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-1- Description Title of Invention FACTOR INVOLVED IN LATENT
INFECTION WITH HERPESVIRUS, AND USE THEREOF 5 Technical
Field The present invention relates to: a factor involved in latent infection
with a herpesvirus; and use thereof. Fla""rticularly, the present invention
relates to.a novel 10 protein which is specifically expressed during latent
DA fstidaWRR a herpesvirus; a gene encoding sgtid Brotein; and u%e
,thereoff Background Art 15 Viruses of the family Herpesviridae, each

THGing! ataverdit §2e of approximately 150 nm to 200 nm, are such that

a core_protein is surr f% ({étg m Iﬁ%_—s rﬂw WI r
masse@b%@&ﬁﬁﬁ}n % ansLf hlﬁih I- ta%igf Ais eﬁclc}éfelar H
in an 20 icosahedral ca si%\gﬁchglg%% g«l ter of approximately 100
HEREH S\ rhiade o ¥6D ap ers, ga orm a nucleocapsid which is
surrounded by an envelope. Herpes viruses have been found in almost all

mammals and amphibians. In particular, viruses of the 25 family

Herpesviridae that have host specificity for -2-
Tecl?nicai Field peciticity for

"The present invention relates to: a factor involved
in latent infection with a herpesvirus; and use thereof.
Particularly, the present invention relates to a novel
protein which is specifically expressed during latent
infection with a herpesvirus; a gene encoding said

protein; and use thereof.

Backgro‘und Art

Viruses of the family Herpesviridae, each having
an overall size of approximately 150 nm to 200 nm, are
such that a core protein is surrounded by
multi-stranded DNA with molecular masses of 80 to 150
x 106 daltons. This multi-stranded DNA is enclosed in an
icosahedral capsid which has a diameter of
approximately 100 nm and is made of 162 capsomers, so
as to form a nucleocapsid which is surrounded by an
envelope. Herpes viruses have been found in almost all
mammals and amphibians. In particular, viruses of the

family Herpesviridae that have host specificity for
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humans are named human herpesviruses (HHVs). HHVs are classified
into subfamilies Alphaherpesvirinae (e.g., herpes simplex virus and
varicella-zoster herpes virus), Betaherpesvirinae (e.g., cytomegalovirus),
and 5 Gammaherpesvirinae (e.g. EB Virus). These herpes viruses are
characterized by having,a , sta ent infection. The "

e of lat I infectign’,
BLEATS bR AU S rHRGlioA thal & WIS A HES miCEIAN a® hostddl S
does not praduce infectious virions.within 0 host cell but continues to
R LR BHadeLt it R UL GRS ko G 1212
products that help the virus genes to exist gre retained wjthin the host
D &SP G¥erPETIGSes that ExHighTatbht i’rﬁ&&&‘ﬁ ASkFSWA S PESunfer 1)
production of virions and vira{ riglication in a 15 large amaunt owing to g
BEdAiT CR 2L 13 BitSside of\thed host (.57 JrdMANG BIP A Satic &
complaints (including, fatigue)). Thjs state is called "reactivation". In short,
GRMEAAMGLEEH 1iE36116WiRg GriguE 'haracter: Herpes viruses
continue to infect the host 20 latently as long as the host has nothing.
abnorrﬁ%ﬁ%&éi%%evé%Bﬁ%ﬁc%ﬁs‘?ultl}%ﬁtfél%&fréziﬁ‘[]h Mo agﬁﬁlg a
the viruses detect that the host is in danger, the viruses are reactivated to
s§8EEaRdtHér L RBIHT ABST T stuti the biot6dy fof BucHVitagks S S to

family 25 Herpesviridae, understanding their latent infection and -3-
such” a state of infection that a virus that has infected a

host cell does not produce infectious virions within the
host cell but continues to survive, Even in this phase of
latent infection, virus genes and gene products that help
the virus genes to exist are retained within the host cell.
Herpes viruses that exhibit latent infection are known to
resume production of virions and viral replication 1in a
large amount owing to certain causes on the side of the
host {e.g. growing old and somatic complaints (including
fatigue)). This state is called “reactivation”.

In short, herpes viruses have the following unique
characte.r: Herpes viruses continue to infect the host
latently as long as the host has nothing abnormal,
however, once a somatic disturbance occurs in the host
and the viruses detect that the host is in danger, the
viruses are reactivated to seek another, healthy host.

To study the biology of such viruses of the family

Herpesviridae, understanding their latent infection and
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reactivation is essential. However, among the many herpes viruses, it is
only EB virus belonging to the subfamily Gammaherpesvirinae that has
been studied to yield many findings about latent infection, and much 5
remains unclear about other viruses: IR particular, concerning factors that
may be involved in latent infection of Betaherpesvirinae, there has been

reBathEad HeRforatis® SR HRdn réhPTHE irblingd Brédlisly Rfade®§ 1y
the present inventors. For 10 example, Non-Patent Document 1 discloses

higFdME Snf¥EEISEFHHVLG AP mActdPhagEs it bEHShekE bidda RBiclio the
macrophages have differentiated to a relatively high extent, and identifies

sthb Snasiily a GesrarwhiaT RisY indmast ishadniiAiffdetrmvitt HALe6l to
15 Non-Patent Document 2 describes very frequent invasion of HHV-6

Viritbh BrafOpoht BrifhBrg SnfédtBAtfo dauser bersistenttiiéttion BAY IBkehE D

infection. Non-Patent Document 3 discloses genes (latent infection
I genasyhat afd exprestedidufig Ritekt iH&@isn of HHV-6, and 20
suggests that those genes play the role of regulating latent infection and
reactivifion fiHe ¢l & Non A&t DbidutherftCdiigids thét e starsof Pe
_latent infection with HHV-6 involves an intermediate stage which is
igompacdively stasleahd dibisticrachiie Brdedecaiprassion Nwith thérere
result that a latent infection -4-
has been obtained no information other than from the
findings previously made by the present inventors. For
example, Non-Patent Document 1 discloses latent
infection of HHV-6 in macrophages in peripheral blood
which macrophages have differentiated to a relatively
high extent, and identifies the sites in a host at which
sites the host is latently infected with HHV-06.
Non-Patent Document 2 describes very frequent invasion
of HHV-6 into a brain upon primary infection to cause
persistent infection and latent infection. Non-Patent
Document 3 discloses genes (latent infection genes) that
are expressed during latent infection of HHV-6, and
suggests that those genes play the role of regulating
latent infection and reactivation of the virus.

Non-Patent Document 4 shows that the state of
latent infection with HHV-6 involves an intermediate

stage which is comparatively stable and allows for active

gene expression, with the result that a latent infection
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gene and a protein (latent infection gene protein) encoded by this gene
are expressed abundantly. What is more, Non-Patent Document 5 shows
that patients with chronic fatigue syndrome had in their sera antibodies 5
against latent infection gene proteins which are expressed at an
increased level in the intermedigte stage. Noy-Patent Document 1 10

2KBfido. A& al AL taRh? htiMtan heddédvirus'8 IGettidR of BM&n protein)

monocytes /macrophages (J Gen Virol 72:1401-1408, 1991) Non-Patent .
€ PEESHTEht 2k 5RdS. 1BeP4. ﬁ;§§ocﬁ§tﬁ>ﬁe§f%‘aﬁ1aﬁm‘éﬁﬂ>é&ﬂ%& 6 1‘%%“ LS

infection_of the central nervous system with recurrence of febrile )
MBRGulsHAL (§ ieBDIS 267126711280, 160Y.§ NoR PatBit DOBUMeRt 4P

Kondo. K et al. Identification of human 20 herpesvirus 6 . .
Catéhiey Sas SO EIEHGE traVSRATE TRVildR 76t 014818151 SS0tR) RBHPEHE S

Document 4 Kondo K et al. Recognition of a Novel Stage of

agatHNerpesHrGE LatehRy § Hitian 1&PEsvirtd 810128 vilgigh  are

2258-2264, 2003) -5- Non-Patent Document 5 | . _
expressed at’ an 1increased level in the intermediate

stage.

Non-Patent Document 1

Kondo. K et al. Ltatent human herpesvirus ©
infection of human monocytes /macrophages l(J Gen
Virol 72:1401-1408, 1991)

Non-Patent Document 2

Kondo. K et al. Association of human herpesvirus 6
infection of the central nervous system with recurrence
of febrile convulsions. (J Infect Dis 167:1197-1200,
1993.}

Non-Patent Document 3

Kondo. K et al. Identification of human
herpesvirus 6 latency-associated transcripts. (J Virol,
76: 4145-4151, 2002}

Non-Patent Document 4

Kondo K et al. Recognition of a Novel Stage of
Beta-Herpesvirus Latency in Human Herpesvirus 6. (J

Virol. 77: 2258-2264, 2003)
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Kazuhiro Kondo, "Herpesvirus Kansen to Hiro (Herpesvirus latency and
fatigue)", Virus, 2005, Vol. 55, No. 1, pages 9 to 18 5 Summary of
Invention However, there has not been identified any latent infection gene
or latent infection gene protein spechiBzﬂIy involved in diseases. In

additiop, its 10 functions and a relatignship with a pathogenic mechanism
of chroni¢fa g%&e% onie H&VE termained unknown. Further, there is a

possibjlity that HHV-6 js involved,ip other diseases in addition to chronig .
fatigueug%ld%ﬁgl ﬁ%% ore, it h&&HEEY %ﬁ%ﬁgly éhiandéd t%omalﬁezm

clear the relationship between infection with HH\/-6 and gi Se d .-
(EGORS BHEI0H S Ao LDRARHE S astabiehRent S ant 01 55

objective diagnosis method for diseases and (ii) an animal model. 20 The
NftestntRf@htiori w&s fiade in view of the foregoing problems, and an

object of the present invention is to identify a factor involved in latent

infection with HHV-6 and to provide use thereof. In order to solve the

foregoing problems, the .25 present inventors made a diligent study. As a
SPeSUMRHEY.62 bred&Sthveritors reached the following unique idea: In

However, there has not been identified any latent
infection gene or latent infection gene protein
specifically involved in diseases. In addition, its
functions and a relationship with a pathogenic
mechanism of chronic fatigue syndrome have remained
unknown. Further, there is a possibility that HHV-6 is
involved in other diseases in addition to chronic fatigue
syndrome.

Therefore, it has been strongly demanded to make
clear the relationship between infection with HHV-6 and
diseases, and also to develop a technique contributing to
establishment of (i) an objective diagnosis method for
diseases and (i1) an animal model.

The present invention was made in view of the
foregoing problems, and an object of the present
invention is to identify a factor involved in Ilatent
infection with HHV-6 and to provide use thereof.

In order to solve the foregoing problems, the

present inventors made a diligent study. As a result, the
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light of the HHV-6's distinctive nature, i.e., the latent infection and the
reactivation, identifying a factor involved in the latent infection and the
reactivation 5 would yield a finding about the relationship between

infection with HHV-6 and mental disorflers. Based on this idea, the

present inventors conducted comgrélicated, sophisticated experiengiag_ in

P Rfad Rifnds! NaTRl kIt R C BreSeritifel 19 HdR@icd TH AoVel
-expressed at 10 the intermediate stage, at which a gene specific for latent
Liigifektion witheHHVERVis @xprebiseb B&ively an@ BURbvelipfoteirt fsmaft tent

_ protein encoded by the Intermediate Transcript of HHV-6-1; SITH-1)
ifredbemDy théfovel Dgend. FithEY athepresehil S bndBicteth 5 O T
_functional analysis of the novel gene and the protein SITH-1, which is
ipHeddEdbyithe HVRl dérie3b ashdcmbkeitheddbwihg hew FiAGAGE>G)on
the protein SITH- 1 has ability to increase an intracellular calcium
woordentratiohd artl (i) a6 BhgbodY 8gHinst e préteid ixonsipipy ipetween
_significantly detected in patients with mood disorders, but is hardly
ilbtactaple iPHddithyiFetsofs. aTHis, The predentifehfi6H rasBased on
completed. The present invention was completed based on the above
thew fiddingst Bred PEhaes thé followirrinvertioAs 06qd) AgBnelicated,
encoding: -7- (a) a protein having the amino acid sequence
sophisticated experiences many times. As a result, the
present inventors identified: a novel gene expressed at
the intermediate stage, at which a gene specific for
latent infection with HHV-6 is expressed actively; and a
novel protein (Small protein encoded by the Intermediate
Transcript of HHV-6-1; SITH-1) encoded by the novel
gene. Further, the present inventors conducted
functional analysis of the novel gene and the protein
SITH-1, which is encoded by the novel gene, so as to
make the following new findings: {i) the protein SITH-1
has ability to increase an intraceliular calcium
concentration; and (ii} an antibody against the protein
SITH-1 is significantly detected in patients with mood
disorders, but is hardly detectable in healthy persons.
Thus, the present invention was completed. The present
invention was completed based on the above new

findings, and includes the following inventions:

(1) A gene encoding:
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shown in SEQ ID NO: 1; or (b) a protein having an amino acid sequence
with a substitution, deletion, insertion, and/or addition of one 5 or several
amino acids in the amino acid sequence shown in SEQ ID NO: 1, the
protein having activity of increasing an intracellular calcium concentration.
(2) A gene including an open reading frame region having the nucleotide
sequefiBé sRowR TP SER DN €10 (BEA gafitiBitodind G prof&Gihie €
hybridizes under stringent hybridization conditions with DNA having a

s Rcrentide sefuentl gyr%lelfﬁeﬁf-"ary to DNA having the nucleotide
sequence shown in SE%?ID NO: 2 or 3, the protein having activity of
increasiny an rtriceinidl 205 Bhciih edRéEHraticnd(HodpreReif With a
encoded by a gene as set forth in any one of (1) throu%?g: (5) A pratein

s beiig:i (@) B proteid Hing Bhe idh%iR6 B seddthde R Wr fised e
NO: 1; or (b) a protein having an amino acid sequence with a_substitution,

ogeletioncinsbrtisan AR oraeititfon bRonEN6r severdl amiAé keids MaNe e
amino acid sequence shown in SEQ ID NO: 1, the protein having activity

sbfozBrindreasiig@n iktraléhulat ca BaRientratibrit V8N &) AR ANtbEdy

that recognizes a protein as set ‘ )
increasing an intracellular calcium concentration.

(2) A gene including an open reading frame region
having the nucleotide sequence shown in SEQ ID NO: 2.

(3) A gene encoding a protein that hybridizes under
stringent hybridization conditions with DNA having a
nucleotide sequence complementary to DNA having the
nucleotide sequence shown in SEQ ID NO: 2 or 3, the
protein having activity of increasing an intracellular
calcium concentration.

(4) A protein encoded by a gene as set forth in any
one of (1) through (3).

{5) A protein being:

fa) a protein having the amino acid sequence
shown in SEQ ID NO: 1; or

(b) a protein having an amino acid sequence with a
substitution, deletion, insertion, and/or addition of one
or several amino acids in the amino acid sequence
shown in SEQ ID NO: 1, the protein having activity of

increasing an intracellular calcium concentration.
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forth in (4) or (5). (7) A recombinant expression vector including a gene
as set forth in any one of (1) through (3). 5 (8) A transformant which is
produced by transfer of a gene as set forth in any one of (1) through (3)
or a recombinant expression vector a8 set forth in (7). (9) A gene
detection instrument including a probe having at least part of a nucleotide

sequehieé, é¥ts AD ddRslemémarly JEtt@REI o & gBnda8 56t Fortitn S€t
any one of g)l) through (3). (10) A detection instrument including a probe
f%i@h%la(f} nyb%rft having at least part of an amino acid sequence of
a protein as set forth in (4) or (5). 15 (11) A determination method
includinglthé stép 6P TaBERARINgSTHRRE Di ot dFf&ittdodibs!setise @
in (6) exists in a subject. (12) The determination method as set forth in
SEmy, dhersih: A& detemining R Hfadd byt hddhsr 20 ilMrhunological
detection through use of a protein as set forth in (4) or (5) or a partial
fragmeritlofAhe Brofein © {137 THe Watdiiindfforhehod &8 sd Yorll fn sfer
(11) or (12), wherein: the determining is made by using a biological
odafhpBEBGlatey e tHerddbjélt. 28 114 Adeddrhinatidhiirgh (3) or a

performing a -9- determination method as set forth in any one of (11)
recombinant expression vector as set forth in (7)

(9} A gene detection instrument including a probe
having at least part of a nucleotide sequence, or its
complementary sequence, of a gene as set forth in any
one of (1) through (3).

(10) A detection instrument including a probe
which is a polypeptide having at least part of an amino
acid sequence of a protein as set forth in (4} or (3}.

(11) A determination method including the step of:
determining whether or not an antibody as set forth in
(6) exists in a subject.

{12} The determination method as set forth in {11},
wherein: the determining 1is made by means of
immunological detection through use of a protein as set
forth in (4) or {5) or a partial fragment of the protein.

(13) The determination method as set forth in (11)
or (12}, wherein: the determining is made by using a
biological sample isolated from the subject.

(14) A determination kit {for performing a
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through (13). (15) The determination kit as set forth in (14), including at
least one selected from: 5 (i) a protein as set forth in (4) or (5); (ii) a partial
fragment of the protein (i); and (iii) an instrument to which the protein (i) or
the partial fragment (ii) is immobilized” (16) A diagnosis method for
diagnosing whether or 10 not a human subject has a mental disorder,

d g ddmb e SR paBE (1) A8tefhtiniiG Whthdtor Hot & ahtiBaty & séd 1)

forth in (6) exists in a human subject, according to a determination

tjemtEad Sebforth in any one of (11) through (13); and (i) determining
that the human 15 subject contracts chronic fatigue syndrome, in a case
where (A& step ¥ dederhsinBs R AR antiBbdy2s sBF forlk Tt (6) Bistslift) -
the human subject. (17) The diagnosis method as set forth in (16),

i pvHErElATIA thé Sp ¥, Biecuster®iiRg id 798 by 20 using a biological
sample isolated from the human subject. (18) A diagnosis method for
diagnodihgwihethet 6t A6t &6 %ﬁiﬁféﬂéu’(ﬁ’eé a8k mehtal disorder,

including the steps of: (g determining whether or not an antibody 25 as
set forfhih ge)existsan dnaamarsulsjéctbaecaidtg indtbaand

determination method as set forth in any one of %1) ) .
(1ii) an instrument to which the protein (i} or the

partial ragment (ii) is immobilized.

(16) A diagnosis method for diagnosing whether or
not a human subject has a mental disorder, including
the steps of: (i) determining whether or not an antibbdy
as set forth in (6) exists in a human subject, according
to a determination method as set forth in any one of (11)
through (13); and (ii) determining that the human
subject contracts chronic fatigue syndrome, in a case
where the step {i} determines that the antibody as set
forth in (6) exists in the human subject.

(17) The diagnosis method as set forth in (16},
wherein: in the step (i}, the determining is made by
using a biological sample isolated f{rom the human
subject.

{18) A diagnosis method for diagnosing whether or
not an animal subject has a mental disorder, including
the steps of: (i} determining whether or not an antibody

as set forth in (6) exists in an animal subject, according
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through (13); and (ii) determining that the animal subject has a mental
disorder, in a case where the step (i) determines that the antibody as set
forth in (6) exists 5 in the animal subject. (19) A diagnosis kit for
performing a diagnosis method as 5 Gorth in any one of (16) through
(18). (20) The diagnosis kit as set forth in %9 , Including at least one
teteCtEd Homi 6 A &b Set forfif E)@f&#kss?(iﬁ%a%? of (11)
fragment of the protein g}i); and (iii) a detection, instrument to which the .
thowigli) drhe partiddradiient Gif IS hdbITEd. {245 An biimaldhibdeie !
determination method for 15 determining whether or not an animal
ssibjgstishRent 488R ARIMAIHBESIDa Herflal st d&F BRdGdingdhs teP
steps of: (i) diagnosing whether or not an animal subject has a mental .
(idlisopdér: Bddefdinglicia diiGnasisH ittty 28 *Ffort Tt ap dfd fxists
~ determining that the animal 20 subject is useful as an animal model of the
IinéRtal aisoRmet, fivdbdssetwhere the step (i) diagnoses that the animal
subject has the mental disorder. (22) An animal model produced by ,
transferldlla dend EBZBOMBI inkdhy 538 oR(EY IbIYH(@), & gélié 2Bosis

product thereof, or a recombinant expression vector as - 11 - set forth in
ng)thod as set forth in any one of (16} through (18

{20} The diagnosis kit as set forth in (19},
including at least one selected {rom:

(i) a protein as set forth in (4} or {5};

(ii) a partial f.ragment of the protein {i); and

(ii1) a detection instrument to which the protein (i
or the partial fragment (ii) is immobilized.

(21) An animal model determination method for
determining whether or not an animal subject is useful
as an animal model of a mental disorder, including the
steps of: (i) diagnosing whether or not an animal subject
has a mental disorder, according to a diagnosis method
as set forth in (18); and (ii) determining that the animal
subject is useful as an animal model of the mental
disorder, in a case where the step (i) diagnoses that the
animal subject has the mental disorder.

(22) An animal model produced by transfer of a
gene as set forth in any one of {1} through (3}, a gene

product thereof, or a recombinant expression vector as
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(23) A screening method for performing screening for a candidate
substance for a psychotropic agent, including the steps of: (i)
administering, to an animal 5 model of a mental disorder, a subject
substance; (ii) determining whether ok hot the mental disorder of the
animal model is cured or improved, according to a diagnosis method as
seét Fortiiiin {8);7and (jii) determining that the subject substance is a
candidate 10 substance for a psychotropic agent, in a case where the
metal d3idek of thecarirakmasderis eetetminapias ise ®ired opcreening
improved. It is more preferable that the screening method (23) is
{perfermed bothdy (P thewlaghasis tefifod (B8) 153%al ¢f@Hidgnosgent,
method using e.g., a (heretofore known) behavior disorder and/or startle
1 neSpoRse of 4h anihaP A gehe dila prom@inof 316 pregent ifvehtiorfis imal
expressed specifically during latent infection with a 20 herpesvirus, and
rhad abilityftoaeguiate latbntlihfectidf andaeastiationtof ahbpesvims: (11)
Further, as described later, it has been shown that an antibody against a
dproteimofithe prasbrtinention issignifibentlyrfenricih patiend euthof the
mental disorders. Therefore, determining 25 the presence or absence of
athéramtibodyehabless 12-whjattive diagmasisfoementalcdisordersg to a
diagnosis method as set forth in (18); and (il
determining that the subject substance is a candidate
substance for a psychotropic agent, in a case where the
metal disorder of the animal model is determined to be

cured or improved.

It is more preferable that the screening method
(23) is performed both by (i} the diagnosis method (18]
and (ii) a diagnosis method using e.g., a (heretofore
known) behavior disorder and/or startle response of an
animal.

A gene or a protein of the present invention is
expressed specifically during latent infection with a
herpesvirus, and has ability to regulate latent infection
and reactivation of a herpesvirus. Further, as described
later, it has been shown that an antibody against a
protein of the present invention is significantly found in
patients with mental disorders. Therefore, determining

the presence or absence of the antibody enables
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Furthermore, a gene or a protein of the present invention is applicable to
diagnosis for various diseases, as well as diagnosis for the diseases
described herein. 5 Moreover, a gene or a protein of the present invention
is also available for use in drug screehing methods, animal model
producing methods, and various kinds of kits, for example. For a fuller
0 BrigeretaRd PR RkESh U R afdC 10 advahted ©F the invention,
reference should be made to the ensuing detailed description taken in
conjunEtioht vtithe ifecofpasyity drawihgd Bt Deserptidghtof present
Drawings 15 Fig. 1 Fig. 1 is a diagram showing schematically a structure
i Vg mtearinféckophediitigene dhtR positiors 6P AnuR/HEAIPYINESE RRYE S,
2 20 Fig. 2 is a diagram showing the results of amplification performed by
athePER technibjreewiers Yespedt tolHH VA6 fens prodlR s Hg SFig rrin.
a diagram showing the results of analysis 25 performed by the RACE _
Meohnigierwith respect@s novelr-a 8¢ jateat infBctidhrspeeific JeecmRNAL, 1S
Fig. 4
also available for use in drug screening methods, animal
model producing methods, and various kinds of kits, for
example.
For a fuller understanding of the nature and
advantages of the invention, reference should be made to
the ensuing detailed description taken in conjunction

with the accompanying drawings.

Brief Description of Drawings

Fig. 1

Fig. 1 is a diagram showing schematically a
structure of a latent infection specific gene and
positions of analytical primers.

Fig. 2

Fig. 2 1is a diagram showing the results of
amplification performed by the PCR technique with
respect to HHV-6 gene products.

Fig. 3

Fig. 3 is a diagram showing the resulis of analysis

performed by the RACE technique with respect to novel
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Fig. 4 is a diagram showing the results of an experiment in which a host
protein binding to the 5 protein SITH- 1 was identified by the yeast
two-hybrid assay. Fig. 5 Fig. 5 is a diagram showing that a protein SITH-1
increased an amount of CAML in an-aktrocyte-like glial 10 cell line. Fig. 6
Fig. 6 is a diagram showing how SITH-1 increased a calcium
lgbppdntratden inghakdeiis iHg. 248 Figi RN 4 §raph showing antibody
titers to SITH-1 in patients with mental disorders. Fig. 8 Fig. 8 is a graph
showingithe fesult of investigating an effect of SITH-1 in a tail suspension
20 test. Fig. 9 Fig. 9 is a graph showing the result of investigating an
effect &f YITH4 1 irpa forcdd sgaramings festv2B Zig LG - 1Eiglie ised an
graph showing the result of investigating an effect of SITH- 1 in terms of

Cegtatleiment in which a host protein binding to the

protein SITH-1 was identified by the yeast two-hybrid
assay.

Fig. 5

Fig. 5 is a diagram showing that a protein SITH-1
increased an amount of CAML in an astrocyte-like glial
cell line.

Fig. 6

Fig. 6 is a diagram showing how SITH-1 increased
a calcium concentration in glial cells.

Fig. 7

Fig. 7 is a graph showing antibody titers to SITH-1
in patients with mental disorders.

