- 1 - DESCRI PTI ON METHOD FOR DEI ECTI NG SUBSTANCE | N Bl OLOG CAL SAMPLE
TECHNI CAL FI ELD [0001] The present invention relates to a nethod for
qualitatively and/or quantitatively detecting a substance in a biol ogical
sanple In particular, the nethod of the present invention can detect even
a trace anmount of substance that is present in a biological sanple and
that cannot be readily detected in usual nmanner. BACKGROUND ART [ 0002]

Met hod for detecting a substance to be Hetected utilizing a carrier on
which a protein that can specifically binds to the substance is

i mobi | i zed by hydrophobi ¢ bondi mpyegeahenioponbondi ng, etc. I n order
to detect a substance in a biological sanple, a nethod utilizing a

subst ance t hat MyrERODIFER DETECHNG SUBSTFANTHERY B3UDOGACAE {AubsEance to be
detected) has been wi dely used. As the substances that specifically bind
to the substance to be detected, for exanple, antibodies or other proteins
are usual ly used. These substances can be immobilized on a carrier such as
a m cr oplBCENIGAEIdBERDS, or a sensor chip. For exanple, hydrophobic
bondi ng and coval ent bondi ng are known as general neans for the

i mobi | i [£801]Jonlhe[ e8] invantidnerelakep de o piashvidciob guaditaityely anddmmuingitatarety a
protein that specifically binds to a substance to be detected

( her ei nadetesting gaybsinace éf a bradegiead samples pdr partieulpy teanethgd efrthe pisgerd t o each
ot her by interaction between the hydrophobic surface of the carrier and

t he hydr’G}ﬁWP@%ﬁ?‘@?‘f"ﬁ’P afigee %‘B@‘é‘itﬂf é“li!ﬁ‘*’é'% that ispagssnt ig adiplogisalsampier om

the point of not needi speci fi.c reagents. However, such binding is
usualIyEW@&&¥CWW“?EEI?£®¥‘Vﬁ%@gl?ﬁﬂm gﬁFﬁﬁhobic bonding is applied to, for
exanpl e, =14 i mmunosor bent assay (ELISA), the protein is
detaphed@$¢§¥ﬂﬁ%QN£§§gFer during, for exanple, a washing procedure after
bi ndi ng O[bpoéjﬁ "Methga for- dgge%’ g’ t ifirce tdbd BGeGAPGIAR £criSPGM ﬂﬂtcﬁ alptdtia

in
i s boun O a<carrrer Tydr ophoor ¢ oonar g, tie unct om0 me-protein

may be |@Hteaf Qﬁ'ﬁaﬁkz%hﬁs B A duBbthilcd! i8 ifIRIBKilS APET hydroplobic bRk fent
"coval en onarng  utilrzesS rnteraction between tunctional gr ,

am no gryl @k a specific protein and functional groups (e.g., carboxyl
group) provided on the surface of the carrier, and is strong. However,
after a speci flnerder @ Gétbetiasubsibied ih @ biolegichlisamply a envaldamnlizBendiuBgandehe
function of the protein is lost conpletely or partially in many cases,

| i ke t hehitysgeaficadly indrotodha frmOGBStantasabkdarice conbd detédial) sl begpheidels
bondi ng and the coval ent bondi ng, known is a nethod for fusing a plurality
of hi stiwkthe Mwthesubsdsnces thagspricHichly bindgo dhesduhstamdede bE dsteatad, foi exchimpde,t he
fusion protein having the histidine tags to, for exanple, a base plate,
such as aatipedieeprptheripgoteipgarhesually usada c dhpseubstarrepcamhbnimredilizefnm a
interaction between the histidine tags and njckel ions is, however, not
very st r@R§r suFheRs RiGEPPlpts nBGPReaih S SERFOR Glﬁﬁpegi’ff ‘W;‘E!Pky hygraphabic 5

i f biol ogi cal nol ecul es. [ 0006 h i fic. bi.ndi
Syt om dEABEand T ensRAREOE A FIeEHT % PEPLPHA AL SERBEIBIERTY b nas 1o a
bst detect ed is bound.by hydrophobic. honding. . ent
bondi ng (0o SFUEFEl GehR paRURR el B R B B G R
should %ﬁ?%@égﬁﬂe dét%ct%ﬁgﬁ{ﬁgihgﬁ(%?rn%éé%e&é@t‘%' 5 r‘%Ope' Hic%gt%{n”? Ore3BLY Gyl i S

pr obl em OW Nng ave’ been propose or ‘exanpfe:. a nthod of

addi ng ; : ' : ' (JP
o 520 B T o e ey Ty Scphle

cel |'s canbielyifik spe¥idietpibteti. UM iSOBvERSE HOH BE phiddbf Mst@dedify Bicefiect | on

of a reconbinant protein capable of specifically binding to a substance to
be det eatsgnand Hobevygeldibindihg doBluallyivegk.t Na tgeate anerdhabydrbghddiot ei n to
a sanple (JP No. H3-43392 A (1996)); and a nethod of heat-treating an
aqueous textlingas agpliedite dbt sxaniplt, kezwacrlinkqbmmenaasrbetadssayr (EALEA ) thea

reconbi nant protein capable of specifically binding to a substance to be
det ect edprotainds dptached| from dhe eoricraluningglor kkanple.ot wishingprdeaduematted dindipg in

wat er - sol ubl e fraction of the heated aqueous extract to a sanple (JP

No. 2004-mgmyeasesp) Furthersporpsep Hlesckase WoaresoRecilie peaieis inhoyngHip Bicaitishbpf

non-speci fic bjnding. [0007] Detection of supsfance utilizing, .

avi di n- ﬁWS’EqPH(’{b‘Fg’BP & t%e%“m}aw &fﬂleugm&wgm%% f eamplefityios aartiflyin wgey
white and extremely strongly binds to biotin (vitamn H). The interaction
bet ween 4¥i®i n and biotin is one of the strongest non- - 3 - coval ent
bonds (Green, (1975), Adv Protein Chem 29: 85-133). On the other hand,
streptavidin is an avidin-like protein derived from Streptomnyces avi di ni
and al so strongly binds to biotin. The interaction of
(strept)avidin-biotin, because of its high acting force, has been w dely

|l




[ 0009] A technol ogy of inmmobilizing base

pl at e-bi oti n-avidin-biotin-desired protein in this order is also reported
in which an avidin protein is bound to a base plate provided with biotin
by avidin-biotin binding and then a biotinylated desired protein thereto
at another biotin pocket of the avidin (JP No. H4-236353 A (1992)). A
substance to be detected can be detected using a plate on which a specific
protein is inmmbilized by such a nethod2-[0010] The assay utilizing the
avidin-biotin binding has also a big problemwith a | arge background

signal, fookg] t TR QDS Aéniksinashe? u$iflkésAnRARESH BEWEA lhcBomi gﬁﬁbgl (&9 3dmino
specifically binds to a substance to be detected is bound by, for exanple,
hydr ophofotipd)@fdisperifié pfotsia laad tunoaahl BBHupSCs! rPRAS dfovp) pidviled o fhe
proposed for solving tﬁis probl em are, for exanple: a nethod in which a
sanpl e i surfagt of ik cagRAtaadls Wdny. a Feelever, pikassspedfioprabiniigbaindvah esrrier
(strept)avidin is bound and then contact with a solid phase to which
active (bt copicpabomtiimg,itse foonch ¢ORe hmteitid: [odi4oa(ploicly Do payiptly e medshaades, n
which a biotinylated substance is bound to a avidi n-bound solid phase, and
t hen t hi ke the hpdropheldc bomdingt with a conj ugate of pol yet hyl ene gl ycol and
biotin (JP No. H11-211727 A (1999)); and a nmethod in which a

bi ot i n- ck59P2l nkoraddisnge ithmbydsoghebid hemding ape fe coxplent kondig knprisa (JP No.
2002-48794 A), in addition to._the above-nentioned nethods for preventing
non- specifihed Berfdping a plyrabiy:of hattiding, molpeules g tw&%ﬂg} RRtsibmelechssang ¢ ent

practical. advantages. [0011].In the past, fusion proteins have been

D oducod BamE dhe R P ing s PRI e3P PERIb S0AE BAG oot ¢ o
use as a_djagnosti c.marker or a.targeted cell:specific.factor i.Lenne et
Ua ar. PSS i g bridRE eiy e i oefiedind BRIGRY
proteins, i rdhe , i I el i.din and
b1 bod 2g° DAl Al nopSieRotlclt ikai3, Bla et Sidhsdhe RIGARLGNLT 7, 221
targeti ; ; SaVGEhidisdila nias agen studied. In addition, an

i dea of : %%@%#ﬁ%?gmégggr?ggthﬁ Wni ch sggé i's immobilized through

avi di n- bigpbsn Tisnet PYpetshiBindinky US4a9yREMLRING ORWRRRIn PIERY pfbtén @@ SCFv
(ICprivanov et al., (1995, Hum Antib Hybrid, 6: 93-101; Dubel et al.
(1995), spetifieuinobinietowslhstabdSio h2liktetA)is béimtEdsSliydraphobXBplBg 08 cdalenn On
i mmobi li zation using a biotin-binding protein to detect a substance to be
det ect edbandirgy, bowkpaiftabindmgpivhich Thesee backgeound pinhlsand ghusakeuip be rddaced)i ch
ELISA is perforned by i mobilizing a streptavidin fusion protein on a

bi ot i nyliatgeterpllns scvaraiprobleny dn cadrrithsalye fhas prohlent, thsi foHowmgtmedthodshavde
antigen (W20021046395), but this nerely denpnstrates that a streptavidin
f usi on phest@reposethioseximpishi mesnd of pdding ap exiszct @f o hagieriym spmpoyensto a
activity. CITATION LI ST_PATENT DOCUVMENT [0Q012] Patent Docunent 1: JP No.
S59- 9925 ragenpiaralstectipr (e 9-FRON (%gﬁe%@fth&%pé@%{lg PSELGHE SPIBOCIP No.
2004- 301646 A Patent. Docunent 4: JP No. H8-114590 A, Patent. Docunment 5: JP
o HI1- G DS IIA CPRREIRE DR e e REIos SUBALUIS SUPRIBHOBA SDocurnt 7

W2002/ 046395. Pat ent . Do 8: . MD2002/ 072817 PATENT, VE 0013
Non- Pat et OTRR e iR S et Spepiaty DRAMER s saPihas e DgfRea e O
Non- Pat 7 , ; : 7, .
P2 S R F oA A O 86420800
Non- Pat epfy DREHOR BE h@ét-d@aﬁﬁ%)(@%iéo% exdtact frbth 2R of ik QAAD m@%&ieﬁ'ﬁ?fﬂaﬂ, 6:
93-101 Non- Patent Document 5: Dubel et al., (1995), J I nol Met hods,
178: 201prd@king a Becombinant protein capable of specifically binding to a substance to be detected,

and the cell not containing this protein, and then adding water-soluble fraction of the heated
aqueous extract to a sample (JP No.2004-301646 A). These methods show some effects on
inhibition of non-specific binding.

[0007] Detection of substance utilizing avidin-biotin binding

Avidin is a glycoprotein derived from egg white and extremely strongly binds to

biotin (vitamin H). The interaction between avidin and biotin is one of the strongest non-



Non- Pat ent Docunment 6: Takakura et al., (2009), FEBS J, 276: 1383-1397
SUMMARY OF | NVENTI ON TECHNI CAL PROBLEM [0014] It is an object of the
present invention to provide a nethod for qualitatively and/or
guantitatively detecting a substance in a biological sanple. [0015]
Specifically, it is an object of the present invention to provide a nethod
for qualitatively and/or quantitatively detecting a trace anount of
substance that is present in a biologicht sanple while reducing the .
background signal |evel. SOLUTION TO PROBI LEM [ 0016] The inventors have

di | i gentddakhtblingd (@Ren, @979, AGS PrdteinChesn, dovad-ofmd  @nsysbibet handwhi ch a
fusion protein between a protein that specifically binds to a substance to
be det ecitegtaaitin & doi awidindille pebteig derioddeiromiSsepronmbasl dvidieii eml dsestranighr

t hrough bi ndi ng between biotin and the biotin-binding protein.

Fur t her nisinds totdietin. nViéetiotescliaw of @irspihavidiedidtinabecaise qfatsthighudcing fonge.drager

to detect a trace anmpunt of substance that is present in a biological

sanpl e ileen hiidels ppplénd, fou cxamplecfordatsation efyatigens ﬂmﬂ@nﬁmrmmﬁ’cﬁ@g&ﬂfal is
very inportant and have arrived at the present invention through a neasure
for redusplegulahiolegyagd binshemisthi4CrecaydPI0)skthads Eapysol, 434:edfdi on in
nonspeci fic binding was _significant after a cell h at e extrgct .and a

\f t 4 ono eg
bi ot i n- biORESIngA Bresiad; s heseprapersd TPpD1RdiBE 3IPaYjFRAP a§aﬁ%r y the RehinBindipg) v |
~addition _of a_cell honbgenale tract. prepared fro ells net.ically

engi neeraé’dlhtb’d’fﬁf’ﬂép%fsﬁ‘ieg%vﬁﬁ‘bi ﬁéﬁﬁbﬁ H’r%rf‘%tﬁﬁf,i mivﬂlé'fa%g]’&&lﬁ’ﬁ (flh%?)ﬂ}”gffi %-%i ndi ng
protein, achjeved subst.antjally th ne.ef f ect.. Ln _additi.on, the
present G350 BIFGLTCh ﬁﬁ@@ll‘dﬁoﬂaﬁ%@?%aﬁ%gﬁ?nqn}g ] dgiﬂé’g g%]qoﬁdl% |agﬁ !ﬁgﬂhggsi on
protei n betwe - I i hat iy F+l i.nds to a substance to be
det ect edbl (ilagg&%lglc?t?ﬁnﬁtagﬁdﬁg%)%% tgﬁ%?rg(%bfrllﬁzl%?l%%rl ized on a carrier, a |ower
concent r ghh&n . 4 : VAN § J FORRIYY Wl g R - d in thi
backgr ou@gbgli g‘ﬁfé?&@%f&%ﬁﬁl?ﬁﬁg’%ﬁ%tg ﬁﬁgﬁ%ﬁﬁlg ]%?%%1 F%’l%lﬁggiﬁ %g 11;l)r osf ein
i nto contagtisWshRepd@d GG ankRARA Brdt&if isBlinkit6 8 bde [atipadvadidomith BiatR! e.
[0018] Based on the know edge described above, the present invention
provi despypavigialtaetibinbinghmd ensi 4 bistingl sl atdiea préttin thatioce dnatber-tigaci fi c
binding i'n a systemin which a - 6 - substance that specifically detects
a subst apmket of theadéingEP db. He-13688DAI (1 2%3)). oA substanced @rbetdeteteglitan be
avidin-biotin binding. [0019] The present invention includes the follow ng
nonl i m t detgrtehiodal arplateson WHOR @]spgdfib pulitere it imthobdlizedttycuch ametisrdect i ng a
substance in a biological sanple, which conprises: 1) providing a
carri er [©819hi Bie asbast utilizing the avidinghiotip hindieg by alsora kg orpblene pdth lBeEveen a
protein that specifical lt)ﬁ binds to a substance to be detect edchgd a
bi ot i n- bhackEieynssignl; fike the assay usings soid phasew whish 8 arqieip that spectfigalfy

[ i ded_i h h hi.ndj b bi. ot i dth
by ot 1 - DR 19 bSERfr{oDs SbresFIgBOs RSt b pBRE: TERI PR gror
3) mxi i. ol ogi | e, - L)
3 e bhe Bt o PP gpopesd P R B BIRPEOE (o
eXpr eSS NGl of SO RER b ahBicTh B8t ihlo cdARK: @it R AbHABRIPH ReicRr Ot el N, of
(b-ii) a ¢ honbgenat e extract pr paredC rom cel 'S of the same speci es

as the hﬁﬂ?&tiﬁ?éd! CudRdidiRls BDHRA 888 tHd chiiGof Widh QRoIRS fHad @ WilicBhaRel) , and
genetically engineered to express a biotin-binding protein, and adding the
m xture {pebthidided Siunarimt %DHQQQQ@@ASH%D); ResiuseH wiiclsh Biptidylatednd

4) detecting a substance that has bound to the protein that specifically
bi nds t ogmsanksisaoead tox Hadidedonnt edlid phdsteantl wisenahisps pilitahto.contact with a

conjugate of polyethylene glycol and biotin (JP No. H11-211727 A (1999)); and a method in
which a biotin-containing solution is put into contact with a solid phase (JP No. 2002-48794
A), in addition to the above-mentioned methods for preventing non-specific binding.
Unfortunately, all the methods exhibit insufficient practical advantages.

