬁ%ﬁﬁ@ glreparation
(e.g., a stangrrehsamaple whaihealihyisubject or a typical patient in the case of clinical samples) using a
linear regression computer algorithm. Such assay for detecting an antigen or an antibody, for example,
ELISA is dig6l558d initscobialiieg af IBremstndndmeRegeatchimhe Mrdammechtior 2xamy3ge, (1088). [0118]
For example, in the case that the amount of the substance to be detecteq, e.g.,. - 33 - antibody, in a
biological SEHBRP B AAREHBEERE 7 51bRP BiBocy B B 1 Hehed LF ROR SRR RE B Riing

due to a biojpgical SAMMG,TUANLAB FELT, RELSRITAR 981N RiSeef Rackyiaund signalssye to

non-specific binding would be noticeable. Accordingly, the substance to be detected can be more

precisely degatmined by a@prepriatehe subiiesieking dhenbackgednd sighils frondthenmieaspreddialue.
Persons skilled in the art can appropriately determine the background signal to be subtracted
depending Giceaskestpiaiimarripbister. [T ESpRBIe XA e, an example of such an embodiment is a

"H M I-t 1 Il Goll IgG Antibod kit" tured by Chondrex),
which dotoctl D8 SSAy EgaThAT OB GBI RTSEBAVTE SOIHE N DAL B0 RGOl
(measured yalueof thersreopAan: anHRed% Rl Withe uhadditipnied Srkmis:sybdtastes drom the

measured value of a sample. [0120] In the case where the degree of non-specific binding due to a
biological sampimgsitoleas sé&pmifpel gerisdange, if trelbravnsubiiag phetdackgrount duedo the
non-specific reaction, as described in Example 2, the following embodiment is also effective: The

measured vaNAR YHEIdBE SEHRGIA S BIdtISke SMLT ARG GrotdiRthERgSE MY Binds to the
substance t@ be de d) is\not immohijlized. (h in, the section, tamavidin had Hegn, immobilized
Qe tﬁ&f}ageﬁ\ qgn pgglt]r%glﬁltg%ég}gl%eé% AN caf ofr(?t ac 1% B %e Sl

to the carriet' and bloc ng with BS n operated, and the serum (biological sample)

containing theant-GHEN RptiadYttesybsiance lohe detesiadin (hedialegicalcample) fas deen

added, as in the section where the 5111-1-1 antigen is immobilized) is subtracted from the measured
value at the watiiebodiwhighithe sibtingthted SiTdbiliandgentis ramobilizgy thteghdalmiviein. the
Preferably, the amount can be more ﬁrecise,ly determined by subtracting the measured value .in the

section whely &y e MBF R ARTBD R g FoLuaud By it EREIE" ALERRBSHG in
the case of SipL-d-1) from which.the: sarle s detiyed:ip JmmePilized (nonsiutng semple af the
immobilized protein is green fluorescent protein (GFP), for a mammalian organism). The procedure of
immobilizatigR:isuptparticusanyrlimiieds andopraferaldyithaiprateirvipbiatinylatedmbigdsnignmobilized
on a carrier on which a biotin-binding protein is immobilized, through binding between biotin and the
biotin-bindingrot@a. - gretekch bindpgsgoyrsiskillelcaine anovidedpptopatly desiipnahgrauedtthe
method of calculation as in above based on the properties of a.biglogical sample.and the
characteristit& ﬁ%ﬁﬁﬁ%ﬂﬁz‘*ﬁfé‘&%ﬁlfg@ V]alllﬁbe?en? 1&%%11%60‘&%&%&%%55&&:%% tlg 1%?%1egiﬁi%e€sxeelﬁlﬁ}16\§’ention
can specificaljy datect- a0 sRtbedy RRUING:R et AR e bR fRIRRIV: 38 Mhaleic anhydride

plates, e.g., Reacti-Bind"™ Maleic Anhydride Activated Polystyrene 96-Well Plates

(PIERCE); activated amino group plates, e.g., Immobilizer™-Amino Modules/Plates (Nunc);

and carboxyl group plates, e.g., ELISA plate MS-8796F (96 wells, type C, flat bottom,

Carbo) (Sumitomo Bakelite Co., Ltd). Nonlimiting examples of microbeads provided with

functional groups on the surfaces include highly cross-linked agarose beads, e.g.,

Sepharosem (GE Healthcare Biosciences); and magnetic beads, e.g., Dy“nabeadsTM {Dynal),

Linking between the biotin-binding protein and the solid carrier may be performed according



[0122] 11. Diluent for biological sample The present invention also provides an agent for diluting a
biological sample that is used in a system detecting a substance in the biological sample. [0123] The
diluent of the present invention includes 1) a cell homogenate extract and a biotin-binding protein,
or 2) a cell homogenate extract prepared from cells genetically engineered to express a
biotin-binding protein. [0124] This diluent is an ager]tZIP( diluting a biological sample prior to addition of
the biological sample to a carrier on which a bionnylated protein, the biotinylated protein being a
protein that specifically binds to a substance to be detected and has been biotinylated, is immobilized

through bin‘ﬂ’iﬁ}éﬁﬁﬂm‘é@i‘??ﬁcﬁwméoﬁﬁﬁi?ﬁ‘afﬁﬁing protein in a system detecting the substance in a
prological sample- pgggc%a@m?ﬁm%mgﬂqs,nj fne RIGSEOLIMENION ISR Elerably splected

depending uctionprocesses of the proteins immobilized on the carrier, that is, a
biotin-bindingupaigips arataithas specificaty indsie asustanee. tolhe deiegleda astiar a
biotinylated protein. [0125] Specifically, in a system for detecting a substance in a biological sample,
cells that afendingamesspevids: dstisdtiofrobrlasiis aidudefep exipres it the bistiPrBIAdiftgProtein, the

protein that specifically binds.to a sybstance to.be detected, and/or the biotinylated protein are
breforably (SO0 BRI T T 7 B0 i AVERUGHF Y EBACTATE) BB HANORAIRS extract

and a biotinshinding, profein. 4 bis.can e ysed o heamhediment Ahsien 3) Bk ameih

detecting a substance In a biological sample of the present invention. Alternatively, the - 35 - dil)uent
may contaiia)pedtetihomogenata rutradh pre parediromdielipgeneticalhpead inecyelidtoexpress a
biotin-binding protein. This can be used in the embodiment of step 3) (b-ii ._[012§ The "agent for
diluting a bibgiea saasreaciies 5t e Wobnd doidas et s (RS bid arpifdir) Pieteiss or may
be an agent for further diluting a cell homogenate extract together with a biological sample and
containivg & SHUEHICTEHHES STTARE DI LB B fretoaly BT ST A ERB g senim

diluent. [0128] ddiaKirrier skPR PIEREME IRMENION @b PrRVidRs A kib fardstacting askhsianes,in a

biological sample. The kit of the present invention includes: A) a carrier on which a biotinylated
protein, the dsiotin\gatepk priotdiiveihgdip gteirithedspe bificadydinds semepbstaredi tochaidetected
and has been biotinylated, is immobilized through binding between biotin and a biotin-binding_protein;
and surface using a cross-linking reagent, bis{sulfosuccinimidyl}suberate (BS3) or disuccinimidy
suberate (DSS), or thiol groups of a biotin-binding protein can be bound to amino groups of a
solid carrier surface using a cross-linking reagent, N-succinimidyl-3 [2-
pyridyldithio]propionate (SPDP} or N-(4-maleimidobutyryloxy)succinimide (GMBS).
[00781 Examples of a commercially available carrier on which a biotin-binding protein is
immobilized include, but not limited to, microplates such as Reacti-Bind™ Streptavidin
Coated Plates (PIERCE) and Nunc Streptavidin Coated 96 Micro Well™ Plates (Nalge
Nunc); and magnetic beads such as Dynabeads M-280 Streptavidin (Dynal) and
MagnaBind™ Streptavidin Beads (PIERCE).
[0079] The biotin-binding protein can also be bound to a biotinylated carrier through
avidin-biotin binding as described above. That is, a biotin-binding protein is bound to a
biotinylated carrier utilizing the fact that many of biotin-binding proteins are tetramers, and
then a biotinylated protein is further bound.
[0080] An exemplary method of binding biotin to the carrier involves use of a biotinylation
reagent. Examples of the biotinylation reagent include, but not limited to, EZ-Link

(registered trademark) Sulfo-NHS-Biotin (the length of the linker: 13.5 angstroms, the

reactive group: primary amine, hereinafter the same order), EZ-Link (registered trademark)



an agent for diluting a biological sample, including B-i) a cell homogenate extract prepared from
cells of the same species as that of the host cells used for expressing the biotin-binding protein, the
protein that specifically binds to a substance to be detected, and/or the biotinylated protein in step A),
and a biotin-binding protein, or B-u) a cell homogenate extract prepared from cells of the same
species as that of the host cells used for expressing biotin-binding protein, the protein that
specifically binds to a substance to be detected, and/6r the biotinylated protein in step A) and

genetically engineered to expres iotin-binding.protein. [0129] The ''agent for diluting a biological
sample” ma3 ngéﬂh(g‘rﬁ %ézgﬁﬁﬁ%{%ﬁ a 8%M%%Eﬂ;%?@ﬁ%%?%%%é&%ﬁrk gent for
further diluting @ calipmpeeRpif RS LIRIEIREL Witha-bigiogicaksample @nd canirining.a sgivent
such as a suitable buffer solution, commercially available cell diluent, or a serum diluent. EXAMPLES
[000] The presemidmveistioaiyiiroew, bedescribdd spaeifiealty by way afdhe itdlavidegP@xaniites; which
are not intended to limit the technical scope of the invention. Based on the - 36 - descriptions in the

specificatiofi2 Proahistiao s hinl erenyeb4viive Eppulrsed torpersoks Blafedth@darald duch

modifications and changes fall within the technical scope of,the i tion.. [0131] In Exam in the

Specificationt B ISR HERABb e HaA R G50 TTE B A et SR and

biotinylation,§ &Hﬁﬂ&%&ﬁi@%ﬁ%&éﬁ),'EZ%‘?&@@%&%&ME&%&Q@&&%_ 23HE(¢ Bl crude extract
c

obtained therefrom was directly reacted with a microplate on which tamavidin 2 (hereinafter referred to
as "TM2") isinpuobilizaddoyiingr-the fUSibh ipkoteipi te:the tmibroplabieR hnoud 1 taipdnadids 07dtin binding.
[0132] The resulting SITH-I protein-boundﬁlate was reacted with human serum diluted with an E. con
crude extradtEstPBIeAkiHBalo AT FRbINARTE S1ink Legiiprsdyrad amakd N EinbaiBobdpmerdially
available human serum does not.copt\%mc%nél-slll-l abr]gl%iofgéb ) fg&g!lutlons of rabbit anti-SITH-1

. : i 1 :
antibody (ar?f?g(serihor%l)g were added ts'the comFﬁear\(f%ﬁy avai uman serum, and the resulting

mixtures Weg@o%?d @s%&fﬁféé@%?&ﬁ?iﬁ%%%&%éﬁé e Pl anticSilluh antibery; rentainedsincthe human
serum. [0133] Example 1: Construction of vector for expression of fusion protein of SITH-1 and
biotinylationisegugnce BioEhsaltagk a sengogenp eyeodingoaviugioneprotdivheningla. BasPase tag
located at the N-terminal side of an SITH-1 protein was designed. Thi Bio}%ase tag is a peptide, tag
containing aC@a’aﬁE%he‘éneﬁaﬁlfgcﬂfam%ﬁ%ﬂwiﬁ%ﬁb@iimﬁ}gscfﬁgfﬁﬁlcﬁﬂysb@é »8&8%&8@ BAME a

living organism. The amino acid sequenc ioEases L fusion, Bratein is SBOWE:iR.nkQ 1D NO:
8, and the nficleoti él%sg%]tl%%é(geeiﬁ%ogﬁgr%gsﬁ%%]r%t%%gﬁs&é%%a%ﬁ "S%Q“IIF%EQN@O&Q& [0%34] i1, Design of
primer Inerdeide epnstiveiaBipErsEehid-Isédsiongenantissl, primersstos txmplifgingaan SITH-1
gene were designed. That is, a primer (SITHINtermGW-F) consisting of a DNA sequence encoding the
N-terminal rbtionyditam S1T2RR1 o mend Bipeiive S IFRRTERHCW AR ebRdistiAp GRANDNA

sequence encoding e Cel IO oo TR 5 & RIS DS SRG QISP PN 715 gostoned

and then may be added to an immobilization carrier having amino groups to bind biotin

thereto. In the case of the use of a biotinylation reagent containing amino groups, the
carboxyl groups on the immobilization carrier may be converted to activated ester using
carbodiimide such as 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide hydrochloride (EDC),
followed by addition of a biotinylation reagent dissolved in a buffer solution of pH of about 5
to bind biotin to the carrier.  The biotinylated immobilization carrier is preferably blocked
with BSA after inactivation of unreacted functional groups.