Fig. 8

Fig. 8 is a graph showing the result of
investigating an effect of SITH-1 in a tail suspension
test,

Fig. 9

Fig. 9 is a graph showing the result of
investigating an effect of SITH-1 in a forced swimming
fest.

Fig. 10
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response (prepulse inhibition). Fig. 11 5 Fig. 11 is a graph showing the
result of an experiment in which SITH- 1 was expressed in mouse glial
cells using an adenovirus vector and, three weeks later, the animals were
measured for their motor activity undéftwheel running activity. 10 Fig. 12
Fig. 12 is a graph showing the result of an experiment in which SITH-1
was eXpréssed il mdsse glial 88RPUsingsIEIVIRGS vddior antcight  ©f
_weeks _later, the animals were measured for motor activity 15 under
et Fgaring activity. Bitfer3 Figf 1358 Bigrabh sRowingane reslitsoprtic
diagnosing, with SITH-1 used as a marker, various diseases that are
reomplicated by depressiom RODEsEHPtion of Embodiments The following
describes one embodiment of the present invention. However, the
presertt igrentibn is not limited to this. 25 First, to help understanding of
the present - 15 invention, how the present inventors completed the
preserk irgzentioh wilkbeadestribgdibrieflyo Fhaystesthe result of an
experiment in which SITH-1 was expressed in mouse
glial cells using an adenovirus vector and, three weeks
later, the animals were measured for their motor activity
under wheel running activity.
Fig. 12
Fig. 12 is a graph showing the result of an
experiment in which SITH-1 was expressed in mouse
glial cells using a lentivirus vector and, eight weeks
later, the animals were measured f{or motor activity
under wheel running activity.
Fig. 13
Fig. 13 is a graph showing the results of

diagnosing, with SITH-1 used as a marker, various

diseases that are complicated by depression.

Description of Embodiments

The following describes one embodiment of the
present invention. However, the present invention is not
limited to this.

First, to help understanding of the present
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inventors speculated that infection with HHV-6 among the various kinds

of human herpes viruses was most 5 probably a cause of mental

disorders, particularly ones accompanied by mood disorders. The

reasons include: (i) among symptoms ®fchronic fatigue syndrome (CFS)

for which HHV-6 has heretofore been held as one cause, depressive
IBYAMIGNE anddtiers that are BHeRTSundHY SO fidital disdRdels Bl the

recognized; (ii) HHV-6 causes latent infection in a brain; and (iii) an
pantisodly reagtvetifn thel Herbofste saeritfied HP slktentiffectivirsent

specific gene protein, as well as an antibody reactive with an unknown

i proteinahat Vascexplessed irf bells lateltiy tE® mfebtedhwith HMves umong
which was yet to be identified for a gene or for itself were detected at high
trequentiesiin thd seta oPCFB patients. Faitiet Sin fight 6fkthe Fahanost

the primary sites in a brain which are latently infected with HHV-6 20
pinclidé &yfrentaldobecarea mippocamgdlsegid s eachivt WhHieH fovefnyne s
human thoughts and emotions, as well as the fact that viruses causing
alatentipfectiondn sbreim ade flist arféwinclubing HIEYS) the presbnde: (1)
inventors speculated the relationship between HHV-6 and mental 25
adisorderss Furgheomose, HHYES iskhowinio. galse $atest c A infd&tibidin for
glial cells (e.g., astrocytes) that play important roles in metabolism of
vsnbstandé§Wwitlin d&nas heretofore been held as one cause,
depressive symptoms and others that are often found in
mental disorders are recognized; (ii) HHV-6 causes latent
infection in a brain; and (iii) an antibody reactive with
the heretofore identified HHV-6 latent infection specific
gene protein, as well as an antibody reactive with an
unknown protein that was expressed in cells latently
infected with HHV-6 but which was yet to be identified
for a gene or for itself were detected at high frequencies
in the sera of CFS patients.

Further, in light of the fact that the primary sites
in a brain which are latently infected with HHV-6
include a frontal lobe and a hippocampal region each of
which governs human thoughts and emotions, as well as
the fact that viruses causing latent infection in a brain
are just a few including HHV-6, the present inventors

speculated the relationship between HHV-6 and mental

disorders. Furthermore, HHV-6 is known to cause latent
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brain (e.g., serotonin) that are associated with depression. Also in terms
of this, the present inventors 5 reached the unique idea that HHV-6 might
be associated with mental disorders such as mood disorders. Thus, the
present inventors speculated that pafi€nts with CFS might include

~ considerable cases who present with psychiatric symptoms on account of
i riifie A0 feitentiififecBohadf theBikin with BHHV-G SR TpaRICkESY) thdfésemiay

_inventors speculated the relationship between HHV-6 and mood =~
1rdi§@rﬂ‘é@§§ucﬁ®d§§epﬁéssﬁ@ﬁtm%a‘wm-dﬁére%éi\%gﬂlﬁé&? MoBdthin a

disorders are symptoms found in mental 15 disorders such as depression

baadmanicdepressier fiiesdrand thidabost f/pfcal exafipfdgarsd with
depression that presents with only symptoms of depression and

d manksddprasside sithess it iRl episddeissof fafial AR&mate Wil entors
episodes of depression. While various 20 possible causes have been

r peoposed, iheluting stiass dgendttaabetrdidns, andghtéction aessingreted
factor has yet been established. The incidence of mood disorders is

wintheasing thdsel tags cnisthis-is beasming a digtéseiar prsblem.
Therefore, it is desirable that the etiology and 25 pathology of each mood
disordéitaresunratbled apd e 12 miethods fon diatmosiA@ andireatifg it ket

developed as soon as possible. A problem worth particular mention
patients with CFS might include considerable cases who

present with psychiatric symptoms on account of the
latent infection of the brain with HHV-6. In particular,
the present inventors speculated the relationship
between HHV-6 and mood disorders such as depression
and manic-depressive illness,

Mood disorders are symptoms found in mental
disorders such as depression and manic-depressive
illness, and two most typical examples are depression
that presents with only symptoms of depression and
manic-depressive illness in which episcdes of mania
alternate with episodes of depression. While various
possible causes have been proposed, including stress,
genetic aberrations, and infection, no single factor has
vet been established. The incidence of mood disorders is
increasing these days, and this is becoming a big social
problem. Therefore, it is desirable that the etiology and

pathology of each mood disorder are unraveled and
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here is that diagnosis of mood disorders is liable to be only qualitative,
and involves difficulty in achieving 5 objectivity. In addition, animal models
contributing to studies of mood disorders and development of methods
for treating them have not been develbped adequately. This hinders
clarification of the etiology and development of the treating methods. 10
@1 slacdountdiregessin gven@rs ifoubht ghat itticeed$arg 16 Rike @ s
clear the relationship between (i) infection with HHV-6 and (ii) mood
sdisorders apd sehial didorders et deslsp abethhigie aonisUliRES
to establishment of objective diagnosis and 15 animal models for mood
hdiserders tdnatmdéntag diserere. { Neatlstsdo say drese spetifdtibhstarebe
unique ones at which the present inventors arrived as aresult ofa
odiligent stadytmatiecin trisrésebircrofleld for d 16Ag Wihie, and canhbtiibd ing
easily arrived at by a general person 20 skilled in the art. The following
othescribes idetailsof adpiotsinna geme manl othed ofthe presenbiatengont ©
in order. (1) Protein and Gene of the Present Invention (1-1) Structure 25
sThel peesenf invertidn griovidebea factor thatisvai®ipvlved imatepethods
infection with a herpes virus. In greater detail, the present invention
fprovidesijmg them have not been developed adequately.
This hinders clarification of the etiology and
development of the treating methods.

On this account, the present inventors thought
that it necessary to make clear the relationship between
(i) infection with HHV-6 and (ii) mood disorders and
mental discrders, and to develop a technique
contributing to establishment of objective diagnosis and
animal models for mood disorders and mental disorders.

Needless to say, these speculations are unique
ones at which the present inventors arrived as a result
of a diligent study made in this research field for a long
time, and cannot be easily arrived at by a general person
skilled in the art.

The following describes details of a protein, a gene,
and others of the present invention in order.

(1) Protein and Gene of the Present Invention

(1-1) Structure

The present invention provides a factor that is
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protein that is expressed specifically during latent infection with a herpes
virus and (ii) a gene encoding the 5 protein. The phrase reading
"expressed specifically during latent infection with a herpes virus" means
that a gene derived from a herpes virl8 er a gene product thereof is
expressed specifically in a virally infected host while the host is latently
iirfedteddbut mot produdtivély f &0 infestedy With the hbrpepeitusyThESs. [n
protein and the gene may be, for example, (a) a protein having the amino
gacid sequehcésHowntin SEQ ROt 1 and’ & géheencpding tHe proteih. 2
As will be described later in the Example, the 15 protein having the amino
pacidseguetice shoven ireSBEQdDsNO: 1sip tsoldieddhd iddntifisdgs datent
protein that is expressed specifically during latent infection with human
i héepasvinsyi ((HHY-8)e This protein s dedidailerrefemsd traso'Simal the
protein encoded by the 20 Intermediate Transcript of HHV-6 -1 (protein
P, Thdproteim 81 is aguidtem which bas asmeolecisare mdss afly
approximately 17.5 kDa, the amino acid sequence shown in SEQ ID NO:
di; andgl 39 aminoiacids. tTheyprotein SIThk1 jscencodedsfy aredlfib-1that a
gene. 25 As shown in SEQ ID NO: 3, cDNA of the SITH-1 gene has -19-
ga& size of A7 95 basémairs (approximately 1i7&kbphr Further the 954thdaict

956th nucleotide sequence

thereof is expressed specifically in a virally infected host
while the host is latently infected (but not productively
infected) with the herpes virus.

The protein and the gene may be, for example, {a}
a protein having the amino acid sequence shown in SEQ
ID NO: 1 and a gene encoding the protein.

As will be described later in the Example, the
protein having the amino acid sequence shown 1n SEQ ID
NQ: 1 is isolated and identified as a protein that is
expressed specifically during latent infection with
human  herpesvirus-o (HHV-6). This protein is
hereinafter referred to as “Small protein encoded by the
Intermediate Transcript of HHV-6 -1 (protein SITH-1)".
The protein SITH-1 is a protein which has a molecular
mass of approximately 17.5 kDa, the amino acid
sequence shown in SEQ ID NO: 1, and 159 amino acids.

The protein SITH-1 is encoded by an SITH-1 gene.

As shown in SEQ ID NO: 3, ¢cDNA of the SITH-1 gene has
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represents a start codon (Kozak ATG), whereas the 14319t to 1433rd
nucleotide sequence represents a stop 5 codon (TAA). Hence, the SITH-1
gene has an open reading frame (ORF) having the 954th to 1430th
nucleotide sequence of the nucleotide Sequence shown in SEQ ID NO: 3,
with the ORF having a size of 477 base pairs (approximately 0.48 kbp).
aTHel Baclevtidé &pieriee 99 tHaidsredEPtha O RIEAYIIN of tﬁ@c[%\ﬁbp) -
of SITH-1 is shown in SEQ ID NO: 2. Note that the nucleotide sequence
Fahovihein, SEOND N 24itludé thrétSfades oft el stopiedtion ST ence
protein of the present invention may be, for 15 example, (b) a protein
raaving an Bing acitiseuened avith Alsapstiutidh] deletiol, rfsepion, the
and/or addition of one or several amino acids in the amino acid sequence
1WAt SEQ4B HO: 1 itid protedhebeifg bbpressed espeeRie@IRSd@ingtop
latent infection with a herpes virus. 20 The gene of the present invention
cmdy be, 10F RdmplEl eangene edtodinglthid plotelfe The phiase ®adingPen
"with a substitution, deletion, insertion, and/or addition of one or several
ramihinacids'r aeans sib&itltionhdetétiah, ingertion 9andifér additionl2b0?
numbers of amino acids (for example, preferably 10 or -20- less, more

nprefbraliliydz os keg s durthergpreférably e (ess) ¢thatcsan B drogdhewn in
about by a known mutant
SEQ ID NQO: 3, with the ORF having a size of 477 base

pairs (approximately 0.48 kbp). The nucleotide sequence
that represents the ORF region of the ¢cDNA of SITH-1 is
shown in SEQ ID NO: 2. Note that the nucleotide
sequence shown in SEQ ID NO: 2 includes three bases of
the stbp codon.

The protein of the present invention may be, for
example, {b) a protein having an amino acid sequence
with a substitution, deletion, insertion, and/or addition
of one or several amino acids in the amino acid sequence
shown in SEQ ID NO: 1, the protein being expressed
specifically during latent infection with a herpes virus.
The gene of the present invention may be, for example, a
gene encoding this protein.

The phrase reading “with a substitution, deletion,
insertion, and/or addition of one or several amino acids”
means substitution, deletion, insertion, and/or addition

of numbers of amino acids (for example, preferably 10 or
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peptide producing method such as site-directed mutagenesis. Thus, the
protein (b) may be described as 5 being a mutant protein of the protein
(a). Note that the "mutant” herein primarily refers to a mutant made by
artificial introduction by means of a krigfvn mutant protein producing
method, or may be one obtained by isolation and purification of a
Leasurallycssgsting C$Ritee LY0 futdint Widtein. IAER &R $H6 BRR&bf the T
present invention may be, for example, a gene encoding (c) a protein that
LehyBlidizB&undet BtriffenbiyrdiRdtion BenditioRy with BRAWavingla tant
nucleotide sequence complementary to 15 DNA having the nucleotide
psarjushte sOWIHHSEEID NG @k protéis Beingfekpre§déq-directed
specifically during latent infection with a herpes virus. The phrase reading
miisigizes hder Elingentt hybrithgatiRcdrititiongymbandipgeribed as
hybridization 20 occurs only in a case where nucleotide sequences of
biniergstehave e edst 9096 fientie/, praferadly At ldastadsopvigéatitymbstne
preferably at least 97% identity. As a specific example of the "stringent
“hybridizettionh careditiors! | the ol lowinig tonditibn igpossibleral2snade by
hybridization filter is incubated overnight at 42C in a -21 hybridization
agoluftion gihcludieps09s fommamiee, 5% e8SC (150 mM NaCh W mnputant
trisodium citrate), 50 mM
protein producing method, or may be one obtained by

isolation and purification of a naturally-existing, similar
mutant protein.

Alternatively, the gene of the presént invention
may be, for example, a gene encoding (c) a protein that
hybridizes under stringent hybridization conditions with
DNA having a nucleotide sequence complementary fto
DNA having the nucleotide sequence shown in SEQ ID
NO: 2, the protein being expressed specifically during
latent infection with a herpes virus.

The phrase reading “hvbridizes under stringent
hybridization conditions” means that hybridization
occurs only in a case where nucleotide sequences of
interest have at least 90% identity, preferably at least
95% identity, most preferably at least 97% i1dentity. As a
specific example of the “stringent Thybridization
conditions”, the following condition is possible: A

hybridization filter is incubated overnight at 42°C in a
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sodium phosphate (pH 7.6), 5 x Denhardt's solution, 10% dextran sulfate,
and 20 pg/ml denatured, sheared 5 salmon sperm DNA), followed by
being washed in 0.1 x SSC at approximately 65C. Further, the
hybridization can be performed by a €dnventionally-known method, for
example, according to the procedures described in "J. Sambrook et al._
h¥erdelizecioings A lubaratorly Mahadi 16 20 Ldo Cloid By figrbor
Laboratory (1989)", and is not limited to any specific one. Generally, as
SHE témperatardlrisig&nd tHedsamddnderitrativibBtofids abfbr, the MM
level of the stringency increases (i.e., more difficult to hybridize). 15 Note
s €l e tern yen&ratareindluséd ShtereharigeRy i olfnirdotitie?n
"nucleic acid" or "nucleic acid molecule". The "polynucleotide” refers to a
1 pSlyntbe st hadledtidéta Thusa the (4@ "geherherdinNiadldesinosdhia red
double-stranded DNA but also 20 single-stranded DNAs (e.g., a sense

s gtrandand an rantise Aok strandl eorsttutiriy the dogbla gipdnedd DNA)- 1 x
and RNA (e.g., mRNA). The antisense strand may be used as a probe or
S&rCantisersp dnigs ithaterhy "BNA"Cinclided .91 (i) DN Aobrdinéirst 1o n

cloning, a chemical 25 synthesis technique, or a combination thereof and

¢ fipab22 pgerforniciNAD Yhat 150 the ¢ DINA Theel) belarrgshoniee thieal, for
including a noncoding sequence (e.g., intron),

example, according to the procedures described in “J.
Sambrook et al. Molecular Cloning, A Laboratory Manual,
2d Ed., Cold Spring Harbor Laboratory (1989)”, and 1s
not limited to any specific one. Generally, as the
temperature rises and the salt concentration becomes
lower, the level of the stringency increases {i.e., more
difficult to hybridize).

Note that the term “gene” Therein is used
interchangeably with “polynucleotide”, “nucleic acid” or
“nucleic acid molecule”. The “polynucleotide” refers to a
polymer of nucleotides. Thus, the term “gene” herein
includes mnot only double-stranded DNA but also
single-stranded DNAs (e.g., a sense strand and an
antisense strand constituting the double-stranded DNA)
and RNA (e.g., mRNA). The antisense strand may be used
as a probe or an antisense drug. The term “DNA”

includes e.g., (i) cDNA obtained by cloning, a chemical

synthesis technique, or a combination thereof and (i1} a
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which genomic DNA is a form contained in animal genomes.
Alternatively, the "DNA" may be cDNA obtained 5 from mRNA by using
reverse transcriptase or polymerase, i.e., "transcriptional” DNA including
no noncoding sequence (e.g., intron}ZFurther, the gene of the present
invention may be one having not only a sequence encoding the amino

gacid deiseribel Soncehnivig tie abbve LB or (BRBUt alk® afseEEmRIBAC”
an untranslated region (UTR) and/or a vector sequence (including an
DéXpressionl wedtoigsequenten Fodhargthes mRNADE the CDMA mayrtronj,
include, at an end and/or the inside of its translated region; a desired
woolyriucleptide such adaldguiatorg 15 sequence orta polyadenylic atigm al
sequence. Furthermore, in a case where the protein of the present
girmertiorscan lbe enedded by, atplardiydAdleles ythe tem® Ndcleib tadinre d
encompasses all of the alleles, their transcripts, and cDNA. Note that the
f term "nuBl&id abist" herairg20 dnctudes arpolysaclgotide including desireda se,
simple nucleotides and/or modified nucleotides, examples of which
i encompass cBNA]| riRNA2 tétal R andrimRNI.NEhe term "modifisdding
nucleotides" encompasses: phosphate esters such as inosine,
sacptyaytidings ngethyloytidime, 28 methydadenbsine, cand métmjilguamosiaen t
and nucleotides -23- that can be acquired by an effect of ultraviolet rays or
inkemicabsubstanges.be one having not only a sequence
encoding the amino acid described concerning the above
(a) or (b) but also a sequence of an untranslated region
(UTR) land/or a vector sequence {including an expression
vector sequence). Further, the mRNA or the ¢cDNA may
include, at an end and/or the inside of its translated
region, a desired polynucleotide such as a regulatory
sequence or a polyadenylic acid sequence. Furthermore,
in a case where the protein of the present invention can
be encoded by a plurality of alleles, the term “nucleic
acid” encompasses all of the alleles, their transcripts,
and cDNA. Note that the term “nucleic acid” herein
includes a polynucleotide including desired simple
nucleotides and/or modified nucleotides, examples of
which encompass ¢DNA, mRNA, total RNA, and hnRNA.
The term “modified nucleotides” encompasses: phosphate

esters such as inosine, acetylcytidine, methylcytidine,

methyladenosine, and methylguanosine; and nucleotides
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The term "nucleotide sequence” is used interchangeably with "nucleic
acid sequence", and is 5 presented as a sequence of
deoxyribonucleotides (each abbreviated as A, G, C, or T). Further, a
polynucleotide or a "nucleotide sequérce" of a polynucleotide is intended
to mean (i) a sequence of deoxyribonucleotides for a DNA molecule or a
tipalynualsotile anediidia ad sbguenice of ohueleoddesaRi @ at, Ay ) oT
(each thymidine (T), which is a deoxynucleotide, in the deoxynucleotide
c beguéned spedifidavarein-is replaced with uridine (U), which is a
ribonucleotide) for an RNA molecule or a polynucleotide. 15 For example,
an RNAImolecule taving the sedaenid eshowdtdt BEQUDNO: 2%r 4, used
which is represented by abbreviations for deoxyribonucleotides, is
Liirttendéchto gmedri an RNRImdlecud having & sequenae frwifich and is
deoxynucleotides A, G, and C shown in SEQ ID NO: 2 or 20 4 are
psatsstituted witls their sogesponding fribbpactactides i Glemtidand(cach
deoxynucleotide T shown in SEQ ID NO: 2 or 4 is substituted with
afifoneclectivé W& Fukthet; a polynucl@otidE having the angeidotideicleotide
sequence shown in SEQ ID NO: 2 or 4 or a 25 fragment of the
opolyaucléntidelisdnteheled 46 meam ac24- pélynacleptivly mavinpatide  is
sequence represented by deoxynucleotides A, G, C and/or T shown in
iSEQIMDNOto mean (i) a sequence of deoxvribonucleotides

for a DNA molecule or a polynucleotide and (ii) a
sequence of ribonucleotides (A, G, C, and U} (each
thymidine (T), which 1is a decxynucleotide, in the
deoxynucleotide sequence specified herein is replaced
with wuridine (U), which is a ribonucleotide) for an RNA
molecule or a polynucleotide.

For example, an RNA molecule having the sequence
shown in SEQ ID NO: 2 or 4, which is represented by
abbreviations for deoxyribonucleotides, is intended to
mean an RNA molecule having a sequence in which
deoxynucleotides A, G, and C shown in SEQ ID NO: 2 or
4 are substituted with their corresponding
ribonucleotides A, G, and C and deoxynucleotide T
shown in SEQ ID NO: 2 or 4 1is substituted with
ribonucleotide U. Further, a polynuclieotide having the‘
nucleotide sequence shown in SEQ ID NG: 2 or 4 or a

fragment of the polynucleotide is intended to mean a
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2 or 4 or a fragment of the polynucleotide. A fragment (partial sequence)
of the gene of the 5 present invention may be used as a primer for
polymerase chain reaction (PCR) or as a hybridization probe. The
fragment (polynucleotide) is availabtedfi specific PCR amplification of a
homologue or an orthologue of the gene of the present invention, and is
pobvarechemaiicas A1RPHEZatich proeWich SpeciiBARE RFBtdizts PY
with a homologue or an orthologue of the gene of the present invention.
dgRavia wcagnéietssietenfBodim@i I fragme oo thelgemelofind’ NO:
present invention is useful for diagnosis (i) as a primer for 15 amplification
20pa thrget seduenia parformetisy melns BIcpeikerase chain reaction
(PCR) or (ii) as a probe according to a conventional DNA hybridization
techniduel Fugiies iothdiPsxarplesTe ALLRIbE the PAgriBSt GESIDANE fehB €
of the present invention encompass: in situ hybridization (e.g., FISH) with
praspectito d mitotict ishfomaaériie spread yashictfif sité hyBYidigaibn afor
correct chromosome site is shown (described in Verma et al., Human
pohromosemes:cManual o8 BasicTedhkifles? 25 Pergambiy Présd 29dno n
York (1988)); and northern blotting -25- analysis for detection of mRNA of
pthetpresefitinvertion mxprassde mlsseredin tissde) is available in
specific PCR amplification of a homologue or an
orthologue of the gene of the present invention, and is
also available as a hybridization probe which specifically
hybridizes with a homologue or an orthologue of the
gene of the present invention. That is, in a preferable
embodiment, the fragment of the gene of the present
invention is useful for diagnosis (i} as a primer for
amplification of a target sequence performed by means of
polymerase chain reaction (PCR} or (ii) as a probe
according to a conventional DNA  hybridization
technigue.

Further, other examples for use of the fragment of
the gene of the present invention encompass: in situ
hybridization (e.g., FISH) with respect to a mitotic
chromosome spread, by which in situ hybridization a
correct chromosome site is shown {described in Verma et

al., Human Chromosomes: & Manua! of Basic Techniques,

Pergamon Press, New York (1988)}); and northern blotting
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Examples of the gene of the present invention encompass, but are not
limited to: a polynucleotide by 5 itself encoding an amino acid sequence
of a maturation protein; a coding sequence of a maturation protein and its
further sequence (e.g., a sequence eRcoding a leader sequence) (e.g., a
preprotein sequence, a proprotein sequence or a preproprotein _

a sejuehice) { mrfrdﬂm@éel@tﬁ@ﬁ-c@éin@@%@qu@ﬁcékaﬁd%rﬁo?ﬁéﬁdiﬁggentlon
sequence (e.g., a transcription untranslated region working in

CRTSCiIpHOn BhdAmRINAGBCcéssiRY tincluding splicing and a
polyadenylated signal)); and a further coding sequence encoding another
amino Beid providihg furtheh a5 gmatonality. tiherefors, S6mdxaiple ation
sequence encoding a protein may be fused to a marker sequence (e.g., a

e seruishiee eAcoditig aPpeptiteowhidifatitatés purifipatiornot afesédde by
protein). In a preferable 20 embodiment of the present invention, a marker

i tepaib caeicdoséugnea maytbiena hexa-Ristidinelpeptidecduch aad tigption
provided in pQE vector (Qiagen, Inc.). As described in "Gentz et al., Proc.

pNatl eAvad 2Seiod SAB63 8211824c ¢1989)4, thediexahistidinepeptiigisand
useful in purifying 25 a fusion protein in a simple manner. Alternatively, a

1t26{ pultlicty and/opcommmercially availalslg warkee amineo déid Sequénegicr
of many kinds can be used. For example,

sequence) {e.g., a preprotein sequence, a proprotein

sequence or a preproprotein sequence); intron, a
non-coding 3’ sequence and a non-coding 3’ seguence
(e.g., a transcription untranslated region working in
transcription and mRNA processing (including splicing
and a polyadenylated signal)); and a further coding
sequence encoding another amino acid providing further
functionality.