[0011] In the past, fusion proteins have been produced using avidin or streptavidin in order

to label a protein or to use as a diagnostic marker or a targeted cell-specific factor (Airenne et



[ 0021] [ Enbodinment 21 A nethod for detecting a substance in a biol ogical
sanpl e, which conpri ses: : 1) providing a carrier on which biotinis
bound and providing a fusion protein between a protein that specifically
binds to a substance to be detected and a biotin-binding protein;

2) binding the fusion protein to the carrier provided in step 1) through
bi ndi ng between biotin and the biotin-binding protein to produce a fusion
prot ei n-bound carri er; 3) putting-a biotin-binding protein into
contact with the fusion protein-bound carrier - 7 - produced in step 2)

to bl ockgft faiﬂg@grﬁfoﬁfoi Eng, 16: 87@2 af ABplidahi6n Qf@l@i@f'ﬁﬁoﬁbﬁﬂexh@ 1§b§rﬁcﬁﬁh addi ng
a blologlcal nmple to he u3|on protei n-bound carrier; 5)

det ect i NfhsRnGHHSIBRAE Bvitit Brest@plaeilieshd Mibollids steh 4R chvoFiﬁ'lﬁa?ﬂQ{tecbﬂIgGh@t
specifically binds to the substance in the fusion protein 00

[ Enbodi ngithisIbr dpeaiichldd targitingefor ekample AcanuirsicHNES Hebn stubied) ol amitionaap! e,
whi ch conpri ses: 1) providing a carrier on which biotin is bound
and pr oviddi ofja eolfimsiiodespribtomwhathweEn issinpratikded thioagh spémidiottmbingingi nds
to a substance to be detected and a biotin-binding protein; 2&

bi ndi ng tdieg 4 fisicorprptedt kitwetosttdpeavadin ané schyr(Buprihadoy of adt £1992), Hum day

bi ndi ng between biotin and the biotin-binding protein to 8roduce a fusion
pr ot ei n- Bobmidl 6c 83110&r Pubel et al., (3993t Inungned M‘iﬁtb@‘isnl?ﬁ REL-3§7)or (ﬂ(é/VQ’YCL ale)
contact with the fusion protein-bound carrier produced in step to bl ock
the car r¢xsmple is own@)ﬂ lﬁﬁfé’r‘h@ﬁ@ﬂ EBE e g insbisding profeigfo detect %@Pﬁgm(eé? a

bi ol I ' 1l h d

{rom cel PeIgfhe as@ﬂleggcagmpge <ot i report g g crigmle ok hER HITRERD e
f t t bi t

2 'cell hobEERAPS EyeRiide f Diselugf torbitar B PERLRiins Hyss apdusnd o e
host cel | §1bltj)§ (florftflje fu%%)o gt%ﬁnn:% th@gnn%?l (S%ﬂ[){ﬁ&@l %%ﬂ)nbtﬁttﬁig m@relxand

genetlca?} neered to express a protein, d addi ng the

m xture Ltlé?n&ﬂﬁ'alfcy #HaPh stﬁ’élﬁgﬁhﬂl fAGHR ?Jr(ﬁ@i'hrc'aﬁ’ be ifibbilized on a carrier without losing
its activity.
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5) detecting a substance to be detected that has bound to the protein that
specifically binds to the substance in the fusion protein. [0023]

[ Enbodi nent 4] The net hod according to Enbodi nent 1 or 3, wherein
step 3(b-i) in Enbodinent 1 or step 4(b-i) in Enbodi nent 3 conprises
adding a cell honpbgenate extract extracted fromcells conprising any
vector, as the cell honpbgenate extract. - 8 - [0024] [ Enbodi nent 5]

The net hod according to any one of Enboflinents 1 to 4, wherein the
biotin-binding protein is tamavidin or a variant thereof. [0025]

[ Embodi ment 6]y nPatentﬁQ&lnqaftlaoﬂakﬁﬁﬁx%regban@@ f)amBS’ﬁ‘ezﬁf 1Rppyments 1 to

5, wherein the 1ol ogical sanmple is selected fromthe group consisting of
bl ood, senMMARS @bmeswINEON | ui d, saliva, sweat, urine, tear, |ynph
quid, and nother's ml k. [0026] [Enbodi nent 7] A carrier for detecting a
subst anCEECHANICHI PQBLEM sanpl e, wherein a fusion protein between
a protein that specifically binds to a substance to be detected and a

bi ot i n- bjood4 ot i 0f ehiject o tHequesdnt iaventvarns ipervideya dethdd g doelitatesy baddr N and
the biotin-binding protein, wherein the fusion protein is bound to the
carri er duantitanetlycldteconga swhstegice in a biologidal panaple.di ng a carrier on which
biotin is bound and providing a fusion protein between a protein that

speci fi cPL§] bpegifically,at is abobjectel the pisscd duveation togprdvide Bimsthaslfior ndi ng

protein; 2) binding the fusion protein to the carrier provided in
step 1) quaHttiyRlysnd@r ﬂgamm@éshdw%tngﬁ tﬁ%‘é amemmfétlbw it Prptest Wi to
produce a fusion protein-bound carrier; 3) putting a

bi ot i n- BAkEKY! Hryte Mhile sdycagthe Ck&fotuﬁdﬁ%alflﬁ‘éfilon prot ei n-bound carrier
pr oduced k the carrier. [0027] [Enbodinent 8] A kit for
detectiﬁﬂbgUiﬁﬁgfé%gBEﬁﬁjgﬁbiological sanpl e, which conprises: A a
carrier h a f prat gijn that le aIIy

bi nds tol%gléﬂ elﬁX%“ %8%9 e'tg%ntryeg ((imdand t%llso - ’()lmlV evel%P aSyn "M bound

by bi nd
d?ll ult |n nlg‘gﬂlcg ol ogl B'tqlteqs arrp tcpgﬁ%i?l:tﬂétl ge&h%%&},ﬁ%%hmmﬁg%@@d&&%ﬁ for

and a biotin-binding protein is unmoblhzed on a carrier through binding between biotin and
the biotin-binding protein. Furthermore, the inventors have discovered that, in particular, in
order to detect a trace amount of substance that is present in a biological sample in this
'system, a countermeasure against the background signal is very important and have arrived at
the present invention through a measure for reducing the background signal level.
Specifically, a reduction in nonspecific binding was significant after a cell homogenate
extract and a biotin-binding protein were added to a biological sample.  Alternatively,
addition of a cell homogenate extract prepared from cells genetically engineered to bind a
biotin-binding protein, instead of the biotin-binding protein, achieved substantially the same
cffect.

[0017] In addition, the present inventors have discovered that, in the'system in which a
fusion protein between a protein that specifically binds to a substance to be detected and a
biotin-binding protein is immobilized on a carrier, a lower concentration of substance can be
stably measured, with a reduced background signal level, by putting (blocking) the biotin- |
binding protein into contact with the carrier before the addition of a biological sample.
[0018] Based on the knowledge described above, the present invention provides a method

of high-sensitive detection with reduced non-specific binding in a system in which a



B-i) a cell honpgenate extract prepared fromcells of the sane species as
the host cells used for expressing the fusion protein in step A, and a
bi otin-binding protein, or -9. B-11) a cell honmpbgenate extract
prepared fromcells of the sane species as the host cells used for
expressing the fusion protein in step A), and genetically engineered to
express a biotin-binding protein; and/or C) a bl ocking agent containing a
bi oti n-bi ndi ng protein. ADVANTAGEOUS ERFECTS OF | NVENTI ON [ 0028] The

met hod of the present invention enables high-sensitivity and stable

det ecti of1. i | e : 0 be
det ect | unallhhdd SEOHER, BAEKOR QoS! BNA g Vel iy shoBIBUPS) AOREel 0 bE
i nventi %&%ﬁ@vﬁﬁn_@ﬁﬁﬁqﬁh(ﬁﬁg_of a trace amount of substance which is
present 1n bi ol ogi cal sanpl e and, usually, cannot be readily detected.

BRI EF DERORY PTTHd\biekent ikt Ynbiaded m@%alqvﬁh%poﬂgmﬁﬁg wEBSdmEhgMat i
diagrans illustrating bl ocking by a biotin-binding protein. The open
circles pepoes@hbddiaéitn) the closed ellipses represent a biotin-binding
protein, and the open ellipses represent a protein that specifically binds
to a subst anceAtmscthel fibe tietettdd a fubgtandefin abidlogich] dabnpdds iwhdchiooneprises:

bi otin-binding protein and with i mobilization of a fusion protein; Fig.
1B: wit hout bl bgkovidingya niéraim whioch hititings bowideind paoviding t Higriwn protein

i mobi lization of a fusion protein; Fig. IC wth blocking by a .

bi ot i n- bhetwierga proteiethat miﬁqaﬂlm bindsdb i Fybstanicotp losf defectesdsindr eté-bindingand
Fig. 1D: with bl ocking by a biotin-binding protein and w thout

i obi | i Paten of a fusion protein. Fig. 2 illustrates detection by

Western blotti .of. a fusion protein between S| TH 1 and TM2 expressed in
E. coli. E cothPiedjpg merﬁlﬁgﬂa’r%atﬂaﬂ%% P%a’écli%@%&teaggabfewhe‘?gﬁimg

Fig. 3 shows the effect of the .addition of an E. con honpgenate extract to
serum orPBRTSAELR PRt B Rt Qi 2 pFRLROB- PR 2. i g,
3-1 shows the %ﬁﬁﬂﬁt of blocking by BSA (only), that is, the result
obt ai ned by su traéF%ng t he measured value in a biotinylated plate (0.5%

BSA Bl ocki ng) j g, 6 i mmobilized fromthe neasured value in a
SITH 1- TVR fus@gﬁmﬁ}‘%}%ﬁﬁ%@%%‘?cﬂ zed plate (0.5% BSA Bl ocking). Fig. 3-2

shows the res U(*bti%chellP homb EahtdYx tFefprepdcd Mm dcigdbr iR sathB§pdchsab theafai ned
by subtracting the nmeasured value in a biotinylated plate (50 ttg/nL

TM2/ 0. 5%cisnsdd e kkhessitithvHiigibn ptdih fGstéS1), ARDP biotiandin@protdi€ or
measurenent value in a SITH 1-TM2 fusion protein- - 10 - 1nmobilized
plate (50 it g/ ki) deNhdmiogBbdte Bkaadtiprghred from cellsofghe shnid dpasity @tths host
detection of a fusion protein between Harpin and TM2 expressed in E. col
in | ane @llbysaifor expressing thie figriotprotadh in stenilabmd gapeticallycingmeeried heexpasss as ed
(lane 1) as a control. EMBODI MENTS OF | NVENTI ON [0030] |. Method of

det ect i drotf-bitkngpreteémt i nventi on (Enbodi ment 1) The net hod of
detection (Enbodinment 1) according to the present invention relates to a

met hod f#d addingdthe puxtarcsioihe fisian prptep-bownd sgrries pragyssdl @ siapdcdior i ses:

1) providing a,carrier on which biotin is hound an r ov,i.di .a fusion
o) of i n bet vedh GHostioe asPmse ta b6 potedip (et SaleocigubHine 03 bo
detected_and a bi,otj pn-bi.nding. protein. 2) binding the fusion
protein %@“PW&”@&FEF&FRSHB&P%QL(?ﬁ“%?@p 1) throLgh bind?ng bet ween biotin
and the f@b?ﬂ nfﬂ%%iilﬂ&t@r]ot ein to produce a fusion protein-bound carrier;

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

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

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

3) putting a biotin-binding protein into contact with the fusion protein-bound carrier



3) mxing (a) a biological sanple, and (b-i) a cell honogenate
extract prepared fromcells of the sanme species as the host cells used for
expressing the fusion protein in step 1), and a biotin-binding protein, or
(b-ii) a cell honbgenate extract prepared fromcells of the sane species
as the host cells used for expressing the fusion protein in step 1), and
genetically engineered to express a biotin-binding protein, and addi ng the
m xture to the fusion protein-bound carfiter produced in step 2); and

4) detecting a substance that has bound to the protein that specifically
binds to t d in the fusion protein. [0031]
Substan&gﬂgggﬁzﬁg@fgéggggﬁﬁﬂ%f%ﬁ%gﬁcal sanpl e The present invention

rel ates to a nptiedHModei L4t Mk PURKLRDE Bioldkidl Mo e G uSTRofin-

[ 0032] Any bigﬁégggg% s%npﬁ%ﬁﬁhat §2§%xpec ed f%ﬂconfg#n a substance as a
det ect i Opindlc@@terGadd be used in the present invention w thout limtation.
Exanpl es of the sanple include cells and tissues collected from organi sns
and fragments $HhRtRthg akabistancampbedetbtedihat hadboangtoethe prindiy thap kgeeificalier um
cerebrospinal fluid, saliva, sweat, urine, tear, |ynph fluid, and nother's
m | k. [ Ofisdq tothesdbstanooinsthodiysidieproséd after dil uti on as needed. The
dilution rate is, but not limted to, generally in the range of about 2 to
about 100022) dEdgbodimeée3dbl y about 100 to 1000 fol d. The diluent nmay be
any buffer solution, which may contain any proper bl ocking agent.
Preferred bl ockimethasifendeteetinga subglane¢miniadtielopigalefappds, Whirhronmsises: f i c

bi ndi ng, and can be selected from bl ocki.ng agents well-known to persons
skilled in theDarevidagaragdcrmovhiphbiofigds boundspd provading A fesigloRol#ht 2 of

the present invention, the bl qcki agent is a biotin-binding.protein.
Thi s wi | PeRseercuRiofein dige wca‘%aﬁy gﬁ%ﬁfﬂ It B e i BuP R R ne
present invention is any substance that is desired to be detected or
measur ed® Py bi ol ogi cal sanple, and preferred exanpl es thereof include

sur e’ P4 bi ol ogi cal, _and preferred ex f i ncl udk
ol o ¢ aci os, Doiribh I8 fE PALH Y ISARAAAR b ep TS S uBERE' o
nucl i . | J35P ThE present™
presont T ey ity BRP A TR b G G PR MR 2B ter ©

accurately detﬁ&iﬁhﬂ@ﬁa ﬁuaﬂlﬂiﬁcﬁﬁdg' Ydtain Bfo 6ONE WilhaRa kusithl fi8Rf-bdiRid cBXRAD! €,
if the substance to be detected is an anti body exhibiting a | ow anti body

titer i rb@d&gam&pggtoblacﬁ e caffdrpody titer not detectable at 1000-fol d
dilution, but detectable at 100-fold dilution with difficulty), a | ow

di lution rate dHfafiehtheddocking sep Rioptep Fdmiisga result, non-specific binding
derived from serum conponents inevitably increases. Thus, no known net hod
enabl es det ect(apabmlogietl sampleatidon of quantity for the antibody. In
contrast, the nmethod of the present invention can readily detect and

accur atel y det(@rijigell hompgenale eftrachprepared Fomcellp obthejsame Apdcisap Hiy wganpl es
of the substance to be detected in the present_invention include

ant i bodi @4s 48k 195 expiessing the Suenepitedh Huder) Dpgnd #BIOHADERURIPIRIE1N anscr i pt

f HHV-6 (SITH: 1).. I i ncl ud ti hodi i nst. ot

O o NGRS A0 b5, SORLOSLeh Wp

der 0 LRI B AR SHATRRRSRH SR R AR sl Ao,

bact eri . t € I derived f f | e, Helicobact | ori,
bactef| MRGELRL aRkacns oor ved from for exarple, 1kl cobacter pyior

Descr | Dt dfhoRRPHRAARG SRR A obliho sl APPI i cation M.

5) detecting a substance to be detected that has bound to the protein that specifically
binds to the substance in the fusion protein.
[0023] [Embodiment 4]

The method according to Embodiment 1 or 3, wherein step 3(b-i) in Embodiment 1
or step 4(b-i) in Embodiment 3 comprises adding a cell homogenate extract extracted from

cells comprising any vector, as the cell homogenate extract.



(1) SITH1 Protein and Nucleic Acid The structures and functions of
the SITH 1 protein and a nucleic acid are disclosed in PCT/JP2008/ 67300,
and the entity thereof is incorporated therein. [0038] The SITH1 is a
factor involving latent infection with herpes viruses, and nore
particularly, a protein specifically expressed during |latent infection
with herpes viruses. The term"specifically expressed during |atent
infection with herpes viruses"” therein-gefers to specific expression of
genes or gene products derived from herpes viruses during latent infection
(not pro | Vi§:,J .ah) With herpes viruses in hosts infected with

her pes vfﬁrégijesjﬁnl[lﬁ(%)fggg%ﬂtgianpl es of the STTH 1 protein and the nucleic acid
include (a) a ProheihBd WldsHinRaS afoR GO Bdie € 948D GehREin DR ibih MAdink and
a nucleic acid encoding the protein. [0040] The SITH 1 protein having the
an no acﬁ@t@eﬁqgﬂgﬁd@mﬁ%ﬁameoﬂ, as described in Reference Exanple

bel ow, was isolated and identified as a protein that is specifically

expr esseOdsy i [Fnbodieadt o nf ection with human herpes viruses 6 (IElV-6).
The SITH 1 protein is a protein having the am no acid sequence of SEQ ID
NO 1, conpos€bheainethbd aeavirdiog ae huksoncaotdEmizodiments 1 nwbechdrein thabislogicahbout
17.5 kDa. [0041] The SITH 1 protein is encoded by the nucleic acid of the
SI TH 1 gemple iFselectlifront the lgreuStonsisting eflelood sehp werebiosBEd) flubd,Nativa3, has a
size of 1795 base pairs (about 1.79 kbp), the nucleotide sequence fromthe
954t h t csvombtuninpeeargl v flyids ansk neeE oEBK- (Kozak ATG), while the

nucl eoti de sequence from 1431st to 1433rd being the term nation codon
(TAA) . A@@%h?ﬁ’@"%ﬂmm%%l TH 1 nucleic acid has a nucl eotide sequence from
954t h to 1430th as, ap open . reading frame F).in the nucl eotide sequence
of SEQ ID NG A CATiENgeteRting AguBtAsies %Pl(ogﬂab%@l&aw%el{labout 0. 48 kbp).