[0082] Commercially available biotinylated carriers can also be used. Examples of the
biotinylated microplates include, but not limited to, Reacti-Bind™ Biotin Coated Polystyrene
Plates (PIERCE). Examples of the biotinylated microbeads include, but not limited to,
magnetic beads, such as BioMag Biotin (available from Polysciences); magnetic nanobeads,

such as nanomag (registered trademark)-D biotin and nanomag (registered trademark)-silica



[0135] The primers for constructing a fusion gene of SITH-1 and Bio ase tag are - 37 - summarized in
Table 1. [0136] [Table 1] Primers for SETH-I gene amplification NameSequenceLength SETH |
NtermGW-FGGATATGAAGAAAAAGTGTC 20 mer SrEHICterinGW-RTTACACATTCATTTCAGTTT20
mer [0137] (SEQ ID NOs: 10 and 11) 1-2. PCR The SITH-1 region was amplified with the primers,
SITI-111NtermGW-F and SITH1CtermGW-R, using NA of an expression vector carrying the
SITH-1 gene (ORE) (SEQ ID NO: 2) with the FLAG?%g'(PCT/JP2008/67300) as a template. PCR
reaction was_ performed using a GeneAmp PCR System 9600 (PERKIN ELI\{/IEIEG? in.20 jx1_, of a

reaction solRiG6H RBRHARHG R SRS ERY DRSS 46 ReBsSr SHH P AV TSR 92 5 mM
dNTP (1.6 ' 2Q. [ . . i iti :
3 min once BT T B ST e B, e s o

result, a PGy praduch of dfdsbrwas 0o pined: dh38hd 13cKlloing-linked AeaBlid ) sh@ensobtained by
PCR was cloned into a vector, pPCR8/GW/TOPO (Inv trogen). A ligation reaction was perfoimed
according t&¢hbanst (et doie BiostrohebtohddloTise, DNA was introduced into E. coli TB | by

electroporation, and the plasmi A was extracted in a routine manner (Sambraqok et al., 1989,
Molecular d@ﬁ% mSﬁﬂ%ﬂgﬁ%ﬂgﬁr%‘ﬂé&ﬁ%ﬁf@ﬁﬁ%#ﬁ%ﬁd%@?ﬁ?ﬁﬁﬁﬁﬁ?&%nce of an insert
was confirn}j%%gﬂ_gﬁlgg@%%ge oMU rémggt(ﬂ'%m_g%‘an ABI PRISM fluorescent sequencer

(Model 310 Genetic Analyzer, Perkin Elmer) to determine its nucleotide sequence, which was then

confirmed tgdoave ng Pwdatisndmeemparisenwitb-iferseauenseoitbeé isesigrieg genen[0i38hd he
plasmid carrying the SITH-1 gene was used as an entry clone and subjected to a
protein into contact with such a biotinylated carrier.

[0085] Biotinylated protein

In the present invention, a biotinylated protein may be produced by binding biofin fo
a protein that specifically binds to a substance to be detected, and this biotinylated protein
may be bound to a carrier through binding between biotin and a biotin-binding protein.
[0086] The method of producing a biotinylated protein is not particularly limited, but biotin
may be bound to any protein that specifically binds to a substance to be detected using a
biotin labeling kit (e.g., but not limited to, EZ-Link (registered trademark) NHS-Lc-Biotin
(PIERCE) and Biotin Labeling Kit-NH2 (DOJINDO MOLECULAR TECHNOLOGIES
INC.)). Alternatively, a biotinylated protein may be produced by fusing a gene of a protein
that specifically binds to a substance to be detected with a DNA encoding a peptide
comprising a biotinylated sequence, constructing a vector expressing the fused gene, and
expressing the biotinylated protein as a fused protein with a biotinylated sequence in any host
(Schwarz et al., (1988). J. Biol. Chem., 263: 9640-9645). Nonlimiting examples of such
vectors include vectors including BioEase™ tags available from Invitrogen (Example 1 of
this specification). Among them, a pcDNATM 6 vector is used for mammalian cell
expression, a pET 104 vector for E. coli expression, and a pMT/BioEase vector for
Drosophila expression.
[0087] Furthermore, the method used in the biotinylation of the carrier described above also
can be preferably used for biotinylation of a desired protein.  That is, a method using a

biotinylation reagent can be employed. Examples of the biotinylation reagent include, but



- 38 - recombination reaction with pET104.1 destination vector (Invitrogen), an expression vector for a
BioEase tag-fused protein, using a Gateway System. The recombinant product was transformed into
'E. coli 1131 and the plasmid DNA was extracted. This plasmid was further transformed into E. coli
BL21 (DE3). The resulting E. coli colonies were each used as a template to amplify an insert gene
region by PCR with SITH1INtermGW-F and SITH1CtermGW-R to thereby confirm the presence or
absence of the insert gene. [0140] In the manner described above, a vector for B oEase tag-fused

SITH-1 protein expression, BioEase-SITH1/pET104.1, was ted. [0141] 1-4. E, coli expression
2. ot BL 2 (D) CAr O U P HEATONS S B OO A BT G54 AP o o
control) was necHlaied iR Fmedimdsll phhaniainpa AR Atkioke. amelalin(fiaal ggpeentration.
100 kig/mL) and cultured with shaking at 30C until'the absorbance at 0D600 reached 0.5. Then, | mM

IPTG was a@égdithetetadansithaEfctiHseis weiaifurtner anlutres syviihahakingat)30€-fdnb hr. The
cultured solution (50 mL) was centrifuged to collect the cells. The cells were suspended in 3 mL of 0.1

M HEPES/KOEi{sET imdsmgthcetrHombgeritdd bl iattrasthicagiotitonkie ombyantie wl< dénlrifuged

(15,000 rpm), and the resultin rpatant was used as an E. cali.crud tract. [Q142] T fi

the exprescl BV SR U P TEHAIT, BRI Eon i B PACH EPGES Blracts
were fractionpies iy SPPAGEAN AnabaRshiy WeSIIRHoing: i Wesieroiniind) detection of
BioEase tag-fused S1TH-1, rabbit anti-SITH-1 antibody (unpublished) and alkaline

phosphatasgilaheRH@ntrabb{l (pGaaptibady, (BiRAR)oneyeHSEd {Qi-AR} (Eve residisadie shown in
Fig. IA. A band of a%proximately 30 kDa, which was not found in the control, was detected from the

BioEase tagPfa§adSti Anppeddhg mesHmhisaehos Yh ascsimsttidny estisiat dHedsaretdhar

weight (28.6§,kDa) of BioEas -fused SITH-1..[0 44% Furthesmore, horseradish peroxidase-labeled
streptavidinq%\}gg%gg(? rlﬁzfn%fg%? 3%%%%3-1%%1% 6}8)5% 0 dete¢ nsg‘lalr%aqlsé? %r?es%ij < rgflel)i( hown in Fig.

LB. In the cenigh 1-CUy@lMRt 09 SigRalwas deteaiesh g{%@ﬁ%&y\@aﬁl@&k@@%@gi&a&aﬁé{w
proteins that react with streptavidin (i.e., appear to be biotinylated) were detected from the BioEase
tag-fused SINUSHmipebssing B. el orucis s yiractr yvmong) thdrnththe: gppendrand was fabhdftorhave
substantially the same size as the band detected by the former Western blotting. These results
indicated thgllﬁ%c&pression of biotinylated SITU-1 was successful. [0145] In addition to the above

tracts, f in the . . ' iti j - ext . d
e same o Her T o BB g BTG o I e A S SE BB e

culturing in the, peseRgeeb{0146] Example 2: ELISA detection of anti-SITH-1 antibody it human

Serm [0089] For example, in the case of the use of a biotinylation reagent containing NHS ester,
biotin is dissolved in an organic solvent such as a dimethyl sulfoxide (DMSO) or phosphate
buffer solution (pH: 7 to 9) and then may be added to a desired protein to be bound to biotin.
Alternatively, in the case of the use of a biotinylation reagent containing amino groups, the
carboxvl group of a desired protein is converted into activated ester with carbodiimide such
as 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydroxychioride (EDC), followed by
addition of a biotinylation reagent in a buffer solution (pH: about 5) to bind biotin to the
desired protein.
{0090] In the case of producing a biotinylated protein using such a biotinylation reagent, the
protein that is specifically binds to a substance to be detected is preferably purified in
advance. The purification may be performed for an organism from which the protein is
originally derived or may be started after expression of the protein by using genetic

engineering in desired host cells by cloning a gene encoding the protein into an expression

vector. Examples of the host cells include mammalian cells (e.g., but not limited to, cells



Purified TM2 was immobilized on a microplate using a New ELISA plate kit (Sumitomo Bakelite Co.,
Ltd., Japan). Immobilization was accomplished according to the instructions attached to the kit. [0147]
The BioEase tag-fused SITU-1 protein-expressing E. coli crude extract obtained in Example 1 was
adjusted to have a total protein concentration of 2 mg/mL with 0.1 M HEPES/KOH (pH 7.4), 100 uL of
which was then added to a TM2-immobilized plate (Sumitomo Bakelite Co., Ltd., Japan, New ELISA).
The plate was allowed to stand at room temperature for 1 hr to thereby bind the BioEase tag-fused
SITU-1 protein onto the TM2-immobilized plate through tamayvidin-biotin binding. Then, each well of

the plate WASTHASHEPWRHRAS SRR e B GO IATHG Y B BRiter b RIS TR &) thHeS Times,
folowed by ggtiongl.a st B TERL seuiar A vle AL 20 it pretvielk BRS it was

allowed to stand at room temperature fo ockeach we n, each well was washed with

TBST threestimas) [9d48] Them, albanseusmikpansSerraeal i smanidiactureddayiciosmo-Bio,
Inc.) was diluted 100-fold with PBS or pTrc99A-carrying or TM2/pTrc99A-carrying E. coli crude extract
(1 mg total seldBiehsrbteitimIcEbroptrsed ifo( tx4)ofl ExtRKRIE 2. - thél ppSidtingdsshdtioler fabiin
anti-SITH-1 antibody was added in serjal dilution to give volume ratios of 1/500, 1/1000, 1/20Q0,
7000, anchIB0B CHRLL e Sor i HBAL Gt - A L ar AR Y g e
added in a yolyme of 100/RL,13 e plate op,whichdbe Biokase fag:flsed SITU-A RLQISIN WeShe
immobilized through biotin-tarnavidin 2 binding, followed by incubation for 1 hr at room temperature.

It is expectegdhah the astihedidienimgarimiekibe-rabhinantit&hkHslnanihogw farsemim)igabout 50
times higher compared to the SITH-1 antibody titer in serum of a patient with a typical depression
(mood disoreterjchecardirghf seHatidg@Eample for serum of a patient with a typical depression can be
prepared by mixing 1/50 volume of rabbit anti-SITH-I antibody (antiserum) to a commercially available
uman serc U RERH HENGT. REAS! S R T RoT e TS A0 26 0E JSE B hbove
provide samplgs, sippilar to those when serum of depression patients are used after about 10 to 80
folds dilutions. Furthermore, to confirm the effect of TM2 in the E. colt crude extracts used for
serum dilutipi)% $ollHepxpaspiepateth iadrtainifudiigchiivia ahadfinall doncentratioscot SGIRg/ML in
PBS or in the above pTre99A-carrying E. coli crude extract. Human serum was diluted 100-fold with
this solutionilah§ t6itAer By S6RIBRAHBbRIAAHOSRtOR1RRNGHIYATSS SHERATREEMEY diition to
give volume ratios of 1/500, 1/1000, 1/2000 ]égpg@t,ognaqollsogp, as,in the case mentioned above.
These dilutiéng Were %Haeé mra ?/ofﬂﬁfe 6315)%8 RETo e ﬁlaatpe 6h“\7\‘/%%ﬁ loEase tag-fused SITU-1
was immobiligedy felawsd Ly inewratian fehdehtatdopim tRmReratures A8 a 6aRlele pratva-iRamobilized
plate on which nothing was bound was also blocked as described above. Human serum was diluted
100-fold witlsptve fezathe IRBE solutitstandh eodandetpitcd S chmying s ATreogActirsyiigELcoli

crude extract (1 mg total soluble protein/mL) as used above, or alternative{%g WitrI%the pgrified