Therefore, for example, a sequence encoding a
protein may be fused to a marker sequence (e.g., a
sequence encoding a peptide which facilitates
purification of a fused protein}). In a preferable
embodiment of the present invention, a marker amino
acid sequence may be a hexa-histidine peptide, such as
a tag provided in pQE vector (Qiagen, Inc.). As described
in “Gentz et al., Proc. Natl. Acad. Sci. USA 86: 821-824
(1989})”, the hexa-histidine peptide is useful in purifying

a fusion protein in a simple manner. Alternatively, a
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as described in "Wilson et al., Cell 37: 767 (1984)", an "HA" tag is another
peptide useful in purification, which 5 HA tag corresponds to an epitope
derived from an influenza hemagglutini (HA) protein. Further
alternatively, a fusion protein made by?z@ausing the Fc to be fused with the
N-terminal or the C-terminal of the protein of the present invention would
PHOUEHN for T /pRiFifiCABER FERASH e fesehiai/éntic BREGHpASERE ©
a mutant of the gene of the present invention. The mutant _can naturally
2 6EEurSRAMEIES S RAtUFARAIEIHuthRt ToBs. Thettdidle ilRdne T2 mple,
intended to mean one of 15 some interchangeable forms of a gene
agcelp§inhi® aiedsterMiéagens focts ontatdiromosoffeof@n® 8417, an
organism. Further, a non-naturally-occurring mutant may be produced by
“Hdg bag, Bsmuragéhesis Behbigle RAGHH In the BMIEKEAIERTBf Stidh ch
the mutant 20 encompass a mutant produced by a substitution, deletion,
Hoh addition 6Pane 8Pseveral ntielectitles £as! deREribeFabBEE! THEO™  an
substitution, deletion, or addition may occur at one or more nucleotides.
iR motaat mayhinsn/is Shutbtivh occued in a cddivtffdgion, a 2Burther
non-coding region or both of them. Mutation in a coding -27- region ma
adhose a torskrvativé s MoRcoTse eativansuBstithiion aldietiog, she Fc to
addition of an amino acid.
be fused with the N-terminal or the C-terminal of the

protein of the present invention would be useful for
purification.

Further, the present.invention encompasses a
mutant of the gene of the present invention. The mutant
can naturally occur as well as a natural allele mutant
does. The “alleie mutant” is intended to mean one of
some interchangeable forms of a gene occupying a
predetermined gene locus on a chromosome of an
organism. Further, a non-naturally-occurring mutant
may be produced by using e.g., a mutagenesis technique
known 1in the art. Examples of such the mutant
encompass a mutant produced by a substitution,
deletion, or addition of one or several nucleotides, as
described above. The substitution, deleticn, or addition
may occur at one or more nucleotides. The mutant may
include mutation occurred in a coding region, a

non-coding region or both of them. Mutation in a coding



o

10

20

In addition to the maturation protein, examples of a preferable protein of

the present invention encompass: 5 an extracellular domain, a

transmembrane domain, an intracellular domain, and a protein which

lacks the whole of or part of a transmiémbrane domain but includes

extracellular and intracellular domains. The term "protein" herein is _
rigerchangeably 9$8d with 20 "peSEgtitRt BF Cpeplidet FORRSE Shevative

present invention provides a polypeptide with a substitution, addition,

s arfelfdn deletion ofdorie b savefd] amifd Helds of & protemidrtctettby the
nucleotide sequence shown in SEQ ID NO: 2. A conservative or
noncoriseraatidétis substittiion, relétiors draiordditomoef sramindes of
acid(s) is/are preferable, and a silent substitution, addition, and/or

adgletidn thdréof fsrareqiartiod driye preferable L These doinot changem pass:
characteristics and activity of the protein of the present invention or part

aof 20:the protélm laterdrsrofthis, peintf panisuiady prefergblsiome dsa, an
conservative substitution. Further, the protein of the present invention may

i bé mmt ohlyittrerone dsulatied, fronmhtusal sourdes but valsocthe deecks  the
chemically synthesized or obtained by 25 recombination. That is, the

vpnatéin ofthe present28- infention raynzasolatbd and pudfieth from  but
e.g., cells or tissues. Alternatively, the protein of the present

includes extracellular and intracellular domains. The

term “protein” herein is interchangeably used with
“polypeptide” or “peptide”. Further, the present
invention provides a polypeptide with a substitution,
addition, and/or deletion of one or several amino acids
of a protein encoded by the nucieotide segquence shown
in SEQ ID NO: 2. A conservative or nonconservative
substitution, deletion, and/or addition of an amino
acid(s) is/are preferable, and a silent substitution,
addition, and/or deletion thereof is/are particularly
preferable. These do not change characteristics and
activity of the protein of the present invention or part of
the protein. In terms of this point, particularly
preferable one is a conservative substitution.

Further, the protein of the present invention may
be not only the one isolated from natural sources but
also the one chemically synthesized or obtained by

recombination. That 1is, the protein of the present
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invention may be expressed intracellularly by being encoded by a gene
that has been transferred into the 5 host cell. Further, the protein of the
present invention may include an additional polypeptide. The present
invention relates to a polypeptide havdfig-an amino acid sequence of an
epitope-bearing part of the protein described herein. The polypeptide 10

ihaving theramiag aeid sequenceslofthel epitope-tsedrirty pare of thequrbtsirp r
of the present invention only needs to include part of a polypeptide which

t pastinciudesidtt ¢ease 6] 7e By 9 ortilcamino @atitis: In additidi suctpthesent
polypeptide may also be an epitope-bearing-part 15 polypeptide having a

i tengthtiaptionaily get)begual xpoe sherter thahra leagth bf alyventirg arhinon g
acid sequence of (i) a protein encoded by the nucleotide sequence

eshowd dénl SEQ IR NE: 2 or dhox (i) lmgsotbiadaving ahes Baminedacidh to  the
sequence shown in SEQ ID NO: 1. 20 In other words, the present

hiovantioalprodestare pitdpe-beacing jpeptide O thepprotetmaf thevention
present invention. As described in the later-described Example, the

rpeoteimafithel present thdention islimpmiunogenicd & herefore, it is possible
to identify, in the protein of the 25 present invention, an epitope part
inducirflan antibedy r29- iesponsepaccardigtiosa method kmpowy indbeide
art. For example, Geysen, H. M. et al., Proc. Natl. Acad. Sci. USA

having an amino acid sequence of an epitope-bearing

part of the protein described herein. The polypeptide
having the amino acid sequence of the epitope-bearing
part of the protein of the present invention only needs to
include part of a polypeptide which part includes at
least 6, 7, 8, 6 or 10 amino acids. In addition, such the
polypeptide may also be an epitope—bearing-par{
polypeptide having a length (optionally set) egual to or
shorter than a length of an entire amino acid seguence
of (i) a protein encoded by the nucleotide sequence
shown in SEQ 1D NO: 2 or 4 or {ii) a protein having the
amino acid sequence shown in SEQ ID NO: 1.

In other words, the present invention provides an
epitope-bearing peptide of the protein of the present
invention. As described in the later-described Example,
the protein of the present invention is immunogenic.
Therefore, it is possible to identify, in the protein of the

present invention, an epitope part inducing an antibody
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81: 3998-4002 (1984) discloses a procedure of a rapid concurrent
synthesis on solid supports of hundreds of 5 peptides having sufficient
purity to react in an enzyme-linked immunosorbent assay. Interaction of
synthesized peptides with antibodies #%hen easily detected without
removing them from the supports. In this manner, a peptide bearing an
r {fpancgeni@esiope iT02of @ desired:ploteth mayetiddatified odtinely For
by a person skilled in the art. For example, an immunologically important
capitopel i, aGeatggoteifiof Nbotedndmodth disedse Virudwastlocatdd By S A
Geysen et al. with the resolution of seven amino-acids by the 15
BIynthesisBf 4R Overiabping sed of all 288 possitite dexdpeptides coveringid
an entire 213 amino acid sequence of a protein. Then, a complete
creplavementtset yoi Peptides mrwhichl &l 26 amino wicidsowelewsnisstinged of
in turn at every position within the epitope was 20 synthesized, and
prarticdlasamine acios confeffing spécifigity fota reactionwithcdn in an
antibody were determined. Thus, a peptide analog of the epitope-bearing
epeptidecofl ihelqprdsentinvention canbenmade raaipely Bythis aethod.  of
U.S. Patent No. 25 4,708,781, Geysen (1987) describes further details of
$380+ thissmetilod py whichea peptidén beanng b inmsinogenic hepitope afal v
desired protein is identified.
detected without removing them from the supports. In

this manner, a peptide bearing an immunogenic epitope
of a desired protein may be identified routinely by a
person skilled in the art. For example, an
immunologically important epitope in a coat protein of
foot-and-mouth disease virus was located by Geysen et
al. with the resolution of seven amino acids by the
synthesis of an overlapping set of all 208 possible
hexapeptides covering an entire 213 amino acid
seqguence of a protein. Then, a complete replacement set
of peptides in which all 20 amino acids were substituted
in turn at every position within the epitope was
synthesized, and particular amino acids conferring
specificity for a reaction with an antibody were
determined. Thus, a peptide analog of the
epitope-bearing peptide of the present invention can be
made routinely by this method. U.S. Patent No.

4,708,781, Geysen (1987} describes further details of
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The "immunogenic epitope" is defined as part of a protein which part
induces an antibody response, in a 5 case where the whole of the protein
is an immunogen. The immunogenic epitopes are considered to be limited
to two or more regions on a molecute3®n the other hand, a site of a
protein molecule to which site an antibody can bind is defined as .

thaptigeaichepiope”. GEisAI iR 40 B fotdif aRehinider ghmunogenic
immunogenic epitopes is less than that of antigenic epitopes. For

e pxaniple, e@ GySeRt H.IModear, Procdatlt iAead. Sci. USA 81:
3998-4002 (1984). An antigenic epitope-bearing peptide of the present
15 invariien ismsafultierdeductionfoftaribodies iAeltid agtortefona{ 2
antibody which specifically binds to the protein of the present invention.

pThérsforewmaostof rbtidonds ebtainet by fusiGroshspleenitelisstakent a
from a donor immunized with the antigenic epitope-bearing 20 peptide

c secretehantiboties gederdlly reactibe with oristimal proteins iThgrunogen.
antibodies induced by the antigenic epitope-bearing peptide are useful to

Tetedctrmimickegproteirsp ahadantibedies agaisiifferentl peptivlel maye d
be used for tracking the fate of various 25 regions of a protein precursor

tvHishounde nge 34 - pogstemasiatioralprobessing.- Apeptie apndlaar hand,
anti-peptide antibody may be used in a variety of

a site of a protein molecule to which site an antibody

can bind is defined as “antigenic epitope”. Generally, in
a protein, the number of immunogenic epitopes is less
than that of antigenic epitopes. For example, see Ge‘ysen,
H. M. et al., Proc. Natl. Acad. Sci. USA 81: 3998-4002
(1984).

An antigenic epitope-bearing peptide of the present
invention is useful for induction of antibodies including
a monoclonal antibody which specifically binds to the
protein of the present invention. Therefore, most of
hybridomas obtained by fusion of spleen cells taken from
a donor immunized with the antigenic epitope-bearing
peptide secretes antibodies generally reactive with
natural proteins. The antibodies induced by the
antigenic epitope-bearing peptide are useful to detect
mimicked proteins, and antibodies against different
peptides may be used for tracking the fate of various

regions of a protein precursor which undergo
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qualitative or quantitative assays for the mimicked proteins (e.g., in
competition assays), since it has been 5 shown that, in
immunoprecipitation assays, even short peptides (e.g., approximately 9
amino acids) can bind and substitutedénger peptides. For example, see
Wilson, 1. A. etal., Cell 37: 767-778 (1984) 777. An anti-protein antibody

p ofsthel pregeheibventidn is REDYBERITGE-10 plirificatoR Uitke midicked &1
proteins (e.g., by adsorption chromatography using a method known in

athtl 478 PThd antigericeptiope-Bearingpe ptide 6fkthel pregentiavdstion of
designed according to the above 15 guideline preferably includes a

qseglidnde Of at (east geven titere preferabiadf it 16ast nife emogtimicked
preferably between approximately 15 to approximately 30 amino acids

pineludetsin (thezamiht aciisargierice Bf the padtsih oftheprédsedtas been
invention. However, a peptide or a 20 polypeptide including a larger

s partion of teetamiino agidnsequencediitheagrotein efsthe peeseart fivestoar t
containing approximately 30 to approximately 50 amino acids, or any

plepgtiias tol ang incladimg thei entires lamifio &cid sequenceddf the proteini nd
of the present 25 invention, also are considered the epitope-bearing -32-

apeptide bisthie preseniinyentipre, tdlglso dfe usefud forpidusing Wilson,
antibodies that react with a mimicked protein.

I. A. et al., Cell 37: 767-778 {1984) 777. An anti-protein

antibody of the present invention is also wuseful for
purification of the mimicked ©proteins {e.g., Dby
adsorption chromatography using‘a method known in the
art).

The antigenic epitope-bearing peptide of the
present invention designed according to the above
guideline preferably includes a sequence of at least
seven, more preferably of at least nine, most preferably
between approximately 135 to approximately 30 amino
acids included in the amino acid seguence of the protein
of the present invention. However, a peptide or a
polypeptide including a larger portion of the amino acid
sequence of the protein of the present invention,
containing approximately 30 to approximately 50 amino
acids, or any length up te and including the entire
amino acid sequence of the protein of the present

invention, also are considered the epitope-bearing
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Preferably, an amino acid sequence of the epitope-bearing peptide is
selected so that it can provide 5 a substantial solubility in an aqueous
solvent (i.e., the selected sequence contains a relatively hydrophilic
residue, and a highly-hydrophobic sed#ence is preferably avoided); and a
sequence containing a proline residue is particularly preferable. 10 The
pepittoskebearinl peptigs ofthel presanti fiventisiimay e produbadhit! for
desired, conventional recombinant protein producing means which uses
imbugeneofithé ifreskiftsnvdrgionr Eocéxample, & shivrmepitopeé-eagihgin -
amino acid sequence may be fused with 15 a larger polypeptide which
Pactbeasd tarrier, duting proaduetion arfipgrificatishcot amecombireint anth e
immunization for producing an anti-protein antibody. The epitope-bearing
e peptidecmiay alsolge pymitedizedsby alsing ackrnowrt nethot fora chemitial ¢
synthesis. 20 Further, the present invention may encompass a protein to
abe expséssetmto suhichiplotain B appregriatecsesretorlvsignial Has bedd e
incorporated, for secretion of a translated protein to the inside of a lumen
seflan endoplasmic secticulunt tot theninside of acd® peviplasm kpateo pritotic
an extracellular environment. The -33- secretion signal may be
resddgenpus withdrespect to lai gblypeptidks opmayohe a heterpgenous 18

psrlgerflglllably avoided); and a sequence containing a proline
residue is particularly preferable.

The epitope-bearing peptide of the present
invention may be produced by desired, conventional
recombinant protein producing means which uses the
gene of the present invention. For example, a short
epitope-bearing amino acid sequence may be fused with
a larger polyvpeptide which acts as a carrier, during
production and purification of a recombinant and
immunization for producing an anti-protein antibody.
The epitope-bearing peptide may also be synthesized by
using a known method for a chemical synthesis.

Further, the present invention may eéncompass a
protein to be expressed into which ©protein an
appropriate secretory signal has been incorporated, for
secretion of a translated protein to the inside of a lumen

of an endoplasmic recticulum, to the inside of a

periplasm space, or to an extracellular environment. The
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Therefore, the protein of the present invention can be expressed in a
modified form such as a fusion protein, 5 and may include not only the
secretion signal but also an additional heterogenous functional region. For
example, an additional amino acid, patticularly, a region of an electrically
charged amino acid can be added to the N-terminal of a protein for
s eproviermensig sadiligpand foedwasiRngmtisefostediR digiggpect to a
purification or subsequent manipulation and storage. Further, a peptide
ppditibe bahdse, selted fova Peotairfot faIRAthg Wurfidaién.- Such a
region can be removed before a final preparation of the protein. In
particula, cadeitions: of Bhxs pestidel poribri foea protsis for tHepinddseiot an
causing secretion or excretion, improving stability, and facilitating
bpurfications Boweli knswnmindhéiad, 4ad 18 5 teehnigGedolitiralgn protein,
performed. A preferable fusion protein includes a 20 heterogeneous
anediomdeyived flondimmurfogioblulin t whichdretarbyehesus feglorbigit also
useful for making a protein soluble. For example, EP A 0 464 533
a(Canadiati t¢oumdrpatt applicaion 2045860 disdlosesifusiore gteteins For
including various portions of constant regions 25 of immunoglobulin
emalecples tegethet diith anether 1340 humardpratein orepatethisfeot. Iegion
many cases, employing the Fc region of a fusion protein is sufficiently
of an electrically charged amino acid can be added to the

N-terminal of a protein for improvement in stability and
durability in the host cells during purification or
subsequent manipulation and storage. Further, a
peptide portion can be added to a protein for facilitating
purification. Such a region can be removed before a final
preparation of the protein. In particular, addition of a
peptide portion to a protein for the purpose of causing
secretion or excretion, improving  stability, and
facilitating purification is well known in the art, and is a
technique routinely performed.

A preferable fusion protein includes a
heterogeneous region derived from immunoglobulin
which heterogeneous region is wuseful for making a
protein soluble., For example, EP A 0 464 533 (Canadian
counterpart application 2045869} discloses fusion
proteins including various portions of constant regions

of immunoglobulin molecules together with another
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advantageous for use in therapy and diagnosis, thereby resulting in, for
example, improved pharmacokinetic 5 properties (EP A 0232 262). On the
other hand, for some uses, it is desirable that the Fc part is deleted after
the fusion protein has been expressed4detected, and purified in an
advantageous manner described. This is a case where the Fe portion

hprones ot a dind@ndeas 10 bse wathefapyranddiagacsis(e gininl@ying
case where the fusion protein is to be used as an antigen for

t immurizationsgimrdrug $creeninty: foroaxamipke; heian protesiducheastly
hIL-5 have been fused with Fc portions for use in a high-throughput

astyveenireassay td identifyel 5 an Bhtagenist of il -5l isemD.sBennétitere by
al., Journal of Molecular Recognition Vol. 8: 52-58 (1995), and K.

rdchalisonget ah,, ThEctourmabohBiblogicarGhemistdy Vplh 270 Nookdnetic
pages 9459-9471 (1995). (1-2) Functions 20 The following describes

pdetailedtiurctidn® of the2 pratérbofithe presdnt imventionhtaking for some
above-described protein SITH-1 as an example. As shown in the

dates-described Exanaiié can hSTHA gelie was expressedatadl tinfésin the
the cytoplasm 25 of cells latently infected with HHV-6, but not in -35-

f preduntivetyriotected célissThéogene encrging sivee gprotetheSA¢Edds and
encoded by DNA which forms a

purified in an advantageous manner described. This is a

case where the Fc poriion proves to be a hindrance to
use in therapy and diagnosis {(e.g., in a case where the
fusion protein 1is to be wused as an antigen for
immunizations). In drug screening, for example, human
proteins such as hIL-5 have been fused with Fc portions
for use in a high-throughput screening assay to identify
an antagonist of hlL-5. See D. Bennett et al., Journal of
Molecular Recognition Vol. 8: 52-58 (1995), and K.
Johanson et al., The Journal of Biological Chemistry Vol.
270, No. 16, pages 9459-9471 (1995).

(1-2) Functions

The following describes detailed functions of the
protein of the present invention, taking above-described
protein SITH-1 as an exampie.

As shown 1in the later-described Example, an
SITH-1 gene was expressed at all times in the cytoplasm

of cells latently infected with HHV-6, but not in
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complementary strand to the previously reported HHV-6 latent infection
specific gene (H6LT), and expression of 5 the gene is enhanced at the
intermediate stage of latent infection with HHV-6. From these facts, the
protein SITH-1 is considered to be a Protein that is expressed specifically
during latent infection with HHV-6. Further, the protein SITH-1 10 has
pbeshfotdadibe eebely differeftfibim thd heretiorecidesfifiet prétsinsthe
that are involved in latent infection with HHV-6. Further, the present
pinvéntors prddedddd fimctional adalyisis B thelpblein SITH:I, add found 2
the 15 following fact: the protein SITH- 1 binds to CAML
¢ (el mensod biating SyctopHilindighhe, Avcession #yuIeM) i aAichid ¥ -6
host protein, so as to increase a calcium concentration in glial cells such
| ascastrooytes: [CAN LS aproteirnghatcocddre abundamly vithinrg Brsin oo f
and lymphocytes in a host's living body, and is known to increase a
t balciemcoricentraticmic edlls: tn Hddition| stheincrease in thgnt@telufgn t
calcium concentration due to the expression of the protein SITH-1 is
ixdasitdered wo ifdudélactivation of general signal transduction 25 within
the latently infected cell, thereby contributing to -36- efficient reactivation
of HH\E® 0By thé texm fgliat sellshas psed hereid®dfdmédants considered
to be a protein that is cxpressed specifically during
latent infection with HHV-6. Further, the protein SITH-1
has been found to be clearly different f{from the
heretofore-identified proteins that are involved in latent

infection with HHV-6.

Further, the present inventors proceeded
functional analysis of the protein SITH-1, and found the
following fact: the protein SITH-1 binds to CAML
(calcium-modulating cyclophilin ligand, Accession #;
U18242), which is a host protein, so as to increase a
calcium concentration in gilial cells such as astrocytes.
CAML is a protein that occurs abundantly within a brain
and lymphocytes in a host’s living body, and is known to
increase a calcium concentration in cells. In addition,
the increase in the intracellular calcium concentration
due to the expression of the protein SITH-1 is considered
to induce activation of general signal transduction

within the latently infected cell, thereby contributing to
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all kinds of glial cells including mature and precursor forms of glial cells in
a central nervous system, as 5 exemplified by astrocytes,
oligodendrocytes, microglias, and ependymal cells. Other types that may
be encompassed are satellite cells; Sthwann cells, and terminal
liocytes in a peripheral nervous system. HHV-6 is known to cause latent
¢ {Atedtiontof gl 119268 e Y, BtFdcyfes) in a brain. It is believed that the
calcium concentration in glial cells ﬁ-{.g., astrocytes) rises, if HHV-6 being
at a stije éfistehe ifectishion aAci %’r’mééia’eé%%{;é} ARFdAise fatdRe ant
infection state characterized by high activity, causes SITH- 1 to be 15
abkpkdssad. Al agdsal of filldings FdaeAIY Madedn tHe: nithfal féfdarsor
fields, an increase of the intracellular calcium concentration within brain
fests ss cohsigéied to- bl 8losaly relate@d FedodHisor@ats arfd/stheF:, as
mental disorders. 20 In fact, as shown in the Example, expressing the
e proein SITeH1 imaskrgliay telis (gl Lasthoeyias) Cliffed ol t6 e s,
symptoms similar to those of mood disorders, which are mental disorders,
aardl to fiersade menkitivitg 1 This stfdhly sugdesescthe pbbsibility han25 be
HHV-6 latently infecting glial cells (e.g., astrocytes) can -37- trigger a
emental disorderviathe protdinl$iTH-1cEltherntordy MRS cart infect riop d
only astrocytes
terminal gliocytes in a peripheral nervous system.

HHV-6 is known to cause latent infection of glial
cells (e.g., astrocytes) in a brain. It is believed that the
calcium concentration in glial cells {e.g., astrocytes)
rises, if HHV-6 being at a stage of latent infection or an
intermediate stage, which 1s a latent infettion state
characterized by high activity, causes SITH-1 to be
expressed. As a result of findings recently made in the
mental science fields, an increase of the intracellular
calcium concentration within brain cells is considered to
be closely related to mood disorders and other mental
disorders.

In fact, as shown in the Example, expressing the
protein SITH-1 in mouse glial cells (e.g., astrocytes)
turned out to induce symptoms similar to those of mood
disorders, which are mental disorders, and to increase
sensitivity. This strongly suggests the possibility that

HHV-6 latently infecting glial cells (e.g., astrocytes) can
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but also other types of glial cells such as microglia. Therefore, mental
disorders such as depression and 5 manic-depressive illness may be
caused by other types of glial cells in addition to astrocytes. The above
findings show that the protein of the- grésent invention has ability to retain
activity for binding to CAML, which is a host protein, and for 10 increasing
tthegntraeelivlandativhsondéntratont it chaxrals6 beenlfbliithat a
mental disorder can be induced by causing the protein of the present
inventiBm tolberaxpressedliH Ylidh celisyelg.{ astompéspwhsramerocytes
strongest expression of this protein is likely to occur. 15 Thus, the protein
boftthe psesenttihventionisconsidegddato lea/d abiktyi (dicadise armentaglia.
disorder in the host by being expressed during latent infection with the
Therpesovieus omatmhadarlyl stagedsfits resiotivation s(1-@emethosisder and
Obtaining Gene and Protein 20 Methods for obtaining (or producing) the
nyene andethegsteir oflthrecpresent inveatior areavdt Byecifibally timited. of
The following describes typical examples of the methods. <Method for
gObthinint Proteinxl 23 tAs desoribed abovd ghe method for obtaining the
-38- protein of the present invention (or the method for producing the
protein) issobherticulaidy iimiters show that the protein of the
present invention has ability to retain activity for
binding to CAML, which is a host protein, and for
increasing the intracellular calcium concentration. It
has also been found that a mental disorder can be
induced by causing the protein of the present invention
to be expressed in glial cells (e.g., astrocytes) where the
strongest expression of this protein is likely to occur.
Thus, the protein of the present invention is considered
to have ability to cause a mental disorder in the host by
being expressed during latent infection with the herpes
virus or at an early stage of its reactivation.
(1-3) Methods for Obtaining Gene and Protein
Methods for obtaining {or producing) the gene and
the protein of the present invention are not specifically
limited. The following describes typical examples of the
methods.