In the cDNA of the SITH t he nucl eot.i de s nce representi t he ORF
region is shov%%‘ﬁswn%eﬂn%ymmf PHpffan h{?gfpe%ﬁ%g@' é‘é‘ﬂ%g’ﬁ%%u%a nglg%bleD NO 2
i ncludes, thre -of . th - - T | ei c
acid is %ﬁttf\:/\%%/cgang% ;@é%’gfgﬂlqur% frhge?%;fls?%)p %éon? 8%?]? l#etﬁﬁéiﬁ]étb gﬁfe; ?fltﬁdgl:lt]melg%&vh th
HHV- 6, Nat 3 i:vely infected cell. The nucleic acid encodi ng
the SIT [I“gﬁ%% el P%h&e?g%i%gée% by a DNA that is a conplenentary strand of
the HHV-6 | at et fidifesrblcpDisHRGH bd he@8RRT bR mthod¥bnishas been reported
to date, and its expression is enhanced in the internedi ate stage of the
| at ent i nf ect i Diprwitlingtddrer ohhebieh bagings Beuranat hedvedihp attuditvepiStelit 1
protein is a protein that is specifically expressed during |atent

i nf ect i oetwkdna piditibthal SEbédjcallip @irfdls Toda fulptatetabddeatsed amda Hiosd-bindigei n,
CAML (cal ci um nodul ating cyclophilin |igand, Accesion #: Ul8242) to

i ncr easepiegn;cal ci um concentration in the glial cells. The CAML is a
protein that is known to be abundantly present in the brain and

| ynphocyt es i nthieding e fpsion gepteinda fhesisrin drovadadda steptlh shrpygh bisdingu| ar

calcium concentration. |t is considered that an _increase in intracellul ar

cal ci um ReWedrRiptR pishibg biotinsbmdpedueteBrioproduse a §psion Arofsinspeind GaFisamdy

| eads to activation of .overal]. signaling in the latent-infected cells, and
hus. cont 11 but D eheck bkrbiadinE BRey ST shrtest NP6 SO BORE i
that the rgl i al,.cel I? Lnblt hl? brc%i hare | atent-infected with HHV-6. Wen
HHV- 6 duf] ﬁ‘écefiﬁlésﬁeg ?e({ PR g](?tl Of%r at the internediate stage which is a
| atent i bgg. i b%tdﬁh&t‘%iéth hi gh activity expresses the STTH 1, the

cal cium'con ratron seenms to increase in the glial cells. It is believed

that an increaggiihy &é@é&ﬁgeﬁ' éuﬁkﬁﬁccci@aqji&ﬁgi‘éél%ﬁgiet Fni@oldprisle brain is

wedded to psychiatric disorders such as nbod disorders (R ken Annual

Report 2003). APPé&tier bewhlchH fisidhQrsieih tdSecd of proetd @Bht spbaticAlB Bihai 0%
activity to bind to the host protein, CAML to increase the intracellul ar
cal ci um apReaY thdlei deftctedwhnt heiomd-Bindagireri 0 boaid bein&ing Befvden dictinmnin
the glial cells, in which this protein seens to be nost strongly

expr essetlie bicintedinp arotcinamnd nduce psychiatric di sorders. Accordingly, 'the
SITH 1 protein is believed to be expressed during the latent infection

wi th her pes vianagsst for ddutinghabiolegica lsamplggeomyfrisingact i vat i on of the herpes
viruses to cause the host to have any psychiatric_disorder. [0046] (2)

Ant i body agai nBtl) &fetHhamogenate extiget praparebEYMAGHS pithe saBe HIcTigs 1s thighople
prepared as a pol yclonal antihody or. a nonqcl onal .antjbqdy fromthe STTH 1
pr ot ei n, calls serfor sxpressing thg dpsion Brofqin m ﬁ%ﬁb?ﬁd‘é‘ aa\’éo'fahff’]ina’é‘ﬂ PrOtei oL hy 4
known process. Exanples of the known process are described in docunents
such as Harlow et al., "Antibodies: A laboratory nmanual (Cold Spring

Har bor Laboratory, New York (1988))" and Iwasaki et al., "Monocl onal

Anti body: Hybridoma and ELI SA, Kodansha (1991)". The resulting anti body



The nethod of detection according to the present invention uses a carrier
on which a fusion protein between a protein that specifically binds to a
substance to be detected and a biotin-binding protein is bound by binding
bet ween biotin and the biotin-binding protein. [0051] The carrier of the
present invention can be produced by a nethod i ncl uding: 1)
providing a carrier on which biotin is bound and providing a fusion
protein between a protein that specifit@ally binds to a substance to be
detected and a biotin-binding - 15 - protein; and 2) binding the
fusion protei nBlif aldeg h%ﬁfoghﬁarte SRt ﬁ%ﬂaﬂc@ HOHERS bf iHRs2Me Bpidadi ik RRTE Wween
biotin and the bi'otin-binding protein to produce a fusion protein-bound
carrier. cefliQ@5ed foBle@brk &idkOMB Gusict profin in step A), ai&@'g@dejﬁeé{lw EgthefRIA6 egpragie Of
D-[(+)-cis-hexahydro-2-oxo-1k+th|eno-(B,JB- i m dazol e-4-valeric acid]. It
i's one Obiokabaidisoprotdig awtlioani n cat egorized into a vitamin B group, and is
also referred to as vitamn B7, vitamn H, or coenzyne R Biotin very
strongly bi ndsC} ablkvkidp agereentainitgrebighiydapting piotsn.cont ai ned in egg white,
so that its absorption is precluded. Thus, |arge dose of uncooked egg
whi t e nmesDVANSBAGEOUSEECTES OFCNVENEHIN i n sone cases. [0053] The term
“biotin" throughout the specification includes iningbiotinagHofnann et

al ., (1990%8] PFlecmpiipd ofBwpreent ingmtioprnablesbighsesytiviand tablsi dstacorHi r sch
et al., (2002), Anal Biochem 308: 343-357), and biotin anal ogs _such as

bi ocyt i nwiha redused hackgrauagisigmal levelalch subsinesohsaletseisdiina fialogica) samBlsove.

o SUab R o B SRl BBl ok AR P SRIRLST? 1
A Y e e

o0 CRICORES PO MRS PRAR/ARIS 1 By 9Dl Bl pg. The
by v of OROETH | Rldes Whchife paCkh oMb REDE Bock bR PARUR BRI o 10

carrier TRChyircRYtepi@ent bidtih &fe I:l%sed:ﬁlit)ééls S§Resened bidfin-binRsHgSrBleff and

trademark), nitrocel I'ul ose, agarose, dextran, chitosan, polystyrene,

pol yacr Yﬂhéﬁbéﬁelli@@s)@f%%ﬁa fddiy Gt bpurati@sly bifls Y@ Asaiatancd® hedctgyddene,
nyl ons, polydivinylidene difluoride, latex, silica, glass, glass fiber,
gol d, plEkl hanwitBodt\bivckingdpiebiptinbimling paidaih esdwith édampobiliestiont &, a fasiohcon
waf er, pol yet hyl ene, polyethyl enei mne, poly(lactic acid), resin,

pol ysaccrataiingdSg. 1B: stigionsbledkihg by adlidtinybmdingprétoin, and mdthootirimehiligiion of
thereof. Preferred naterials have a certain |evel of strength, a stable
conposi ta Bwiongmeteine Hig 46 nowmdpecking ky dbistindynding prpgein alﬂfbwgg}m@@hﬁﬁﬂ@@ of
the formof the solid carrier include, but not |limted to, beads, magnetic
beads, t®iafusionpsotein; arcbbighdl: with blocking by pigtn-bidingspigineand withayh
nanot ubes, @gﬂ sensaor chi Flat solid carriers such as thin filnms and

platﬁs PR AR R0, éﬁhﬂPgaﬁﬁi?s, gro?vest.or filter bgttons, as is known
i . 7] . i Jd i ,

spher cal i andeer 1 Rehe SNET TS Vet oIS N bR prp R R B ¥ °
pref err eg SRIdLARIy i BeAPadS Akol@Nfinda ULATEIGE: Wid OFaf FOME:Rf about

50 nmto a € SizZe of the may be sel ected depending on

the specific applicihdfle cFEOF ROMRRAENIFR ol ROME SRR\ & trdctth 46uf o
order of about m preferred beads for capturing such spores have a

di anet erpdraggaefrctifding aRMb: GG &in\Witdepot tapiayidid 21 L@k R0 shdwd theXe&amloE, in
the case that high sensitivity for detection is desired, beads as

descri besloaliay by BA @nsfethalis thé eesuB dbtadedibysub@idtialg day fitBurddrvatuedn ui ew
poi nt that the %eads provi de high contacting frequency between the target
subst anclsotinylbed piittel £3 BSydBldoking) bs trdnidendthiap isipeootfilized! ffom Mendsastnzdt he
target substance, and that cleaning operation thereof is easy. [0059] An
exenpl arvalwmeinroSil 13- 10iMa fugerbprotdin immobHized glatd (€5 % B Bleckingle dfig.33-

bi oti nyl ati on reagent. EX | es of the biotinylation reagent include, but

a
not. | | 1 shetwstibe regi pf blecking g S tnsl TVgHwhiskdhe Sl obiiasd & sub otioR dhe
| ength of the Jinker: 13.5 angsirons, the reactiyve aroup:. pri Yy, am ne,
hor oi nal BERUSev A HRRRACEPILS (1D e/ B NEDSd B aduRarRg) on whith
Sul fo-NHS-LC-Biptin (22 4 angstrons rimary amnine)., -Li.nk (registered
Cr adormr R85 Boipelied Eodtls et temBl AR 3Rl TRG et 271
(registered trademark) PFP-Biotin (9.6 angstrons, am ne), EZ-Link
(registered trademark) Mal ei mi de- PEO2-Biotin (29.1 angstrons, thiol

group), EZ-Link (registered trademark) Biotin-PEQ2 Am ne (20.4 angstrons,
carboxyl group), EZ-Link (registered trademark) Biotin-PE03-LC Amne (22.9




- 17 - mcroplate, mcrobeads, or a sensor chip by any known process. For
exanpl e, various carriers having functional groups, such as am no,
carboxyl, thiol, tosyl, epoxy, and mal ei m de groups, and activated ester
(for exanple, magnetic beads, Sepharose beads, agarose beads, | atex beads,
and mcrotiter plates) can be used. For exanple, in the case of the use of
a biotinylation reagent containing NHS ester, the reagent may be dissol ved
in an organi c solvent such as dinmethyl 18ul f oxi de (DVSO or phosphate
buffer of pH 7 to 9, and then may be added to an imuobilization carrier

havi ng afiihigiAaise (50 B%@%meyd.g%thQ&;dd  the case of the use of a

bi oti nyl ation redgent co ning am no groups, the carboxyl groups on the
i mrobi i zat | orpigaf {IiuStattPIethioa AN Fhdi@HploRiR 6btwéah BrRS hRd TMRIdfressed in
carbodii m de such as 1- ethyl-3-(3-d|ne?hylanlnopropyl) car bodi i m de

hydr ochl@rdoien (523 by W@étbﬂxﬂﬂ&tilﬁgi agdidli cont0king a Re@bi AyhewhOmked €agenfas

di ssolved in buffer solution (pH about 5) to bind biotin to the carrier.
The bi otd ¢onkral.ed i nmobi l i zation carrier is preferably blocked with BSA
after inactivation of unreacted functional groups. [0061] Conmercially
avai | abl EMBORIMYNES €3F BEYENGIGNcan al so be used. Exanpl es of the
biotinylated mcroplates include, but not limted to, Reacti-Bind Biotin
Coat ed HO03Gt yir e Metpdokdet¢qipERCHE. préseanipl ediopf(Embediiant L hy| at ed

m cr obeads include, but not |limted to, nagnetjc beads, such as Bi oMag

Bi otin (avai | dBtean¢thodpbdsigeiondFabetlimans dheacprdipmiodhe Bigsent lysatiensreligsomag
(registered trademark)-D biagtin and nanomag (registered.trademark)-silica
bi otin dodimehpdiardgicritng %F‘t‘lﬁf'ﬂ‘lf’eﬁbf}&@{]%‘cé'géﬂnhﬁle EHERISCEuch as Beadl yte

i st dtrad k) Biotin B ilable f . tate), ,
Such s Bi ot | D RGARHSE S2AEs P U HOBEBE PR B BT HRE Ao BTG, g
d hi ghl -]k - h ot NS il able f
Bi osoar ARG B8 SRAHAT psdts Sl L B RR0 R BRfeng "The

carrierékgwgiotin is preferably at |least 5 angstrons, nore preferably at
| east 13.5 angstronms, nore preferably at |east 22.4 angstrons, and nost

preferably at ig%gﬁmg”@ed%ﬁaﬂﬁﬁﬁaﬂ% tHeQARRE pRIvaiI iR ﬁp%hﬁbﬁ@ﬂmﬁfg nds to

substance to b etecte e protein that specifically binds to a
subst anogn&nhfodtehRrhe Biddiehiaime pk@bintBprdfice & FRidiBstoleth-Beunds@RRrf i C
protein") is not particularly limted In one enbodi nent of the - 18 -
present i nvent3)emixidgor exanple, one of the antigen and antibody, |igand
such as hornone and receptor, lectin and saccharide, or conplenentary

bi ndi ngs of nue) ebdladcad sampla, asihpl e to be tested is selectively anal yzed
by neans of the ability to forma specific conplex with the other, but the
speci fi c prot dbri) a selhbompgariateeakttabienrepaged froma]ls phihe sape species as the host
exampl es of the protein include, but not Iimted to, antibodies, antigenic
pr ot ei nscells veadifAE expsessinedbe fusipropretein ia, sig by apdya biotiphatdingproteit, @ ept or s,
and enzynatic(gn_teins. Exanpl es of the g tibagﬁ inglude antibogg
fragments contBiiRiaf§ldiomagspats exiEach gregpteddrony gelfs of thessame sppciesagibe host

dditi | gG._Exanples._of. the antigeni i n.incl ud i
Ger i vea s Sehior SHE RIS Lyl Bt pheR! Gl HEReRTi iz

viruses,,.and. herpes viruses; proteins derived frombacteria such as
HeIicobéganggﬁfgﬂF?mPhnnr mar kers such as CEA and PSA; and sex hornones.

The 1 ectdnd Aidind (BERENA BILIAM WoR b tind caf R pRRALRI SludpPBL ARI | NC Lde

nonosacchar 1 de“speci ectins as nmannose'specific lectin, Gal NAc

speci fic | ectig)defd-GNAG sSIReSict ittt h&Chdudd 1 UEQ6t-RPES dpbaifitARtdis 3ad
sialic acid specific Tectin, and oligosaccharide specific | éctins.

Fur t her nRb&andeht8 beXxiefRtedsn tHchutide pERénRNA bi ndi ng protei ns. Exanpl es of

t he peptide include those conposed of 2 to 100 amino acids, preferably 4

to 50 anfond!]jacgubstanesd adctcdudihdiclbpivalGaingle30 ami no aci ds. [ 0065]

Furthernore, in the present invention, exanples of the protein that

speci fical ly bihrdwsetent vsutiist mintes to @ thahokioe deedtingw fubdapcdmta hologichlni t ed

to, SITH1 proteins. [0066] Biotin-binding protein The present

i nvent i okmiple| udes a met hod of i nmobilizing a protein that specifically

binds to a substance to be detected to a carrier bindin%_betmeen biotin
i

b
and a bi 8PP phwxbielpgicabsenple that it meﬁtﬁéé%mnteiﬁ@éﬁgit@wsa%j BEFiPTeAtECh
Sone. casi#s Pe[RObT MARFSBIOPAOT AR, FBIIGIGH biIeS oyl "

preferably used as the biotin-binding protein, and exanpl es thereof

i nclude avidin, streptavidin, neutravidin, AVR protein (Biochem J.,
(2002), 363: 609-617), bradavidin (J. Biol. Chem, (2005), 280:

N R o o o m T o — o o~ o —y



- 20 - [0071] The variant by deletion, substitution, insertion, and/or
addition of an am no acid or am no acids can be produced by a known

t echni que such as site-specific nutagenesis (e.g., see Nucleic Acid
Research, Vol. 10, No. 20, pp. 6487-6500, 1982, which is incorporated
herein in its entirety) to a DNA encoding a wild-type protein. Throughout
the specification, the term"one or nore am no acids" herein refers to an
am no acid or am no acids that can be-del-eted, substituted, inserted,
and/ or added by preferably site-specific nutagenesis. hi addition, the

term " ong @t LS N AH AP or ARl dn TR LE DI TR Hbre

aci ds. one or several am rs to, but not" I'lmted to, 50

or |ess, r . 2 | e essy 8 or

Cess, 5 RPN SR pouBaRapial (R, oG, sRGQilecRar LpRpEIuIEeR T or 2

may al somB@hefts Bfi®t €l N havi ng an am no acid sequence sharing an identity of

60% or nore, preferably 65% or nore, 70% or nore, 75% or nore, 80% or

nore, 85f098] NDieRe hiHAesOhay B Bsed AfEP Giutivare ncQRU0 OTheBil@ionF i buiRdte, 98%

or nore, or 99%or nore, nore preferably 993% or nore with that of SEQ I D

NO 5 orlihied 1oDgd¥@rally ianhe hage bfatouo? tmatvun dO00) fokl ateifdrably aboutili0Arto t o t hat

of tamavidin 1 or 2 or high binding capability and | ow non-specific

bi ndi ng tgarfakt erlihe tiloent iH0R2Any Huéfepsolvkon, whidnmay gorbah we propeoblacking

acid sequences may be determ ned by visual inspection and nat hemati cal

cal cul atagsnt. Arcferradblogking ageife hpeerhigh inhikitony 'pffsct ba nerspecifigdinsting, endh

sequences may be determ ned through conpari son of sequence information

usi ng a @abesslepigt Sonpblogkinmagcus W8%11‘@0Wﬂé%?fﬁ@lsl§hll¢gri%ﬂﬁﬂ%ﬁ“qh'%@ﬁﬂi’si n

