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TECHNICAL FIELD [0001] The present invention relates to a method for qualitatively and/or
guantitatively detecting an antibody against a small protein encoded by the intermediate stage
transcript of HHV-6 (SITH-1) in a biological sample. The method of the present invention enables
detection of an antibody against the SITH-1 protein which is present in a trace amount in a biological
sample and which cannot be readily detected by a cenventional process. BACKGROUND ART [0002]
In a virus of the family llerpesviridae, a core protein is surrounded by double-stranded DNA with
molecular masses of 80-150 x 106 Daltons which is enclosed in an icosahedral capsid with a diameter
of about 100 nm which consists of 162 capson%%ﬁﬁ%}ﬁucleocapsid which is surrounded by an
envelope to have an overall W@Bﬁé -ﬁg@wlﬁérgw%hmﬁggq found in almost all
mammals and amphibians and, in particular, viruses of the family Herpesviridae which have host
specificity for humans are named hurgarehempesiinises (HV s)A MY s are classified into subfamilies
alpha-herpesvirinae (e.g., herpes simplex virus and varicella zoster herpes virus), betaherpesvirinae
(e.g., eytomegalovirus), and gamma-herpesvirinae (e.g., EB virus). [0003] Such herpes viruses are
characterizede "latent infection”. The "latent infection” refers to an infection state in which viruses
exist withou?% XEM: o Sfnféttious virus particles in host cells. In the latent infection, the virus gene
and the gengprodust assisting the.existrneeabihevins gers aRdsielneddniplasteels, Itis

known that herpes viruses under the latent infection are reactivated by any factor of the host, for

example, ingeeasing agmobabcondiionisgdl g:datigual sodtbatiad argersdinbesafyitdsasiatef
duplicated through restart of production of virus particles (reactivation). [0004] Accordingly, herpes

viruses havE UNidueSprbbéties: kiktedieH saeyplcontimuetiiedtoi2herifesenhiasawiing a8ahehost is
normal, they are reactivated to seek any qther.hast if they scent the crisis of the host due to
e B A OTe e e e SR R TR BALE AR PARE M Aton of
viruses are gsgentiay i%m%ﬂg@ﬂ%%mggmw}zuﬁ%&%% fanpily Hemesyiidag. Unfortunately,

sufficient knowledge is given to only the EB virus of the family gamma-herpesvirinae among the
herpes viruSesC&GRIMAY BitiBES remains still unclear. [0006] In particular, no additional information
other than knowledge which was previously presented by some of the present inventors is disclosed
on factors HfI9EEH-hErgeg it baAmHY Yaikheinfeetiv At ek aHiprEntedRPatent Literature 1

discloses Hg 6 uhich o inQ sais ot ennfection ip macconhagen sxbibiig relotvelyian

differentiation in peripheral blood, and also 5388 the site"of the latent infection Wi

host. Non-Patertdaliesaitigdidisciosesi bighdiate dransieroohbl dMéniotafsainat dhe dpiiakdnfestion,

which causes persistent infection or latent infection. Non-Patent Literature 3 discloses a gene
expressed byrthe latelepirdiestonhibhi Rl B (i hy infectichoge e hand suggestssinavthe.gee
controls the |atent infection and reactivation of the viruses. [0007] Non-Patent literature 4 shows that

the state of fAtRAMINFEEIRT WIRHSEHGYE RRAONBLLHTREI L AT B SRR AL AP BEABS AV ARy stable
and allows gggt@gﬁa?, QERE SR BLSIOs ) i@e%é%?éﬂlhm%%éﬂtﬁmé"ﬁ%}' n&%ﬁﬁ,aeﬂ? R.RIgigin encoded

by this gen atent infection gene protein) are expressed abundantly. Furthermore, Non-Patent

Literature 5 shavysHihabpatigniswitkeshrmmiesfatigus syndeoinahaveio {ibfsekesn antibodies against
latent infection gene proteins the expression of which is enhanced at the intermediate stage.
CITATION LalgiraNemeaienes teathes PfocospNoviPgterd Mascslireastudsaesskieral. heitent human

herpesvirus 6 infection of human monogcytes [macrophages, J Gen Virol 72:1401-1408, 1991
Non-patent ERBEIFTS Kohety K B NSRS HATO BF PSP REVBLSGcdo [oBiEH of the central
nervous sysig Wit REUIEaNCe Al R0l cRIMUISIPNG: vl IPiREhPIsG oA 9t 1k2%ehPRFection”
refers to an infection state in which viruses exist without production of infectious virus
particles in host cells. In the latent infection, the virus gene and the gene product assisting
the existence of the virus gene are retained in the host cells. It is known that herpes viruses
under the latent infection are reactivated by any factor of the host, for example, increasing
age or deconditioning (e.g. fatigue), so that a large number of viruses are duplicated through
restart of production of virus particles (reactivation).

[0004] Accordingly, herpes viruses have unique properties; although they continue latent



-3- Non-patent Literature 3: Kondo. K et al. Identification of human herpesvirus 6
latency-associated transcripts., J Virol. 76: 4145-4151, 2002 Non-patent Literature 4: Kondo K
etal. Recognition of a Novel Stage of BetaHerpesvirus Latency in Human Herpesvirus 6., J Virol. 77:
2258-2264, 2003 Non-patent Literature 5: Kondo Kazuhiro, "Herpes viruses kansen to hiroh
(infection with herpes viruses and fatigue)”, Virus, Vol255 No. 1, pp. 9-18, 2005. SUMMARY OF
INVENTION TECHNICAL PROBLEM [0009] Some of the present inventors identified a novel gene
expressed in the intermediate stage in which specific genes to latent infection with TIHV-6 are actively

expressed aftFaiTBvEI 'SRt SRSIBRYIERCOHEA b S infeAHEAS R ARSEABY OHIHRRY (ShaM.-1).
Through fungtional analysis of these,genes.and the protein,SITH-1, encoded by the genes, the
inventors ha%éeé %%lﬁf %e%v&a%t%? %%td% %I th%‘%i?ﬁ%%%% e?r? agtlat\ ungﬁ()n that increases the
concentratiomgdihe diraseHeaigals v, iand: (hranisntinadyraqingldhe SHidshrretelntaisignificantly
detected from patients with mood disorder while it is not substantially detected from healthy subjects,
and applied forgstigetits (HETuIR2008/67S80)f [06 10hAs degumribattabolmfoktestidn. st irantibody
against the SITH-1 protein contained in biological samples from humans can be used for diagnosis of

mental disortét ARG (EAEEY (G Ff THE I 2Rty &) it BEarRttHe SIRACE fotein was
determined Rgrgeg%%ggi%%l gwgﬁ"%ﬁ%@g %}Hﬁ*@%ﬁﬁ%ﬂ{&%‘ﬁ using 293T cells as antigens in which
s ) e .

SITU-1 proteins are expresse e inventors have continued the study and have discovered that the
fluorescent qnobedyrieshataue requinesicymbersameprogessesskehasdabrication af pranpmadian
cells in which SITU-1 is expressed and production of preparation; the detection operation needs skill
due to a lowraesineudlbiteprire thbthe nase sernandgraiissiingtosSid Bnlfasioteinf betd-Heepsi Fisuseprotein
requires careful handling due toﬁ%s instability. Furthermore, the fluprescent antibody technique, which

involves visURHSBLBYORTORGRHRIFSERBN SO URHERIfe WEFB@BB}S&“&W@HWelrQ-ﬁE{WW%@I‘BBH:h
sample, is C'igrﬂ??ir&Q{QSﬁ%ﬁpﬂﬁéét%%iﬂﬁ%%%ﬁaé% éimfuﬁ}aﬂg?aﬁtma@%ﬂgﬁfﬁﬁ%%@a@sggnnumbef

of samples. In addition, some blood samples cannot be often measured dué to nonspecific binding.
[0012] In viepepserahbiend knnvdedgrsbinibe tvaniofshan nhjedifot Ha preserrinemtion isdn provide
a simple and easy method for qualitatively and/or quantitatively detecting an antibody against a SITH-1
protein in a BiodidanshinsieuodBidoperhegharboioss it presdninto/antivat iheoptmide a simple
and easy method.for gyalitatively and/or quantitatively detecting and determining an antibody against a
ST protel i 4 BICHSGTea At IE UNGA) L S pBlaLeet BoEREf Bt SGHErEDe SORGAON T
PROBLEM [9Rigkdhe nyeniprstays Jiscayei gk enswse metes3i k] Rieiginaung igqa carrier

is useful for detection of antibodies and have conceived the present invention. [0015] In particular, in
order to detetigadsaadamnowehokcSiiidistprddesntim e dtiologichlsannplgdn diihsystesss.counter
measure was employed to reduce the background signal level. More specifically, nonspecific binding
was reduced@ﬁpﬁjdﬁ@ﬁ%@ﬁ%é}m&ﬁ@g‘bﬂﬁi@%ﬁﬁé qStatpR SRl *§§rﬁ‘r§‘l>é‘. Yrith BtemiBravsiTH-1
protein imm%llolilizied ona ca{riert ro%g?h bindin}gi betwe %RJO“Q gl as?iotiré{bindir}% Brotein addition of

AT diat
a biotin bmdmg%r%%?n ASwefras a'ce Fﬁgtrﬁgaeﬁg?ey SXIract 1o a 1|o ogioga sg%ﬁfe exﬁ%ﬁsé%p & further

outstanding tegiketiesuinRANSREGHIG RN ctasteadOfaediiencafithe bigtin Linding pietsin,
substantially the same effect was achieved from addition of a cell homogenate extract prepared from
cells geneticalfp@hgigesr gdoteioxpress adistinbimdimg! profeitbermore, Non-Patent Literature 5

shows that patients with chronic fatigue syndrome have in their serum antibodies against

latent infection gene proteins the expression of which is enhanced at the intermediate stage.
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[0016] Based on the knowledge described above, the present invention provides a high-sensitive
method for detecting an antibody against a SITH-1 protein with a reduced amount of nonspecific
binding in a system of a SITH-1 protein immobilized on a carrier. [0017] The present invention includes
the following nonlimiting embodiments. [0018] [Embodiment 1] A method for detecting an antibody
against a small protein encoded by the intermediate -$tage transcript of 1-111V-6 (SITTI-1) in a
biological sample, which comprises: 1) providing the SITH-1 protein; -5- 2) binding the SITH-1
protein provided in step 1) to a carrier; - 3) contactingﬁge biological sample with the SITH-1

I

protein-bound carriéVPrEvIaRY HEStEy 25 Bttt Brenifratén ahbbyay oo tsy Ehfbodiment 2]
The method fGRSIJ18.0 EAUMBIL  wheiel e T3 pisin s slected from the group
: |

consisting o a) a protein w has an amino acid sequence of SEQ ID NO: 1; (b) a protein

which has an aminarei¢segUERER®OMPIISHRE sIEletian Fihstitislinn fasestiens ared/er Badition of one
or more amino acids in the amino acid sequence of SEQ ID NO: 1 and which has the ability to

increase thélimracetied drbalejum donventtatieayirus 6.(d) Miprbtéi WaRE Hak 3¥amino acid sequence
sharing an identity of at least 80% with the amino acid sequence of SEQ ID NO: 1 and which has the

ability to increase t%%’t?ﬁ??@ﬁ&igpéé‘t‘éﬁjﬁh Eﬁﬁ & APEHBIEO- H‘f’@&‘?savmf’éirlf%ﬁ‘?t?ﬁ% E%h amino acid
sequence encaded by ainucleic acid consising. i thenucleqidessequenge ofi REQ (D NO: 2; (€)

a protein which has an amind acid sequence encoded by’ a nucleic acid consisting of a nucleotide
sequence cONIpriging dedetioe, subRtidition, insertion and/or addition of one or more nucleotides in the
nucleotide sequence of SEQ ID NO: 2 and which has the ability to increase the intracellular calcium
concentratidiECHNIQ AlpP&eiBviHiEn has an amino acid sequence encoded by a nucleic acid

o7 SEQ 15 N Bl HES T AT 15 heHEHSE 18 T SbERTISS GHISRI GoREeh A0S
stage in which specific genes to latent infection with HHV-6 are actively expressed and a
novel small protein encoded by the intermediate transcript of HHV-6 (SITH-1). Through
functional analysis of these genes and the protein SITH-1 encoded by the genes, the inventors
have found new facts, that is, (i) the SITH-1 protein has a function that increases the
concentration of the intracellular calcium, and (ii) an antibody against the SITH-1 protein is
significantly detected from patients with mood disorder while it is not substantially detected
from healthy subjects, and applied for patents (PCT/JP2008/67300).

[0010] As described above, detection of an antibody against the SITH-1 protein contained
in biological samples from humans can be used for diagnosis of mental disorder and other
diseases.

[0011] The serum antibody titer against the S[TH-1 protein was determined by a
conventional fluorescent antibody technique using 2937 cells as antigens in which SITH-1
proteins are expressed. The inventors have continued the study and have discovered that the
fluorescent antibody technique requires cumbersome processes such as fabrication of
mammalian cells in which SITH-1 is expressed and production of preparation; the detection
operation needs skill due to a low antibody titer in the human serum against the SITH-1
protein; and the SITH-1 protein requires careful handling due to its instability. Furthermore,
the fluorescent antibody technique, which involves visual observation of fluorescence under

the microscope after the reaction with a blood sample, is cumbersome and thus 1s unsuitable



(9) a protein which is encoded by a nucleic acid hybridizable under stringent hybridization conditions
with a nucleic acid consisting of a nucleotide sequence complementary to the nucleotide sequence of
SEQ ID NO: 2 and which has the ability to increase the intracellular calcium concentration. [0020]
[Embodiment 3] -6- The method according to Embodiment 1 or 2, wherein step 3) in Embodiment
1 comprises adding a mixture of: (a) the biologicgl sample, and (b) a cell homogenate
extract prepared from cells of the same species as that of host cells used to express the SITU-1

protein in step 1) to the SITU-1 protein-bound carrier prepared in step 2). [0021] [Embodiment 4]
The method HcEBIHG L aMFBHE TR ERIGHIRREN T st‘zfv@ﬁ@aéﬁ%sé& HPEMBBiRIe 1

comprising péﬂéjé% E gﬁ%}%i’l&@ﬁo&% S&(%e@%?%atr(gigwég%ﬁg&g?gm .between biotin and a

biotin-binding protein mbodiment according to Embodiment 4, wherein
step 3) in Eppbogiment ik cainpligescadeing, Rmxtrenointrioesbiplogical samplacant invendds) a cell
homogenate extract prepared from cells of the same species as that of host cells used to express the
SITH-1 protsitg arbiotiaylated!s nd ey orethadnidiora iisiive binditigrpretalrdn stepdiTeonm) ain
combination with a biotin-binding protein; or -ii) a cell homogenate extract prepared from cells

(
genetically 8RGRASRFIBERprES A BiotRomaiRg Rte r?,amé_erein the cells are of the same species
as that of hegh¢ '?Mﬁ%‘?&&?ﬁ%‘?ﬁ%ﬁ)ﬁ@?ﬂ%B%s’erﬁ%@éﬂti&?i?@@%r%ﬂﬁﬁe%Hﬁi&i@%ﬂ‘&?ﬁ%s@‘ﬂ%{’ﬁ@d

biotin-binding protein in step 1) or
for qualitatively and/or quantitatively detecting and determining an antibody against a

SITH-1 protein in a biological sample under a suppressed background signal level.
SOLUTION TO PROBLEM
[0014] The inventors have discovered that a system of a SITH-1 protein bound to a carrier
is useful for detection of antibodies and have conceived the present invention.
[0015] In particular, in order to detect a trace amount of SITH-1 protein in a biological
sample in this system, counter measure was employed to reduce the background signal level.
More specifically, nonspecific binding was reduced by addition of a cell homogenate extract
to a biological sample. In a system of a SITH-1 protein immobilized on a carrier through
binding between biotin and a biotin-binding protein, addition of a biotin binding protein as
well as a cell homogenate extract to a biological sample exhibited a further outstanding
reduction in nonspecific binding. Instead of addition of the biotin binding protein,
substantially the same effect was achieved from addition of a cell homogenate extract
prepared from cells genetically engineered to express a biotin-binding protein.
[0016] Based on the knowledge described above, the present invention provides a
high-sensitive method for detecting an antibody against a SITH-1 protein with a reduced
amount of nonspecific binding in a system of a SITH-1 protein immobilized on a carrier.
f0017] The present invention inchudes the following nonlimiting emboediments.
[0018] [Embodiment 1]

A method for detecting an antibody against a small protein encoded by the
intermediate stage transcript of HHV-6 (81TH-1) in a biological sample, which comprises:

1} providing the SITH-! protein;



to the SITH-1 protein-bound carrier prepared in step 2). [0023] [Embodiment 6] The method
according to any one of Embodiments 3 to 5, wherein, step 3(b) in Embodiment 3 or step 3(b-i) in
Embodiment 5 comprises adding, as the cell homogenate extract, a cell homogenate extract extracted
from cells comprising any vector. [0024] [Embodiment 7] The method according to any one of
Embodiments 4 to 6, wherein he biotin-binding -7- prétein is tamavid n or a mutant thereof [0025]
[Embodiment 8] The method according to any one of Embodiments 1 to 7, wherein the biological
sample is selected from the groug consisting of bload, serum, cerebrospinal fluid, saliva, throat swab,

sweat, urine, tear, IyrhpREsHTRRS Hertd maaicitir XGRS Mté 18538} [Embodiment 9] A

at, urine, tea . . . 28 [Embodimentd] A
carrerfor detecting g0 3kgel SR AANA Ao SREd By hedeIRgale g e

lologrical sampte, n the carrier comprises the SITH-1 protein bound

thereto. [00zviitpmbadiment thels1TH Thewamianasserding to Embodiment 9, wherein the SITH-1
protein and the carrier are bound to each other through binding between biotin and a biotin-binding

protein. [002%] [EimhEdibnsmnen] 2]

The method according to Embodiment 1, wherein the SITH-1 protein is selected
from the group consisting of;

(a) a protein which has an amino acid sequence of SEQ ID NO: I

(b) a protein which has an amino acid sequence comprising deletion, substitution,
insertion, and/or addition of one or more amino acids in the amino acid sequence of SEQ 1D
NO: | and which has the ability to increase the intracellular calcium concentration;

(¢} a protein which has an amino acid sequence sharing an identity of at Ieast 80%
with the amino acid sequence of SEQ 1D NO: 1 and which has the ability to increase the
intracellular calcitm concentration;

{d) a protein which has an amino acid sequence encoded by a nucleic acid consisting
of the nucleotide sequence of SEQ ID NO: 2;

{e) a protein which has an amino acid sequence encoded by a nucleic acid consisting
of a nucleotide sequence comprising deletion, substitution, insertion and/or addition of one or
more nucleotides in the nucleotide sequence of SEQ ID NO: 2 and which has the ability to
increase the intracellular calcium concentration;

(f) a protein which has an amino acid sequence encoded by a nucleic acid consisting
of a nucleotide sequence sharing an identity of 80% or more with the nucleotide sequence of
SEQ ID NO: 2 and which has the ability to increase the intracellular calcium concentration;
and

(g) a protein which is encoded by a nucleic acid hybridizable under stringent
hybridization conditions with a nucleic acid consisting of a nucleotide sequence
complementary to the nucleotide sequence of SEQ 1D NO: 2 and which has the ability to
increase the intracellular calcium concentration.

[0020] [Embodiment 3}



A kit for detecting an antibody against a small protein encoded by the intermediate stage transcript of
HIIV-6 (S1T14-1) in a biological sample, which comprises: A) a carrier comprising the SITH-I
protein bound thereto; and B) an agent for diluting the biological sample, which comprises a cell
homogenate extract prepared from cells of the same species as that of host cells used to express the
SITE!-1 protein in A). [0029] [Embodiment 12] The- kit according to Embodiment 11, wherein the
carrier in A) is a came comprising the SITH-I protein bound thereto through binding between biotin and
a biotin-binding protein, and wherein the agent in B is an agent for diluting the bjological sample,
which comprises:  Theinsthad AerAtiian HdBbrAEsrE HEd: T S %ﬁ@mgﬁ’é@éé as that of
host cells Ué&_d to. express, tl}je %{H—I-Iogrotein, a biotinylated SITH-I protein and/or a biotin-binding
protein, in combination with a biotin- inding protein in A); or -8- i) a cell homogenate extract

prepared from cells ggaetisplly£agingssed aexpress a biotin-binding protein, wherein the cells are of
the same species as that of host cells used to express the SITH-1 protein, the biotinylated SITH-1
protein and/or the biblin-bildingpeoteln in i [080T{E Mbodinlient! 1B} samesikitfor detedtiidiasi
antibody against a small protein encaded by the intermediate stage transcript of HHV-6 (SITU-1) in a

biological sARSIESTHHR A EBRDHYES! H-1 XPIRE 81§01 protein; B) a carrier for immobilizing the
S1TH-1 proeif, i pYian rotein-%)ﬁﬁ‘d%%ﬁ%rf ;e%iégé@g}%tgﬁgggical sample , which comprises a cell

homogenate extract prepared from cells of the same species as that of host cells used to express the
SITH1 protgtni A) [Embodiment 4]

The method according to any one of Embodiments 1 to 3, wherein step 2) in
Embodiment 1 comprising binding the SITH-1 protein to the carrier through binding between
biotin and a biotin-binding protein.

[0022] [Embodiment 5]

The method according to Embodiment 4, wherein step 3} in Embodiment 1
comprises adding a mixture oft

(a) the biological sample, and

{b-1) a cell homogenate extract prepared from cells of the same species as that of
host cells used to express the SITH-1 protein, a biotinylated SITH-1 protein and/or a biotin-
binding protein in step 1) or 2), in combination with a biotin-binding protein; or

{b-i1) a cell homogenate extract prepared from cells genetically engineered to
express a biotin-binding protein, wherein the cells are of the same species as that of host cells
used to express the SITH-1 protein, a biotinylated SITH-1 protein and/or a biotin-binding
protein in step 1) or 2)
to the SITH-1 protein-bound carrier prepared i step 2).

[06023}] [Embodiment 6]

The method according to any one of Embodiments 3 to 5, wherein, step 3(b) in
Embodiment 3 or step 3(b-1) in Embodiment 5 comprises adding, as the cell homogenate
extract, a cell homogenate extract extracted from cells comprising any vector.

[0024] [Embodiment 7]

The method according to any one of Embodiments 4 o 6, wherein the biotin-binding



[0031] [Embodiment 14] The kit according to Embodiment 3, wherein the SITU-1 protein in A is
biotinylated, wherein the carrier in B) is directly or ndirectly bound to a biotin-binding protein, and
wherein the agent in C) is an agent for diluting the biological sample, which comprises: i) a cell
homogenate extract prepared from cells of the same species as that of host cells used to express the
SITH-1 protein, a biotinylated SITH-1 protein and/or ajbiotin-binding protein, in combination with a
biotin-binding protein in A) or B); or i) a cell homogenate extract prepared from cells genetically
engineered to express a biotin-bindin(le protein, wherein the cells are of the same species as that of

host cells u8&f T8 dxprassifia girmigdhsisodhe biotinylated SITU-1 protein and/or the biotin-binding

protein in Aliég @i ltg)@n\{gbl\clﬂ'Ae%F%US EFFECTS OF INVENTION [0032] The method of the present
invention ena %e h h-sens%wty nd stable detection, -9- with a reduced background signal level, of

an SITU-1 protein antibaebtibBabiRleaical-sanpiee BT Rabisklaledhe methadhabkiheRrergniinyention

enables detection and determination of an SITU-1 protein antibody which is present in a trace amount
in a biologicansplmiplechrndedadmmot the gaadilyodeisoted byl convention atreatrpds: i BRIERaliva,
DESCRIPTION OF DRAWINGS [0033] [Fig.1] Fig. 1 illustrates expression of a BioEase tagged (biotin
tagged) fusiSHio8I TE20: SEtaIn ERS: (2o T{HHERe STRE TR ORSAI St P BIbIAG tor the Hetection of the
SITH-1 protgi t@]‘d [F@é@l ' I&ﬁt tes the result of activity staining for the detection of a biotinylated
protein. [00 4? E. CC¥I 1 (DE3) expressing a BioEase tagged fusion SITU-1 protein was sonicated,

and the resulting crudedigolbeytiact fiashiantwas devalopedento siRsSnRAtHL( 6 tlacrylamide gel)
so as to give 20 ng total protein/lane, and then was transferred onto a PVDF film.
intermediate stage transcript of HHV-6 (S8ITH-1) in a biological sample, wherein the carrier
comprises the SITH-1 protein bound thereto.
[0027] [Embodiment 10]

The carrier according to Embodiment 9, wherein the SITH-1 protein and the carrier
are bound to each other through binding between biotin and a biotin-binding protein.
[0028] [Embodiment 11]

A kit for detecting an antibody against a small protein encoded by the intermediate
stage transcript of HHV-6 (SITH-1) in a biological sample, which comprises:

A} a carrier comprising the SITH-1 protein bound thereto; and

B) an agent for diluting the biological sample , which comprises a cell homogenate
extract prepared from cells of the same species as that of host cells used to express the SITH-
1 protein in A}.

[0029] [Embodiment 12]

The kit according to Embodiment 11, wherein the carrier in A) is a carrier
comprising the SITH-1 protein bound thereto through binding between biotin and a biotin-
binding protein, and

wherein the agent in B) is an agent for diluting the biological sample, which
comprises:

i} a cell homogenate extract prepared from cells of the same species as that of host
cells used to express the SITH-1 protein, a biotinylated SITH-1 protein and/or a biotin-

binding protein, in combination with a biotin-binding protein in A); or



[0035] In further detall, in Fig. 1A, after the reaction of an anti-SITH-1 antibody (1/1000 dilution),
alkaline phosphatase (AP) labeled anti-rabbit IgG antibody (1/1000 dilution) was reacted followed by
AP staining. Fig. 1B is a stained image after the reaction of streptavidinhorseradish peroxidase (HRP)
(1/1000 dilution). In Figs. IA and I B, "Control" represents an extract sample derived from E. coli having
only an expression vector. The arrow indicates the pgsition of the BioEase tagged fusion SITU-1
protein. [0036] The Streptavidin-FIRP staining chromatogram in Fig. 1B shows two broad bands. The
lower band, which is not detected in the anti-SITH-1 antibody chromatogram in Fig. 1A, seems to be a

BioEase tagged prote<s WAIBASSAAOFIHAS PFEPA i PEHETGhEBEECHTLY CogBreIsF iRy PSS Graph
ilustrating e gffelahyarous diR0ie L3R on. pRRPesific Bading, ReR sAURTER Uty proken
lines indicate a sample of the serum diluted in PBS; Open squares tied by solid lines indicates a
sample diluiegrPBSIITRaifing purifiediamanidin 2 (TMP yirdsigriskisdierety irekending grindigate a
sample diluted in a broken E. coli extract having only an expression vector; Asterisks tied by solid line
indicate a sample diluted in a broken E. cdli extract having only an expression vector and containing
purified TMZ2; Closed circles tied by solid lines indicate a sample diluted in a TM2 expressing
broken El cgqp%ré?raé?“ﬁ@ﬁ‘?&ﬁﬁ(ﬁnal axis (luminescence) of each graph represents the amount of
the detected anti SIThd @ptibpdy hlie, B IRiethaue/ SRIRRENIR Gl (Al QUG ARKSITH-1
antibody which is gradually diluted. [Fig.3|'Fig. 3 is a graph of the S/N ratid at various dilution
ratios of thesaugt-Gdkidlimniidopyy hesiatio baing aleyiatddirnpithehiesubsmphiowsn in Fig. 2. [0037]
Open squares tied by broken lines indicate a sample of the serum diluted in PBS; Open squares tied
by solid lines indicatesthesahhpid ditateéin PBS containing purified tamavidin 2 (TM2); Asterisks tied by

broken lines indicate,a sample diluted in.a broken j extract haying only an expression vector;
Asterisks tied by so%da firf ﬁE%ﬁ 8{&‘3%3%1%%8‘ il ?e%‘?r%%qb%?(%ﬂ] E gg}’i%é@ract having only an
expression vector apg gongaining: utifisg THM.2ndiGieser ciales, teghysQlidinesindicatga sample
diluted in a TM2 expressing broken E. coli extract. ig.4] Fig. 4 is a graph illustrating the
observed artiiSick rdpartiblydn titeli 4 o hibmamseygeaicthe chseodhthe wse ofal TM2 platetiadthlaH -
biotinylated SITH-1 bound thereto. A solution of each human serum diluted in a TBS-T (tris-buffered
saline, 0.194 PiRs&R Bj dontaining 1% casein was exposed to the TM2 plate. [Fig.5] Fig. 5is a
graph iIIustr@&qfh é)nt%%e}rvedﬁ%qtji ETH-1 antibody titer in human sera in the case of the use of a

TM2 plate comprising a % ?ﬁ? ated SITH-1 bound thereto. A solution of each human serum diluted in

a crude E. coli extragchwess £desed to tesbMAsiats, whediiomd KigHb ipaeianh dysirating the
observed anti-SITU-1 antibody titer in human sera in the case of the use of a TM2 plate comprising a
biotinylated 8¢Tigylatsdund thereto. A solution of each human serum diluted in a TM2 expressing E. coli
extract containing 5 mg total protein/njl was exposed to the TM2 plate. _[Fig.%] Fig. 7 is a.graph
illustrating the obserBt &SI FULER Dby s i drngHES O bt BEHIRTH Heedd8l St the use
of a nickel plgte comprising a His-tagged fusion SITU-1 protein bound thereto. A solution of the
anti-SITH-1 rabbit serum 100-fold diluted in PBS(-) containing 0.2% BSA was added. Non-expressing
E. coli and His-taggedhEGh thwesenised as eanigels. for dil{fige8hEigiobisalgraphld)uskiating the
observed anti-Sill-1 antibody titer in an anti-STD-I-1 rabbit serum in the case of the use of a nickel
plate comprigifigPaselis-tagged fusion SITH-1 protein bound thereto. A solution of the anti-SITH-1 rabbit

serum 500-fold diluted ing’%(s)éi%containir%%ot.Z% BSAFeNas ad1 ed tNon-exeprejssing Et' cgliﬁpdt
His-tagged EGFP wiid TREBPRLESPHBIE ot PERTSTEIGTS 98'% §aph SOt RERT RS BR5SHSS
anti-SITH-1 anfibady %Eeerxm&wﬁrsmirﬁmém%% 4158 fANIckR RIAEARPRINIG2
His-tagged fusion S1TH-1 protein bound thereto. A 100-fold diluted solution of each human serum was
added. His-teigdad: pfekhyniasostinas an cariirobibtie-sardimediuticn sollionRised was 1% BSA or a
crude E. coli extract. _ _
i1) a cell homogenate extract prepared from cells genetically engineered to express a

biotin-binding protein, wherein the cells are of the same species as that of host cells used to

express the SITH-1 protein, the biotinylated SITH-1 protein and/or the biotin-binding protein

in A) or B).

ADVANTAGEOUS EFFECTS OF INVENTION

(0032} The method of the present invention enables high-sensitivity and stable detection,



[Fig.10] Fig. 10 is a graph illustrating the observed anti-SITU-1 antibody titer in human sera in the case
of the use of a nickel plate comprising a His-tagged fusion SITU-1 protein bound thereto. A 500-fold
diluted solution of each human serum was added. His-tagged EGFP was used as a control. The serum
dilution solution used was 1% BSA or a crude E. coli extract. EMBODIMENTS OF INVENTION [0038]
|. Method for Detecting Antibody against SITH-1 in Biglogical Sample The present invention
provides a method for detecting an antibody against a small protein encoded by the intermediate stage
transcript of HHV-6 (SITH-1) in a biological sample. [0039] The method of detection according to the

present invelitBr fSERREELack eropng iifth 5 4 s AN S I SteinP D BineREG A% B i Rl sistt rrpidpared

n e o ST e \RB RO A S s opgar

er
1. Biological Sample -1 2- The
present investign- rglatesiaaineihadiar deirstingian antibesyagainstaRiditkilprgiRindn eakielogical
sample. [0041] The biological samples usable in the present invention are derived from humans,
laboratory ahineddilsféeteod ity EitycBiartaboreshog.animals introduced with SITI-I-1 gene, and
contain a SITU-1 protein antibody to be detected, Such samples can be used without limitation.

Examples ofth M@W%@ &6 Edire e from humans, laboratory animals infected with HIIV-6
such as mo r togy. ani intro WIth SIFEU-E S
containing ti@u%j o!gf%ogiig%% t%girg%%fr% ?‘(;)Er eg;gfgfsl%%} ﬁ%%%%gg%%ﬁl%ﬁégﬂqggﬁ% rﬁij ,afé%%%rospinal

fluid, saliva, shTeRt sweeisweat] Arinastess iyeprbulluid wesen, eniteneal dividebgomothes's milk.
[0042] These humors may be used after dilution as needed. The dilution ratio is, but not limited to,

generally in #HéHahgectinbout 1@ 1d BBt rro80dsotdulb ceferaiyifyateinimoDehtoBo:edion The diluent
may be any buffer solytion, which may contain any proper blocking agent. Preferred blocking agents
have high inFiBHBH7 &?P&W’i‘lonspecific binding, and can be selected from well known blocking

agents to peyseng skifled,ingihe ArbsYEB:asB5A Al fasein. J00#AlThesmaihed Al dhesresent

invention enables detection and accurate 'quantitative determination of the SITI1-1 protein antibody
from, for examileyahmplatavbicitatectedyEddsbraxpatiefrtecsieal dienehope digor§es-padiEontain a
large amount of nonspecific binding precluding detection of the target antibody in conventional

methods, or dafrplesyamiEls 4rd) derdvddl BiBelHettob Brjéeky lape AR SOy BdelpsUisd rRels

caused by, fg %e’ autologous antibodies. The SITU-1 protein antibody, which exhibits a low
antibody titer, requires suppression of dilution ratio of the serum. As a result, nonspecific binding

derived fromgesym ¢ompARLALSiNSYitally IRCieRsa%: tALE.RQKRPWN; BettRd snakles detepion or
determination of quantity for the antibody. In contrast, the method of the present invention can readily
detect and adtutiatelyatietérmpheghantity(afthie mtibenty-rabbit 1gG antibody (1/1000 dilution) was
reacted followed by AP staining. Fig. 1B is a stained image after the reaction of streptavidin-
horseradish peroxidase (HRP) (1/1000 dilution). In Figs. 1A and 1B, “Control” represents an
extract sample derived from E. coli having only an expression vector. The arrow indicates
the position of the BioEase tagged fusion SITH-1 protein.
[0036] The Streptavidin-HRP staining chromatogram in Fig. 1B shows two broad bands.
The lower band, which is not detected in the anti-SITH-1 antibody chromatogram in Fig. 1A,
scems to be a Biolase tagged protein of which part of the SITH-1 site is decomposed.
[Fig.2] Fig. 2 is a graph illustrating the effect of various diluents for sera on
n.(mspleciﬁc binding. Open squares tied by broken lines indicate a sample of the serum
diluted in PBS; Open squares tied by solid lines indicates a sample diluted in PBS containing
purified tamavidin 2 (TM2); Asterisks tied by broken lines indicate a sample diluted in a

broken £. coli extract having only an expression vector; Asterisks tied by solid line indicate a

sample diluted in a broken K. coli extract having only an expression vector and containing



[0044] 2. SITU-I Protein The S1TH-1 protein in the present invention refers to a small protein encoded
by the 13- intermediate transcript of 1-11-1V-6 and mutants thereof. [0045] SITH-1 based on
Description in PCT/JP2008/67300 (1) SITE-1 Protein and Nucleic Acid The structures and
functions of the S ITH-1 protein and a nucleic acid are disclosed in PCT/JP2008/67300, and the entity
thereof is incorporated therein. The SITH-1 is a fagtor 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 expRREHisH oiMberiad Giererepridiad desriidinsm ndiss 1ivuerls dilisg Bentyection (not
productive i@;r%%i )1"\@%}&% es %ilr%l)%ggcitn %gt&in@c&}eﬂd %/vith rpes viruse .ﬂ[pmg] Th%SITH-I
ragﬂ/ % : . . ngtlu ? ax1s|’@5 ines encejl L a%

protein is pre elected from the group consisting o a protein a8 ah'amino acid

sequence of&prdRels N akiount ofthad¥ieteln ¥whiclhasiathapyne Reit SRIURAGE KOMPFisingdeletion,
substitution, insertion, and/or addition of one or more ammo acids in the amino acid sequence of SEQ

ID NO: 1 anthevhichidrasathecd ity noiinErdasethibddiradedil s gattislly domeshtration; (c) a protein
which has an amino acid sequence sharing an_identity of at least 80% with the amino acid sequence of

SEQ ID NO: | and wHith-Had 18e 35t it disa/ thEtitralowtiings chltismh woneshthgisni-STHy) a
e s B B B A B O i b

sequence of SE a protein which has an amino acid Sequence encoded by a

nucleic acid posistiogaf &;nuclegtide seaiendeeompiisiag delepiensubsttutiomiinsetiemgnd/or
addition of one or more nucleotides in the nucleotide sequence of SEQ ID NO: 2 and which has the

ability to inclépseshintraceiviaplbdicemindiceearatople dilu{fddpPHisiromaicinpgaafiedmino acid

sequence encoded by a nucleic acid consisting of a nucleqtide sequence sharing an identity of 80% or
more with tHERALBIAL %MF&%W%E@S IR QHHW%FFWa%ﬁﬂBPABW&BgiHbPe‘%{%%@-

intracellular 9@1’&&%899&%&%@%@ expression vector; Asterisks tied by solid line indicate a sample

diluted in a broken . coli extract having only an expression vector and containing purified
TMZ; and Closed circles tied by solid lines indicate a sample diluted in a TM2 expressing
broken E. coli extract.