<Method for Obtaining Protein>

As described above, the method for obtaining the
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Examples of the method encompass a method for simple purification from
biological samples (e.g., cells, tissues, 5 or an individual organism)
containing the protein of the present invention. Also, the method for
purification is not particularly limited, 3%d may be performed in such a
manner that an extract solution is extracted from cells or tissues by a
pkedwhrmetHod thred thpe esteart solnfichntio dsthetppurifibd byrakhdwd for
method (e.g., a method using a column). For example, the protein of the
ppedent i ingentidrecarpbepaiified arfd isolated yasdrforatiagla highmited.
performance liquid chromatography (HPLC) with respect to a crude
Eprateip frastiod extractad rbmdetls dSomntissses: FurtHdrosthépr simple
examples for the method for obtaining the protein of the present invention
pencdinpasso a nethod dsingoeggs @l gerengdombifation techiliguet Insthiss,
case, for example, the following method can be 20 adopted: The gene of
otheapresent inventiah is rigeorpsrated imtote. gy, iangedtbre thervgatonisatherh e
transferred into a host cell by a known method so as to be capable of
poeing expraessechthierein, dddcthe proteimetstaindd by trapslatibnowithinn  1s
the cell is purified. 25 Specific methods for transfer of the gene -39-
n(transformatiohd,ithe éxpressibn afthe gere, bed therlike witldben such a

described later.

manner that an extract solution is extracted from cells
or tissues by a known method, and the extract solution
is then purified by a known method f{(e.g., a method
using a column). For example, the protein of the present
invention can be purified and isolated by performing a
high performance liguid chromatography (HPLC) with
respect to a crude protein fraction extracted from cells
or tissues.

Further, other examples for the method for
obtaining the protein of the present invention encompass
a method using e¢.g., a gene recombination technigue. In
this case, for example, the following method can be
adopted: The gene of the present invention is
incorporated into e.g., a vector, the vector is then
transferred into a host cell by a known method so as to
be capable of being expressed therein, and the protein
obtained by translation within the cell is purified.

Specific methods for transfer of the gene
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Note that, for transfer of a foreign gene into a host as above, a vector and
a host may be selected depending 5 on its purpose, since there are
various kinds of hosts and expression vectors including a promoter which
functions in the host for expression offhe foreign gene. The method for
purifying a produced protein differs depending on the host used and/or_
(the RRAPICIEASHIES 0F 10 ReIFOERT Mot LRE ¥ aitsy MBs Htbrdek®
protein to be purified in a relatively easy manner, for example. A method

widtl phsd Gk the>@btdbtisibtein is also not limited to any specific one. A
known mutant protein producing method can be used, for example, 15
site-difSetd iutiged8sis AR RIREIRE GtohO BRHENLRE 107 11075 (298)s t
and others), a method for producing a mutant protein by introducing point

afREtORIAtE a¥ AEARELASISEJUERES thidgh thE PERGEKSIgGE BERAINE
method for producing a mutant line by insertion of 20 transposon. By

o tisingany of hese methbds: itih PossBIEto PredadeIhe bitflht PlotBif Sts
by causing, in a nucleotide sequence of cDNA encoding the protein (a), a

amdtation Bf SHbBHULBR CelEton | MSEHIBhNEhd/8r AABRBRJRGhe B1ich
several nucleotide. Further, the 25 mutant protein may be produced by

fusing @8- tonirhéerctatysavhilabirr THE hesthed féhabthinisgghe gene.
protein of the
The method for purifying a produced protein differs

depending on the host used and/or the characteristics of
the protein. However, use of a tag allows a target protein
to be purified in a relatively easy manmner, for example.

A method for producing the mutant protein is also
not limited to any specific one. A known mutant protein
producing method can be used, for example,
site-directed mutagenesis (Hashimoto-Gotoh, Gene 132,
271-275 (1995), and others), a method for producing a
mutant protein by introducing point mutation into a
nucleotide sequence through the PCR technique, or a
method for producing a mutant line by Iinsertion of
transposon. By using any of these methods, it 1s
possible to produce the mutant protein by causing, in a
nucleotide sequence of ¢cDNA encoding the protein (a), a
mutation of a substitution, deletion, insertion, and/or
addition of one or several nucleotide., Further, the

mutant protein may be produced by using a
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present invention is not limited to the above ones. Alternatively, for
example, a chemical synthesis using 5 e.g., a commercially-available
peptide synthesizer may be used. Further alternatively, for example, a
cell-free protein synthesis solution mé¥ be used for synthesizing the
peptide of the present invention from the gene of the present invention.

c oomletid ioy ObtainiigldenkstAs described above, the method for
obtaining the gene of the present invention (or the method for producing
the gefid) ¢s alsrenbtpdrticiiarly hirpited ramoz mayhise, foredample, af  the
method using a differential 15 screening (subtraction cloning). This

pmethod imayye performeidin such al manbeethadl acebreling toa Rno@Res .
technique, direct hybridization is repeatedly performed in a test tube so

Ads ¢o soriderde tarfiet cONA (thelgene.ofc the present inyention)s 20 Eaghig
step in the differential screening may be performed under conditions

ecgnyentionaliy appliedaAky fereadlone lsbtaingeltad a result i teszer may
restriction enzyme map may be created, and a nucleotide sequence

blsequeadingF may e detdriminad, tfor mpre detailed 25mapbdysisofthél -iree
clone. This analysis makes it possible to -41- easily confirm whether or not

pa DiINA fragnenhiasliusling the sequenee ofthe genelof the presdite sizing
invention is

the peptide of the present invention from the gene of the
present invention.

<Method for Obtaining Gene>

As described above, the method for obtaining the
gene of the present invention {or the method for
producing the gene) is also not particularly limited, and
may be, for example, a method using a differential
screening (subtraction cloning). This method may be
performed in such a manner that, according to a known
technique, direct hybridization is repeatedly performed
in a test tube so as to condense target ¢cDNA (the gene of
the present inventionj.

Each step in the differential screening may be
performed under conditions conventionally applied. As
for a clone obtained as a result of this, a restriction
enzyme map may be created, and a nucleotide sequence
(sequencing) may be determined, for more detailed

analysis of the clone. This analysis makes it possible to
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obtained. Alternatively, the method for obtaining the gene of 5 the present
invention may be.a method for isolating and cloning, according to a
known method, a DNA fragment including the gene of the present
invention. For example, a probe which specifically hybridizes with part of
the sequence of the cDNA may be prepared, and screening of 10 a
egeridmic ONA tibrary bealeDNAlibrastnay B HefforredcTHe pisdarding
may have any sequence and/or length, as long as it specifically
t hybridizesiwiti:at ledst thert of etheeseqiieridecof thecsDINK of ftyention is -
complementary sequence. 15 Further alternatively, the method for
oaltaiminigthe gene of the present invention may be a method using
amplification means such as PCR. For example, primers are respectively
preparéd based bivthey5' ahd: 3mendd ofdafcDNAegusnoe(artits gene of
complementary sequence) of the 20 gene of the present invention, and
tthe prineersate used rtoiperfomaeg.gh PGRwitt b géndmic BNAgbing and
cDNA) as a template, so that a DNA region between the primers is
caoplifiegl, 1n this wayn BNLofragrientsimcludieg tedgerre DNKe gresgmbent
invention can be obtained in mass 25 quantity. -42- Still alternatively, a
i palynutieatidenkkadeg theodeqbengemay he symthesizedrby & @mowrample,
chemical

a probe which specifically hybridizes with part of the
sequence of the ¢DNA may be prepared, and screening of
a genomic DNA library or a cDNA library may be
performed. The probe may have any sequence and/or
length, as long as it specifically hybridizes with at least
part of the sequence of the ¢cDNA or its complementary
seguence.

Further alternatively, the method for obtaining the
gene of the present invention may be a method using
amplification means such as PCR. For example, primers
are respectively prepared based on the 5’ and 37 ends of
a ¢cDNA sequence {or its complementary sequence} of the
gene of the present invention, and the primers are used
to perform e.g., PCR with a genomic DNA {or cDNA) as a
template, so that a DNA region between the primers is
amplified. In this way, DNA fragments including the gene
of the present invention can be obtained 1n mass

quantity.
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synthesis, based on gene sequence information. (2) Antibody of the
Present Invention 5 The antibody of the present invention is obtained as a
polyclonal or monoclonal antibody by a known method using, as an
antigen, the protein of the present invention (e.g., the protein (a) or (b)) or
a partial peptide thereof. Examples of the known method include those 18
that ar@ﬁéi)criﬁé‘él%%%ﬁﬁ?elﬁfs sifth &0 Ao bl dandhagitess the
laboratory manual (Cold Spring Harbor Laboratory, New York (1988); and

S RFHSERI 6F al MIENKROhPRGUEA Faiftontato BLISA@BRoclbR4 M 1cal

Antibody Hybridomas and ELISA)", Kodansha (1991)). 15 The antibody
SHHu BRifedIABEBe AT dRfEHTY 8hd d5EayMGHE Brotein of the
present invention. For example, the epitope-bearing peptide of the
present3nvartibrPeetEriBédtin hE BHEFEI@ 1Y BEREP® induce an
antibody by a method known in the art. For 20 example, see: Chow, M. et
al., Prochitat medelo §¢i. OEA 182: 015:9¢4 aridBitlRL T2 1. éfal0 DI aEncd
Virol. 66: 2347-2354 (1985). Generally, animals can be immunized with a
afeetpeptiols; hbweer, 8 affi-ProBh@ERadods keP 84 belicreasddhy Wi
booster immunization by 25 coupling of a Eeptide to a high-molecular
neairies (k.4 51482 keyRokNinfpet hemoeyhhia (REK) Bt tet8hushicxori)c B6M t
example, a peptide containing cysteine can be coupled to . _
invention (e.g., the protein (a) or (b)) or a partial peptide
thereof. Examples of the known method include those
that are described in documents such as: Harlow et al.,
“Antibodies: A laboratory manual (Cold Spring Harbor
Laboratory, New York (1988); and Iwasaki et al.,
“Tankurohn koutai haiburidoma to ELISA [Monoclonal
Antibody Hybridomas and ELISA})”, Kodansha (1991}).
The antibody thus obtained may be utilized in detecting
and assaying the protein of the present invention.

For example, the epitope-bearing peptide of the
present invention described in the above {1-1} is used to
induce an antibody by a method known in the art. For
example, see: Chow, M. et al., Proc. Natl. Acad. Sci. USA
82: 010-914; and Bittle, F. J. et al., J. Gen. Virol. 66:
2347-2354 (1985). Generally, animals can be immunized
with a free peptide; however, an anti-protein antibody

titer can be increased by booster immunization by

coupling of a peptide to a high-molecular carrier (e.g.,
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a carrier with use of a linker such as m-
maleimidobenzoyl-N-hydroxysuccinimide ester (MBS), 5 whereas other
peptides can be coupled to carriers with use of more general linkers such
as glutaraldehyde. Animals such as fabbits, rats, and mice are
immunized with a free or a carrier-coupling peptide, for example, b

k fritfa g fitor BaPSHd B CiRHASE AR hjé FoH%f 20 dFprdRithatdy %eécyb)g of oF
an emulsion including a peptide or a carrier protein and Freund's

e REUVRAE SBNRARDSE GRMLAZAIBS iﬁ@&%@rﬁa%% rBGuiredid@de &t to
2-week intervals, for example, for providing an anti-protein antibody

a haviRg A UgaTul titsv Wwhich isttectadid in af15 ELBK @&say 8815d1a freé s
peptide adsorbed to a surface of a solid. An anti-protein antibody titer in

mhansela e meTmeiuhidedharfharcan be ¢ erbaseltoy selddioh Mo S)
an anti-protein antibody, e.g., by adsorption to a peptide on a solid .

wdupper by atmethnon KRGIRSR tFaart 20 ahE BY HdolioRBFIRETS With
selected antibody. The term "antibody" herein means immunoglobulins

u@gA, gD, BT RYGERIVEARd theinEd Sragiidiis, @b irhgmehe Bagie -
Fc fragments); examples of which include, but are not limited to, 25

Apviyclabal amtibbdies, mehdriéaal aatisodiag d44ndpgle2dfainBATBbAES d
anti-idiotype antibodies, and humanized antibodies.

with a free or a carrier-coupling peptide, for example, by

intraperitoneal and/or intradermic injection of
approximately 100 pg of an emulsion including a peptide
or a .carrier protein and Freund’s adjuvant. Some booster
immunization injections may be required e.g., at 2-week
intervals, for example, for providing an anti-protein
antibody having a useful titer which is detectable in an
ELISA assay using a free peptide adsorbed to a surface
of a solid. An anti-protein antibody titer in the serum
from an immunized animal can be increased by selection
of an anti-protein antibody, e.g., by adsorption to =a
peptide on a solid support by a method known in the art
and by dissolution of the selected antibody.

The term “antibody” herein means
immunoglobulins {IgA, 1gD, IgE, IgG, IgM and their Fab
fragments, F(ab’)e fragments, and Fc fragments);
examples of which include, but are not limited to,

polyvclonal antibodies, monocional antibodies,
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The term "antibody that recognizes a protein of the present invention”
herein is intended to encompass 5 complete molecules and antibody
fragments (e.g., Fab and F(a.b")2 fragments) that are capable of
specifically binding to the above-destfibed protein of the present
invention. The Fab and F(ab')2 fragments, each of which lacks an Fc

s Fragheesthidiided MiAR FAESantBAYY: 4110 KiRSre b PGS from™ d
circulation, and may hardly have specific tissue binding of the intact

h BBsoAy A9 retA 0 F1RBicl. Med. 24: 316-325 (1983)). For this reason,
these fragments are preferable. Further, another antibody capable of

recogriZify tF5 the PraéiP6thie PlesertaRisation hiay bB réaicedbyt B
two-step procedure through use of an anti-idiotype antibody. This method
PEkeS Blvahiaterofine facttBAE Hh adfibod)} f8EGS &n ditigei fHere s

this method is capable of giving an anj[ibo%/ binding to a second 20
¢ amBIBYEY CACEDRAING 40 Uis AR thod BRI RNBIdYISHEME Bd thelBrdiein &t D
the present invention is used to immunize animals (preferably, mice%:
aggbsEdadntly, Sprsmeansof thé animareare apahtbeproducepecitically
hybridoma cells, which are then subjected to screening 25 for identifying a
bélodé pEodtreingan apatibody wWibserise shillroisind tethetdrtibsthe sent
specific to the protein of the present invention can be blocked by a protein
invention. The Fab and F{ab’): fragments, each of which
lacks an Fc¢ fragment included in an intact antibody, are
cleared more rapidly from circulation, and may hardly
have specific tissue binding of the intact antibody (Wahl
et al., J. Nucl. Med. 24: 316-325 (1983}}. For this reason,
these fragments are preferable.

Further, another antibody capable of recognizing
the protein of the present invention may be produced by
a two-step procedure through wuse of an anti-idiotype
antibody. This method takes advantage of the fact that
an antibody itself is an antigen; therefore this method is
capable of giving an antibody binding to a second
antibody. According to this method, an antibody specific
to the protein of the present invention is used to
immunize animals (preferably, mice). Subsequently,
spleen cells of the animals are used to produce

hybridoma cells, which are then subjected to screening

for identifying a clone producing an antibody whose
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antigen of the present invention. Such the antibody may be an
anti-idiotype antibody against the antibody 5 specific to the protein of the
present invention, and may be used to immunize animals for inducing
formation of further antibodies specifi®to the protein of the present
invention. It is clear that the Fab fragment, the F(ab')2 10 fragment, and
a bt fragménits 8f e dfmodp bilaed preseaanlicntioh iy berskein of
according to the methods disclosed herein. These fragments are .
tIppodpoesissyn Eledvage zbisad byagiotddfysidusifdg 86 endymea tygiegl te1n
examples of which encompass papain (giving an Fab 15 fragment) or
apdpginigiving las Rals Pefrdgnieny n Nisativilg fa phsteinbinlingy may
fragment of the present invention can be produced by application of a
brecombinaatDiNAdechinigee opthfdBgsynthege ishemisfidi 2o mntibody
detection of an increased level of the protein of the present invention
spsingfircvive ibfagingfotthe purpgdse of dispmbdision Humams, it sarflbanay
preferable to use a "humanized" chimeric monoclonal antibody. Such the
bantibedyl cdr bergeneratsttusing mgdnetioconstdict@s derfvathfraion of
hybridoma cells that generate the -46- above-mentioned monoclonal

~ fantibedy. Methbdsifor sgereeatidgecHimetic anthodies are knova iptesgn t

of
invention.

It is clear that the Fab fragment, the F(ab’)z
fragment, and other fragments of the antibody of the
present invention may be used according to the methods
disclosed herein. These fragments are produced by
cleavage caused by proteolysis using an enzyme, typical
examples of which encompass papain (giving an Fab
fragment]) or pepsin (giving an F(ab’)s {ragment).
Alternatively, a protein-binding fragment of the present
invention c¢an be produced by application of a
recombinant DNA technique or through synthetic
chemistry.

In detection of an increased level of the protein of
the present invention using in vivo imaging for the
purpose of diagnosis on humans, it can be preferable to
use a “‘humanized” chimeric monoclonal antibody. Such
the antibody can be generated using a genetic construct

derived from hybridoma cells that generate the
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interest. For general descriptions thereof, see: Morrison, Science 229:
1202 (1985); Oi et al., BioTechniques 4: 5 214 (1986); Cabilly et al. US
Patent No. 4,816,567; Taniguchi et al., EP 171496; Morrison et al., EP
173494; Neuberger et al., WO 86015’153;’ Robinson et al., WO 8702671,
Boulianne et al., Nature 312: 643 (1984); and Neuberger et al., Nature
2 BN OB (Ve NEF(3) REBAGHANEExpREIOR Vedtor oﬁﬁébfﬁgnt for
Invention The recombinant expression vector of the present invention
2HeRIERE NS gehd BraReradehtHReHiiBN ddricolifg & pidteintts) &b).of
~ The recombinant 15 expression vector may be, for example, a )
ié68IRBMatOEXHIRESOR Vedfo? FtbRMA TONK RES beetfiRsehletl TTHE™
recombinant expression vector may be produced by using e.g., a
SplafhE adhlge, 'of 8 Bodrhid it linfitedS fo ése) .%ﬁ%ﬁ%fblraa{&ﬁorﬁ 1
method of the 20 recombinant expression vector may employ a known
2 théthdd. 9ihe hecferis Hévlinfited 4 -anysﬁ)eclﬁféq{‘?ﬁb%/ aPt may e ldny> 0 7
one as long as it is capable of being expressed in a host cell (host). That
TiarHetexbrossion 25 VeRloF gt B oM Breperedas fofldws: i ortibRha?

a -47- gene is surely expressed, a promoter sequence is selected as
NrfseBed gedordifig ®lthe (e ofdROHoaBcl; Robinson et al., WO

8702671:; Boulianne et al., Nature 312: 643 (1984}, and
Neuberger et al., Nature 314: 268 {1985]).

(3] Recombinant Expression Vector of the Present
Invention

The recombinant expression vector of the present
invention includes the gene of the present invention
encoding the protein ({a) or (b). The recombinant
expression vector may be, for example, a recombinant
expression vector into which ¢DNA has been inserted.
The recombinant expression vector may be produced by
using e.g., a plasmid, a phage, or a cosmid {not limited
to these). Further, a production method of the
recombinant expression vector may employ a known
method.

The vector is not limited to any specific kind, and
may be any one as long as it is capable of being
expressed in a host cell (host). That is, the expression

vector may be one prepared as follows: In order that a
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and the promoter sequence thus selected and the gene of the present
invention are incorporated into e.g., a 5 plasmid of various kinds.
Examples of the expression vector encompass: phage vectors; plasmid
vectors; virus vectors; retrovirus vettbfs; chromosome vectors; episome
vectors; and virus-derived vectors (for example, vectors derived from .

2 BBGteriab plasHide bacterPPREGFES yeadt 1PENTBMERT yedGauence  1s
chromosome elements, viruses (e.g., baculoviruses, papovaviruses,

s gheeintlvingsase Ea@éﬁo\ﬁmg@sr,,ga%ﬁﬁrdéég pERRIPAbEBS vingset, cell;
herpesviruses, lentiviruses, and retroviruses), and combinations thereof,

ag.g. doenilde and Fhadensigs) MEEGER BRI ShEeHaeiGHGE the pl&sng of
vector is performed in sediments such as calcium phosphate sediments

tloein @ tomplek with ehargedlipids 4n d BaseT RAERIHE vedldPis & viius, &
the vector can be packaged in vitro using an appropriate packaging cell

plins and 20 Ean subsatpierthsbstradsdadadints a Abstldell. Thepression
retrovirus vector may be replicable or replication-defective. In the latter

v cad® Ipropayation df theviraggenaraly secumleryrin G consplementiiy U s
host cell. 25 Further, vectors each including a cis-acting -48- regulating

v region for atargetigene areprefesabld: ApDapSopHatd raheETtirffaeton ©
may be supplied by a
vectors; and virus-derived vectors (for example, vectors

derived from bacterial plasmids, bacteriophages, yeast

episomes, yeast chromosome elements, viruses f(e.g.,

baculoviruses, papovaviruses, vaccinia viruses,
adenoviruses, avipoxviruses, pseudorabies viruses,
herpesviruses, lentiviruses, and retroviruses), and

combinations thereof, e.g., cosmids and phagemids}.

Generally, introduction of the plasmid vector is
performed in sediments such as calcium phosphate
sediments or in a complex with charged lipids. In a case
where the vector is a virus, the vector can be packaged
in wvitro using an appropriate packaging cell line, and
can subsequently be transduced into a host cell. The
retrovirus vector may be replicable or
replication-defective. In the latter case, propagation of
the virus generally occurs only in a complementary host
cell.

Further, vectors each including a cis-acting
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host, by a complementary vector, or by the vector itself during
introduction of the vector into the host. In a 5 preferable embodiment in
this regard, vectors each providing specific expression which may be
inducible and/or cell-type specific are*§referable. Particularly preferred
among such vectors are those inducible by environmental factors that are
regsyl et feRipttEeOsuchO 10 Bs femiEErhtugs Bt ritltioRAlcd@diveks . An
Examples of a preferable bacteria vector to be used encompass: pQE70,
apQE6M Hed pQErS (avallablerfom iageEn)HBS vBGtors PHagERApt by 2
vector, Bluescript vector, pNH8A, pNH 16a, pNH18A, pNH46A (available
hissfronb Stratagenel e piré9od; pRERESBE3, pRKR33-872 DRS4® PRIFS L
(available from Phrmacia). Further, examples of a preferable eukaryote
dvectorentomipadst WO NEO f pSYZCATE, YOG4 1PXTI el psast. In a
(available from Stratagene); and pSVK3, pBPV, pMSG, and pSVL 20
plaviilable fromeRhimedial Matiouskind® bf markesifay becgsetry cach
confirm whether or not the gene of the present invention has been
ptransféired intptheifiost celt ranuists iconfirm hwhéthemernotthe gasklisibie
surely expressed in the host 25 cell. That is, the expression vector
apreférably irclidesiat -48Heastone satectigmmbekerbExamplesdfcudhaly
selection marker encompass: dihydrofolic acid reductase or
preferred among such vectors are those inducible by

environmental factors that are easy to manipulate, such
as temperature and nutritional additives.

Examples of a preferable bacteria vector to be used
encompass: pQE70, pQE60, and pQE-9 (available from
Qiagen}; pBS vector, Phagescript vector, Bluescript
vector, pNH8A, pNH16a, pNH18A, pNH46A ({available
from Stratagene); and ptrc99a, pKK223-3, pKK233-3,
pDR540, pRITS (available from Phrmacia). Further,
examples of a preferable eukaryote vector encompass
pWLNEO, pSV2CAT, p0OG44, pXT1l, and pSG (available
from Stratagene); and pSVK3, pBPV, pMSG, and pSVL
(available from Phrmacia]j.

Various kinds of markers may be used to confirm
whether or not the gene of the present invention has
been transferred into the host cell, and to confirm
whether or not the gene is surely expressed in the host

cell. That is, the expression vector preferably includes at
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neomycin resistance for eukaryote cell culture; and drug resistance genes
such as a tetracycline-resistant gene 5 and an ampicillin-resistance gene
for culture of E. coli and other bacteria. Another example uses, as a
marker, a gene deleted in a host cell*&nd introduces, as an expression
vector, a plasmid or the like including the marker and the gene of the .
LoftEde MMV ETRIGHIRE Tha 0 HeSE celf ERoMRNpPe8diohbf theAmafiGe tion
gene, itis possible to confirm that the gene of the present invention has
ek transe e ARG &tivelyl the PFOEH 6 thedgrlentifvBRfdA ffay ©F
be expressed as a fusion protein. For example, with Green Fluorescent
nED PrRiAL(GCEP) Hetted i Asqbcred Vidols lséddd BT ark&rdiférug
protein of the present invention may be expressed as a GFP fusion
r pRGe iR FOREC e Yehbl6fLthe PrederitGhlERIOhLMES BE HobAE Tota 8C1C
vector including a selection marker for propagation in the host 20 cell. _
apulther itagpraferbliie thasd DNA Ree R & Spdfablyciinkgdts apf E. coli
appropriate promoter (e.g., phage APL promoter, E. coli lac promoter, trp
aprdmotdr ctacbprofratir, SYAPERRpORTIRPARd Yake Broste?, FRGEST
promoter of retrovirus LTR). As another appropriate -50- promoter, any
aorgeknowt ol afsatsomskiledin #ie &€ lmaybecisegtroduces, as an

expression vector, a plasmid or the like including the
marker and the gene of the present invention into the
host cell. From expression of the marker gene, it is
possible to confirm that the gene of the present
invention has been transferred. Alternatively, the
protein of the present invention may be expressed as a
fusion protein. For example, with Green Fluorescent
Protein {(GFP) derived from Aequorea victoria used as a
marker, the protein of the present invention may be
expressed as a GFP fusion protein. Further, the gene of
the present invention may be bound tc a vector
including a selection marker for propagation in the host
cell.