Genetics Conmputer G oup . (UWGECG based on the algotithhﬁ Needl eman, S. B

and Wins@H, cagen.p Notg thagip Engiogiment 2epf thepresess invefiqy) the AR AT Rl ¢
.the GAP. cl,ude; scoring matrix: bl osunt2

parameters .o rogr.am.i 1

describgﬂopﬁ‘FEW%ﬂﬂ??f'S. ﬁ&”ﬁgﬁp?ﬁFP?{B%ofi, (Proc. Natl. Acad. Sci.
USA, 89: 15-.10919, 1992);. (2) .12 gap wej ghts; (. 4 I t-h wei ghts;
and (2 WEPRenTe P 8 hicakpleg b et et L A0 onGY oo R L g
persons I I . . ed. i |

Sequencel beflsBstbr btGs el R HioRa Rinbls S R ROTBAA kol MBtude
conpar i safastdich ReantPOHREGRd mﬂggehgr&m @i Plghiind, FlofFd: REGSkapdescr i bed
in Altschul et. al., (Nucl. Acids. Res., 25, pp. 3389-3402, 1997). This
progr am ésghévaiaabhfl fivemgie - 21 - websites of National Center for

Bi ot echnol ogy I nformation (NCBI) or DNA Data Bank of Japan (DDBJ) on the

| nt er net [0033e Tl sttdehphs et anblee ithsifroinehtddatttdcy atoaitcl sitystdnee tHk AST
programis described in detail on these sites. Although these paraneters
can be paetdnyimmbibloigel] sdmple ced sampt bsmadithditectelboeacatiatel cdetenmenedout usi ng
the default values. Alternatively, the percent identity between two amn no
aci d secuentasvelnpyvendational mebiodss| dgr axpmpleribthesubdianes tobadetpeied is an
information processing software GENETYX Ver. 7 {available from GENETYX
CORPORATANIRP I exiitiTa a doy apiibery titghisracicis éag-¢ i layggntihedy siter ngydeseatablgatng

t he default | yes, [0074] Th t j.dentit | eot i
e o ol Mfepurindeisatonis 4 LG aredERRE bt trng kAl sifaprale o

| cul ation. Preferably, h [ i t th h i
o S oncte i S FRR A3 i R tRAGE R fith somt oSBT T o

Gonet | oo AT, ThER MRy PG BRI il G oRRE KRGSy,
Nucl . Acfogﬁbe%ﬁbod 124, 384 kast, 1HE Izdjﬁﬁ)dcgf th ege%glnvef?rf(ﬂlgcraﬁ%a%ﬂ RloR3¢ and

corrpari son betweernn two am no ac sequences and conpari son between a

nucl eot i ge,Seay80ecRnial quaititd OF DR saGbsiysequence, in addition to conparison
of two nucl eotlde sequences. [0075] The "biotin-binding protein”

const i t UfpoRg)] aNbdMEhidingREMhBIeH of thelRbitaRBR bt detEctb@inh€ prdsé indeatised f or
preparing a fusion protein-bound carrier by binding the fusion protein to
t he car rineludé hiitthodies bignatb sl poesin biwided barid inteembliat trakiripdoHiGHR-6t ei n.
Accordingly, it is preferred that the biotin binding activity of a variant
of tamaviSdTH-1). oOtigrlesamples sncniefanthodibyaghenst ethseantigompefrhecbes irigeat i n t he
case of form ng the fusion proteins using these wild-types. [0076]

Accor di naitipodies agdingt vimeirslatei] antigras darivahiroms for grample aytomegslosfrasasb| y,

N14, S18, Y34, S36, S78, W32, W8, WL10, and D118 in the aming acid
sequenc ehapruEGTyses, iV 55 Bl &/ snBeasiesayiryses apitRIcpFaapirusess apidhodigsgaingto
exanpl e, Y34 indicates the 34th tyrosine residue of the amno acid
sequence of SEQID NO 5. Alternatively, in the nodification of these
amno acid, the amino acid is preferably replaced with one having a
simlar property or structure. For exanple, asparagine (Nl4) is replaced



4) the lysine residue at the 73rd site of SEQID NO 7; are replaced with
acidic or neutral amno acid residues. [0080] More preferably, the

nodi fied biotin-binding protein is selected fromthe group consisting of:
a nodified biotin-binding protein (RLO4E-K141E) in which the arginine
residue at the 104th site is replaced with a glutamc acid residue, and
the lysine residue at the 141st site is replaced wwth a glutamc acid
residue, in SEQID NGO 7; a nodili-ed bi otin-binding protein
(D4AON-R104E) in which the aspartic acid residue at the 40th site is

repl ace | 1 j i Bt i i 104t h
e i o P R A s, (POl Db LR PRI Ghitblies 104
nodifieqﬁg&@ﬁhﬂ%phmg&pgngkggein (D40ON- K141E) in which the aspartic acid
residue at the 40th site 1s replaced with a asparagi ne residue, and the

| ysi ne V%QE%}JGSHH-RBSSBB%SDeS‘&ﬁbﬁoﬂﬁlF@DBME)@/GNBO@&@QISJPMSZOMi d residue,
in SEQ I 1 7/; and a nodified biotin-binding protein

( DAON- R1LAgHd4li4d Bo. 61y1084dh t he aspartic acid residue at the 40th site is
replaced wth a asparagi ne residue, the arginine residue at the 104th site
is replaced w ¢lhSEH1RrawircamtNdcleiesiaiie, and the |ysine residue at the
141st site is replaced with a glutamc acid residue, in SEQ ID NO 7.

[ 0081] Fusi on Thesteichrtseangddanctoons ofiths SEHF] pratdin picchalhudleic geid sradisdosed be
detected and biotin-binding protein In the present invention, a

g ! -
fusi on pindtEl/HPEOBKFA0.ang the entity theatof épaeerppratadtherpilnds to a substance to

be detected and a biotin-binding protein_ (hereinaffer mgy be referred to
2s " bl oUIORIBI ORI TEF 01 oK POV BT e oo s ey He Ang mioes

i bilized i er. .[.0Q82] Th h for. i he .
bi ot 1 - BRI b A EF i SPEST G Y Sred Sutikpep i ReRT R Pelotirinusgs. FDpe

l e, the fusi tel a..b k » '
e b B8 g e S RESRR oo BB SR st 1
expressi gabg&&ig%gg&sﬁ&?efi Ads Br bUR! RRadELiEivEd RS MRS s%iﬁg&taug.ﬁgggméng

protein sired protelnusi'ng an expression system su coli.

Note th el 1 ] BB i i gh
B e b e T e A e
protein, [o@3b]n Otk Ain k6 1RE SPIL16pr0tcAN£hdRthel 8d1ER AciIifdBdd AR prddein WHiELCH sy
bound to each other or may be bound via a |inker, but are preferably bound
via an asi £#8indGiclll deljidoee of TR IMENGE: N 288 atoleleld atkiencodiyig e @mbteireast one

am no acid, but is preferably at |east five am no acids and nore

pr ef er abjop4@} TlesSITEL pratnintavag tis amin widequéree e REQID NOe Lidsnidserged
strength between biotin i mobilized on a carrier and tamavidin, the Iength
of the |infkeferenes prasipde hidoy, wias isolated andridentificd as e ipryein it és speetfiealtibl y at

| east 12 am no acids, at |east 15 ami no acids, at |east 18 am no acids,

and nostexpressed dwing latent iafestion svidninmeendicries vimses IR Y-64uchhg SHkEE s al so
e B I AR 48 LD e g
eri ne. whingtats rad RS 46 eralas S BLoRTDEPE] Do) bde. coocs, ” 08aG
Goooscod et R St ERRE R i SRR Ry GDRF R ens.  Thggbva

F
[0084] Th&phi o1 g&%ggglggrnomﬁb %N{%%’t, ﬁQé‘é‘QzéQfﬁ%hﬁEe lsagﬁ O(%élﬁrgl nal or

the Ctermna : protein. |i e expression of esire
protein, g 'kbE)?f A Rleotifie sRRE frith A4S RASTH BeifPiR iddhli@PiRioh fRBzAhe
cytoplasmof E. coli, a |eader sequence for targeting the periplasm my be

used. ExAnE)ashief tht hclbaaitakqsaty SR&E143161 wde33tdbeiddahe tdrifidagion tedonPel B
(Lei et al., (1987), J Bacteriol, 169: 4379-4383) and OmpA (Gentry-Weks
et al., (1O9R) . ActoBiedl@rthe BITH14ducki®feid B42) nud&6idb keduendehieorn &5éthab a

bi oti n-binding protein fusion protein obtained froma soluble fraction,

t he sol ubl3dth ot open readit g bame gORE) yn thg nubleoiidartqueneco bESHQIx NQc B, thermy be
put into direct contact with a biotinylated carrier to bind the fusion
prot ei n OBFhwering aotizengt 477 dse pairs @pout Tridokdgn. slirthe PRy ofythBEFAgthehe
carrier, the purification and the inmmobilization to the carrier of the
fusi on preslentidesegiepes BPHSFREEEE IRE Beindy shpwinne QI NE&IY . Thse f usi on

protein nmay be bound to iQfinyl ated carrier ter purification using
a col urm<deqtife SRAUERER %ﬁéﬁséﬁ&ﬁéggﬂ?@‘fﬁé@rf’waﬁfﬁ? f BOPSPIIhN et al .,
(1980), Proc Natl Acad Sci USA, 77: 4666- 4668) is bound. [0086]
Alternatively, a tag for purification may be further added to the

Nterminal or the G - 25 - terminal of the biotin-binding protein fusion
protein. Exanples of the tag include, but not limted to, a c-nyc epitope

e o o~ o~ o o~ o~



[0088] In the case of a desired protein expressed in an insoluble fraction
in E. coli, for exanple, a maltose-binding protein (Bach et al., (2001), J
Mol Biol, 312: 79-93), thioredoxin (Jurado et al., (2006), J Ml Biol,

357: 49-61), glutathione S-transferase (Tudyka and Skerra, (1997), Protein
Sci, 6: 2180-2187), or a chaperon such as one described in Ideno et al.,
(2004), Appl Mcrobiol Biotechnol, 64: 99-105 nay be coexpressed, or a

t hr ee- conponent fusion protein conposed3of the fusion protein and a
chaperon may be produced. The nmal t ose-bi nding protein, the thioredoxin,

and t hea@pg%]at PhOSE R hiARRS £1AS SRR c2pR&eRn H3RFtpaskdTS deRNatent-

purific [ 0089] The fusion protein may be expréssed by any ot her
known exprssi With BYB-8MBut SHER ASroliRely ifRlled celp alhe ®RldiGacidafvaingafe
cellts, yeast cells, Bacillus subtilis cells, or a cell-free expression
system $ITH&pkdteil i8Encodbe by b MN QMR & NcdreplbRedtusatiahd ofthp HEFE6datem pl ant
cells (for exanple, plant lectin), it is preferred that the fusion protein
i s al so mfqeries spatifidgene fHALT), evbidh leasheess sdportedsipstatayand\its epiredsiod i@ X pr essi on
systemw || be apparent to those skilled in the art in consideration of
proper t i @handedtihchqpnrmediatestdge of theddien{ ©680Gpn Biithdidy-tof Thesileetsprotein to
carrier In the present invention, a protein can be bound to a carrier

t hr ough dematistratsitiatithe SITHR@ protpinngla pepieiy that dysparifigally expseshesl bsingdatentr ri er
and a biotin-bindin rotein fusion protein and putting theminto contact
W th eacW%!lﬁ@WIﬂ{@ﬁygq- A crude cell honpgenate extract containing a

ot o TS0 SHELY o 1 et R LBl o,
o oA 2 3P e SOR g MRS GRTE I ghg 1
Sh 2 R ARy B8 SO o,
Addi ti ontﬂég Oﬁﬁgﬁ%érggqlglgéﬁgF]g&%dggghaer@frer lgpégélgﬁg?c‘jéﬁ%%ﬂﬁg'ntﬁ%g

met hod - of,nEaRRAIHRNG ider®se i fitALARSIH cal (VR RbAQRrhtiH HRES expbdsiin dfBe

providing of a fusion protein-bound carrier, the followng step 3): m xing
(a) a bi9eni GAbtemPIBBBly RBE to activationfioverdll GRinhliNORNBEARNE iF¥dtEREd s,
prepared fromcells of the sane species as the host cells used for _
expr essiad thtxecdnushnes tpredlicen reactishtign L& a bi otin-binding protein, or
(b-ii) a cell honbgenate extract prepared fromcells of the sane species
as the Hhosd4lelt lisknosadhitahe ghigreels imige bren igdatont-ipfestediwith HHt@pPpVhgn and
genetically engineered to express a biotin-binding protein, and adding the
m xt ur e HEWVGdufingihedatprtdnteriomonm dheiatarmediatsrsiaggaduch i aduteny ipfectiopgiag] | n
a method of detection using a carrier, generally known approaches, for

reduci ngvile hghpetvity exmesiay g SThHch thacreumsapeaigtioRsesmyiaimereseln the
ot oct | ot P 1t SauleSahit A a8y DGt 1O SO TP dB IO of
host lls t l.e, . t f..th [ d i
e euce o eafed BTG R B S BBl G BB R RSy HIF, e "

bst el . I t , in-(JP
No. - +o- 40963 AT SEF) B Ethef AR St RRuRARE AERARY B BB Blflif S
the Samcﬁpﬁ?hﬁﬁgéﬁsettﬂ@ﬁmﬁ%&gﬁ%' QiR BRAHRLAGN! il Rhdle & fHi34i6n Bf the

y bin S

specifica ing to a substance to be detected and not containing this
pr ot ei n, sAMRfl1 3eteinl iR PheOflial b1V Which FhiY Priteih skhd @Mbelosd sEREN Sxplekbed)o-
2004- - 27 - 301646 A). [0094] The preSent inventors had attenpted to
appl y t hig tRdOBMEr ERIThiledRgdycmitiodsoidersd SASoalhgR, thel STTH- 1Pt i beliwvkd to
sufficient effect has was not obtai ned However, the present inventors have
di | i gentbeyexpiresdeddurbrpcthe ksem infestidnt with hupesiviniseedr attheinitial btage off obt ai ni ng
a noticeable effect. Specifically, the present inventors have discovered
that it iesctpragibechbiicdetpes yiruses te ginsse dnceost to lpwe dey petcbitriadisordent act with
a carrier in the presence of both a cell honbgenate extract and a

bi ot i n- bi0AASho(2p Adtibedy, against STTH-1
The antibody against the STTH-1 can be prepared as a polyclonal antibody or a

The

monoclonal antibody from the SITH-1 protein, its variant, or their partial peptides as antigen



[ 0095] In one enbodi nent, a cell honbgenate extract prepared fromcells of
the sanme species as the host cells used for expressing the fusion protein,
bi oti n-binding protein, and a biol ogical sanple are m xed, and the m xture
may be added to a carrier. Wien a biotin-binding protein and a cel
honbgenate extract are added to a sanple to be tested, either one may be
added first, or the both may be simnmultaneously added. Alternatively, after
m xi ng the biotin-binding protein and-tlde cell honpbgenate extract, the
sanple to be tested may be added thereto. [0096] In another enbodi nent, a
cel | honpgeRrAdwn ?fﬁcé@?t FREBBRE Bf (HeABWa§rb&sPhre UBK BB SREFLAS sikh dshe
host cells used tTor expressing the fusion protein and genetically

engi neer Herléw eLXD™ANEbAdiB: X JaBoratory ifAgu4l(ChRl Spridig HAbSAEDb 9, Mew et ed
are m xed, and the m xture nmay be added to a carrier. Specifically, a
reconbi n@uBIYT aidciwusilsl e xlpddsmdional AstibwlybHybridags atd PRISA) &odansha
biotin-binding protein into an expression vector, and the honpbgenate
extract 190yt h#he edshBingmptibedyusade ysODBT [delentidrhadarsemadatian s€theRITHAD| e
to be tested, the serumis usually used after dilution in a cel
honogenapreteiskt ract into 10 to 10000-fold, preferably 100 to 1000-fol d,
nore preferably 100 to 500-fold. [0098] Cells fromwhich cell honpgenate
ext ract s[08¢g dﬁhq tprd “anfihodyasefers t¢ gppupeglobpling (lgdy, Igld| IEE, IzfaleMbl dud fabel | s,
insect cells, and plant cells, can be used without [imtation, Preferred

cel I's ar@gmats b bisgmestssand kafragpeny thereof). | Exgaplesiod igedy igcludei on
protein. For exanple, jn the case of preparation of a fusio rQLein using
2ol 1 itor ERgREic pplgionnEanBRgieR andnos bRo G R4 e eSO e par of
using E._col.i. In the.case pof expression of a - 28 - fusion proteinin a
cel | -freagﬁ]é‘bgttyg?namtﬂ?@l%geﬁd W@cﬁa@ﬁhgﬁﬁfact used can be used as it is or
as a sus i i @ I I 8} r t he
cells ar@ﬁggr?@E&E?ﬁoﬁﬁﬁ#?ﬁg?%#@&§%€§?§§h?ﬁgﬁ?%ﬁbqgég%%fg%@Fﬁ%ﬁ?ﬁﬁ+%% t he
bi ol ogi c J i . [ I fQHe1 BidpdiR @ rived
fron1huﬁ%ﬁiﬁgpﬁgfﬁ%éggﬁfgf%ggéggg?g%%g?;ggﬁ IS p%E#@%g P§Q%P§ggﬁgga?§om
cell's deg U’?Qﬂ&%rﬁéﬂt@[‘ F28257}, Ahd) 8thet HAEMEMITBARSTNESE adtOWEY 8dn befREd
exanple, for a fusion protein expressed in mammualian cells, a cell line
obt ai nedacch@mgSipaké fucthodatitises & 1he prése@aspecifitdtionuiady khows tethod. c8aeh t he
content of the human cell line and the content of (for exanple) human

cel I s f rfagmdnitcédunt e ypicall piodateddangitaage by dettdolexdk arieg subsymnd.@l papain
highly different fromeach other, even if the cell honbgenate extract from
a cell [{yrddidgriFabdragment)ton pepsib&ieldingsindiell ), fregmesat). t he ef fect of the
present invention can be obtained. [0100] The cell used for preparation of
t he cel | [0A8%D Jéisdicdicesd thaicpativalp havirg amepddisordess aad indpridyady kaying paendiabt v

vector. The_enpty vector. is of the sane species_as that of used

B oxpr cBEPEANERIVE SRR ERFeE A BISEIOR [ a1o) s SHAB-L BrosiBand s e

o e LT AR TS B D50 be S SR PR BRES it
id. A i vel h k hat, |

o o o SR S SO SR RS e TR APVt AR bR b

speci fi C&Id'i}{digl[dﬁ%% hEQinﬁﬁﬁ?éﬁﬁPﬁoB@dg&déFst. ected or a fusion protein thereof