TM2-suppleffrtE PBBBA thE GUMHE PAEEUBHle iR c 88 CAPR ARy Es S aude
extract, follo additi riglly. gliuted, rahhi i-S1TH-L anti ing dilutions were
added in a v%ﬁ%q%go%gl%%%%ﬁtoé%eg cbéqu]j‘thr% pIglt%ggllﬂ%%?%(l%két{'giﬂét?l?ggﬁ%}é%n-%}gﬁgﬁrﬁ}f%r 1 hr. [0149]
The thus preprieddxmBREaUFcsamples twhishMisse tildiadnaithyatisisdilyenfsmandaupplemented
with serially diluted rabbit anti-SITU-1 antibody, were each reacted with - 41 - the BioEase tag-fused
SITU- proteilwtathobifizew orsehecBattivr, dbitlowed hiowdeking aipscIBEY tHreexamBs. THEA 2to detect

each of the ragbbit anti-SITU- | antibody bound o SITU-1 and the human,lgG in serum which is
presumed t&%ﬁ%ﬂ%ﬁ@&fﬂ%ﬁfﬁ‘fﬁ%%@agﬁ TR AR 8?%%1?503%’(%§ﬁ08%?6t>}t(i)cri‘és§t§-?at)aeled goat
anti-rabbit 196G anfipody, andheraidaseiabeled. anat api-HnaneE-antibady seasknel which was
diluted 5000-fold with TBST, was added in a volume of 100 pi per well, followed by incubation for 1 hr
at room tempetatsceeTdhdss, reacivalell thasayastechedthy TRSTnthreehtihtesrad sperxigasdi activity was

detected. The activity was measured as follows: To each well, SuperSignal ELISA Pico
ChemilumindscistspisasatbomprbEyapastageedns sibid ety 260U ahavHkEdHEhNnd for 5

min at room temperature, followed by measuri Fe luminescence intensity with a plate reader Infinite
200 (TECAR RiOHE (4t id ke AR AL AL SLECHES e EHS A i 5 ot each
ConcentratiOgtpégﬁbbﬁ@ﬂﬁghl%%H%M@kéh@@%@tﬁ@ﬁﬂ%zﬁﬁmple:[ﬂ Srddheoragignwiherein the
TM2 plate on which BioEase tag-fused S1TH-1 was not immobilized, but which was blocked and
treated with hurignnsetipte carstaininbeaitSl Totiegntibodyhat ssshfcativdritrdsion). sSThetaraies dkthe
control section was subtracted from the luminescence intensity value of each BioEase tag-fused

SITU-1-immépthsed sedhsrihe RECtesURiR ATIOWAS URRHSY RS detbetet ARt BIdAs- 819 8-1
antibody contaiped,in the serum. Further, t raf| as G CILH eo%t?é( %@gg{%'!%-ﬁgpmhgelow to
compare thcgb é?%rg%%eé?asc? ‘%seenrcuenﬁu [ uat'%%l %r/a%l:o ii%v\é\{te%%e%) anﬁunt 'o? anti-SITU-1 émtibody ina
section containing anti-SITH-1 antibody at each concentration/Detected amount of anti-SITH-1
antibody in a section free from anti-SITU-1 antibody



[0150] The equation shows that the detection sensitivity is higher when S/N ratio is larger. [0151] The
results are shown in Figs. 2 and 3. The anti-S1TH-1 antibody contained in the serum showed
non-specific binding in most of the serum sections diluted with PBS, and a high level of luminescence
intensity was also detected in the sections free from anti-SITH-1 antibody. Moreover, this problem of
non-specific binding was not improved in the presence, of 50 ug/mL 1M2. In contrast, in the serum
sections diluted with the pTrc99A-carrying E. - 42 -¢ ﬁ crude extract or with the TM2/pIrc99A-carrying
E. coli crude extract or in the serum sections diluted with the pTrc99A-carrying E. coli crude extract

supplementBtPWith'BY FgRRcainbntihe SEBHERSR MY IALeSiBhCHEs i RO REBRORLFithout
addition of the N irody to.dr i redu ific_ bindj i As shown
in Fig. 3, thghsk}%{gﬁgslw%a{gp?ﬁ%é’ﬁéﬁf%%‘%% s i‘ﬁ%ﬁ%ﬁ%@%%ﬁ%ﬁégﬁ?g%@%@% E. coli
crude extrachsupplamented Wi bRRgMbw MBrandsircheseetiens, diluted sith fighe) column.
TM2/plrc99A-carrying E. coli crgq ex}rac. 0;3] hese results indicated that in the measurement

system usiny’@Fiv 2B H#usei®ITU-1 was immobilized, dilution of human
in

serum with a TM2- containin E.Co crude xtract allowed a reduction of npn-specific bind
Criaimating from the I AT Ty SHABT S BT T AT e

anti-SITU-1anghody. even:ald Wﬁéﬂ&%ﬁ&ﬂ&%&%@ﬁﬁb%@ldﬁ&%‘d'%lb&ﬁﬁﬁéﬁpﬁéﬁ 404541 SEQ
ID NO: 1: amino acid sequence of SITU- [0155] SEQ ID NO: 2: nucleotide sequence of SITH-1 ORE
[0156] SEQJRx i@ 1igsm ileatidaceadienschafil U-1 cDNA [0157] SEQ ID NO: 4: nucleotide
sequence of tamavidin 1 [0158] SEQ ID NO: 5: amino acid sequence of tamavidin 1 [0159] SEQ ID
NO: 6: nucldBfidél setygaiieecet tpmmdend o $8Te0] SR DK ObPiaMA seiide dtiereast tinmavidin 2

total protein content of, but not limited to, 0.1 mg/ml. to 5 mg/ml., preferably 6.2 mg/mL to 2

2
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mg/mL. This extract is put into contact with a carrier to which biotin-binding protein is
bound at 10°C to 40°C, preferably 20°C to 30°C, for 5 min to 2 hr, preferably 30 min to I hr.
With this procedure, the biotinylated protein is bound to the biotin-binding protein-bound
carrier. Subsequently, excessive crude cell homogenate extract is preferably washed cutina
buffer solution such as PBS or TBS containing 0.05% to 1%, preferably 0.1% to 0.3%, of a
surfactant such as Tween 20,

In the case of performing the binding of a biotinylated protein by putting a crude cell
homogenate extract into contact with a carrier, actually, purification and immobilization are
simultanecusly achieved. Accordingly, in this case, a separate purification process is
unnecessary.

[0095] Alternatively, a purified biotinylated protein in a concentration of 0.1 pg/ml.to 5
pg/ml. may be put into contact with a carrier to which a biotin-binding protein is bound.

[0096]1 3. Addition of biological sample to biotinylated protein-bound carrier

The method of the present invention includes, in step 3), mixing

(a} a biological sample, and

(b) a cell homogenate extract prepared from cells of the same species as that of the
host cells used for expressing the biotin-binding protein, the protein that specifically binds to
a substance to be detected, and/or the biotinylated protein in step 1)

and adding the mixture to the biotinylated protein-bound carrier produced mn step 2).



[0161] SEQ ID NO: 8: amino acid sequence of BioEase-SITH-1 fusion protein [0162] SEQ ID NO: 9:
nucleotide sequence encoding BioEase-SITH-1 fusion protein [0163] SEQ ID NO: 10: PCR primer
SITHINtermGW-F [0164] SEQ ID NO: 11: PCR primer surHiNtennGW-R - 43 - CLAIMS 1.A method

for detecting a substance in a biological sample, which comprises: ) providing a can-ier on which
a biotin-binding protein is bound and providing a biotinylated protein by biotinylating a protein that
specifically binds to a substance to be detected; ~ “2) binding the biotinylated protein to the carrier

provided in step_1) through binding{ between biotin and the biotin-binding protein to produce a
biotinylated!3F5tBin-4dHpR keI homogenalgextiant 5 piglogical sample, and (b-i) a cell
homogenate extractprepareoiran.cells ot Ihs SAME Spegies bhihg Poshes!is uzad Jar
expressing the biotin-bdlnd%ing pr%’te?n, the prolt'e n t%atlsﬁéi%cﬁﬁf Ibﬁ%ds tosapsu%stance 0 be ogetected,

and/or the higtnylatath prateity ivistepcihs anshakpietindineing protein cRhmple, Gadilch ¢glh homogenate
extract prepared from cells of the same species as that of the host cells used for expressing the

biotin-bindifgyieotein htnpqgrorinetizacs pe cifieedipbintdasisnhstaNeeSo b detettdd4nd/or the
biotinylated protein in_step 1) and genetically engineered to express a biotin-bindi rotein, and
adding tho AARLFE e M TGP ERE U CAA A B R 1 SRS 35 oo 3y ifecting
a SubStanC%SQ‘B&(E'HQ:’@&'YD%UHQ&POW& g'?é@mgrﬂrﬁ@&n capable of specifically binding to a

substance to be detected and containing no gene encoding the protein is introduced into the

host cells (JP No. H8-43392 A (1996)); and heat treatment of an agueous extract from cells of
the same species as that producing a recombinant protein capable of specifically binding to a
substance to be detected and not containing this protein, and addition of its water-soluble
fraction to a sample (JP Publication No. 2004-301646 A).

[0098] The present inventors have diligently studied and, as a result, have arrived at a
method of obtaining a noticeable effect in a system in which a protein for detection is bound
to a carrier through binding between biotin and a biotin-binding protein.  Specifically, the
present inventors have discovered that it 1s preferable to put a substance to be detected into
contact with a carrier in the presence of both a cell homogenate extract and a biotin-binding
protein.

‘[0099] Cells from which a cell homogenate extract is derived are not preferably limited, and
examples thereof are E. coli cells, yeast cells, mammalian cells, insect cells, and plant cells.
Preferred cells are the same species as that of host cells used for expressing the biotin-
binding protein, the protein that specifically binds to a substance to be detected, and/or the
biotinylated protein. For example, in the case of preparing the biotin-binding protein, the
protein that specifically binds to a substance to be detected, and/or the biotinylated protein
using E. coli, it is desirable to also prepare the cell homogenate extract from E. colt.  In the
case of expressing the biotin-binding protein, the protein that specifically binds to a substance
to be detected, and/or the biotinylated protein in a cell-free system, the cell homogenate
extract used can be used directly or as a suspension in a desired buffer solution.

Furthermore, two or more cell homogenate extracts may be used according to the



2. The method according to Claim 1, wherein step 3(b-i) in Claim 1 comprises adding a cell
homogenate extract extracted from cells comprising any vector, as the cell homogenate extract. 3.The
method according to Claim 1 or 2, wherein the biotin-binding protein is tamavidin or a variant thereof.
4.The method according to any one of Claims 1 to 3, wherein the biological sample is selected from
the group consisting of blood, serum, cerebrospinal flyjd, saliva, throat swab, sweat, urine, tear, lymph
fluid, semen, ascites, and mother's milk. - 44 - 5.An agent for diluting a biological sample, which
comprises: 1) a cell homogenate extract and a biotin-bi,ndé')ng protein, or

homogenatE BRI P AKsY Frolh Hefld YerBrssiydng iR P RS B EUS - 6}i’(§tf?{§)}%§iﬁ%tprotein. 6.A

it or detecting At SANSE L BOANER) SamBle, WENAYRTSE R e A EAITEr on which 2

biotinylated protein, tinylated protein being a protein that specifically binds to a substance to be
detected and hag beee bistnaiamisimmohilizeditareueh indingdhatwaBrbhidtinanshaspiatiabinding
protein; and an agent for diluting a biological sample, comprising B-i) a cell homogenate extract

prepared frimdsitis et they Semetespesiss dpunfedfithe kobs celnasedhfoiesPrassmeithe bistieasinding

pared oot e St o |
proten,the rgiein that specticaly bnds 0 spBsiance fo be getected andjor e pptiyled proten

biotin-binding protein, a cell homogenate extract of Pleurotus cornucopiae can be used.
Accordingly, the cell extract of the present invention includes a homogenate extract of cells
that originally contain a biotin-binding protein and/or a protein that specifically binds to a
substance to be detected.

[0101] The cell used for preparation of the cell homogenate extract may contain any vector,
preferably an empty vector. The empty vector is of the same species as that of the vector
used in expression of the biotin-binding protein, the protein that specifically binds to a
substance to be detected, and/or the biotinylated protein and does not contain a gene that
encodes these proteins. The empty vector may further contain any nucleic acid.
Alternatively, the empty vector may be different from the vector used in expression of the
biotin-binding protein, the protein that specifically binds to a substance to be detected, and/or
the biotinylated protein.

[0102] As the cell homogenate extract, any components derived from cells can be used
without limitation. For example, protein components, carbohydrate components, lipid
components of cells, or mixture thereof can be used. Preferably, soluble extracts of cells
can be used.