Further, it is preferable that a DNA insert is
operably linked to an appropriate promoter (e.g., phage
APL promoter, E. coli lac promoter, trp promoter, tac
promoter, SV40 early promoter and late promoter, and a

promoter of retrovirus LTR). As another appropriate
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In the present invention, known bacteria promoters which are preferably
used encompass E. coli 5 lacl and lacZ promoters, T3 promoter and T7
promoter, gpt promoter, 2 PR promoter and XPL promoter, and trp
promoter. Suitable eukaryote promotér§ encompass CMV
immediate-early promoter, HSV thymidine kinase promoter, early SV40
Ppfometes BncRiate SVU0 Homdter, 10 athromste? Bf relfblings LTR(B.g. &t
promoter of Rous sarcoma virus (RSV)), and metallothionein promoter
e.y.,bmouse thetallothionein | promoter). It is preferable that the
recombinant expression vector further includes: sites for transcription
start ah@t 15 trasscrigtion semination; & i@ @anscriptio® vegion bacteria
containing a ribosome-binding site for translation. A matured transcript
pexpressed by w héctor earstoce incladdy a Boding egion wanessing(i) coll
transcription start AUG at the start of a polypeptide to be translated 20
land (A)yedstbp €8der whichtistprop€dy positionedtat the cend of theomoter,
polypeptide. Transcription of DNA by a higher eukaryote may be
gerthamcedrbytinsertionidf amenhancer seqdencBlinte aovectee Theand trp
enhancer is a DNA cis-acting element 25 (generally, approximately 10 bp
ptoB3e®bp) wHichiwaikk:- 511 foxenhancing eranstrptosal activityoofa CMV
promoter of a predetermined host cell type. Examples of the enhancer
immediate-early promoter, HSV  thymidine kinase

promoter, early SV40 promoter and late SV40 promoter,
a promoter of retrovirus LTR (e.g., a promoter of Rous
sarcoma virus {RSV)), and metallothionein promoter (e.g.,
mouse metallothionein 1 promoter).

It is preferable that the recombinant expression
vector further includes: sites for transcription start and
transcription termination; and a transcription region
containing a ribosome-binding site for translation. A
matured transcript expressed by a vector construct
includes a coding region containing ({i} transcription
start AUG at the start of a polypeptide to be translated
and (ii) a stop codon which is properly positioned at the
end of the polypeptide.

Transcription of DNA by a higher eukaryote may be
enhanced by insertion of an enhancer sequence into a
vector. The enhancer 1is a DNA cis-acting element

fgenerally, approximately 10 bp to 300 bp) which works
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encompass: SV40 enhancer (positioned at 100 bp to 270 bp on the late
side of a replication origin); an early 5 promoter enhancer of a
cytomegalovirus; a polyoma enhancer on the late side of a replication
origin; and an adenovirus enhancer. The above host cell is not limited to
any specific one, and a conventionally-known cell of various kinds 10
fofiag BiHABIG YIS Ty SEPEXAMBIeLST Y bpprofrigtetgsmoter of a
encompass: bacterial cells (e.g., E. coli cells, Streptomyces cells, and
P Sathtdisalm typhindroat czetnég; fungtis eRAEIP L §eagticdiR] isdebrcRIET
(e.g., Drosophila S2 cells and Spodoptera Sf9 cells); animal 15 cells (e.g.,
e CRORsIRSCOS Vells, altBones ménshtd ocefs): and bt ééﬂs?@/lofg 0
specific examples thereof encompass not only mammal cells such as
bhuntean celis ahd thousieleells butalds &dii€ 8divay fRPMBEMbyE o arly
insects such as Drosophia melanogaster, bacteria such 20 as E. coli
p(Esehetichia coll) aBass (Sakcraromytesnasaliswmerany @ polyoma
Schizosaccharomyces pombe), and Caenorhabditis elegans, and oocyte
e véils vfckenopust laevis Howester, Aie presantinvdntioh RTHEIMmited® an
these. A culture medium and conditions suitable for 25 each of the above
akiosh colls maydie loaesclkriown in the 52 art. A method for introducing the
expression vector
The above host cell is not limited to any specific

one, and a conventionally-known cell of various kinds
may suitably be used. Typical examples of an
appropriate host encompass: bacterial cells {(e.g., E. coli
cells, Streptomyces celis, and Salmonella typhimurium
cells}); fungus cells {e.g., veast cells}; insect cells (e.g.,
Drosophila 82 ceils and Spodoptera Sf9 cells); animal
cells (e.g., CHO cells, COS cells, and Bowes melanoma
cells); and plant cells. More specific examples thereof
encompass not only mammal cells such as human cells
and mouse cells but also cells derived from Bombys mort,
insects such as Drosophia melanogaster, bacteria such
as FE. coli (Escherichia coli), yeasts (Saccharomyces
cerevisiae  and Schizosaccharomyces pombej, and
Caenorhabditis elegans, and oocyte cells of Xenopus
laevis. However, the present invention is not limited to
these. A culture medium and conditions suitable for

each of the above host cells may be ones known in the
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into the host cell, i.e., a method for transformation is also not limited to
any specific one, and a 5 conventionally-known method may suitably be
used, for example, electroporation, a calcium phosphate method, a
liposome method, a DEAE dextran method, micro injection, cationic
lipid-mediated transfection, electroporation, transduction, or infection.
aThese 10 methods are described in many standard laboratory manuals,
for example, Davis et al., Basic Methods In Molecular Biology (1986).
Note that tireeieesht iventiort casl also peovitle ¢i) afedomisinanat vector
expression vector including a 15 polynucleotide encoding a partial
i firagridme of thes prateitl of the-present iveatbniad () ansistorndaen 1s
(host cell) genetically modified by the recombinant expression vector,
akach ofhich id forreedmbiriantly producirgze patiial fragment and  a
(fragment) of the protein of the present 20 invention. Further, the present
cinuerttiohimay lso Brvompass: aifhinventvayelated dmodietion of the for
protein of the present invention or a fragment thereof by means of the
e abovepriecombimantagehnitues: Thatds, liheprespit@sidvehtiommal ago a
encompass a method for producing -53- the protein of the present

lipvestioneand itstieagmentt throagh use Efaecombinanteshniquargthod,
recombinant

microinjection, cationic lipid-mediated transfection,
electroporation, transduction, or infection. These
methods are described in many standard laboratory
manuals, for example, Davis e.t al., Basic Methods In
Molecular Biology (19806).

Note that the present invention can also provide (i)
a recombinant expression  vector including a
polynucleotide encoding a partial fragment of the protein
of the present invention and (ii} a transformant (host
cell} genetically modified by the recombinant expression
vector, each of which is for recombinantly producing a
partial fragment (fragment) of the protein of the present
invention.

Further, the present invention may also encompass
an invention related to production of the protein of the
present invention or a fragment thereof by means of the
above recombinant techniques. That is, the present

invention may also encompass a method for producing
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protéin produced by the technique may be collected and purified from a
recombinant cell culture product by 5 means of a known method, e.g., an
ammonium sulfate precipitation or ethanol precipitation, acid extraction,
anion- or cation-exchange chromatog?&p‘ny, phosphocellulose
chromatography, hydrophobic interaction chromatography, affinity
tleRromzRdgraphy LOR/aroRyESRHe chfdhfdidgiaphy? Bidecti® fragment
chromatography. Most preferable one used for purification is ,
tinighuehotsehcelliguid eRRMEbY PRy L EHPREYU@) TrassioRTARIGRN T
the Present Invention 15 The transformant of the present invention is a
PHAHSIOIMBRPIAS WHcHtHe iJenelsiahapEdentiientién haslsedigd and
transferred, i.e., a transformant into which the recombinant expression
pattbrad scrsaal in athel §I56vE! (3 had bectettanstaHé 4 'The BXPréssidn by
"gene 20 has been transferred” herein means that the gene has been
myeasferred ifto K repgercaRioReehil) in @n eXpresSBBMBARE Dy Wl fate
means of a known gene engineering method (genetic manipulation
peechhivjie)! i Piirther, i fuansforaitt hddrst hotonly & kel &35 ¢isdhe n »
and an organ but also an individual organism. -54- A method for preparing
agproducing) thetransfornsanticiihe prasent #wention Ay e forography,
phosphocellulose chromatography, hydrophobic
interaction chromatography, affinity chromatography,
hydroxvapatite chromatography, or lectin
chromatography. Most  preferable one used for
purification is high-performance liquid chromatography
[“HPLC?”}.
(4} Transformant of the Present Invention
The transformant of the present invention is a
transformant into which the gene of the present
invention has been transferred, i.e., a transformant into
which the recombinant expression vector described in
the above (3) has been transferred. The expression “gene
has been transferred” herein means that the gene has
been transferred into a target cell (host cell) in an
expressible manner by means of a known gene
engineering method (genetic manipulation technique).

Further, the “transformant” means not only a cell, a

tissue, and an organ but also an individual organism.
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example, a method for transforming the above recombinant expression
vector. An organism to be 5 transformed is also not limited to any specific
one, examples of which encompass various kinds of microorganisms and

“animals (e.g., a transgenic mouse) exémplified in the above descriptions
concerning the host cell. Further, with a promoter and/or a vector 10
selectdd, a pRAtEMhIso O & subjeEt add RansfolmBa dbrcere  the
Detection Instrument of the Present Invention A gene detection

t TS RfETG Brie prdserith €5 iREPE6R LisesNASA pi6BE, aflédst pafof 40T
nucleotide sequence, or its complementary sequence, of the gene of the

e present mvention. The Gersldetdstion irist TSRS usddi® e.gabove
detect and/or measure an expression pattern of the gene of the present

T fve it n nZ0nUnd e VRAGUESEOtitionss The-gerfertetéttivf THstiimehPof be
the present invention may be, for example, a DNA chip including a

t salystiate agpotty orhviich thetpréberspedificaity Ryhridizing tHéigene BE
the present invention is 25 immobilized. The "DNA chip” herein primarily

epefarspdes 550 Bynthiekic ONA chipowlhiith i86s, ad thelplébe, akinds  of
synthesized oligonucleotide. Not only that, the term

microorganisms and animals (e.g., a transgenic mousej

exemplified in the above descriptions concerning the
host cell. Further, with a promoter and/or a vector
selected, a plant can alsoc be a subject to be
transformed.

{5} Gene Detection Instrument of the Present
Invention

A gene detection instrument of the present
invention uses, as a probe, at least part of a nucleotide
sequence, or its complementary sequence, of the gene of

the present invention. The gene detection instrument

Y

can be wused to e.g., detect and/or measure an
expression pattern of the gene of the present invention
under various conditions.

The gene detection instrument of the present
invention may be, for example, a DNA chip including a
substrate (support) on which the probe specifically
hvbridizing the gene of the present invention is

immobilized. The “DNA chip” herein primarily refers to a
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"DNA chip" herein also encompasses an attachment-type DNA
microarray which uses, as the probe, cDNA such as 5 a PCR product. A
sequence used as the probe may be determined by a
conventionally-known method for deté®nining a characteristic sequence
from a cDNA sequence. Specifically, for example, the method may be a
s BB/id a0 Analydidof GEHEPEXPFEsKdh (SABEY methdd (Seenc®robe, a
276:1268, 1997; Cell 88:243, 1997; Science 270:484, 1995; Nature
$389:B66; 17997 ; 9.5 gpatent N 5,695,937, tINoftHat thE BNA &Als magrm
be manufactured by a known method. For example, in order to use a 15
“ByiNthesikén dligengdlaotds as thecsligopacestiied & phbteltiograpHy Ly pe
technique and a solid-phase DNA synthesis technique may be used in
Da¥bindtiom o tieet té ofidoriaslestice ss Vel auraiought $yMthesisiemaa s
substrate. On the other hand, in order to use cDNA as 20 the
aolfoRuglestitie cthe cDNA may be attached on a substrate with an
arrayer. Further, as well as in conventional DNA chips, a detection
accurady for @uene may pedurter dnhapoeelbisy pravidifigadetermined
perfect-match probe (oligonucleotide) 25 together with a mismatch probe,
bwhich differsifeornithe 56y pérfeewmatom pidbe by Asingléddgsemining a
substitution. Further, in order to detect different genes in parallel, a
characteristic sequence from a ¢DNA seqguence.

Specifically, for example, the method may be a Serial
Analysis of Gene Expression (SAGE) method (Science
276:1268, 1997, Cell 88:243, 1997; Science 270:484,
1095; Nature 389:300, 1997; U.S. Patent No. 5,695,937).

Note that the DNA chip may be manufactured by a
known method. For example, in order to use a
synthesized oligonucleotide as the oligonucleotide, a
photolithography technique and a solid-phase DNA
synthesis technigue may be used in combination so that
the oligonucleotide is yielded through synthesis on =a
substrate. On the other hand, in order to use cDNA as
the oligonucleotide, the c¢cDNA may be attached on a
substrate with an arrayer.

Further, as well as in conventional DNA chips, a
detection accuracy for a gene may be further enhanced
by providing a perfect-match probe (oligonucleotide)

together with a mismatch probe, which differs from the
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DNA chip may be configured such that a plurality of kinds of
oligonucleotides are immobilized on a single 5 substrate. The following
describes the gene detection instrument of the present invention in
greater detail. <Substrate> A materiat®fthe substrate for use in the gene
10 detection instrument of the present invention only needs to be one on
PRAlEFanBIRoRlcleBliddsan SiEblythe THndlilizdde Ekamples 8t thertion.
material encompass, but are not limited to, synthetic resins (e.g.,
Fpojéeeboniite @rfdgilastc)dabcgass Kisipe bigkd sibsifat® R iddels 2
not limited to any specific one. For example, a plate-shaped substrate or
DaNftm-s e d Bubstr&te nfz9Piarsmel b wsdy. bfioRutdidstirlid be of
immobilized on Surface of Substrate> 20 The oligonucleotide to be
kirtrdlobilizéd o N s\fiscetofips saistral@bmie §ere detétiorp  single
instrument of the present invention only needs to be an oligonucleotide
sihisti isib&sed on at least part of the nucleotide sequence of the gene of
the present invention. 25 By establishment of hybridization between the
-57- olifbriuclebtitleoantngnuctéiesewid iefived fotn a Sfhile, ifigtection

possible to detect a gene contained in the sample. )
instrument of the present invention in greater detail.

<Substrate>

A material of the substrate for use in the gene
detection instrument of the present invention only neceds
to be one on which an oligonucleotide can stably be
immobilized. Examples of the material encompass, but
are not limited to, synthetic resins (e.g., polycarbonate
and plastic) and glass. A shape of the substrate is also
not limited to any specific one. For example, a
plate-shaped substrate or a film-shaped substrate may
preferably be used.

<QOligonucleotide to be Immobilized on Surface of
Substrate>

The oligonucleotide to be immobilized on the
surface of the substrate of the gene detection instrument
of the present invention only needs to be an
oligonucleotide which is based on at least part of the
nucleotide sequence of the gene of the present invention.

By establishment of  Thybridization between the
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Note that the oligonucleotide which is based on at least part of the
nucleotide sequence of the gene of the 5 present invention will be
hereinafter referred to as "capture oligo" in some cases. The capture
oligo may be designed based on the dficleotide sequence of the gene of
the present invention. Thus, the capture oligo may be the nucleotide
obgante Eeitsalf, GrinthyAinelidd @imuiatich S<bhitess ftaiswg sample,
establishment of specific hybridization between the capture oligo and a
ihigleip @gigl prepated FBiTa atple B b détbatadc Fhalpobitien dhFe 1.
mutation is not particularly limited. 15 A length (the number of bases) of
Nehéecapuré dlige islnsppantictiariy finitsdh Holweler ifthe deritjih Bloeast
short, detection of the hybridization becomes difficult; if the length is too
plang, neh-spleificrhyishidieation is salowed: The presdritinvaators kept the
studying 20 optimization of the length of the capture oligo, and
pdetermined DY 080 base YeHgth Bs a Steadard ddiigth. Thésstandardto as
length is preferably 12 to 40 base length, more preferably 12 to 30 base
“ temptiy furtiod greferablyo 18 ¢o@29ase length. However, the present
invention is 25 not limited to this. The base length depends primarily on
-58- sefjbencexharacterislicg¢a coatentof aderagitade brepetitionof 4he
certain base). Further, the present
nucleotide sequence of the gene of the present invention.

Thus, the capture oligo may be the nucleotide sequence
itself, or may include a mutation as long as it allows
establishment of specific hybridization between the
capture oligo and a nucleic acid prepared from a sample
to be detected. The position of the mutation is not
particularly limited.

A length {the number of bases) of the capture oligo
is not particularly limited. However, if the length is too
short, detection of the hybridization becomes difficult; if
the length 1is too long, non-specific hybridization 1is
allowed. The present inventors kept studying
optimization of the length of the capture oligo, and
determined 12 to 50 base length as a standard length.
The standard length is preferably 12 to 40 base length,
more preferably 12 to 30 base length, further preferably
13 to 22 base length. However, the present invention is

not limited to this. The base length depends primarily on
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inventors have confirmed that even a short-chained capture oligo is
capable of specific hybridization 5 provided that the short-chained capture
oligo has a fine binding. In a case where the capture oligo has any of a
hair-pin structure, a loop structure, andtother tertiary structures each of
which hinders hybridization with a 10 nucleic acid derived from a sample,
s sgbstitating oedorambes ridlestides constitting thé captierékgaiwitha se,
inosine or a nucleic acid(s) not paired with any nucleotide(s) can cancel
T ¢hectertinpynstrudiure. A symtiieisis methed of théwaphee oligdis nopssent
limited to any specific one. For example, a known method (e.g., the
1 miethothbdescribad in ManielisTeet all,hMblecatCloaing A taboedterin e d
Manual, Second Edition, Cold Spring Harbor Laboratory Press (1989))
cmpy beeused! i@enerally, the paptire oligd canbewhemicdly Beidization
synthesized with use of a commercially-available DNA synthesizer. In the
pgend detéctidreinstiument ofrthecpresent dinvention rit isopteferdbiesthat ine
so-called control capture oligo as well as the oligonucleotide which is 25
bbasgdan. at least part of the nucleotide sequence of the -59- gene of the
present invention are immobilized on the surface of the substrate. The
controllcapturecalige where the capture oligo has any of a
hair-pin structure, a loop structure, and other tertiary
structures each of which hinders hybridization with a
nucleic acid derived from a sample, substituting one or
more nucleotides constituting the capture oligo with
inosine or a nucleic acid(s) not paired with any
nucleotide(s) can cancel the tertiary structure.

A synthesis method of the capture oligo is not
limited to any specific one. For example, a known
method {e.g., the method described in Maniatis, T. et al.,
Molecular Cloning A Laboratory Manual, Second Edition,
Cold Spring Harbor Laboratory Press ({1989)) may be
used. Generally, the capture oligo can be chemically
synthesized with use of a commercially-available DNA
synthesizer.

In the gene detection instrument of the present
invention, it is preferable that a so-called control

capture oligo as well as the oligonucleotide which is

based on at least part of the nucleotide sequence of the
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includes a positive control capture oligo and a negative control capture
oligo. The positive control capture oligo 5 is used to check whether or not
an amplification reaction is successfully proceeding in the later-described
probe preparing step. The negative‘céﬁi’{ml capture oligo is used to check
for non-specific hybridization, i.e., a false-positive hybridization signal.
STRE preteitiBveRfi6s 10 AlsHBMeBHEEs 4 §8nd AEteeidH iRgfunteRt ithe
which these positive control capture oligo and negative control capture
sYlife & imrhobified 6/RE Siitfete of the sYISTRAIS ThE BBV CoRtFE 0
capture oligo may be any 15 oligonucleotide, as long as it is designed
1 hasEE 6% aanRRDdE Se§USHEhcRRIBHWT & prob8 prédafedfrans gative
sample to be detected. Further, in order that a plurality of samples to be
ceetberel arnriatatte® bittncellith isesbtivsingleybheldsiadionre oligo
instrument, positive control 20 capture oligos may be designed
isespretively for thehsamiplew todiddetected, oRa poshie contBl Ehistard on
oligo may be designed based on a nucleotide sequence shared by
rprobeipreparet fromthtpllyality of safiples tobélaetdetbelr mleaseribed
there is no nucleotide sequence 25 shared by the probes prepared from
palbéfthe samplete -60<ipe deteetdtic § positiveccontroPdaprirel biid Mg 0
be designed for each of some groups. Alternatively, an
is used to check for non-specific hybridization, i.e., a

false-positive hybridization signal. The present invention
also encompass a gene detection instrument in which

these positive control capture oligo and negative control

~capture oligo are immobilized on the surface of the

substrate.

The positive control capture oligo may be any
oligonucleotide, as long as it is designed based on a
nucleotide sequence included in a probe prepared from a
sample to be detected. Further, in order that a plurality
of samples to be detected are detected at once with use
of a single gene detection instrument, positive control
capture oligos may be designed respectively for the
samples to be detected, or a positive control capture
oligo may be designed based on a nucleotide sequence
shared by probes prepared from the plurality of samples
to be detected. In case there is no nucleotide sequence

shared by the probes prepared from all of the sampies to
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artificial sequence may be designed so that it has a different sequence
from a sequence of a subject 5 bacterium but has a common primer
sequence, and a part of the artificial sequence may be used as a positive
control capture oligo. With such an af@ificial sequence used as a template,
a probe can be prepared (such a probe is herein called "control probe"),
bandtRETEsEIing #0 ROKSE 18 HIASPI0 1 PlobE HRIJAFE TRIHER samB. IR C
this way, specificity of the hybridization can be tested. More details on the
d proignifl bef BiBcuaaEdbedv. R9HfefetanId vt thé Heglivd boptpor an
capture oligo is designed such that it has a nucleotide sequence 15 of a
aposiiiobaconiertapifecoligbatithtah aftiitidd BsstitiGontdt dhe dr mithé @
bases but less than 20% of the total bases of the sequence. The number
doff gisstituted Dasesic GetefiMiBd takingSAta UcRSiBeratibn ot  subject
hybridization conditions so that the 20 negative control capture oligo does
brctttgbiridize Witht thedfobe dervRE M tRE SAAPle s BE BBEEteda TR 2
sample to be detected is not limited to any specific one. Further, the .
praurhbef dftkindstdfi Eaptare soligbc b immbbilzedoreshesulsstiagesbhly
needs to 25 be one or more, and there is no upper limit for it. Also, -61- it
cismigstipreferdble that e gen® defectortinstriumeftr biffiid presegfiuence
invention is designed to be a so-called
used as a template, a probe can be prepared (such a

probe is herein called “control probe”), and the resulting
probe is added to a probe prepared from a sample. In
this way, specificity of the hybridization can be tested.
More details on the probe will be discussed below.

It is preferable that the negative control capture
oligo is designed such that it has a nucleotide sequence
of a positive control capture oligo with an artificial
substitution of one or more bases but less than 20% of
the total bases of the sequence. The number of
substituted bases is determined taking into
Cbnsideration of hybridization conditions so that the
negative control capture olige does not hybridize with
the probe derived from the sample to be detected.

The sample to be detected is not limited to any
specific one. Further, the number of kinds of capture
oligos to be immobilized on one substrate only needs to

be one or more, and there is no upper limit for 1t. Also,



10

15

20

25

microarray type in which a plurality of partial fragments (having different
nucleotide sequences) of the gene of the 5 present invention are
immobilized on one substrate as capture oligos. <Immobilization of
Oligonucleotide (Capture Oligo)> A féthod for immobilizing the
oligonucleotide on 10 the surface of the substrate is not limited to any

i tspecifitosiie PERInEG Béaseldddd Hofn REdWh metesiadnésddd urpent
example, means used for general hybridization methods, e.g., physical

0 hdsbipti, atsairical DEEAINGOST AfolettRirgovdlerthoRdingt isso-called
available. For the gene 15 detection instrument of the present invention, it

migcpreferablie t@se arsubdirad havipbtar edidodimideagidap dragments
isocyanate group on its surface (U.S. Patent No. US 5,908,746,

( Tokakaihdil Mor 81289785)dbe dirimebHigation Fa0els Arpaniéunt ot the of the
oligonucleotide spotted on the substrate is too small, detection may be

pdifficult tbécauss there maenorbaendidl ¢shetioh beffeehis trate as
oligonucleotide and the probe. Further, high-integration spotting brings

c alpdut tecligab problems and a high cost, 25 and also requires an
expensive higher-precision -62- detection instrument (e.g., a scanner) for
detectingra rhytridizagioncsignal by using b.g o a fludrestedelabel(fapture

Oligo)>

A method for immobilizing the oligonucleotide on
the surface of the substrate is not limited to any specific
one, but may be selected from known methods as needed.
For example, means used for general hybridization
methods, e.g., physical adsorption, electrical bonding, or
molecular covalent bonding, is available. For the gene
detection instrument of the present invention, it is
preferable to use a substrate having a carbodiimide
group or an isocyanate group on its surface {U.S. Patent
No. U8 5,908,746, Tokukaihei, No. 8-23975} f{for
immobilization.

If an amount of the oligonucleotide spotted on the
substrate is too small, detection may be difficult
because there may not be enough reaction between the
oligonucleotide and the probe. Further, high-integration
spotting brings about technical problems and a high cost,

and also requires an expensive higher-precision
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the probe or chemiluminescence. Therefo're, it is preferable to immobilize,
on the surface of the substrate, 5 the oligonucleotide within a size of 10

pm to 1,000 pm in diameter. A method for spotting the oligonucleotide

onto the substrate is not limited to an§$pecific one. For example, spotting
can be performed by spotting a solution of the oligonucleotide onto the
d slissttaterusirySEo B BpdRing (Bakhine? In6ig WaE the BhgorilelcotiBing &
solution can be generally spotted substantially in a_circle. (6) Detection
hinbtrithert Using Pratehl obthe USigsBne hientiorf beL Y PaARINPErdgheit of
15 A detection instrument of the present invention uses, as a probe, at
tleast parpdfehe aminccdcidrddiusneesiahe protein bhhegesent 1t 1s
invention. In other words, the detection instrument of the present
pinvéntien i< atdetestior istivraent having thelpictein 6fi20e prekentate,
invention or its partial fragment (fragment) immobilized thereto. The
t detecliopdmstraheentichn beitised tedetett and/ot theasore,wndeP 00 pm
various conditions, a substance (e.g., a polypeptide, a nucleic acid, or an
imntibicoy) evlkich iterscts ittt théoproirodttthegrédent @B gwentioke ogade
The detection instrument of the present invention may be, for example,
oorindiuding® stbstratel Guppor)imited to any specific one. For
example, spotting can be performed by spotting a
solution of the oligonucleotide onto the substrate using
a spotting machine. In this way, the oligonucleotide
solution can be generally spotted substantially in a
circle.