[0101] Any cel noge e extract derived fromcells can be used w t hout

limtati QO%F%M%@&@WC@%Rtpﬁit&n%ﬂ%ﬁ%m%@ﬁﬁ@ﬂﬂ»ﬂﬁ(ﬁﬁ,@tocs%mm%, or
a |Ip|d (0] onen of cells, or a mxture thereof may be used. Pre'rerably,

a sol ubl g @ddaCindBioeeblnditatoRke K9RUnd (L) adde) satdanlidrpgenat e extract
can be prepared by a variety of processes wthout Timtation. Usually, the
cel | honpbgenatEheenitthad bf dasctinn ReePaiged (RSp@sE knviehBorcasp a cemiesobyhich a
honogeni zing or solubilizing cells cultured in a proper culture nmedi um

t hr ough fasiphysateinl bemmesmsa motlin et specificalp hinds appsibsahcoto, bealetoediaodh neans
using a surfactant, or an enzymatic treatnent, and perform ng

cent ri f ugatin-binding priotein &thownd by binslingbetwoepbiotinagd thedigfinobiadas Iprdteip.
preferablﬁ the clear |iquid prepared by centrifugation or filtration is

m xed wi H0R31]f oFhessaamign & thepispat dysatiohpamba mpducse by s aehedcludiig: exanpl e,
in an autoclave to suppress or deacgivate - varjous, enzynes derived

Y - 29
fromcell's. The RISHEMS GENY PGV ch biotim s bpgidrpd mseudipgatusion B9ibe vari ed
d di th t f.th i - ifi ti. ) b
SoPe! DSt Brofih L et BRS  h STl RS adreciod SRH Rtn BEHE" po®

nonlimting specific exanple of the nethod for preparing a cell honbgenate
extract, in the case of E. coli cells, E. coli cells (which nay contain a

vector optionally containing a gene encoding a biotin-binding protein) are
inoculated into an LB cul ture nedi um containing an antibiotic; shake




to, the crude cell honogenate extract to 100 to 1000-fold. [0106] Addition
of biotin-binding protein to sanple to be tested The present
invention is characterized in that a m xture of a biological sanple, a
cell honpbgenate extract prepared fromcells of the same species as the
host cells used for expressing a fusion protein, and a biotin-binding
protein is added to a carrier (step b-i), or a mxture of a sanple to be
tested and a cell honobgenate extract pfdépared fromcells of the sane
species as the host cells used for expressing a fusion protein and
geneticq&b%hg@ganeered to express a biotin-binding protein is added to a
carrier (step b-ii). [0107] In the nethod of the present invention, the
background si gnaindify e fa66n Peotéin Bathe\eatiep provsdeddn biyp a%d thirgzhebinding

bi oti n-binding protein to a sanple to be tested. [0108] Such a

bi ot i n- bhdrattdrpbiptiotsd the biytibeintiing psetaia taprogincea fifsemeprdtein-bonntverrier.

bi oti n-binding protein constituting a fusion protein. Either the wild type
or a varli0gnz] nidiptindousédarrithe bi oti n-binding activity of the variant may
be equival ent, higher, or |lower conpared to that of the wild type. [0109]

I n an enbodi nefBiold” is hegcaenik ranonof Pd(desis-bexabydrioct-oxn-bilrbiicper(bibt ei n
(which may be a natural]y occurring protein or may be expressed by genetic
engi neeriﬁngi)zoilﬁaﬁr‘f@’@ﬂé@ﬁléﬁ t b iz ons of arptiresolblevitanyin sateggrizsd intp @ vitagenPut i on
in a proper liquid. Far exanple, in_another enbodi nent m xture of

sanpl e a#EUR: 4861 alRTRBEEItHIORS SitemAL P rlmetls OTERPRAY ™ R Bogarereionghy

whi ch the biotin-bindi protein is impbilized (for ex l.e, the.m xture
i's passgﬂn&HP&WﬁhmémE gﬁﬁ¥W?§F§5m59Wf?nF Ut e k’ﬂ?ﬁgggpﬁﬁgﬂﬁpﬁﬁ;of t he
bi oti n-bi ndi ng, prQtei.n_to the. sanple. [0L1 I.n_ the.cas - L of
Che. bl otPREIBLY s gek e B SRERR coea b gbRc BRE feielS Yiatinney
concentr Eﬂég%#g t he added biotin-binding proteinis, but not limted to,
1 to 500 ug/ni, preferably 10 to 100 ug/nL. The concentration of the

bi ot n- brg@% NOTHRY @b oiiﬂ’aihrbll?%lﬁﬁf‘ﬁfs isplifichtiBR HARRS BinbBioRs (ASREARILM.,| N

t he cell nﬁb al so substantialTy be the sane as above, but any other
concent r@yr@ Pt MELALIPS IS A, 01 A566M66%) Nidkihicdiotin @IiSER €t 41 ¢ZO2N Gral

bi oti n-bindi'ng protein is introduced into host cells and is expressed, and
a cell eBiocRah, 303NB43-B5TYard bioth afalbiswiichgs ploejten smddibwn sudtbxbie, in-addition
honogeni zi ng the host cells may be used (step b-ii). In this case, the

bi ot i n- bionhi¢ higtipdedceibad abyvcbe expressed in a desired host by a nethod wel |
known to persons skilled in the art. In the case where a fusion protein
bet ween 0pdlot Systemshmingspddinf(biotinibindingprotaie)/biotintamplexes arowisslvesed &t ed
and a biotin-binding protein is _expressed by genetic engineering, the cel
honogenathe fislds of Eissue impruaptaexpPH Agmel ysisdarfd Jimicah assan ndndbempbed 3a1 t hat  of
t he host.,&%}lZ] In the case of the Q%St being E, coli, a 8ene encq%hgg
the bi ot PIRABEAGIOIGINIP Gte@eriascqriog ip Hie eyt MY EPtion. LSIESEPSH oSt And

br ot 61 n § R RLERE Pesta pb b ASrgPreiRim s bR o SR Ey AR pREE b oct o
d host.E. _coli i Lt di . . ration,
and cur « TpEBRY oR s dran B¥ehibrteo TS ok ATPRRC Yoy of Be GRS BN Vet oo

f det i QR . i » - 1
The et PR uf SHRHA RS, Bn SGIRRRGE RGN ) R BB MRAhe ™) |

subst anc obsqu ek 4Pp1 S ARSI Bort h@bolrP@%idri i6@hde/ bl Ml indiRddo,Sihsb@)Ce to
be detected in a fusion protein. [0114] Persons skilled in the art can

appr opr i afRInr&ut&ed trhem RS, hosb dellilode tagSlobd) detedds LRiRREn, ipd1RE1€iR, ect ed
based on the properties of a desired protein. Preferred exanples of such a
nmet hod i pslhatdgamide) polgesey spd ychbantes gl yanides) polyptapylenesoidsnt assay

(ELI SA, including sandw ch ELI SA)) and radi oi rnmunoassay (Rl A); and ot her
assays spalpdisimytidedealiftuarided ldgph silidh.zaass pglassSimy, gahll phtinfimcslvet, aopmem,
resonance. After a sanple to be tested is reacted with a substance that
speci f i ciabn, ptapilesgstegh deririe, sflioon svafigrt polyetbylont, anbvethylenpianidetheti(Batiardd) s

i mobi | i zed by avidin-biotin binding, and the substance is detected.

[0115] | wsmheolwﬁfeﬁlifﬁéﬁ%ay?teﬂﬁrsu%lkwgb@?mef/‘arh% @B4 £ombwation here@bt ect ed of

an antibod¥, n antiggn is immo iH&ﬁed and is reacted.wﬁth(igﬁ ant i body

present Vrlareddpppdaly Bayser seriainlgvel gl girepgth asiahle eompRsiinge e d0fed by
any net hod ﬁelL nown to persons skilled in the art. For exanple, in the
case whetEHKP YA e to be tested is one derived from human being, the

human anti body bound to the antigen is detected using an anti-human
antibody. In this procedure, the anti-human antibody is |abeled with a
phosphor, enzyme, or radioisotope, and the fluorescence intensity, enzyne
activity, or radiation dose is finally neasured to indirectly measure or



[0118] For exanple, in the case that the anobunt of the substance to be.
detected, e.g., antibody, in a biological sanple is small (the case of a

| ow antibody titer) or that the nunber - 33 - of non-specific binds due
to a biological sanple, such as serum per se is large, the effect of
background signals due to non-specific binding would be noticeabl e.
Accordingly, the substance to be detected can be nore precisely determ ned
by appropriately subtracting the backgriéund signals fromthe nmeasured

val ue. Those skilled in the art can appropriately determ ne the background
signal t@obs] SRRt SAndaReNcH tRYsAN QRGH ifHRRY, biBI: Blni@Y 36, Bhds BrhE&dticFor
exanpl e, an ‘exanpl e of such an enbodi nent is a "Hunman/ Monkey anti-type |
and typebdalis, Oeinl fAERNmicpsauby fikedyplass,ayickiplates( sabod asdourhes, 4y s&enaiip) |
whi ch detects an anti body agai nst collagen present in serum In this kit,

t he backBlansotd cafridiesuchaashin €idmy ahdiplagk nidybegeediabwith pitd,igoamlys,am fijter

W t hout addition of serun) is subtracted fromthe neasured value of a
sanpl e. BHhAbLRG] ad s knhendmthe anher e t he nunber of non-specific binds due to a
bi ol ogi cal sanple per se is large, such as in case of serunf in order to
subt r act[00fE] backgmhedinehiof the inhentisonbeadeiay have espbeiion diacterds e bed i n
Example 2, the follow ng enbodi ment is effective. The measured value in

t he sectiapge ofhost Zhum|trppautdipmgedn @ profeesdenbutimenelic Peadfimyy Bveds to

t he substance to be detected) is not immobilized (however, in the sectjon,
bl ocki ngfliametst mhe sanse 106 2bo 0mas tahont Yhemat dd¢ sigpat the Deads Y ot i cal
sanple) containing the anti-SlI TH 1 gntibody (the substance to he detected
'n the HIBPEGRE SR MeARRFLS sRRCafionn StgePmAbadaial ROTVE SRl AR OFdE
SITU1 antigen is i bil.ized) is subtracted fromthe neasured val ue at
Che car aPIRD) e pROTEARS fo FRrsRtine BB B O AR FREPEF L) Sen
and ta hab Sl (¥ NP i ST Y 2 Or
3t ho SU0SE BRbbIIRY LA EREp, O EERARE, Hihd sl iab R LAl To AR 1€
carrier yReLe HRMYasi@sgited 8oy cangwé@fém}z@éius@@gyﬂg)so1i§ cARE ;AL SlwlgoRip t he
measured value I1n a carrier ?plat wher'e a fusion proteln between an

SI TU- 1 aghd 196 BeRR Prdad@NiH icBntastind WBRicht 2 BdwediOhe ldrgdt Rubiiftich & bedasmte of

t he enmbodi nent for subtracting non-specific reaction specific to sanple
per se, a9 thbhsudbavethabsietigitaldy bindeenthybarieasubdiirice] aahat obdelirgyiperatibn
Col | agen 1gG Anti body assay kit", the neasured value at a well on which
col | agenhesohdteasymobi | i zed may be subtracted fromthe neasured val ue of a
serum col | agen antibody at a well of a mcrotiter plate on which collagen
i s i Mmohi0DPZje dAn Exempieryioetbod af kingingfbigtinsforthé earrierin@alves usaiod dibiasinylatign
"Virus antibody ElIA"Seiken"Herpes |gM (manufactured by Denka_ Sei ken) that
i s used magendiet Bxamples efiihehiotinglatipn ssecpriripaudey ppippt lignted de.iB/olink n ser um

or plasnma. [0122] Preferabl t he ampunt can be nore precisely determ ned
by Subt @RS HdeTAL Sk e NFASFHo (b leng BAE 5Nt 18- Samearome b

e T e R . oSO B M 21
unen. ¢ heS g RReE ol LR oo TR 20 R R el
particul ﬁfl%fYNhS‘]L&Eé.LBi%ﬂg B®5 g&g%%%%gn@g;%% ﬁigﬁlgk grr?\giasi cc?tradequagl%)e q

bi oti n-binding protein 1s pro 1 ze rotin

carrier iyp gy @:@i&g&ﬂr&h@,l AAhOYEZLOIR e Bee&ap@meﬁim?lmsiemdrem@rgmﬁ@n
appropriately design and select the nethgd of calculation as in above
based onobheindsenes, thieBehip R HI-DinRGtd@ters@ i en A0BHH - FHB AGIRr | stics of
an antiggdyqﬁ%ed. [0124? T%E nethog‘%%idetectionﬂg%cording to the present
i nvent i qocledhgstp@as, ichbakyyoroep)eBr-bink driishedytrdiwiang BiolioREHIMAd NG i t er
in, preferably, serum[0125] The effect of Enbodiment 1 of the present

i nvent i ai22@amghteormpEarberyl grpup) 67Z-lexbifpgsterabnpmang Bihenthduzid of

TM2/ pTrc99A/ BL21 cell honpbgenate extract (closed triangle) in Fig. 3-1

wi t h t he(1f &sanigsisorns, akRBydogenp)s difabnk (meigTed gekknBirBioin L Grblydmeilsat e
extract (closed circle) in Exanple 2. Furthernore, the effect can be also

appar ent(28y 2a@ntpems.allehkide goRp): and EZokink keesistrribirademagoNIds-Iminobiotity oduced
ext ract (08 HPESFYHDH GHILEL AN BB ISR TR TEHGES | n Exanpl o 5.
[0126] | thad of detection of the present inventian . (Enbodi nent 2)

he. e 900 tbe Besd fiofEHstin Fraatrioy LRSS i hEMHGS ARESRGRRIT Fellent f on
relates to a nethod for detecting a substance in a biological sanple and
conpri ses: 1) providing a carrier on which biotin is bound and

providing a fusion protein between a protein that specifically binds to a
substance to be detected and a biotin-binding protein; 2) binding



4) after the blocking step in step 3), adding a biological sanple to the
fusion protein-bound carrier; and 5) detecting a substance to be
detected that has bound to the protein that specifically binds to the
substance in the fusion protein. [0127] In Enbodi ment 2 of the present

i nvention, the nmethod preparing the fusion protein-bound carrier in steps
1 and 2 is the sane as that in Enbodinment 1. In addition, the |ast step of
~detecting a substance to be detected tHAt" has been bound to a protein
specifically binding to a substance to be detected in the fusion protein
(step 4 gicrébRiniRMeads,dnd sShsBPclip Of BRANABRIce®k) For &Aghpi@RBriass that in
Enbodi nent 1. [0128] The nethod of Enbodinment 2 is characterized by a step
of bl ockidrgerd hedifp if@ictiofileRoubs Oduckab aain® oirbay yl pfodr tesydpok v, @nd afaldmide

bi ol ogi cal sanmple to the carrier. [0129] In the present invention,

backgr ougrdupd, gndhativasd deeer (for thipls ungness behdoySaphirosaigeads, higasnbdadndi Ng
protein into contact wwth a fusion protein-bound carrier before the

addi t i onlatfk teads, ehd giicratites plafsls pcandetused.c alforiegrmplet ini the bask io€thedise hba t he

bi otin-binding protein binds to the biotin noiety of the fusion protein in
a free shigtieylpfiothrsagensicorthinipgdNHb Isstet dha ieagent oral de disselved imjan orgamdeigh not
necessarily restricted by a theory. [0130] The biotin-binding protein that
will be soheent sich asshimelby! syliopide B rrdlosphats e plpl & to fe B&Yor
different from the, biotin-binding protein constituti t.he fusio rotein,
and may Peadded fRopn INMPPIYZANARCAFICT hayiagiagHpo SFPHRS it Botip oy B ¢ y of

th i ant b j valent, hi N dto that of t
i1y pe BEe S oF Ebiaf Ao kR caRE S FBlhe e P v S Par et 68 1 or

exanpl e,. but, .not.limted t a protein that, has a biotin.Dbindi tivity
Cover ¢ HaeEaigp st e DpBOdb Art RS o8 PhABURIBRAREEG o
(Kr)) wi bi of : _ _ > otino ki adi . 0
be. pr oducy Uty et chRaGI MBI, BilRG BY iyflih 67
modi fyi nngiﬁﬂnﬁgﬁ@ﬁ)re%%ﬂ dRSGNED GEmffer TOBLioR (S ShhEDS) (6 MmAD b (R carricr.,
(2002), J. Biol. Chem, 276: 46422-46428). " - 36 - '[0131] In the present

i nvent i OMhe biBBnhQH iMrddbFafich SirAéSk PrdfEdblbIsiked with@B S Rt Ghactivhtior dfe

bi ndi ng carrier by any nethod without particular limtation. That is, the
bi ot i n- birtekcegl fabei@ahgaps.be added to a carrier directly or in a form of
an appropriate solution. Furthernore, a blocking agent well-known to

per sons [§K61] eCommetdidlyoavailalsie bivtiaglaBd/cantiers asealsny banesgd beEsdmmples aiitbous| y
used. [0132] In a nonlimting exanple, a biotin-bindjng protein is added
to a deshiptuylated mgeroplates incli®s boy ndeRgiteotoaRenctigBiod 02Bintip Coaed Flobifstirerts y
0.1%to 0.5% of Tween-20 or Triton) in a final concentration of 1 to 500
itg/nl, PeesePIERGE)L0Fxamples of thy/etinyisted gricrebepds fackugdy, by npilimied togdded

th to i final trati f 11tq9.50!. [, f bl to 10
SRR R SRR TR RO LTV
bi oti n-bj ndi i.n fysi N . db i di n- bj otin bi.ndi
0 T Bk SR Bk S SRl B Rk
int .. [0 Th f t_of .Enbodi. t . ti
02 Sl TR B RO PR R O

can be app

ant i body, I AN i %Aé I tr act
(cl osed %@J ei)ci%‘ 5}\}\%6%% ygisa%ﬁ3ﬁ6%n§jrl-ﬁc??% 2.%@&%‘?}1%% Belgig S%,a(ﬁﬁg. .
ant i body;nifotRb&s A¥arosB @PLRb1L 16 ISigRh 6HE TGSy WR-AnlRA ABadobe, ROGT S8BLHI C
bi ndi ng does not occur. Here, the tonparison of the values at antibody

bei ng 0 Sdpnudsdyavalifise trotl Bis@sch Tedhng®gics; thegnd 3-2 confirms that the
fluorescence value is reduced to alnost a half in the case of bl ocking of
a carri googe] hTHMngthabf itlse lagkeabiddingt thataribetortdots s eedféiabl ylit habty i s

consi derably reduced. In Fig. 3-2 showing the result of blocking of a
carri er amigstomd/Bnoreipecfgrabphatdeast H3.5 asgrtionss, hekopveoabbpnatddast 32.¢ hagstiomsri g.
3-1. Furthernore, the effect can be apparent by conparing the value in