[Fig.4] Fig. 4 is a graph illustrating the observed anti-SITH-1 antibody titer in
human sera in the case of the use of a TM?2 plate with a biotinylated SITH-1 bound thereto.
A solution of each human serum diluted in a TBS-T (tris-buffered saline, 0.1% Tween 20)
containing 1% casein was exposed to the TM2 plate.

[Fig.5] Fig. 5 is a graph illustrating the observed anti-SI'TH-1 antibody titer in
human sera in the case of the use of a TM2 plate comprising a biotinylated SITH-1 bound
thereto. A solution of each human serum diluted in a crude E. coli extract was exposed to the
TM2 plate.

[Fig.6] Tig. 61s a graph illustrating the observed anti-SITH-1 antibody titer in
human sera in the case of the use of a TM2 plate comprising a biotinylated STTH-1 bound
thereto. A solution of each human serum diluted in a TM2 expressing E. coli extract
containing 5 mg total protein/ml was exposed to the TM2 plate.

[Fig.7} Fig. 7 is a graph illustrating the observed anti-SITH-1 antibody titer in an
anti-SITH-1 rabbit serum in the case of the use of a nickel plate comprising a His-tagged

fusion SITH-1 protein bound thereto. A solution of the anti-SITH-1 rabbit serum 100-fold



-14- (9) a protein which is encoded by a nucleic acid hybridizable under stringent hybridization
conditions with a nucleic acid consisting of a nucleotide sequence complementary to the nucleotide
sequence of SEQ ID NO: 2 and which has the ability to increase the intracellular calcium
concentration. [0047] The SETH-I protein typically has an amino acid sequence of SEQ ID NO: 1. The
amino acid sequence of SEQ ID NO: 1 is preferably-@mcoded by a nucleic acid consisting of the
nucleotide sequence of SEQ ID NO: 2. [0048] The SITU-1 protein having the amino acid sequence of
SEQ ID NO: 1, as described in Reference Example below, was isolated and identified as a pratein
which is spedittedip Slptedsentaglaténpiterad Al nARFRETPRSAnLUs B iHTIVASE T he
SITU-1 protﬁjk_efiﬁ 9&78!01%%'3 hg”‘XH}Erng amino acid sequence of SEQ ID NO: 2, composed of 159 amino

acids, and having a rﬁo ecu?ar mass of about 17.5 kDa. [0049] The SITE-1 protein is encoded by the

nucleic acid of the $i kg1 geres The eRNAIAfHhiS S Tid-drgenedamswain SIERHHY Nerid.daas a
size of 1795 base pairs (about 1.79 kbp), the nucleotide sequence from the 954-th to 956-th being the
initiation codoti-blak i) sevhifeithéneaste ofithe seguénce dkehplptadosinosiag3-Hibeiagethe
termination codon (TAA). Accordingly, the SITU-1 nucleic acid has a nucleotide sequence from 954-th
to 1430-th afcé!%ﬁ AlrE Rug AR T o L b - SLE e 2 Y e 35, e
O v AR P PASL PASEAAIER FOOKI AT DR AMAG(NE SENALE D8 PAM Il e
nucleotide sequence representing the ORE region is shown in SEQ ID NO:3. The nucleotide sequence
of SEQ ID N@:#F ineledrsdhraesshases of the stop codon. [0050] The SITU-1 nucleic acid is always

expressed in the cytoplasm of a cell latent-infected with HHV-6, but not in a productively infected cell.
The nucleic acid enEbigifg theesSTir2-argroidivsisnBnsderceliypraONptiwiich -k pebasiétseitary strand
of the HHV-6 latent infection specific gene (H6LT), which has been reparted to date, and.]
expression IBHNARELA A G ok BES ABERS! RSP A oA AR o S Fets
demonstrate thatthe Sif Inkidiproteinispmicipabichda speclically sxprassed.dudagdaient infection
with HHV-6. -15- [0051] The SITE-I protein binds to a host protein, CAML (calcium-modulating
cyclophilin ligape] BGi&sions iked 18242h toincrpaserthedalcionschnecentkatiominitiedflialocells. The
CAML is a protein which is known to be abundantly present in the brain and lymphocyte in the host
living organi%‘h‘ﬁﬁr%’d Réres&ethe intracellular calcium concentration. Probably, an increase in
intracellular calcium{%cl)nfﬁéﬁratiq geuae to expy gg@igr}\ 9{1;(@(;\ ITH-1 H@%ﬁiﬁﬂd&% %1(% %ti%tg,qn of overall
signaling in the laten [Rfectedtee s,”ari%f?ﬁ’ué contribites to effectiva reactivation of HAV-6. RJOSZ] It is
known that the.glipds6lls iRdbgPrAiRarsiatentniniasted withhir Vil V¥hembidN -6 dusiggithe; latent
infection or at the intermediate stage which is a latent infection state with high activity expresses the
SITH-1, the paisihaoncdnteatior sééhis! thdificiehsaitiche Hliaticblimdn isshetiovedahigdatinerease in
intracellular calcium concentratign in the brain is wedded to psychiatric disorders §)uch as mood
disorders (RAGHFARMIA BEpEtOobar 06es) FiieShrudi proteit HES X RN8H tabmaiRtdins activity
“to bind to the 8§%Protﬁi&t8€t'w- to increase the intracellular calcium concentration. Furthermore,
expression of the SITI-11 protein in the glial cells (in which this protein seems to be most strongly
expressed) mNfICIraRIcandndugs; peycitiginc disorders. Accordingly, the SITU-1 protein is believed to
be expressed during the latent infection with herpes viruses or at the initial stage of reactivation of the
herpes virusé¥18 lcaudécthediostRstheiezahytbodoriantiesdistrdet. ifoBBAp gyahRaex@iplary mutant of
the SITH-1 protein be a protein which has an amino,acid sequence comprising deletion,
substitution, insertion "&REFSY AARTGBHt BIS G HiH GG SR Eie QNG Bt Lae T Eelb SEQ
ID NO: 1 and, which-hasithe,ability e increasa e tiacaliiar paigum sengentiationofiks dne SITH-1
protein. [0055] More particularly, the protein hasan amino acid sequence comprising deletion,
substitution,dms@ttion, and/or addition of one or more amino acids (preferably one or several amino
acids, e.g., Ito 40, 1 to 30, Ito 20, Ito 15, more preferably 10, 9, 8, 7, 6, 5, 4, 3, 2 or 1 amino acid) in the
amino acid d8§88hcdsr Sty Ndstertignderasimg Qéﬁérﬁéﬁ?ﬁéﬁ@ﬂ%ﬁimyl@FWﬁre%nt invention.
The term an amino algid geﬂl_}gengesi:?mqrisi&%igeletion, substitution, insertion, and/or addition" herein
refers to the presenc Brae ejﬁ%n, substitd ion,

2) binding the SITH-1 protein prepared in step 1) to a carrier;

3) contacting a biological sample with the SITH-1 protein-bound carrier provided in
step 2) to detect the SITH-1 protein antibody.
[0040] 1. Biological Sample




-16- insertion, and/or addition at any one or more sites in the same amino acid sequence. Although
two or more of the deletion, substitution, insertion, and addition may occur at the same time, it is
generally preferred that the number of deletions, substitutions, insertions, and additions are as small
as possible. [0056] The substitution described above is preferably conservative substitution. The
conservative substitution refers to replacement of a specific amino acid residue with any residue
having similar physicochemical features. Any substituent may be employed that the feature on the
structure of the original sequence is not substantially varied. Nonlimiting examples of the conservative

substitution include SHbEFRATBASEHIBSH 4R A el iR tSHERRR Gk REYS As> SUeH as

mutual subi)ngg%qlggwgﬁgiyg, S\é@} Leu, and Ala; and substitutions between polar residues, such as
mutual substitution between Lys a'ng Arg, between Gin and Asp, and between Gin and Asn. [0057] In

the non-corsengtiversukistiptiansanylenesagmberopihese bpesi maubeseplacadwitinang of the
other members, preferably in view of the hydropathic index of the amino acid (hydropathic amino acid

index) (KytdaboatigymoinBiviniesrd o5 8 962) Japoordey tornmaistaireHeceiblogical fiinktisnef the
protein of the present invention. In the non-cqnservative substjtution, amino acjds may be replaced
Pased on hJBIBRITITAY: (0561 TR SRR RGP ANSHRG acH SeHTBNEe oM Eng HEhon
substitution;;insertion. e Ao of 00 0 MALEANIOR A6 Bdhe AN ACY AepBRFEALSEQ ID
NO: | can be prepared by a'technique such as site-specific mutagenesis described in, for example,
"Molecular ¢l¢nited, v thabigrai® gy danuabStehedr I {CatdoSpringridarbnrdduess (2003)XHeten-n "one
or more amino acids" herein refers to amino acid which can be deleted, substituted, inserted, and/or
added by sitédpcifieurfutiganesOTE05p Laapladisehentsdheieie Sootheniamecsite-specific
mutagenesis, f;%i%dgl}cincg the delet\io[%, subst'it tion, or. addition of one or more. amino geids, into the
6381’ e Protéin i Oﬁg%nﬂi}*fg Phaitained indude reatmeRtof the gene in a

amino acid 8¢
mutagen ang,Jipking gitel.Aelation skPstiiioangr adgition of a nucleotide which is selected by
selective cleavage of the gene. -17- [6060] (c) Another mutant of the SITH-1 protein of the present
invention m@yokde]a filateimwich hag anwsmindaadd seguence:gharitigadi idemtitytof &t leaso80% with
the amino acid sequence of SEQ ID NO: 1 and which has the ability to increase the intracellular

calcium contBrtrdtienepeslly ThaRIERES Jraherantiie Bauisiiaredp reiipbaticddt 859%, 90%,
95%, 96%, 9%, 98%0,-0r 99%, more preferably.99.30%. [0062] The percent identity between two amino
acid seq uen?cge@c%%‘bei%% elr?ﬁfﬁe%ag& Siga%am%fs%%%%}g% and’ %r%]%g’ch%ln}'a%f%%[l]aéna élaié%%ervé t%crlﬂgt%\/ely,
the percent jdentityyRetbweeBIWRIRECISIN SEAVENCES Gab RS JRIFEMIpL ddREREEI CRMPAE S Qhin
sequence information using a GAP computer program available from the University of Wisconsin
Genetics Chmpeignt@riop WAV GEE ) basdd mattiatalgarithaonb piNkediioary s sB:haasdBdiaseh, C. D.
(J. Mol. Biol., 48: 443-453, 1970). Preferred default parameters of the GAP program include: (1)
scoring matfix¥Blbsum62 described in Henikoff, S. and Henikoff, J. G. (Proc. Natl. Acad. Sci. USA, 89:
L0915- 10919, J392)12) h2 AR MAISHIS: (R AR Jenab e lghis:Rad 8.0 PRBRINK IR IREnna!
gaps. [0063] Any other program used by persons skilled in the art can also be used for comparison of
the sequencesethi@ NRICeNtidtiy-aan-beidetemudeddy, for example seomieatidothwithdheved
sequence infolination using a BLAST program described in Altschul et. al., (Nucl. Acids. Res., 25,
p.3389-340ranga)icnki s aniteanise Boadets anff santhis witigites s NbobRDesifer birding

Biotechnol Infor. ' NCB! DNA D Bank of J DDBJ the Int t. Th diti

(parametere] 0 TR CELH oy the BE AT LIS P LS it O Ak GG ethoLgh

these paramgsate ¢ AnPAtly Rried ikeressant seaicihia asnaralcartiodiou usipg(he defaul
e

values. Alternatively, the percént identity between two amino acid sequences may be detemlined using
a program such ke genetit mfiesmatiert proce ssingisaftvilard \GEMET ¥b ek, 71 (availalade frowmr,
GENETYX CORPORATION) or FASTA algorithm, wherein search may be carried out using the default
values. [006HAET R T RREPSHORh G tHE TRL9-af shetiser 1 grissa RRrsREER Iy bR Hioksin

from serum components inevitably increases. Thus, no known method enables detection or
determination of quantity for the antibody. In contrast, the method of the present invention
can readily detect and accurately determine quantity of the antibody.

[0044] 2. SITH-1 Protein

The SITH-1 protein in the present invention refers to a small protein encoded by the



which has an amino acid sequence encoded by a nucleic acid consisting of a nucleotide sequence
comprising deletion, substitution, insertion and/or addition of one or more nucleotides in the nucleotide
sequence of SEQ ID NO: 2 and which has the ability to increase the intracellular calcium
concentration. [0065] More patrticularly, a nucleic acid which has a nucleotide sequence comprising
deletion, substitution, insertion, and/or addition of ond bre more nucleotides (preferably one or several
nucleotides, e.g., | to 120, Ito 90, Ito 60, Ito 30, 1 to 20, Ito 15, more preferably 10, 9, 8, 7, 6, 5, 4, 3, 2,

or 1 nucleotide) in the nucleotide sequence of SEQ ID NO: 2, and which has nucleotide sequence
encoding th@lﬁﬁﬁﬂﬁ%\?ﬁ?ﬁ%@ﬁﬁéﬁﬁ@ﬁéﬂ%ﬁﬁﬁﬁ@ﬂ? ‘present invention. The term "nucleotide

sequence cgmggr'fi ( fjﬁﬁti{%{éeﬁ%%%%égﬁgtig}?ﬁf%@%%ﬂ‘)d}%i(?n of one or more nucleotides"
herein refers to the presence of deletion, Substitution, and/or addition at any one or more sites in the
same nucleotide sequesigai Although ioresdnraresefdhe deletions, substitutions, insertions, and
additions may occur at the same time, it is generally preferred that the number of deletions,

substitutions, insertibhs saneRads itivhE:beliagsealicas pos$iblei{o0uss] (et ditadisolptise SITH-1
protein of the pr invention may he a protein which has an amino acid sequence encoded by a
nucleic acidi’&gﬁiféﬁzéhﬁgme%g’%&ﬁi@n@?@ﬂ??ﬁf&%ﬂ@ﬁ%&?%@ or more with the nucleotide
sequence of SEQ I-NQy2and whigh has he abilitydq inerease s iuace Al LaltH M ore
concentration. [0067] The identity of the nucleotide sequence is preferably at least 85%, 90%, 95%,
96%, 97%, 98Pecin90% procsia: ppetenabliy 239:3% 408 EHetpartebi identiish betyweentweesnUdleotide
sequences can be determined by visual inspection and mathematical calculation. Preferably, such

comparisont8h bdesifirall vetRiuGg K eonsdarnss mtseauaHE AR THIORS U SNSEEE éaldsdter
program. A particularly preferred computer program is.a version 1(%.0 rogram "GAP", Wisconsin
Package of HENElE CIIED €Dt el RO T (R0 St AP 8 N
Acids Res., 12:38/0) (rﬁ%%&fd@ﬁn?&ﬁﬁﬁ?%ﬁﬁ_rﬁé%%ﬁg@s%ﬁmﬁ%ﬁﬁ&&%ﬁf}@ﬁﬂ E‘é&%@s@!ﬂ%@ﬁ'd
sequences and comparison between a nucleotide sequence and an amino acid sequence, in -19-
addition to déxivdrisBiedf D hpcteatide setirebiges: §000%r(g) Anathepmuisintiof e SITH-1 protein
may be a protein which is encoded by a nucleic acid hybridizable under stringent hybridization

conditions with a nuétéie el BRI orarRtiBR Btide <Btiish L 2ERMRMEN Y to the nucleotide
sequence of SEQ IDNO; 2 and whigh, has the ability.to increase the intracellular calc -
concentration 10070 R S P g e L e
hybridizationgenditionsiitseitidnere dreferabhidy thayhridization eonsitians argwasbingrrpmditions.
The tem, "stringent conditions” includes moderately or highly stringent conditions. [0071] More
particularly, Bxanpled whistobier delybshinge maonditinsinatatel hydalidizatmmentiitions of 1 xSSC to
6xSSC at 42C to 55C, more preferably 1 xSSC.to 3 xSSC at 45C to 50C, gigst‘géafera}b% Zél%/ Cat
50C. In the case of ANFHHALHBHSBINHS ARG SOUT RGO S MsiE H e gsI5tarE Which is 5

to 15C lower,than,ihg aforementaned Jomperaiaiis emplevad xamples Al ashiog cendition
include 0.5xSSC to 6x SSC at 40C to 60C. For hybridization and washing, generally 0.05% to 0.2%,

preferably abaid@! LSS maydeadadedn[0072] Highly stringent (high stringent) conditions involve
hybridization and/or washing at a higher temperature and/or a lower salt content than the moderately
stringent conditions. (EXxadplesoF highritiyafi smEshentibrsiivite e0ABE ST 20 SET g 8EistHesC,

more preferahly 0.1xSSC o 1.xSSC at.f % 5 nost preferably 0.2)<SSC at 63C. Examples of
washing con 'tﬁ&%gqf’%ﬁt POSRELE ?(gg% &Q\Z Sggj to 68C, more preferably 0.2x SSC at 60 to 65C.

_[0073] A nonlimiting %’BFH%Q{ '&hﬁ%@ﬁ%@&ﬁh&%@ﬂig@gﬂéﬂ%@ éﬁUQM\éE W%ngﬂéﬂngE@]Q@fff%d out
in 5 xSSC, 1% SDS, 50-mM Tris-HC1 (pH 7.5) and 50% formamide at 42C, a probe is added, the

system is maifuained@td2Eqovecnighitoifonmdeydiiich, andstiven dsheisample isdashéttihned tinresin
0.2xSSC and 0.1% SDS at 65C for 20 minutes. . .
more nucleotides in the nucleotide sequence of SEQ ID NO: 2 and which has the ability to
increase the intracellular calcium concentration;
(f) a protein which has an amino acid sequence encoded by a nucleic acid consisting
of a nucleotide sequence sharing an identity of 80% or more with the nucleotide sequence of

SEQ ID NO: 2 and which has the ability to increase the intracellular calcium concentration;

and



[0074] (2) Antibody against SITI-1-1 The antibody against the SITII-I can be prepared as a polyclonal
antibody or a -20- monoclonal antibody from the SITH-1 protein, its mutant, or their partial peptides 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 andlELISA, Kodansha (1991)". The resulting antibody
can be used for detection and determination of the SITH-1 protein. [0075] The term antibody" refers to

immunoglobulins (Ig@, IgD, IgE, 1gG, IgM, and Fab fragment, F(ah")2 fr%g

! ent, and.Fe fragment
thereof). Examples &9 thE" HRURBIO BT a1 hdé: B HEARS RIS lﬁr&%‘&r&ﬁ%&%&

monoclonal apiapeis, spelrsiaqled sathicles: AOHFaPS anhasles, ang pypanized antbocies

[0076] The térm "antibody recognizing the SITH-1 protein™ includes complete molecules and antibody

fragments spaciiicalbyatiachableds dbeds eninerote BHGOmexamplen & albiahd ds(az )b fragroent). Fab,
F(ab’)2, and other fragments of the S1TH-1 antibody can be used according to the method disclosed in
the presentiBp@eifichion tocaliyl knerlmumerheen8athtfragments can be typically produced by cleavage

by proteolysj [ng.an me e.g., papain (yielding a Fab fragment) or in (vieldi F(ab")2
fragment). VY 1 A AL RO AR oy ARG T Sl g orentia
mood disorggrs expiRilincrEases SXrasen eyl wiitid-prieinnddivrinsreassd &1 TH-I
antibody titers. In one embodiment of the present invention, detection of the SITH-1 antibody in a

biological samplec-kaldlescigentifi etk pipatiénts having mood disorders and individuals having
potential mood disorders. [0078] 3. SITH-1 Protein-Bound Carrier The method of the present invention

includes: 1)LpPavIding el SiirHprosestdinying Bascimghecs] sraucprsteir bRV N lstespieyaabsda and

oo e o BB O A OO e i ST PRI R e
expressed during latent infection with human herpes viruses 6 (HHV-6). The SITH-1 protein
is a protein having the amino acid sequence of SEQ ID NO: 2, composed of 159 amino acids,
and having a molecular mass of about 17.5 kDa.
[0049] The SITH-1 protein is encoded by the nucleic acid of the SITH-1 gene. The cDNA
of this SITH-1 gene, as shown in SEQ I3 NO: 3, has a size of 1795 base pairs {about
1.79 kbp), the nucleotide sequence from the 954-th to 956-th being the initiation codon
(Kozak ATG), while the nucleotide sequence from 1431-st to 1433-rd being the termination
codon (TAA). Accordingly, the SITH-1 nucleic acid has a nucleotide sequence from 954-th
to 1430-th as an open reading frame (ORF) among the nucleotide sequence of SEQ ID NO: 3,
the ORF having a size of 477 base pairs (about 0.48 kbp). Among the cDNA of the SITH-1,
the nucleotide sequence representing the ORF region is shown in SEQ ID NO:3. The
nucleotide sequence of SEQ 1D NO: 2 includes three bases of the stop codon.
[0050] The SITH-1 nucleic acid is always expressed in the cytoplasm of a cell latent-
infected with HHV-6, but notin a pmdﬁctively infected cell. The nucleic acid encoding the
SITH-1 protein is encoded by a DNA which is a complementary strand of the HHV-6 latent
infection specific gene (H6LT), which has been reported to date, and its expression is
enhanced in the intermediate stage of the latent infection with HHV-6. These facts
demonstrate that the SITH-1 protein is a protein which is specifically expressed during latent

infection with HHV-6.



-21- known process for preparation of proteins. It can be prepared, for example, by the following
nonlimiting procedures. [0080] The SITH-1 protein can be expressed in a desired host cell by
integration of a gene encoding the SITH-1 protein into an expression vector. Nonlimiting examples of
host cells include mammalian cells (e.g., cells derived from primates, such as human and monkey;
rodents such as mouse, rat, Chinese hamster, and casine), insect cells (expression systems utilizing
baculovirus and Drosophila system), yeast, E. coil, plants, and Bacillus subtilis. Preferred is E co/i. In
addition, established culture cell systems can be preferably used, for example, HEK293, Hel a,.

HepG2, andBB3T rdPRAhE LaneieEHndy fadPeshiwisr: S rlfotiaitiLBaedyaire crstorhifiib ok,
and vero foy,gther mammaliag sellsy And, S13.4ndi 2 for msect cella, Aleailvelyy (aRrofgn can be

expressed using cell-iree expression’systems such as wheat germ extract andinsect cell extract.
[0081] Persons\skilled drotam arhean ApReRHate:belrehexnressianyedorsisuikadlefprhast eells
used. [0082] The expressed SITH-1 protein may be purified. In the case where it is immobilized on a
carrier by a tsiwdwgt homeksuehnagramadvidirediote bome:cdh ek il comprasivg teatidin dirblebiybsund
thereto may, be directly reacted with the SITH-1 pratein expressing cell extract wjthout preliminary
punﬂcanon;lﬂff@@%%@r&eﬁf scf:‘ﬁﬂﬁ’aéf?c‘?ﬁeélﬁ&‘?ﬁfh%‘&E%t’f&eé%lﬂ?eogé&mg{' 5! [%%%*P 5ITH-1
protein can he, purified, by apy meshodwelkaewn 4o Rersqns Siledin Ahe ast ok RXIRIE. Aive
combination of chromatographic processes, such as ordinary ion-exchange chromatography,
hydrophobig@latomatagrapmy @nd gel-permeation chromatography or use of a tag sequence for
purification. In such a case, the S1TH-1 protein may be expressed in any host cell such as E. coli cells

and mammafigiZdells adapsionpicleiivlies] fondhabie, yrteibrdesterhnsfe FAES -maltbse-binding

ecuting protEe B LR Gy A A D RASS R AT gD S
thioredoxin, yespecivehder Spmple isingia gluirthionasfixed Colkanah 24 Q08 Reliminary

introduction of the recognition site of the protease into the fusion site with the SITU-1 protein.enables
removal of thalagbeqlienbel by ddehtingnthe proteasmaften mluificdtion Aomeproteasanvidl krowis to
persons skilled in the art such as enterokinase and Factor Xa can be used. Alternativelg,)the protein

can be purifleeiBybie prvsiHausdbredesaychrigmagd sisstidssp R kag wmrrddissath anti-Flag
antibody, or p=lact mn. In order.to enhance the purity, multiple tags may be fused to the
@O%t%fth%{‘i?hge{)%%r%% ratein Rz'ﬁea dﬁlbnctmh u%?ma e uépl\a_.% J[O %)119(? ‘i %éﬁ SLPLO e

SITH-1 protein’s n’is puri y a combined process. For exampg, erminal of the
SITU-1 protein mayPafused withaigtnylaied seguencs 4absHtisias ARdRiaEADE bihe
expressed as a recombination protein in a host, purified through a nickel column, and then further
purified throtighith lquwoaffinitytheighalaelbwiaffitityhstetavidin (eams ®AenutsintRogheygutsred) [0085]
Carrier - Examples of materials for solid _carrier include, but not limited to, cellulose, Teflon

(registered HAHENRAR) ARMBELTEIBEEh R HFoSEHIGHYYy CRISSNRKRY Ehndrhthl RJarpees et ©
chitosan, polys ' . ) [ ropylene, nylons,
polyinyidens Sl s g o, Siver.
copper, ironr&iginiassnsieelciesries silican walarseolyethylenearolysthyengimingspalyflactic acid),
resin, polysaccharides, proteins such as albumin, carbon, and combination thereof. Preferred

materials half¥ #terthine varoidrsngany stabieSddRpositnn antd rediapseisibridpetifiastinding.

[0086] Examples of tl'ﬁe form of the salid ca %‘er.includBe but not.limited to, icro%%ads, agnetic
HuALEp

beads, thin fiffHSCAPNETTHISES FREPS s lchs f:%‘fé‘&"é‘ar‘ﬂ%‘ﬁthoéh&ft%%rs? chips. Flat

solid carriergtich ag,iin;films aRd Piaes MALREROUIEEHWIH RIS, 0RAUERBMHIELDIBRMSHAS IS

known in the art. [0087] In an embodiment of the invention, microbeads may have a spherical diameter
in the range iatahaewitizbinmddiakoutimmcdnapretemetienbofimdnt, thedieads have a diameter in
the range of about 50 nm to about 10 um.  Without any limitation, for example, in the case that
high sensitiviiP for détbetdridcataie dhp BEIS B Helt ABBRI AN ScCaRTsfeterapiliy be delstials the solid

carrerin thesﬁ/{)%\{ytgt%rr]}, insertion, and/or addition of one or more amino acids (preferably one or several
amino acids, e.g., 1 to 40, | to 30, 1 to 20, 1 to 15, more preferably 10,9, 8,7,6,5,4,3,2 or
1 amine acid) in the amino acid sequence of SEQ ID NO: 1, and has the aforementioned

ability of the present invention. The term “an amino acid sequence comprising deletion,

substitution, insertion, and/or addition™ herein refers to the presence of deletion, substitution,



-23- that the beads provide high contacting frequency between the target substance to be detected
and the substance which specifically binds to the target substance, and that cleaning operation thereof
is easy. [0088] Method for binding SITH-1 Protein to Carrier Binding SITH-1 Protein provided in Step
1) to cather. Binding the SITH-1 protein to the carrier may be carried out by any method for
binding a protein to a carrier. Nonlimiting examples of such a method include use of hydrophobic bond,
covalent bond, and various tags, and use of binding between biotin and a biotin-binding protein. In the
case of the use of hydrophobic bond or covalent bond, preferably the SITH-I protein is preliminarily-

purified. [0G88HPthé s askdion, 88y e 1Yy dPEFhEEE bR, BIRERTY RO ACHISREE B Snteraction of
the hydrophghic surface of a carrier, with, the hydrophabic moiety of the SITH-1 protein. For example, a
SITHA prota Saroes S AU e CEapRanE IRl 8 SUAch BB Rni e
NuncimmunaiMlataiNuegl-anSnestral laie- 96 HhEdBerkin klnrn OxReaatBindims6oWeldlates
Corner Notch (PIERCE)), and is allowed to stand for a predetermined time, so that the SITH-1 protein
is bound andiirimobilized snalexcpesablsy the interaction of the hydrophobic moiety of the SITH-1

protein and the hydrophobic portion of the carrier. [0090] On the other hand, in the case of the
covalent bo%%c%ﬁ&%%ﬂﬁ?ﬁ@?%@?&é@%wﬁ@%ﬁfﬁé@&&@&%ﬁw%Buﬁét’:%‘%‘é“béﬂﬁd to the

functional grayps.indhe ghhdBRoIE ForsHeh pinding,, %@cﬁk@éyaﬁfiﬁé‘g&?&%&‘iﬁﬁ@%ﬁ’ﬂ‘!"iﬂé"afious

surface functional groups are commercially available and c e preferably used in the invéntion.

Nonlimiting examples efsushi plaessinsludemicrepaies prayidedwiinsurigas: fenptional grouns, such
as maleic anhydride plates, e.g., Reacti-Bind (trademark) Maleic Anhydride Activated Polystyrene 96-
Well Plates {RIERCE jhastivater aminoagionp! phiewas, & nehmbbilinseliradeadarioalinbng
Modules/PIate?}ég{unc ;. and carboxyl grou ,Plates,, ellﬁ a I%LISA,pIat MS-8796F (96 wells, type C,
flat bottom, TAPBRIST FSRitSHS B AREHtY L B8) s P B P R S B AR AT S Earrier

may be cartiggait arsapiing Bhednsitciambeundiehricauiet R Mpse BRECHigally, Gppling
technology known to persons skilled in the art of the protein with the solid carrier can be used, but any
other methadiisainalsasiewsesh direxaihple, dieh proteiniahshthetadlid barvwesicandmdoupled through
a coupling reaction of surface carboxyl groups of a modified solid carrier with amino groups of the
protein in thecpresaAce 8Pa dfpsanthRitysgda pBd 458thyl-3-(3-dimethylaminopropyl)carbodiimide
(EDC). Alternatively, the protein may be mixed.with a solid carrier of which the surface s actively
esterified Wi@sr%\fﬁy ?o&%s%%ﬁ%?r%ﬁ%%? \ﬁ§;l(l|°rsiq3 %hoﬁé? %ﬁ\’j‘ff%ﬁl‘(glg:"%.c‘g ﬁa‘"@? %g)r?tga?ﬁﬂgb%o primary
amine groupssiahing He.saroome: SiRns QRHAS, srlitkcRNEL IeitheAMINA GHeURm Rl R PAteIn.
Alternatively, amino groups on the solid carrier may be coupled to amino groups of the protein in the
presence ofamenoss:linfind aeeehtcB8 b sfsUifosu s CiiteidylisibdiEtdyol. 0SS [disuddiniafidy) in
suberate), or cou?led to thiol groups of the protein in the presence of a cross-linking agent SPDS
(N-succinimfIJFBLE2BY RtIdiERiBP I prb Autel ot eivhs STNpin iR RIGE LYY RIS st Lifiire.
[0091] In angth bodiment, - [ ilizadi ically fused.
Examples o?%ﬁgéﬁ%%%ﬁg%%é%%g ?ﬁ-g% g?g]stag g%%%\%%ﬁ%%%%%%%%ﬁ%ﬁ ed below, HisTag,
HaloTag (tradeswiprkhapthiiachditesaserf fidkaguthesuifase ol adickehionzathearier may be
reacted with SITU-1 fused with a plurality of histidine molecules (generally five to ten molecules) to
immobilize thsgsiisteininddiecaffmiopobHisTagnmickedionshbjoooioBividineneSETH SERrGtei 1o
Carrier by bindin betweengﬁ?i;?tin and Biotin-kinding Proteli In the present inyention, the SITH-1
protein may bEATAUGPIERABELPEF L RGP By FRAHGA, FHESHESH SRR e ROWver,

utilizes binding hetyeer RIgHR a0d ABIAIRsPNGNGIPIRIRE ~IPHNE BERENTINKEPBRLLs RIRFING hgtveen

biotin and a biotin-binding protein” may be referred to as "avidin-biotin binding- in some cases [0093]
Examples otgnathadsdombirdingref ibelSiideinpedteindathecati@nibychinghng: bietereésiiatinandd a
biotin-binding protein include A) binding of a biotinylated SITU-I protein to a carrier comprising a

biotin-bindindg{sreeirtbbahaddrs boo Sy Bieriiig BR R ERBETS-
[0059] Examples of the techniques, other than the site-specific mutagenesis, of infroducing
the deletion, substitution, or addition of one or more amino acids into the amino acid
sequence of the protein while its ability 1s maintained include treatment of the gene in a
mutagen and linking after deletion, substitution, or addition of a nucleotide which is selected

by selective cleavage of the gene.