(6) Detection Instrument Using Protein of the
Present Invention or its Partial Fragment
A detection instrument of the present invention

uses, as a probe, at least part of the amino acid
sequence of the protein of the present invention. In
other words, the detection instrument of the present
invention is a detection instrument having the protein of
the present invention or its partial fragment (fragment)
immobilized thereto. The detection instrument can be
used to detect and/or measure, under various conditions,
a substance {e.g., a polypeptide, a nucleic acid, or an

antibody) which interacts with the protein of the present

invention.
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having the probe immobilized thereto, which probe specifically binds to an
antibody recognizing the protein 5 of the present invention. For an amino
acid sequence used as the probe, it is preferable to use a site of the
protein of the present invention whictfxstte specifically interacts with the
antibody of the present invention, i.e., an epitope-bearing peptide of the
proteirldf ehelgresehtorD iHenFaRIIS Matétal Of theSUbEEALE 7 i§&H N
the detection instrument of the present invention only needs to be one on
mwhicPan dligoseptitieekm, stably B8 hObiZed EXdnSpes ot theupport)
material encompass, but are not limited 15 to, synthetic resins (e.g.,
heolyeagbohhte anrpiBstic) dRdngihdsi Aeshapthut Té Gubstidiéadialst Fob e
limited to any specific one. For example, a plate-shaped substrate or a
sfilmeshiapeti substrals nigy prefaablybediset cRGrgelzamsethbd ferrotein
immobilizing an oligopeptide 20 on the substrate may be a
ofonventigratly dmowhmiethdd o and Batot fimitednol any spetific BaE DR CE
example, immobilization may be performed by: a method in which an
ugligdpeptidelis bpurndie .an inselubleckrriertye meanssof ascovalentof the
bonding method or an adsorption 25 method; an entrapping
pimmebitizatiort imethpddrs whithi®acart tligopeptivelis §Gﬁ©uﬁd€ﬁﬁb§lcaliy
high-molecular substances; or a method in which an oligopeptide is
interacts with the antibody of the present invention, i.e

an epitope-bearing peptide of the protein of the present
invention.

A material of thé substrate for use in the detection
instrument of the present invention only needs to be one
on which an oligopeptide can stably be immobilized.
Examples of the material encompass, but are not limited
to, synthetic resins (e.g., polycarbonate and plastic) and
glass. A shape of the substrate is also not limited to any
speéific one. For example, a plate-shaped substrate or a
film-shaped substrate may preferably be used.

Further, a method for immobilizing an oligopeptide
on the substrate may be a conventionally-known method,
and is not limited to any specific one. For example,
immobilization may be performed by: a method in which
an oligopeptide is bound to an insocluble carrier by

means of a covalent bonding method or an adsorption

method; an entrapping immobilization method in which
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immobilized on a support by using a cross-linking agent or the like. Note
that a suitable immobilizing method 5 may be selected considering (i)
compatibility between a substrate for immobilization and an oligopeptide
and (ii) a purpose of use of an immobiftzed substance. (7) Usefulness of
Gene, Protein, and Others of the Present Invention 10 As described
aabove, i ger tAdE the ifrote o TRd1 Bréséht inbentiorafdetprekeed lar
specifically during latent infection with a herpesvirus. This protein is. ]
s tonsidereect®;have abilitye ihduée AimefitBligiBorder inCAlHOS &Y by 18
expressed in glial cells (e.g., astrocytes) 15 in the brain. Further,
itnerestingse theogerie antbthe piofeln 6fstHeprasentdmveribrhivg Beshn t
found to be related to patients with mental disorders. Stated in greater
odettll,cad sShownNivtie later-tescribed Bxahtple ramemb SiziE20nethod
antibody was detected in about 50% of patients suffering from mood
misprdess eebtherarerttaltiisctdens: ghereasomerantiSiTHY 1 betboagn &
was hardly detectable in healthy persons (the frequency of detection of
sthé st StTHHeT dntibodybinl Healthy pepsofs whs (d3g than P25 Gpoat o)1)
-65- Thus, the present inventors have discovered on their own that an
aaptibogy specificis the prateinoithe bilized substance.

(7) Usefulness of Gene, Protein, and Others of the
Present Invention

As described above, the gene and the protein of the
present invention are expressed specifically during

latent infection with a herpesvirus. This protein is

considered to have ability to induce a mental disorder in

a host by being expressed in glial cells (e.g., astrocytes)
in the brain.

Further, interestingly, the gene and the protein of
the present invention have been found te be related to
patients with mental disorders. Stated in greater detail,
as shown in the later-described Example, an anti-SITH-1
antibody was detected in about 50% of patients suffering
from mood disorders or other mental disorders, whereas
the anti-SITH-1 antibody was hardly detectable in
healthy persons (the frequency of detection of the
anti-SITH-1 antibody in healthy persons was less than

about 2%;j.
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present invention is found significantly only in patients with mood
disorders and other mental disorders, but is 5 hardly detectable in healthy
persons. Note that the "mental disorder" as used herein is intended to
mean such a state that the daily life 6rfocial life undergoes considerable
limit on account of disorders in mental functions such as consciousness,
intelligéhte smefivey, PO @RPAGNS,TCUYRE Bid Béistiod THeOVfgod  on
disorder" is intended to mean such a state that because of persistent
tioiod oremdtibaal eiarges i RisYmainegepresdive B el feelingd aké ¢
experienced to bring disturbances into daily life functioning or social life
piunstioningnys: 8jsecific reasonsfer thegabbie stafd Wherel Yari tariiBéégnts
specific to the protein of the present invention is found significantly only in
wpafients aitd ntbis tikorders add otee memalrdisordéis Bid 5 kardiyi t is
detectable in healthy persons" are now being under a 20 diligent study to
hizer digaveded. ehiegagrotein of thee prddent inventomitas siieH & natueetthatic
it is actively produced at the intermediate stage where latent infection is
“ imduced towarbredctiVation. Itis bélidved ethat ihsespdnseds d sfressnican
reactivation of herpes 25 viruses (e.g., HHV-6) is induced, whereby the
sproteineof 66t thetpresentinveitiolyisipfeduceds Persohd ko Havéangoes
antibody against the protein of the present invention,
considerable limit on account of disorders in mental

functions such as consciousness, intelligence, memory,
emotions, thought, and behavior. The “mood disorder” 1s
intended to mean such a state that because of persistent
mood or emotional changes, abnormally depressive or
elated feelings are experienced to bring disturbances
into daily life functioning or social life functioning.
Specific reasons for the above state where “an
antibody specific to the protein of the present invention
is found significantly only in patients with mood
disorders and other mental disorders, but is hardly
detectable in healthy persons” are now being under a
diligent study to be unraveled. The protein of the
present invention has such a nature that it is actively
produced at the intermediate stage where latent
infection is induced toward reactivation. It is believed
that in response to a stress, reactivation of herpes

viruses (e.g., HHV-6)} is induced, whereby the protein of
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accounting for about 50% of patients with mental disorders, are
considered to have that protein expressed 5 abundantly due to stress or
any genetic factor for a prolonged period in glial cells (e.g., astrocytes) in
the brain, which glial cells are Iatentl@ﬁﬂ‘ected with HHV-6. As a result,
an increase of a calcium concentration in glial cells (e.g., astrocytes)
thentiesTBt al rBIRRGEA L0 PeRE® AHE S&Fotdiiin Hidiabalidh? aRd Bheih ©
important functions of glial cells (e.g., astrocytes) are impaired, whereby
an Fhbmtahtigoederwduld Ffanifad HeHlE. CHrohi Sfafijiics§imbrdMd ECHSY 1,
patients who present with mental disorders carry the antibody against the
a pRASIM 15 thd Presarl ivéntiGrAith Lhighddaenty. THE tibasBhtrtal
this would be that the CFS patients are often latently infected with greater
d hamb@ e 6f, HMVE 6aRarS HbanRg pbPsdna bfe, thad navingsH Breargiressed
likelihood for the production of the protein of the present invention 20
a fproteda SITH- 1] Whe faet thAt #RSCRS patiehts 4631 Ritbatly Afd@ed fith 2
greater numbers of HHV-6 than healthy persons are is also supported by
pthelesgtdf theréactiombetiliseh the Previsusly reporte fatdsts infébtiohh €
specific gene product and the antibody in CES 25 patients (see
bNenrRateftipdcupent 5)c183- Thas | altisoutiy aidetaitdd thethahishidfv -6.
the phenomenon that the antibody against the protein of the '
As a result, an increase of a calcium concentration in

glial cells (e.g., astrocytes) continues for a prolonged
period, and serotonin metabolism and other important
functions of glial cells (e.g., astrocytes) are impaired,
whereby a mental disorder would manifest itself. Chronic
fatigue syndrome (CFS8) patients who present with
mental disorders carry the antibody against the protein
of the present invention with a high frequency. The
reason for this would be that the CFS patients are often
iatently infected with greater numbers of HHV-6 than
healthy persons are, thus having a greater likelihood for
the production of the protein of the present invention
(protein SITH-1). The fact that the CFS patients are
latently infected with greater numbers of HHV-6 than
healthy persons are is also supported by the result of
the reaction between the previously reported latent
infection specific gene product and the antibody in CFS

patients {see Non-Patent Document 5).
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present invention is found in patients with mental disorders has not been
unraveled yet, utilizing this 5 phenomenon provides a determination
method and a diagnosis method contributing to objective diagnosis of
mental disorders. Further, the presenPihvention also relates to a
determination kit, a diagnosis kit, an animal model producing method, and

a drug'Seréeningeridafid 210 THe follehiHd GescribescdbRR bf tese !  the

methods in detail. (7-1) Determination Method of the Present Invention
pisagerpninaidhREtHEEoRRiresent aRBMHGT by neead e med the
method for determining whether or 15 not an antibody recognizing the
Pprot6in bf the PrasEif thverftior ¢ien ¢he protemb)or I5)) eXists in gnental
subject. Note that the term "subject” means a human or a mammal other
difsenr sl humarh AR agsay fob BA ANtIBELYAS ehabled/yt detbidtidizpg  this
through, for example, a reaction for binding to a protein recognized by the
péartibody ona partial fragehent of the ghrotaiml THUS OiR thindélemninagion. a
method, a protein recognized by the antibody or a partial fragment of the
dpegein i preferahousedan detérming for the presentevzs cfithgantbedyo !
in an immunological manner (i.e., using -68- an antigen-antibody
nreactiah). dicte tiskt tive "gartial Heagmeéhte prefeesbiyndontaing attleast aplso
epitope-bearing
relates to a determination kit, a diagnosis kit, an animal
model producing method, and a drug screening method.
The following describes each of these methods in detail.

(7-1} Determination Method of the Present
Invention

The determination method of the present invention
only needs to be a method for determining whether or
not an antibody recognizing the protein of the present
invention (i.e., the protein (a) or (b)) exists in a subject.
Note that the term “subject” means a human or a
mamimal other than a human.

An assay for an antibody is enabled by detection
through, for exampie, a reaction for binding to a protein
recognized by the antibody or a partial fragment of the
protein. Thus, in this determination method, a protein
recognized by the antibody or a partial fragment of the

protein is preferably used to determine for the presence

of the antibody in an immunological manner (i.e., using
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peptide. To give an eXampIe of this determination method, 5 an insoluble
carrier on which the protein according to the present invention or a partial
fragment thereof is immobilized is brought into contact with a biological
sample taken from a subject and wash®d, and then antibodies specifically
bound to the protein or the 10 partial fragment thereof on the insoluble
a Barrfe b8 cdetadidd PPbyantisSdiésSPecifiShMy Bouaas thid? proteriéitial
the partial fragment thereof on the insoluble carrier are, for example,
frgiboaes dereit o thieC subjédt Fhafefsté Suchithe RiHtbBERR AR N g
be easily 15 detected using a secondary antibody, i.e., an antibody
pepedificto the antibodies in the subject. In this case, a dye, an enzyme or
a radioactive or fluorescent label may be incorporated in the secondar
antibodyps® &0 sehharceraid eharebifarhel dhgilimtertad inendeg topd,
detection. Thus, antibody assays to be used in the determination method
aunder cohsitiération Mdlade @ssay heehnidlies thatmake useoarabitichal ©
immunohistological approaches such as a fluorescent 25 antibody .
trechmiges candot isloteassagra weastern blotting L6Jdreegmnigné, thereof is
enzyme-linked immunosorbent assay techniques (including ELISA and a
icamdwichiEeBAis brought into contact with a biological
sample taken from a subject and washed, and then
antibodies specifically bound to the protein or the
partial fragment thereof on the Iinsoluble carrier are
detected. The antibodies specifically bound to the
protein or the partial fragment thereof on the insoluble
carrier are, for example, antibodies derived from the
subject. Therefore, such the antibodies can be easily
detected using a secondary antibody, i.e., an antibody
specific to the antibodies in the subject. In this case, a
dve, an enzyme or a radioactive or fluorescent label may
be incorporated in the secondary antibody so as to
enhance and thereby further facilitate the intended
detection.
Thus, antibody assays to be used in the

determination method under consideration include assay
technigues that make use of traditional

immunohistological approaches such as a fluorescent

antibody technique, a dot blot assay, a western blotting
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technique), a radioimmunoassay technique (RIA), and an

immunodiffusion assay technique. These assays use 5 molecules such as

avidin and biotin for the purposes of molecular immobilization and

detection, and techniques for preparﬁ’n% these reagents and methods of

use thereof may be technologies known to a person skilled in the art.
tofdidifatthe resuftibf iHE Belefhkiration mETRGE BRES AbRoRdderatfbhiéy

an immune histological stain of tissue sections for pathological testing.

tNDIARY it theddietiR&iodihéthdd dhBéh cBnsiarafionis Pref
performed using a biological sample isolated from the subgect. The term

tepbagitdcls sankiplg ISBIERURAASRRY ah§ SBripRUisal Soliding Bélisa
tissues or disrupted pieces thereof as taken from the subject. For

i mvariple A piBgicatsabfle i56RESIMAS be AMETFDeribher BloddSe
saliva, urine, stools, and cell samples, and is not limited to any 20 specific

riopke ATy $18Sd) pagicamitisreforshld iaplefie pdiipheriBoges of
taken from the subject, in view of the fact that herpes viruses latently

nirsféeE Wldcrophuiges i perghenl BIocH. FEihicEasd tha "iibjeet Bahidtitse s
from a low degree of invasion. 25 An amount of antibodies present in a

foiologicalaTdngarhplesamphey eart beaBabifpeibwalsd oY Hagnghereof
comparison with an amount of antibodies present in a

may be technologies known to a person skilled in the art.

Note that the result of the determination method under
consideration is an immunohistological stain of tissue
sections for pathological testing.

Note also that the determination method under
consideration is preferably performed using a biological
sample isolated from the subject. The term “biological
sample isolated” may cover any sample that contains
cells, tissues or disrupted pieces thereof as taken f[rom
the subject. For example, the “bioclogical sample
isolated” may be any of peripheral blood, saliva, urine,
stools, and cell samples, and is not limited to any
specific one. Among these, particularly preferable
sample is peripheral blood taken from the subject, in
view of the fact that herpes viruses latently infect
macrophages in peripheral blood. In this case, the
subject benefits from a low degree of invasion.

An amount of antibodies present in a biological
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standard preparation (e.g., a standard sample taken from a healthy
person or one taken from a typical 5 patient with a mental disorder), using
e.g., a linear regression computer algorithm. While various assay
techniques are available for antibody detection, an example for ELISA is
described in lacobelli et al., Breast Cancer Research and Treatment 11:
s 29r30l 1 988R i Setalsie BnZyme fabsettihvay belexehadified By theseking
derived from a class of oxidases which catalyze the generation of
chydmogenperoxidetihrough seaotiomwitle [the Bubbwdtee Sluesss oxidasa 2
is particularly preferable, since it has satisfactory stability and its
séabysttatedL 5 gglacosedis easily available. Astivitydathé oxidase labelt ahien
be assayed by measuring a concentration of hydrogen peroxide formed
fbymn emzymealbbeled antibody/sarstrate seattdie n abidition tea  typical
enzymes, other suitable labels include radioisotopes (e.g., iodine 20
p@25drand w211), carbome(h4€), sdfa@a6),) tritiurs (8l), dndjum @ 12inkar
and technetium (99mTe), as well as fluorescent labels (e.g., fluorescein
ragc ehosiamin) andn piotire A levht of-antibodiesYdgdinst the iprotein ofitheay
25 present invention) that are present in biological samples -71- obtained
tfrointhe; subjectzoan alse bel ddiéeted drrvive hyi methodsdtlierthamthe an
above-described immunoassay
example for ELISA is described in lacobell:r et al., Breast

Cancer Research and Treatment 11: 19-30 (1988}.

Suitable enzyme labels may be exemplified by

“those derived from a class of oxidases which catalyze the

generation of hydrogen peroxide through reaction with
the substrate. Glucose oxidase is particularly preferable,
since it has satisfactory stability and its substrate
(glucose) is easily available. Activity of the oxidase label
can be assayed by measuring a concentration of
hydrogen peroxide formed by an enzyme-labeled
antibody/substrate reaction. In addition to enzymes,
other suitable labels include radioisotopes (e.g., iodine
(1251 and 1211}, carbon (!'4Cj), sulfur (358), tritium (3H},
indium (!!2In), and technetium (°92Tc), as well as
fluorescent labels (e.g., fluorescein and rhodamin} and
biotin.

A level of antibodies (against the protein of the

present invention) that are present in biological samples
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technique, for example, by image analysis. In short, in view of the fact
that the antibody against the protein 5 according to the present invention
is also a protein, an antibody that specifically recognizes this antibody
may be used for in vivo detection by ifdage analysis of the level of the
antibodies (against the protein of the present invention) that are present
oi thebislodicarsahisies UbIsHtAIfedTrerhthe BEbR 6L MhEDAdYlaBélsmD Y
markers for the in vivo image analysis of antibodies encompass those
migitiead be ddiscted By R-rdyfithagifg, NVIR € GCE SRS Forl X iayU g nga y
suitable labels encompass radioisotopes such 15 as barium or cesium
t et ernitidetedablecradiatibhcbutDiat Bre gleafyitsdiniiess thithes Seiple in
under test. Suitable markers for NMR and ESR encompass those which
veanbeodsdd o |abelta htnaéntfoecukiring @ yassecidted hybfidgonmd ot cin
produce a corresponding 20 antibody, whereby the label is incorporated in
athe oantivody isrodhcedy an exarhpla sksuciviabébisadevtefiumitaldrigia an
detectable characteristic spin. An antibody or a fragment thereof that is
agptdificdfor theadntibody bigaiast therprotaimokthe prosenta2s invedtonmay
and that is labeled with a suitable, detectable -72- image-analysis portion,
bsuchias d rédivisotope peg distds timnortgonitop gradicopsigies of the
substrate or a substance
tevel of the antibodies (against the protein of the present

invention} that are present in the biological samples
obtained from the subject.

Antibody labels or markers for the in vivo image
analysis of antibodies encompass those that can be
detected by X-ray imaging, NMR, or ESR. For X-ray
imaging, suitable labels encompass radioisotopes such
as barium or cesium that emit detectable radiation but
that are clearly harmless to the sample under ftfest.
Suitable markers for NMR and ESR encompass those
which can be used to label a nutrient for culturing an
associated hyvbridoma to produce a corresponding
antibody, whereby the label is incorporated in the
antibody produced; an example of such label is
deuterium having a detectable characteristic spin.

An antibody or a fragment thereof that is specific
for the antibody against the protein of the present

invention and that is labeled with a suitable, detectable
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detectable by nuclear magnetic resonance is introduced (e.g.,
parenterally, subcutaneously, or intravenously) 5 into a mammal to be
tested for a disorder. It will be understood in the art of interest that a
quantity of the image-ana.lysis portiofi<4equired for generating a _
diagnostic image is determined by the size of the sample under test and

ithe gmageadalgsis $BIEHOD besusel. msl@theechseiwhérthat potionis!
part of a radioisotope, a quantity of radioactivity to be injected into a

! htlman ogatipielis typicallydn @-rangeifrom sibdLs 5 eotgbeut 20 sHbisfance
99mTc. Subsequently, the label antibody or the fragment thereof is

dadeumalbted frefenantibtiy at ansitg 16 oicthe celh whinls sité sSndludingdhec e d
antibody against the protein of the present invention. Note that an in vivo

(émage apalysis of turhbys is sleseribdd ime Ws IBurchiel etratravenously)
"Immunopharmacokinetics of Radiolabeled Antibodies and Their

i Eragnents'afumerd Intagihg; 20sGhapterft3: The Restiochemicdt will be
Detection of Cancer, Burchiel, S. W. and Rhodes, B. A. eds., Masson

wRublishing int. {982)) Thetfotldwimg lists spethie examples oftatiabell the
available for the present invention. Examples of suitable 25 enzyme

i fakels:ineludéysakate dehytiogenase; g18rStdphylacoccustnueleaseng =
yeast alcohol dehydrogenase, a-glycerol phosphate dehydrogenase,

diingephadphateage is determined by the size of the sampie

under test and the image analysis system to be used. In
the case where that portion is part of a radioisotope, a
quantity of radicactivity to be injected into a.human
sample is typically in a range from about 5 to about 20
mCi of 29mT¢. Subsequently, the label antibody or the
fragment thereof is accumulated preferentially at a site
of the cell which site including the antibody against the
protein of the present invention. Note that an in vivo
image analysis of tumors is described in S. W. Burchiel
et al., “Immunopharmacokinetics of Radiolabeled
Antibodies and Their Fragments” (Tumer Imaging,
Chapter 13: The Radiochemical Detection of Cancer,
Burchiel, 8. W. and Rhodes, B. A. eds., Masson
Publishing Inc. (1982)).

The following lists specific examples of a label
available for the present invention. Examples of suitable

enzyme iabels inciude maliate dehydrogenase,
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isomerase, peroxidase, alkaline phosphatase, asparaginase, glucos

oxidase, (3-galactosidase, 5 ribonuclease, urease, catalase, '

glucose-6-phosphate dehydrogenase, glucoamylase, and acetylcholine

esterase. Examples of suitable radioi¢stope labels include 3H, 11'In

1251, 1311 3217 35S, 14C 5'Cr, 57To, 58CO, 59Fe, 75Se, 10 152Eu goy
S6aQi B1PCPZTI 202 47SE -ande8 PR pRlM 1 FE@ Ty fegnase,

preferred isotope in the case where in vivo imaging is employed, since
ot reeidela ploblemiut HehdsgeRatiohesiadfdhocloidl Shtidely sphate
_labeled with 1251 or 131I, which dehalogenation is caused 15 by a liver.
i SRty athis, radioniddise Fisd asf@vorable 2ddifitia felease BRGPBA LA SE,
imaging (Perkins et al., Eur. J. Nucl. Med. 10: 296-301 (1985); _
acpasgEio absl, J. NEkl MEse 28; 28K268 7 £1087)). HorExbatple Shamst
11.1 (111In) coupled to a monoclonal antibody using 20 1-(P-benzyl
risothiotyanateDP TAIgsSshowrciRtié lagiake iniohctamorbudisegeshate
particularly a liver, and therefore enhances specificity of tumor .
diobalidaticge (Esteban et gl MUl WWieE£28: 86 8-BT0 (1987) Bxahisidsn e
of suitable non-radioactive isotopic 25 labels include 157Gd, 55Mn,
e$62Dy,52Tr, and 56Fe. -74- Examples of suitable fluorescent labels
include 152Eu label, fluorescein label, isothiocyanate label,

Examples of suitable radioisotope labels include °H,
111]pn, 125 131] 82p, 353, 14C, 51Cr, 57To, 38Co, %9Fe, 75Se,
1582Fy, 90Y, 67Cu, 217Ci, 211Atr, 212Pb, 47Sc, and 109 pd.
Indium 111 (!!'!'Iin} is a preferred isotope in the case
where in vivo imaging is employed, since this avoids a
problem of dehalogenation of a monoclonal antibody
labeled with 125] or 131], which dehalogenation is caused
by a liver. Further, this radionuclide has a favorable
camma release energy for imaging (Perkins et al., Eur. J.
Nucl. Med. 10: 296-301 (1983); Carasquillo et al., J.
Nuci. Med. 28: 281-287 (1987}). For example, indium
111 (11lIn) coupled to a monoclonal antibody wusing
i-(P-benzyl isothiocyanate)-DPTA has shown little
uptake in non-tumorous tissues, particularly a liver,
and therefore enhances specificity of tumor localization
(Esteban et al., J. Nucl. Med. 28: 861-870 (1987}).

Examples of suitable non-radioactive 1sotopic

iabels include 157Gd, 55Mn, 192Dy, 52Tr, and 5%Fe,
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rhodamin label, phycoerythrin label, phycocyanin label, allophycocyanin
label, o-phthalaldehyde label, and 5 fluorescamine label. Examples of
suitable marker toxins include diphtheria toxin, ricin, and cholera toxin.
Examples of chemiluminescent labeld’thclude luminal label, isoluminal
label, aromatic acridinium 10 ester label, imidazole label, acridinium salt
label, Sxante Rbtat [a®EI, RigieAR ibelluareesseamtel latie kequstml ude
label. Examples of contrast agents for nuclear magnetic resonance
LirBute hedvsimetdl donfie patrRi shabss Gd) asthrosygpete  label,
Representative techniques for binding the above-mentioned labels to
r hnthodid s aleprovidetgic Rerrédy eRall 4GIRL.CRifpY ey imlabel,
(1976)) and Schurs et al. (Clin. Chim. Acta 81: 1-40 (1977)). 20 Coupling
atéohmigues desaribed inl eedatter cRbléaadrisralsrie rhathéd; a and
periodate method, a dimaleimide method, and a
fimonalsioddeberizylaNphydroxy-succinimide ester method. All of these
methods are incorporated herein by 25 reference. -75- (7-2) Diagnosis
Metho& Rhenliagnosis adethediof #el presentntention opins  include

diphtheria toxin, ricin, and cholera toxin.