" bl ocki rapdogossreferahly ateast3H). yangstromst ocki ng by BSA and TMR" for the
results of pTrc99A/BL21 cell honbgenate extract in Table 2 of Exanple 2.
[0134] 1063 veknetadn sgeciically bings tosubstpacetaedstecied ent i on (Enbodi ment 3)
The nmet hod of detectio Enmbodi t 3) according to, the present invention
ol ates o a nATRD et TReicr G DS IS EaNEaer 1 b iR E AL g BILbang

conprises; 1 royi di a carrier on which bi.otin is bound and providing a
st on’ pesstB oS “appeltfsRoRE]isqiop PRIy REERY deiofe ERPPOmERhethEs &
substance to be detected and a biotin-binding protein; 2) binding
the fusion protein to the carrier provided in step 1) through binding

bet ween biotin and the biotin-binding protein to produce a fusion
protein-bound carrier; ~3) putting a biotin-binding protein into




(a) a biological sanple, and (b-i) a cell honogenate extract
prepared fromcells of the sanme species as the host cells used for
expressing the fusion protein in step 1), and a biotin-binding protein, or
(b-ii) a cell honbgenate extract prepared fromcells of the sane species
as the host cells used for expressing the fusion protein in step 1), and
genetically engineered to express a biotin-binding protein, and addi ng the
m xture to the fusion protein-bound cadBier; and 5) detecting a
substance to be detected that has bound to the protein that specifically
bi nds t gybhat muBsIANER cixﬁlrnii)fé‘?oﬁé»@fi B0 artfgeh @b anfiOESS] gatreedhi a3@0imSnd #da
conbi nati on of Enbodi nent and Enmbodi ment 2. Specifically, the addition
of a celfcdprorBenninl exthaide, abnipldnoiting bixiditisg npeleiceicid inn sempledo rent 1 -
and the blocking of a carrier with a biotin-binding protein in Enbodi nent
2 are peedted ivadiecli@:lpbhalfred tofhent obfhebbilvyitofomn a3pefific kemplexs yathtthe

i nvention can be apparent by, for exanple, conparing the results of

TM2/ pTr c8Be Bit2le specifichootegen avtlimded thetet¢.cl osed triangle) in Fig. 3-2
with other results in Figs. 3-1 and 3-2, for _exanple, the results of PBS
(open sq0aed) Marespaeificdlsz examplewef the pratein ingluds. et ngp Favited {o, Botikadigsar i ng
the SINratio of the crude extract of BL21 introduced with TN%( Tr c99A
with ot hatigenis grateins,flesting,paphides, PIotEn & RIGLEHN|(p PEYCIPBSICCRPIOS I %‘éﬁlﬂﬁ“} or
the crude cell honbgenate extract, of BL2] introduced with pTrc99 hown in
Tabl e 5 FrAtepsambramples pé% ety inglu oy SegmibG o ol piEen Diggiiy

Th t i ti prayid i er  for .detect|. : i
2 b1 o1 ogsahFpIeES R a8 antiogfo fiet " Sablbie B AFEEHC PR RREREr T g
by a fusiop.protein.het i i

D PR RERSR AOh oA By PORLLL N bl 0B, cna
Che. 1 usi PSR pRECHE R RATHTnATL Eh &y Ml B R IS PP arketer et 1
1) provi %icﬁ‘gs BRI P A QR dWBE §HrmiinRs.| NMThSIcBRHRG saethaRBOWindingPréteiniigadn

protein between a protein that specifically binds to a substance to be

det ect edxaRMpIR thiredt ilclRid HHondsaetiale Bpecific lectinsluchuthanighst bpechfitsliectin,
protein to the carrier provided in step 1) through binding between biotin
and t he GaAdspoiifdilaginpGaiNeAaspcifferledin dusé spscific 1poting adwsidaacd pacificer ;
and 3) putting a biotin-binding protein into contact wwth the

f usi on pectiriand bhgmdcadaride specpioidaimsd Fnrteropr the exapipbeskinglpde BNARNA  The
carrier of the present invention is blocked with a biotin-binding protein
bef or e thiediaggrateion ofxampleodbie peptidsdngide thpgri@mposed o Hionkypming agide
carrier of the present invention, preferably, a fusion protein between a
pr ot ei n PrRkerablydde P9 amingaqids, gad F‘@feaP@ffﬁﬁ%l}é\ﬁ/é‘éW BUHY YEBect ed and a

D AR Lo b P R
idin-bjiotin binding., [0139] VI [ A [ ti I
ot ovi desd wPrar g spe gttt Bulih i o ITPLEREHs sarpl e “The kit
it

of the p tod nvent i ri ses: A) a carrier on which a fusion
protein @@E@QéﬁggﬂgF#%egﬁﬁﬁﬁgt specifically binds to a substance to be
detected and arfyl gl HABARiRIRAESh Mol dithobiizl b DAk gRaTeIG! | N
and the biotin-binding protein; and an agent for diluting a biol ogical

sanpl e, GRAPI SduBSkance to be dBtdcleddo GRbhtrich @Frmmeg Set@¥dd Fi6tin BicPBioEE-bindng
cells of the sanme species as the host cells used for expressing the fusion

protein prdtet.ePmAhe preBéht dnvaineibh,1bRitAdindG tH6MI-BindingQirotein” may be referred to as

“avidin-biotin binding” in some cases.

[0067] Any protein that strongly binds to biotin can be preferably used as the biotin-binding
protein, and examples thereof include avidin, streptavidin, neutravidin, AVR protein
(Biochem. J., (2002), 363: 609-617), bradavidin (J. Biol. Chem., (2005}, 280: 13250-13255),
thizavidin (Biochem. J., (2007), 405: 397-405), tamavidin (W02002/072817), and variants

thereof. The dissociation constant (KID) with biotin is preferably 10 M or less, more



B-u) a cell honpbgenate extract prepared fromcells of the sane species as
the host cells used for expressing the fusion protein in step A, and
genetically engineered to express a - 39 - biotin-binding protein; and/or
C) a bl ocking agent containing a biotin-binding protein. [0140] The agent
for diluting a biological sanple may be a cell honogenate extract (and
biotin-binding protein) itself or nay be an agent for diluting a cel
honbgenat e extract together with a bi6ﬂ8gical sanpl e and may contai n an
appropriate buffer and a solvent such as a commercially avail abl e cel

di | uent grefesanun8M veless, oMby Q04 1M ditlesspr dwenthat thy Biotindinding | now
be described specifically by way of the foll ow ng exanples, which are not

i nt endedprotein that is atitie] toectubstaade te bo pestedfantlHize biotiedbinding pBtesediabin usdrkior
descriptions of the specification, nodifications and changes will be

appar ent blbckinptdeeasiar Wil deidesaribed below. and such nodi fi cations and changes
fall within the technical scope of the invention. [0142] |In Exanples 1 and
2, a fusiOoa8prirteuarke pisdasredbistiprhindingmselsing ara fgmevidipdepriapfs thegeod, S| TH- 1
protein and tamavidin 2 was expressed in E. coli, and an E. ¢olj cru

extract Ysbicaicmﬁe b&ghb’oﬁgpéeéﬁ%ﬁw ]imé@l_idi TERTYinriga Ltobe-Yindine amlEﬁl’bﬂSﬁW&“t eﬂ
Larrawt o BBeOIRmSSIPRg P e et Py O GO O E TREPRA e pT’

"amer S & S TR0 ARyl Sl AR R0
PP R R A e e
o rev OO RS A S NG gl B IR0 0 i AT S = o
g 1 g gt TSRO i ARG SR SR Oy B OPIGNGa O

a linker ha&@;%ﬂﬁ@%hﬂﬁt%bid kQdAde dfSEQ D8N @fSHO MDENO: 7, or a protéin Ghcled b
construct a Sl TH1-TM2 fusion gene, first, prinmers for fusion of SITH 1 and

TM2 genegnidléicacidiiakag thduhdlettizk seUBEESASEOGERECGREHEBECHO(GEQ | D NO
18) were designed. - 40 - [0145] That is, a prinmer consisting of a DNA
sequenceAlomatively tanG-idmrofithapreseang irentadén Sh bk 4 pattcintlat i3 a vartat cf | i nker
at the center, and an N-termnal region of TM2 at the 3'-side .

( SI THLC- protdimkaviing the pnisEarid Bequonce of SEQ dDINQr § e EQ JRIVQ1 7 pp BHOteAD DNA
sequence encoding the N-termnal region of TM2 at the 5' -side é&srhgpker
and t he @codedbnanueleigiasid heving trepyclegtidesgqupnog pHEEQ IDNR: 4 85 SR -

Then. - a DRMGEIVIBBHSHE FINGPBFPOG SEBFHR PRararmitad S aEhyPePEgi on of
pst r eantPHBTG Y piigp-apeiie i ERE Y RRNEY pRplhol g lpdRlncaB6R"
Cestr ot PORVuiB I ERTREC2 SRAXANER, Reienr B oloctvaly a6, AR RS
(TMRCY er @2513 eﬁg@@eﬂaﬁé Ldide %?%%&meﬂmeﬁhﬁav@ﬁg APArdinb QEidGEaRMELCL i ON

of a fus tween SITH 1 an are summarized in Table 1. [0147]
[ Tabl e 1} RpdidB¥ 6nd @méRNRIdiea! dubtitdfioR ihseRid) agiPcadapionegdnSbiitode and TV

NameSequencelLength SI THL 5' ECORI - FAAAGAATTCGGATATGAAGAAAAAGTGTC29 mer
amino acids in the amino acid sequence of SEQ ID NO: 5 or 7 and having biotin binding
capability similar to that of tamavidin 1 or 2. The substitution may be conservative
substitution. The conservative substitution refers to replacement of a specific amino acid
residue with any residue having similar physicochemical features. Nonlimiting examples of
the conservative substitution include substitutions between amino acid residues containing
aliphatic groups, such as mutual substitution between Ile, Val, Leu, and Ala; and substitutions

between polar residues, such as mutual substitution between Lys and Arg, between Glu and

Asp, and between Gln and Asn.



SI TH1C- 5xI i nk- TM2N- F CCGAAAACTGAAATGAATGT (ggt ggcggt ggcage 117 ner

ggt ggcggt ggcagcggt ggcggt ggcageggt ggcggt ggcagcgg

t ggeggt ggcagc TCAGACGTI CAATCTI VACTC SI 1111C- 5xI i nk- TM2N- R

GAGTGAAGATI GAACGTCTGAgct gccaccgceccacc 117 ner

gct gccaccgce, caccgct gccaccgccaccgct gccaccgeccaccgcet
gccaccgccaccCACATTCATTTCAGLL11 CGG

TM2Ct er nBand FI GGATCCTTACTTCAACCTCGGIGCE28 ner The restriction enzyne
recognition sites are underlined. The linker sequences are indicated in
snal || efobels - THORARht By delefSaRsubstitution! Ms@LiSTant Or SANASE HCin Anidb T¢id br TM2
fusion gene,” PCR was perfornmed in two steps. [0149] In the first step of
PCR, a plrambia6ide b&zﬁbé&xﬁﬂ)db&ed Bt SR Rehdife sabil bk ditegspreific@rithgenesidie.¢., ( SEQ
ID NO 2) into FLAG Expression Vector (SIGVA) was used as a tenplate to
anmpl i fy see SlutldidAciddessarah,t Volt 10 Not 2oggps 688 7F6HI005 1 932 oflichHs &tvdrporated

SI TH1C 5xl i nk- TMN-R, and a plasm d obtai ned by integrating the TM2 gene
i nt o vecheein pTits 88 Ac(FY\OR20 DNA 2281z amdd-tiigedrasina  {Thnpightie thosmabicatign, a
TM2 region with the primers SITHLC 5xlink- TMN-F and TM2Ct ermBarn. [0150]
PCR was the trompions e thons aminosaci@isii darein RERS Byan aning @80id of PRI ids thvetRpn b 20
[IL reaction solution containing tenplate DNA (500 ng), 10 x ExTag buffer
(2 nt, Tdaleimhpubstitgediinserirm, or/@ agdgd bysprcfrstdy sipps CaBuUlagRsyis. ald 5 U pt
ExTaq (0.1 RL) under reaction conditiogns: 96C for 3 min, (95C for 1 mn,
60C for afdifoy; thegern pneormery apingacide|hegein gy refsrioriie o5 mpAampoaeldsy t | a

;fﬁdﬁé? 638 OB Sl aa“%f%?%éﬁjrf@%?s n ut%ﬁ%'é%%ﬁﬁ%ﬁi%%m%’%abﬁo hpff ver
. 8 b RS i B

wme. cut ok 29 b e 2 cetstopftiondes S aR RS RIS SRR RS AT, 4
AEX |1 : ' | |

accor ai ne RARATHET of I el prpl ity B A0 RS ARALEMR e ot o

were ”S‘Qﬁe‘%ﬁ%kﬁ@’?ﬁ(’%&}&”@% B5 96t mRGEOMM, S BBred 75 %R kb, h % BEmBrel, Mer S

SIT HL CtermBam The reaction was acconplished using a
GeneAmp $3GRoPidEE BRI RERI N RdYERI6 % Br #iBrel bY % @ @kdrk, 895 6t #biedBr 99%
containing tenplate DNA (500 ng), 10 x Pyrobest buffer (2 1xL, TaKaRa),
2.5 MM dir\thdi®, thdrcGprplictabl P9 365 6r 1h3R wilDIhgSofSHa YD NG5 &r SHQRID RO-gharit DNA
pol ymerase (0.1 [It) under reaction conditions: 96C for 3 mm (95C for 1
mm  60C Haeingbionn bifditgf cpaldlity signilar DQhatyf kasavidind of 2@rfhigh Ending cémbiity
result, a PCR product of 990 bp was obtained. [0152] 1-3. d oning

The SI THkdTM® nbusperifig birslingdhthairavtatisbys. PCR was cl oned i nto vector pCR4BI unt
TOPO (Invitrogen). [0153] Specifically, first, ligation reaction was

per f or mel@0%c gﬂm regcand identtyntvietn ot aeine dcid sequeacssdraiobe daterminaddyDNA was
introduced into E. coli "1131 b | ectroporation, and the plasm

d DNA
ext r act edSYah Ingpechioniand mathsrpati e eAligmativelygye pRGERAGULILY @t\‘fﬁ?lh\év?s
- 42 - A laboratory nmanual ,, 2nd edit.i nL. Each Iasgid for.w?icq.the.
pr esenc e VOPIai srglsncey ALy bs feﬁwa&d\kﬁ@ &M SPURARONOT FPUNEA PO UEE, Ra)
d AB, Rl SM f | t. NVbde] . Genet l.c_ Al Per ki
BT (EbAR aRiules BRERR SRRUARPHBRCEE Lol ot Wi G diBECH Ry TET €1 1
5 erm ( d f _ o
Traem' GHhBYUIGE BRTRA &6 itk b FHRHGRSS Plank WhiRBDIIRESL QRIS The

BarnHl , pifl #0au9se398d7(5! ePIAQRIISAISH AN BNOF ihLGhP Sndddct prymed in
t he sanégﬁﬁﬁﬁgr gs dgscr'bed above to ﬁ%lle%t a DNA frgg%%%? %onfa?ging

t he f usi QBrifeRArixt idsufdcrA¥EEHbeWaS Heh#BEES. dndtifenikofE 9! G., EPFHE. Q%8I ABad/eCt OF
pTrc99A (Pharmaci a), which had been digested with EcoRI and BanHl, using a
Li gat i onsdii USAT8kaBa)5-10019,No9PRner? gesedisihed3pdowelengthweddflas; ahdi(4) no