-25- binding protein to a carrier comprising biotin bound thereto, and then binding of a biotinylated
SITH-1 protein to the carrier, since most of the biotin-binding proteins are tetramers, and C) binding of
a fusion protein of a biotin-binding protein - SITH-1 to a carrier comprising biotin bound thereto [0094]
Detailed explanation will be provided as follows. [0095] Biotin "Biotin is a generic name of
D-[(+)-cis-hexahydro-2-oxo-1H-thieno-(3,4)- imidazole74-valeric acid]. It is one of water-soluble
vitamins categorized into a vitamin B group, and is also referred to as vitamin B7, vitamin H, or
coenzyme R. Biotin strongly binds to avidin, gne of the glycogotein contained in albumen, so that its

absorption iHReMhaldcaryaniash rusratnidae S THiE PR sd6PIsReabIREHIBHMEN ARSI biotin

Sefci . . | o6 biorin: ; aginilie ity
minobioun FTmaA i B OR8] Beak N e D LA S0 ERE U
(2002) AnalsBigehesmBOBIBAS 1367 | and Riplin RaalRgsksHeh s Rieeylmanshiainsulfaxiden in

addition to the biotin described above. [0097] Systems using biotin-avidin (biotin-binding protein)

complexes arewidslarsed in the fields of biochemistry, molecular biology, tissue immunology, DNA

analysis, and clinjcal assay. One of the methods of binding the SITH-1 roteinéoe&hg cgrri rin the
Gein > 7>

present inveRtBhHinddREETE of SFARBRARDRTIHG O IBF BIghN BHERE P BxA Otbles of

the biotin-biggd;@ggyg%t%ipgg%et[g@pgr%g%m tae;present invention include proteins which forms strong
bonds with biotin, such as avidin, streptavidin, neutravidin, AVR protein (Biochem. J.,(2002), 363:

609-617), bradexidimid. JBioknChrmi{2005)keA8Q:01:3200- 1320k uhizayidin {Biehemal by visual
(2007),405:397-405), ta avidin (W002/072817), and mutants thereof The dissociation constant (KD)
with biotin isseftabRngogtiwoeaiass calGraiprefetdisipad i Wity resecislenprefearatigmoue2 M or
less. However, this is not always true for the b'otin-l??indin rotein which is added to.a test sample,
“26- and forRHEBIGTFLITERAG BrBteis STHIER o e hor BIBARING & Lo foOEOT BT broferred

biotin-binding pEOtEins: AL JABAVIR ANY RN IR ANGERLNDISh e As highlysxRiesserda E. coll.

Tamavidin is a biotin-binding protein discovered in an edible' mushroom, Pleurotus cornucop ae
(WO002/0728%ithupakakita €t ahs¢DQ9)He R BSr 2 h3B3cHBARnAR. dXamp W aidtie thubanisidbl.
tamavidin is tamavidin exhibiting high bindin c%pability and low nons&%cific binding characteristics
(PCT/IP200%164352 40108 @}eﬁrr:ftm%@ ARl Rarestesert i e RIS B9RWRibin 1 (TM
1), tamavidin 2 (TM2), or a muta reof Spedifically tamavidin of.th ent invention,may be
oypically a prORTHEUIAG L ARG i e B B EES DN R D TR B8,

encoded by ggucteiciacigsconsistingoah the) nucleptidesequenacah REQH R NG aBE(E NO: 6.
[0101] Alternatively, tamavidin of the present invention may be a protein which is a mutant of a protein
consisting opthelaniimdcacichalegapence of SEQ ID NO: 5 or SEQ ID NO: 7 or a protein encoded by a

nucleic acid caonsisting of the nucleotide sequence of SEQ ID NO: 4 or SEQ ID NO; 6 and having biotin
binding capdBilftylsirfilr Y0 thRF SFRIREAGRY PYFPS S HIGRbIR GRS HBREFRERE binding

inding cap: M BrRIgH bincRig fing
characteristis,.[ouNoYLINE SRSCIICAHAr, FITRMAIR:y BAHR 2 ARCBY AR dsiAQr may be

ectively tamavidi

comparison with the sequence information using a BLAST program described in Altschul et.
al., (Nucl. Acids. Res., 25, p.3389-3402, 1997). This program can be available from the
websites of National Center for Biotechnology Information (NCBI) or DNA Data Bank of
Japan (DDRBJ) on the Internet. The conditions (parameters) for identity search by the BLAST
program is described in detail on these sites. Although these parameters can be partly
modified if necessary, search is generally carried out using the default values. Alternatively,
the percent identity between two amino acid sequences may be determined using a program
such as genetic information processing software GENETYX Ver. 7 (available from
GENETYX CORPORATION) or FASTA algorithm, wherein search may be carried out

using the default values.

[0064] (e) Another mutant of the SITH-1 protein of the present invention may be a protein



[0102] The mutant of tamavidin 1 or 2 may be a protein having an amino acid sequence comprising
one or ore 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. [0103] The definition of "deletion, substitution, insertion, and/or addition of one ore more amino
acids" is described in the section "SITH-1 protein”. [0f04] The mutant of tamavidin 1 or 2 may also be
a protein having an amino acid sequence sharing an identity 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 morBREBIRS PHRIPEIG S EY AT RRGFESRSIR SrefehuBlg 0 889 S eRIERE (ih thaiesrdEQ 1D NO: 7
e o s ara g el Bpde. anahl iRt DARLARArIR g der Bon 2T

nonspe Ing C aracterlstlcé e de nltlon "percent identity of the

amino acid ;seqeRnRe iistHesculedda tbgusastion S BT Hh protein, QL6 Mistantsiafitamayicisnaf the
present invention further include the following proteins: (i) A protein which has an amino acid

sequence eheaded bYudenodeicacithcorisisting of a nucleotide sequence comprising deletion,

substitution, insertion, and/or addition of gne or.m 0 ac s in the nucleotide sequence of SEQ
ID NO: 4 or[%{f:é@l OV i il ﬁ&@ﬂfoﬁﬂ%%??b%ﬁ i AFEetiat StBRAYdIn | or 2 or

high binding A (oW, ARARRESTA DInding.AAATRSIBHRIES one 0@9 ARLIENMiCh hasranamine acid

sequence encoded by a nucleic acid consisting of a nucleotide sequence sharing an identity of 80% or

more with the sevelentisgsgiquencs. of HEQUID NG DroSIEQ!R BIK16ap0l whichs hagiotin binding
capability similar to that of tamavidin | or 2 or high binding and low nonspecific binding characteristics;
and (iii;mf@‘d@derimﬁi& s én@oﬂéd byoa hoesdsetedad iﬁ)}bﬁ@l‘iﬁé@@@%@ﬁ@m@gﬁrﬁmﬂmﬁﬁon

iti aC|d isting of a nucleqtide se to the nu otlde

dit
ot L S o ot e e o it i T G e
tamavidin | gf tﬁ@ﬁlj&%ﬂtqmﬁn@We?ﬁn%?é@ﬁ&@gﬂ?ﬂeﬁ&a@ﬁﬁfi%de ctidhedgfiniign of the

terms "deletion, substitution, insertion, and/or addition of one or more nucleotide", "an |dent|ty of at
least 80%" afsthadiyclebtid edskgue nEenssiringennhylwididatidne condifest ane pesenitzedin the section
"SITH-1 protein”. [0107] In addition, when the Sill-I- protein is bound to a carrier by use of the binding
between biGWHEHAR BISSHIBITIRPSOtERiag et apfomROiieBidtrlisiNamy PIoestifto be used

has the biotin- blndlng ivit Accordln Y, Wjthout ar I|m|11% tion, it is prefe able that the biotin-binding
activity of said vanants % hafv%’m 1 a%d ar{r}{an/c‘}J 7 “gllé r%’o?séﬁlg{?#l,tlfocaht@ redjﬁlééan?oﬁrfgr%lg {othe

case when e\ flgioRaRIkisDIeRAaLRYI PR haI Wil Res:IBLP8T Gonsaauemhy wihaut any

limitation, it is preferable that e variant of tamavidin 1
insertions, and additions be as small as possible.
[0066] (£} Another mutant of the SITH-1 protein of the present invention may be a protein
which has an amino acid sequence encoded by a nucleic acid consisting of a nucleotide
sequence sharing an identity of 80% or more with the nucleotide sequence of SEQ ID NO: 2
and which has the ability to increase the intracellular calcium concentration.
[0067] The identity of the nucleotide sequence is preferably at least 85%, 90%, 95%, 96%,
97%., 98%, or 99%, more preferably 99.3%.
[0068] The percent identity between two nucleotide sequences can be determined by visual
ingpection and mathematical calculation. Preferably, such comparison can be carried out
through comparison of sequence information using a computer program. A particularly
preferred 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

sequences and comparison between a nucleotide sequence and an amino acid sequence, in



-28- do not have any modifications in N14, 518, Y34, S36, 578, W82, W98, W110 and D118 in the
amino acid sequence of SEQ ID NO:5. The above signatures, "Y34", examples means the tyrosine
residue at 34111 amino acid residue in the amino acid sequence of SEQ ID NO:5. Alternatively, if
these amino acid residues are to be modified, they are desirably modified to amino acids having
similar properties or structures, in an exemplary casg @f asparagine (N14), a variant is desirably
formed by modifying it to glutamine (Q) or aspartic acid (D), preferably to aspartic acid; in the case of
serine (S18, S36, or S78), a variant is desirably formed by modifying it to threonine (T) or tyrosine (Y),
preferably tAAHHBIMEOTAPHE CASE B tyredRdify 829US¢&ant is desirably formed by modifying it to
serine (S), threonin éT or.phenylalani éF eferably to phenylalanine; in.the c ryptophan
(W82, W98, O)? \‘%éxr?éﬁ; i g{easnﬁa F:’?/1 o@%%i;‘b@r(ﬁ%yaiﬁ%%te t%pﬁrﬁqéﬁ@%}%glﬂnles g?)%(t;h%yéase of
aspartic acigy{piel @ dayeranhis desikablyifoummead by madifyingititoalkiamie acite(Elan asparagine
(N), preferably to asparagine. [0109] Further, s preferable that the variant of tamavidin 2 do not have
any modificationstimgauratrypioptidn sesidues- (WA MABOr WO 6) came W1 38) s tive cariniE&tidP sequence
of SEQ ID NQ:7. Alternatively, if these residues are to be modified, they are preferably modified to an

amino acid M@ AR A&l BB &P e atr R AR Y SRIRTAMS TG BH R ptophan, e.g.,

phenylalani gla I@é%%%g%?}gg? gqrg%%% i i@%@}-}%ﬁ!{ﬁJ:JYI@%%QE%&&@E&%&%%M@EfaCt directly

with biotin (N 14,°S1 76, T78, and D116) are also desirably unmodified. Alternatively, if
these aming agidresicy ese dasaessnodibiedptbey.are siesiablpnmelified tormanmines asids/having
similar properties or structures so that binding to biotin can be maintained; in an exemplary case of
asparagine ¢y oasy atiamtesésiiabpfeamdit by moditgieigitadetidamins gy saggattie acid (D),
preferably to aspartic acid; in the case of aspartic acid (D40), a variant is desirably formed by
modifying it{ Aagine (N); in the case of serine (S18, S36, or S76), a variant is desirably formed

by mOdifyin@()@é'}?]thf\%gmrb%ﬂ_c)u%ﬂ%%§ﬁlﬁp(1@ oPiiRIGRY P hiepning I g casp.al tyrosine (Y34), a

variant is desirably formed by modifying it'to serine (5), threonine (T) or phenylalanine (F), preferably
to phenylalanibgdimathe casdiabired nes (Tidd) < 8Matad 1€ dedifablynformed foyabi29-1RBdifying it to se
ne (S) or tyrosine (Y), preferably to serine; in the case of aspartic acid (D116), a variant is desirably

formed by modiBfirt X Jrittitho awast Eyisrabbparagite (N9 prefardBigats asgdrdyidizqan o]
Preferred mutants of tamavidin in the present invention include the fallow 9 iie\g bi tip- inding
proteins (Péﬁ’%@%&?@ﬁ&%ﬁ 8‘_&% é“r?ﬁ%a. ]f}élé”ﬁica)tﬁ)‘r{p fife |'n°5“p?§}legfﬁ1 1\‘?véri%(ﬁ1prg1a§ Eﬁe %nt?llra]é %ﬁd

sequence 051%?@@1&9&%6%@1%&%@@%%&%?&9 ussa&%@%@w@fwma%%aﬁ%ﬁ@kﬁmmm@c
mutations in this sequence or having an identity of at least 80% with this sequence and having biotin
binding capabilityStheréifone @ Mol rasichikis:see ctetivrom theggromd lgdh@idting 6£°%) the arginine
residue at the 104th site of SEQ ID NO: 7, 2) the lysine residue at the 141st site of SEQ ID NO: 7; 3)
the lysine redigiserabtreosth OfeSBSS‘E-@(h? ffldedz: and 4) the lysine residue at the 73rd site of SEQ ID

NO: 7; are rﬁﬁl’i}ﬁ?d lyf’lléﬁi?%ltgfﬁg%%p ﬁ%gﬁIs%@lé%%t?%%ﬁ?@é}%%%ﬁ%i% hybridization and/or washing at
a higher temperature and/or a lower salt content than the moderately stringent conditions.
Examples of hybridization conditions include 0.1xSSC to 2x88C at 55°C to 65°C, more
preferably 0.1x88C to 1x8SC at 60°C to 65°C, most preferably 0.2x55C at 63°C. Examples
of washing conditions include 0.2xSSC to 2»xSSC at 50°C to 68°C, more preferably 0.2x58C
at 60 to 65°C.

[0073] A nonlimiting example of the hybridization condition is as follows: prehybridization
is carried out in 5x88C, 1% SDS, 30-mM Tris-HCI (pH 7.5) and 50% formamide at 42°C, a
probe is added, the system is maintained at 42°C overnight to form hybrid, and then the
sample is washed three times in 0.2x88C and 0.1% SDS at 65°C for 20 minutes,

[0074] (2) Antibody against SITH-1

The antibody against the SITH-1 can be prepared as a polyclonal antibody or a



[0112] More preferably, the modified biotin-binding protein is selected from the group consisting of

a modified biotin-binding protein (R104E-K141E) in which the arginine residue at the 104th site is
replaced with a glutamic acid residue, and the lysine residue at the 141st site is replaced with a
glutamic acid residue, in SEQ ID NO: 7; a modified biotin-binding protein (D40ON-R104E) in which
the aspartic acid residue at the 40th site is replaced-ith 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 (D4_ON-K141E]?i%n which the aspart c acid residue at the 40th site is replaced with

a asparagifByeesha! aMibedy iremdhe Sl AP Ty IS reiE - ripiBEE A3 BGHERHAE LHidFesidue,
in SEQ ID NO;, 7: and ified hiotin-hindi in (DAON- - in which.th
::spartic ac%’r%ézﬁh ?J‘%n rﬁé%é?ﬁ%ﬁ@ﬁ@g%&%%v%Ba%%%%r%a%iggé?ggj%%@ ?#é%%iﬁn%%ggiduee at the

104th site iseRlacadWithAiBbARNIS daidresiduesandthellysinenterislueatiberddistisie igorB0-
replaced with a glutamic acid residue, in SEQ ID NO: 7. [0113] Carrier comprising Biotin-Binding

Protein bourl@3Reretod Iwasdkxample S\bmetbrmd Motbioididingythed SImUd grbiéin. th edaashier through
binding biotin between a biotin-binding protein include A) binding of a biotinylated SJTH- einto a
carrier compiising -a%ﬂﬁsb%ﬁawﬁga@m R YFeret ,@E%CB%W&GG?%YE?&%% -%ep’ajlﬁé? to a
carrier com%rgstmg_ biotin bound thereto and then binding of a biotinylated SITU-1 protein to the carrier,
since most of the biotin-binding proteins are tetramers and C) binding of a fusion protein of a
biotin-bindimgormtenie Sib/“4iohadariief-comprising dpiotinbeud Ahesetoldo 1141, Thel cantiBab
comprising a biotin-binding protein bound thereto may be fabricated by direct binding of the

biotin-bindint} rseintiehhe EagrwniErnbddimespa)t RweRtiVeiyPearieh onRiercalBldtiRtbinding
protein is prelimipary fixed may be commercially gvajlable (Embodiment A). Alternativel
Diotin-binii HOto My BB B Rl Ee S SR o RS BIRE DR Bt nd
biotin-bindingproieln trmBRMReRtfoAleraatinghyaLsignBmiel of a biotin-binding protein-

SITH-1 may be bound to a earner comprising biotin bound thereto through binding between biotin and
a biotin-bindiy proteir (Embadiihedy €cdPdikb]D et Bifdingoéiticihibidebindipé:protelecoins be
carried out, for example, using hydrophobic bond or covalent bond, as described in detail in the

method for BRSURRE A& STIENEsySRar EsalE easkabla ke tRamdi - Ine gRad-Binart Bl i) be
directly bou d fixed to.a microplate suc NEW ELISA Plate kit (Sumitomo Bakelite Co., Ltd.)
according tc? gﬁ%ﬂﬁéﬁ%@fgﬁ 'aftggh%%ﬁfh%“gﬁ %«E\:/L] iATand. gstroe%tﬁae\%ﬁ%reagéﬁ?ﬁ%r%%l yeé#\?S. able from

SIGMA and gthesicemparies M 6L Fxamples ohcemmsscialypliablg, GaIeISGIRANISIngh
biotin-binding proteins bound thereto include, but not limited to, microplates such as ReactiBindTM
Streptavidinf@gatedsRiatés: (PHERIGE)raduckilihy StaptidipOtalydi 96sMicra Well T BlapesaiNalge
Nunc); and magnetic beads such as Dynabeads M-280 Streptavid n (Dynal) and MagnaBindTM
Streptavidin@@%ﬂgg@%‘hé@m‘-’%@-m pepsin {yielding a F(ab™}, fragment):

[0077] It is believed that patients having mood disorders and individuals having potential
mood disorders exhibit increased expression levels of the SITH-1 protein and thus increased
SITH-1 antibody titers. In one embodiment of the present invention, detection of the SITH-1
antibody in a biological sample enables identification of patients having mood disorders and
individuals having potential mood disorders.

[0078] 3. SITH-! Protein-Bound Carrier

The method of the present invention includes:

1) providing the SITH-1 protein;

2) binding the SITH-1 protein provided in step 1) to a carrier;
and uses the SITH-1 protein-bound carrier.

[0079] Providing SITH-1 Protein

The SITH-1 protein for detecting the SITH-1 antibody can be provided by any



[0117] Alternatively, the biotin-binding protein may be bound to a carrier which is preliminarily
biotinylated, through binding between biotin and a biotin-binding protein. [0118] An exemplary method
of biotinylation of the carrier involves use of a biotinylation reagent. Examples of the commercially
available biotinylation reagent include, but not limited to, EZ-Link (registered trademark)
Sulfo-NHS-Biotin(the length of the linker: 13.5 angstrgms, the reactive group: primary amine,
hereinafter the same order), EZ-Link (registered trademark) Sulfo-N1-IS-LC-Biotin(22.4 angstroms,
primary amine), EZ-Link (registered trademark) Sulfo-NHS-LCLC-Biotin (30.5 angstroms, primary
amine), EZ AR rBlisrsrdaTPABRHEAIR) PEBOEBNN (oshryBrromEd afrf ey ree Ridhretndras
trademark) I\/(I)a igmgge-PrEdi%oJin (29.1 angstroms, thiol group), EZ-Link (registered trademark)
Biotin-PEOZ Anine ?gﬁfangs%mes, carboxyl group), EZ-Link (registered trademark) Biotin-PE03-LC
Amine (22.9@mng3troms SSrry@EauR BL ik degistered faremark) Bipticbvdazide Ckad
angstroms, aldehyde group), EZ-Link (registered trademark) Biotin-LC-Hydrazide (24.7 angstroms,
aldehyde grewp)iiapdhe 2Lk (registe reth trtadspraskip MSHmineoidtini (b3, Bxampdtsorh 8o pirireidry
amine), which are commercially available from PIERCE. [0 Fl{% Usilr}'% one of these biotinylation

reagent, bidt Edh BEBGAREEH Hesheteda i’ SdR T EdEe YT BURAR 28F 98K86r chip by

any known pragess,FRrexABlecyarius sAlaraayina unelonalreus s as g carboo!

thiol, tosyl, epoXy, and maleimide gfoups, and activated ester (for example, magnetic b

Sepharose heagds.cagainsekeads, tateshards,and) Nigratiter plateshnanbe Bsadukorigiample, in the

case of the use of a biotinylation reagent containing NHS ester, the reagent may be dissolved in an
organic solvésfenethiad dimetHylsldfosidePNISEY ovlphesphiatestuifeear bt lsndahdnmay be
added to an immabilization carrier having aming groups to bind bjotin thereto, In h(—; c e use of
a bionny|au8ma&eﬁ§é§%? THHig AmIRB ottt f@rﬁwwslffys@ﬁﬁ?&ﬁ%cﬁﬁ@ﬁﬁiﬁe
converted tQ agtiyalign ester sinsscarkpdinideaush ft S aEndilnetaninesropy s
carbodiimide hydrochloride (EDC), followed by addition of a biotinylation reagent solved in buffer
solution (pHfcalkei#cb) ¢hshindtbisitivtathdeprorin The bed2chistiay g vamobdizagiesscarrier is
preferably blocked with BSA after inactivation of unreacted functional groups. [0120] Commercially
available bistifipiatet eaniers WaREIB kB aad asRiAIcEx@rHiBiés of the biotinylated microplates used
include, but E{jni d to, Reacti-BindTm Biotin Coated Polystyrene Plates (PIERCE). Examples of
the biotiyleAaE ert 80 R B Ror T 1 HAG et BHE LI e BT ot
(available fropy Palygciences), magnetic nanobeads, such as nanomag (registered trademark)-D biotin
and nanomag (registered trademark)-silica biotin available from Corefront, polystyrene microbeads,
such as Bed¢hié |(relisterpa¢sadeiidik) BiotiBeaybd avaifakle nabe Upstatbyragasosenshithzaks
Biotin Agarose and 2-iminobiotin-Agarose available from Sigma, and highly cross-linked agarose, such

as Biotin-SePhage (aVa e IS SYenrerT BENbRIGHES PRit) [EADES PRERERTH Bf the dnker
oomg e SIS RIPIREPIEISIBEY ALRARL ARGRIEOMe SHUC EIRIANY ALeAR LY agageoms.

[0122] Biotiny at protein present invention, biotin may 0 H-1
protein to prepaks: biolinmyliate guskithtidrateiprvdichinikeungiara sasienaampiisingAibiotintinding
protein bound thereto through binding between biotin and a biotin-binding protein. [0123] The carrier
comprising adwstimabinding protein bound thereto may be prepared by direct binding of the

biotin-binding protein to a_carrier as described abgve, or a carrier to which a biotin-binding proein is
oreliminary AU0E Hhay Be o Rrh@ICLENy STAIS BN T S dPaHES B R, PSS SHLy Brotein

may be boungt{g.a Biolinyiaikd pactarhipualy bindina detuprnblotn.aod A piliainding protein
(Embodiment B). [0124] Fabrication of the biotinylated SITH-1 protein is not limited in the present
invention. Fekexarpplehbintin grehbehbottithsbithehihk ok pisiginusing-adintimitabeled kit (for
example, EZ-Link (registered trademark) NHS-Lc-Biotin (PIERCE) or Biotin Labeling Kit-NI12
(DOJINDO NIOPEGUEAF T ECHND RO IFguRics)foratstigtvery, Bisistnyeied BeriTHmayeein

fabricated as follows; The S|TTI-1 i d with DNA which encodes pepti isi
piotirylatcd CUUUEEPLS Ak e UEIEN S50h SKchiy i 155 4 GURE IV HEReS Bipressed as a

fused proteinwithR b-etinyalkd-seauenesibanshesteehvam el & piddiB bt SRl £Neme263:
9640-9645). [0125] Nonlimiting examples of such vectors include vectors comprising BioEase
(trademark) tagsiay allaiele Lromitimitrojgen pAmeong dne thicagleRNAtkide matk)8, wedtdre seasizoh for
mammalian cell expression, a pET 104 vector for E. coli expression, and a pMT/BioEase vector for
Drosophila eXSteds ey be purified by affinity with glutathione, maltose, cellulose, chitin, and

thioredoxin, respectively (for example, using a glutathione-fixed column).



[0126] Preferably, the method used in the biotinylation of the earlier described above also can be used
for biotinylation of the S1TH- | protein. Thus, any biotinylation reagent can be used. Examples of the
commercially available 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 tradémark) Sulfo-NHS-LC-Biotin (22.4 angstroms,
primary amine), EZ-Link (registered trademark) Sulfo-N1IS-LCLC-Biotin (30.5 angstroms, primary
amine), EZ-Link (}.rr?%istered trademark%_PEP-Biotin (9.6 angstroms, amine), EZ-Link (registered
trademark) N&Tetini &P S GHTP 1I6 P RAG SOOI B i) @fiﬁﬂﬁs%sg?é?e%&‘rﬁ%- efeiErk)
Biotin-PEO ' : -l [ i0tip-PEO3-LC
Amine (22 9 e T e, B e e Bt N -
angstroms, glgdghydegrou) plofchdokytie gisteretpraemak) BiotinthCatd ¥deazideRakiangstiams,
aldehyde group), and EZ-Link (registered trademark) NHS-Iminobiotin (13.5 angstroms, primary
amine), whiEhcape Tormmércialiy. additabié Yrdyn PEEROEN [0X27 psinigsheth abidtinglabion idiadent,
biotin can be bound to the SITI-1-1 pratein throu ny known process. For example, in the case of
the wse of SRS on TER B S leb TG B STICEaN At iy AHIE SO such
as dimethy| ulforide, (MBQURL pSPIAIR BUTEL(AHE BI0ALANG IheR aYIs Ple I ihg SITH 1
protein to be bound to biotin. Alternatively, in the case 0f the use of a biotinylation reagent containing
amino groupsotkia casbafylidroupehtieed Hidedsprdieireiaspiveate dinimaiciivated Bster witkein
carbodiimide such as EDC (1-ethyl-3-(3-dimethylaminopropyl)carbodiimide -34- hydroxychloride),
followed by @aditieiteed Birmpiation peshrosienet Mehssiddich prehBii A5 o bisymrsteiesthe
SITH-1 protein [0128] Before preparation of the pipotinylated .Sill-I-1.protein ysing such a b otinylation
reagent.the SHFPE L BTORR TR ABRy BURHIGA I SREafcd B e et LT et St g of
Biotinylated &l PIoteinaiamiain or 100 RERIESSRLHIBVEMIOR, A CANRREQMRISHY & Rigtin-binding
protein bound thereto and a biotinylated SITH-1 protein are prepared and are contacted with each
other in ordé#@8Hind tinecBITH-1 protein to the carrier by binding between biotin and a biotin-binding
protein. [0130] The binding of the biotinylated SITH-1 protein to a carrier can_be carried out, but not

limited to, through tHe* /B Procealir&radid saten Retegdni ot ket bneaHingss distiylated

SITH-1 protein is prepared in a total profein content in the,range of 0. /ml to 5 rng/tul, preferably
02 maimi 0 B T Do B e e B e
bound theretgiadAt; (RAQAGrIETsakY-Hatie: 30Ty iR patasiond B wsyRRgiesably 30 minutes to

1 hour. During this procedure, the biotinylated SITH-1 protein is immobilized on the carrier comprising
the biotin-bipdingrproleir.bodemns tierzton Tivenctiid] exdds sl arerd @ doltiomo beeratellesarglasis prasferably
cleaned off in a buffer solution su_gb as PBS or TBS co taining‘OO 05% ta 1%, pre erab%/o 1%} to 0.3%

surfactant st a &b e BN oY Ef BB AING-pIBRess 5iFe AR e Bidt VL %t}“ﬂl-?-rieprotein
with the crudecellipmagenats sirastvirtiallyiyohssssimuliansops purlication.and immohjization.
Thus, this process does not require any further purification procedure. [0132] Alternatively, a purified
biotinylated S1d dodnpratain Heaing alsensenimtiariokindhe 1angs 0fQd piogmehdt augiild may be put
into contact with a carrier comprising a biotin-binding protein bound thereto. [0133] 4. Contact of
Biological SappresiiensITiradpeedeinnsperid CamdeRe.  The method of the present invention

bles detecfi fan SITI-1- [ body .t h st f idi ITH-1 protein-bound
carrer, and HCA el 95 oh S5 ABErGFE i B ARG W e o PH R bbb e aer
provided in st 2. R5{0TAIAAY BRIRAS/ R SORRGR O hedialoioal saaR N DRSS can

be employed without limitation. Generally known approaches using a carrier in order to reduce
nonspecific bimding-whichFtaussés backgrount sighalsiars, 4od ekampteyddditionidfdwigxpract of a
bacterium component to a reagent for detection (Japanese Unexamined Patent Application Publication
No. 59-99257P @ ditRirabalitie coriBer BF hssttells to a sample, where a vector of the same

species as thE in_ production of asecombinant protein capable of specifically binding to.a .,
tbatance B b A R R AR R SR A o
Application Rublicatiapoo: Sras d9hoheatiigatment:efanacuaniasexitagimmicals ©f thensame
species as that producing a recombinant protein capable of specifically binding to a substance to be
detected andmidkgangainiripehisSoroteiir, ahvdatiition of its water-soluble fraction to a sample

(Japanese Unexamined Patent Application Publication NQ. 2004-301646). . . . o
Without any himitation, for example, in the case that high'sensitivity for detection is

desired, beads as described above can preferably be used as the solid carrier in the view point



[0135] Addition of Cell Extract In conventional procedures, the SITU-1 protein antibody cannot
readily be detected in samples from patients having autoimmune diseases or healthy subjects having
high background factors such as autoantibodies, due to high non-specific binding. [0136] The
inventors have found, through extensive study, that the use of the cell homogenate extract on the
contact of the biological sample with a carrier allows-tite SITH-1 protein antibody to be detected even
in samples derived from such subjects. [0137] Accordingly, in a preferred embodiment of the present
invention, in st(i%é}j, a mixture of (a) a_biological sample, and a cell homogenate extract

. : (b)
prepared fréRA'cBA B4R & X MR SR AL IS tAISY QAR e B RprENRstARCS P Be1dpistEm in
stepl)isa to the SITU-1 protein-bound carrier prepared in.step 2). [0138] In particular, more
remarkably SN A SR o SRR (AR i R AR RO,
through bingiag-befyagr biotin and a biotin-binding protein by the following process. -36-[0139] In
step 3), a mixture of: (a) a biological sample, and (b) a cell homogenate extract prepared
from a cell dftHé saMetbpe fadmdietdst-ddiroea ttolexperss the SITU-1 protein, a biotinylated
SIT11-1 protein, and/or a biotin-binding protein in step I) or 2) are added to the 51114-1 protein-bound
carrier prepared in Step 52 P46l EEn WW%‘%ST%’OH&%@%@EXU%& are derived, such as E.
colt cells, yeast celly mammplianielisssetoalls.and Riany cels.ande soasiibayligtation
Preferred cells are the same species as that of host cells used to express a SITU-1 protein, a
biotinylated sk Eld -ppeteity @ndéaraiotin:hinting preigiteswirexpmplehisdthe risa:of preparation of
a SITH-1 protein, a biotinylated SITH-1 protein, and/or a biotin-binding protein using E coli, it is
preferred thaydhepbeltikdwishensetcekbend vadisuiprepegeceuding: Bf bolding Hriveersebadtaxprégsion of

a SITH-1 protein, a.biotinylated SITH-1 protein, and/or a biptin-bindi rotein in a cell-free system,
the cell o B M MRFACY 20 EAT e st o 1) P A A B A o A RHaRP Bter Solution.
preferably the SITH-1 protein is preliminarily purified.

[0089] In the case of the use of the hydrophobic bond, binding is achieved by interaction of
the hydrophobic surface of a carrier with the hydrophobic moiety of the SITH-1 protein. For
example, a SITH-1 protein solution is put into direct contact with a carrier surface such as a
microplate {e.g., Nunc-Immuno™ Plate (Nunc}, or SpectraPlate-96 HB(Perkin Elmer) or
Reacti-Bind™ 96-Well Plates Corner Notch (PIERCE)), and 1s allowed to stand for a
predetermined time, so that the SITH-1 protein 1s bound and immobilized on the carrier by
the interaction of the hydrophobic moiety of the SITH-1 protein and the hydrophobic portion
of the carrier.

[0090] On the other hand, in the case of the covalent bond, functional groups are provided
on the surface of a carrier so as to be bound to the functional groups in the SITH-1 protein.
For such binding, a variety of carriers provided with various surface functional groups are
commercially available and can be preferably used in the invention. Nonlimiting examples
of such plates include microplates provided with surface functional groups, such as maleic
anhydride plates, e.g., Reacti-Bind (trademark) Maleic Anhydride Activated Polystyrene 96-
Well Plates (PIERCE); activated amino group plates, e.g., Immobilizer (trademark)-Amino
Modules/Plates (Nunc); and carboxyl group plates, e.g., a ELISA plate MS-8796F (96 wells,
type C, flat bottom, Carobo) (Sumitomo Bakelite Co., Ltd). Binding of the SITH-1 protein

with the solid carrier may be carried out according to the instruction bound to the carrier.