[0103] The cell homogenate extract can be prepared by a variety of processes without
Jimitation. In general, cells cultured in a proper culture medium are homogenized or
solubilized by a physical means such as ultrasonication, a chemical means using a surfactant,
or enzyme {reatment, and then an extract can be prepared as soluble components isolated by
centrifugation or filration. In order to prolong the storage life, preferably, the clear liquid
prepared by, for example, centrifugation or filtration is mixed with, for example, a protease

inhibitor or is heated, for example, in an autoclave to suppress or deactivate various enzymes



B-u) a cell homogenate extract prepared from cells of the same species as that of the host cells used
for expressing the biotin-binding protein, the protein that specifically binds to a substance to be
detected, and/or the biotinylated protein in step A) and genetically engineered to express a
biotin-binding protein. SEQUENCE LISTING <110> Japan Tobacco Inc. Virus lkagaku kenkyusho Inc.
<120> Method for detecting a substance in a biological sample <130> FA0392-09156 <140>
PCT/JP2010/055887 <141> 2010-03-31 <150> JP 2 %%9 087839 <151> 2009-03-31 <160>11
P e ative Components dextved Rom cclls, | The concenttiiion oF thé cell homogenate
extract can be varied depending on the strength of occurring non-specific reaction and may
be appropriately set in a range sufficient to absorb the non-specific reaction.
{0104] As a nonlimiting specific example of the method for preparing a cell homogenate
extract, in the case of E. coli cells, E. coli cells (which may contain a vector optionally
containing a gene encoding a biotin-binding protein) are inoculated into an LB culture
medium containing an antibiotic; shake culture is performed at 15°C to 37°C, preferably at
25°C to 37°C, until the absorbance at OD 600 reaches 0.1 to 2, preferably 0.25 to 1, more
preferably 0.4 to 0.6; 0.01 to 5 mM, preferably 0.1 to 1 mM IPTG is added thereto; and then
shake culture is further performed at 15°C to 37°C, preferably at 25°C to 37°C, for 2 to 24 hr,
preferably for 4to 16 hr.  The bacterial cells are collected by centrifugation from the culture
solution, are suspended in a desired buffer solution, and are homogenized. After
centrifugation of the homogenized solution, the supernatant is collected as a crude E. coli
exfract.
[0105] When a biological sample is mixed with a crude cell homogenate extract, the sample
is reacted with, but not limited to, a crude cell homogenate extract that has been prepared
with a desired buffer (which may contain, for example, BSA, casein, or a commercially
available blocking agent) into a total protein concentration of 0.05 to 5 mg/ml, preferably
0.5 to 5 mg/mL, at 10°C to 30°C, preferably, 20°C to 30°C for | min to 4 hr, preferably 10
min to 1 hr.  In the case of a serum as the biological sample, the serum is generally diluted
with the crude cell homogenate extract to 10 to 10600-»1"01&, preferably 100 to 1000-fold,
more preferably 100 to 500-fold.

[0106] Addition of biotin-binding protein

In the method of the present invention, the background signal level can be finally
suppressed by adding a biotin-binding protein to a biological sample.
[0107] Such a biotin-binding protein may be the same as or different from the biotin-
binding protein bound to the carrier.  Either the wild type or a variant may be used. The

biotin-binding activity of the variant may be equivalent, higher, or lower compared to that of



<400> 1 Met Gly Tyr Glu Glu Lys Val Ser Ala Thr Gly Lys Thr Arg Leu Lys 151015 lle Leu Ala Cys Leu
lle Val Leu lle Leu Ala Ala Ala lle Thr Met 202530 Leo Thr Leu Glu lle lle Ser Asn Gin Lys Arg Thr Thr
Thr Asp Leu 354045 Glu Ala Val Thr Val Ala Leu Lys His Val Ser Thr Ser Leu Ala Ser 505560 Cys Thr
Glu Ser Thr Thr Ser Val His Thr Asp Ser Val Thr Ser GIn 65707580 Pro Thr Lys Asn Lys Glu Ser Arg

Lys Lys lle Glu Gly Lys Ser Pro 859095 Ser Trp Val %n Ala Leu Thr Thr Ala Ser Gly lle lle Leu Leu
Phe I

the wild type. In an embodiment of the addition, powder of a biotin-binding protein (which
may be a naturally occurring protein or may be expressed by genetic engineering) may be
added to the sample directly or after its dissolution in a proper liquid. For example, in
another embodiment, a mixture of a sample and a cell homogenate extract may be treated
with a carrier to which the biotin-binding protein is immobilized (for example, the mixture 1s
passed through a column) (step b-1), instead of direct addition of the biotin-binding protein to
the sample.

[0108] In the case of adding the biotin-binding protein to a crude cell homogenate extract,
the final concentration of the added biotin-binding protein is, but not limited to, 1 to 500
pg/mL, preferably 10 to 100 pg/mL.  The concentration of the biotin-binding protein when
it is genetically engineered to be expressed in the cells may also substantially be the same as
above, but any other concentration is acceptable,

[0109] Alternatively, a gene encoding a biotin-binding protein is introduced into host cells
and is expressed, and a cell extract containing a biotin-binding protein obtained by
homogenizing the host cells may be used (step b-11). In this case, the biotin-binding protein
may be expressed in a desired host by a method well known to persons skilled in the art.  In
the case where a desired protein that specifically binds to a substance to be detected and/or a
desired biotinylated protein is expressed by genetic engineering, the cell homogenate extract
is preferably derived from the same species as that of the host.

[0110] In the case of the host being E. coli, a gene encoding the biotin-binding protein 18
incorporated into an expression vector and 1s introduced into E. coli, and the E. coli is
cultured while expression of protein is induced.  Conditions for induction, such as an
expression vector and host E. coli strains, culture medium components, IPTG concentration,
and culture temperature, can be appropriately selected.

[0111] Addition of biological sample to carrier

A biological sample and a ceil homogenate extract can be added to a carrier by any
method. The biological sample, however, must come into contact with the cell homogenate

extract during or before the contact of the biological sample with the carrier. That is, the



100105110 Cys lle Met Met lle Phe lle Thr Cys Ser Trp Thr Thr Glu Lys Asp 115120125 Thr Glu Lys
~Ser Glu Val Gin Ser Tyr Ala Ser Ser Val Glu Thr Leu 130135140 Asp Ser Leu Asn Glu Ala lle lle Pro
Lys Thr Glu Met Asn Val 145150155 <210> 2 <211> 480 <212> DNA <213> Human herpesvirus 6
<400> 2 atgggatatg aagaaaaagt gtcagctact ggaaagactc gtttaaagat actggcatgt60 ctgatcgttt taatactagc

tgcggcaata actatgttaa cgctggaaat tatatcgaacl20 31 -
biological sample may be put into sufficient contact with the cell homogenate extract, and
components derived from the cell homogenate extract are not necessarily added to the carrier
finally, together with the biological sample. For example, a carrier to which the cell
homogenate extract component is bound may be prepared, and a biological sample may be
added thereto, and the treated sample may be used.  Specifically, in an embodiment, the
biological sample is allowed to pass through a cell homogenate extract component column.
[0112] After the addition, the biological sample and the cell homogenate extract are reacted
with the carrier, but not limited to, at 10°C to 30°C, preferably 20°C to 30°C, for 10 min to 4
hr, preferably 30 min to 2 hr.

[0113] 4. Method of detection of substance to be detected

The method of detection according to the present invention detects a substance to be
detected specifically bound to the biotinylated protein in step 4).
[0114] Persons skilled in the art can appropriately select the method for detecting a
substance to be detected based on the properties of a desired protein.  Preferred examples of
such a method include immunoassays such as enzyme-linked immunosorbent assay (ELISA,
including sandwich ELISA)) and radioimmunoassay (RIA}; and other assays such as nucleic
aci& hybridization assay and surface plasmon resonance assay. After a sample to be fested
is reacted with a substance that specifically binds and interacts with a substance to be
detected and that is immobilized by avidin-biotin binding, the substance to be detected is
detected.
[0115] In the immunoassay for measuring, for example, an antibody, an antigen is
immobilized and is allowed to react with the antibody present in a sample to be tested, and
the reaction product is detected by any method well known to persons skilled in the art. For
example, in the case where the sample to be tested is one derived from human being, the
human antibody bound to the antigen is detected using an anti-human antibody.  In this
procedure, the anti-human antibody is labeled with a fluorescent material, enzyme, or
radioisotope, and the fluorescence intensity, enzyme activity, or radiation dose is finally

measured to indirectly measure or determine the amount of the antibody. When the



caaaaacgta ccactactga tctcgaagct gtgactgtgg cgctgaagca tgtaagcacal80 tctcttgcca gctgcactga
atccactact tctgtacata ccgattctgt gacgagccaa240 cccacgaaaa acaaagaatc gaggaaaaaa attgaaggga
aatctccaag ttgggttcag300 gctttaacta cagcatctgg aattatccta ctgttttgta taatgatgat attcattaca350 tgttcctgga
ccacagaaaa agatacagag aagagtgaag tgcaatctta tuttcttca420 gtagagactt tagactcttt aaatgaggct
attataccga aaactgaaat gaatgtgtaa480 <210> 3 <211> 1795 <212> DNA <213> Human herpesvirus 6

<400> 3 aggctctgct ggaggcetctg ctggaggcct tgctgaaggc tctgetggag gecctgetgg60 agetcttget ggaggctetg

ctggaggctc tgctggaggc tctgctggag getctgetggl20
dgadg s%bs gnc%qo be %etgrgmi%gd is a% a% 1gen, an antibody against one site (epitope) of the antigen

is immobilized and is allowed to react with the antigen present in a sample to be tested, and
an antibody against another epitope of the antigen is further reacted with the antigen.  In this
procedure, this secondary antibody against the other epitope is labeled as described above to
indirectly measure the amount of the antigen.  Alternatively, in the nucleic acid
hybridization assay, a nucleic acid composed of several tens of nucleotides to several
hundreds or several thousands nucleotides and having a sequence region complementary to a
nucleic acid to be determined is immobilized through between biotin and a biotin-binding
protein. This is reacted with a sample to be tested containing a nucleic acid labeled with a
fluorescent material or radioisotope, and the amount of the fluorescence or isotope 1s
measured.

[0116] Any labeling well known to persons skilled in the art may be employed.
Alternatively, commercially available fluorescence- or enzyme-labeled anti-human antibodies
may be used. Examples of the fluorescence labeling include labeling using, for example,
fluorescein or rhodamine, and labeling uvsing a fluorescent protein such as a green fluorescent
protein (GFP). Enzymes used for enzyme labeling are, but not limited to, peroxidase,
alkaline phosphatase, luciferase, and glucose oxidase. Substrates for measurement using
these enzymes are commercially available. For example, TBA and substrates for
chemiluminescence can be used for peroxidase. Examples of the radioisotope include
iodine ("*°I and "'}, carbon (**C), sulfur (°S), and trittum (°H), and phosphorus (**P) for
nucleic acids.

[0117] The amount of an antigen or an antibody present in the biological sample (specimen}
can be readily calculated by comparison with the amount present in a standard preparation
(e.g., a standard sample of a healthy subject or a typical patient in the case of clinical
samples) using a linear regression computer algorithm. Such assay for detecting an antigen
or an antibody, for example, ELISA is disclosed in lacobelli et al., Breast Cancer Research
and Treatment, 11: 19-30 (1988}.

[0118] For example, in the case that the amount of the substance to be detected, e.g.,



aggctctgct ggaggctctg ctggaggctc tgtcagagac ctcggtgaaa gttttactcal80 gaggtttatc agagttttcg ccattagttt
ggttagaagt ttcagattta ttttcggtgg240 aactgcagtt aggtttcatg tcagtacatt catcaccgtt agaagtgcla
ttcatggtgc300 tgttgccact gttggatttg ttaaaagcag taaatgagct aggattggaa tgactccgaa360 tagctaataa
atttgagcat tttcttcgaa tggatcataa tcagagggat agccatctaad20 tttaaagact tccattttat cactgttgca atcacttcta
atggagtatc tggatacatt480 ttttctacat ctttttcatc ccctccaacg tggatetgtg cagcgttaat aagccageggs40
agttaattaa atcgtcttcc atgttagaca gttcctgttt catggcagcc actgatgGOO caccaatact ttggatgcaa gtgccaacgg

t t tgt tattct660 ttt t t ccttctt tt
Catictioga 7 20 AHUDHES RILAAGSErUiGOAIUAL Ao Sleabsd ok eBADH ldaa AR ot egeitca
aaggacacal gagacisRgRdIE! &@t@gma gﬁ%ﬁ 48 mceac s AR

aaggagatta ccaccaccacQOO ctctttcttt gcagagatta ttctctgctt gaaaatctgt aacactgatc atgatgggat960
background signals due to non-specific binding would be noticeable.  Accordingly, the

substance to be detected can be more precisely determined by appropriately subtracting the
background signals from the measured value. Persons skilled in the art can appropriately
determine the background signal to be subtracted depending on each experimental system.
[0119] For example, an example of such an embodiment is a “Human/Monkey anti-type 1
and type II Collagen IgG Antibody assay kit” (manufactured by Chondrex), which detects an
antibody against collagen present in serum. In this kit, the background value (measured
value of the secondary antibody only without addition of serum) is subtracted from the
measured value of a sample.