SI TH1- TM2 fusion protein expression, SITHL-TM/ pTrc99A, was conpleted. The
| i gat i onpepabylfrottenvesaltgapsnisf ormed into E. coli TB1, and the plasm d DNA was
extracted and was further transfornmed into E. coli BL21. The resulting E

- coli col [@7Hs Awmy etheppiogiase dsesibyapersonp skitled inothe api[oidyyalsmbe wsséfer gene
region by PCRwith SITHL 5 EcoRI -F and TM2CternBam to thereby confirmthe
pr esencecompagbaratibe sequenees. ndde perepieidentyy san bg detenmEnedhbi, o cyample; ped

above, a vector S| - TMR/ pTrc99A for expressi of the fusian praqtein
bet ween WS%W“%E%@ SSRGS IPIOEPATON HHRE § t BTHET2E RS TEN 1%;‘1‘@‘6@1“25“-

SITHL-T i.n the expressjon \ [l - TMR/.pTrc99A.i s in, SEQ I D
N0 23, B iR S oP 0P e T EPEI VNP EQ | D NO
24. [0155] In the 5 side of SITHL-TM2, two am no acid residues are added
downstream of the translation initiation nethionine (nucleotides 4-9 in
SEQ 1D NO 23, amino acid residues 2-3 in SEQ ID NO 24) because the EcoR
site was used for integration into pTrc99A. These am no acid residues are



[0156] 1-4. E. coli expression E. coli BL21 carrying SITHL- TM2/ pTr c99A was
i noculated into LB nedium - 43 - (50 nL) containing an antibiotic,
anpicillin, (final concentration: 100 gg/nlL) and cultured with shaking at
30C until the absorbance at 0D600 reached 0.5. Then, 1 nMIPTG was added
thereto, and shake culture was perforned at 30C for an additional 5 hr.
The cultured solution (50 nL) was centrifuged to collect the cells. The
cells were suspended in 3 nL of 0.1 M'HEBPES/ KOH (pH 7.4) and then

honogeni zed by ul trasoni cati on. The honpbgenate was centrifuged (15000
rpm, an@ebdi@s bENidial CestdPRITBIbRMNOIGS, THARHhaBSn @VCEI) of PINA Datid®ar@dir act .
To confirmthe expression of the TM2-fused SITH4 profein, proteins

cont ai neghpan (BDB) &f thd dntexiet.aCThainditiohs (faranate o ydbiS-JeAck bankt anal yzed
by Western blotting. [0157] For detection of SITH 1, rabbit anti-SITH 1
ant i bodyBUASE. progmii is 8¢strHbad anddtdiboky thesadites.er Althoygheae pdrahreons caltia t S

i muni zed with a purified product of SITH 1 expressed in E. coli cells)
and al kapartiy nplddfsydhanecsesal v isedrehl issgvneralpbipiried byiGising thb deffpult BRl@eRAD) wer e
each diluted 1000-fold and used. The results are shown in Fig. 2. A band
of appr oRitEeeys)y, 35 pameenhidentitt et wern tWomming ecitppqicnessdns) trfeteraipdessi ng
E. coil cells. This size was_substantially equal to the nol ecul ar wei ght
(34. 8 kD&M PR pikdqs seeticyinformatipg progessmgseftware GENEEY X ¥er 7 cr ude

BL21" car (YR P adUATET CE PRSI ArdRaTA deorim, wposnopuchany by

276: 1383-1397) aft i ultured in the presence of I PTG [0158]
Exanpl e %‘FHEE‘I’%RS 3?%%‘?%8ﬂggﬁméﬁnti -SITH 1 antibody in human serum

R N RN PR R SR BT A
b otin prarofmd el alcliabh, AR LN i AR id AnfAh Mibler D 2
al | oned ¢gnstReofdeqi QREARIRSEGH ik £ 8mputh prbSral M ODhidBariysrefMeaf used

SITH 1 protein onto the biotin plate through 'tamavidi n-biotin binding.
Then, eagdinputtrl prograin/ie a Rb@ich WA prashe dGWPE Wascd6id pa&as2OF Gafias i ng TBS
buffer (TBST) three tinmes, followed by addition of a 5 gg/nL BSARBST

sol ut i onCemphtepGratlp (OG, MadisobyiscangihMDESAUX RS hl.s 1084t Nadl. Avida Reésl ure of
250 !'IL per well. The plate was allowed to stand at roomtenperature for 1
hr to bl38K. e@lhussalflthe “ThAR, pespram wedblesnasnpasistrelsbtweditwbB@TinG cide ti nes.

- 44 - [0159] Next, human serum (Human Serum pool, Cosnp-Bio, Inc.) was

di | ut ed seqocrices endgompaps®n betwigen h nugleotilerse@nce and 34 a1ging acisigciuancede
extract (5. mg total soluble protein/nL) or the TM2/ pTrc99A-carrying E.

coli cr uHitiptp gemppmsopPityp Auckeplidmicguencss-ei n/ nL) prepared in Exanpl e

1-4. T |t ol ut i on, . r.abbi i -S1TH 1 ant{bod i
Rl NS TEN T M N LN A GO G

0. 0005, .0..00025. Th h iluti . in 100.!'|L
R = M A, AR NGNS

foll i j h 1 hr. 160 R t ed
oL v A RS it ORI RSB e eb AP b
(ant | serbilerked R MniGh b, AUGREE: £OIRAK Plably 1e1 51 T hodibiiRaginyt 1 t o1

in seru a patient wt ypi cal depression (nood disordery.

Accor di NiHcYoasdB@HRrABRhA if Me 88 HModhing R fusRApriveind u@in?XIEHSE dild-types,
depression can be prepared by m xing 1/50 vol une of rabbit anti -Sljﬁ)—l-l
ant i body[00261t | AoedThgll Onchli@GTIER Cinahd YarRviebt rabbeidiRreERBNING fS1B,; 84| t hy
person). Accordingly, the dilution rates of the antibody as di scussed
above pr384, 888 sWRPl W8 sWitil,amdtIdl 1ifHio sl avhi@n asidrseipente cERR@IBIND: Hakinent s
are used after about 10 to 80 folds dilutions. [0161] As a control, a

bi ot i n phadi@ednt ¥owstihat hhawothiion forescabplm K Idasdicattho B#thdgrosine oessdetdf ties  of
two types blocking treatnment, i.e., a section blocked with only BSA

descri beniapagd saaitenge 8EZTEQIR NOo ek edltpinaivasAn sheomadification afifecss ewinoon

bl ocked vvicih a solutiaqn caontaining tamavidin, .since_a part of the

t amavi di3fid> the #ping peids ArpleablyterlAcedpEith PREBAVIRE HIMHAT PIOPEtHET SHUSHIE he
late, it is believed that. .t t at . i din-i i 1ized, plat
Pan be G ERHBHE. SHEREINY Saromms ity Eldruhe (EMsputinth (Dherdgbipas
[ uti t he. - i Tr c9A. i . [
e o Pirek VRt iR SIS RS el YR RLSTREL YR 1 oot oy

addition of serially diluted rabbit anti-SITH 1 anti body. The resulting
dilutions were added in 100 gL volunes to the control plate and incubated

at roomtenperature for 1 hr. The rabbit anti-SITH 1 anti body was reacted
with TM2-fused SITH 1 in the human serum and then the plate was washed



- 46 - carrying E. coli crude extract, and closed triangles indicate serum
diluted with a TM2/ pTrc99A-carrying E. coli crude extract. [0166] Fig. 3-2
shows the results of detection of the anti-SITH 1 anti body anount in serum
wi t hout bl ocking by a biotin-binding protein (TM2), where open squares

i ndi cate human serumdiluted with PBS, closed circles indicate human serum
diluted with a pTrc99Acarrying E. coli crude extract, and closed triangles
indicate serumdiluted with a TM2/ pTrc®A-carrying E. coli crude extract.
[0167] Further, the S/INratio was cal cul ated by the equati on shown bel ow

to Corrpa%gfetrﬁlﬂyﬁir&@ﬁﬁ@ t@bsiak OeBAYIg réskel th seAhd!(B)dihkdéhiRNT),[#168] S/ N

ratio = tected. anobunt of anti-SITH 1 antibody in a section containing
ant i - S1TphehyRildnideo@y, ptfeebbhpleapeaiie tiypiophat @¢8ZL dvesTou W 110§ isagplacddl TH- 1
antibody in a section free fromanti-SITH 1 anti body The equation
shows t haithiphenyddteiot (IHnambaspatticwictd (1114 Shisgldacedivath Ghfalmiaddid (Esorl ar ger .
[0169] Table 2 shows the calculated results of S/Nratio in each section.
[0170] [3abtaging](NDifreficiably aspaiagingf anti- SI TH-1 anti body Bl ocki ng by BSA
PBS pTrc99A/ BL21 cell honobgenate extract TM2/ pTrc99A/ BL21 cel|l honpbgenate
extract [®0Gdb In.tbe gargngobtagragptin 2, preferably, four tryptophan residues (W69, W80, W96,

and W108) in the amino acid sequence of SEQ ID NO: 7 are not modified. Alternatively,
when these amino acid residues are modified, the amino acid is preferably replaced with one
having a similar property or structure, for example, phenylalanine(F). In addition, it is
desirable that amino acid residues (N14, S18, Y34, 836, S$76, T78, and D116) that probably
interact directly with biotin are also not modified. Alternatively, in the modification of
these amino acid residues, the amino acid is preferably replaced with one having a similar
property or structure in order to maintain the binding with biotin. For example, asparagine
(N14)} is replaced with glutamine (Q) or aspartic acid (D), preferably aspartic acid; aspartic
acid (D40) is replaced with asparagine (N); serine (S18, S36, or S76) is replaced with
threonine (T) or tyrosine (Y), preferably threonine; tyrosine (Y34) is replaced with serine (S),
threonine (T), or phenylalanine (F), preferably phenylalanine; threonine (T78) is replaced
with serine (S) or tyrosine (Y), preferably serine; and aspartic acid (D116) is replaced with
glutamic acid (E) or asparagine (N), preferably asparagine.
[0078] Preferred variants of tamavidin in the present invention include the following
variants (PCT/JP2009/64302).
[0079] The tamavidin variant is a modified biotin-binding protein that has the amino acid
sequence of SEQ ID NO: 7 or an amino acid sequence comprising one to several amino acid
mutations in this sequence or having an identity of at least 80% with this sequence and that
_ shows biotin binding activity, wherein one or more residues selected from the group
consisting of:
1) the arginine residue at the 104th site of SEQ ID NO: 7;
2) the lysine residue at the 141st site of SEQ ID NO: 7;
3) the lysine residue at the 26th site of SEQ ID NO: 7; and



1.7 3.6 4.7 0.0005 1.5 2.6 1.6 0.00025 1.3 2.2 0.9 01.0 1.0 1.0 Blocking
by BSA and TM2 Dilution ratio of anti- SITH 1 anti body PBS pTrc99A/ BL21
cell

-3 -

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

[0080] More preferably, the modified biotin-binding protein is selected from the group
consisting of:

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

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

a modified biotin-binding protein (D40N-K141E) in which the aspartic acid residue
at the 40th site is replaced with a asparagine residue, and the lysine residue at the 141st site is
replaced with a glutamic acid residue, in SEQ ID NO: 7; and

a modified biotin-binding protein (D40N-R104E-K141E) in which the aspartié acid
residue at the 40th site is replaced with a asparagine residue, the arginine residue at the 104th
site is replaced with a glutamic acid residue, and the lysine residue at the 141st site is
replaced with a glutamic acid residue, in SEQ ID NO: 7.

[0081] Fusion protein between protein specifically binding to substance to be detected and

biotin-binding protein

In the present invention, a fusion protein between a protein that specifically binds to
a substance to be detected and a biotin-binding protein (hereinafter may be referred to as
“biotin-binding protein fusion protein” or “fusion protein”) is immobilized on a carrier.
[0082] The method for preparing the biotin-binding protein fusion protein is not particularly
limited. For example, the fusion protein may be expressed by a known genetic engineering
technique. For example, the fusion protein can be obtained by expressing a gene encoding a
fusion protein between a biotin-binding protein and a desired protein using an expression
system such as E. coli. Note that tamavidin and variants thereof are preferred to achieve a

high expression in E. coli.
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5
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[0083] In the biotin-binding protein fusion protein, a biotin-binding protein and a desired
protein may be directly bound to each other or may be bound via a linker, but are preferably
bound via an amino acid linker. The length of the linker may be at least one amino acid, but
is preferably at least five amino acids and more preferably at least six amino acids. In order
to enhance the binding strength between biotin immobilized on a carrier and tamavidin, the
length of the linker is preferably at least ten amino acids, more preferably at least 12 amino
acids, at least 15 amino acids, at least 18 amino acids, and most preferably at least 25 amino
acids. Probably, such linkers also increase the activity of the tamavidin fusion protein.

The amino acids constituting the linker are not particularly limited, and the linker is
preferably made of repetition of neutral amino acids such as glycine, serine, or alanine.
Nonlimiting examples thereof include GGGGS, GGSGG, GASAG, GSGAA, GSGSA,
GGGGSG, GGGSGGS, GGSGGGGS, AAAAGSGAA, GGGGSGGGGSGGGGS, and
GGGGSGGGGSGGGGSGGGGSGGGGS (SEQ ID NOs: 8 to 18).

[0084] " The biotin-binding protein may be bound to eithér the N-terminal or the C-terminal
of a desired protein. In the expression of a desired protein, for example, if the periplasmic
space is more suitable than the cytoplasm of E. coli, a leader sequence for targeting the
periplasm may be used. Examples of the leader sequence include, but not limited to, PelB
(Lei et al., (1987), J Bacteriol, 169: 4379-4383) and OmpA (Gentry-Weeks et al., (1992), §
Bacteriol, 174: 7729-7742).

[0085] In the case of a biotin-binding protein fusion protein obtained from a soluble
fraction, the soluble fraction, without purifying the crude protein extract, may be put into
direct contact with a biotinylated carrier to bind the fusion protein to the biotinylated carrier.
Throﬁgh sufficiently washing the carrier, the purification and the immobilization to the
carrier of the fusion protein can be simultaneously achieved. Alternatively, the fusion
protein may be bound to the biotinylated carrier after purification using a column to which a
biotin analog such as iminobiotin Hofmann et al., (1980), Proc Natl Acad Sci USA, 77: 4666-
4668) is bound.

[0086] Alternatively, a tag for purification may be further added to the N-terminal or the C-



1.0 1.0 - 47 - [0171] The anti-SITH 1 anti body contained in the serum
showed non-specific binding in nost of the serumsections diluted with

. PBS, and a high |l evel of |um nescence intensity was al so detected even in
the sections free fromanti-SITH 1 antibody. In contrast, in the serum
sections diluted with the pTrc99A-carrying E. coli crude extract or with
the TM2/ pTrc99Acarrying E. coli crude extract, or in the serum sections
diluted with the pTrc99A-carrying E ¢dPi” crude extract, |uninescence
intensity was significantly lowin sections without addition of the SITH 1
ant i bodyterraind] ofthe bjpeiaitfinding prudéin fusi@sprdtedmnat Exzaiples ofehtieg dhcludeebut not
nonspecific binding in the section diluted with the TM2/ pTrc99A-carrying E
col i cr ulimitekta, actmyaspifpae tagManrb ynd Belhém] 9863 CellaHd 291-2§)0), hhistiding case,
those bl ocked with TM2 together with BSA (BSA+TM2) showed hi gher
quat i t atfagi(Hychiuhi eiat.i B638), Bév/Eechinol 61 1321+ 1B25abmith gf alr, (1938 J) %@A Chem,
concentration (dilution ratio: 0.0005 or low) range than those bl ocked
with BSAZGhTY1Y-E2Ep), sHalptag (loasarp Wepd, (00T Methpds MakBiob\A08) Eth-20%tain the
section to which the pTrc99A-caryyi E. colj.crude extragt dded and
'n the ke i{idons o Jongbie (9P ddgRoehm BioRhyEMetis. 40 b I6 FHbt vias
added, the S/N.ratio s increased by bl ocking the BSA containing TM2 to
al | ow detRRIPYIPnSAheretd- anti-SI TH- 1 antibody with high sensitivity (Table

2). Inp i in the.section to which the, TM2/ pIr A- calr Vi E.
coi i or bz bk oot ARG fRepffiiElon RORBPAHE TR AEREHRE 2
[0173] T, r i.ndi h - LG bl ndi i ghpating from
o7 TRRIEp! RS ool SIS cRORSERAE bt GBI Dahi O
plate wiifiofosie il LR o QA buafi oy BRAN Rt RGN GHATRIGAE O e WrdiBinls T2
expressing E." coli crude extract, théreby enabling the sefisitive, stable,
and quantgnhAtdaugittlSta@eAliyreml indhé cilofibhib saR by, A8FYx @M dadlysis (BaRY ahPW
concentrati on. [101%] Exyg@npl elr%: ECLI SilA;Bgetsect ?on ofaﬁgﬁ?i - S}IrTHQ-S?ﬁanti body

i N humanCsesk) (1993), 'Klo/ Tedigidddgdys 9081 381; Sano et N, (1992, BeoaNaklercad Bci USA,
serumdiluents were studied for their effect on the detection of SITH 1
ant i body8ati5841$38ow concentrations in the system using biotinylated
magneti ¢ beads on which TM2-fused SITH 1 was inmobilized. - 48 - [0175]
3-1. Prejf@B8} i nrthotast NP adosiend [BhiEH deprossebinlan desolybdgfraction ibEadui, for To
1 mL (30 ng beads/nlL) of magnetic beads, nabeads M 270 Am ne, ]