[0141] The SITH-1 protein, and/or biotin-binding protein may be extracted and purified from cells
originally having these proteins, instead of those being genetically expressed. For example, for the use
of tamavidin as a biotin-binding protein, a cell homogenate extract of Pleurotus cornucopiae can be
used. Accordingly, the cell extract of the present invention includes a cell homogenate extract that
originally contains a biotin-binding protein and/or an-84TH-1 protein. [0142] 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 a SITH-1 protein, a

biotinylated$ritUnepataily: sAEPSMBisTROSINEMEOMsteiR RFAWNSSKHEY doHSIFTCHEMePRTA WiHBodes
these protejns. The empty vector may, further contain.any nucleic acid. Alternati mpty vector
ey be LB S e L Y R B STy
protein, ang/giitheRiPtn:RINAiNAPERteIn be3buffdd al:Hmncel hpmegrnate £ astmesivaddkgm cells
can be used without limitation. For example, protein components, carbohydrate components, and lipid
componentgrofipeld aanddifixtUsel ithersnfnmash benirsedroRsfefdblpsotibie 8xtrictswicoedls can be
used. [0144] The cell homogenate extract can_be prepared by a variety of processes without limitation.
In general, BB UHEREA T prophtiituld HHEMERY *ﬁ&maaéaffé@é}%ff?oﬁh%@by a physical

means such S liRseyle, RpCAIon AEMIERA MeaTSIEG A S RRIARN,eLSORMe igRImet, and

then a soluble comporient IS iso centrifugal separation or filtration. In order to prolongthe

storage life cprafgiablyi theidleardigdicarepade by Seitafugaksepatatiomar ladon isanixeaawith, for

example, a protease inhibitor, or is heated in an autoclave to deactivate various enzymes derived from

cells or to sppprassathsie goonity Thiatthecanbatio arotpi e odélicimhd gankicle irapmishdewpaséd

depending on the extent of the occurring nonspecific reacétﬂj]%n and ma§ Ee seté:i\lwél range sufficient to
ratiGH"6F ¢

absorb the HENISATHic PALECHBIY $01 451 AN SRR SR AP FEHHO GE0F Brs: % %W&ﬁ'bodlé’ﬁate
extract, for example, o Falpikealls Which L eaNai A REQLWIRMRAKEAIAIM A SRAG .
encoding a biotin-binding protein), involves, but not limited to, inoculation of the cells into an LB culture
medium corfaibity arwnikioidyshakeeylbreaip2adaB3dC:tmijisthé tabsoshan ce the Pids60E: reches
0.1to 1, preferably 0.3 to 0.8, addition of 0.01 mM to 5 mM, preferably 0.1 mM to 1 mM WIG, and then
shake cultufecEsdinéiszeepretdiablirse e ardyhiokd prerdrkbiy o owersrettd ro BB U8 tr,
preferably 4 hr to.24 hé- '{)ﬁ cterial cells are recovered by centrifugal separation from the culture

b
{4, =t o 1 1
solution, aré%i?é%élhn &d i %’d%%ﬁiﬁe)asﬁclﬁpei?}s‘of:mion, and are homogenized. The supematant liquid

after centrifuged sepgyatiomef dhehamegenized salutian isd aeRVSIEE Ava GRIER Freaibaxiiasty [0146]
In the case of mixing a crude cell homogenate extract to a biological sample, for example, the sample
may be readteddwitixanoplien € dlchomotyd rateextactroiwdeichap esioph pbtenaontendiisgcontrolled to
0.05 mg/ml to 5 mg/ml, preferably 0.5 mg/ml to 5 mg/ml with a desired buffer solution (which ma

: . Yy
contain BSALEaRBR, R aPediih i A08iIHBRE BIBEkIng SUERE: drdberpsyel ieherably 15646 s0c
for 1 min to 24 hr, preferably, -38- I ) -
biological s%ﬁ%%ﬁ%ﬁ%?&l rllﬁ%d i%ggéer%e%ﬁgﬁ écs%g%&aéﬁgfq éﬁlﬁiﬁmﬁ ni?fnlag1 gg%w&glegﬁ?tﬁe{%r%i%?? 10 to
10000 fold, preferably 28Qig100R feldemese-preferabln b bin 00 old dRk/ A daitian, of
Biotin-binding Protein The inventors have found that the biological sample is preferably put into
contact withtickagier maked pressence of a biotin-binding protein, in addition to a cell homogenate

extract. [0148] Accordingly, in.one preferred emhodiment of the present invention, in step 3), a4 mixture
) [ . 8%] Bin ,u%/g aff I"FPP-I Protegl to arrler v bin 1112p between %1081} and %mtn?-bl)n ing
of: (a) a biol sampre-att

Protein
In the present invention, the SITH-1 protein may be favorably bound to the carrier
by any method. The most preferred method, however, utilizes binding between biotin and a
biotin-binding protein. In the present invention, “binding between biotin and a biotin-
binding protein” may be referred to as “avidin-biotin binding” in some cases.
[0093] Examples of methods for binding of the SITH-1 protein to the carrier by binding
between biotin and a biotin-binding protein include A) binding of a biotinylated SITH-1

protein to a carrier comprising a biotin-binding protein bound thereto, B) binding of a biotin-



(b-1) a cell homogenate extract prepared from cells of the same species as that of host cells used to
express the SITU-1 protein, a biotinylated SITU-1 protein and/or a biotin-binding protein in step 1) or
2), in combination with a biotin-binding protein; or (b-ii) a cell homogenate extract prepared from
cells genetically engineered to express a biotin-binding protein, wherein the cells are of the same
species as that of host cells used to express the SITBE1 protein, a biotinylated SITU-1 protein and/or a
biotin-binding protein in step 1) or 2) is added to the SITU-1 protein-bound carrier prepared in step 2).
[0149] In the present invention, addition of a biotin-binding protein to the biological sample can
effectively r@&éé@@aewdaﬁ&%ﬁafwméi%@}@a%ﬁ% B?B’Eﬁﬁ%ﬁﬁ’d*iﬁ’@fﬁr@[éa}?%% be any one of
the b'o““‘b!5}9Q:%A%E%&%‘iﬁ%‘féﬂ%&bﬁngq‘éeca%?%%Q ﬁ% &%ﬂh‘@'ﬁﬁ‘&%%ﬁ%‘&ﬁg

g)eﬁrﬁém?%}@e wild type
or variants may be used. lotin-binding activity of the variants may equivafent, higher or lower

compared teghatot theqvaldivae d v anemhogisnant, pewrenobiadiglip-binding protdino(whiehenay be
a naturally occurring protein or may be expressed by genetic engineering) may be added to the
sample direstiyrorsafebicsiolissatdtibaratoa proper solvent. In an alternative embodiment, a mixture of a

sample and a cell homogepate extract may be treated with a carrier to which the biotin-binding protein
is fixed (for f&@&ﬁipl&%Wﬁ?ﬂ%@?@ﬁ%&%&%%ﬁﬂ#ﬁﬁ 86|{ﬁ}ﬁw’€step b-i), instead of direct addition of

the biotin-binging preiein to the -39- sample. [0151] In the case of addition of 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 jig/mBiteF0R jig/enlemreferably 11 (ig/nd-te:k00 dig/mbdhelcaneanttation of the
biotin-binding protein which is genetically engineered to be expressed in the cells may also
substantialljmbéatssarrielai aisisile, Ibir cpyobtrsicesntdne stiomissaeteitebe. ifoe 32 iRmEMELively, a
cell extract cc_)ntainiﬁqrjﬁg.a§ioting)inc§ng< rotein may be used which is pr?ﬁa dﬁstfol%ws: a gene
encoding a Hiot-Bdihg PrETeiHTE & g SAERY Y b o0 GE &8 TS host calfd Bnt the Host Cells
are homogepizeRi(stERstin LIS FRREMIBS Piatir RinMRGRICEIMERN LS RIS AR Afesired host
by a well known process to persons skilled in the art. Preferabiy, the SITU-1 protein, the biotinylated
SITU-1 proteipassa/or phe hiddth- Hihdinuprodest inf stepdial Apisgeneticalysengirieedeldenioy
expressed using the same species as that of the host. In the case where the host of the biotin-binding
protein diffef& IO REMich expresses the SITU-1 protein or the biotinylated Sri-H-1 protein by
genetic engj ing..the, cell gextract to be mixed and reacted with,the biological s le may.be
derived frorﬁﬂt?g@mhgét%f‘ %]Ciﬁlthgég‘é%”s%]%lf?t e %‘géﬁ?lg‘)rs:nc%u , %Sé"é"ﬁ“e%@ﬁ’é%ﬁﬁgf Smyepal'
biotin-binding yeiei.isNagotRataedinia an MEYession yeatanshdis tedused wE) sail and E.
coll is cultivated while expression of protein is induced. Conditions for induction, such as an expression
vector and RuistEwol(trais 36dlitand medivamabogn porient, PTG contbritratiohioandt clltiddiiom
temperature can be appropriately determined. [0154] Addition of Biological Sample and Other
Componenttthedekat descripedaligiSgical sample, cell homogenate extract, and biotin-binding protein
can be add calri hod. ' 1o ﬁ@gﬂg u nedn tact with
the cell horﬁgggriteggi%rg%)t/%n trﬁlg @%%%ﬁé]lﬁ%?{n%ﬂp%@%n ri%@?\ggléﬁg%ﬁgﬁc}é%%fh?gﬁological
sample withiteiealsier.bidaihaiworcschialbialngigsl, $asRlenmayn b putirie, sulficientceintAstoaith the
cell homogenate extract during or before the contact with the carrier,and a component derived from
the cell honfsgenafénextfale, nogetde ohvitadie oS Biblogiiateartplbe kst alway PEdad to the
carrier finally. For.exam igl\le’ a carrier to . which the. cell homogenate extract component is bound may be
prepared, aﬁ‘avﬁ%‘molé’i\f I"gﬁlﬁﬁg%‘oﬂ?’ﬁ]é é‘?}tﬁégl?ﬁ?él?%‘to, and then the treated biological sample was
used. In an ﬁﬁﬂ@@ﬂir@%&ﬁﬁfﬂf&&@?%&hm the biological sample with the carrier, the sample is passed
through a column to'which the cell homogenate extract component has been bound.

Examples of the biotin-binding proteins preferably used in the present invention

include proteins which forms strong bonds with biotin, such as avidin, streptavidin,
neutravidin, AVR protein (Biochem. 1.,{2002), 363: 609-617), bradavidin (J. BioL
Chem.,(2005), 280: 13250-13255), thizavidin (Biochem. J., (2007),405:397-405), tamavidin
(WQO02/072817), and mutants thereof. The dissociation constant (KD) with biotin is
preferably 10 M or less, more preferably 1071° M or less, more preferably 107'* M or less.

However, this is not always true for the biotin-binding protein which is added to a test sample,



[0155] After addition of the component, the biological sample and the cell homogenate extract are
reacted with the carrier, for example, at 10C to 30C, preferably 20C to 30C, for 10 min to 4 hr,
preferably 30 min to 2 hr. [0156] 5. Detection of SITU-1 Protein Antibody In the method of the present
invention, the Sill-I-1 protein antibody is detected in step 3). [0157] Persons skilled in the art can
appropriately select the method for detecting the 511361-1 protein antibody. Preferred examples of
such methods include immunoassays such as enzyme-linked immuno-sorbent assay (ELISA) and
radioimmunoassay (RIA); and gther assays such as surface plasmon resonance. After the biological

sample is r@8EE DR LTRGBS PEY S BiS IR B AR S EiABER biotin and the biotin-binding
tein. th ) . : < g the i | ) e
being an antLoo s T R B PR Bt b ogical

sample, ang;thenreactienRiedueshisdetasted by amymetiaos iwebikmvaidanessonmskiled écthp art.
For example, a SITH-1 protein antibody bound to the SITU-1 protein can be detected by using an

antihuman antidgdy nuhisie@an/féeoghiz ecandchei o (N AR an Taktlsodychs! a 2edNdaRp J
antibody. In_this g}rf%g:edur the anti-hTmen antibody is Jabeled with a fluoer)%scence. material, enzyme,

or radioisotdpg: fhé%ﬁbr%a@éﬁw A ﬁéﬁmﬁﬁéﬁé BRI R YT SE R Sl easured
to determinsiﬁzﬁﬁ%ﬁﬁg@eﬁm Bﬂbf?&¥qcﬂégl¥?ccﬂﬁﬁd[%%?ﬂa?ﬁ&¥eﬁﬁf‘é§%@’PJJW%&% Pgrsons skilled in

the art may be e atively, commercially available fluorescence- or enzyme-labeled

anti-human antibpdieserayn beausaddibxampleg-elciuoreseenceciabelinginclidde latialing using, for
-41- example, fluorescein or rhodamine, and labeling using a fluorescent protein such as a green

fluorescent ol GHAMEhArAes tsddifocehzypsei asdlindaarayvidin abthimmresgnbipersidaagey
alkaline phgsphatase, luciferase, and glucose oxidase. Substr measure ing.these
enzymes aﬂé‘%@%‘ﬁﬁ refay g\%ﬁ’%f@fg ?’a&g}%ﬁl%f?f%&%& ggggéao@slfg &gﬁmﬁe&ggeﬁgrcan be
used for perpuidse LuAmplRSAhieRieiaPpER NS g Lol 200,240 PRIRGIING) sulfur
(35S), and tritium (314), and phosphorus (32P) for nucleic acids. [0160] The amount of the antibody

present in the SR{pHicARlzample 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 samP1é8 1 Lisiftganiestregrassidn ebhpateraiyonEHOS Gy S8 ftriasteithis amaiiBody,

for example, EL1SA is disclosed in lacobelli et al, Breast Ca rch a I nt 11; 19-30
(1958, (O1EHTIT RS SR T R o0 St Clor A Chec T BaRg St Sihats s
significant d@%@maﬁ%@ﬁ? hipging: thedamaiintf antibodccam et R ecisely dstermined by
subtracting the observed value of a sample in which the antigen is not immobilized. For example, in
case that SIERIBMDodywinl &biolgdicalshimplegisadoabilihe samtibody tirgoistiow) idmin cagertHagh
non-specific binding of the biological sample (e.g., serum) per se is_high, the effect of the backg_round

signal due t8 RS ARSI Wt RN gighe ALEERirRy Iy, A BRI G LIk el pRvidin
appropriately subtractad fram m&mﬁﬁﬁ%@&xﬂy%&@%ﬁ@% RArgeL sy }9&&%&%9@&%@% can be

determined more precisely. Those skilled in the art can appropriately determine the specific

background[signgl tqhesubliastagiepending oneadi experneialsysiemiiole2] kajexample, as
described in Examples 2-4, embodiments would be effective wherein the measured value obtained by
using a carriemipRolE e Wit th d<birp - subsitigeansiBibtasted byrthediHen sireitk val 0wr the

section using the carrjer without the immobilized -1 antigen (howevey, in the section, blocking with
55 of the MRUTAE LR SEHAER, S RSt ChAThog b o s ity (iHsgical
sample). hast%?aed?lﬁﬁ'%ﬁﬂa@‘{@{ﬁ‘&t%%ﬁfﬁ{qk}ﬂywe subtraction of the measured value of the

section in
[0103] The definition of “deletion, substitution, insertion, and/or addition of one ore more

amino acids” is described in the section “SITH-1 protem”™.

[0104] The mutant of tamavidin 1 or 2 may also be a protein having an amino acid
sequence sharing an identity 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,
68% or more or 99% or more, more preferably 99.3% or more with that of SEQ IID NO: 7 or

SEQ ID NO: 5 and having biotin binding capability similar to that of tamavidin 1 or 2 or high



-42- which any protein to which human has no antibody is immobilized (a non-limiting example is GFP)
can lead more precise measurement. The method of immobilization is not limited, and preferably a
target protein is biotinylated and is immobilized on a carrier comprising a biotin-binding protein bound

thereto, through binding between biotin and a biotin-binding protein. The detecting method of the
present invention enables specific detection of a SITB{71 protein antibody having a low antibody titer in
a serum. [0163] Il. Carrier comprising SITU-1 Protein bound thereto The present invention also

provides a carrjer for detecting the SITU-1 protein antibody in a biological sample. [0164] The carrier of

the presentl?waﬁﬁ%qécﬁvﬁwpf‘ﬁfﬁgfﬁ%ﬁ%a%@??‘?ﬁe SITU-1 protein can be bound in various
manners, ap dgsriasd abasdenexamas Bz, LudiaRnabieand.covelenLhond; i

avidin-bioti ng, and utilizing various tags. [0165] The carrier of the present invention is
characterizgecybeggrpgundtathe SITU-I protein through binding between biotin and a biotin-binding
protein. The carrier of the present invention is preferably prepared by: 1) providing a carrier
comprising Ebitin-bnting pfoweiabdumd the pstseanshprotivingahsionaideed Siqiewipaiiand

2) binding the carrier provided in step 1) to the biotinylated SITU-1 protein through binding hetween
biotin and a biotin-HA BIORTLE hB G ALY YRR T B8 BT ISP thecty

or tu-ough biofinu AL ledfibnce coThisRrESADLIYEN DR AlsR R PMERR R KiLdoh datesting A,RITH 1

protein antibody in a biological sample. The'kit of the present invention comprises: A) a carrier
comprising tiendte bhsliferated’ hotnrchthtreid:anghence &) SR dorddiluiBg the Wivlsgiedl sample ,
which comprises a cell homogenate extract prepared from cells of the same species as that of host
cells used tavBighrbas s Prulng eorabiivyAn[oaer] trteotciamasidiie comiprgiy e s 1
protein bou?c?wﬂ‘*x%??s%éc& & %iggﬂ{lgegmracteristics;
(11) A protein which has an amino acid sequence encoded by a nucleic acid
consisting of a nucleotide sequence sharing an identity of 80% or more with the nucleotide
sequence of SEQ ID NOC: 4 or SEQ ID NO: 6 and which has biotin binding capability similar
to that of tamavidin 1 or 2 or high binding and low nonspecific binding characteristics; and
(ii1) A protein which is encoded by a nucleic acid hybridizable under stringent
hybridization conditions with a nucleic acid consisting of a nucleotide sequence
complementary to the nucleotide sequence of SEQ ID NO: 4 or SEQ 1D NO: 6 and which has
biotin binding capability similar to that of tamavidin 1 or 2 or high binding and low
nonspecific binding characteristics.
The definition of the terms “deletion, substitution, insertion, and/or addition of one
or more nucleotide”, “an identity of at least 80%” of the nucleotide sequence, “stringent
hybridization conditions” are described in the section “SITH-1 protein”.
[0107] In addition, when the SITH-1 protein is bound to a carrier by use of the binding
hetween biotin and biotin-binding protein, it is preferable that the “biotin-binding protein” to
be used has the biotin-binding activity. Accordingly, without any limitation, it is preferable
that the biotin-binding activity of said variants of tamavidin | and tamavidin 2 is not
significantly reduced compared to the case when the fusion protein is prepared by using the
wild types.

[0108] Consequently, without any limitation, it is preferable that the variant of tamavidin 1



-43- above. [0168] The agent for diluting the biological sample may be a cell homogenate extract (and
a biotin-binding protein) itself, or a diluent for further diluting the cell homogenate extract and the
biological sample, for example, a proper buffer solution, a commercially available cell diluent, or a
serum diluent. [0169] In the kit of the present invention, preferably the carrier in A) is a carrier
comprising the SITI1-1 protein bound thereto througlpinding between biotin and a biotin-binding
protein, and the agent in B) comprises: i) a cell homogenate extract prepared from cells of the
same species as that of host cells used to express the SITH-1 ﬁ)rotein a biotiQIVy]lated SITH-1 protein

and/orabid%mngﬁqhﬁﬁ%%@ﬂﬁ%ﬂ%&%ﬁé%ﬂﬁﬁéﬂ&aWn SHotinSoilidingbiStethl Bt and Dyl & el
h t tract pre df icall i dt Dbiotin-hindi tein,
omogenalg extiagt pre %‘éeum{@é%fﬁiﬁgﬁ'ﬁm.y %%@E\ﬁ%g&ngaa%w%%% 9 'Q@%%'_%‘I%A%@O ein

wherein the cells are of the Ssame species as that of host ce toSéxpresé the protein, the
biotinylatedtfd IAvkipeai@idans/on thehiefischinding Pretain dm A 1078k bectesrs T Canen:s.
comprising a SITU-1 protein bound thereto through binding between biotin and a biotin-binding
protein” is aslttefingd-hboldcfe BT heitbrensitiascel! nomoyedidtedestieact préssarddyfropdifi ekibof the
same species as the host cell used to express the SITH-1 protein, a biotinylated SITU-1 protei

and/or a biGHRMBHRARG B?Bi%%ﬁ%ﬁli&aﬁ,p@mﬁﬁeﬁ-Bwaﬁﬂa%témﬂ,@%@ﬁﬁ%&ﬁ&ﬁﬁt@s@%&%ﬁ%d
from cells 95@8&%‘)&%@%%&2%&%% %%éd?fk%%iﬂ-eé%%@&ﬁ%g@ eﬁ%g}if)%&@%iag@, &RL1hg same

species as that of host ce to express t ITU-I protein, a biotinylated SIT rotein, and/or
a biotin-bindingspiaieintiaraalcocasedgiinad afyawe SEHL 62]oAkernativia ithe:kit-01 fHerpresent invention

comprises: A) the SITU- protein; B) a carrier for immobilizing the SITU-1 protein in A); and C) an

agent for dilmagf ditioldgiducsampld) wHickhcopiprises ol hnfogenars ingdpe case of tyrosine
(Y34), a variant is desirably formed by modifying it to serine (S), threonine (T) or
phenylalanine (F), preferably to phenylalanine; in the case of tryptophan (W82, W98, W110),
a variant is desirably formed by modifying it to phenylalanine (F), in the case of aspartic acid
(D118), a variant is desirably formed by modifying it to glutamic acid (E) or asparagine {N),
preferably to asparagine.
[0109] Further, s preferable that the variant of tamavidin 2 do not have any modifications in
our tryptophan residues (W69, W80, W96, and W108) in the amino acid sequence of SEQ 1D
NO:7. Alternatively, if these residues are to be modified, they are preferably modified to an
amino acid residue having a similar property or structure which is similar to those of
tryptophan, e.g., phenylalanine (F). In addition, the amino acid residues in TM2 that are
considered to interact directly with biotin (N14, S18, Y34, 836, 876, T78, and D116} are also
desirably unmodified. Alternatively, if these amino acid residues are to be modified, they are
desirably modified to amino acids having similar properties or structures so that binding to
biotin can be maintained; in an exemplary case of asparagine (N14), a variant is desirably
formed by modifying it to glutamine (Q) or aspartic acid (D), preferably to aspartic acid; in
the case of aspartic acid (I340), a variant is desirably formed by modifying it to asparagine
(N); in the case of serine (S18, $36, or S76), a variant is desirably formed by modifying it to
threonine (T) or tyrosine (Y), preferably to threonine; in the case of tyrosine (Y34), a variant
is desirably formed by modifying it to serine (8), threonine (T) or phenylalanine (F),

preferably to phenylalanine; in the case of threonine (T78), a variant is desirably formed by



extract prepared from cells of the same species as that of host cells used to express the SITH-1
protein in A). [0173] "The SITH-1 protein" is preferably purified before binding to the carrier by means
of hydrophobic bond or covalent bond. In the case of using various tags and binding between biotin
and a biotin-binding protein, a SITU-1 protein to which the tag or biotin is bound is preferred, as
described above. [0174] "The carrier for immobilizingzthe SITU-I protein in A)" may be the carrier
described above, and is preferably a carrier which is treated for being bound to "the SITH-1 protein".
[0175] The terms -cell homogenate extract prepared from cells of the same species as that of host

cells used tHRISYEE e SISO HRSEIFPHNA FYaAnereyehy i SiRMd R CrsERpe e also as
defined ab 76] | bodi f it. j i
elined abqye, a 365?5 @%fg{eesr{r% 19%%(%@%%% %Pﬁn '?ﬁ&%‘?@%@9&%@@2&&?23@%@%‘@1

protein in A) Is t)l t , the carrier in irectly or indire ound to iotin-bindi tein,
and the agentip-ihlisidnspaptder diluting the biological sample, which comprises: 1) acell
homogenate extract prepared from cells of the same species as that of host cells used to express the
SITU-1 protéin 1 &]oibtiriytete ch ST © ioroteivi @indioha ickmibindingoprotdirdintiay By irgcombination
with a biotin-binding protein; or i) .a cell homo§enate extract prepared from cells genetically

engineered RS SH5E B S BRIAAHRIRG PR Stdin, WHEEIT R Cells are of the same species as that of
host cells u?@ﬂé‘g eé%%%?ﬁ@&b%ﬁ}ﬂﬂir%%gg%o?eﬁi%m?!ﬁ%g RELL L PIRINANAAQL 3 g pinding

protein in Aj or [0177] The method of nylation of the SITH-1 protein and the carrier directly or
indirectly bauod toca hiafinHhindiRo: ajotait atenpsidelingd abaveri01A8jsAceheiiogenadigiextract
prepared from a cell of the same species as that of host cells used to express the SITU-1 protein, a
biotinylatedsSHVE1CE proteiinant/sleatbiothaiedin g Proteth iaysuByceangibinbitding piateng, "a cell
homogenate extract prepared -45- from cellg genetically engineered to express a biotin-binding
protein, whéABRHHE CENE K18 B4 EiTe SpOtias SEC AR EPRASY AER S B ess the S1TH-L

protgin, a biotinylatqq %géxlg%ﬂ{é’ﬁ%lk’i‘d%%oﬂhé mggwsgg}gy@’s?g@ ol ;9\) or Br, and -an agent for
diluting a biological sample™ are also defined as above. EXAMPLES

2) the lysine residue 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 the 73rd site of SEQ ID NO: 7;
are replaced with acidic or neutral amino acid residues.

[0112] More preferably, the modified biotin-binding protein is selected from the group
consisting of’

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

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 ID NO: 7;

a modified biotin-binding protein (D40N-K141E) in which the aspartic acid residue
at the 40th site ié 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

a modified biotin-binding protein (D4ON-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 residue, and the lysine residue at the 141st site is



[0179] The present invention will now be described in more detail by way of the following examples,
which are not intended to limit the technical scope of the invention. Based on the detailed description,
modifications and changes will be apparent to those skilled in the art, and such modifications and
changes fall within the technical scope of the invention. [0180] In the examples 1-3 described below, a
fusion protein between a human herpes virus 6 (HHV36)-derived SITH-I protein and a biotinylation
sequence (BioEase tag, Invitrogen) was expressed in E. coli cells, and an E coli crude extract obtained
from these cells was directly reacted with a microplate, on which tamavidin 2 (hereinafter referred to as
"TM2") was RRIFSGITE LR 28 iaréb y gt s s o BrieM@ The microplate through tamavidinbiotin
binding. [01 ]l'g eé{;l’r tﬁéﬁ%{@%ﬁ@tdﬁ} %' ed Was reg cted with human serum diluted

U-1 or _
with an E. coli crude extract (Supplemented w ody; since commercially

available human seraane.frge friapiaat-Bf tirdiantiodyr thosesvppiemented with.sariahgifistions of

rabbit anti-SITU-1 antibody (antiserum) were used as analytes in this test) to measure the titer of

anti-SITU-1antibbdroentainetirbthdingprareisenaiudi0i s 2jEagple bictegtereddisiiidtiontéon

expression of fusion protein between S1T1-1-1 and bigtinvlation sequence (BioEase tagiai,ﬁdmg{A gene
he

was designéd 2&BHEb AR PRI HOSORHEE BEER A ot Qe HRAR R RN
SITU-1 pro !-Bt?}biiﬁ 5&%?&%%@@%%&3 115%%%@%9%% %g%ﬁ%ﬁ%%%@% Rigtinylateddpryivo (ie.,

within E. coli cells IS case) ction of an endogenous ation enzyme: The amino acid
sequence of theBifkngr-Sldtd:lfusionAioieidHENWRNHAIBER JRINQ:S1anghibe Bu¢leptdrling
sequence encoding the same is shown in SEQ ID NO: 9. -46-[0183] 1-1. Primer design To
construct a BieHusergmtein alision gehadwmetanddor-ahplfidation @i tive SIMpHsige o Wwepevirdt
designed. Namely, the following two primers were designed: a primer consisting of a DNA sequence
encoding art & minal region of the SITH-I protein (SITHINterinGW-T) and a primer consisting of a
DNA sequefise, 8)cqging,a-Criasminat 189 o ahhmahE S R eiuithie fa¥arss Birestiothed b
(SITH1CtermGW-R). [0184] The primers for construction of a fusion gene betwéen SITU-1 ancf]
BioEase tagiareeimtings gt drbibahleihd{0d 85)Ehalblatl] Sifld: 1 Igebedamplificatiomarimsesy, a
NameSequencelLength SITHINtennGW-F GGATATGAAGAAAAAGTGTC 20 mer

carrier to which a biotin-binding protein is preliminary fixed may be commercially available

(Embodiment A). Alternatively, a biotin-binding protein may be bound to a biotinylated
carrier through binding between biotin and a biotin-binding protein (Embodiment B).
Alternatively, a fusion protein of a biotin-binding protein— SITH-1 may be bound to a carrier
comprising biotin bound thereto through binding between biotin and a biotin-binding protein
(Embodiment C).

[01151 Direct binding of the biotin-hinding protein can be carried out, for example, using
hydrophobic bond or covalent bond, as described in detail in the method for binding the
SITH-1 protein to the carrier. Alternatively, the biotin-binding protein may be directly bound
and fixed to a microplate such as NEW ELISA Plate kit (Sumitomo Bakelite Co., Ltd.)
according to the instruction attached to the kit. Avidin and streptavidin are commercially
available from SIGMA and other companies.

[0116] Examples of commercially available carriers comprising biotin-binding proteins
bound thereto include, but not limited to, microplates such as Reacti-Bind™ Streptavidin
Coated Plates (PIERCE) and Nune Streptavidin Coated 96 Micro Well™ Plates (Nalge
Nunc); and magnetic beads such as Dynabeads M-280 Streptavidin (Dynal) and
MagnaBind™ Streptavidin Beads (PIERCE).



SITH | CterrnGW-R TTACACATTCATTTCAGTTT 20 mer [0186] (SEQ ID NOs: 10 and 11) 1-2. PCR
The DNA of an expression vector carrying the S1TH-1 gene (ORE) (SEQ ID NO: 2) with the FLAG-tag
(PCT/JP2008/67300) was used as a template to amplify a SITU-I region by PCR with the primers
SITHINtennGW-T and SITH1CtermGW-R. PCR was accomplished by using a GeneAmp PCR System
9600 (PERKIN ELMER) in 20 pl reaction solution cossaining template DNA (500 ng), 10 x ExTaq
buffer (2 tl, TaKaRa), 2.5 mM dNTP (1.6 pl), primers (20 pmoles each) and 5U/p.1 ExTaq (0.1 pi)
under reaction conditions: 96C for 3 minutes, (95C for | minute, 60C for | minute, 72C for 2 minutes) x

20 cycles, ad73c foiEaiineredhabiaiedinda o pirdaassre bl was ostarke! (9187 1-3.

Cloni ne.SITU-1. i N NG T Invit .
Cigation redhON WAL e A o e R MRS e vector

kit. The DNfowag inNedueegiuriodmkieed JiB)ibysipcsapgraionand theplasid DA was extracted in
a routine manner (Sambrook et al. 1989, Molecular Cloning, A laboratory manual, 2nd edition). Each
plasmid for igkgshithExprepscy dfcanvimsercivds eoniiipredioiy ltaly reatonthnviedephiniend (TaKaRa)

15 nucleordiLi e VA hen BORRHEE 1 ReNEng TR A DB e

sequence of the desioned gene. (01881 The plasmid.camuing be Sl ThL gene was psed as an entry

clone and subjected to recombination reactiori with pETI04.1 destination vector (Invitrogen), which is
an expressigagieetet fiesdBinbase fagHusaed pritein A2singnasGadesvay HystaminEheedantbinant
product was transformed into E. coli TBI and the plasmid DNA was extracted. This plasmid was further

transformed et ErechirBepeoEsy frhtreduitide Biodbif 8616 miess Wars aaBhaissaash emiphite to

amplify an insert geng, region CR.with HINtermGW-F. and.SITH]CtermGW:R to thereby
confi the {HECEHEE B SHOERRA bF SHe b e OB oTFARS Weanioh HECEIREN SRR bector
for B'OEaSeN%QéfHﬁEQﬁ}tB}':éiQ{iﬁt @.?)&[ﬂ'%%%%’, ﬁﬂ?:’l_:%ﬁﬁéﬂ%ﬂlﬂﬁﬂi %&ﬁé&%ﬁ ﬁ%mﬂ%}ﬁ . [0190]
1-4. E. coil expression E. coil BL2 EDE3) carrying BioEase-SITH1/pET104.1 or E. coil BL21
carrying plré89hnaliife, (Asiane¢hird hnygasdinoculated yhtodl mMEAN KT 0: mit) codtaiegaahe antibiotic
ampicillin (final concentration: 100 jig/m1) and cultured with shaking at 30C until the absorbance at

0D600 reachérbo:5 el 1HiNps -%%gaaa@a»aﬁabﬂa@lagrea% -W@ke(aﬂi%maﬁi@ﬁéﬂhhg at
30C for an %%8%2&«9@@ > Jowrs, & 9%§§‘;§%P§§E%§ﬁ§§$ﬁ%§%@%‘%%§§%§{%fu 5919 gollect the cells. The

cells were suspendedin 3 mi of 0. and the mogenlzedmf)f ltrasonication.

The homogenair Was gemifluad 4 75.000:tpm) anghile sesuiinshsupemaiantwas uaadhasnag. coil
crude extract. [0191] To confirm the expression of the BioEase tag-fused SITH-1 protein, proteins

contained ild&sHornde@xtrbct fvargsfravtio patedryy: SDE)}PRIGEH aridcarmaiyzedliyavidstéerfiblotting. In

Western bloi'gtfi%%éoEr.detection of BioEase tag-fused SITH-1, rabbit anti-Sint-|
[0119] Using one of 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 beads, Sepharose beads, agarose beads,
latex beads, and microtiter plates) can be used. For example, in the case of the use of a
biotinylation reagent containing NHS ester, the reagent may be dissolved in an organic
solvent such as dimethyl sulfoxide (DMSQ) or phosphate buffer of pH 7 to 9, 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
fixing carrier may be converted to activation ester using carbodiimide such as 1-ethyl-3-(3-
dimethylaminopropyl) carbodiimide hydrochloride (EDC), followed by addition of a

biotinylation reagent solved in buffer solution (pH: about 5) to bind biotin to the carrier. The



-48- antibody (unpublished) and alkaline phosphatase-labeled anti-rabbit IgG antibody (1310 RAD)
were used. [0192] The results obtained are shown in Figure 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.
coil cells. This size was substantially equal to the molecular weight (28.6 kDa) of BioEase tag-fused
SITH-1. [0193] Further, horseradish peroxidase-labelg?t streptavidin was used in place of ant -SIT1-1-
1 antibody to detect signals. The results obtained are shown in Figure 1B. In the control, almost no
signal was detected, whereas.two thick bands origin gp from protein haft react with streptavidin (i.e.,
appear to b IBfﬂﬁa’i‘/ﬁg =h)) HELEEH o Qﬁ%t%é?g a fgﬁglfjﬁ’é BIETERBrELEY ! coil crude
extract. Amﬁﬂ&é@%@fﬁﬂ@tfﬁ%%z@ﬁ?g was further found to have substantially the same size as the
band detected above by Western blotting. These results indicated that the expression of biotinylated
SITH-1 was[suzoessfulnifdQ4l in addition i the lahovesaxtracis ivouseunthersybstgueniik SA
experiment, additional E. coil crude extracts were prepared in the same manner from E. coli BL21

carrying pTibaBioBRTIMedTieook eADOAroTeE Py hfet it daltBragtiniing prédehied erimTG.
[0195] Example 2: ELISA detecti anti-SITH-1 antibody.in human serum. . Purjfied TM2 was
immobiizec S & HETo A GoING G N et ETTA LY (AN E 8 St 551 S,
immobilizatio 1ias ASEAmRIRNSARCCAHROHR IS MAOHACRRRR SO0 AREDP A in fag
[0196] The B oEase tag-fused SITH-1 protein-expressing E. coil crude extract obtained in Example 1
was adjusteshtmbhan, atoled pratein goftcgnteatib nrafehmiinil bidtin QidvhHERES(KEktdpid 7.4), 100 ul
of which was then added to the TM2-immobilized plate (Sumitomo Bakelite Co., Ltd., Jaggn, New

EL1SA). ThEpslaaias et sl afiosh wehisefaR ity for 0 p SR toPEIFe BYhiAt HsaBitEase

tag-fused S%TH-.l gr%t%in onto the 1M2-im iliz h tamavidin-bio ding. Then, each
stereq tra

i 0 late throu in bi
well in the p ate was washe ﬁ?é%e‘ %%e%e\a}vl%%)‘ﬁ%db%ﬁé%rﬁ ?é)-%%tr? aﬁ‘ﬁ%@S‘FB%“élu egﬁi T), followed
by -49- addﬁ@ﬂ&%%@@lﬁ%%ﬂﬁé{r%lé%ﬂd@i@ﬂ@ﬂﬁ@%&E?%M%ﬁﬁy\@ﬂséfhﬁl&@@w@s%ﬁ'|0W9d
to stand at room temperature for 1 hour to block each well. Then, each well was washed three times
with TBST. [atb 2k Rextnhtiepharser (imalHbln dmSdturrepadl, T@dsmp8i, Inc.). was diluted 100-fold with
PBS or with the 1 mg total soluble protein/m ,Tr099A-carryin§Pg._cqli crude extract or the 1 mg total

nl
soluble protEiA#I TNIBFIRRGS QIR viRE E iBding e asrAde SHeparsPTaTeral A ESetible 1. To the
resulting solution, rahbit anti-SIT1-1- tibod in serial dilution to give a volume ratio of
1/500, 1/10&8%‘7%%80 %8%(;% %é’%]o%%?hgg\{?ﬁﬁ%gﬁﬁ%émm dilutions (containing anti-SITU-1
antibody) wege ziddegliinidGaib8 ROTHES iadiRe plate on which the BioEase tag-fused SITU-1 protein
was immobilized through biotin-tamavidin 2 binding, followed by incubation for | hour at room
temperature. It is Byperstedithetiivantibboyrite birbsenthicobthe idblitaris:s [P urerartivpody

(anti-serum) is about 50 times higher compared to the SITU-1 antibody titer.in serum of a patient with
o ea o R e e B 0. T TS b B & BT MG i

depression gan,pe Rrenaiad Rp NG L RANAMHEAI £ﬁ§%%}ﬁh§i&ﬁz&fﬁ]%@&ﬂx (anti-set-urn) to a
commercially available human serum (of a healthy person). Accordingly, the dilution rates of the
antibody as diszassahabevepeovigs sagnplestsirbilatitg thosawhemddisrmofdeire psiparpatients are
used after about 10 to 80 folds dilutions. ~ Further, to confirm the effect of TM2 in the E. coli crude
extracts usedifest SapdinittimbigtsnhingnaBpissare aadiebatal e pubRIb AU PNER AtaCARgT to

concentration.of 50 ml.in PBS or in the above pTrc99A-carrying E. coli crude extract. Human
certim was R A O ST SRR B A A B A o ST U-1 antiody
was added in:serial o (o.aiueaNalmeBIS. o1 BA0 HLARIRORL9YR R1iHARRA. as in the
case mentioned above. These dilutions were added in 100 ul volumes to the plate on which BioEase
tag-fused SlFdgatwaipobilized dottoweiby melbatiomfoiitingyratasiodnteodperstuibe. On the
other hand, as a control, a TM2-immobilized plate onto which nothing was bound was also blocked as

described ab8let Hufabr<ER Y Ivhe HntisdaiebSHidi-1 protein is not%imited in the present invention.