[0120] In the case where the degree of non-specific binding due to a biological sample,
such as serum, per se is large, in order to subtract the background due to the non-specific
reaction, as described in Example 2, the following embodiment is also effective:  The
measured vahue in the section where a biotinylated SITH-1 antigen (protein that specifically
binds to the substance to be detected) is not immobilized (however, in the section, tamavidin
had been immobilized to the carrier, and blocking with BSA or the like has been operated,
and the serum (biological sample) containing the anti-SITH-1 antibody (the substance to be
detected in the biological sample) has been added, as in the section where the SITH-1 antigen
is immobilized) is subtracted from the measured value at the carrier on which the biotmylated
SITH-1 antigen is immobilized throagh tamavidin.

Preferably, the amount can be more precisely determined by subtracting the
measured value in the section where any protein of which antibody 1s not possessed by an
organism {e.g., human being in the case of SITH-1) from which the sample is derived is
immobilized (a non-limiting example of the immobilized protein is green fluorescent protein
(GFP), for a mammalian organism). The procedure of immobilization is not particularly
limited, and, preferably, the protein is biotinylated and is immobilized on a carrier on which a

biotin-binding protein is immobilized, through binding between biotin and the biotin-binding



atgaagaaaa agtgtcagct actggaaaga ctcgtttaaa gatactggca tgtctgatcgl020 ttttaatact agctgcggca
“ataactatgt taacgctgga aattatatcg aaccaaaaacl080 gtaccactac tgatctcgaa gctgtgactg tggcgctgaa
gcatgtaagc acatctcttg1140 ccagctgcac tgaatccact acttctgtac ataccgattc tgtgacgagc caacccacgal200
aaaacaaaga atcgaggaaa aaaattgaag ggaaatctcc aagttgggtt caggctttaal260 ctacagcatc tggaattatc
ctactgtttt gtataatgat gatattcatt acatgtccct1320 ggacc: 292 aaaagataca gagaagagtg aagtgcaatc
ttatgctcct tcagtagagal380 ctttagaccc tttaaatgag gctattatac cgaaaactga aatgaatgtg taatgtctgt1440
atttttcttt acagagatgt acggagagtt tatatttggg gaaaatacct gactgttctg1500 cctatatgcg aatgttaaag tatgtataat
ataaattctt aBtttftdag agtgattcaal560 ggtggaggtt tetttggaga ttgattccag gtggtggttt cgggtgcaat

caatctict]620 (c00gegaf ARARAAISH: SUCBASHAR IAAOR A AARLER Ao BraRRd 090 ogtaaat

taaatgtgaa cagtataaat tctttcgtgc ttatcaaatt acaa gcatgaaaat atcattaaat tgttttaaac attcttaaaa
aaaaaaaaadafaa@adySbin above based on the properties of a biological sample and the characteristics

of an antibody used.
[0121] The method of detection according to the present invention can specifically detect an
antibody having a low antibody titer in, preferably, serum.
[0122] I1I. Diluent for biological sample

The present invention also provides an agent for diluting a biological sample that 1s
used in a system detecting a substance in the biclogical sample.
{01231 The diluent of the present invention includes

1) a cell homogenate extract and a biotin-binding protein, or

2) a cell homogenate extract prepared from cells genetically engineered to express a
biotin-binding protein.
[0124] This diluent is an agent for diluting a biological sample prior to addition of the
biological sample to a carrier on which a biotinylated protein, the biotinylated protein being a
protein that specifically binds to a substance to be detected and has been biotinylated, 1s
immobilized through binding between biotin and a biotm-binding protein in a system
detecting the substance in a biological sample. The composition of the diluent of the
present invention is preferably selected depending on the production processes of the proteins
immobilized on the carrier, that is, a biotin-binding protein, a protein that specifically binds
1o a substance to be detected, and/or a biotinylated protein.
[0125] Specifically, in a system for detecting a substance in a biological sample, cells that
are the same species as that of host cells used for expressing the biotin-binding protein, the
protein that specifically binds to a substance to be detected, and/or the biotinylated protein
are preferably used.
[0126] The diluent of the present invention may contain 1) a cell homogenate extract and a
biotin-binding protein.  This can be used in the embodiment of step 3} (b-1) in a method for

detecting a substance in a biological sample of the present invention.  Alternatively, the



<210> 4 <211> 432 <212> DNA <213> Pleurotus cornucopiae <220> <221> CDS <222>(1)(432)
<223> <400> 4 atg aaa gac gtc caa tct ctc etc ace gga ace tgg tac aat gaa etc48 Met Lys Asp Val Gin
Ser Leu Leu Thr Gly Thr Trp Tyr Asn Glu Leu 151015 ggc tea aca atg aat ttg act gca aat aaa gac ggt
tcg ctc ace gga96 Gly Ser Thr Met Asn Leu Thr Ala Asn Lys Asp Gly Ser Led Thr Gly 202530 acg tac
cac tee aac gtc ggc gag gtt ccc cca act tat cac ctt te_I]34§4_

diluent may contain 2} a cell homogenate extract prepared from cells genetically engineered
to express a biotin-binding protein.  This can be used in the embodiment of step 3) (b-ii).
[01271 The “agent for diluting a biological sample” may be a cell homogenate extract itself
(and biotin-binding protein) or may be an agent for further diluting a cell homogenate extract
together with a biological sample and containing a solvent such as a suitable buffer solution,
a commercially available cell diluent, or a serum diluent.

[06128} III. Kit

The present invention also provides a kit for detecting a substance 1n a biclogical
sample. The kit of the present invention includes:

A) a carrier on which a biotinylated protein, the biotinylated protein being a protein
that specifically binds to a substance to be detected and has been biotinylated, 1s immobilized
through binding between biotin and a biotin-binding protein; and

an agent for diluting a biological sample, including

B-i) a cell homogenate extract prepared from cells of the same species as that of the
host cells used for expressing the biotin-binding protein, the protein that specifically binds to
a substance to be detected, and/or the biotinylated protein in step A), and a biotin-binding
protein, or

B-ii) a cell homogenate extract prepared from cells of the same species as that of the
host cells used for expressing the biotin-binding protein, the protein that specifically binds to
a substance to be detected, and/or the biotinylated protein in step A) and genetically
engineered to express a biotin-binding protein.

[01291 The “agent for diluting a biological sample™ may be a cell homogenate extract itself
(and biotin-binding protein) or may be an agent for further diluting a cell homogenate extract
together with a biological sample and containing a solvent such as a suitable buffer solution,

commercially available cell diluent, or a serum diluent.

EXAMPLES

[0130] The present invention will now be described specifically by way of the following

examples, which are not intended to limit the technical scope of the invention. Based on the



Thr Tyr His Ser Asn Val Gly Glu Val Pro Pro Thr Tyr His Leu Ser 354045 ggc egg tac aac etc cag ccc
“ccc tcg ggt caa ggc gtt act ctg ggal92 Gly Arg Tyr Asn Leu Gin Pro Pro Ser Gly GIn Gly Val Thr Leu
Gly 505560 tgg gcg gtg tct ttc gaa aac act agt gcg aat gtt cat tct gtc tca240 Trp Ala Val Ser Phe Glu
Asn Thr Ser Ala Asn Val His Ser Val Ser 657075BO aca tgg age ggg cag tac ttc tct gaa ccc gcc gag
gtg ate etc ace288 Thr Trp Sr Gly GI n Tyr Phe Ser Glu Pro Ala Gl u Val lle Leu Thr 859095 cag tgg
ctg ttg tea agg age tct gag cgc gaa gat ttg tgg cag tee336 Gin Trp Leu Lee Ser Arg Ser Ser Glu Arg

Glu Asp Lee Trp GIn Ser 100105110 ace cat gt cat gat gag ttc.age aag aca aag cca ace aa
gag38 f desmpiptions 1n the specification, modl%ga 1%%5 andgﬁla%ggs will be ap;garent to p%rsons g

skilled in the art, and such modifications and changes fall within the technical scope of the
invention.

[0131] In Examples in the specification, a fusion protein between a human herpes virus 6
(HEV-6)-derived SITH-1 protein and a biotinylation sequence (BioEase tag, Invitrogen) was
expressed in E. coli, and an E. coli crude extract obtained therefrom was directly reacted with
a microplate on which tamavidin 2 (hereinafter referred to as “TM2”) is immobilized to bind
the fusion protein to the microplate through tamavidin-biotin binding,

[0132] The resulting SITH-1 protein-bound plate was reacted with human serum diluted
with an E. coli crude extract (supplemented with rabbit anti-SITH-1 antibody; in this test,
since a commercially available human serum does not contain anti-SITH-1 antibody, serial
dilutions of rabbit anti-SITH-1 antibody (antiserum) were added to the commercially
available human serum, and the resulting mixtures were used as specimens) to measure the
titer of anti-SITH-1 antibody contained in the human serum.

[0133] Example 1: Construction of vector for expression of fusion protein of SITH-1 and

biotinvlation sequence BioEase tag)

A gene encoding a fusion protein having a BioEase tag located at the N-terminal
side of an SITH-1 protein was designed. This BioEase tag is a peptide tag containing a
sequence that is biotinylated in vivo (in this case, E. coli) by a biotinylation enzyme in a
living organism. The amino acid sequence of a BioEase-SITH-1 fuston protein is shown in
SEQ ID NO: 8, and the nucleotide sequence encoding the protein is shown in SEQ ID NO: 9.
[0134] 1-1. Design of primer

In order to construct a BioEase-SITH-1 fusion gene, first, primers for amplifying an
SITH-1 gene were designed.  That is, a primer (SITH1NtermGW-F) consisting of a DNA
sequence encoding the N-terminal region of an SITH-1 protein and a primer
(SITH1CtermGW-R) consisting of a DNA sequence encoding the C-terminal region of the
SITH-1 protein in the reverse direction were designed.

[0135] The primers for constructing a fusion gene of SITH-1 and Biokase tag are



Thr His Val Gly His Asp Glu Phe Ser Lys Thr Lys Pro Thr Lys Glu 115120125 3 aag att gcc cag gct
“caa ctc ctt cgt cgc ggg ttg aag Ito gag tga432 Lys lle Ala Gin Ala Gin Leu Leu Arg Arg Gly Leu Lys Phe
Glu 130135140 <210> 5 <211>143 <212> PRT <213> Pleurotus cornucopiae <400> 5 Met Lys Asp
Val Gin Ser Leu Leu Thr Gly Thr Trp Tyr Asn Clu Leu 151015

237 -

sumimarized in Table 1.

[0136] [Table 1]

Primers for SITH-1 gene amplification

Name Sequence Length

SITHINtermGW-F GGATATGAAGAAAAAGTCGTC 20 mer
SITH1 CtermGW-R TTACACATTCATTTCAGTTT 20 mer
[0137] (SEQ ID NOs: 10 and 11}

1-2. PCR

The SITH-1 region was amplified with the primers, SITHINtermGW-I and
SITHI CtermGW-R, using a DNA of an expression vector carrying the SITH-1 gene (ORF)
(SEQ 1D NO: 2) with the FLAG-tag (PCT/JP2008/67300) as a template. PCR reaction was
performed using a GeneAmp PCR System 9600 (PERKIN ELMER) in 20 pl. of a reaction
solution containing a template DNA (500 ng), 10 x ExTaq buffer (2 uL, TaKaRa), 2.5 mM
dNTP (1.6 uL), primers (20 pmoles each), and 5 U/ul. ExTaq (0.1 pL) under reaction
conditions: 96°C for 3 min once, (95°C for 1 min, 60°C for 1 min, 72°C for 2 min) x 20
cycles, and 72°C for 6 min once.  As a result, a PCR product of 477 bp was obtained.
[0138] 1-3. Cloning

The SITH-1 gene obtained by PCR was cloned into a vector, pCR8/GW/TOPO
{(Invitrogen). A ligation reaction was performed according to the instruction attached to the
vector kit.  The DNA was introduced into E. coli TB1 by electroporation, and the plasmid
DNA was extracted in a routine manner {(Sambrook et al., 1989, Molecular Cloning, A
laboratory manual, 2nd edition). Each plasmid for which the presence of an insert was
confirmed was analyzed with M13 primers (TaKaRa) and an ABI PRISM fluorescent
sequencer (Model 310 Genetic Analyzer, Perkin Elmer) to determine its nucleotide sequence,
which was then confirmed to have no mutation in comparison with the sequence of the
designed gene.