Examples of c¢hemiluminescent labels include
luminal label, isoluminal label, aromatic acridinium
ester ltabel, imidazole label, acridinium salt label,
oxalate ester label, luciferin label, luciferase label, and
aequorin label.

Examples of contrast agents for nuclear magnetic
resonance include heavy metal atomic nuclei such as Gd,
Mn, and Fe.

Representative techniques for binding the
above-mentioned labels to antibodies are provided by
Kennedy et al. (Clin. Chim. Acta 70: 1-31 {1976)} and
Schurs et al. (Clin. Chim. Acta 81: 1-40 (1977)}.
Coupling techniques described in the latter include a
glutaraldehyde method, a periodate method, a
dimaletmide method, and a

m-maleimidebenzyl-N-hydroxy-succinimide ester method.

- All of these methods are incorporated herein by

reference.
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needs to use the above determination method. Specific configuration,
conditions and others of the diagnosis 5 method are not particularly
limited. For example, by using as a marker the antibody of the present
invention existing in a human subject &r-an animal subject, it is possible
to determine that the human subject or the animal subject contacts a
mental disdtdbri Fgriseyi 10MiRgMBSs may be performed by using as an
indication a quantitative value of the antibody of the present invention as
followst Mahfesheriosise 18 apropriafelih Setuce s iy 16 B joaititato Ly
value (normal value) measured in a healthy person or a quantitative value
nes (tisorderiatue) ircastved ¢n & §iicanp Akt avith Fifeikd? Qisordees ific
a value measured in a subject is above or below the threshold value, the
c subjegtis adétermined fiddnerac a aieftakdisorder vitth £ high diagnosis
probability. Once a mental disorder is developed, an 20 amount of the
mantibody issincreaset. pafdwcof thislin thepresént ifventieikdenple, by
example, a quantitative value (normal value) measured in a healthy
upensgn dssset av a rtkreshditvaludi b a dslue mdasureddas athumayention
subject is below the threshold value, the human subject can be 25
edetermiged to eoriracha mentabdisoidertvithra ligh 2761 pessibitityt Nafe 1s
that the term "human subject” herein means
possible to determine that the human subject or the

animal subject contacts a mental disorder. Further,
diagnosis may be performed by using as an indication a
guantitative value of the antibody of the present
invention as follows: A threshold value is appropriately
set according to a quantitative value (normal value)
measured in a healthy person or a gquantitative value
(disorder value) measured in a typical patient with
mental disorders; if a value measured in a subject is
above or below the threshold value, the subject is
determined to contract a mental disorder with a high
probability. Once a mental disorder is developed, an
amount of the antibody is increased. In view of this, in
the present invention, for example, a quantitative value
(normal value) measured in a healthy person is set as a
threshold value; if a value measured in a human subject
is below the threshold value, the human subject can be

determined to contract a mental disorder with a high
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a human, and the term "animal subject” means an animal other than a
human. Examples of the animal 5 subject encompass mice, rats, and
monkeys. Not only that, any animal other than a human can be the
"animal subject". Thus, this diagnosi€$nethod makes it possible to easily
and accurately determine (i) whether or not a 10 subject has a mental

Paisdrded BY(ii) whether or not a subject has a possibility of contracting a
mental disorder. Further, the diagnosis method for an animal subject will
be quiteaigefiitierie b irlig SBrecMvgHG TdevIBpRTeht O fHeFaPediE @S
agents for mental disorders 15 and animal subjects for testing drug

a effettivenBss. {M3) Deteemilhaton Kitapiaghesis Kit Ekehlof ameans  an
determination kit and a diagnosis kit of the present invention only needs

atol beadesiygied to 4llvan tha déterfmidtiontietiiBd Hescribéd it the 2Boveal
(7-1) or 20 the diagnosis method described in the above (7-2) to be

s pérferpiedc: Specifip 8erfigtrations, Thdteriakn fhstramBrts BRd othets emly
these are not specifically limited. To be specific, in order to

thrarhuroiggieatlyraedect the antibedy of thelpresentiaveritiont gchandia al
25 determination kid and the diagnosis kit preferably -77- includes any of:
s{i)kg protein of the present invention; (ii) a partial fragment (preferably

including an

Thus, this diagnosis method makes it possible to
easily and accurately determine (i) whether or not a
subject has a mental disorder or (ii} whether or not a
subject has a possibility of contracting a mental
disorder. Further, the diagnosis method for an animal
subject will be quite useful for e.g., drug screening for
development of therapeutic agents for mental disorders
and animal subjects for testing drug effectiveness.

(7-3) Determination Kit, Diagnosis Kit

Each of a determination kit and a diagnosis kit of
the present invention only needs to be designed to allow
the determination method described in the above (7-1) or
the diagnosis method described in the above (7-2) to be
performed. Specific configurations, materials,
instruments and others of these are not specifically
limited. To be specific, in order to immunologically
detect the antibody' of the present invention, each of the

determination kid and the diagnosis kit preferably
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epitope-bearing peptide) of the protein (i); and (iii) a detection instrument
to which the protein (i) or the 5 partial fragment (i) is immobilized. A kit
having the above configuration is quite useful, since such a kit makes it
possible to easily and reliably perfoanhe determination method or the
diagnosis method of the present invention. 10 Further, in addition to the

innpbve esnfRjiation; dathaf heddtefmintich Rit BIE Hettiagrosidxiton;

‘may include an item for performing each step of the determination
(ilethdd or BrrerdicghosiiRemban Exatipléd 61 &dehvan itdhs bHébmgass:an
instruments for 15 taking a sample from a subject (e.g., a syringe (inggtor)

e forteatectirmppdishedEBI60AR andliteicrequikderfdt pdiforAiRg thelil) 2

~ determination method and/or the diagnosis method such as laboratory

dinstraments A Lous Pdagbfts YeltiC Feaddhts UREA 6 8n 20) or the
immunological reaction such as ELISA). Further, each of the
pdeterainftiogkieand this diaghoss ki Migcidclude an arithmetic unit
(e.g., a computer) or software each of which is required for performing the
deterinationmuia @asily ahd atcuratsh 128 7ad) prethodg Forte useful,
Producing, Determining, -78- Screening, and Evaluating Animal Model
sThe diagnosis mdthbdrokthe présemdnvdition is0 easily and reliably
perform the determination method or the diagnosis
method of the present invention.

Further, in addition to the above configuration,
each of the determination kit and the diagnosis kit may
include an item for performing each step of the
determination method or the diagnosis method.
Examples of such an item encompass: instruments for
taking a sample from a subject (e.g., a syringe (injector]
for collecting peripheral blood); and items required for
performing the determination method and/or the
diagnosis method such as laboratory instruments and
various reagents fe.g., reagents used for an
immunological reaction such as ELISA}. Further, each of
the determination kit and the diagnosis kit may include
an arithmetic unit {e.g., a computer} or software each of
which is required for performing the determination more

easily and accurately.

(7-4} Methods for Producing, Determining,
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applicable to: a method for producing an animal model (other than a
human) of a mental disorder; a method for 5 determining usefulness of the
animal model; and a method for determining usefulness of a drug by
means of drug screening using the afnal model. Specifically, as
described in the Example, the animal model of the mental disorder can be
Sprorieved By intrstUugng ke torotemi SIH- Mstd ¢he brain of an animal
using e.g., a vector. Further, usefulness of the animal model of the
mentalldisorddrein beidgetsrnited &s dlidwse SPTiRSHS thevention is
determination method and the diagnosis method, it is determined whether
aprmidtarbanintal subjettelthdedeltps armedtsl disardemndegerding ommac!
presence or absence of the antibody of the present invention; if the
(@bineal $libjett hab developed the mestaltdisofiero the animarsatbjeettam
be determined to be useful as the animal model of the mental disorder.
d20 dtisToia greferablathateach of thelabove varvas nethddd; and a
additionally uses, as evaluation means, a diagnosis method utilizing e.g.,
nachdretdfdrerkdoye thshavivediserdénsnd/esstaftle réspunseofatans of
animal. Specifically, for diagnosis in animal tests, any of the 25 followings
dmay be empmayiedg (s iesg forlecbehlavior 7 9ndisbeder, enp ca fiedially, as
suspension test or a forced swimming test; and (ii) a known brain function
diestceitped in the Example, the animal model of the

mental disorder can be produced by introducing the
protein SITH-1 into the brain of an animal using e.g., a
vector. Further, usefulness of the- animal model of the
mental disorder can be determined as follows: Similarly
to the determination method and the diagnosis method,
it is determined whether or not an animal subject
develops a mental disorder, depending on the presence
or absence of the antibody of the present invention; if
the animal subject has developed the mental disorder,
the animal subject can be determined to be useful as the
animal model of the mental disorder.

It is more preferable that each of the above various
methods additionally wuses, as evaluation means, a
diagnosis method wutilizing e.g., a heretofore known
behavior disorder and/or startle response of an animal.
Specifically, for diagnosis in animal tests, any of the

followings may be employved: (i) a test for a behavior
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startle response. The "subject animal” herein may be any animal 5 other
than a human, particularly preferable examples of which encompass
mice, rats, guinea pigs, dogs, rabbits, monkeys, and jockos.
Determination (diagnosis) of mentat diSorders for animals other than a
human was more difficult. In terms of this, the method of the 10 present
dientisiTis qoite usefal. Fiier, aandigatieosubstasde fata a forced
psychotropic agent or an antipsychotic agent (an agent for treating or
simproving g rheftal Aldrdét) raaikbeadmiisterad v Budi an aifmkl € 8.
model, and thereafter a test for the behavior disorder and 15 detection of
sthierahtibvds HhE Present invention may be performed in a manner as
described above. Then, if the mental disorder is cured or improved, the
candiddte csubstahde can v tetedminbd i haverad EntPrherital vdigordép al
effect. Thus, use of the diagnosis method of the 20 present invention
ofrtakes fpossiblelto sasily amdreliablyl perforprsoresaibgefor & e antitate o f
substance for a psychotropic agent. The "candidate substance for a
wosychotepiccagare'stergin eray he hy gubsterrcepdesired bg a parsbridits,
who conducts the test. 25 Note that the point of the determination method,
me80a theydiagnesisimethodior the likkafahepesdnpinveribra gno prevideo !
an objective determination method for
mental disorders for animals other than a human was

more difficult. In terms of this, the method of the
present invention is quite useful. Further, a candidate
substance for a psychotropic agent or an antipsychotic
agent {(an agent for treating or improving a mental
disorder) may be administered to such an animal model,
and thereafter a test for the behavior disorder and
detection of the antibody of the present invention may
be performed in a manner as described above. Then, if
the mental disorder is cured or improved, the candidate
substance can be determined to have an anti-mental
disorder effect. Thus, use of the diagnosis method of the
present invention makes it possible to easily and reliably
perform screening for a candidate substance for a
psychotropic agent. The “candidate substance for a
psychotropic agent” herein may be any substance
desired by a person who conducts the tesf.

Note that the point of the determination method,
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determining whether or not a subject contracts a metal disorder by
detection of an antibody against a protein 5 which is expressed
specifically during latent infection with a herpesvirus, and does not lie in
each manipulation specifically descriéd-herein. Therefore, it should be
noted that determination methods and diagnosis methods using
thranbulgions tther eidross 1 dedétise®@AbdVe dpé afpnt 1nvention
encompassed in the scope of the present invention. In addition, infection
i vith herpasvirides ig morzidered v he Fidted ol disbEsBs derobipadied 0T
by immunodeficiency such as CFS, which is described also 15 in the
deample neng, autoirhirehediseagés sushidy Crbhpertiseasey; a metal
cutaneous diseases which are considered to be associated with HHV-6
d(esg.y deug-ruckuthypé rsensitvigysyrdidided dind agreephalites apdotein
encephalopathy induced by HHV-6. 20 Therefore, it would be considered
wisitthe determipators exketisaelcarid the Hingridsis imethod of the preseation
invention also enable objective diagnosis and evaluation of these
wlisbases. Thatdsthe protein, theagethe add ethersobthe 2B:present each
invention can be used as a disease marker for 81- various diseases which
nmighthe isvolved sitk ¢HEM-8] Furthers ¢hlielpeabehteineentioT dlsgefore, it

encompasses

should be noted that determination methods and
diagnosis methods using manipulations other than those
described above are also encompassed in the scope of
the present invention.

In addition, infection with Therpesviruses 1is
considered to be related to: diseases accompanied by
immunodeficiency such as CFS, which i1s described also
in the Example, (e.g., autoimmune diseases such as
Crohn’s disease); cutaneous diseases which are
considered to be associated with HHV-6 (e.g.,
drug-induced hypersensitivity syndrome}; and
encephalitis and encephalopathy induced by HHV-6.
Therefore, it would be considered that the determination
method and the diagnosis method of the present
invention also enable objective diagnosis and evaluation
of these diseases.

That is, the protein, the gene and others oi the

present invention can be used as a disease marker for
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an animal model produced by transfer of the above-described gene of the
present invention, a gene 5 product thereof (e.g., a protein encoded by the
gene), or a recombinant expression vector having the gene. Since the
gene of the present invention is invol¢ed in a mental disorder as

described above, the animal model produced by transfer of the gene, the

v gehe prodlg eRerest telyt clo e phdiehcehdotely BtiEigéndy, Bine -
recombinant expression vector having the gene manifests a symptom of
the mentar thserdert Exarmgles ofthe Syiprorh@f tha l ffenghgigsrdep sses
encompass manic-depressive-like symptoms, mania-like symptoms,

ateprezsiomike 158pHstomspandl degshdind®n thetestyethod, of  the
schizophrenia-like symptoms. A subject animal is not limited to any

adpecifichnes dlofg &€ it s avhilable apasest Aninmal VRaHicakslya gene
preferable one is a mammal, for example, a mouse, a rat, 20 or a

pmodkey! Furtheemdré cagnetho®for tnsfarofthd geéndy tHéigege ne), or
product, and the recombinant expression vector may be a .

acomventiohataknbowrkmethosl and ¥enoo imhedvtioghyt Specicione. Ponce
example, a method for 25 causing the protein of the present invention to

tbe -@2-rexpedsséckinper braimcanrbecanrhisthiod. singvar va dendvieugnental
vector or a method using a retrovirus vector

disorder as described above, the animal model produced
by transfer of the gene, the gene product thereof (e.g.,
the protein encoded by the gene), or the recombinant
expression vector having the gene manifests a symptom
of the mental disorder. Examples of the symptom of the
mental disorder encompass manic-depressive-like
symptoms, mania-like symptoms, depression-like
symptoms, and, depending on the test method,
schizophrenia-like symptoms.

A subject animal is not limited to any specific one,
as long as it is available as a test animal. Particularly
preferable one is a mammal, for example, a mouse, a rat,
or a monkey.

Furthermore, a method for transfer of the gene,
the gene product, and the recombinant expression vector
may be a conventionally-known method, and 1is not

limited to any specific one. For example, a method for

causing the protein of the present invention to be
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(see the later-described Example), and, of course, can be any of methods
using vectors which are not the 5 adenovirus vector or the retrovirus
" vector. Alternatively, gene transfer using a general transgene (e.g.,
production of a transgenic mouse) carébe used. Further alternatively, a
method for directly inoculating the protein of the present invention into a
CKEAe 8aPHe 10 uséd. ThetdRimat Addelst thé merak dRdrder 8an Be an
suitably used for e.g., study on treating methods for mental disorders,
a §taPoN BFECts O HPugS TdeteMAnatvR of Sfdds of ARG BhgW S vector
evaluation of 15 treating methods (e.g., thermotherapy) which are not
( sreatig mbBicds dsing dilgs] b thererbreiseduile Qdefid FiftherCthe be
animal model can be used for study on a factor related to a development
afagtor of a mentdl ZDdisorden T hevanirhar model kaflalscdicusédrbr the
research of prevention of development of mental disorders e.g., by
astadyinig how rasH fatigue ahdsiress carelilvolVeririnduttibporatively,
mental disorder. The following shows Examples to describe the 25
gembodiraenss of thespregent gwarstivhlin Hraares datil( c88- Negdiebg gdion
say, the present invention is not limited to the Examples below, and
ofarioas fotme megcbeitakernfiopuse) can  be used. Further
alternatively, a method for directly inoculating the
protein of the present invention into a brain can be

used.

The animal model of the mental disorder can be
suitably used for e.g., study on treating methods for
mental disorders, study on effects of drugs,
determination of effects of drugs, and evaluation of"
treating methods {e.g., thermotherapy) which are not
treating methods using drugs, and therefore is quite
useful.

Further, the animal model can be used for study
on a factor related to a development factor of a mental
disorder. The animal model can also be used for
research of prevention of development of mental
disorders e.g., by studying how much fatigue and stress
are involved in induction of a mental disorder.

The following shows Examples to describe the

embodiments of the present invention in greater detail.
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the details. Further, the present invention is not limited to the description

of the embodiments above, but may be 5 altered by a skilled person within

the scope of the claims. An embodiment based on a proper combination

of technical means disclosed in differ€ft embodiments is encompassed in

the technical scope of the present invention. 10 Examples <1. . .
NRiefitfctioltofehe PRSIURE GERRA) IBNGRINY Catéht AfSctbiapedid ©

Protein SITH-1> Messenger RNA (mMRNA) was separated from thgse
tinfadisphByRsdesebedin B PEREIHDBbEUMETRS tRAE 15 RfertAkiEnty o

infected with HHV-6, and a reverse transcription reaction was performed
thsingeandbin PrMéRCIEARB P HRfRE fOFTEGErSEFaNstripfdn dmited
sense transcripts, and IE2FB as a primer for reverse transcri%tion of
tantbserise yeriRhipes: Thbrdatef ThE 20 TBRGIEH reRSIE wansdripiay be
(cDNA) were amplified by the PCR technique using the primers IE4RB
adNERFD Vana the lsibdi @ts WeFe fifthel AbiplifiedByfthe Hoalle-Réstdd ©
PCR technique using the inner primers IE4RA and IE2FA. Fig. 1 shows
clid tve scorfeBponiaenes! 28 sative bt frietsefse tPanREMR THeCP Bithaation
known mRNA -84- during productive infection and the novel latent _
oihfeetibrmdpecificyens and (firan openieadinly aapielop mbodiments 1s
encompassed in the technical scope of the present
invention.
Examples

<1. Identification of Gene Product [(mRNA)
Encoding Latent Infection Specific Protein SITH-1>

Messenger RNA {mRNA) was separated from those
macrophages described in Non-Patent Document 1 that
were latently infected with HHV-6, and a reverse
transcription reaction was performed wusing random
primers, I[E4RB as a primer for reverse transcription of
sense transcripts, and IE2FB as a primer for reverse
transcription of anti-sense transcripts. Thereafter, the
resultant reverse transcripts (¢cDNA} were amplified by
the PCR technique using the primers IE4RB and IE2FB,
and the products were further amplified by the
double-nested PCR technigue using the inner primers

IE4RA and IE2FA. Fig. 1 shows (i) the correspondence

between the sense transcript (H6LT) of the known mRNA
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the latent infection specific protein SITH-1. For details of the sequence
information about SITH-1 and the novel 5 latent infection specific gene,
see the SEQUENCE LISTING. As a result, the amplification yielded a
925-bp product, which differed both ffdm (i) a 351-bp product amplified
from mRNA being expressed in MT-4 cells that 10 were productively
diardéed wity PIVEEBYE (if) 18 86 ¢ 1819 throdBthmplifiéd frdh? BGdtentatent
_infection specific gene product (HHV-6 latency-associated transcript:
iHgLoT oo SABET SN ES-PatentDodiiheh 3, AR akt B&tER@bIE dtmiRge |
latent infection of macrophages (M(D) 15 with HHV-6. This product was
thpoldgifiereht fvfs atioql -5 prafivet BRpHfdE fréth HinA6 DA ifithER it s
was solely amplified from the product of the reverse transcription of the
0 fintihserse ArAASEAptS MIMEBAIE Rierllp 20t hfsdtediwith ARY-6romovel
this, this product was shown to be a heretofore unknown, novel latent
Larfention 1spkeific g&ne prodadt (See BRINZ). In BRE 2, MR esighifie @ENCE
random primer, "S" signifies a sense transcript, and "anti-S" signifies an
Lahtréése transcript. 25 To determine the structure of this novel latent
-85- infection specific gene mRNA, a 5'-rapid amplification of cDNA ends
(RACE) method @At bt3'-RACE methddliergion yielded a 925-bp
product, which differed both from (i) a 351-bp product
amplified from mRNA being expressed in MT-4 cells that
were productively infected with HHV-6 and (ii} a 351-bp
product amplified from a latent infection specific gene
product {HHV-6 latency-associated transcript: H6LT},
described in Non-Patent Document 3, that was
detectable during latent infection of macrophages (M®)
with HHV-6.

This product was also different from a 1241-bp
product amplified from HHV-6 DNA in that it was solely
amplified from the product of the reverse transcription
of the anti-sense transcripts in the cells latently
infected with HHV-6. From this, this product was shown
to be a heretofore unknown, novel latent infection
specific gene product (see Fig. 2). In Fig. 2, “R” signifies
a random primer, “S” signifies a sense transcript, and

“anti-8” signifies an anti-sense transcript.

To determine the structure of this novel latent
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performed, whereby not only the 5'- and 3'-ends but also the overall
nucleotide sequence was determined (see Fig. 5 3). IE4RB:
5-GATGCTCCTTCTTCCACATTACTGG-3' IE2FB: -
5'-CATCCCATCAATTATTGGATTGCEIGG-3' IE2FA: 5'-GAAACCAC-
CACCTGGAATCAATCTCC-3' IE4RA:
il AN AT EGAABEGARGTeca3 Ao Repid amplification of
5'-GCTGGGTAGTCCCCACCTTTCTAGA-3' aFl:
chREFcAnGEATET ARG Caeretcirdcy AR RACE method were
5-GCTTCGAGATCAGTAGTGGTACG-3' <2. Functional Analysis of Novel
PEAtEHE TRfetiol ISpeehit aene PRI BrHRl> 250 %‘tuawﬁé fhattighlso
of the protein SITH-1, a host protein to which the protein SITH-1 would
t BindowiEHiA | ETISATAS RIS RHficte THS WAS pEfcintbaltisy eidtmihd 6% Fig.
human fetal brain cDNA library by means of yeast two-hybrid assay with
3the protein SITH-1 used as a bait. 20 The result is shown in Fig. 4. In Fig.
4, (A) shows yeast clones in which (3-galactosidase was strongly

I E)fb?e@sea dwihg @BihdirgietneER SHrH-A Add CAMEBY shows a
diagram verifying by western blotting and staining of anti-CAML
IBAIBEies tHar) ihtHe tvitfe HAITdowh D6 SsbdyT EAML eSqpréssed in E.
coli could be -86- co-precipitated with a GST-SITH- 1 fusion protein which
[ RAS Ao BXSieSAIGTR Coli GATET shows A iagmmCTCC- 3"
IE4RA: 5’-GACACATTCTTGGAAGCGATGTCG-3
N1: 3-GCTGGGTAGTCCCCACCTTTCTAGA-3’
aFl: 3’-CTGAAGCATGTAAGCACATCTCTTGC 3’7
aR1l: 5'-GCTTCGAGATCAGTAGTGGTACG-3’

<2, Functional Analysis of Novel Latent Infection
Specific Gene Protein SITH-1>

To study the function of the protein SITH-1, a host
protein to which the protein SITH-1 would bind within
cells was identified. This was performed by screening of
& human fetal brain c¢DNA library by means of yecast
two-hybrid assay with the protein SITH-1 used as a bait.
The result is shown in Fig. 4. In Fig. 4, (A) shows yeast
clones in which p-galactosidase was strongly expressed
owing to binding between SITH-1 and CAML; (B) shows a
diagram verifying by western blotting and staining of

anti-CAML antibodies that, in the in wvitro pulli-down

assay, CAML expressed in E. coli could be
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verifying by western blotting and staining of anti-FLAG antibodies that,
after SITH-1 with a FLAG tag and CAML 5 were transferred into 293T
cells using an expression vector, the SITH-1 could be co-precipitated with
anti-CAML antibodies. As Fig. 4 showSthe protein SITH-1 was found to
bind strongly to the calcium-signal modulating cyclophilin ligand (CAML).
C QOIS R e AR Has BEA TS o SHOWP Birdho e Gph8sSIoRb
lymphocytes and in a brain, and it is known that CAML has ability to
VificreadE QnckBACSIRI chikiUfn cBA¢Bntraiich. Fhuss dferer fo Gereram
whether the protein SITH-1 would be mediated by 15 CAML to increase
v e fitiace || BIsr Sescidmrconbamtaiing Botilas Baiens-IiRé ghalide i G
(U373) in which SITH-1 had been expressed and untreated U373 cells
andidodiresl B tfe fudrescaitidntidodyitebhmighid-dingt adtisrrHeA ML
antibodies and anti-CAML antibodies. As it 20 turned out, when the
vigoteintsAEs{avas dxpradsed AP the asitdépe-Hike Gl ¢l lifss@Bysyion
more CAML was found than in the untreated U373 cells (Fig. 5). A level
vElcCARL expressidi MHI3Y3 celisinds ndtwerytigh MiarPiie UsE3 cansth
were untreated, but more CAML was 25 found to occur by expressing
asITHQ AlMie UBZ3idedisli8F- Infanotiiexpdrimeht) #1/®,satipfes wefdein

prepared; one sample was prepared by transferring SITH-1 into an
SITH-1 was found to bind strongly to the calcium-signal

modulating cvclophilin ligand (CAML).