For example, biotin may be bound to the SITH-1 protein using a biotin-labeled kit (for

example, EZ-Link (registered trademark) NHS-Lc-Biotin (PIERCE) or Biotin Labeling
Kit-NH2 (DOJINDO MOLECULAR TECHNOLOGIES INC.)). Aliernatively, a
biotinylated SITH-1 may be fabricated as follows: The SITH-1 gene is fused with DNA

which encodes peptide comprising a biotinylated sequence to form a vector expressing the



-50- with the same PBS solution or the same pTrc99A-carrying or TM2/plrc99A-carrying E. coli crude
extract (1 mg total soluble protein/nil) as used above, or alternatively, with the purified
TM2-supplemented PBS or with the purified TM2-supplemented plrc99A-carrying E. coli crude extract,
followed by addition of serially diluted rabbit anti-S1TH-1 antibody. The resulting dilutions were added
in 100 ul volumes to the control plate and incubated.gtroom temperature for 1 hour. [0198] The thus
prepared human serum samples, which were diluted with various diluents and supplemented with

serially diluted rabbit anti-SITU-1 antibody, were each reacted with the BioEase tag-fused SITH-1
protein immiBzene AR ESHPIT ITSHEVEE DY alKRhPisist tids DI TB BT TPEIEIES et each of

the rabbit anti-SJTU-1 antibody, ﬁ%gnd tqQ,SITU-1 and.th IgG in serum which is presumed to be
bound non-EB%é%é%ﬁ?%%ﬁ%h Pe I,)aJr'ncllgxlﬁ}‘reH 16? o?ggrggcﬁgéqggﬁo%’ldase-labeled goat anti-rabbit IgG
antibody ang peypxidasglaieled .aeasRotimumanaG:antibedy £as8 &Mg};@mgﬁ%@a@@d 5000-fold
with TBST, was added in a volume of 100 [11 per well, followed by incubation for 1 hour at room
temperaturdtridenadachpwetvwad avashddthregetimasiwith (HBS Tagrd e oxidbseadctivitpwwass
detected. The activity was measured as follows: To each well, SuperSignal ELISA Pico

Chemilumiris§dit SapunakieyPRERTEYWAE: dddel 1B FehomEor 160! srar inevied fo stand for 5

minutes at r @% %Ea‘tftér%lj?lloi%%% b lmeeas%isg the luminescence intensity with a plate reader
Infinite MZOW AR it Shotid be Mot }ﬁaﬂ:ﬁe ath also include a luminescence intensity value

measured gigagh coneantiation-of tapRitaatiis it antihadyfor the contphisastion semplaltse., the
region wherein the TM2 plate on which BioEase tag-fused SITU-1 was not immobilized, but which was
blocked and4relatedadithivntarylstiume Chatalidide! antt8IT U hmntio ip it glaticorwgentratiors. The
value of the control section was subtracted from the luminescence intensity value of each BioEase

tag-fused SFFRL1 SRt Al heeommertal e aUmkg AR WA atEH7aECRs HRE SHERPAHBUFH of
anti-SITU-1 antibody contained. i rt t ti by,the equation
shown beloﬁ %@%@%é@ggﬁﬁyﬁéé{é%gﬁm I%t%%)ﬁ %alﬁgg%g?e%% %%ho%hgt of anti-SITH- |
antibody in arsamRie caBtaiNinge BbugniSidk dnandinedy i feach conce oitiinFRgtatted amount of
anti-SITH-1 antibody in a sample free from anti-SITH-1 antibody [0199] The equation shows that the
detection sdnedistityeib triderapiih &nl SR Hitid. fs- RBigjir (F82be) ge ress pitsrobysaradcarE4Hawh in

of o sorur EEHBRG HIERERFUY BES. o & War I8 o HELUBRL ARG WH 4o cred

the sections fige 1o ALY hiantihody (Morgpves dbis nsieneciin.Rindingas gl matgved in

the presence of 50 ug/mITM2. In contrast, in the serum sections diluted with the pTrc99A-carrying E.
coil crude exfrdetardeili:tihe BiM2IgReIAwamying iEocaolbamdBBXtiacreriiciod sedamaskections
diluted with the pTrc99A-carrying E. coli crude extract supplemented with 50 tig/m1TM2, luminescence

intensity wabisignpilEL i IRe hSet apaYTRmE oA BeH erovh E SOk (88tiesy, s maics pecific
binding waslllgram jcally reduced 3F re 2). [0201] As shown in FHgure 3, the S/N ratfio was
particitary BTN S g B e A e BT rEEA ARy EL o <H e st B envea
with 50 jig/mg L2 20aka;the pamples:citedatidoe, Mg/ PH7CORA-GRUMIREE naallRRvede extract.
[0202] These results indicated that in the measurement system using a TM2 plate on which BioEase
tag-fused SIFidtnvias itpdabifie €24 . dilutisrahhudahysergmugithhad 2L coh (agmistpEd coli cnuatl)
extract allowed a reduction of non-specific binding originating from the human serum, therehy enabling
the sensitivd\&het GiaRRiatHH Lottt oPantig1Te A Mb ot ehéreAvesiFiallY GsAtahir dium.
[0203] Exanm%g.LlSAsis withrived serum anal es 3-1. Measurement of anti-SITU-1 antibody titers
in human serum using TM2 plate and b otinylated SITH-1 Six patient sera found to have SITU-1
antibody (obfiginey fromvepatientsvithishreaieiligeasyasinnmeutires patiemis-withodepression and
one patient with Crohn's disease) and six sera from normal subjects who were difficult to diagnose by
the fluorescéhtoagtivodyknmsthad ahgsstoteigt: baskerouthd asising thormsawioahtibodies sweietgsdd and
-52- :
> containing NHS ester, biotin is dissolved in an organic solvent such as dimethyl sulfoxide

(DMSO) or phosphate buffer (pH: 7 to 9) and then may be added to the SITH-1 protein to be

bound to biotin. Alternatively, in the case of the use of a biotinylation reagent containing

amino groups, the carboxyl group of the SITH-1 protein is converted into activated ester with

carbodiimide such as EDC (1-ethyl-3-(3-dimethylaminopropyl)carbodiimide



measured for their serum antibody titers. It should be noted that the patient sera and the control sera
from normal subjects were collected and tested under approval by the ethical committee ofJikei
University School of Medicine (Japan), Osaka University Graduate School of Medicine (Japan) or
Osaka City University Graduate School of Medicine (Japan). [0204] For measurement of anti-Sill-1
antibody titers in patients, the samples diluted 40- to-3460-fold were used in the fluorescent antibody
method. The control sera from normal subjects used in this study were six analytes which had 40- to
80-fold anti-nuclear antibody or anti-cytoplasm antibody and whose Sill- antibody titers were difficult to
measure by HECTUSAIREARL APNBBEY FIOHo[020s PHEYIabAISEHE BB P EtHBE Y performed
as follows. T e an i eﬂi“&%ﬁjoi;n tpetﬂg g%%efntrg{%'[iibody method was prepared as follows: 2931 cells
cultured on B-chamber slides (Ir_lag- &k) were transtected with an expression vector for SITU-1
(PEGFP-NXvertor (€dantashhwhase H@kMiadiondad baen epircedpy.theppendeadingirame of
SITH-1) and, after 24 hours, were then fixed with cold acetone for 5 minutes. On the other hand, each
human serustgeas, Serialliidiluredimtwofditahorementd (el 20dolds 4esfolbic@abfold or 160-fold) with
PBS(-: free from calcium and magnesium) containing 0.2% BSA and 0.2% Tween 20 and used as a

T HRAREBE R il i Hs kS eR-0eréi&8cted at 37C for 1 hour and then

primary anti | Theprirhary-a V< (picmig corsiRiil i
washed three timeswith. BES(:)} conIaining, .e%. T é’éﬂﬁ%ﬁ%% of ﬁﬁ%ﬁﬂi—%%ﬁ%@?&&?%%ﬂﬂé%é’%@ﬂ@dy’
u?n Iuted 500-fold and reacted at 37C for | hour. After

Alexa Fluor@ 488 anti-human IgG (Invitrogen) was di
washing withnB B $(o}igo iR B-2%: Swken20 dp:30 mihdiesceash-damplelsasiibsarvedernder a
fluorescent microscope. The maximum dilution factor of the primary antibody which gave a stained
image uniqiend BeTHTIHvhswétindd Bs arraeniobiydres dwiseadurta ydtadifitiorelrbng amissdy
method. [0 I nalysis using,.a TM2 N te was performed according to the procedures
described I RUhpIS SR D AR S GG & B A8 SRR o e to 2
mg total profginiAMnith UM BERE R PH LT addest o8 TR Naw ELISA Rl golume
of 100 ul per well. The plate was allowed to stand at room temperature for 1 hour to thereby bind the
BioEase tag:fiseid $afdd-dI Proteisranto hprpated 103-tthad pohttancavidin-hiotinrbinding 0 Thep/ehch

well in the plate was washed three ti es with 0.1% Tween 20-containing TBS buffer (TBST). In this
way, a recorNBETS| PEIPRRbYENimEiob-e e piate WhE Srdpuicd Podot seatactmath egerier

B R R SR e A I A, 008 LG R SR IORS D ) 10708

) a solution CoNtaini casein in ris-bufferéd saling, con alrii% Weén 2)
an E. coli crudesextraes ke MRSUBRMAIBNRT f AMnkeolh (Bhdd). IySalm AWt pué dBile imcluction), which
was treated with BugBuster Protein Extraction Reagent (Novagen) in a volume of 5 ml per gram of E
calf pellet ababteytrifertSHTat-3, pO0gnfor itGrwiniited porthe cagjca Smpriotal protedtimbifiNZgexpressing
E. coli crude extract (with 1PTG induction), which was prepared as described in Example |. These

serum samptE SR UMb A 0O SRS T BRSE RMAGERMe - EHLI S PRASTEB GHdMHte,
followed by ingubatj I r in [ jth TB ST.
10209] As 2 e B v DA LEE D,
TM2-expresging, Euwgalisivda-pxirachwasadded in 100 ul volumes, followed by incubation for 1 hour
at room temperature and further washing three times with TBST. [0210] Then, as a secondary
antibody, arifthtihar hg GipiRR amitsoslpy Jaskeson i thmbint Résedre Y vdotlgteavBbobeferadwith TBST

and added inFﬁ?O Pl volumes, followed t? incubation for 1 hour at rgom temperature, _'{'.hen, the plate
was washect 08 BRFEEUIH TR A Eolbr OB Ot EpBRS AT B KAk e

Substrate (BjgGX |gRAIAIQUES IR 98%‘?%&15’1%%@%‘?11@?%%&5&9&F;BE%&%&l%Fed that the absorbance of

wells containing the developer 1IMB1 alone was subtracted from the absorbance of each test sample.
[0211] The gbsdphanceevaities] pbsenréitaid aholdcih FiDHreoteid hAs shawnitehiigtice 4f iin the
case of the serum samples diluted (pre-treated) with casein-containing TBS-T before being provided
for ELISA, tAanaBsdibariex s 3.86/10! 1maihsaae Aot B g Gariggeomprising a

biotin-binding protein bound thereto.

[0133] 4. Contact of Biological Sample with SITH-1 Protein-bound Carrier

The method of the present invention enables detection of an SITH-1 protein
antibody through step 2) of providing a SITH-1 protein-bound carrier, and then step 3) of

contacting a biological sample with the SITH-1 protein-bound carrier provided in step 2).



normal subjects, thus indicating that there was no great difference between patients and normal
subjects. In contrast, as shown in Figure 5, in the case of the serum samples diluted with the E. coli
crude extract, the absorbance was 1.84 1.14 in patients and 1.26 0.14 in normal subjects, thus
indicating that the patients tended to show larger values. Moreover, as shown in Figure 6, in the case
of the serum samples diluted with the TM2-expressitigE co/i crude extract, the absorbance was 1.05
0.27 in patients and 0.43 0.09 in normal subjects, thus indicating that there was a significant
difference (statistical significance at 0.1% %gnificance level) between patients and normal subjects.

[0212] In thi8 ]s%ﬁhyéé%aﬁmotﬁfé?@%ﬁé é@@&ﬁ@@%@l Bé%%ﬁ“ﬁhﬁgﬁfé‘%ﬁé m%@%&&
although S%%%ﬁ%‘ggg!%%ég@ W&%ggﬁ{%“w'at%%g%egglf%ug thaecfégr%é?sz%gf‘&e%g%ﬁ&gggethOd were

used. This sugges analysis usin plate an |o%|ny ate , particularly in
combination yifRethec TVIZHeXPKeSSING 6 Ol HHda AKX L RS SRIUM SleNLdViaS R dractgahmethod.
[0213] 3-2. Measurement of ant -SITH-1 antibody titers in human serum using nickel plate and His
tag-fused SiTWhaprisin compnithis Exarnulenaf@IdGENNiCkalapke bommersidlRzavailable as an
ELISA plate was used in combination with a histidine tag (His tag)-bound SITII-1 protein to perform

EL1SA for ARtbsajmEaSicieniN o214 Prd Hedingay 8 mulitcramnaurakdmetss8a B<a fusion
protein Witgsolsrggé ?&AJ@%F@&%@@@L@%& 8&%92&51 39&%19@49&@1%9139&1‘&%&1%%%w(+> DNA,

for the pur preventing the SITU-1 protein from foiwing an insoluble inclusion body within E. coli

cells. [0215pdptapenpartolbEohdshogivsiaion ealdi FakaRa Baktdoed Bhibtedaximgampased of
109 amino acids obtained from pET-32a(+) DNA was inserted in-frame with a His tag. Further, S1TH-1

or EGFP wasdpdegdbrintirammd dowrst darerefsd athis waplisidaagubbcgiPmNpopdis92);
tag-Tnc-EGFP was constructed. The plasmid _thus C?mﬁ;%l ted was introduceg into E. coli (BL21) cells.
These E. c&?@eﬁ%%‘?é%ﬂ%@@‘\%ﬁ%?ﬁ&ﬁﬁ%&%ﬁ Gt NSARIm PSS BHEHBE MYt G at a final

concentration, of.bi0 A ALABGHREIc B3 R4 RRUIS 19 IBAKCR R olBRAXPIS SR LR Engliellet was
collected by centrifligation and then treated with BugBuster Protein Extraction Reagent (Novagen) in a
volume of Scoiltpegy & ot Eeeotimbiéditdrexifactvmteolidiudleifacihis extracipiad gentituged at
3,000 g for 10 minutes, and the resulting supernatant was used as a His tag-SITH-1
protein-expFé%%’iﬁgliﬁ?@(ﬂﬁ&ﬁfﬁd‘épé&i%@ﬁ“[@g@f%@@ﬁ%ﬁﬁ%%%ﬁﬁ@a nickel plate was performed as
follows. Ni-NTA HisSqrb Stri GEN) were reacted with the above His tag-SITU-I -expressing E.
coli crude eltéggétj'a ggd}tmn &Ségﬁxg Cz 1 hour. After washing three times with PBS(-) containing
0.5% Tween 20, a”ﬁh%bﬂ%?xﬂ@@@&ﬁ%&ﬁﬁr@& the gboye; RrRiieni-derivegUMAR RAIM WakrRdfed and
reacted at room temperature for 1 hour. After washing three times with PBS(-) containing 0.5% Tween
20, anti-rabbitsg@EsRPantitedys (Recheaditined B008<old) or antithymbietgCdtRE kigtibody
(Jackson Immuno Research, diluted 5,000-fold) was used as a secondary antibody. Color
developmeRRREEPRRSALRI TSR WB*PW%@%W@M#W@H@J&M%iOFX laboratories).

rﬁ?tﬂ%%l_ﬁg}a%ﬁffn%% E@&dpg I?%ngeigigr ENHL protein, EL1SA for

[0217] First, fq & ”f"f%tﬂﬁf&%%g'ﬂféesé%ﬁ
antibody measurement was performed with anti rabbit seru e rabbit serum was

diluted 100-HenRfjeralddoruseiniléSnaditg festitsatainaehpidhHiese dittions REalshoNHIn

Figures 7 and 8, respectively. The results indicated that in the case of using the rabbit serum, the

nickel plate protiheisotigyeek Siteticgroteinzoukbhs deddddiranmibadystivegarement. [0219] Next,

the same human sera as ysed in 3-1 above ch patient sera and 6 control sera from norgnal subjects)
SR o

were used B antibotiF eMéRTGSHS Bt BPHRRE iS85 8R: 1P drBtein. As a

protein contypl ta copfirm non-specific binding, a His-tagged EGFP protein was used. [0220] Each
serum was studied in both 100-fold and 500-fold dilution. The diluents used were 1% bovine serum
albumin (BSA) and tagseinie Ecgalheisldeagytract as used in (3-1) above. It should be noted that the
buffer used for serum reaction was PBS(-) and blocking was performed with 0.2% BSA-containing
PBS. Likewise, wasting takhoarfaienalg witrct prepared from cells of the same species as that of host

cells used to express the SITH-1 protein 1 step 1)

is added to the SITH-1 protein-bound carrier prepared in step 2}.

[0138] In particular, more remarkably advantageous effects can be achieved in a system of
a SITH-1 protein bound to a carrier through binding between biotin and a biotin-binding

protein by the following process.



-56- 0.05% Twee 20-containing PBS(-). [0221] The results obtained are shown in Figures 9 and 10. In
the serum samples diluted 100-fold, 1% BSA and the E coil crude extract each showed no great
difference in antibody titers between patients and normal subjects. In contrast, in the serum samples
diluted 500- fold, 1% BSA and the E. coil crude extract each tended to show higher antibody titers in
patients than in normal subjects, although the differenge in antibody titers was smaller than that
observed with the method described in (3-1). [0222] Example 4: ELISA detection of anti-SETH-1
antibody in human serum using magnetic beads In this example, various serum diluents were
studied for H83 Bffderbrpthb HEEEHENGT SITH-1 antibody at very low concentrations in the system
using biotinylated "??Q tiocl beadf on ;YhngdTMZ-fused SITH-I was immobilized. [0223] 4-1. Primer
design To construct’a SFFLS fusion gene, primers for fusing the SITH-1 and TM2 genes via

a linker (5xlinker: GBSHICRHIPARELRLG RIS (SEQ 1R Nilwetadins designed.

[0224] Namely, the following two primers were designed: a primer consisting of a DNA sequence
encoding a @lersminal regiers 0feSITITHA1 gmateen 52 SickintHetkid Keil id-therotidalendiod abidiiterminal
region of 'FM2 on the 3' side (SITHIC-5xlink-TM2N-F) (SEQ ID NO: 13); and a primer consisting of a
DNA sequehBE&§6581AL e RPdKSHA region of TM2 on the 5' side, the linker in the middle, and the

C-terminal region of, SITU-1.0n.the 3' side h.of these e ing encoded in the reverse
direction (Sﬁ?&dgﬁl?ﬂ;{chermEP{%%BGPB%%%CQ Af)glr %%ﬁgs?]{?ﬁ%%%e%?gollowing two primers were
designed: ajpfimer cRising Rhah cepivminabdinganditaminal cegiomafsSiTidid e geakCcoRI
restriction enzyme cleavage site (CCATGG) located upstream thereof (SITH1 5' EcoRI-F) (SEQ ID
NO: 15); ancel primencinsistiy oiwcdaglermsl eluddrity acdhreyivadimbeoTVgeheraritid®smH|

restriction enzyme cleavage site (GGATCC) located downstream thereof (TM2CtermBam) (SEQ ID
-57- NO: 16§° ﬁ@%iﬁﬁé%?%ﬁ%ﬁﬁ?&ﬁ&h%&#’ﬂsﬁfs%ﬁ‘Eéﬁécb%’fm’é% ?Trfiila?{atﬁw f ‘)gﬁmﬁﬁnzed

in Table 2. [9gR8] [Tl 21 RAMELS 10 SHHHEIN ha FAIRRa60e REMEERSI Hrdb At e 2

SITH-I protein, a biotinylated SITH-1 protein, and/or a biotin-binding protein using E. coli,
it is preferred that the cell homogenate extract be also prepared using E. coli. In the case of
expression of a SITH-1 protein, a biotinylated SITH-1 protein, and/or a biotin-binding
protein in a cell-free system, the cell homogenate extract used can be used asitisorasa
suspension in a desired buffer solution.

{01417 The SITH-1 protein, and/or biotin-binding protein may be extracted and purified
from cells originally having these proteins, instead of those being genetically expressed. For
example, for the use of tamavidin as a biotin-binding protein, a cell homogenate extract of
Pleurotus cornucopiae can be used. Accordingly, the cell extract of the present invention
includes a cell homogenate extract that originally contains a biotin-binding protein and/or an
SITH-1 protein.

[0142] 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 a SITH-1 protein, a biotinylated SITH-1 protein, and/or biotin-binding
protein and does not contain a gene which encodes these proteins. The empty vector may
further contain any nucleic acid. Alternatively, the empty vector may be different from a
vector used in expression of the SITH-1 protein, the biotinyiated SITH-1 protein, and/or the

biotin-binding protein.



Name SequencelLength SITH1 5 ECORI-FAAAGAATTCGGATATGAAGAAAAAGTGTC29 mer
SITH1C-5xlink-TM2N-F CCGAAAACTGAAATGAATGTGggtggegatggel1l7 mer
ageggtggeggtggcangtggeggtggcangtggeg
gtggcagcggtggcggtggcagcTCAGACGTTCAATCTTCACTC SITH1C-5xlink-TM2N-R
GAGTGAAGATTGAACGTCTGAgctgccaccgecall7.pver
ccgctgecaccgcecaccgctgccaccgecaccgctgecacc

gccaccgctgccaccgccaccCACATTCATITCAG 111, CGG

TM2CtermBAHTT T AT EROmOte iAo sE s es s 0o g hird ped thlthoH MRS Pe d8Ynition

sites are underlined. The. linker sequen indicated i all lat 714-2, nstruct
ST T e B R bt B o
obtained bynintegeatiagdiens! THd s aeNe: (R )Y SERLID M@act) titecik A4 Bxpregsion Vector (SIGMA)
was used as a template to amplify a SITH-1 region with the primers SITH1 5' EcoRI-F and

SITH1C-5x(ik4F M ZNuRelirid a pras atidcsivtainee by prtegradifiy thealikR afanedertsyactbe Trc99A

W002/072817) was used as a template to amplify a TM2 region with the primers
(SITH 1C-5XW}’?WN el gﬂ&PﬁM%&%ﬁ%ﬂ inpa Ei/“oper cu}tulge medium are Romogemzed or

solubilized by a physical means such as ultrasonic application, a chemical means using a
surfactant, or enzyme treatment, and then a soluble component is isolated by centrifugal
separation or filtration. In order to prolong the storage life, preferably the clear lirquid
prepared by centrifugal separation or filtration is mixed with, for example, a protease
inhibitor, or is heated in an autoclave to deactivate various enzymes derived from cells or to
suppress their activity. The concentration of the cell homogenate extract can be varied
depending on the extent of the occurring nonspecific reaction and may be set in a range
sufficient to absorb the nonspecific reaction.
[0145]  An exemplary method of preparation of the cell homogenate extract, for example,
from E. coli cells (which may contain a vector which may contain a gene encoding a biotin-
binding protein), involves, but not limited to, inoculation of the cells into an LB culture
medium containing an antibiotic, shake culture at 25°C to 37°C until the absorbance at OD
600 reaches 0.1 to 1, preferably 0.3 to 0.8, addition of 0.01 mM to 5 mM, preferably 0.1 mM
to 1 mM IPTG, and then shake culture at 4°C to 37°C, preferably 15°C to 37°C, more
preferably 25°C to 37°C for 2 hr to 48 hr, preferably 4 hr to 24 hr. The bacterial cells are

- recovered by centrifugal separation from the culture solution, are suspended in a desired
buffer solution, and are homogenized. The superatant liguid after centrifugal separation of
the homogenized solution is recovered as a crude E. coli extract.
[0146] In the case of mixing a crude cell homogenate exiract to a biclogical sample, for
example, the sample may be reacted with a crude cell homogenate extract of which the total
protein content is controlled to 0.05 mg/ml to 5 mg/ml, preferably 0.5 mg/ml to 5 mg/ml with
a desired buffer solution (which may contain BSA, casein, or a commercially available

blocking agent) at 4°C to 37°C, preferably 15°C to 30°C for 1 min to 24 hr, preferably



[0229] PCR was accomplished in the same manner as shown in Example 1-2 above. As a result, a
PCR product of 579 bp was obtained for the SITH-1 region, while a PCR product of 528 bp was
obtained for the TM2 region. These PCR products were each used as a template -58- to perform the
second step of PCR with the primers SITH1 5' EcoRI-F and TM2CterniBam. As a result, a PCR
product of 990 bp was obtained. [0230] 4-3. Cloning-38- The SITH1-TM2 fusion gene obtained by
PCR was cloned into vector pCR4Blunt TOPO (Invitrogen) in the same manner as shown in Example
1-3 above. The plasmid carrying the fusion gene was further double.—dige,st(-i)d with E?%RI and BamHI

to collect a BNAFSYfn PISREHRFG the Y 50h lgent¥: THIS #iigHie i UAia0MIanisd i sEBlfibression
vector DTIe990 (EhamAaLANIGh g beeh flsesisduil Eqor|ond Bemiln fhe mane

described above, & vector slon protein expression, SITH1-TM2/pTrc99A, was
completed. Tdrerpuclieptisle, seauenea:encedimg:SEk ¥+ M2 in the expression vector
SITH1-TM2/pTrc99A is shown in SEQ ID NO: 17, and the amino acid sequence encoded thereby is
shown in SEQ4D] NaddigoioolBidnnHemtisiBrefeSiTil-TM2, two amino acid residues are added

downstream of the translation initiatio met%ionige (n cleot'fes 4-9 in S%Q D NO; 17, amino acid

residues 2-3 in SEQ 15 NtV 187 BALGHUhEEBRYGiestAL BERITS: TGRSR B FrOG¥A. These

amino acc ek ER e fPliREby et seaurnss (urieges R (A2 nARAJANG. 17,
amino acid residues 4-161 in SEQ ID NO: 18), 5xlinker (nucleotides 484-558 in SEQ ID NO: 17, amino
acid residuesi:§z2-186 in SEQ ID NO: 18), and the TM2 sequence (excluding Met) (nucleotides
559-981 in SEQ ID NO: 17, amino acid residues 187-326 in SEQ ID NO: 18). [0232] 4-4. E. coll
expression [0148F. detr@rebaifyiviy STTRFTCHMDRTHHEUTA Gfakedeneseabiny ehEQamiesivianhdr as
shown in ExamPIe 1-4 above. The cultured solution (50 ml) was centrifuged to collect the cells. The
cells were sUSPERASH in 3 ml of 0.1 M HEPES/KOH (p11 7.4) and then homogenized by
ultrasonication. The(QPWQQ%gWﬁﬁlﬂgmﬂtyged (15,000 rpm), and the resulting supernatant was
used as an E. coli crude extract. Expression of the TM2-fused SITU-1 protein was confirmed by
Western blotting. [0233] & otlHetectigmak Skitdek, paiphitaritb SI T ditibosiy{ispecaastaSiTdUof antibody
-59- (antiserum) prepared from rabbits immunized with a purified product of SITH-1 expressed in E.
coli cells) aftsikalinEssAMR srataseissaid-Amiaksbit Rierastisedy (Blo! Rubyhare exthitiitted
1000-fold ar%clji g}sed. As a res%g%ﬂb{% of aBB{gximateW. I%Sa Q >tected from the TM2-fused

X A was gelecle
SITE-l-expres]swr%é EOMR EeiPTHiS s/ Was Subatan iaiy equz‘%%%ﬁe lr%%%g% 5%’v(\)/reight (34.8 kDa) of

TM2-fused SITH-1. {hshpuldipgpateddhatd&aasliside eXmneisnereRiso.niepamrddrdhe same
manner as shown above from E. coli BL21 carrying pTrc99A or TM2/pTrc99A (Takakura et al. (2009)
FESS J. 2768881 37 mitevdbeimgceiturebcrithéhprefence of IRTENOZB4] o8-8 répatatbaels

TM2-fused SITH-1-immobilized magnetic beads, .  To 1 mL (30 mg beads/mL) of magnetic beads
(Dynabeads"REDHEARHS S yHAMBIOREHS B i daiRt N -H_EEE%:}@@?I ?b@ﬁ%{iﬂﬁdded. By
mixing endoyer-¢ o) Ut folt] e magnetic
beads thro ugﬁtr(gggﬁ?rﬁgg g?v}/)é%iy E;Sen%?r%jér (gtr% 5};‘3%50%@53&1&%"%% V%O\g§§e€%¥%f 6%%%%@%%%?9 netic

beads was wastgd twige witheaQrkdmBSAQIGH Dyesnh20/BB S seliiasinandhlindtijogliapendpid in
PBS buffer. The resulting magnetic beads (30 mg beads/mL PBS) were used as biotinylated magnetic
beads. can effectively reduce background signal levels.

[0150] Such a biotin-binding protein may be any one of the biotin-binding proteins
described above, which can be used without imitation. Either the wild type or variants may
be used. The biotin-binding activity of th¢ variants may equivalent, higher or lower
compared to that of the wild type. In an embodiment, 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 solvent. In an
alternative embodiment, a mixture of a sample and a cell homogenate extract may be treated
with a carrier to which the biotin-binding protein is fixed (for example, the mixture is passed

through a column) (step b-i), instead of direct addition of the biotin-binding protein to the



[0235] TM2-fused SITH-1 was expressed in E. coif cells in the same manner as shown in Example 4-4
above, and the E. coli crude extract thus prepared was diluted with 0.1 M HEPES/KOH (pH 7.4) to
give a total soluble protein concentration of 5 mg/ml, to which the biotinylated magnetic beads were
then added. By mixing end-over-end at room temperature for 1 hour, TM2-fused SITH-1 was
immobilized on the magnetic beads through tamavidiggiotin binding. Then, the magnetic beads were
washed three times with 0.2% Tween 20-containing TBS buffer (EIBS). [0236] In addition, a crude
extract of TM2-expressing E. coil cells (Takakura et al. (2009) FEBS J 276: 1383-1397) was diluted
with 0.1 M S/KOH (pH 7.4) to give a total soluble protein concentration of 5 mg/ml, to which the
biotinylated et W +.BY: M ?r -end ture for 1 hour,
TM2 was i ?n}}?l;ﬁizé% th ?o%?ge ho?;%%?\ﬁg&lln- |§g r]? %%(ﬁ%:ﬁ%é%&% v%égﬁfﬁgl i%?l‘%ﬁ{ggs%ﬁmﬁ?e&n%a e??éﬁfeas shown
above, the cBRadt Mz-immakitizes mrgnaticdeddisi hus conpieies:(38:mg beags/mhiRBY), were used
for subtraction of non-specific binding inherent to serum samples. [0237] 4-6. ELISA analysis using
magnetic béadgm! 10T pgimb wielydlailabie/ MiraH8aramiHisaeSenwatioocf eésmo-Bio), the
same rabbi an_ti-%éTH-l antibody as used in Example 2 was ad?ﬁfe?% in a 1/50 volume to prepare
SITH-L antiBU) QPR AR So BT OO R RN ST SrOM TSR Ao
antibody wag e s ALARYQl 1239hI0E AUAD ST AL EARMI THct apigedy-containing human
serum was diluted 1000-fold with PBS or with the pTrc99A vector product-expressing E. coli crude
extract or thje) TAAR-exprassing i .acalilcrude exdrasiaachhod whidhdiad dreemadjusted vathaBit iMs
HEPES/KOF1 (pH 7.4) to give a total soluble protein concentration of 5 mg/ml. To the resulting
solution, BSRewas el auticuzana fsalsshe Smratbnon oA MR 19§ Exaisld? Bessribed above,

human serum was diJuted,100-fqld and rabbit anti-SITH-1 antibody, was then added at a vglume ratio
o1 0,002 {5 BB FETUA T AT QI e TR BT TR o b T
antibody W%&ﬁgﬁﬂﬂﬁr% }@%MHH‘{% @;ﬁ‘e‘ﬁ@éﬂq}ﬁar égﬁrgﬁ_ql%)bspéw@?ﬁ&ﬁ%fh‘ m@é_%gstt@ﬁe@lﬁ@d
1000-fold. Thus, the dilution factor of the rabbit SITU-1 antibody is 1/50000, which is the same as that
of depressiafiijatientbesetuPreitusbil athe R 1TOD0-fotde ) 288 [hl@ithéaser ST Hilltionsthuspiepared (1

mL each), the TM2-fused SITH-1- immobilized magnetic beads or the TM2-immobilized magnetic
beads wereAefdRG R WrOBHINTRE eh) ¥ackdti g5y FHnaly BHIDSTEIddATSFRIRBIAASTBEME

temperature, followed by washing three times with TBST. Horseradish peroxidase-lapeled.goat
ot bt 196 ity Ty AR S0 AE I St AL A bl B S &R igen
immobilizedpdheraadneticneads) andneoxidaseriaglediaaal-ant HiumanteGamibogydian

detection of human IgG bound non-specifically to the magnetic beads) were each diluted 5000-fold
with 2% BShAveontaivinge TR SThgnditveH mixed. 10 poreditabestabyel edtbabo e matibodylenixture
was added in 1000 [l volumes to the magnetic beads and mixed end-over-end for 1 hour at room
temperaturé"FHER FHL BESENSE RSer washed three -61- times with TBST, and 100 ul detection
et S PE AN RURRCEI NS 20ed Ot RO AHORTTARIAIE (O e
100 !'Al of 2 M sulfuric acid was added to stop the reaction, and the degree of color development
(absorbancemb 4R aed wayeleagifsAdbrwasmeasurashivwital anplate Jeiadeidlnfiode M20@(IELCAN).
The measurement was performed in duplicate for each sample to determine a mean value. [0240] For
use as datahdeAzB0wafiechizattireld fodusseh Sonsiionedor (PBSIGheSPAEOIA GEIRISION
product-expressin%)%r.1 coli grud extract, or the TM2-ex ressing E. Igﬁl crude extract) in the TM2-fused
SITH-L-immbbitiZet fikihétic éif&%‘%a%“&%&é&% Wy eiBPaEb o %%Oﬁ%é’ér%té?ﬂj‘e MRasured for
the corresponeing el Wi et BihseTMedmmebiized magnetic beads. The results obtained are
shown in Table 3. [0241] [Table 3]

[0154] Addition of Biological Sample and Other Components to Carrier

The biological sample, ceil homogenate extract, and biotin-binding protein can be
added to a carrier by any method. The biological sample, however, must come into contact
with the cell homogenate extract and the biotin-binding protein during or before the contact
of the biological sample with the carrier. In other words, the biological sample may be put
into sufficient contact with the cell homogenate extract during or before the contact with the

carrier, and a component derived from the cell homogenate extract, together with the



Table 3. Effect of serum diluents on SITH-1 antibody detection in human serum Serum diluent

A450S/N ratio

Serum containing Serum free from SITH-1 antibody SITH-1 (S)antibody (N) [0242] As

shown in Table 3, the A450 value of SITH-1 antibody in human serum (S) was highest in the case of
using PBS as a serum diluent, while the A450 value in serum free from SITH-1 antibody (N) was also
very high, thus indicating that the S/N ratio (i.e., the ragio of the degree of color development in human
serum containing rabbit anti-SITH-1 antibody to -62- the degree of color development in serum free

from rabbit anti-SITU-1 antibody) was lowest . . )
biological sample, is not always added to the carrier finally. 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 then the treated biological sample was used. In an embeodiment,

before contact of the biological sample with the carrier, the sample is passed through a

column to which the cell homogenate extract component has been bound.