[0139] The plasmid carrying the SITH-1 gene was used as an entry clone and subjected to a



Gly Ser Tin Met Asn Leu Thr Ala Asn Lys Asp Gly Ser Leu Thr Gly 202530 Thr Tyr His Ser Asn Val
Gly Glu Val Pro Pro Thr Tyr His Leu Ser 354045 Gly Arg Tyr Asn Leu Gin Pro Pro Ser Gly Gin Gly Val
Thr Leu Gly 505560 Trp Ala Val Ser Phe Glu Asn Thr Ser Ala Asn Val His Ser Val Ser 65707580 Tin
Trp Ser Gly Gin Tyr Phe Ser Glu Pro Ala Glu Val lle Leu Thr 859095 Gin Trp Leu Leu Ser Arg Ser Ser

Glu Arg Glu Asp Leu Trp Gin Ser 100105110 Thr Hj%élgl Gly His Asp Glu Phe Ser Lys Thr Lys Pro Thr
Lys Glu 115120125

recombination reaction with pET104.1 destination vector (Invitrogen), an expression vector
for a BioEase tag-fused protein, using a Gateway System. The recombinant product was
transformed into E. coli TB1 and the plasmid DNA was extracted. 'This plasmid was further
transformed into E. coli BL21 (DE3). The resulting E. coli colonies were cach used as a
template to amplify an insert gene region by PCR with SITHINtermGW-F and
SITH1CtermGW-R to thereby confirm the presence or absence of the insert gene.
{0140} In the manner described above, a vector for BioEase tag-fused SITH-1 protein
expression, BioEase-SITH1/pET104.1, was completed.
[0141] 1-4. E. coli expression

E. coli BL21 (DE3) carrying BioEase-SITH1/pET104.1 or E. coli BL21 carrying
pTrc99A alone (as a control) was inoculated into LB medium (50 mL) containing an
antibiotic, ampicillin (final concentration: 100 pg/mL) and cultured with shaking at 30°C
until the absorbance at OD600 reached 0.5. Then, 1 mM [PTG was added thereto, and the
E. coli cells were further cultured with shaking at 30°C for 5 hr.  The cultured solution (50
mlL) was centrifuged to collect the cells.  The cells were suspended in 3 mL of 0.1 M
HEPES/KCH (pH 7.4) and then homogenized by ultrasonication. The homogenate was
centrifuged (15,000 rpm), and the resulting supernatant was used as an F. coli crude extract.
[0142] To confirm the expression of the BioEase tag-fused SITH-1 protein, proteins
contained in each crude extracts were fractionated by SDS-PAGE and analyzed by Westemn
blotting. In Western blotting for detection of BioEase tag-fused SITH-1, rabbit anti-SITH-1
antibody (unpublished) and alkaline phosphatase-labeled anti-rabbit IgG antibody (BIO
RAD) were used.
[0143] The results are shown in Fig. 1A, A band of approximately 30 kDa, which was not
found in the control, was detected from the BioEase tag-fused SITH-1-expressing E. coli.
This size was substantially equal to the molecular weight (28.6 kDa) of BioEase tag-fused
SITH-1.
[0144] Furthermore, horseradish peroxidase-labeled streptavidin was used in place of anti-

SITH-1 antibody to detect signals.  The resulis are shown in Fig. |B.  In the control,



Lys lle Ala Gin Ala Gin Leu Leu Arg Arg Gly Leu Lys Phe Glu 130135140 <210> 6 <211> 426 <212>
DNA <213> Pleurotus cornucopiae <220> <221> CBS <222> (1)(426) <223> <400> 6 atg tca gac gtt
caa tct tca ctc acc gga acc tgg tac aat gaa ctc48 Met Ser Asp Val Gin Ser Ser Leu Thr Gly Thr Trp Tyr
Asn Glu Leu 151015 aac tcc aag atg gaa ttg act gca aac aaa gac ggt act crtc act gga96 Asn Ser Lys

Met Glu Leu Thr Ala Asn Lys Asp Gly Thr Let, Thr Q% )
almost no signal was detected, whereas two thick bands originating from proteins that react
with streptavidin (i.e., appear to be biotinylated) were detected from the BioEase tag-fused
SITH-1-expressing E. coli crude extract.  Among them, the upper band was found to have
substantially the same size as the band detected by the former Western blotting. These
results indicated that the expression of biotinylated SITH-1 was successful.
[0145] In addition to the above extracts, for use in the subsequent ELISA experiment,
additional E. coli crude extracts were prepared in the same manner from E. coll BL2]
carrying pTrc99A or TM2/pTrc99A (WO2002/072817) after culturing in the presence of
IPTG.

[0146] Example 2: ELISA detection of anti-SITH-1 antibody in human serum

Purified TM2 was immobilized on a microplate using a New ELISA plate kit
(Sumitomo Bakelite Co., Lid., Japan). Immobilization was accomplished according to the
instructions attached to the kit.

[0147] The BioEase tag-fused SITH-1 protein-expressing E. coli crude extract obtained in
Example 1 was adjusted to have a total protein concentration of 2 mg/mL with 0.1 M
HEPES/KOH (pH 7.4), 100 plL. of which was then added to a TM2-immobilized plate
{Sumitomo Bakelite Co., Ltd., Japan, New ELISA). The plate was allowed to stand at room
temperature for | hr to thereby bind the BioEase tag-fused SITH-1 protein onto the
TM2-immobilized plate through tamavidin-biotin binding. Then, each well of the plate was
washed with a 0.1% Tween 20-containing TBS buffer solution (TBST) three times, followed
by addition of a 5 pg/mbL BSA/TBST solution in a volume of 250 pL per well.  The plate
was allowed to stand at room temperature for 1 hr to block each well. Then, each well was
washed with TBST three times.

[0148] Then, a human serum (Human Serum pool, manufactured by Cosmo-Bio, Inc.) was
diluted 100-fold with PBS or pTrc99A-carrying or TM2/pTrc99A-carrying E. coli crude
extract (1 mg total soluble protein/mL) prepared in (1-4) of Example 1. To the resﬁiting
solution, rabbit anti-SITH-1 antibody was added in serial dilution to give volume ratios of

1/500, 1/1000, 1/2000, 1/4000, and 1/8000. These human serum dilutions (containing anti-



202530 aag tac ctc tcc aaa gtt ggg gat gtc tac gtg ccc tac cca ctc tctl44 Lys Tyr Leu Ser Lys Val Gly
Asp Val Tyr Val Pro Tyr Pro Leu Ser 354045 ggt cgc tat aac ctc caa ccc ccc gcg gga caa ggc gtc get
ctt ggg192 Gly Arg Tyr Asn Leu Gin Pro Pro Ala Gly Gin Gly Val Ala Leu Gly 505560 tgg gcg gta tcc
tgg gag aac agt aaa att cat tcc gct acg aca tgg240 Trp Ala Val Ser Trp Glu Mn Ser Lys lle His Ser Ala
Thr Thr Trp 65707580 agc gga cag ttc ttc tct gag tcg it cca gtg att ctt act cag tgg288 Ser Gly Gin Phe

Phe Ser Glu Ser Ser Pro Val lle Leu Tin Gin Trp 859095 ttg ttg Ica tcg agc act gcg cgt ggg gac gta tgg

gaatcc aca ctt336 . ) . .
SITH-T antibody) were added in a volume of 100 uL to the plate on which the BioEase tag-

fused SITH-1 protein was immobilized through biotin-tamavidin 2 binding, followed by
incubation for 1 hr at room temperature.

It is expected that the antibody titer in serum of the rabbit anti-SITH-1 antibody
(antiserum) is about 50 times higher compared to the SITH-1 antibody titer in serum of a
patient with a typical depression {mood disorder).  Accordingly, pseudo sample for serum of
a patient with a typical depression can be prepared by mixing 1/50 volume of rabbit
anti-SITH-1 antibody (antiserum) to a commercially available human serum (of a healthy
person). Accordingly, the dilution rates of the antibody as discussed above provide samples
similar to those when serum of depression patients are used after about 10 to 80 folds
dilutions.

Furthermore, to confirm the effect of TM2 in the E. coli crude extracts used for
serum dilution, a solution was prepared fo contain purified TM2 at a final concentration of 50
ug/mL in PBS or in the above pTrc99A-carrying E. coli crude extract. Human serum was
diluted 100-fold with this solution, and to the resulting solution, rabbit anti-SITH-1 antibody
was added in serial dilution to give volume ratios of 1/500, 1/1000, 1/2000, 1/4000, and
1/8000, as in the case mentioned above. These dilutions were added in a volume of 100 puL
to the plate on which BioEase tag-fused SITH-1 was immobilized, followed by incubation for
I hr at room temperature.  As a control, 2a TM2-immobilized plate on which nothing was
bound was also blocked as described above. Human serum was diluted 100-fold with the
same PBS solution or the same pTrc99A-carrying or TM2/pTrc99A-carrying E. coli crude
extract {1 mg total soluble protein/mL) as used above, or alternatively, with the purified
TM2-supplemented PBS or with the purified TM2-supplemented pTrc99A-carrying E. coli
crude extract, followed by addition of serially diluted rabbit anti-SITH-1 antibody. The
resulting dilutions were added in a volume of 100 ptL to the control plate and incubated at
room temperature for 1 hr.

[0149] The thus prepared human serum samples, which were diluted with various diluents

and supplemented with serially diluted rabbit anti-SITH-1 antibody, were each reacted with



Leu Leu Ser Ser Ser Thr Ala Arg Gly Asp Val Trp Glu Ser Thr Leu 100105110 4 gtg ggg aat gat tcg ttt
‘aca aag acg gcg ccg act gag cag cag atc384 Val Gly Asn Asp Ser Phe Thr Lys Thr Ala Pro Thr Glu
Gin Gin lle 115120125 gct cat gct caa ctc cat tgt cgc gca ccg agg ttg aag taa426 Ala His Ala Gin Leu
His Cys Arg Ala Pro Arg Leu Lys 130135140 <210> 7 <211>141 <212> PHI <213> Pleurotus
cornucopiae 41

the BioEase tag-fused SITH-1 protein immobilized on the carrier, followed by washing with
TBST three times. Then, to detect each of the rabbit anti-SITH~1 antibody bound to SITH-1
and the human IgG m serum which is presumed to be non-specifically bound in each well, a
mixture of horseradish peroxidase-labeled goat anti-rabbit IgG antibody and peroxidase-
labeled goat anti-human IgG antibody, each of which was diluted 5000-fold with TBST, was
added in a volume of 100 pL per well, followed by incubation for 1 hr at room temperature.
Then, each well was washed with TBST three times and peroxidase activity was detected.
The activity was measured as follows: To each well, SuperSignal ELISA Pico
Chemiluminescent Substrate (PIERCE) was added in a volume of 100 ul and allowed to
stand for 5 min at room temperature, followed by measuring the luminescence intensity with
a plate reader Infinite M200 (TECAN). Note that the data also include a luminescence
intensity value measured at each concentration of rabbit anti-SITH-1 antibody for the control
section sample (1.e., the region wherein the TM2 plate on which BioEase tag-fused SITH-1
was not immobilized, but which was blocked and treated with human serum containing anti-
SITH-1 antibody at each concentration). The value of the control section was subtracted
from the luminescence intensity value of each BioEase tag-fused SITH-1-immobilized
section. The resulting value was defined as the detected amount of anti-SITH-1 antibody
contained in the serum. Further, the S/N ratio was calculated by the equation shown below
to compare the effect of each serum dilution.

S/N ratio = Detected amount of anti-SITH-1 antibody in a section containing anti-SITH-1
antibody at each concentration/Detected amount of anti-SITH-1 antibody in a section free
from anti-SITH-1 antibody

[0150] The equation shows that the detection sensitivity is higher when S/N ratio is larger.
[01517 The results are shown in Figs. 2 and 3. The anti-SITH-1 antibody contained in the
serum showed non-specific binding in most of the serum sections diluted with PBS, and a
high level of luminescence intensity was also detected in the sections free from anti-SITH-1
antibody. Moreover, this problem of non-specific binding was not improved in the presence

of 50 ug/mL TM2. In contrast, in the serum sections diluted with the pTrc99A-carrying E.



<400> 7 Met Ser Asp Val Gin Ser Ser Leu Thr Gly Thr Trp Tyr Asn Glu Leu 151015 Asn Ser Lys Met
Glu Leu Thr Ala Asn Lys Asp Gly Thr Leu Tin Gly 202530 Lys Tyr Leu Ser Lys Val Gly Asp Val Tyr Val
Pro Tyr Pro Leu Ser 354045 Gly Arg Tyr Asn Leu Gin Pro Pro Ala Gly Gin Gly Val Ala Leu Gly 505560
Trp Ala Val Ser Trp Glu Asn Ser Lys lle His Ser Ala Thr Thr Trp 65707580 Ser Gly Gin Phe Phe Ser
Glu Ser Ser Pro Val lle Leu Thr Gin Trp 859095 Leu EFEU Ser Ser Ser Thr Ala Arg Gly Asp Val Trp Glu
Ser Thr Leu

coli crude extract or with the TM2/pTrc9%A-carrying E. coli crude extract or in the serum

sections diluted with the pTrc99A-carrying E. coli crude extract supplemented with 50

ng/mL TM2, luminescence intensity was significantly low in sections without addition of the

SITH-1 antibody to dramatically reduce non-specific binding (Fig. 2).

f0152] As shown in Fig. 3, the S8/N ratio was particularly high in the sections diluted with

the pTrc99A-carrving E. coli crude extract supplemented with 50 pg/mL TM2 and in the

sections diluted with the TM2/pTrc99A-carrying E. coli crude extract.