CAML is a protein that has been reported to show
strong expression in lymphocytes and in a brain, and it
is known that CAML has ability to increase an
intracellular calcium concentration. Thus, in order to
see whether the protein SITH-1 would be mediated by
CAML to increase the intraceliular calcium concentration,
both an astrocyte-like glial cell line (U373} in which
SITH-1 had been expressed and untreated U373 cells
were stained by the fluorescent antibody technigue using
anti-SITH-1 antibodies and anti-CAML antibodies. As 1t
turned out, when the protein SITH-1 was expressed in
the astrocyte-like glial cell line {(U373), more CAML was
found than in the untreated U373 cells {Fig. 5}. A level
of CAML expression in U373 cells was not very high
when the U373 cells were untreated, but more CAML was

found to occur by expressing SITH-1 in the U373 cells.
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astrocyte-like glial cell line (U373) via a retrovirus vector, and the other
sample was prepared by 5 introducing only the vector into U373. Each
sample was stimulated with thapsigargin (TG), and an intracellular
calcium concentration was measured&éing Fura2. As a result, the actual
measurement of the intracellular calcium concentration showed that on
accountofahe 10 stinffation with tHapsigargh (NG ahe Witdeehuigpare d;
calcium concentration in the SITH-1 expressing astrocyte-like glial cell
oline wasonsiderablytiigher rthan irvthHe ealls istorwnighohihd vebtbr an
had been transferred (Fig. 6). 15 From those results, it was found that the
aproteinySEFHLE hasgdbility te dldredss an ifltrdcellartaicium retrovirus
concentration in an astrocyte-like glial cell line by being expressed during
vkatgntinfectiondvithtfiteV-6 ad Iinerease aan phountot intracetiaae CaML. by
20 <3. Relationship between SITH-1 and Mood Disorders> In the next
i step; the Eresentiriyerttbrs stedied thenfatatiofship. bEiwebn SirHPland as

mental disorders. The results are shown in Fig. 7. Unlike the latent
sinfectida 25&pedifit gehepreigin reportdditr p.g 2 Ndn-Raten 88 cellular
Document 5, the relationship between an antibody against SITH-1 and
cpdientsrwithooheemia fatiguen was measured using Fura2. As a
result, the actual measurement of the intracellular
calcium concentration showed that on account of the
stimulation with thapsigargin (TG), the intracellular
calcium concentration in the SITH-1 expressing
astrocvte-like glial cell line was considerably higher
thén in the cells into which only the vector had been
transferred (Fig. 6).

From those results, it was found that the protein
SITH-1 has ability to increase an intracellular calcium
concentration in an astrocyte-like glial cell line by being
expressed during latent infection with HHV-6 to increase
an amount of intraceliular CAML.

<3. Relationship between SITH-1 and Mood
Disorders>

In the next step, the present inventors studied the
relationship between SITH-1 and mental disorders. The

results are shown in Fig. 7. Unlike the latent infection

specific gene protein reported 1n e.g., Non-Patent
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syndrome was low, but the frequency of antibody carriers was high
among patients with chronic fatigue 5 syndrome accompanied by mental
disorders. In many cases, the patients with chronic fatigue syndrome
(CFS) accompanied by psychiatric Sﬁﬁptoms primarily manifested
depressive symptoms, whereas infantile CFS_ patients mainly presented

DiitHdBsdthal AgitaliBis. InTE3 &1g 07 3tipBlar P $ME&SH pafiénts ithiPody
manic-depressive illness of severe symptoms. Healthy adults,scarceI%/,
aggiiieg the BATHBdY ag&iRd SIMALIEBE antibodytitecR&sdemefp tigue
SITH-1-expressing 293T cells were used as antigens, and the fluorescent
s Y5 Aty teBrhique Wils applitd. <41 ConktrReithibt Model MiggbtPody
Mental Disorder by Expressing SITH-I> SITH-1 having a glial fibrillary
CAGIBIE BroteiP $GRARNpromuiar fin ket pSticanPorits dplh vakidind &dague
frame was injected into the brains of newborn mice using an adenovirus
syatthr oM reRGiRB R ICGFADY is8 protéih edpielsed specifiéallyip By
filial cells such as astrocytes. About four or five weeks after the injection,
chetfaviortbicedeh Mouds wiis dbsevee 1o eohfirthdha Z5Heted Mige With )
mental disorders were established by -89- transfer of SITH-1. A tail .
aguspenpion test andforced sWainfrigiest symptoms  primarily
manifested depressive symptoms, whereas infantile CF3
patients mainly presented with abnormal agitation. In
Fig. 7, “bipolar 7 refers to patients with
manic-depressive illness of severe symptoms. Healthy
adults scarcely carried the antibody against SITH-1. For
antibody titer measurement, SITH-l-expressing 2937
cells were used as antigens, and the {luorescent
antibody technique was applied.

<4, Construction of Model Mice of Mental Disorder
by Expressing SITH-1»

SITH-1 having a glial fibrillary acidic protein
(GFAP) promoter linked upstream of its open reading
frame was injected into the brains of newborn mice
using an adenovirus vector or a retrovirus vector. GFAP
is a protein expressed specifically in glial cells such as
astrocytes. About four or five weeks after the injection,

behavior of each mouse was observed to confirm that

model mice with mental disorders were established by
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were conducted to evaluate mental disorders; these tests are commonly
used to observe patients with depression 5 or manic-depressive illness.
Specifically, mice into which SITH- 1 was transferred using an adenovirus
vector were subjected to a tail suspefifion test. As it turned out, the mice
into which SITH-1 was transferred had a markedly shorter immobile time,
tiadicaltig tHatthédé mhice were 10 in a manic state (Fig. 8). Subsequently,
mice into which SITH-1 was transferred using a retrovirus vector were
subjecfed ®id forea® sWimmingtest ALitiueP a6 dhs Mmide Thidaehitast
SITH- 1 was transferred using the retrovirus vector at HIGH titer had a
wiehgerinnsobitd a8 tithe ¢AH BeHEFoI MR Ghtb WhichrairérhahBab§rdarsts
fluorescence protein (EGFP) gene was transferred, indicating that the
affice into Witich BITHB adwas teansferred e AiGHIEr Wekdtindeqarsgfion
depression. In contrast, mice into which SITH-1 was transferred 20 using
othenretrovirubaptos at LOW iierstad 2 BR6HEICRIMDbIR titte | Inticatifg ¢ h
that the mice into which SITH-1 was transferred at LOW titer were in a
SiiBhic Istate ¢Figr @ THewy tik manic State was observed in thectalir were
suspension test, whereas both the manic state and 25 the depressed
s stheeweraiobsevetkin thaforcet SOOsWinshinditest L i additch, ahetfadth e
that either the manic state or the depressed state was observed
mice into which SITH-1 was transferred had a markedly

shorter immobile time, indicating that these mice were
in a manic state (Fig. 8). Subsequently, mice into which
SITH-1 was transferred lusing a retrovirus vector were
subjected to a forced swimming test. As it turned out,
the mice into which SITH-1 was transferred using the
retrovirus vector at HIGH titer had a longer immobile
time than control mice into which an enhanced green
fluorescence protein (EGFP}) gene was transferred,
indicating that the mice into which SITH-1 was
transferred at HIGH titer were in a state of depression.
In contrast, mice into which SITH-1 was transferred
using the retrovirus vector at LOW titer had a shorter
immobile time, indicating that the mice into which
SITH-1 was transferred at LOW titer were in a manic
state (Fig. 9). Thus, the manic state was observed in the
tail suspension test, whereas both the manic state and

the depressed state were observed in the forced
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depending on the titer of the retrovirus vector used to introduce SITH- 1
not only shows that the model of 5 interest can serve as models of
depression and manic-depressive illness alike, but also suggests that an
amount of expression of SITH- 1 affetfd symptoms of mental disorders.
The present inventors also measured a prepulse 10 inhibition in order to

s BHERITOR&Ny dbhbrmbfity MG &taRR redpbRsel aHichtambrsdlil) s o th e
be found in patients with manic-depressive illness and schizophrenia.

nspeéfiicaly dhice iR whith SITRANRES §8nsfértad Cusifgafie aBBRRAS S
vector were evaluated for a startle 15 response by measuring the prepulse
dinpipligATENe Festit &5 $h6GM i Fighro; BRGF RIvABH Suly B 8ITHLed to

transferred mice had a markedly lower prepulse inhibition, indicating that
inHasednies hadtlBddorhe Gvetly BAEItvaRE Eithulimhus, Gopsidear!  of
abnormality was 20 also observed in the startle response, indicating that
LISIEHES greatls Bffects 4 Brain Adhctioh ad€dSated Wwithd fidhtss Bisorderg nd
<5. Construction 2 of Model Mice of Mental Disorder by Expressing
NHITHA 2P Nests ancopbhreadingiffame beITHaavasIEkegd vy that an
downstream of a GFAP promoter, and expressed in glial cells of mice
agsing an addnovikgsreettop threel wédkBH - 1 affects symptoms of

mental disorders.

The present inventors also measured a prepulse
inhibition in order to check for any abnormality in a
startlé response, which abnormality is to be found in
patients with manic-depressive illness and schizophrenia.
Specifically, mice into which SITH-1 was transferred
using the adenovirus vector were evaluated for a startle
response by measuring the prepulse inhibition. The
result is shown in Fig. 10; as it turned out, the SITH-1
transferred mice had a markedly lower prepuise
inhibition, indicating that these mice had become overly
sensitive to stimuli. Thus, considerable abnormality was
also observed in the startle response, indicating that
SITH-1 greatly affects a brain function associated with
mental disorders. |

<5. Construction 2 of Model Mice of Mental
Disorder by Expressing SITH-1>

Next, an open reading frame of SITH-1 was linked



10

20

later, the mice were measured for their motor activity in terms of wheel
running activity. The result is shown in 5 Fig. 1 1. As Fig. 11 shows,
compared to control mice in which EGFP (enhanced green fluorescence
protein) was expressed, the SITH-1 gip'ressing mice had their motor
activity enhanced, and the SITH- 1 expressing mice 10 showed a .

d ReFidenlcyotd Bl i andnife Atatd? LRTEMRtruckior s SrMEaSite Bt 8lial
Mental Disorder by Expressing SITH-1> Subsequently, an open reading
CéHitie Of SPFH:CL Hhad HifkeBHoRAKRAN BHESGRAS ‘ﬁ?&no‘igﬁ” Gfid ECks
expressed in glial cells of mice using a lentivirus vector; eight weeks later,
136 idd\WefB R6aSifdE IdRHBR HA6Hr vy hifereRREeruHmay 17
activity. The result is shown in Fig. 12. As Fig. 12 shows, compared to |
tebRtDl fic® A CSd WHICATEGIP feHaREYd gfdeh ffifbFakterice SroRR in

was expressed, the SITH-1 expressing mice had their motor activity
Fsgpptdssed, and the SITH-1 expressing mice showed a tendency to be in
a depressed state. As can be seen from Figs. 11 and 12, the same 25
SITH- 4 Sva i8undltd caU3e e opfdekE HhERonTeha S8 190 Pharfie ‘Ktate 1 0
and a depressed state. The reasons would be as follows: 1) SITH-1
wdargéy @,@%Pad@]@hﬁgggéorgreen fluorescence protein} was

expressed, the SITH-1 expressing mice had their motor
activity enhanced, and the SITH-1 expressing mice
showed a tendency to be in a manic state.

<6. Construction 3 of Model Mice of Mental
Disorder by Expressing SITH-1=

Subsequently, an open reading frame of SITH-1
was linked downstream of a GFAP promoter, and
expressed in glial cells of mice using a lentivirus vector;
eight weeks later, the mice were measured for their
motor activity in terms wheel running activity. The
resuit 1s shown in Fig. 12,

As Fig. 12 shows, compared to control mice in
which EGFP (enhanced green fluorescence protein) was
expressed, the SITH-1 expressing mice had their motor
activity suppressed, and the SITH-1 expressing mice
showed a tendency to be in a depressed state.

As can be seen from Figs. 11 and 12, the same

SITH-1 was found to cause two opposite phenomena, a
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was expressed in a greater amount than when SITH- 1 was carried by the
lentivirus vector; 2) on the other 5 hand, the lentivirus vector allowed
SITH-1 to be expressed for a longer period, so the effect of the
prolonged expression of SITH-1 was Bserved. This fact, i.e., model mice
of a manic state and a depressed state can both be constructed by
MEXPrcsshig 120 B4, ffap b eiehiBdd b8 protiflifga RS ifguatd Pe
agreement with a clinical finding that antibodies against SITH-1 are
agetbeléa W6th fidm Phlidhtd witit fhafk-debretBite MASR AN froin vECtor
patients with depression. 15 <7. Diagnosis Using SITH-1 as Marker> A
wedyoR MRge o 8k iFdiEFTFEIS bassd B BITHMERoUfide pel TH-1
useful in diagnosing other diseases complicated by depression. The
Wasulteare isHbwh ih FilL.c 13 c20tDTdgnosissastd ion thé apfiSittHe, other
antibody is quite specific to mood disorders such as depression,

hiardls-depiassive iEEST Bifd chrbrRiecfatigad KyHtiemeS Hollever, 48 Fighe

13 shows, the same diagnosis exceptionally showed a high positive rate
eaMong patentor2s vith Brolges digeasto No pssitivelatitcsiieewhs sHowhh €

by -93- patients with ulcerative colitis which was similar to Crohn's
pdisdéageged expression of SITH-1 was observed.

This fact, i.e., model mice of a manic state and a
depressed state can both be constructed by expressing
SITH-1, may be described as providing a result in good
agreement with a clinical finding that antibodies against
SITH-1 are detected both from patients with
manic-depressive illness and from patients with
depression.

<7. Diagnosis Using SITH-1 as Marker>

A study was made to see if diagnosis based on
SITH-1 would also be useful in diagnosing other diseases
complicated by depression. The results are shown in Fig.
13.

Diagnosis based on the anti-SITH-1 antibody 1is
quite specific to mood disorders such as depression,
manic-depressive illness, and chronic fatigue syndrome.
However, as Fig. 13 shows, the same diagnosis
exceptionally showed a high positive rate among patients

with Crohn’s disease. No positive outcome was shown by
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However, it is known that Crohn's disease is most frequently complicated
by "depressive symptoms"”, and 5 the anti-SITH-1 antibody positive
persons shown in Fig. 13 are cases of Crohn's disease that were serious
enough to be complicated by depre’sgi\?}'e‘ symptoms. The example under
consideration shows that even in such serious cases that patients with
PEFbRRS His¥addwHtIS BRIV hront Hidsast BasifieW dSans imilar  to
autoimmune disease also present with depressive symptoms, depression
Cesh BesifdgR6Setfusing SITH- 1 as a marker. In other words, testing with
the anti-SITH-1 antibody may be considered_to be "also useful in
diagnodie BedepFession Tk ¥3cdlsad By TUier ol pe§énisits most
diseases." Industrial Applicability As described above, each of a gene and
eesroRinter tROgFeReHE HveRtionts a FchorSRIVEd iR YATERE DB hfectdR &
with a herpesvirus. By using the gene and/or the protein as a marker, it is,
tpessitg toDijddtivel HEtBRThile WRGHENST ot BseBjectébptideda Fig.
mental disorder. Therefore, the present invention not only provides
1 Perfefits ARacalenhicadstaisd BasRETESealR DIRIGS, TUk ddbhag ough
significance in clinical medicine -94- fields. Therefore, the present
tinveatiow imagphicdsé il VadsR apeticofiidustp 195- The example

under consideration shows that even in such serious
cases that patients with Crohn’s disease which is a
chronic disease classified as an autoimmune disease
also present with depressive symptoms, depression can
be diagnosed using SITH-1 as a marker. In other words,
testing with the anti-SITH-1 antibody may be considered
to be “also useful in diagnosis of depression that is

caused by other, non-psychiatric diseases.”

Industrial Applicability

As described above, each of a gene and a protein of
the present invention is a factor involved in latent
infection with a herpesvirus. By using the gene and/or
the protein as a marker, it is possible to objectively
determine whether or not a subject contracts a mental
disorder. Therefore, the present invention not only
provides benefits in academic fields and basic research

fields, but also has significance in clinical medicine



Claims Claim 1 A gene encoding: (a) a protein having the amino acid
sequence 5 shown in SEQ ID NO: 1; or (b) a protein having an amino
acid sequence with a substitution, deletion, insertion, and/or addition of
one or several amino acids in the am#io acid sequence shown in SEQ ID
NO: 1, the protein having activity of 10 increasing an intracellular calcium.

figdrcentraficit Criifi 2 MifenB CoRfpRSing aHohe? RratinPRAMmETRGibh 10
having the nucleotide sequence shown in SEQ ID NO: 2. 15 Claim 3 A

vV géhR BAcAGRG & iprofdin MY/ Bridizes under stringent hybridization
conditions with DNA having a nucleotide sequence complementary to
DNA having the 20 nucleotide sequence shown in SEQ ID NO: 2, the
protein having activity of increasing an intracellular calcium
concentration. Claim 4 25 A protein encoded by a gene as set forth in any
one -96- of claims 1 through 3. Claim 5
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A protein being: 5 (a) a protein having the amino acid sequence shown in
SEQ ID NO: 1; or (b) a protein having an amino acid sequence with a
substitution, deletion, insertion, and/or addition of one or several amino
acids in the amino acid sequence 10 gRown in SEQ ID NO: 1, the protein
having activity of increasing an intracellular calcium concentration. Claim

CéaiEhtibody that recognizes a protein as set forth 15 in claim 4 or 5.
Claim 7 A recombinant expression vector comprising a gene as set forth
in any ‘ohé@ GFclaims 1 through 3. 20 Claim 8 A transformant which is
produced by transfer of a gene as set forth in any one of claims 1 through
3 or a He&SBiNGRIEXBIgsSion vector as set forth in claim 7. 25 -97-

Claim 9 A gene detection instrument comprising a probe having at least
part of @ hucfeotitfesédifendeadi it comiflenfeitaRSsedifelite, BF A GErRece

as set forth in any 5 one of claims 1 through 3.

shown in SEQ ID NO: 1; or

(b) a protein having an amino acid sequence with a
substitution, deletion, insertion, and/or addition of one
or several amino acids in the amino acid seguence
shown in SEQ ID NO: 1, the protein having activity of

increasing an intracellular calcium concentration.

Claim 2
A gene comprising an open reading frame region

having the nucleotide sequence shown in SEQ ID NO: 2.

Claim 3

A gene encoding a protein that hybridizes under
stringent hybridization conditions with DNA having a
nucleotide sequence complementary to DNA having the
nucleotide sequence shown in SEQ ID NO: 2, the protein
having activity of increasing an intracellular calcium

concentration.

Claim 4

A protein encoded by a gene as set forth in any one
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Claim 10 A detection instrument comprising a probe which is a
polypeptide having at least part of an amino acid 10 sequence of a
protein as set forth in claim 4 or S. Claim 11 A determination method
comprising the step of: determining whether or not an antibody as set 15
forth in claim 6 exists in a subject. Claim 12 The determination method as
oktlpimm &Iaﬁhﬁﬁ}lﬁr)ﬂei‘in: 20 the determining is made by means of
immunological detection through use of a protein as set forth in claim 4 or
5 or a partial fragment of the protein. Claim 13 25 The determination
method as set forth in claim 11 -98- or 12, wherein: the determining is
made by 8&iFg 2 biological sample isolated from the subject. 5 Claim 14
A determination kit for performing a determination method as set forth in
any orfe TcMdifi PHBEGh 13. Claim 15 10 The determination kit as

set forth in claim 14, comprising at least one selected from;
(a) a protein having the amino acid seqguence

shown in SEQ ID NG: 1; or

(b} a protein having an amino acid sequence with a
substitution, deletion, insertion, and/or addition of one
or several amino acids in the amino acid sequence
shown in SEQ ID NO: 1, the protein having activity of

increasing an intracellular calcium concentration.

Claim 6
An antibody that recognizes a protein as set forth

in claim 4 or 5.

Claim 7
A recombinant expression vector comprising a gene

as set forth in any one of claims 1 through 3.

Claim 8
A transformant which is produced by transfer of a
gene as set forth in any one of claims 1 through 3 or a

recombinant expression vector as set forth in claim 7.
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(i) a protein as set forth in claim 4 or 5; (ii) a partial fragment of the protein
(1); and (iii) an instrument to which the protein (i) or the 15 partial fragment
(ii) is immobilized. Claim 16 A diagnosis method for diagnosing whether or
not a human subject has a mental diggrder, comprising the 20 steps of:
(i) determining whether or not an antibody as set forth in claim 6 exists in
a humantibject, according to a determination method as set forth in any
one of claims 11 through 13; and 25 (ii) determining that the human
subject h&A D9 IR Afat Rdbrddt St Eﬁgg’\ﬁhé:rgqﬂﬁé’ Ef&ﬁ?i?d&erﬁﬁr?e}%e
that the antibody as set forth in claim 6 exists in the human subject. 5 .

h kiR 79he GiagiosRAnEthBY a8 sé’t‘l’rﬁiﬁ’ AR 56 WTRE&R: inthe T8
step (i), the determining is made by using a biological sample isplated

CHBRPISETREMER SUbREH 46 Bifim P8 AdiBGHoSisHietRbd fOPEEYNOBING Y

whether or not an animal subject has a mental disorder, comprising the
one of claims 1 through 3.

Claim 10
A detection instrument comprising a probe which
is a polypeptide having at least part of an amino acid

sequence of a protein as set forth in claim 4 or 5.

Claim 11
A determination method comprising the step of:
determining whether or not an antibody as set

forth in claim 6 exists in a subject.

Claim 12

The determination method as set forth in claim i1,
wherein:

the determining is made by means of
immunological detection through use of a protein as set

forth in claim 4 or 5 or a partial fragment of the protein.

Claim 13

The determination method as set forth in claim 11



n

10

15

20

25

steps of: 15 (i) determining whether or not an antibody as set forth in
claim 6 exists in an animal subject, according to a determination method
as set forth in any one of claims 11 through 13; and (ii) determining that
the animal subject has a 20 mental” rder, in a case where the step (i)
determines that the antibody as set forth in claim 6 exists in the animal
O5ubject "EI5iFF18 25 A diagnosis kit for performing a diagnosis method -
100 as set forth in any one of claims 16 through 18. Claim 20 The .
diagnddisckit A8 SoF FBAR IR &aid 1918 E6mpHging 5t 185t dhe SdREREH cal
from: (i) a protein as set forth in claim 4 or 5; (ii) a partial fragment of the
S BIBHBIFE (i) Sand tifi Pa Tt@RL6R fhstreRigi to which the protein (i) or the
partial fragment (ii) is immobilized. 10 Claim 21 An animal model
determination method for determining whether or not an animal subject is

useful as an animal model of a mental disorder, comprising the 15 steps

A determination kit for performing a determination

method as set forth in any one of claims 11 through 13.

Claim 15

The determination kit as set forth in claim 14,
comprising at least one selected from:

(i} a protiein as set forth in ciaim 4 or 5;

(ii} a partial fragment of the protein (i}; and

(iii} an instrument to which the protein (i} or the

partial fragment (ii) is immobilized.

Claim 16

A diagnosis method for diagnosing whether or not
a human subject has a mental disorder, comprising the
steps of:

(i} determining whether or not an antibody as set
forth in claim 6'existé in a human subject, according to
a determination method as set forth in any one of claims
11 through 13; and

(iil} determining that the human subject has a
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() diagnosing whether or not an animal subject has a mental disorder,
according to a diagnosis method as set forth in claim 18; and (ii)
determining that the animal subject is ﬁseful 20 as an animal model of the
mental disorder, in a case where the’step (i) diagnoses that the animal

subject has the mental disorder. Claim 22 25 An anjmal model produced
st P Qe 25 F0T S8 ToMi Ay e S IRmIA L 0 baH o S

gene product thereqf, or a recomtﬂnan expression vector as. set forth in
tRRimt g é’i&iﬁ%%@&ysc?e%nﬁfgtm 1 3£‘foﬁlbeﬁ5})?rﬁriﬂg é%r%é(ﬁ% Stoby Lhe

candidate substance for a psychotropic agent, comprising the steps of: (i)
h YRSty 6 bn animal model of a mental 10 disorder, a subject

substance; (ii) determining whether or not the mental disorder of the

animal model is cured or improved, according to a diagnosis method as

set forth in claim 18; and (iii) determining that the subject substance is a

15 carfdidt®sdbstance for a psychotropic agent, in a case where the

metal disorder of the animal model is determined }o be cured or_ .
improvrga.e diagnosis method as set Jorth in claim 16,

wherein:
in the step (i), the determining is made by using a

biological sample isolated from the human subject.

Claim 18

A diagnosis method for diagnosing whether or not
an animal subject has a mental disorder, comprising the
steps of:

(i) determining whether or not an antibody as set
forth in claim 6 exists in an animal subject, according to
a determination method as set forth in any one of ciaims
11 through 13; and

(ii) determining that the animal subject has a
mental disorder, in a case where the step (i) determines
that the antibody as set forth in claim 6 exists in the

animal subject.

Claim 19

A diagnosis kit for performing a diagnosis method
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as set forth in any one of claims 16 through 18.

Claim 20

The diagnosis kit as set forth in claim 19,
comprising at least one selected from:

(i) a protein as set forth in claim 4 or 5;

(ii) a partial fragment of the protein (i); and

{iii) a detection instrument to which the protein (i)

or the partial fragment (ii) is immobilized.

Claim 21

An animal model determination method for
determining whether or not an animal subject is useful
as an animal model of a mental disorder, comprising the
steps of:

(i) diagnosing whether or not an animal subject
has a mental disorder, according to a diagnosis method
as set forth in claim 18; and

{(ii) determining that the animal subject is useful
as an animal model of the mental disorder, in a case
where the step (i) diagnoses that the animal subject has

the mental disorder.

Claim 22

An animal model produced by transfer of a gene as
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set forth in any one of claims 1 through 3, a gene
product thereof, or a recombinant expression vector as

set forth in claim 7.

Claim 23

A screening method for performing screening for a
candidate substance for a psychotropic agent,
comprising the steps of:

(i) administering, to an animal model of a mental
disorder, a subject substance;

(ii) determining whether or not the mental disorder
of the animal model is cured or improved, according to a
diagnosis method as set forth in claim 18; and

(iii) determining that the subject substance is a
candidate substance for a psychotropic agent, in a case
where the metal disorder of the animal model is

determined to be cured or improved.