[0155]

After addition of the component, the biological sample and the cell homogenate

extract are reacted with the carrier, for example, at 10°C to 30°C, preferably 20°C to 30°C,

for 10 min to 4 hr, preferably 30 min to 2 hr.

[0156]

5. Detection of SITH-1 Protein Antibody

In the method of the present invention, the SITH-1 protein antibody is detected in

step 3).

[0157] Persons skilled in the art can appropriately select the method for detecting the

SITH-1 protein antibody. Preferred examples of such methods include immunoassays such

as enzyme-linked immuno-sorbent assay (ELISA) and radioimmunoassay (RIA); and other

assays such as surface plasmon resonance. After the biological sample is reacted with the

immobilized SITH-1 protein by binding between biotin and the biotin-binding protein, the

SITH-1 protein antibody 1s detected.

[0158] In the immunoassay, the SITH-1 protein being an antigen 1s immobilized and is

reacted with the SITH-1 protein antibody present in a biological sample, and the reaction

product is detected by any method well known to persons skilled in the art. For example, a

SITH-1 protein antibody bound to the STTH-1 protein can be detected by using an anti-

human antibody, which can recognize and be bound to a human antibody as a secondary

antibody. In this procedure, the anti-human antibody is labeled with a fluorescence material,

enzyme, or radioisotope, and the fluorescence intensity, enzyme activity, or radiation dose is

finally measured to determine the amount of the antibody indirectly.

[0159] 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 fluorescence iabeling include labeling using , for



in PBS. [0243] In contrast, when the pTrc99A vector product-expressing E. coli crude extract or the
TM2-expressing E. coli crude extract was used as a serum diluent, the A450 value in serum free from
SITU-1 antibody was much lower than that obtained for PBS, and hence non-specific binding could be
greatly suppressed. This indicated that when human serum was mixed with the pTrc99A vector
product-expressing E. coli crude extract or with the TM2-expressing E. coli crude extract, it was
possible to reduce non-specific binding and detect anti-SITH-1 antibody with the use of the TM2-fused
SITU-1-immobilized magnetic beads., SEQUENCE LISTING FREE TEXT [0244] SEQ ID NO: 1: amino
acid sequefE&BHS feRicssirskadapintor! kheluttivei veg HuREs TS PrRICSI GRS fS24BFSEQ ID
NO: 3: nuclgqtide sequence H:l cDNA SEQ | 24 nucleoti of tamavidin
) 0248) ST, LA L Lo s e auan T [otop S B AR e
sequence gfdaRMiding & {025 Pho Rt N Qeife ARINMAGH: seaUSNES:Of Fmaviedin 2,0251] SEQ ID
NO: 8: amino acid sequence of BioEase-S1TH-1 fusion protein [0252] SEQ ID NO: 9: nucleotide
sequence encadirgBiv Bsise- Sk shfvsioraproteim|e258] sEa b ING aexPaRgpimérand

SITHINtermGW-F [0254] SEQ ID NO: 11: PCR primer SITH1INtermGW-R [0255] SEQ ID NO: 12: 5 x
linker [02561“@%@?@%@%%‘%@%%%? &1 N9 B8 ARKPERSN A0 5898 e DB SDLMSER primer

SITHIC-S5xlink: IMe IR, [0298] $EG) IO, f%’j’?ﬁfﬁfifﬂ‘ﬁéﬁ{&"{&iéﬁ%ﬁ%?kf%%@(@yo1

16: PCR primer TM2CtermBam [0260] SEQ ID NO: 17: nucléotide sequence of SITH-1-TM2" -63-
for nucleic acids.
[0160] The amount of the antibody present in the biological sample 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 antibody, for example, ELISA is
disclosed in lacobelli et al, Breast Cancer Research and Treatment 11: 19-30 (1988).
[0161] In case that the SITH-1 has a low antibody titer or that effect of background signals
is significant due to nonspecific binding, the amount of antibody can be more precisely
determined by subtracting the observed value of a sample in which the antigen is not
immobilized. For example, in case that SITH-1 antibody in a biological sample is low (the
antibody titer is low), or in case that non-specific binding of the biological sample (¢.g.,
serum) per se is high, the effect of the background signal due to non-specific binding would
be high. Accordingly, the background signal may be appropriately subtracted from the
measured value, and the target substance for detection can be determined more precisely.
Those skilled in the art can appropriately determine the specific background signal to be
subtracted depending on each experimental system.
[01621 For example, as described in Examples 2-4, embodiments would be effective
wherein the measured vaiue obtained by using a carrier immobilized with the SITH-1 antigen
is subtracted by the measured value of the section using the carrier without the immobilized
SITH-1 antigen (however, in the section, blocking with BSA or the like has been operated,
and the serum containing the anti-SITH-1 antibody (biological sample) has been added).

Alternatively, preferably, the subtraction of the measured value of the section in



[0261] SEQ ID NO: 18: amino acid sequence of SITH-I-1M2 -64- CLAIMS 1.A method for detecting an
antibody against a small protein encoded by the intermediate stage transcript of I-IHV-6 (SITH-1) in a
biological sample, which comprises: 1) providing the SITH-1 protein; 2) binding the SITU-1
protein provided in step 1) to a carrier; and 3) contacting the biological sample with the SITH-1
protein-bound carrier prepared in step 2) to detect thé2SITH-1 protein antibody. 2.The method
according to claim 1, wherein the SITH-1 protein is selected from the group consisting of: (@) a
protein which has the amino acid sequence, of SEQ ID NO: 1; ) rotein, which has an amino
acid sequert8 Loy ASHGTaEIEHBIE M?&ﬁ}qﬁ?é‘ﬁ&ﬂyéﬁam?%‘aﬁﬁ@%%FBH@{W%r%"&Wﬁ’ o'3cids

in the amingagif SEUENGE, fﬁ&%é DNQdand which-has hsaRiliia naGass, e inraceyar
calcium concentration; c) a protein which has an amino acid sequence sharing an identity of at
least 80% withrtheh Bming @cigrseayesie i MdNOninasdibichnhasthieralilityrtoiigceréaatthe
intracellular calcium concentration; (d) a protein which has an amino acid sequence encoded by a

nucleic acidoutisistirrjcoh thwind dheotidetbeygbivedst SEOMEMN@GoUn and a biotin-binding protein.

The detecting method of the present invention enables specific detection of a

SITH-1 protein antibody having a low antibody titer in a serum.
[0163] 1. Carrier comprising SITH-1 Protein bound thereto

The present invention also provides a carrier for detecting the SITH-1 protein
antibody in a biological sample.
[0164] The carrier of the present invention is a SITH-1 protein-bound carrier. The SITH-]
protein can be bound in various manners, as described above, for example, by utilizing
hydrophobic bond, covalent bond, and avidin-biotin binding, and utilizing various tags.
[0165] The carrier of the present invention is characterized by being bound to the SITH-1
protein through binding between biotin and a biotin-binding protein. The carrier of the
present invention is preferably prepared by:

1) providing a carrier comprising a biotin-binding protein bound thereto and
providing a biotinylated SITH-1 protein; and

2) binding the carrier provided in step 1) to the biotinylated SITH-1 protein through
binding between biotin and a biotin-binding protein. The biotin-binding protein in 1) may be
bound to the carrier directly or through biotin.
[0166] 1. Kit

The present invention also provides a kit for detecting a SITH-1 protein antibody in
a biological sample. The kit of the present invention comprises:

A a carrier comprising the SITH-1 protein bound thereto; and

B) an agent for diluting the biological sample , which comprises a cell homogenate
extract prepared from cells of the same species as that of host cells used to express the
SITH-1 protein m A).

[0167] The term “a carrier comprising the SITH-1 protein bound thereto” is as defined



(e) a protein which has an amino acid sequence encoded by a nucleic acid consisting of a nucleotide
sequence comprising deletion, substitution, insertion and/or addition of one or more nucleotides in the
nucleotide sequence of SEQ ID NO: 2 and which has the ability to increase the intracellular calcium
concentration; (t) a protein which has an amino acid sequence encoded by a nucleic acid
consisting of a nucleotide sequence sharing an identity-of 80% or more with the nucleotide sequence
of SEQ ID NO: 2 and which has the ability to increase the intracellular calcium concentration; and -65-
hybridization conditions with a nucleic acid consisting of a nucleotide sequence complementary to the
nucleotide é’@&h’%nce of SEQ ID NO: 2 and which has the ability to increase the intracellular calcium

concentratiog, & T hm@%%%? t%?%%ﬂ'&ﬁ RS mgjfcgiét%rg}{?e%ﬁ%%tgg é&f%&é@&g&&a@w&é?%&@ging a

mixture of: (@) ogical sample; an mogenate extract prepared from cells

of the same;specigs dsdhabeinasicells yaadde exprassahe Bid-thorelEhvitosten it tarthe S H-1
protein-bound carrier prepared in step 2). 4.The method according to any one of claims 1 to 3, wherein

step 2) in cldierbiobamptisesiindingtheSeT Hptoprotehits shiitarsiercthrousbidinding lbkiovesh biotin
and biotin-binding protein. ,lThe method according to claim 4, wherei.n step 3) in claim 1
comprises &MY STAiEEH s the biological sample: and (b-i) a cell homogenate extract

prepared frof cells @idhe samme, SNeCEs: a5 IALA! PRILCRIS HREIRIRTEFSthe R EH: A RERIEH, &
biotinylated S1TH-1 protein and/or a biotin-binding protein in step 1) or 2), in combination with a
biotin-bindingeBOIBIN] Pfotein bound thereto through binding between biotin and a biotin-binding
protein, and
the agent in B) comprises:
i) a cell homogenate extract prepared from cells of the same species as that of host
cells used to express the SITH-1 protein, a biotinylated SITH-1 protein and/or a
biotin-binding protein in A), in combination with a biotin-binding protein; or
it) a cell homogenate extract prepared from cells genetically engineered to express a
biotin-binding protein, wherein the cells are of the same species as that of host cells used to
express the SITH-1 protein, the biotinylated SITH-1 protein and/or the biotin-binding protein
m A).
[0170] The term “a carrier comprising a SITH-! protein bound thereto through binding
between biotin and a biotin-binding protein™ is as defined above.
[0171] The terms “a cell homogenate extract prepared from a cell of the same species as the
host cell used to express the SITH-! protein, a biotinylated SITH-1 protein, and/or a biotin-
binding protein in A)”, “‘a biotin-binding protein”, “a cell homogenate extract prepared from
cells genetically engineered to express a biotin-binding protein, wherein the cells are of the
same species as that of host cells used to express the SITH-1 protein, a biotinylated SITH-1
protein, and/or a biotin-binding protein™ are also as defined above.
[0172] Alternatively, the kit of the present invention comprises:
A) the SITH-1 protein;
B) a carrier for immobilizing the SITH-1 protein in A); and

C) an agent for diluting a biological sample , which comprises a cell homogenate



(b-ii) a cell homogenate extract prepared from cells genetically engineered to express a biotin-binding
protein, wherein said cells are of the same species as that of host cells used to express the S1TH-1
protein, Notinylated S1TH-1 protein and/or a biotin-binding protein in step 1) or 2) to the SITU-1
protein-bound carrier prepared in step 2). 6. The method according to any one of claims 3 to 5,
wherein step 3(6) in claim 3 or step 3(b-i) in claim 5 e@mprises adding, as the cell homogenate extract,
a cell homogenate extract extracted from cells comprising any vector. 7. The method according to any
one of claims 4 to 6, wherein the biotin-binding protein is tamayvidin or a mutant thereof. -66- 8.The

method accovdRigRERHAGbReB el mE e e RS A B SbEchF Shhisrel il 3iEasdFom the group

consisting cgll%qgldglsoet\rum cerebrospinal fluid, saliva, throat swab, sweat, urine, tear, lymph, semen,
fluid, and ' m

. et iy AL . . . . .
peritoneal , an ther's milk. 9.A carrier for detecting an antibody against a small protein

encoded by theintermediateisiage dansehipt RtLNMréi(SI Hefd):piadbiglagicalsample whersin the
carrier comprises the SITH-1 protein bound thereto. 10.The carrier according to claim 9, wherein the
S1TH-1 protéinydrigphlbiciueist erechelond horshch dtherthroUghnisinainybitgsaed biotdmahggeen

biotin-binding protein. 11.A kit for. detecting an antibody against a small protein.encoded by, the
intermediatd SHyEArNEHBLUPHIRRESLETTE 10 -5 BIOIGUICANLEIFbIAC 6O BGpHGEn S ) o

carrier comngg%mgs%elsglf&e@rgg%_bound thereto; and

[0174] *“The carrier for immobilizing the SITH-1 protein in A)” may be the carrier
described above, and is preferably a carrier which is treated for being bound to “the SITH-1
protein”,

[0175] The terms “cell homogenate extract prepared from cells of the same species as that
of host cells used to express the SITH-1 protein in A)” and “agent for diluting a biological
sample” are also as defined above.

10176] In a preferred embodiment of the kit of the present invention,

the SITH-1 protein in A) is biotinylated,

the carrier in B) is directly or indirectly bound to a biotin-binding protein, and

the agent in C) is an agent for diluting the biological sample, which comprises:

1) a cell homogenate extract prepared from cells of the same species as that of host
cells used to express the SITH-1 protein, a biotinylated SITH-I protein and/or a biotin-
binding protein in A) or B), in combination with a biotin-binding protein; or

ii) a cell homogenate extract prepared from cells genetically engineered to express a
biotin-binding protein, wherein the cells are of the same species as that of host cells used to
express the SITH-1 protein, a biotinylated SITH-1 protein and/or a biotin-binding protein in
A) or B).

[0177] The method of biotinylation of the SITH-1 protein and the carrier directly or
indirectly bound to a biotin-binding protein are as defined above.

[0178] “A cell homogenate extract prepared from a cell of the same species as that of host
cells used to express the SITH-1 protein, a biotinylated SITH-1 protein and/or a biotin-

LI 14

binding protein in A) or B)”, “a biotin-binding protein”, “a cell homogenate extract prepared



B) an agent for diluting the biological sample, which comprises a cell homogenate extract prepared
from cells of the same species as that of host cells used to express the SITU-1 protein in A). 12.The kit
according to claim 11, wherein the carrier in A) is a carrier comprising the SITH-1 protein bound
thereto through binding between biotin and biotin-binding protein, and wherein the agent in B) is an
agent for diluting the biological sample, which compyiges: i) a cell homogenate extract prepared
from cells of the same species as that of host cells used to express the SITH-1 protein, biotinylated

SITU-1 protein and/or a biotin-binding protein in A), in comhinagion with a bigtin-binding protein;. or
i) a cell RO TFAB SSRFAEA PHHEFRRF AP OSSP LRI BHTRILE Ro BAPEL1S bR Ring

protein, WIE ), ARIGEE!R tah K1, sama nRelen A2 NALALOGRE AR HAES 10 SXmiBRm e SITH-L
protein, biotinylated SITH-1 protein and/or a biotin-binding protein in A). 13.A kit for detecting an

antibody ageiinst-a sroibhpieiein £heetes Riibeinidmediate SagedenscigofittdiubiddErU-1) in a
biological sample, which comprises: A) the SITH-1 protein; B) a carrier for immobilizing the SITU-1
protein in Alicingica pample” @yeatl sgésitrer eilelincthe biological sample, which comprises a cell
homogenaﬁgngrepared from cells of the same species as that of host cells used to express the
SITH1 prot . E.The kit according to claim 13, wherein the SITH-1 protein in A) is biotinylated,

wherein the Gasger B LIS RirecHERs Jncirectyybey g BRI RsBIBARGPRIIRIRy BPthe following
examples, which are not intended to limit the technical scope of the invention. Based on the
detailed description, modifications and changes will be apparent to those skilled in the art,
and such modifications and changes fall within the technical scope of the invention.
[0180] In the examples 1-3 described below, a fusion protein between a human herpes virus
6 (HBV-6)-derived SITH-1 protein and a biotinylation sequence {BioEase tag, Invitrogen)
was expressed in E. coli cells, and an £. coli crude extract obtained from these cells was
directly reacted with a microplate, on which tamavidin 2 (hereinafter referred to as “TM27)
was immobilized, to thereby bind the fusion protein to the microplate through tamavidin-
biotin binding.
[0181] The SITH-1 protein-bound plate thus obtained was reacted with human serum
diluted with an E. coli crude extract (supplemented with rabbit anti-SITH-1 antibody; since
commercially available human sera are free from anti-SITH-1 antibody, those supplemented
with serial dilutions of rabbit anti-SITH-1 antibody (antiserum) were used as analytes in this
test) to measure the titer of anti-SITH-1 antibody contained in the human serum.

[0182] Example 1: Vector construction for expression of fusion protein between SITH-1

and biotinviation sequence {Biolase tag)

A gene was designed to encode a fusion protein having a BioEase tag located at the
N-terminal end of the SITH-1 protein. This BioEase tag is a peptide tag containing a
sequence to be biotinylated in vivo (i.e., within E. coli cells in this case) by the action of an
endogenous biotinylation enzyme. The amino acid sequence of the BioEase-SITH-1 fusion

protein is shown in SEQ ID NO: 8 and the nucleotide sequence encoding the same is shown

in SEQ ID NO: 9.



wherein the agent in C) is an agent for diluting the biological sample, which comprises: i) acell
homogenate extract prepared from cells of the same species as that of host cells used to express the
SITH-1 protein, biotinylated SITH-1 protein and/or a biotin-binding protein in A) or B), in combination
with a biotin-binding protein; or i) a cell homogenate extract prepared from cells genetically
engineered to express a biotin-binding protein, whergi said cells arc of the same species as that of
host cells used to express the SITH-1 protein, biotinylated SITH-1 protein and/or a biotin-binding
protein in A org%. SEQUENCE LISTING <110> Japan Tobacco Inc. Virus lkagaku kenkyusho Inc.
<120> MethBibor DeleSHRBEARBERY Against SITH-1 in Biolig <130> FA0392-09155 <140>

D T IP20101055880, <Ll Bidtat ST Rt ReR8 ierd i e Rt o THRO3 -1

<170>Patentin version
gene were first designed. Namely, the following two primers were designed: a primer

consisting of a DNA sequence encoding an N-terminal region of the SITH-1 protein
(SITHINtermGW-F) and a primer consisting of a DNA sequence encoding a C-terminal
region of the SITH-1 protein in the reverse direction (SITH1 CtermGW-R}.

[01841 The primers for construction of a fusion gene between SITH-1 and BioEase tag are
summarized in Table 1.

[0185]

[Tabie 1]

SITH-1 gene amplification primers

Name Sequence Length

SITHINtermGW-F  GGATATGAAGAAAAAGTGTC 20 mer
SITHI1CtermGW-R  TTACACATTCATTTCAGTTT 20 mer
[0186] (SEQIDNQOs: 10and 11)
I-2. PCR
The DNA of an expression vector carrying the SITH-1 gene (ORF) (SEQ 1D NO: 2)
with the FLLAG-tag (PCT/JPZ008/67300) was used as a template to amplify a SITH-1 region
by PCR with the primers SITHINtermGW-F and SITH1CtermGW-R. PCR was
accomplished by using a GeneAmp PCR System 9600 (PERKIN ELMER) in 20 pl reaction
solution containing template DNA {500 ng), 10 x ExTaq buffer (2 pul, TaKaRa), 2.5 mM
dNTP (1.6 pl), primers (20 pmoles each) and 5U/pl ExTag (0.1 pl) under reaction conditions:
96°C for 3 minutes, (95°C for 1 minute, 60°C for 1 minute, 72°C for 2 minutes) x 20 cycles,
and 72°C for 6 minutes. As a result, a PCR product of 477 bp was obtained.
[01871 1-3. Cloning
The SITH-1 gene obtained by PCR was cloned into vector pCRE8/GW/TOPC

(Invitrogen). Ligation reaction was performed according to the manufacturer’s instructions



<211> 159 <212> PRT <213> Human herpesvirus 6 <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
Leu 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-l4ys Lys lle Glu Gly Lys Ser Pro 859095

bound 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 1ts nucleotide sequence,
which was then confirmed to have no mutation in comparison with the sequence of the
designed gene.
[0188] The plasmid carrying the SITH-1 gene was used as an entry clone and subjected to
recombination reaction with pET104.1 destination vector {Invitrogen), which is an expression
vector for a BioFase tag-fused protein, using a Gateway System. The recombinant product
was transformed into . coli TB1 and the plasmid DNA was extracted. This plasmid was
further transformed into £. coli BL21(DE3). The resulting £. coli colonies were each used as
a template to amplify an insert gene region by PCR with SITHINtermGW-F and
SITHICtermGW-R to thereby confirm the presence or absence of the insert gene.
[0189] In the manner described above, a vector for BioEase tag-fused SITH-1 protein
expression, BioEase-SITH1/pET104.1 was completed.
[0190] 1-4. E. coli expression

E. coli BL21I(DE3) carrying BioEase-SITH1/pET104.1 or E. coli BL21 carrying
pTrc99A alone (as a control) was inoculated into LB medium (50 ml) containing the
antibiotic ampicillin (final concentration: 100 ug/ml) and cultured with shaking at 30°C until
the absorbance at OD600 reached 0.5. Then, | mM IPTG was added and the E. coli cells
were cultured with shaking at 30°C for an additional 5 hours. The cultured solution (50 mi)
was centrifuged to collect the cells. The cells were suspended in 3 ml of 0. 1M HEPES/KOH
(pH 7.4) and then homogenized by ultrasonication. The homogenate was centrifuged
(15,000 rpm), and the resulting supernatant was used as an £. coli crude extract.
[01911 To confirm the expression of the BioEase tag-fused SITH-1 protein, proteins
contained in each crude extract were fractionated by SDS-PAGE and analyzed by Western

blotting. In Western blotting for detection of BioEase tag-fused SITH-1, rabbit anti-SITH-1



Ser Trp Val Gin Ala Leu Thr Thr Ala Ser Gly lle lle Leu Leu Phe 100105110 Cys lle Met Met lle Phe Ile
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 ctgatggitt taatactagc tgcggcaata actatgttaa cgctggaaat
tatatcgaac120 caaaaacgta ccactactga tctcgaagct gtgactgtgg cgctgaagca tgtaagcacal8o0 tctcttgcca
gctgcactga atccactact tct%tacata cegattctgt gacgagccaa240 , , _

antibody (unpublished) and alkaline phosphatase-labeled anti-rabbit IgG antibody (BIO

RAD) were used.

{0192] The results obtained are shown in Figure 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 cells. This size was substantially equal to the molecular weight (28.6 kDa)

of BioEase tag-fused SITH-1.

[0193] Further, horseradish peroxidase-labeled streptavidin was used in place of anti-SITH-

1 antibody to detect signals. The results obtained are shown in Figure 1B. In the control,

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 further found to

have substantially the same size as the band detected above by Wester blotting. These

results indicated that the expression of biotinylated SITH-1 was successful.

[0194] 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 £. coli BL21

carrying pTrc99A or TM2/pTre99A (WO 02/072817) after being cultured in the presence of

IPTG.

[0195] Example2; 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., Ltd., Japan). Immobilization was accomplished according to the
manufacturer’s instructions attached to the kit.

[0196] The BioEase tag-fused SITH-1 protein-expressing £. coli crude extract obtained in
Example 1 was adjusted to have a total protein concentration of 2 mg/ml with 0.1M
HEPES/KOH (pH 7.4), 100 ul of which was then added to the TM2-immobilized plate
(Sumitomo Bakelite Co., Ltd., Japan, New ELISA). The plate was allowed to stand at room
temperature for 1 hour to thereby bind the BioEase tag-fused SITH-1 protein onto the
TM2-immobilized plate through tamavidin-biotin binding. Then, each well in the plate was

washed three times with 0.1% Tween 20-containing TBS buffer (TBST), followed by



cccacgaaaa acaaagaatc gaggaaaaaa attgaaggga aatctccaag ttgggttcag300 gctttaacta cagcatctgg
aattatccta ctgttttgta taatgatgat attcattaca360 tgttcctgga ccacagaaaa agatacagag aagagtgaag tgcaatctta
tgcttcttca420 gtagagactt tagactcttt aaatgaggct attataccga aaactgaaat gaatgtgtaa480 <210> 3
<211>1795 <212> DNA <213> Human herpesvirus 6 <400> 3 aggctctgct ggaggctctg ctggaggcect
tgctgaaggc tctgctggag gecectgetgg60 aggtcttget ggaggetctg ctggaggcte tgctggaggc tetgetggag
gctctgetggl20 aggctctget ggaggctetg ctggaggcte tgtcagagac ctcggtgaaa gttttactcal80 gagetttatc

agagttttcg ccattagttt ggttagaagt ttcagattta ttttcggtgg240 aactgcagit aggtttcatg tcagtacatt catcaccgtt
agaagtgcta ?Q)@t@ §gpie/mi BSATTBST solution in a volume of 250 pl'per well. The plate was

allowed to stand at room temperature for 1 hour to block each well. Then, each well was
washed three times with TBST.

[0197] Next, human serum {Human Serum pool, Cosmo-Bio, Inc.) was diluted 100-fold
with PBS or with the 1 mg total soluble protein/ml pTrc99A-carrying £. coli crude extract or
the 1 mg total soluble protein/ml TM2/pTrc99A-carrying E. coli crude extract prepared in
{1-4) of Example 1. To the resulting solution, rabbit anti-SITH-1 antibody was added in
serial dilution to give a volume ratio of 1/500, 1/1000, 1/2000, 1/4000 or 1/8000. These
human serum dilutions (containing anti-SITH-1 antibody)} were added in 100 ul volumes to
the plate on which the BioEase tag-fused SITH-! protein was immobilized through
biotin-tamavidin 2 binding, foillowed by incubation for 1 hour at room temperature.

It is expected that the antibody titer in serum of the rabbit anti-SITH-1 antibody
{anti-serum) 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 (anti-serum) 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.

Further, to confirm the effect of TM2 in the E. coli crude extracts used for serum
dilution, a solution was prepared to contain purified TM2 at a final concentration of 50 pg/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 a volume ratio of 1/500, 1/1000, 1/2000, 1/4000 or 1/8000, as
in the case mentioned above. These dilutions were added in 100 pl volumes to the plate on
which BioFase tag-fused SITH-1 was immobilized, followed by incubation for 1 hour at
room temperature. On the other hand, as a control, a TM2-immobilized plate onto which

nothing was bound was also blocked as described above. Human serum was diluted 100-fold



tgttgccact gttggatttg ttaaaagcag taaatgagct aggattggaa tgactccgaa360 tagctaataa atttgagcat tttcttcgaa
tggatcataa tcagagggat agccatctaa420 tttaaagact tccattttat cactgttgca atcacttcta atggagtatc
tggatacatt480 tttictacat ctttttcatc ccctccaaca tggatctgtg cagcgttaat aagccagegg540 agttaattaa atcgtcttce
atgttagaca gttcctgttt catggcagcc ttcactgatg600 caccaatact ttggatgcaa gtgccaacgg actgagctag
gatgtaaaag aagatattct660 aattttgaat tcttcagatg ctccttcifc cacattactg gaataggaca cattcttgga720
agcgatgtcg ttggaagact ctgggatgaa aagatcacag gcttccagtt ctggaaaaag780 caggctttca aaggacacat
cacacttgag actctcttcc aatatttctt tgatggattc840 ttccaccact ggatcgggat ggtagctata tatactatat aaggagatta

ccaccaccacytB LSt HEARHen i st yRR TGt SAEATISATE TrEAI gGAtost Aty Redad4
agtgtcagcet actggaanga elcgitang %@gg@&%&ﬁ?ﬁ{%&%}@&9&5%%@%&@%%@&&39%&ﬁac%%;%%ed

taacgctgga aattatatcg aaccaaaaac1080 gtaccactac tgatctcgaa gctgtgactg tggcgétgaa geatgtaage

acatctcttg 1 14d veagelgsas tgaateract.asttatgtac BEACCHBIE iBHYa6aREE FARSELAGARZNO0F. coli
crude extract, followed by addition of serially diluted rabbit anti-SITH-1 antibody. The
resulting dilutions were added in 100 pl volumes to the control plate and incubated at room
temperature for | hour.
[0198] 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
the BioEase tag-fused SITH-1 protein immobilized on the carrier, followed by washing three
times with TBST. Then, to detect each of the rabbit anti-SITH-1 antibody bound to SITH-1
and the human IgG in serum which is presumed to be bound non-specifically in each well, a
mixture of horseradish peroxidase-labeled goat anti-rabbit 1gG antibody and peroxidase-
labeled goat anti-human [gG 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 hour at room temperature.
Then, each well was washed three times with TBST 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 pl and allowed to
stand for 5 minutes at room temperature, followed by measuring the luminescence intensity
with a plate reader Infinite M200 (TECAN). I should be noted that the data also include a
luminescence intensity value measured at each concentration of rabbit anti-SITH-1 antibody
for the control section sample (i.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 BioFase tag-fused
SITH-I-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 sample containing



aaaacaaaga atcgaggaaa aaaattgaag ggaaatctcc aagttgggtt caggctttaal260 ctacagcatc tggaattatc
ctactgtttt gtataatgat gatattcatt acatgtccct1320 ggaccacaga aaaagataca gagaagagtg aagtgcaatc
ttatgctcct tcagtagagal380 ctttagaccc tttaaatgag gctattatac cgaaaactga aatgaatgtg taatgtctgt1440
atttttcttt acagagatgt acggagagtt tatatttggg gaaaatacct gactgttctg1500 cctatatgcg aatgttaaag tatgtataat
ataaattctt accttttaag agtgattcaal560 ggtggaggtt tctttggiaga ttgattccag gtggtggttt cgggtgcaat
caatctttct1620 tctgggcggg aagaaaatcc agcaatccaa taattgatgg gatgtaatca atgtcacaaal680 tctgtaagat
taaatgtgaa cagtataaat tctttcgtgc ttatcaaatt acaattatgc1740 gcatgaaaat atcattaaat tgttttaaac attcttaaaa

aaaaaaaaadiasHdl Ao tibadiay caoh rongentiasi e DIREACE AR B AT ARt Lh L CBHRRIE 350> <221>

GUS <222>s:£1]r')1}j}{341‘3162g from anti-SITH-1 antibody

[0199] The equation shows that the detection sensitivity is higher when S/N ratio is larger.
[0200] The results obtained are shown in Figures 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 {ree
from anti-SITH-1 antibody. Moreover, this non-specific binding was not improved in the
presence of 50 pg/ml TM2. In contrast, in the serom sections diluted with the
pTrc99A-carrying E. coli crude extract or with the TM2/pTrc99A-carrying E. coli crude
extract, or in the serum sections diluted with the pTrc99A-carrying £. coli crude extract
supplemented with 50 pg/ml TM2, luminescence intensity was significantly low in sections
without addition of the SITH-1 antibody, and non-specific binding was dramatically reduced
(Figure 2).

[0201] As shown in Figure 3, the S/N ratio was particularly high in the samples diluted with
the pTrc99A-carrying E. coli crude extract supplemented with 50 pug/ml TM2 and in the
samples diluted with the TM2/pTrc9SA-carrying E. coli crude extract.

[0202] 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 £. 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.

[0203] Example 3: ELISA analysis with patient-derived serum analytes

3-1. Measurement of anti-SITH-1 antibody titers in human serum using TM2 plate and
biotinylated SITH-I

Six patient sera found to have SITH-1 antibody (obtained from two patients with
chronic fatigue syndrome, three patients with depression and one patient with Crohn’s
disease) and six sera from normal subjects who were difficult to diagnose by the fluorescent

antibody method due to high background arising from autoantibodies were used and



<223> <400> 4 atg aaa gac gtc caa tct ctc ctc acc gga acc tgg tac aat gaa ctc48 Met Lys Asp Val Gin
Ser Leu Leu Thr Gly Thr Trp Tyr Asn Glu Leu 151015 ggc tca aca atg aat ttg act gca aat aaa gac ggt
tcg ctc acc gga96 Gly Ser Thr Met Asn Leu Thr Ala Asn Lys Asp Gly Ser Leu Thr Gly 202530 acg tac
cac tcc aac gtc ggc gag gtt ccc cca act tat cac ctt tct144 Thr Tyr His Ser Asn Val Gly Glu Val Pro Pro
Thr Tyr His Leu Ser 354045 ggc cgg tac aac ctc cag&&c 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 . ) .
measured for their serum antibody titers. It should be noted that the patient sera and the

control sera from normal subjects were collected and tested under approval by the ethical
committee of Jikei University School of Medicine (Japan), Osaka University Graduate
School of Medicine (Japan) or Osaka City Umiversity Graduate School of Medicine (Japan}.
[0204] For measurement of anti-SITH-1 antibody titers in patients, the samples diluted 40-
to 160-fold were used in the fluorescent antibody method. The control sera from normal
subjects used in this study were six analytes which had 40- to 80-fold anti-nuclear antibody
or anti-cytoplasm antibody and whose SITH-1 antibody titers were difficult to measure by
the fluorescent antibody method.