{0133] These results indicated that in the measurement system using a TM2 plate on which

BioEase tag-fused SITH-1 was immobilized, dilution of human serum with a TM2-

containing E. coli crude extract allowed a reduction of non-specific binding originating from

the human serum, thereby enabling the sensitive and quantitative detection of anti-SITH-1

antibody even at a very low concentration.
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[0154] SEQ ID NO: 1: amino acid sequence of SITH-1

[0155] SEQ ID NO: 2: nucleotide sequence of SITH-1 ORF

[0156] SEQ ID NO: 3: nucleotide sequence of SITH-1 ¢cDNA

[0157] SEQ ID NO: 4: nucleotide sequence of tamavidin |

[0158] SEQ IDNO: 5: amino acid sequence of tamavidin 1

[0159] SEQ ID NO: 6: nucleotide sequence of tamavidin 2

[0160] SEG ID NO: 7: amino acid sequence of tamavidin 2
[0161] SEQ ID NO: 8: amino acid sequence of BioEase-SITH-1 fusion protein
[0162] SEQ ID NO: 9: nucleotide sequence encoding BioEase-SITH-1 fusion protein
[0163] SEQ ID NO: 10: PCR primer SITHINtermGW-F

[0164] SEQ ID NO: 11: PCR primer SITHINtermGW-R



100105110 Val Gly Asn Asp Ser Phe Thr Lys Thr Ala Pro Thr Glu Gin Gin lle 115120125 Ala His Ala
Gin Leu His Cys Arg Ala Pro Arg Leu Lys 130135140 <210> 8 <211> 2/1 <212> PRT <213> Attificial
Sequence <220> <223> Fusion protein BipEase Tag -SITH-1 <400> 8 Met Ala Ser Met Thr Gly Gly
Gin Gin Met Gly lle Met Gly Ala Gly 151015

43 .

CLAIMS

1. A method for detecting a substance in a biological sample, which comprises:

1) providing a carrier on which a biotin-binding protein is bound and providing a
biotinylated protein by biotinylating a protein that specifically binds to a substance to be
detected;

2) binding the biotinylated protein to the carrier provided in step 1) through binding
between biotin and the biotin-binding protein to produce a biotinylated protein-bound carrier;

3) mixing

(a) a biological sample, and

(b-1) a cell homogenate extract prepared from cells of the same species as that of the
host cells used for expressing the biotin-binding protein, the protein that specifically binds to
a substance to be detected, and/or the biotinylated protein in step 1), and a biotin-binding
protein, or

(b-i1) a cell homogenate extract prepared from cells of the same species as that of the
host cells used for expressing the biotin-binding protein, the protein that specifically binds to
a substance to be detected, and/or the biotinylated protein in step 1) and genetically
engineered to express a biotin-binding protein,
and adding the mixture to the biotinylated protein-bound carrier produced in step 2); and

4) detecting a substance specifically bound to the biotinylated protein.

2. The method according to Claim 1, wherein step 3(b-1} in Claim | comprises adding
a cell homogenate extract extracted from cells comprising any vector, as the cell homogenate
extract.

3. The method according to Claim 1 or 2, wherein the biotin-binding protein is
tamavidin or a variant thereof.

4. The method according to any one of Claims 1 to 3, wherein the biological sample is
selected from the group consisting of blood, serum, cerebrospinal fluid, saliva, throat swab,

sweat, urine, tear, lymph fluid, semen, ascites, and mother’s milk.



Thr Pro Val Thr Ala Pro Leu Ala Gly Thr lle Trp Lys Val Leu Ala 202530 Ser Glu Gly Gin Thr Val Ala
Ala Gly Glu Val Leu Leu lle Leu Glu 354045 Ala Met Lys Met Glu Thr Glu lle Arg Ala Ala Gin Ala Gly
Thr Val 505560 Arg Gly lle Ala Val Lys Ala Gly Asp Ala Val Ala Val Gly Asp Thr 65707580 Leu Met
Thr Leu Ala Gly Ser Gly Ser Asp Leu Tyr Asp Asp Asp Asp 859095 Lys Gly lle lle Thr Ser Leu Tyr Lys
Lys Ala Gly Ser Glu Phe Ala 100105110 Leu Gly Ty_rﬁly Glu Lys Val Ser Ala Thr Gly Lys Thr Arg Leu
Lys 115120125
5. An agent for diluting a biclogical sample, which comprises:
1) a cell homogenate extract and a biotin-binding protein, or
2) a cell homogenate extract prepared from cells genetically engineered to express a
biotin-binding protein.
6. A kit for detecting a substance in a biological sample, which comprises:
A) a carrier on which a biotinylated protein, the biotinylated protein being a protein
that specifically binds to a substance to be detected and has been biotinylated, is immobilized
through binding between biotin and a biotin-binding protein; and
an agent for diluting a biological sample, comprising
B-1) a cell homogenate extract prepared from cells of the same species as that of the
host cells used for expressing the biotin-binding protein, the protein that specifically binds to
a substance to be detected, and/or the biotinylated protein in step A}, and a biotin-binding
protein, or
B-ii) a cell homogenate extract prepared from cells of the same species as that of the
host cells used for expressing the biotin-binding protein, the protein that specifically binds to

a substance to be detected, and/or the biotinylated protein in step A) and genetically

engineered to express a biotin-binding protein.



lle Leu Ala Cys Leu lle Val Leu | le Leu Ala Ala Ala lle Thr Met 130135140 Leu Thr Leu Gl u lle lle Ser
Asn Gin Lys Arg Thr Thr Thr Asp Leu 145150155160 Glu Ala Val Thr Val Ala Leu Lys His Val Ser Thr
Ser Leu Ala Ser 165170175 Cys Thr Glu Ser Thr Thr Ser Val His Thr Asp Ser Val Thr Ser Gin
180185190 5 Pro Thr Lys Asn Lys Glu Ser Arg Lys Lys lle flu fly Lys Ser Pro 195200205 Ser Tip Val
Gin Al%ﬁ'@%ﬁcgms-mrc Ala Ser fly lle lle Leu Leu Phe 210215220

110> Japan Tobatco Inc.
Virus lkagaku kenkyushe ine.
(120> Method for detecting a substance in a biclogical sample
(130> FA0392-09156
{140> PCT/IP2010/055887
{141 2010-03-31
150> Jp 2009-087839
{151> 2008-03-31
160> 11
{170 Patentin version 3.1
Q10 1
{211 159
{212y PART
(213> Human herpesvirus B
{400 1
Met Giy Tyr Glu Glu Lys Val Ser Ala Thr Gly Lys Thr Arg Leu Lys
1 5 10 15
ile Lew Ala Cys Leu fis Val Leu tle Leu Ala Ala Ala ile Thr Met
20 25 30
Lei Thr Leu Glu Ite 1le Ser Asn Gin Lys Arg Thr Thr Thr Asp Ley
35 40 45
Glu Aia Val Thr Val Ala Leu Lys His Yal Ser Thr Ser Leu Ala Ser
50 55 69
Cys Thr Giu Ser Thr Thr Ser Val His Thr Asp Ser Val Thr Ser Gln
65 70 75 a0
Pro Thr Lys Asn Lys Glu Ser Arg Lys Lys Ile Glu Gly Lys Ser Pro
85 a0 85
Ser Trp Val &in Ala teu Thr Thr Ala Ser Giy fle lie Leu Leu Phe
106 105 116
Cys 1le Met Met lle Phe [le Thr Cys Ser Trp Thr Thr Giu Lys Asp
115 128 125
Thr Giu Lys Ser Giy Vai Gin Ser Tyr Ala Ser Ser Val Glu Thr Leu
130 135 140
Asp Ser Leu Asn Giu Ala lie lie Pro Lys Thr Glu Met Asn Val
145 150 155
<210y 2
{211> 480
{212> DHA
<213> Human herpesvirus 6
<4007 2
atpgpatatg aagaaaaagt gtecagetact ggaaagacic gittaaagat actggcatet 6G
ctpatcgttt taatactage tgcgecaata actatgttas cgctggasat fatatcgaac 120
caaaaacgta ccactaciga fcicgaage! gigactgtge cgctgaagea tgtaagcaca i80
tetettgeca gotgoaciga atccactact tctgiacata cegatictgt gacgagecaa 240
cccacgaaaa acaaaggatc gaggaaazaa attgaaggga aatctccaag ttgggitcag 300
gcittaacta cagcatotge aattatccia ctgttitgta taatgatgat attcattaca 360
tgftcctgega ccacagaaaa agaiacagag aagaglgaag tegcaatctta tgcttctica 420
gtagagactt tagactctit aaaigagegct attataccga zaactgaaat gaatgigtaa 480
210> 3
211> 1795
212> DNA

{2132 Human herpesvirus 6



Cys lle Met Met lle Phe lle Thr Cys Ser Tip Thr Thr flu Lys Asp 225230235240 Thr flu Lys Ser flu Val
Gin Set Tyr Ala Set Set Val flu Thr Leu 245250255 Asp Set Leu Asn flu Ala lle lle Pro Lys
Thr flu Met Asn Val 260265270 271 <210> <211> 816 <212) DNA <213) Artificial Sequence <220)

<223) DNA encoding fusion protein B pEase Tag- SITH 1 <400) 9 atggctagca tgactggtgg acagcaaatg
ggtattatgg gcgccggceac cccggtgacc60

C400> 3
agectciget peaggcictyg ctggaggoct tgctgaagee tctgctggag geoctgotigy 60
agpictiget geagecteig cipeagecte tgoiggagge ictgetgeag getcigetge i20
aggctotget ggaggetote ciggaggctc tgtcagagac cteggigaaa gtittactica 186
gaggtttatc agagitticg ccattagtit ggttagaagt ftcagaitta itttcgetleg 240
aactgeagtt aggtitcatg teagtacatit catcaccgtt agaagtgets ticatggtec 300
tgtigccact gitpgattig ttamaageag taaatgapgct aggaltiggaa tgactcocgas 360
tagctaataa atitgageat titcttcgaa tggaicataa tcagagggat agecaictaa 420
tttaaagact tccattttat cactgitgea atcacticta atggagtatc tgegatacatt 480
tttictacat cittttcate ccciccaaca tggatcigte cagcgitaal aagccagege 540
agttaatiaa atcgtotice atgttagaca gitccigliit catpgragee ttcactpatg 600
caccaatact ttggatgcaa gigccaacgy actgagetag patgtaaaag aagataiict §60
aatittgaat tcticagatg ciccttetic cacattactg gaatagpaca cattcttgga 720
agtgatgteg ttgeaagact cigggatgaa aapatcacag geitccagtt clgpaaaaag 780
caggetttca aaggatacat cacacttgag actctcticc aatattictt tgatggatic 240
ttccaccact gratcgpgat petagetata tatactatat aaggagatita ccaccaccac 900
cletttcttt geagagatta ttcictgott gaaaatctgt aacactgatc atgatmegat 960
atgaapgaaaa agigtcagct actgpasaga cicgtitaaa gatactggea tgtctgatcg 1020
ttttaatact agcigcggca ataactatgt taacgectgga aatiatatcg aaccazaaac 1080
gtaccactac tgatcicgaa geigtgactg igpcectgaa geatgtaage acatctcttg 1140
ccagetgeac tgaatccact acifctgtac ataccgattc tgigacgage caacccacga 1200
aaaacaaaga atcpaggaaa saaattgaag ggaaatcice aagitgeglt cagretitaa 1260
ctacagcatc tggaattatc ctactgtttt gtatasteat gatattcatt acatgteccet 1320
ggaccacaga aazagataca gagaagagtg aagtgcaatc ttatgetcct teagtagaga 1380
ctttagacce tttaaatgag getattaiac cpaasactga aatgaatgteg taatgtetgt 1440
atttttcitt acagagatgt acgmagagtt tatatttgeg gzaaatacct gactgticig 1500
cciatatgeg satgtiaaag fatpiatazt atazattctt accttttaag agigaticaa 1560
gptgpaggtt fotitggaga tigaitccag gtegeigatit cgegtecaat caatcitict 1620
tctpgecege aagaaaatec agcaatccaa fzattgatgg gatgtastca atgtcacaaa 1680
tctgtaagat tazatgigaa cagiatamat tetttcgtge ttatcaaatt acaattatge 1740
pcatgaaaat atcattaaat tgttiifaaac aitctiasasz asaaaaaaas aaaaa 1785
210> 4
<211y 432
{212> DNA
213> ¥Pleuratus cornucopiae
{220
221> CDS
222> (1).. {431
{223
460> 4
atg aaa gac gic caz fct cte cic acc gea acc igg fac aai gaa cic 48
¥et Lvs Asp Val Gin Ser Leu Leu Thr Giy Thr Trp Tyr Asn Giu Leu
1 5 10 i5
gge tca aca atg aat ttg act gca aat aas gac ggl tcg cic acc gga 96
Gly Ser Thr Mat Asn Leu Thr Ala Asn Lys Asp Gly Ser Leu Thr Giy
20 25 30

acg tac cac tcc aac gic ggc gag gti ccec cca act tat cac cif tct 144
Thr Tyr His Ser Asn Vat Gly Giu Vai Pro Pro Thr Tyr His Leu Ser