[0205] The fluorescent antibody method was performed as follows. The antigen used in the
fluorescent antibody method was prepared as follows: 2937 cells cultured on 8-chamber
slides (Lab-Tek) were transfected with an expression vector for SITH-1 (pEGFP-N1 vector
(Clontech) whose EGFP region had been replaced by the open reading frame of SITH-1) and,
after 24 hours, were then fixed with cold acetone for 5 minutes. On the other hand, each
human serum was serially diluted in two-fold increments (i.e., 20-fold, 40-fold, 80-fold or
160-fold) with PBS(-: free from calcium and magnesium) containing 0.2% BSA and 0.2%
Tween 20 and used as a primary antibody. The primary antibody and the antigen were
reacted at 37°C for 1 hour and then washed three times with PBS(-) containing 0.2% Tween
20 for 30 minutes. As a secondary antibody, Alexa Fluor® 488 anti-hurnan IgG (Invitrogen)
was diluted 500-fold and reacted at 37°C for 1 hour. After washing with PBS(-) containing
0.2% Tween 20 for 30 minutes, each sample was observed under a fluorescent microscope.
The maximum dilution factor of the primary antibody which gave a stained image unigue to
SITH-1 was defined as an antibody titer, as measured by the fluorescent antibody method.
[0206] ELISA analysis using a TM2 NEW plate was performed according to the procedures
described in Example 2. A BioEase tag-fused SITH-1-expressing E. coli crude extract was
diluted to 2 mg total protein/ml with 0.1M HEPES/KOH (pH 7.4) and added to a TM2 New
ELISA plate in a volume of 100 ul per well. The plate was allowed to stand at room

temperature for | hour to thereby bind the BioEase tag-fused SITH-1 protein onto the plate



Trp Ala Val Ser Phe Glu Asn Thr Ser Ala Asn Val His Ser Val Ser 65707580 aca tgg agc ggg cag tac
ttc tct gaa ccc gcc gag gtg atc ctc acc288 Thr Trp Ser Gly Gin Tyr Phe Ser Glu Pro Ala Glu Val lle Leu
Thr 859095 cag tgg ctg ttg tca agg agc tct gag cgc gaa gat ttg tgg cag tcc336 Gin Trp Leu Leu Ser Arg
Ser Ser Gl u Arg Glu Asp Leu Tip Gin Ser 100105110 acc cat gtg ggg cat gat gag ttc agc aag aca aag
cca acc aag gag384 Thr His Val Gly His Asp Glu Phg$Ser Lys Thr Lys Pro Thr Lys Glu 115120125 3
aag att gee cag get caa etc ctt cgt cgc ggg ttg aag ttc gag tga432 Lys He Ala Gin Ala Gin Leu Lou Arg

Arg Gly Lel%hl}%/ﬁgiqgmil\%dinmbiotin binding. Then, cach well in the plate was washed three times with
0.1% Tween 20-containing TBS buffer (TBST). In this way, a recombinant SITH-1 protein-
immobilized plate was prepared. |
[0207] Next, the above patient-derived human sera were diluted 100-fold with any one of
the following solutions 1) to 3):

[0208] 1) a solution containing 1% casein in TBS-T (Tris-buffered saline, containing 0.1%
Tween 20);

2} an E. coli crude extract, i.e., the supernatant of an E. coli (BL21) lysate (without
IPTG mduction), which was treated with BugBuster Protein Extraction Reagent (Novagen) in
a volume of 5 mi per gram of E. coli pellet and centrifuged at 3,000 g for 10 mmutes; or

3) a 5 mg total protein/ml TM2-expressing E. coli crude exiract (with [PTG
induction), which was prepared as described in Example 1.

These serum samples were added in 100 i volumes to the BioEase tag-fused SITH-
1 protein-bound plate, followed by incubation for 1 hour at room temperature and further
washing three times with TBST.
[0209] As a control, serum-free PBS, a serum-free E. coli crude extract, or a serum-free
TM2-expressing £. coli crude extract was added in 100 pl volumes, followed by incubation
for | hour at room temperature and further washing three times with TBST.
[0210] Then, as a secondary antibody, anti-human IgG-HRP antibody (Jackson Immuno
Research) was diluted 5000-fold with TBST and added in 100 ul volumes, followed by
incubation for | hour at room temperature. Then, the plate was washed three times with
TBST and color-developed with TMB1 Component HRP Microwell Substrate (BioFX
laboratories) to detect peroxidase activity, It should be noted that the absorbance of wells
containing the developer TMB1 alone was subtracted from the absorbance of each test
sample.
{02117 The absorbance values observed are shown in Figures 4 to 6. As shown in Figure 4,
in the case of the serum samples diluted (pre-treated) with casein-containing TBS-T before

being provided for ELISA, the absorbance was 3.56 = (.12 in patients and 3.65 = 0.19 1



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 Glu Lou 151015 Gly Ser Thr Met Asn Lou Thr Ala Asn Lys
Asp Gly Ser Lou 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 Lou Gly 505560 Trp Ala Val Ser Phe
Glu Asn Thr Ser Ala Asn Val His Ser Val Ser -54-

normal subjects, thus indicating that there was no great difference between patients and
normal subjects. In contrast, as shown in Figure 5, in the case of the serum samples diluted
with the E. coli crude extract, the absorbance was 1.84 £ 1.14 in patients and 1.26 £ 0.14 in
normal subjects, thus indicating that the patients tended to show larger values. Moreover, as
shown in Figure 6, in the case of the serum samples diluted with the TM2-expressing E. coli
crude extract, the absorbance was 1.05 + 0.27 in patients and 0.43 £ 0.09 in normal subjects,
thus indicating that there was a significant difference (statistical significance at 0.1%
significance level) between patients and normal subjects.
[0212] In this study, a sufficient difference was observed between patients and normal
subjects although serum samples which were difficult to diagnose by the fluorescent antibody
method were used. This suggested that ELISA analysis using the TM2 plate and biotinylated
SITH-1, particularly in combination with the TM2-expressing £. coli crude extract as a
serum diluent, was a practical method.
[0213] 3-2. Measurement of anti-SITH-1 antibody titers in human serum using nickel plate
and His tag-fused SITH-1 protein

In this example, a QIAGEN nickel plate commercially available as an ELISA plate
was used in combination with a histidine tag (His tag)-bound SITH-1 protein to perform
ELISA for antibody measurement.
{0214] The His-tagged SITH-1 protein was expressed as a fusion protein with Trx-Tag
(Thioredoxin) composed of 109 amino acids obtained from pET-32a-ru{+) DNA, for the
purpose of preventing the SITH-1 protein from forming an insoluble inclusion body within £.
coli cells.
[0215] Into an E. coli cold-shock vector pCold I (TaKaRa Bio), Trx (Thioredoxin)
composed of 109 amino acids obtained from pET-32a(+) DNA was inserted in-frame with a
His tag. Further, SITH-1 or EGFP was inserted in-frame downstream of Trx. In this way,
His tag-Trx-SITH-1 or His tag-Trx-EGFP was constructed. The plasmid thus completed was
introduced into E. coli (BL21) cells. These E. coli cells were cultured with shaking in LB

liguid medium (supplemented with [PTG at a final concentration of 1.0 mM) at 15°C for



65707580 Thr Trp Ser Gly Gin Tyr Phe Ser Glu Pro Ala Glu Val lle Lou Thr 859095 Gin Trp Lou Lou
Ser Arg Ser Ser Giu Arg Glu Asp Lou Trp Gin Ser 100105110 Thr His Val Gly His Asp Glu Phe Ser
Lys Thr Lys Pro Thr Lys Glu 115120125 Lys lle Ala Gin Ala Gin Lou Lou Arg Arg Gly Lou Lys Phe Glu
130135140 <210> 6 <211> 426 <212> DNA <213> Pleurotus cornucopiae <220> <221> CDS
<222>(1).. (426) <223> -55-
24 hours to induce protein expression. The E. coli pellet was collected by centrifugation and
then treated with BugBuster Protein Extraction Reagent (Novagen) in a volume of 5 ml per
gram of E. coli pellet to extract E. coli proteins. This extract was centrifuged at 3,000 g for
10 minutes, and the resulting supernatant was used as a His tag-SITH-1 protein-expressing £.
coli crude extract.
[0216] ELISA analysis using a nickel plate was performed as follows. Ni-NTA HisSorb
Strips (QIAGEN) were reacted with the above His tag-SITH-1-expressing E. coli crude
extract at room temperature for 1 hour. After washing three times with PBS(-) containing
0.5% Tween 20, anti-STTH-1 rabbit serum or the above patient-derived human serum was
added and reacted at room temperature for 1 hour. After washing three times with PBS(-)
containing 0.5% Tween 20, anti-rabbit IgG-HRP antibody (Roche, diluted 5,000-fold) or
anti-human IgG-HRP antibody (Jackson Immuno Research, diluted 5,000-fold) was used as a
secondary antibody. Color development was performed using TMB1 Component HRP
Microwell Substrate (BioFX laboratories).
[0217] First, to confirm the usefulness of the nickel plate and the His-tagged SITH-1
protein, ELISA for antibody measurement was performed with anti-SITH-1 rabbit serum.
[0218] The rabbit serum was diluted 100- or 500-fold for use in ELISA. The results
obtained with these dilutions are shown in Figures 7 and &, respectively. The results
indicated that in the case of using the rabbit serum, the nickel plate and the His-tagged SITH-
1 protein could be used for antibody measurement.
[0219] Next, the same human sera as used in 3-1 above (6 patient sera and 6 control sera
from normal subjects) were used for antibody measurement using the nickel plate and the
His-tagged SITH-1 protein. As a protein control to confirm non-specific binding, a His-
tagged EGFP protein was used.
[0220] Each serum was studied in both 100-fold and 500-fold dilution. The diluents used
were 1% bovine serum albumin (BSA) and the same E. coli crude extract as used in (3-1)
above. It should be noted that the buffer used for serum reaction was PBS(-) and blocking

was performed with 0.2% BSA-containing PBS. Likewise, washing was performed with



<400> 6 atg tea gac gtt caa tct tca etc acc gga acc tgg tac aat gaa ctc48 Met Ser Asp Val Gin Ser Ser
Lou Thr Gly Thr Trp Tyr Asn Glu Lou 151015 aac tcc aag atg gaa ttg act gca aac aaa gac ggt act ctc
act gga96 Asn Ser Lys Met Glu Lou Thr Ala Asn Lys Asp Gly Thr Lou Thr Gly 202530 aag tac etc tcc
aaa gtt ggg gat gtc tac gtg ccc tat cca ctc tctl44 Lys Tyr Lou Ser Lys Val Gly Asp Val Tyr Val Pro Tyr
Pro Lou Ser 354045 ggt cgc tat aac etc caa ccc ccc-geg gga caa ggc gtc get ctt ggg192 Gly Arg Tyr
Asn Lou Gin Pro Pro Ala Gly Gin Gly Val Ala Lou Gly 505560 tgg gcg gta tcc tgg gag aac agt aaa att

cat tee gct ac(g; aca tgg240 Trp Ala Val Ser Trp Glu Asn Ser Lys lle His Ser Ala Thr Thr Trp
0.05% Tween 20-containing PBS(-).

[0221] The results obtained are shown in Figures 9 and 10. In the serum samples diluted
100-fold, 1% BSA and the E. coli crude extract each showed no great difference in antibody
titers between patients and normal subjects. In contrast, in the serum samples diluted 500-
fold, 1% BSA and the E. coli crude extract each tended to show higher antibody titers in

patients than 1n normal subjects, although the difference in antibody titers was smaller than

that observed with the method described in (3-1).

[0222] Example 4: ELISA detection of anti-SITH-1 antibody in human serum using

magnetic beads

In this example, various serum diluents were studied for their effect on the detection
of SITH-1 antibody at very low concentrations in the system using biotinylated magnetic
beads on which TM2-fused SITH-1 was immobilized.

[0223] 4-1. Primer design

To construct a SITHI-TM2 fusion gene, primers for fusing the SITH-1 and TM2
genes via a linker (Sxlinker: GGGGSGGGGSGGGGSGGGGSGGGGS) (SEQ ID NO: 12)
were first designed.

[0224] Namely, the following two primers were designed: a primer consisting of a DNA
sequence encoding a C-terminal region of SITH-1 on the 5 side, the linker in the middle, and
an N-terminal region of TM2 on the 3° side (SITH1C-5xlink-TM2N-F) (SEQ 1D NO: 13);
and a primer consisting of a DNA sequence encoding the N-terminal region of TM2 on the 5°
side, the linker in the middle, and the C-terminal region of SITH-1 on the 3° side, each of
these elements being encoded in the reverse direction (SITH1C-5xlink-TM2N-R) (SEQ ID
NO: 14).

[02257 Next, the following two primers were designed: a primer consisting of a 5° region
including an N-terminal region of SITH-1 and an EcoRI restriction enzyme cleavage site
(CCATGQG) located upstream thereof (SITHI 57 EcoRI-F) (SEQ ID NO: 15); and a primer
consisting of a sequence encoding a 3’ region of the TM2 gene and a BamHI restriction

enzyme cleavage site (GGATCC) located downstream thereof (TM2CtermBam) (SEQ 1D



65707580 age gga cag ttc ttc tct gag tcg tct cca gtg att ctt act cag tgg288 Ser Gly Gin Phe Phe Ser Glu
Ser Ser Pro Val lle Lett Thr Gin Trp 859095 ttg ttg tea tcg age act gcg cgt ggg gac gta tgg gaa tcc aca
ctt336 Lou Lou Ser Ser Ser Thr Ala Arg Gly Asp Val Trp Glu Ser Thr Lou 100105110 4 gtg ggg aat
gat tcg ttt aca aag acg gcg ccg act gag tag tag atc384 Val Gly Asn Asp Ser Phe Thr Lys Thr Ala Pro
Thr Glu GIn GIn He 115120125 gct cat gct caa ctc cattgt cgc gca ccg agg ttg aag taa426 Ala His Ala
GIn Leu His Cys Arg Ala Pro Arg Leu Lys 130135140

NO: 16). The primers for construction of a fusion gene between SITH-1 and TM2 are

surnmarized in Table 2.
[0226] [Table 2]

Primers for construction of a fusion gene between SITH-1 and TM2

Name Sequence Length
SITH1 5” EcoRI-F AAAGAATTCGGATATGAAGAAAAAGTGTC 29 mer
SITH1C-5xlink-TM2N-F CCGAAAACTGAAATGAATGTGegtgpcggtpsc 117 mer

agegglggeggtgpcaglogtegcegigocageapiogcy
gtgecageggtpecgsteecagc TCAGACGTTCAATCTTCACTC
SITHIC-5xlink-TM2N-R GAGTGAAGATTGAACGTCTGAgctgecaccgeca 117 mer
ccgetgeeaccgeeaccgetgecaccgecaccgetgecace
gecaccgetgecacegecaccCACATTCATTTCAGTTTTCGG
TM2CtermBam TTTGGATCCTTACTTCAACCTCGGTGCG 28 mer

The restriction enzyme recognition sites are underlined. The linker sequences are indicated

in small letters.

[0227] 4-2. PCR
To construct a STTH1-TM?2 fusion gene, PCR was performed in two steps.

[0228] In the first step of PCR, a plasmid obtained by integrating the SITH-1 gene (ORF)
“(SEQ ID NO: 2) into FLAG Expression Vector (SIGMA) was used as a template to amplify a

SITH-1 region with the primers SITH1 5” EcoRI-F and STTH1C-5xlink-TM2N-R, and a

plasmid obtained by integrating the TM2 gene into vector pTrc99A (WO02/072817) was

used as a template to amplify a TM2 region with the primers SITH1C-5xlink-TM2N-F and

TM2CtermBam.

[0229] PCR was accomplished in the same manner as shown in Example 1-2 above. Asa

result, a PCR product of 579 bp was obtained for the SITH-1 region, while a PCR product of

528 bp was obtained for the TM2 region. These PCR products were each used as a template



<210> 7 <211>141 <212> PRT <213> Pleurotus cornucopiae <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 Thr Gly 202530 Lys Tyr Leu 3cr 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 -58-

to perform the second step of PCR with the primers SITH1 5” EcoRI-F and TM2CtermBam.
As a result, a PCR product of 990 bp was obtained.
[02307 4-3. Cloning

The SITH1-TM2 fusion gene obtained by PCR was cloned into vector pCR4Blunt
TOPO (Invitrogen) in the same manner as shown in Example 1-3 above. The plasmid
carrying the fusion gene was further double-digested with EcoRI and BamH]I to collect a
DNA fragment containing the fusion gene. This fragment was cloned into E. coli expression
vector p1rc99A (Pharmacia) which had been digested with EcoRI and BamHI. In the
manner described above, a vector for SITH-1-TM?2 fusion protein expression,
SITHI-TM2/pTrcH9A, was completed. The nucleotide sequence encoding SITH1-TM2 in
the expression vector SITHI-TM2/pTrc99A is shown in SEQ 1D NO: 17, and the amino acid
sequence encoded thereby is shown in SEQ ID NO: 18.
[0231] Inthe 5 side of SITHI-TM2, two amino acid residues are added downstream of the
translation initiation methionine (nucleotides 4-9 in SEQ ID NO: 17, amino acid residues 2-3
in SEQ 1D NO: 18) because the EcoRI site was used for integration into pTrc99A. These
amino acid residues are followed by the SITH-1 sequence (nucleotides 10-483 in SEQ 1D
NO: 17, amino acid residues 4-161 in SEQ 1D NO: 18), Sxlinker (nucleotides 484-558 in
SEQ ID NO: 17, amino acid residues 162-186 in SEQ ID NO: 18), and the TM2 sequence
(excluding Met) (nucleotides 559-981 in SEQ ID NO: 17, amino acid residues 187-326 in
SEQ ID NO: 18).
[0232] 4-4. E. coli expression

E. coli BL21 carrying SITH1-TM2/pTrc99A was cultured in the same manner as
shown in Example 1-4 above. The cultured solution (50 ml) was centrifuged to collect the
cells. The cells were suspended in 3 ml of 0.1 M HEPES/KOH (pH 7.4) and then
homogenized by ultrasonication. The homogenate was centrifuged (15,000 rpm), and the
resulting supernatant was used as an £, coli crude extract, Expression of the TM2-fused
SITH-1 protein was confirmed by Western blotting.

[0233] For detection of SITH-1, rabbit anti-SITH-1 antibody (i.e., anti-SITH-1 antibody



Ser Gly Gin Phe Phe Ser Glu Ser Ser Pro Val lle Leu Thr Gin Trp 859095 Leu Leu Ser Ser Ser Thr Ala
Arg Gly Asp Val Trp Glu Ser Thr Leu 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> 271 <212> PRT <213> Artificial Sequence <220> <223> Fusion protein BioEase Tag-SITH-1
<400> 8 -59-

(antiserum) prepared from rabbits immunized with a purified product of SITH-1 expressed in
E. coli cells) and alkaline phosphatase-labeled anti-rabbit IgG antibody (BIO RAD) were
cach diluted 1000-fold and used. As aresult, a band of approximately 35 kDa was detected
from the TM2-fused SITH-1-expressing £. coli cells. This size was substantially equal to the
molecular weight (34.8 kDa) of TM2-fused SITH-1. It should be noted that E. coli crude
extracts were also prepared in the same manner as shown above from E. coli BL21 carrying
pTrc99A or TM2/pTrc99A (Takakura et al. (2009) FEBS 1. 276:1383-1397) after being
cultured in the presence of IPTG.
[0234] 4-5. Preparation of TM2-fused SITH-1-immobilized magnetic beads

To 1 mL (30 mg beads/mL) of magnetic beads (Dynabeads M-270 Amine,
DynalBiotech), 1 mL of 10 mM NHS-1Lc-Le-Biotin (PIERCE) was added. By mixing end-
over-end at room temperature for 30 minutes, biotin was covalently bonded to the magnetic
beads through reaction between amino groups and NHS active ester groups. Then, the
magnetic beads was washed twice with a 0.1% BSA/0.61% Tween 20/PBS solution, and
finally suspended in PBS buffer. The resulting magnetic beads (30 mg beads/mL PBS) were
used as biotinylated magnetic beads.
[0235] TM2-fused STTH-1 was expressed in £. coli cells in the same manner as shown in
Example 4-4 above, and the . coli crude extract thus prepared was diluted with 0.1 M
HEPES/KOH (pH 7.4) to give a total soluble protein concentration of 5 mg/ml, to which the
biotinylated magnetic beads were then added. By mixing end-over-end at room temperature
for 1 hour, TM2-fused SITH-1 was immobilized on the magnetic beads through tamavidin-
biotin binding. Then, the magnetic beads were washed three times with 0.2% Tween
20-containing TBS buffer (TTBS).
[0236] In addition, a crude extract of TM2-expressing E. coli cells (Takakura et al. (2009)
FEBS ] 276: 1383-1397) was diluted with 0.1 M HEPES/KOH (pH 7.4} to give a total
soluble protein concentration of 5 mg/ml, to which the biotinylated magnetic beads were then
added. By mixing end-over-end at room temperature for 1 hour, TM2 was immobilized

through tamavidin-biotin binding. After washing in the same manner as shown above, the



Met Ala Ser Met Thr Gly Gly Gin Gin Met Gly lle Met Gl y Ala Gly 151015 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 lledar Ser Leu Tyr Lys Lys Ala Gly Ser Glu Phe Ala
100105110 Leu Gly Tyr Glu Glu Lys Val Ser Ala Thr Gly Lys Thr Arg Leu Lys

TMZ2-immobilized magnetic beads thus completed (30 mg beads/mL PBS) were used for
subtraction of non-specific binding inherent to serum samples.
[0237] 4-6. ELISA analysis using magnetic beads

To commercially available human serum (Human Serum pool, Cosmo-Bio), the
same rabbit anti-SITH-1 antibody as used in Example 2 was added in a 1/50 volume to
prepare SITH-1 antibody-containing human serum. On the other hand, human serum free
from SITH-1 antibody was used as a control.
[0238] The human serum or rabbit SITH-1 antibody-containing human serum was diluted
1000-fold with PBS or with the pTrc99A vector product-expressing E. coli crude extract or
the TM2-expressing E. coli crude extract, each of which had been adjusted with 0.1 M
HEPES/KOH (pH 7.4) to give a total soluble protein concentration of 5 mg/ml. To the
resulting solution, BSA was further added at a final concentration of 2% (w/v). In Example 2
described above, human serum was diluted 100-fold and rabbit anti-SITH-1 antibody was
then added at a volume ratio of 0.60025 to 0.002 relative to the diluted serum. However, in
this Example 4-6, rabbit anti-SITH-1 antibody was added in a 1/50 volume (at a volume ratio
of 0.02) to human serum and then diluted 1000-fold. Thus, the dilution factor of the rabbit
SITH-1 antibody is 1/50000, which is the same as that of depression patient’s serum difuted
about 1000-fold.
[0239] To the serum dilutions thus prepared (1 mL each), the TM2-fused SITH-1-
immobilized magnetic beads or the TM2-immobilized magnetic beads were added in 10 pl
volumes and reacted by mixing end-over-end for 1 hour at room temperature, followed by
washing three times with TBST. Horseradish peroxidase-labeled goat anti-rabbit IgG
antibody (for detection of the rabbit anti-SITH-1 antibody bound to the SITH-1 antigen
immobilized on the magnetic beads) and peroxidase-labeled goat anti-human IgG antibody
(for detection of human IgG bound non-specifically to the magnetic beads) were each diluted
5000-fold with 2% BSA-containing TBST and then mixed. This peroxidase-labeled
secondary antibody mixture was added in 1000 pl volumes to the magnetic beads and mixed

end-over-end for 1 hour at room temperature. Then, the beads were further washed three



115120125 lle Leu Ala Cys Leu lle Val Leu lle Leu Ala Ala Ala lle Thr Met 130135140 Leu Thr Leu Glu
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 S Pro Thr Lys Asn Lys Glu Ser Arg Lys Lys lle Glu Gly Lys Ser Pro 195200205 Ser
Trp Val Gin Ala Leu Thr Thr Ala Ser Gly lle lie Leu LektiPhe 210215220

times with TBST, and 100 pl detection reagent (1 step ELISA ultraTMB, PIERCE) was
added and reacted at room temperature for 1 minute. 100 pl of 2 M sulfuric acid was added
to stop the reaction, and the degree of color development (absorbance at 450 nm wavelengih,
A450) was measured with a plate reader Infinite M200 (TECAN). The measurement was
performed in duplicate for each sample to determine a mean value.

{02401 For use as data, the A450 value measured for each serum diluent (PBS, the pTrc99A
vector product-expressing F. coli crude extract, or the TM2-expressing E. coli crude extract)
in the TM2-fused SITH-1-immobilized magnetic beads was processed by subtraction of the
AA450 value measured for the corresponding serum diluent in the TM2-immobilized magnetic
beads. The results obtained are shown in Table 3.

[0241]

[Table 3]

Table 3. Effect of serum diluents on SITH-1 antibody detection in buman serum

Serum diluent A450 5/N ratio

Serum containing Serum free from

SITH-1 antibody  SITH-1

(8) antibody
(N)
PBS 0.64 0.25 2.6
pTrc99A-carrying BL21 crude extract  0.14 0.04 3.5
TM2/pTrc99A-carrying BL21 crude 0.22 0.02 11.0

extract

[0242] As shown in Table 3, the A450 value of SITH-1 antibody in human serum (S) was
highest in the case of using PBS as a serum diluent, while the A450 value in serum free from
SYTH-1 antibody () was also very high, thus indicating that the S/N ratio (i.e., the ratio of

the degree of color development in human serum containing rabbit anti-SITH-1 antibody to



Cys lle Met Met lle Phe lle Thr Cys Ser Trp Thr Thr Glu Lys Asp 225230235240 Thr Glu Lys Ser Glu
Val Gin Ser Tyr Ala Ser Ser Val Glu Thr Leu 245250255 Asp Ser Leu Asn Glu Ala lle lle Pro
Lys Thr Glu Met Asn Val 260265270 271 <210> 9 <211> 816 <212> DNA <213> Artificial Sequence
<220> <223> DNA encoding fusion protein BioEase Tag-SITH-1 <400> 9 atggctagca tgactggtgg
acagcaaatg ggtattatgg gcgccggcac cccggtgacc60 geeggetgg cgggceactat ctggaaggtg ctggccageg
aaggccagac ggtggccgcal20 ggcgaggtgce tgctgattct ggaagccatg aagatggaaa ccgaaatccg

CgeCgeg g A g YR QAR 2 AR e SRRIPRRY SRS bwest
in PBS.
[0243] TIn contrast, when the pTrc99A vector product-expressing E. coli crude extract or the
TM2-expressing £. coli crude extract was used as a serum diluent, the A450 value in serum
free from SITH-1 antibody was much lower than that obtained for PBS, and hence
non-specific binding could be greatly suppressed. This indicated that when human serum
was mixed with the pTrc99A vector product-expressing E. coli crude extract or with the
TM2-expressing E. coli crude extract, it was possible to reduce non-specific binding and
detect anti-SITH-1 antibody with the use of the TM2-fused SITH-1-immobilized magnetic
beads.
SEQUENCE LISTING FREE TEXT
[0244] SEQ ID NO: 1: amino acid sequence of STTH-1
[0245] SEQ ID NO: 2: nucleotide sequence of SITH-1 ORF
[0246] SEQID NO: 3: nucleotide sequence of SITH-1 cDNA
02471 SEQID NO:

: nucleotide sequence of tamavidin 1

[0249] SEQ ID NO: 6: nucleotide sequence of tamavidin 2

[0250] SEQ ID NO:

: amino acid sequence of tamavidin 2

[0251] SEQID NO:

2
3
4
[0248] SEQID NO: 5: amino acid sequence of tamavidin 1
6
7
&: amino acid sequence of BioHase-SITH-1 fusion profein
9

(0252} SEQ ID NO: 9: nucleotide sequence encoding BioFase-SITH-1 fusion protein
[0253] SEQID NO: 10: PCR primer SITHINtermGW-F

{0254] SEG I NO: 11: PCR primer SITHINtermGW-R

[0255] SEQID NO: 12: 5 x linker

[0256] SEQ ID NO: 13: PCR primer SITHIC-5xlink-TM2N-F

[0257] SEQID NO: 14: PCR primer SITH1C-5x1ink-TM2N-R

[0258] SEQID NO: 15: PCR primer SITH1C- 5° EcoRI-F

[0259] SEQID NO: 16: PCR primer TM2Cterm Bam

[0260] SEQ ID NO: 17: nucleotide sequence of SITH-1-TM2



ctgatgaccc tggcgggctc tggatccgat ctgtacgacg atgacgataa gggaattatc300 acaagtttgt acaaaaaagc
aggctccgaa ttcgccecttg gatatgaaga aaaagtgtca360 gctactggaa agactcgttt aaagatactg gcatgtctga
tcgttttaat actagctgcg420 gcaataacta tgttaacgct ggaaattata tcgaaccaaa aacgtaccac tactgatctc480
gaagctgtga ctgtggcgct gaagcatgta agcacatctc ttgccagctg cactgaatcc540 actacttctg tacataccga
ttctgtgacg agccaaccca cgaaaaacaa agaatcgagg600 aiaaaaattg aagggaaatc tccaagttgg gttcaggctt
taactacagc atctggaatt660 atcctactgt tttgtataat gatgatattc attacatgtt cctggaccac agaaaaagat720
acagagaaga gtgaagtgca atcttatgct tcttcagtag agactttaga cictttaaat780 gaggctatta taccgaaaac
tgaaatgaat 3@%@81#&?%@9) Bpp 32?1%‘5%% Qé%ﬁ%&}ﬁ% Sequence <220> <223> primer

SITHINtermGW-F <400> 10 ggatatgaag aaaaagtgtc20



<210>11 <211> 20 <212> DNA <213> Atrtificial Sequence <220> <223> primer SITH1CtermGW-R
<400> 11 ttacacattc atttcagttt20 <210> 12 <211> 25 <212> PRT <213> Atrtificial Sequence <220>
<223> Peptide linker <400> 12 Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser G1Y
151015 Gly Gly Gly Ser Gly Gly Gly Gly Ser 2025
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CLAIMS

1. A method for detecting an antibody against a small protein encoded by the
intermediate stage transcript of HHV-6 (SITH-1) in a biological sample, which comprises:

1) providing the SITH-1 protein;

2) binding the SITH-1 protein provided in step 1) to a carrier; and

3) contacting the biological sample with the SITH-1 protein-bound carrier prepared
in step 2) to detect the SITH-1 protein antibody.,

2. The method according to claim 1, wherein the SITH-1 protein is selected from the
group consisting of:

(a) a protein which has the amino acid sequence of SEQ 113 NO: 1;

(b) a protein which has an amine acid sequence comprising deletion, substitution,
insertion and/cr addition of one or more amino acids in the amino acid sequence of SEQ 1D
NO: 1 and which has the ability to increase the intracellular calcium concentration;

(¢} a protein which has an amino acid sequence sharing an identity of at least 80%
with the amino acid sequence of SEQ 1D NO: 1 and which has the ability to increase the
intracellular calcium concentration;

(d) a protein which has an amino acid sequence encoded by a nucleic acid consisting
of the nucleotide sequence of SEQ 1D NO: 2;

(¢) a protein which has an amino acid sequence encoded by a nucleic acid consisting
of a nucleotide sequence comprising deletion, substitution, insertion and/or addition of one or
more nucleotides in the nucleotide sequence of SEQ ID NO: 2 and which has the ability to
increase the intracellular calcium concentration;

(f) a protein which has an amino acid sequence encoded by a nucleic acid consisting
of a nucleotide sequence sharing an identity of 80% or more with the nucleotide sequence of
SHQ ID NO: 2 and which has the ability to increase the intracellular calcium concentration;
and

(g) a protein which is encoded by a nucleic acid hybridizable under stringent



<211>117 <212> DNA <213>Artificial Sequence <220> <223> primer SITH1C-5x1 nk-TM2N-F <400>
13 ccgaaaactg aaatgaatgt gggtggcggt ggcageggtg gcggtggcag cggtggeggté0 ggcageggtg geggtggeag
cggtggcggt ggcagctcag acgttcaatc ttcactc117 <210> 14 <211> 117 <212> DNA <213> Avrtificial

Sequence <220> <223> primer SITH1C-5xlink-TM2N-R <400> 14 gagtgaagat tgaacgtctg agetgccacc

gccaccgctg ccaccgecac cgctgeccacc60 gecaccgctg ccagegecac cgetgecacce gecacccaca ttcatttcag
ttttcggl17 <210> 15 <211> 29 <212> DNA <213> Artificial Sequence

hybridization conditions with a nucleic acid consisting of a nucleotide sequence
complementary to the nucleotide sequence of SEQ ID NO: 2 and which has the ability to
increase the intracellular calcivm concentration.
3. The method according to claim 1 or 2, wherein step 3) in claim 1 comprises adding a
mixture of:

(a) the biclogical sample; and

{b) a cell homogenate extract prepared from cells of the same species as that of host
cells used to express the SITH-1 protein in step 1)
to the SITH-1 protein-bound carrier prepared in step 2).
4. The method according to any one of claims 1 to 3, wherein step 2) in claim 1
comprises binding the SITH-1 protein to the carrier through binding between biotin and
biotin-binding protein.
5. The method according to claim 4, wherein step 3) in claim 1 comprises adding a
mixture of:

(a} the biclogical sample; and

{b-1) a cell homogenate extract prepared from cells of the same species as that of
host cells used to express the SITH-1 protein, a biotinylated SITH-1 protein and/or a biotin-
binding protein in step 1) or 2), in combination with a biotin-binding protein; or

(b-ii) a cell homogenate extract prepared from cells genetically engineered to
express a biotin-binding protein, wherein said cells are of the same species as that of host
cells used to express the SITH-1 protein, bictinylated SITH-1 protein and/or a biotin-binding
protein in step 1) or 2)
to the SITH-1 protein-bound carrier prepared in step 2).
0. The method according to any one of claims 3 to 5, wherein step 3(b) in claim 3 or
step 3(b-i) in claim 5 comprises adding, as the cell homogenate extract, a cell homogenate
extract extracted from cells comprising any vector.
7. The method according to any one of claims 4 to 6, wherein the biotin-binding

protein is tamavidin or a mutant thereof.