35 49 45
ggc cgg tac aac ctc cag cce ccc tog get caa gec git act ctg gRra 192
Gly Arg Tyr Asn Leu Gin Pro Pro Ser Gly Gin Giy Val Thr Leu Gly

50 55 60
tge gcg gty toct tte gaa aac act aglt geg aat gtt cat tct gitc tea 240
Trp Ala Vai Ser Phe Giu Asn Thr Ser Aifa Asn Val His Ser Val Ser
65 70 75 80
aca tgg age gpg cag tac tte tci gaa ¢cc goe gag gig ate ctc ace 288
Thr Trp Ser Giy Gin Tyr Phe Ser Glu Pro Afa Glu Va! lle Leu Thr

85 96 95
cag tgg cig tig tca age agec tct gag cee gaa gat tig tgg cag fcc 336
Gin Trp Leu Leu Ser Arg Ser Ser Giu Arg Glu Asp Leu Trp Gin Ser
160 165 110

acc cat gtg gegg cat gat gag tic age aag aca aag cca ace zag gag 384
Thr His ¥al Gly His Asp Glu Phe Ser Lys Thr Lys Pro Thr Lys Glu

115 120 125



gccccgcetgg cgggcactat ctggaaggtg ctggccageg aaggccagac ggtggecgcal20 ggcgaggtgce tgctgattet
ggaagccatg aagatggaaa ccgaaatccg cgccgcgcagl80 geccgggaccg tgegeggtat cgcggtgaaa gecggegacg
cggtggcggt cggcgacacc240 ctgatgaccc tggcgggctc tggatccgat ctgtacgacg atgacgataa gggaattatc300
acaagtttgt acaaaaaagc aggctccgaa ttcgcccttg gatatgaaga aaaagtgtca360 gctactggaa agactcgttt

aaagatactg, g%atgctacgt%?ét(c: ttitaat, actagetgcg420 ga%agtcaactq lgttaacgct ggaaattata tcgaaccaaa

aacgtageag eta\&ﬁgcat‘;c ng@ageﬁg:t&amg%ggcgctgaagéﬁgta agcacatctc ttgccagctg cactgaatcc540

actacttctg t#cataccga ttctgtdgéicg agccaaccca'ébaaaaacaa agaatcgagg600 aaaaaaattg aagggaaatc
tccaagttgg gttcaggctt taactacagc atctggaatt660 atcctactgt tttgtataat gatgatattc attacatgtt cctggaccac

agaaaéﬁﬁéﬂﬁgp acagagaaga gtgaagtgca atcttatgct tcttcagtag agactttaga ctctttaaat780 gaggctatta
taccgaamac maaatgaat gtgtaa816 <210) 10 '

213> Pleurotus carnucopiae

{4007 5
Met Lys Asp Val Gin Ser Leu Leu Thr Giy Thr Trp Tyr Asn Glu Leu
i 5 16 15

Giy Ser Thr Met Asn Leuw Thr Ala Asn Lys Asp Giy Ser Leu Thr Giy
20 25 30

Thr Tyr His Ser Asn Val Gly Glu Val Pro Pro Thr Tyr His Leu Ser
35 40 45

Giy Arg Tyr Asn Leu Gin Pro Pro Ser Giy Gin Gly Val Thr Ley Giy
50 55 60

Trp Ata Val Ser Phe Glu Asn Thr Ser Ala Asn Val His Ser Yal Ser
£5 70 75 80

Thr Trp Ser Gly Gin Tyr Phe Ser Giu Pro Ata Glu Vai fle Leu Thr
85 90 95

G!in Trp Leu Leu Ser Arg Ser Ser Glu Arg Glu Asp Leu Trp GIn Ser
100 105 110

Thr His Val Giy His Asp Glu Phe Ser Lys Thr Lys Pro Thr Lys Glu
115 120 125

Lvs ile Ata Gln Ala Gin Leu Leu Arg Arg Gly Leu Lys Phe Glu
130 135 140

210> &

<211y A28

€212> DNA

{213 Pleurotus caornucopiae

{205

221> (DS

{22y (1), (426)
(228

400> &

atg tca gac gtt caa tct tca ctc acc gga acc tgg tac aat gaa cic 48
Met Ser Asp Val Gln Ser Ser Lsu Thr Gly Thr Trp Tyr Asn Glu Leu

1

aac tcc aag aig gaa tig act gca aac aaa gac ggt act ctc act gga g6
Asn Ser Lys Met Giu Ley Thr Aia Asn Lys Asp Gly Thr Leu Thr Gty
20 25 30

aag tac ctc tee aas gtt gge gat gic tac gtg cce tac cca ctc ict 144
Lys Tyr Leu Ser Lys Val Gly Asp Val Tyr Val Pro Tyr Pro Leu Ser
35 40 45

ggt cge tat aac ctc caa ceoc ¢CC gog gga caa gge gtc get cit gge 142
Gly Arg Tyr Asn Leu Gin Pro Pro Ala Gly Gln Gly Val Ata Leu Giy
50 55 £0

tgg geg gta tcoo tgg gag aac agf aaa attf caf fcc get acg aca tgeg 240
Trp Ala Va! Ser Trp Glu Asn Ser Lys |le His Ser Afa Thr Thr Trp
65 70 75 80

agc gga cag tic tic tct gag tcg teob cca gitg att ctt act cag tgg 288
Ser Gly Gln Phe Phe Ser Glu Ser Ser Pre Val ile Leu Thr Gin Trp
85 90 95

tig ttg tca tcg age act geg cgt ggg gac gla tge gaa tcc aca ctt 336
Leu Leu Ser Ser Ser Thr Ala Arg Giy Asp Val Trp Glu Ser Thr lLeu
100 105 110



<211) 20 <212) DNA <213) Artificial Sequence <220) <223) primer SITH1NtermGW-F <400) 10

ggatatgaag aaaaagtgtc20 <210) 11 <211) 20 <212) DNA <213>Artificial Sequence <220) <223) primer
SITH1CtermGW-R <400> 11

4
gty gep aat gat tcg tit aca aag ace geg ceg act gag cag cag atce 384
Yal Giy Asn Asp Ser Phe Thr Lys Thr Ala Pro Thr Glu Gin Gin ile
115 120 125
get cat get caa ctc cat igt cgr gra ccp agg tig aag taza 426
Ala His Ala Gln Leu His Cys Arg Ala Pro Arg Ley Lys
130 135 140
210 7
<211y 144
<212y PRT
213> Pleurotus cornutopiae
400> 7
Met Ser Asp Val Gin Ser Ser Lew Thr Gly Thr Trp Tyr Asn Glu lLeu
1 § 10 i5

Asn Ser Lys Met Glu Leu Thr Alz Asn Lys Asp Gly Thr Leu Thr Gly
20 25 30

tys Tyr Leu Ser Lys VYai Giy Asp VYal Tyr Val Pro Tyr Pro Leu Ser
35 40 45

Gly Arg Tyr Asn Leu Gin Pro Pro Ala Giy Gln Gly Val Ala Leu Gly
50 55 60

Trp Ata Val Ser Trp Glu Asn Ser Lys #le His Ser Ala Thr Thr Trp
65 70 75 80

Ser Gly Gin Phe Phe Ser Giu Ser Ser Pro Vai 1le Leu Thr Gin Trp
a5 80 95

ey Leu Ser Ser Ser Thr Ala Arg Gly Asp Val Trp Glu Ser Thr Leu
100 105 114
Val Giy Asn Asp Ser Phe Thr Lys Thr Ala Pro Thr Glu Gin Gln |le
115 120 125

Ala His Ala GlIn Leu His Cys Arg Ala Pro Arg Leu Lys
130 135 140

{2107 8

{11y 27

212> PRT

213> Artificial Sequence

{2200
223> Fusion protein Biokase Tag-SITH-?

<400> B
fiet Ala Ser Met Thr Gly Giy Gin Gin 8et Gly 1le Met Gly Ala Gly
i 5 10 15
Thr Pro Vat Thr Ala Pro Leu Ala Gly Thr ile Trp Lys Val Leu Ala
20 25 30
Ser Glu Gly Gln Thr Yal Ala Ata Giy Glu Val Leu Leu tle Leu Glu
35 40 45
Ala Met Lys Met Glu Thr Glu ile Arg Ata Ata Gin Ala Gly Thr Val
50 85 60
Arg Gly !le Ala Val Lys Afa Gly Asp Alta Val Ala Vai Gly Asp Thr
65 70 75 80
ieu Met Thr Leu Aia Giy Ser Gly Ser Asp Leu Tyr Asp Asp Asp Asp
85 94 95
Lys Gliy lie ile Thr Ser Leu Tyr Liys Lys Ala Gly Ser Giu Phe Ala
140 105 110
Leu Gly Tyr Glu Glu Lys Vai Ser Aia Thr Gly Lys Thr Arg Leu Lys
115 j20 125
Ile Lew Ala Cys Leu ile Val Leu ile Leu Afa Ala Ala lle Thr Met
130 135 140
Leu Thr Leu Glu lle iie Ser Asn Gin Lys Arg Thr Thr Thr Asp Leu
145 150 155 160
Glu Ala Val Thr Val Ala Leu Lys His Val Ser Thr Ser Leu Ala Ser
165 176 175
Cys Thr Glu Ser Thr Thr Ser Val His Thr Asp Ser Val Thr Ser Gin
180 185 190



ttacacattc atttcagttt20

Pro
Sey
Cys
225
Thr

Asp

Thr
Trp
210
fle
Glu

Ser

210>
211
{212
213

{220
{223

<4005

atggctagea tgaciggtgg acagcaaatg
geeocgetgg cgegractat ciggaaggte
grcgagetee tgetgattct ggaagccaty
geogegaccg tpcgogptat cgcegligaaa
cigatgacec tggeoggecic tggatccgat
acaagittgt acaaaaaagec apgctocgaa
getactgeaa agacicgit! aaagstactg
graaiaacta tgttaacget ggaaaitata
gaagcigtega ctgtegcget gaageatgta
actactictg tacataccge tictgigace
ana@azaltig aapggasaic tccaagtteg
atcoctactgt tttegtataat gatgatatte
acagagaaga gtpaagtgea atcitatget
gaggetatta taccgaaaac igaaatgaat

210>
21y
212y
21

{220
223>

<400>
ggataigaag aazaagtgtlc 20

{2100
<2117
{1
{2130

{220
223

400>
ttacacatic aittcagtit 20

Lys Asp Lys Giu Ser Arg
145 200
¥al Gin Ala Ley Thr Thr
2ib
Met Met lie Phe [le Thr
230
Lys Ser Giu Val Gin Ser
245
Leu Asn Glu Ala ile lle
260

g

816

BNA

Artificial Sequence

Lys

Cys
Tyr

Pro
264

Lys
Ser
Ser
Ala

250
Lys

ite
Gly
Tep
235
Ser

Thr

fle lie Leu
2248
Thr Thr Glu

Ser Vai Glu

Giu Met Asn
270

DNA encoding fusion protein Biockase Tag-SITH-1

9

10
20
DNA
Artificia!l Secuence

primer SITHINtermGW-F
10

11

20

DNA

Artificial Seguence

primer SITH1CtermGH-R
11

gpiattatee
ctggecageg
aagatgpaaa
geogelgacg
ctgtacgacg
ttcgeecttg
gecatgteiga
tcgaaccaaa
agcacaicte
agccaaccca
gttcagecit
attacatgtt
tcttcagtag
gtegtaa

ZCECCEETAC
aaggecagac
ccgaaatecg
cggtggcest
atpgacgataa
gatatgaaga
tegitttaat
aatgtaccac
figccagetg
Cgaaaaacaa
taactacagc
cetggacceac
agactitaga

Ser Pro
Leu Phe

Lys Asp
240

Thr Leu

255

Val

27

cceggtgace
ggtggecgea
CECCECECAR
cggegacace
ggeaattatc
azaagtatca
actagcetgeg
tactgatetc
cactgaatcce
agaatcgagg
atctggaatt
agaaaaagat
ctctitaaat

69
120
180
240
300
160
420
480
540
600
580

720
780
816