<220> <223> primer SITH1C-5' EcoRI-F <400> 15 aaagaattcg gatatgaaga aaaagtgtc29 <210> 16
<211> 28 <212> DNA <213> Artificial Sequence <220> <223> primer TM2CtermBam <400> 16
tttggatcct tacttcaacc tcggtgcg28 <210> 17 <211>981 <212> DNA <213>Artificial Sequence <220>
<223> DNA encoding fusion protein SITH-I-TM2

66~

8. The method according to any one of claims 1 to 7, wherein the biological sample is
selected from the group consisting of blood, serum, cerebrospinal fluid, saliva, throat swab,
sweat, urine, tear, lymph, semen, peritoneal fluid, and mother’s milk,

9. A carrier for detecting an antibody against a small protein encoded by the
intermediate stage transcript of HHV-6 (SITH-1) in a biological sample, wherein the carrier
comprises the SITH-1 protein bound thereto.

10. The carrier according to claim 9, wherein the SITH-1 protein and the carrier are
bound to each other through binding between biotin and a biotin-binding protein.

11. A kit for detecting an antibody against a small protein encoded by the intermediate
stage transcript of HHV-6 (SITH-1) in a biological sample, which comprises:

A} a carrier comprising the SITH-1 protein bound thereto; and

B) an agent for diluting the biological sample, which comprises a cell homogenate
extract prepared from cells of the same species as that of host cells used to express the SITH-
1 protein in A}.

12, The kit according to claim 11, wherein the carrier in A) is a carrier comprising the
SITH-1 protein bound thereto through binding between biotin and biotin-binding protein, and
wherein the agent in B} is an agent for diluting the biological sample, which

comprises:

i} a celi homogenate extract prepared from cells of the same species as that of host
cells used to express the SITH-1 protein, biotinylated SITH-1 protein and/or a biotin-binding
protein in A), in combination with a biotin-binding protein; or

ii} a cell homogenate extract prepared from cells genetically engineered to express a
biotin-binding protein, wherein said cells are of the same species as that of host cells used to
express the SITH-1 protein, biotinylated SITH-1 protein and/or a biotin-binding protein in A).
13, A kit for detecting an antibody against a small protein encoded by the intermediate
stage transcript of HHV-6 (SITH-1) in a biological sample, which comprises:

A) the SITH-1 protein;

B) a carrier for immobilizing the SITH-1 protein in A); and



<400> 17 atg gaa ttc gga tat gaa gaa aaa gtg tca gct act gga aag act cgt48 Met Glu Phe Gly Tyr Glu
Glu Lys Val Ser Ala Thr Gly Lys Thr Arg 151015 tta aag ata ctg gca tgt ctg atc gtt tta ata cta gct gcg
gca ata96 Leu Lys lle Leu Ala Cys Leu lle Val Leu lle Leu Ala Ala Ala lle 202530 act atg tta acg ctg
gaa att ata tcg aac caa aaa cgt acc act actl44 Thr Met Leo Thr Leu Glu lle lle Ser Mn Gin Lys Arg Thr
Thr Thr 354045 gat ctc gaa gct gtg act gtg gcg ctg aagycat gta agc aca tct ctt192 Asp Leo Glu Ala Vat
Thr Val Ala Leo Lys His Val Ser Thr Ser Lei, 505560 gcc agc tgc act gaa tcc act act tct gta cat acc gat
tct gtg acg240 Ala Ser Cys Thr Glu Ser Thr Thr Ser Val His Thr Asp Ser Val Thr
() an agent for diluting the biological sample, which comprises a cell homoegenate
extract prepared from cells of the same species as that of host cells used to express the SITH-
1 protein in A},
14. The kit according to claim 13, wherein the SITH-1 protein in A) is biotinylated,
wherein the carrier in B} is directly or indirectly bound (o a biotin-binding protein,
and
wherein the agent in C) is an agent for diluting the biological sample, which
comprises:
i} a cell homogenate extract prepared from cells of the same species as that of host
celis used to express the SITH-1 protein, biotinylated SITH-1 protein and/or a biotin-binding
protein in A) or B), in combination with a biotin-binding protein; or
i) a cell homogenate extract prepared from cells genetically engineered to express a
biotin-binding protein, wherein said cells are of the same species as that of host cells used to
express the SITH-1 protein, biotinylated SITH-1 protein and/or a biotin-binding protein in A)
or B).



7 65707580 agc caa ccc acg aaa aac aaa gaa tcg agg aaa aaa att gaa ggg aaa288 Ser Gin Pro Thr
Lys Asn Lys Glu Ser Arg Lys Lys lle Glu Gly Lys 859095 tct cca agt tgg gtt cag gct tta act ace gca tct
gga alt etc cta336 Ser Pro Ser Trp Val Gin Ala Leu Thr Thr Ala Ser Gly lle lle Leu 100105110 ctg ttt tgt
ata atg atg ate ttc att aca tgt tcc tgg acc ace gaa384 Leu Phe Cys lle Met Met lle Phe lle Thr Cys Ser

Tip Thr Thr Glu 115120125 aaa gat aca gag aag agt gaa gtg caa tct tat gct tct tca gta gag432 Lys Asp

Thr GILY L& St Gfu Val Gin Ser Tyr Ala Ser Ser Val Glu 130135140
{110  Japan Tobacco Inc
Virus lkagaku kenkyusho inc

120> Method fer Detecting Antibody Against SITH-1 in Bicligical Sampie
{1306> FAD392-09155

<140> PCT/JP2010/055884
(41> 2010-03-3

150> JP 2009-087816
(154> 2009-03-3)

{160> 18
{170> Patentin version 3.1

{210 1

211> 149

212> PRT

¢213> Human herpesvirus 6

400> 1

Mat Giy Tyr Glu Glu Lys Val Ser Ala Thr Giy Lys Thr Arg Leu Lys
i 5 10 16

fle Lew Ala Cys Leu !ie Val Leu lle Leu Ata Ala Ala ile Thr Met
20 25 30

Leu Thr Leu Glu tle lle Ser Asn Gin Lys Arg Thr Thr Thr Asp Leu
15 40 45

Glu Ala Yal Thr Val Ala Leu Lys His Val Ser Thr Ser Leu Ala Ser
a0 55 50

Cys Thr Glu Ser Thr Thr Ser Val His Thr Asp Ser Val Thr Ser Gin
65 76 75 80

Pro Thr Lys Asn Lys Glu Ser Arg Lys Lys !le Glu Giy Lys Ser Pro
85 90 95

Ser Trp Val Gin Ata Leu Thr Thr Ala Ser Giy ile ile Leu Leu Phe
100 105 HARY

Cys lie Met Met |le Phe tle Thr Cys Ser Trp Thr Thr Glu Lys Asp
115 120 125

Thr Glu Lys Ser Glu Val Gin Ser Tyr Ala Ser Ser Vai Glu Thr Leu

130 135 140
Asp Ser Leu Asn Glu Ala [fe lie Pro Lys Thr Glu Met Asn Val
145 150 155
{210y 2
211> 480
212> DNA
<213> Human herpesvirus b
400> 2
atgggataty aagaaaaagt glcagoetact ggaaagactc gittaaagat actggeatgt 60

ctgatcgttt taatactagc tgcggcaata actaigtiaa ceciggasat itataicgaac 120
caaaaacgia ccactactga tcicgaaget gigacigteg cgcoigaagea tgtaagceaca 180
tectettgeea gotgeactga ateccactact ictgtacata cegattcligt gacgagecaa 240
frcacgaaas acaaagaats gaggazasaa atigaaggea aatctccaag ttgggitcag 306
getttaacta cageatctgg aattatccta ctgtittgia taatgateat attcattaca 360
fgitcoctgga ccacagazaa agaiacagag aagagtgaag tgeaatctta tgeottcitca 424
gtapagacti tagactcitt aaatgaggcei aitataccga aaacigaas! gaatgtgtaa 480

a1e 3

11> 1795

<212> DNA

<{?13> Human herpesvirus &



act tta gac tct tta aat gag gct att ata ccg aaa act gaa atg aat480 Thr Leu Asp Ser Leu Asn Glu Ala lle
lle Pro Lys Thr Glu Met Asn 145150155160 gtg ggt ggc ggt ggc agc ggt ggc ggt ggc age ggt ggc ggt
ggc agc528 Val Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser 165170175 ggt ggc ggt
ggc agc ggt ggc ggt ggc agc tca gac gtt caa tct tca576 Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Ser
Asp Val Gin Ser Ser 180185190 ctc acc gga acc tgd tac aat gaa ctc aac tcc aag atg gaa ttg act624
Leu Thudgly Thr Trp Tyr Asn Glu Leu Asn Ser Lys Met Glu Leu Thr 195200205 gca aac aaa gac ggt

3 f t gg g
act ctcaagt g% gﬁ@"@tg}gﬁggggﬁ gﬁfg% %chc gégsérﬁ C%gé\ : Gl)ﬁgghr Leu Thr Gly Lys Tyr Leu Ser
Lys Vég& ctgpaggotc tgtcagagac cicggtgaaa giittactca 180
gagpittatc agagtttice ccattagttt gettagaagt ttcagattiia tittceggles 240
aactgeagtt aggtticatyg tcagiacalti catcaccgti agaagtgeta ticatggige 300
tgitgccact gtigpatttg ttaaasgcag iaaatgagct aggattggaa tgactccgas 3690
tagctaataa atttgageat {ttettcgaa tggatcataa ifcagagggat agoccaictaa 420
ttiazagact tcecattitat cactgttigea atcacticta atggagtatc tggatacatt 480
tittetacat cttiticaic ccetocaacs tggatcigty cageogitaat aagcecagees 540
zgttaattaa atcgtcttce atgttagaca gliccigiit catgecagee ticacigatg 600
caccaatact ttggatgcaa pigccaasge actgagcoiag gatgtaazag aagatatict 660
aattitgaat tcttcagatg cicctictte cacattactg gaatageaca caticttgga 720
agcegatpice {tgegaapact cipggaigaa aagatcacag geticcagtit ctggaaasag 780
caggettica aaggacacal cacactigag acteteitee astatttett tgatggattc 840
ftccaccact gpatcgegat gotagetata fatactatat aaggagatia ccaccaccac %00
ctcittcttt geagagatta tictctgctt gamaatcigt aacactpatc atgaigegat 960
atpaagaaag agtpicagct aciggaaaga ctcglttaaa gatactggea tgicigaicg 1020
ttitaztact agctgcggea ataactatgt taacgetega aattatatcg aaccaaaazac 1080
gtaccactac fgaictcgaa gotgtegacty tggcgetgaa geatgtaage acatctceitg 1140
ccagetgcac fgaatccact acttctgtac ataccgaitc tglgacpage caacccacga 12040
aaaacaaaga atcgaggaaa aaaaltgaag ggazatctice aagttgegtt caggetttaa 1260
ctacagcatc tggaattate ciactgittt gtataatgat gatattcatt acatgteecd 1320
pgaccacaga aaaagataca gagaagagig aagigcaatc ttatgctect tcagtagaga 1380
ctttagacec tttaaatgag gctattatac cgaaaaciga aatgaatgtyg taatgtcigt 1440
attititcitt acagagatgt acggagagtt tatattigge gaaaatacct gactgttcig 1500
cctatatgeg aatgttaaag tatgtataat ataaatictt acctitiaag zgtgaticaa 1560
geiggagett tcttiggaga tigaticcag gtggieggttt cpggigcaat caateitict 1620
tctpgacege aagaaaatce apcaatccaa taatitgateg gatgtaatca atgtcacaaa 1680
tcitgtaagat taaatptgaa cagtataaat tciticgtege ttatcazatt acaattatge 1740
gcatgaaaat atcatiazat tgttitaaac atfcitazas azaaaaaaaa aaaaa 1795
210> 4
{211y 432
212> DHA
{213> Piaurctus cornucopiae
220
221> CDbS
{222y (). (432)
{223
400> 4
atg asa gac gtc caaz tct ctc ctc acc gga acc tgg tac aat gaa cic 48
Met Lys Asp Vail Gin Ser Leu Leu Thr Gly Thr Trp Tyr Asn Glu Leu
1 5 10 i5
ggc ica aca afg aat tig act gca aat aaa gac ggt tcg ctc acc gga 96
Gly Ser Thr Met Asn Leuw Thr Aia Asn Lys Asp Gly Ser Leu Thr Gly
20 25 30

acg tac cac tec aac gtc gre gag gttt cec cca act tat cac ctt fct 144
The Tyr His Ser Asn Val Gly Giu Val Pro Pro Thr Tyr His Leu Ser

35 40 45
ggc cgg fac aac ¢tc cag cce ccoe tog gt caa gge gttt act ctg ega 192
Giy Arg Tyr Asn Leu Gin Pro Pro Ser Gly Gin Gly Val Thr Leu Gly

50 5% 60
fgg goeg gty tot tic gaa aac act agt geg aal git cat tet gte tea 240
Trp Ala Val Ser Phe Glu Asn Thr Ser Ala Asn Yal His Ser Val Ser
65 70 75 80
aca tgg age ggp cag tac tic tct gaa cce geo gag gty ate cte ace 288
Thr Trp Ser Gly Gln Tyr Phe Ser Glu Pro Ala Glu Vat 1le Leu Thr

85 90 G5
cag tgg ctg tig tca agg agc tct gag cgc gaa gat ttg tgg cag tce 336
Gin Trp Letu Leu Ser Arg Ser Ser Giw Arg Glu Asp Leu Trp Gin Ser
160 105 P16

acc cat gte peg cat gat gag 'tc age aag aca aag (A acc 4ag gag 384
Thr His Yal Gly His Asp &1y Phe Ser Lys Thr %ys Pro Thr Lys Glu

115 120 125



gat gtc tac gtg ccc tac cca ctc tct ggt cgc tat aac cfc caa ccc720 Asp Val Tyr Val Pro Tyr Pro Leu Ser
Gly Arg Tyr Asn Leu Gin Pro 225230235240 ccc gcg gga caa ggc gtc gct ctt ggg tgg gcg gta tcc tgg
gag aac768 Pro Ala Gly Gin Gly Val Ala Leu Gly Trp Ala Val Ser Trp Glu Mn 245250255 agt aaa att
cat tcc gct acg aca tgg agc gga cag ttc ttc tct gag816 Ser Lys lle His Ser Ala Thr Thr Trp Ser Gly Gin
Phe Phe Ser Glu 260265270 tc tct cca %gg alt ctt agt ca ttg ttg.tca tcg agc act gcg864 Ser Ser

Pro Val,fe Leki Tk Gia i ﬁ‘pfli‘fetﬁehe\ﬁgéég rS%tafh:rhAﬁa ) 280285 cgt ggg gac gta tgg gaa tec ace
ctt gtg ggd #at gat tcg ttt ac912 Arg Gly Asp#al Tip Glu Ser Thr Leu Val Gly Asn Asp Ser Phe Thr
290295300

{2107 5

211> 143

212> PR
£213> Pleurstus cornucopiae

<400> 5
Met Lys Asp VYal Gln Ser Leu Leu Thr Gly Thr Trp Tyr Asn Glu Leu
1 5 10 15

Gly Ser Thr Met Asn Leu Thr Ala Asn Lys Asp Gly Ser Leu Thr Gily
20 25 30

Thr Tyr His Ser Asn Vat Gly &lu Val Pro Pro Thr Tyr His Leu Ser
15 40 45

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

Trp Ala Val Ser Phe Giu Asn Thr Ser Ala Asn Val His Ser Val Ser
65 70 75 a0

Thr Trp Ser Giy Gin Tyr Phe Ser Glu Pro Ala Glu Val lle Leu Thr
85 a0 45

Gln Tro Leu Leu Ser Arg Ser Ser Glu Arg Giu Asp Leu Trp Gin Ser
100 105 110

Thr His Val Gly His Asp Glu Phe Ser Lys Thr Lys Pro Thr Lys Glu
115 120

Lys tle Ala GIn Afa Gin Leu Leu Arg Arg Gly Leu Lvs Phe Glu

130 135 140

210> 6

{211 426

{212> DNA

<{213> Pleurctus cornucopiae

{zR0D

€221 CDS

{222y (1), (426)
228>

<400> 6

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

1 5 10 15

aac itcc aag atg gaz ttg act gca aac asa gac ggt act ¢ic act gga 94
Asn Ser Lys Met Giu Leu Thr Ala Asn Lys Asp Gly Thr Leu Thr Gly
20 25 36

aag tac cte tcc aza git gge gat gic tac gtg ccc tac cca ctec ict 144
Lys Tyr Leu Ser Lys Val Gly Asp Val Tyr Val Pro Tyr Pro lLeu 3er
35 40 45

t cge tat aac cte €aa cec ccc gog gga caz ggc gte get cii geg 192
Gly Arg Tyr Asn Leu GIn Pro Pro Ala Gly Gin Gly Val Ala Leu Gly
50 55 60

tgg peg gta tec tgeg gag aac agt aaa att caf tcc get acg aca tge 240
Trp Ala Vai Ser Trp Glu Asn Ser Lys lie His Ser Ala Thr Thr Tip
85 70 75 80

age gpa cag ftc fttc tct gag tcg tct cca gig att ctt act cag teg 288
Ser Gly Gin Phe Phe Ser Giu Ser Ser Pro Val !ie Leu Thr GIn Trp
85 90 95

ttg ttg fca tcg age act geg cgt gge gac gta tge gaa fcc aca cit 336
Leu Leu Ser Ser Ser Thr Ala Arg Gly Asp Val Trp Glu Ser Thr Leu
100 105 110



aag acg gcg ccg act gag cag cag atc gct cat gct caa ctc cat tgt960 Lys Thr Ala Pro Thr Glu Gin Gin lle
Ala His Ala Gin Leu His Cys 305310315320 cgc gca ccg agg ttg aag taa981 Arg Ala Pro Arg Leu Lys
325 <210> 18 <211> 326 <212> PRT <213> Atrtificial Sequence <220> <223> Fusion protein
SITH-1-TM2 8 Met Giu Phe Gly Tyr Glu Glu Lys Val Ser Ala Thr Gly Lys Thr Arg 151015 Lev Lys lle
Leu Ala Cys Leu lle Val Leu lle Leu Ala Ala Ala lle 202530

gtg geg zat gat tcg ttt aca aag acg gcg ccg act gag cag cag ate 384
Yal Gly Asn Asp Ser Phe Thr Lys Thr Ata Pro Thr Gl Gin Gin Ile

115 120 125
get cat ged caa cfc caf tgt cge gca ccg agg tig aag taa 426
Ala His Ala Gln Leu His Cys Arg Ala Pro Arg Leu Lys

130 £35 140

0y 7
<211 141
212> PRY
213> Pleurotus cornucopiae
400> 7
Met Ser Asp Val Gln Ser Ser Leu Thr Gly Thr Trp Tyr Asn Glu Leu
1 5 10 15

Asn Ser Lys Met Giu Lew Thr Ala Asn Lys Asp Gly Thr Leu Thr Gly
20 25 30

Lys Tyr Leu 3er Lys Val Gly Asp Vai Tyr VYal Pro Tyr Pro Leu Ser
35 40 45

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

Trp Ala Yal Ser Trp Giu Asn Ser Lys [ie His Ser Aia Thr Thr Trp
65 70 75 80

Ser Gly Gln Phe Phe Ser Glu Ser Ser Pro Val lie Leu Thr Gin Trp
85 90 95

l.eu Leu Ser Ser Ser Thr Ala Arg Gly Asp Val Trp Glu Ser Thr Leu
100 105 110

Val Giy Asn Asp Ser Phe Thr Lys Thr Ala Pro Thr Giu Gin Gin lie
115 140 125

Ala His Ala Gin Leuw His Cys Arg Ala Pro Arg Leu Lys
130 135 140

210> 8

11y 271

(212> PRT

213> Artificial Sequence

220>
223> Fusion protein BioEase Tag-SITH-I

{400> 8
Met Ata Ser Met Thr Giy Gly Gin Gin Met Gly ile Met Gly Ala Gty
1 5 10 15
Thr Pro Vail Thr Ala Pro Leu Afa Gly Thr lle Trp Lys Val Leu Afa
20 25 30
Ser Glu Gly Gin Thr Yal Ala Ala Giy Glu Val fLeu Leu lle Leu Glu
35 40 45
Aia Met Lys Met Giu Thr Glu lle Arg Ala Afa Gin Alas Giy Thr Va
50 55 60
Arg Giy lie Ala Val Lys Aia Gly Asp Ala Val Ala Vat Gly Asp Thr
65 70 75 80
l.eu Met Thr Leu Ata Gly Ser Gly Ser Asp Leu Tyr Asp Asp Asp Asp
85 90 95
Lys Giy Ile lie Thr Ser Leu Tyr Lys Lys Ala Gly Ser Glu Phe Ala
100 105 110
leu Gly Tyr Glu Glu Lys Val Ser Ata Thr Gly Lys Thr Arg Leu Lys
115 120 125
Ile Leu Ala Cys Leu 1le Vai Leu lie Leu Ala Ala Ala tie Thr Met
130 135 140
f.eau Thr Leu Glu lie tie Ser Asn Gln Lys Arg Thr Thr Thr Asp Leu
145 150 155 160
Glu Ata Val Thr Va! Ala Leu Lys His Va! Ser Thr Ser Leu Ala Ser
165 170 175
Cys Thar Glu Ser Thr Thr Ser Val His Thr Asp Ser Val Thr Ser {in
180 185 180



Thr Met Leu Thr Leu Glu lle lle Ser Asn Gin Lys Arg Thr Thr Thr 354045 Asp Leu Glu Ala Val Thr Val
Ala Leu Lys His Val Ser Thr Ser Leu 505560 Ala Ser Cys Thr Glu Ser Thr Thr Ser Val His Thr Asp Ser
Val Thr 65 70 75. 80 Ser Gin Pro Thr Lys Asn Lys Glu Ser Arg Lys Lys lle Glu Gly Lys 859095 Ser
Pro Ser Trp Val Gin Ala Leu Thr Thr Ala Ser Gly lle lle Leu 100105110 Leu Phe Cys lle Met Met lle
Phe IIe?ThTrhC s Ser 'Ll'rg ThrSThAr G{u 1151520%|25GI|_;/§Asp Thr Glu Lys Ser Glu Val Gin Ser Tyr Ala Ser
Ser Val'6Iu"1 1)":?514 erﬁr iregﬂﬁl\s’bs éyesr lI_éu /&Sﬁﬂgd'ﬁj ﬁﬁé Wé’ lle Pro Lys Thr Glu Met Asn
14515@1'5%6‘0 NValrGly Gl Z@’gﬂ]y?@lf/'SéP@IV (ggg CGiylaly}yS8etGly Gly Gly Gly Ser

Cvs ile Met Met ile Phe ile Thr Cys Ser Trp Thr Thr Glu Lys Asp

225 230 235 240
Thr Glu Lys Ser Glu Vai Gln Ser Tyr Ala Ser Ser Val Giu Thr Leu
245 250 255
Asp Ser Leu Asn Glu Afa Ile [le Pro Lys Thr Glu Met Asn Val
260 265 270 271
216> 8
{211> 816
{212> DNA
{213> Artificial Sequence
(220>
{223> DNA encoding fusion protein BicEase Tag-SITH-1
<4007 9
atggctagea tgaciggige acageasatg ggtattatgs geogeeggear coeggtgace 60

geooecgotge cggecactal ctgpaaggte ctggccageg aaggocagac ggiggeocgea 120
ggcgaggtge tgctgattect ggaagecaty aagatggaaa ccgaaalccg CECCECECAR 180
gcecgeegaccg tpegegetat cecggptpaaa goegpegacg cpgtegeget cgpcgacace 240
ctgatgacce tpgeggecic tgratccgat cigtacgacg atgacgataa ggraattatc 300
acaagtttgt acaazaaage aggctccgaa ticgeccttg patatgaaga azazagigtca 360
griactpgaa agactepgttt aaagatactg geatgtctga tegttttaat actagetgce 420
geaataszcia tgttaacpet ppaaattata tcgaaccaaa aacgtaccac tactgatctce 480
gaagetgtiga ctptgpeget gaagcatgta agcacatetc ttgccageig cactgaatcee 540
actacitctg tacataccga ftctgtgace agccaaccca cgaazaacaa agaatcgage 600
aaaaaaatty aaggpaaate fccaagtige gtlcaggett taactacage atctggaatt 660
atcctactgt ttigtataat gatgataitc attacatgit cciggaccac agaaaaapat 720

acagagaaga gigaagtgea atcitatget tcttcagtag agactttaga ctetttaaat 780

gaggetatta taccgaaaac fgeaatgaat gtgtaa 816

210> 10

211> 20

<{212> DNA

<213> Artificial Sequence

<220
223> primer SITHINtermGW-F

<4000 10
ggatatgaag aaaaagigte 20

210> 1t

{211 20

<212> DNA

<213> Ariificial Sequence

{220
£223> primer SITH1CiermGH-R

<400> ©1
ttacacatic atttcagttt 20

210> 12

{211y 28

212> PRY

{213>» Artificial Sequence

{2200
223> Peptide tinker

400> 12
Gly Giy Gly Gly Ser Gly Gly Gly Giy Ser Gly Giy Gly Gly Ser Giy
1 5 10 15
Gly Giy Gly Ser Gly Gly Gly Giy Ser
20 25

218> 13



165170175 Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Ser Asp Val Gin Ser Ser 180185190 Leu Thr Gly
Thr Trp Tyr Asn Glu Leu Asn Ser Lys Met Glu Leu Thr 195200205 Ala Asn Lys Asp Gly Thr Leu Thr
Gly Lys Tyr Leu Ser Lys Val Gly 210215220 Asp Val Tyr Val Pro Tyr Pro Leu Ser Gly Arg Tyr Asn Leu
Gin Pro 225230235240 Pro Ala Gly Gin Gly Val Ala Leu Gly Trp Ala Val Ser Trp Glu Asn 245250255
Ser Lygﬂrl% H{'%Ser Ala Thr Thr Trp Ser Gly Gin PhefPhe Ser Glu 260265270 Ser Ser Pro Val lle Leu

]
Thr GirzT#p ey Leu Ser Ser Ser Thr Ala 275280285
213> Artificial Seguence
220>
{223> primer SITH1C-5x!ink-TH2N-F
<400> 11
cCgaazactyg aaatgaatgt ggsltggcee! grragcgrtiy gogpigecag cgetggoget 80
gecagegete gegetepcag ceetegeget gegcagcicag acgttcaate tigactc 17
{210y 14
Qi 1t
{2127 DNA
(213> Artificial Sequence
{20y
{223> primer SITHIC-5x|ink-TM28-R
400> 14
gagtraagatl tgaacgtctg agctgecace gocaccgetg ccaccgecae cgotgecace 80
gccacepgetp ccaccgecac cgetgecace groeacccaca ttecatitfcag fiticge 117
210> 15
<211y 79
{212> DNA
{213 Artificial Sequence
{2205
(223> oprimer SITHIC-5 EcoRi-F
<400> 15
azagaaticg gatatgaaga aazaagtgic 29
210y 18
211y 28
212> DNA
{213> Artificial Sequence
¥
223> primer T¥2CtermBam
{400> 16
tttgegatcet tacitcaace tcggigeg 28
210 17
211y 987
212> DNA
{213> Artificial Sequence
{2200
223> DNA encoding fusion protein SITH-1-TM2
<4007 17
atg gaa tic gga tat gaa gaaz aaa gtg tca get act gepa aag act cgt 48
WMet Glu Phe Gly Tyr Gli Glu Lys Val Ser Ala Thr Giy Lvs Thr Arg
1 5 HE 15
tta mag ata ctg gea tgt ctg atc gtt tta ata cta get geg gea ata i
Leu Lys lie Leu Ala Cys Leu tle Vai Leu tle Leu Ala Ala Ala ile
20 25 30
act atg tia acg ctg gea att ata fcg aac caa aaa cgt ace act act 144
Thr Met Leu Thr Leu Glu lie |le Ser Asn Gin Lys Arg Thr Thr Thr
35 40 45
gat ctc gaa get gitg act gtg geg cig aag cat gta agc aca tct ctt 182
Asp Leu Glu Ala Val Thr Val Ala Leu Lys His Val Ser Thr Ser Leu
50 55 60
geo age tgro act gaa tcc act act tct gia cat ace gat tct gte ace 240

Ata Ser Cys Thr Glu Ser Thr Thr Ser Vai His Thr Asp Ser VYal Thr



Arg Gly Asp Val Trp Glu Ser Thr Leu Val Gly Asn Asp Ser Phe Thr 290295300 Lys Thr Ala Pro Thr
Glu Gin GIn lle Ala His Ala Gin Leu His Cys 305 310 315 320 Arg Ala Pro Arg Leu Lys 325

§5 70 75 at

agC CAa CCC ACE ada aac aaa gaa tcg ageg aaa aaa att gaa gge aaa 288
Ser Gin Pro Thr Lys Asn Lys Glu Ser Arg Lys Lys lie Glu Gly Lys
85 80 95

tet cca agt fgeg gtt cag get tta act aca gea fct ggs atf ate cta 336
Ser Pro Ser Trp Va! Gln Ala bLeu Thr Thr Afa Ser Gly lie Ile Ley
160 105 116

ctg tit tgt ata atg atg ata tic aiti aca tgl tcc fgg acc aca gaa 384
Leu Phe Cys !le Met #et iie Phe lle Thr Cys Ser Trp Thr Thr Glu
115 120 125

aaa gat aca geg aag agl gaa gtg caa tct tat get tet tca gta gag 432
Lys Asp Thr Giu Lys Ser Glu Vai Gln Ser Tyr Ala Ser Ser ¥Yal Glu
130 134 140

act tta gac et tta aat gag gct att ata ccg aaa act gas atg aat 480
Thr Leu Asp Ser Leu Asn Glu Afa lle ile Pro Lys Thr Giu Met Asn
145 150 155 160

gig eet ggc get gee age get gec get gee age get geo ggt gge age 528
Val Gly Gly Gly Gly Ser Gly Giy Gly Gly Ser Gly Giy Gly Gly Ser
165 170 175

ggt gec get gee apc gRt gge ggt gec age tea gac gtt caa tet fca 576
Giy Gly Gly Gly Ser Gly Gly Gly Giy Ser Ser Asp Val &in Ser Ser
180 185 190

clc ace gpa acc teg tac aat gaa cic aac tce aag atg gaa ttg act §24
Leu Thr Gly Thr Trp Tyr Asn Giu Leu Asn Ser Lys Met Glu Leu Thr
185 200 205

gea aat 4aa gac ggt act cte act gga aap tac ctc tee zaa git gse 672
Ata Asn Lys Asp Gly Thr Leu Thr Gly Lys Tyr Leu Ser Lys Val Gly
210 215 220

gat gic tac gtg cce tac cca ctc tet gt cge tat aac cte caa coc 720
Asp Val Tyr Val Pro Tyr Pro Leu Ser Gly Arg Tyr Asn Leu Glr Pro
225 230 235 240

CCC gCg gga caa gee gic get ctt pre teg geg gta too tgg gag aac 768
Pro Ala Giy Gin Gly Val Ata Leus Giy Trp Ala Va! Ser Trp Glu Asn
245 250 255

agt aaz ait cat tecc get acg aca tge age gga cag tte tte tct gag 216
Ser Lys {le His Ser Ala Thr Thr Trp Ser Gly G!n Phe Phe Ser Glu
260 265 270

teg tot cca gig att cif aci cag tgg ttg ttg tca teg agc act geg 864
Ser Ser Pro Val ile Leu Thr Gln Trp Lew Leu Ser Ser Ser Thr Atla
275 280 285

cgt geg gac gia tge gaa tcc aca ctt gty geg aat gat tcg tit aca 912
Arg Gly Asp Val Trp Glu Ser Thr Leu Val Gly Asn Asp Ser Phe Thr
290 295 300

&4ag acg 8CE CCR act gag cag tag atc get cat get caa ¢te cat tgt 8960
Lys Thr Ala Pro Thr Glu GIn Gln tie Ala His Ala GIn Leu His {ys
305 310 315 320

cgc gra ccg agg ttg aag taa 981
Arg Ala Pro Arg Leu Lys
125

210> 18

211y 326

212> PRT

213> Artificial Sequence

{2207
223> Fusion protein SITH-1-TN2

400> 18



Met
Leu
Thr
Asp
Ala

65
Ser
Ser
Leu
Lys
Thr

145
Val

L.eu
Ala
Asp
225
Pro
Ser
Ser
Arg
Lys

305
Arg

Glu

fet

Phe
lie
lLeu

15
Giu
Cys
Pro
Ser
Cys
115
Thr
Asp
Gly
Gly
Gly
195
Lys
Tyr
Giy
ile
Pro
275
Asp
Ala

Pro

Gly
Ley

20
Thr
Ala
Thr
Thr
Trp
100
e
Glu
Ser
Gly
Gly
180
Thr
Asp
Vai
Gln
His
260
Val
Yal
Pro

Arg

Tyy
Ala
Leu

Vai

Lys
Val
Met
Lys
Leu
Gly
165
Ser
Trp
Gly
Pro
Gly
245
Ser
Ile
Trp
Thr

Leu
325

Glu
Cys
Glu
Thr
Ser

10
Asn
Gln
Met
Ser
Asn
150
Sar
Giy
Tyr
Thr
Tyr
230
Val
Ala

Leu

Glu
310
Lys

Glu

Leu

Yal

55
Thr
l.ys
Ala
fle
Giu
135
Glu
Gly
Gly
Asn
Ley
215
Pro
Ala
Thr
Thr
Ser

295
Gln

Lys
tie
{le

40
Ala
Thr
Glu
Leu
Phe
120
Val
Aa
Gly
Gly
Giu
200
Tar
Leu
Leu
Thr
Gin
280
Thr

Gin

Val
Val
25
Ser
Leu
Ser
Ser
The
105
I le
Gin
| ie
Giy
Gly
185
l.eu
Gly
Ser
Gly
Trp
265
Trp
Ley

I le

Ser

10
lLeu
Asn
Lys
Yal
Arg

a0
Tar
Thr

Ser

Gly
170
Ser
Asn

Lys

Tro
250
Ser
Leu
Yal

Ala

Ala

Gin
His
His

15
Lys
Ala
Cys
Tyr
Pro
155
Ser
Ser
Ser
Tyr
Arg
235
Ala
Gly
Leu

Gly

His
315

Thr
ey
Lys
Yal

60
Thr
Lys
Ser
Ser
hla
140
Lys
Gly
Asp
Lys
Leu
220
Tyr

Yal

Ser

Asn
300
Ala

Ata
Arg

45
Ser
Asp
lie
Gly
Trp
125
Ser
Thr
Giy
Val
Met
205
Ser
Asn
Ser
Phe
Ser
285
Asp

Gin

Lys
Ala

30
Thy
Thr
Ser
Glu
{le
110
Thy
Ser
Glu
Gly
Gin
190
Glu
Lys
l.eu
Trp
Phe
270
Ser
Ser

Leu

Thr

15
Ala
Thr
Ser
Val
Gly

45
[RE:
Thy
Val
fet
Gly
175
Ser
l.eu
Val
Gln
Giu
255
Ser
Thr
Phe

His

Arg
ile
Thr
Leu
Thr

80
LY¥s
Ley
Glu
Glu
Asn
160
Ser
Sar
Thr
Gly
Pro
240
Asn
Glu
Ala
Thr

Cys
320