( Dynal Bi exaephy, a maltpse-binding proteiHE3ach ef al, K2R Mol BREE 12042934 dieredexjin

end-overend m xing at roomtenperature for 30 m.n, bi otire was coval ently
bonded t @UEA chilg ka6 HHRkBIGHT o 4o b &bt ions riFesierai RSP Al S ey

g' ?1 vos ARV, Eﬁéﬁ%v%é%?%%@f@s?ﬁ'@aﬁ%%ﬁﬁ@i ?Sﬁ’%i%} ssctfiEg uhaee roatpps
. i, . i PBS
'biulot ierny: R R R R e P AR %ﬂﬁ%?%é%@%ﬁ?tﬁs 3
; = . i E
Coli or uirSioh b SHER PRI fSo IO 1t EARBIOR oy beaRiBRA PG 10 )

to give i j cent 1 ; _ i e
b1 ot 1 my 1 B F R e e Al
room t enpardd fof Bufi@éatibnhr, TM2-fused STTH 1 was immobilized on the
magneti ¢ beads through tamavidi nbiotin binding. Then, the magnetic beads
wer e wasfoego} hTiefukiofipotéint ha Pbe8optsusenby fncotht atnoiwng: x pRSsibu k¥ sedm, (shdBS) .
[0177] In addition, a crude extract of TM2-expressing E. coli cells

( Takakurimset cals, pla(2&09) mambBBad celR7 Geasl 3813, BAIIT)s snbsliciidiint e asilifkee0. 1 M
HEPES/ KOH (pH 7.4) to give a total soluble protein concentration of 5
nmg/ nL, texprdssion systembi dn paryicelas avhen gheeproteibwdususadris expressed oelant cgljs (for
end-over-end m xing at roomtenperature for 1 hr, TM2 was i mmobilized

t hr ough &@mple. l4nk ?%tials iitris proferesgthatahe SisiopppipicHyisialsorcRaresadn ARtngbeclhas
shown above, the TM-i muobi Li zed rragneti c b?ﬁﬁs t hus corrpl%tts('?f@(ﬁo

beads/ L CHPEESFIORSYHE s 0§ le sppreston systear Wi Re appagsnt fothgseRkillsg ip nt
to serum sanples, [0178] 3-2._ELI SA ana i s.using magnetic beads To
COMMEr Ci ]éllq"%ﬁ?&??éﬂﬁﬁ@‘)bﬂi’ﬁﬁog@@Fﬁtflﬁg?rhg%@@um pool , Cosno-Bio), the sanme

rabbi t bao! HL tJd hod 1n Exanple 2 was added in a 1/50
vol une ?@bg?ﬁ ﬁmd 61 proféin &gme ai ni ng human serum On the ot her

hand, human s f. SLT i ol L0179
e e T A R e A
diluted - 49 -




1000-fold with PBS or with the pTrc99A vector product-expressing E. coli
crude extract or the TM2-expressing E. coli crude extract, each of which
had been adjusted with 0.1 M HEPES/KCH (pH 7.4) to give a total sol uble
protein concentration of 5 ng/nriL. To the resulting solution, BSA was
further added at a final concentration of 2% (wv). In Exanple 2 described
above, human serumwas diluted 100-fold and rabbit anti-SITI-1-1 anti body
was then added at a volune ratio of 0.-@B025 to 0.002 relative to the

di luted serum However, in this Exanple 3-2, rabbit anti-SITH 1 anti body

was add Iy < v ol wee - : ol . : and
thon di | ndie By Hrodagl i Bhud ifhictRa bl Whaifle Brokeih CusATRIECRAT

ant i bodypjifngd (e coticERithadih@nrsane as that of depression patient's
serum diluted about 1000-fold. [0180] To the serumdilutions thus prepared

(1 m ea{g)bm] t RerulivRell HsRB g&laldtxtraci oA 2 Bt NEInE rdIeiadssion plotn is
TM2-i nmobi | i'zed magneti ¢ beads were added 1n 10 it volunmes and reacted by
end- overprepdedrind al pedteih donteat of; bomnis henipraitat taf @ 1 nf ghl dwesdn HynIwpsdferably
three tinmes with TBST. Horseradi sh peroxi dase-| abel ed goat anti-rabbit 1gG
ant i body0.2 ingymdled @abg/orl. of THihextrazbisi put ande corBicT With aamatdidyad ywhidduriokin i3 t he
SITH 1 antigen immobilized on the nagnetic beads) and peroxi dase-| abel ed
goat antbound 0N GG 4N preteyatly 30°@at FEC, &n SohintoRdn, prglerabbyA@min to 1 hr.
non-specifically to the nagnetic beads) were each diluted 5000-fold with
2% BSA- coligrantinehy apesiicd hiptinHaading periemApsoppiotm Haseancemetiog of BdoHyaty
anti body m xture was added in 1000 jth vol urrﬁiisc E)o f he magneti c beads and
m xed erf@cW&mIaRgy Poputintgcogtact wihacariss farfiich biotids bo beads were

further ed ree fines.wth T 10Q f det ion reagent (1
step ELI@SQI tié\‘g‘, PRREE ~='*-~ Sissies 2 M@%temerature for
1 mn. One hundred mcroliter. of sul furjc acid.was,added.to st t he
Fenct on - and iy eEEORar T sLVRi bl fr st SIS AT dySlie
wavel en , S i -0l reader Infinite M200 ( 1ECAN).
The magéjf:ﬁefﬁeéﬁ?%}m%éﬁggﬁg?%&éﬁgit#%)tli}f))la’il%%e&?)ér each treatnent section to
determ ne a nqﬁgm?(%l ue. [0181] For use as data, the A450 val ue neasured
for each serumdi[Tuent (PBS, the pTrc99A vector product-expressing E coli
crude extract,;phb iddRaByRI &7pi ng E. coli crude extract) - 50 - in the
TM2-fused SI TH1-i mmobilized nmagnetic beads was processed by subtraction
of the A450 vablipaEllEbHNEEeHat exdtfaet Sropdred pomcticllgoSie Wime kpaseatas the Hobe
TM2-imobi | i zed magnetic beads. The results obtained are shown in Table 3.
[0182] [cEtibuseddpr tahtwing, thEfdséat profeis érstep D) indenbistiobilidg-prbteamtor body
detection in human serum Serum diluent A450S/ N ratio Serum cont ai ni ng
SI TH 1 Ser um f(be® o seddrho8iopendte antrads pypated)foom cdlbdf tha\jamepperics as the host

cells used for expressing the fusion protein in step 1), and genetically engineered to express a
biotin-binding protein, | |
and adding the mixture to the fusion protein-bound carrier produced in step 2).

[0093] In a method of detection using a carrier, generally known approaches for reducing
non-specific binding which causes background .signals are, for example, addition of an
extract of a bacterium component to a reagent for detection (JP No. §59-99257 A (1984));
addition of a culture component of host cells to a sample, where a vector of the same species
as that used in production of a recombinant protein capable of specifically binding to a
substance to be detected and containing no gene encoding the protein (JP No. H8-43392 A
(1996)); heat treatment of an aqueous extract from cells of the same species as that producing
a recombinant protein capable of specifically binding to a substance to be detected and not

containing this protein, and addition of its water-soluble fraction to a sample (JP No. 2004-



0.64 0.25 2.6 pTrc99A-carrying 0.14 0.04 3.5 BL21 crude extract
TM2/ pTrc99A-carrying 0.22 0.02 11.0 BL21 crude extract
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301646 A).

[0094] The present inventors had attempted to apply the above-mentioned methods to a
system of fusion protein, but sufficient effect has was not obtained. However, the present
inventors have diligently studied and, as a result, have arrived at a method of obtaining a
noticeable effect. Specifically, the present inventors have discovered that it is preferable to
put a substance to be detected into contact with a carrier in the presence of both a cell
homogenate extract and a biotin-binding protein.

[0095] In one embodiment, a cell homogenate extract prepared from cells of the same
species as the host cells used for expressing the fusion protein, biotin-binding protein, and a
biological sample are mixed, and the mixture may be added to a carrier. When a biotin-
binding protein and a cell homogenate extract are added to a sample to be tested, either one
may be added first, or the both may be simultaneously added. Alternatively, after mixing
the biotin-binding protein and the cell homogenate extract, the sample to be tested may be
added thereto.

[0096] In another embodiment, a cell homogenate extract prepared from cells of the same
species as the host cells used for expressing the fusion protein and genetically engineered to
express a biotin-binding protein and a sample to be tested are mixed, and the mixture may be
added to a carrier. Specifically, a recombinant protein is expressed in cells by integrating
the biotin-binding protein into an expression vector, and the homogenate extract from the
cells may be used.

[0097] In the case of a serum sample to be tested, the serum is usually used after dilution in
a cell homogenate extract into 10 to 10000-fold, preferably 100 to 1000-fold, more preferably
100 to 500-fold.

[0098] Cells from which cell homogenate extracts are derived, such as E. coli cells, yeast
cells, mammalian cells, insect cells, and plant cells, can be used without limitation.

Preferred cells are the same species as that of host céils used to express a fusion protein.

For example, in the case of preparation of a fusion protein using E. coli, it is preferred that

the cell homogenate extract be also prepared using E. coli. In the case of expression of a



[0183] As shown in Table 3, the A450 value of SITH 1 anti body in human
serum (S) was highest in the case of using PBS as a serumdiluent, while
the A450 value in serumfree fromSITH 1 antibody (N) was al so very high,
thus indicating that the SINratio (i.e., the ratio of the degree of color
devel opment in human serum containing rabbit anti-SITH 1 anti body to the
degree of col or developnent in serumfree fromrabbit anti-SITH 1

anti body) was lowest in PBS. [0184] InZ8ontrast, when the TM2-expressing
E. coli crude extract was used as a serumdiluent, the A450 value in serum
free frofsdhPrbtdindital RRGYec WSSO T hoRdoARNCEtRGNsePesl Bd et diingr soul d
be greatly suppressed. In addition, the S%N rati o was hi ghest when the
TM2- expr gsibaitsidn inGlesired bightergslutisg! was used as a serumdiluent, and the
val ue thereof was larger than 10. This indicated that in the use of the
TM2- f usef@0SHTT HMbre prefepdhll,itkeckiBagnddrived ieaddiffetdne sgedits fioanthe brganesm from
TM2-expressing E. coil crude extract to human serumleads to a reduction

i N non- swykichfthebiblogaiahspnzpie isegived e niSortexmaplhie far athidogiodl sampBidesived from
anti-SI TH 1 anti body. [0185] If depression (nmood disorder) is diagnosed by
quant i t akinyan bRingrardcH dpmwgewste extectisTrelerakht propuyd fromecels fderiyed drogman
containing rabbit anti-SITH 1 anti body and the human serumfree from,
rabbit aerereignther thanthumpmbeingsd HeweNersfog seamplector p dysiuaprotlsd sxeesge] Hed
as serumof a ,deprfssi on

person, WadFEdian gelfsya cpld h‘(égg&gmiga %‘%rggﬁr@)c@%g’t&%%g ?:el Srr#g g%’%r’%g; ‘%}’d'gegresg‘lgé Qg n
Case of GiShhe et Hiumin sfiiEant tiriamienl aEGOSRTRbIS nidr s
Case of teichfs Hethisaf Bmiio G FulyFy R VTt RRAER ik iRy "
(ser un , %ot He P ABRLEl Bkl AR ARG o Wl P 3Rl Ponce

bi ndi ng, 1gRfke ticﬁ*tﬁ@é}r@ééfaﬂmeﬁt@(ﬁﬁcaﬂfbetdﬁ?aiﬁ&f.a from depression patients do
not clearly show a high SITH 1 antibody titer. Accordingly, as a nethod

for deteghpoy Thesd wibd FRREGRSion df thécdlEsiniszhate tRpdct g cOMAMSHY Sictiof

bi nding (N) be | ow as nmuch as possible and that the specific binding (S)
can be cgefeAtl ¥in d@pBCteRtbr. FThempgS@ceiféthofanyd Peciet feth df thavdctori n
this exanple is an effective index for conparing effects of each serum

di | uent dsed iergrpdsinn JfAYR6eitthanypeeifidallFhin8tocdmbstendedn bofletacttd oHafysion

anti body i n human serum using fusion protein between Hatpin and tanmavidin
I n this Extarpthereof afididoasmop containigehes thetcomceide thiese, profiingh  The emplyoeeion
derived froma plant_ pathogeni c_bacteria_ (hrpZpss protein, Takakura et

al ., 200may PEher epntaigwny pralsic Wit hlicmgyelgHicampty SerierBHERS FYKPWOT\D)

was expressed in E._ coli cells and s inmmobilized on, a, bioti.pylated
mi cr opl aYe&tsyhat dhdiffernnh fomythe yegprsed g eﬁmsswstff|atﬂfﬁfﬁln#ﬁ?tpﬁpﬁ°£¥%@éﬂv%ﬁs

bl ocked wth tamavidi.n 2 and S then.r acteI:d wi th serum (human serum

cont ai ni fg" St?’é%gf’k’egﬁtlﬁppalé’m' IWI]OE%IB % uted with each E. coli crude
t t. t h i~ i i . US|

per ot 020 PEEAEEbL HorebaR Rl B0 fGKar e (S ABDER MRS,

peroxid - e % - Labbj ! ; i "
Rt o1 o kARG 838 Apos R PRLnbAGHRRLORAn: TR LR @Rl Babh ik OF,
fusion pgof giRuRithéiBsRhly 8O8scdaMpydeiably, a sdldble eRirARdf Eells@Rh be 83dA €SSi on
A gene encoding a fusion protein having a TM2 sequence |ocated at the

C-ter m nah O3] dehOéelHRym danMe @ xBadticRKBE piparcd Ot vakie eReRwithoutor der to
construc?| a %—larpi n- TM2 fggsi on gene,- pr?yr%rs fgr | nlg’?ﬁgmlflarpi n and TM2
genes Vi kmitatiomk drsuaBx thewett honsoraeEaEaEEabapepaetass ol B QompoNats 1)
wer e designed. The designed priners are summari zed in Table 4. [0188]

[ Tabl e 4hortednezidg oolutelidng ocllspuitdiedtin aprofer aulyen exedhop througha fhysicain
protein between Harpin and TM2 Prinmer NameSequence Har pi nNt er ntECoRI - FAAA
GAA TTC meapscagh agmlteaseniggpplécationan ¢hompral @RS PFIRG TMRNCRIGTGApATZNTAHICGAA
CGT CTG Age tgc cac cgc cac cgc tgc cac cgc cac cgc tgc cac cgc cac cgc
tgc cac Egpmenls apdperfgymingeentigiagation %ré@trm-cxltsoc%rtmbr&@f{%age life,

Har pi nC- 5x|.i nk- TMPN- F. CCC GCA ATC AGG.CTG.CAG gt C t ca gcg gtg
oy R AT RS BB 1A Fhde

o . shown_in .Tabl e a priner

donst st 1 haF S RS iehtt AR S e apfnddiotudire BP-REbEe a (e
5'-side, a linker at the center, and an N-term nal region of TM2 at the

3' -side (HarpinC5xlink-TMN-F, Table 4, SEQ ID NO 27) and a priner

consisting of a DNA sequence encoding the N-term nal region of TM2 at the
S'-side, the linker at the center, and the C-termnal region of Harpin at




[0190] In order to construct a Harpin-TM2 fusion gene, PCR was perforned
intw steps. In the first step of PCR, a Harpin region was anplified with
the primers Harpi nNternmeEcoRI - - 53 - F and Harpi nC- 5xIink- TM2N-R using a
pl asm d (Takakura et al., 2004, Physiol. MIl. Plant Pathol., 64: 83-89) in
which a Harpin gene (ORF) (SEQ ID NO 28) (encoded amino acid sequence:
SEQ ID NO 29) was integrated in pCR2.1 Vector (lnvitrogen) as a tenplate.
Separately, a TM2 region was anmplifi ed2i'th the priners

Har pi nC- 5x| i nk- TMN-F and TM2Ct er nBam using a plasm d obtai ned by

i Nt egr atyapigud Beyi¥R dBRRA&! frith@eN€C e doREe@Ahor VRO Q2 AFBdehhteastract can

tenpl ate. [0191]y PCR was acconplished using a GeneAnp PCR System 9600

( PERKI N tzlsMig)l dependéhg! o the eaehi afiths oddutrirgnonespicaificirexgtive mud enebeBdNn(2100
ng), 10 x ExTaq buffer (2 nt, TaKaRa), 2.5 mMdNTP (1.6 tit), priners (20
pnol es eangy) sufdcient3o bbsarb tHexibmespeifit reactign.under - t he reacti on condi ti ons:

25 cycles of 94C, 60C, and 72C for 30 sec each. As a result, a PCR product
of about| OlOﬁbp%smsOldbmamg@Hc(ﬂfw example-of the mothagi fonpreprringa eeliFomqgendeict of
about 0.5 kbp was obtained for the TM2 region. These PCR products wer e
fracti orftieet, iMhQCW@flﬁjﬁﬂléﬁellﬁsEng)lhﬁ'élﬁ&‘é’glcéﬂalfél‘)@&“% 616%9‘6‘3%“9“ altph e gel
was cut out for each PCR product, and themgroductﬁ V\ﬁre cou3

Q AEX | |cogiainipg f ggRg ?f&ﬁdmgta igyinybinding praieind pre meeylRd X an LByt

et & us SR EBRSIITEEn £ RN SPHRCLHLVGIE BHIPEAt b %ﬁﬁ?.ﬂﬂ%ﬁé"ﬁ?fﬁérs
Ha Nt R
Ganbhnp BeROe TORH CREA AT BLnERIer R0t P ST A st Fehidny @

Z°§t ﬁiw”hfﬂﬁﬁl“?i’@ﬁﬁ@%p%@@%@@% 5 A P AT B Pt 45y RS G
C
Por 1 mine 2953 PEP{RPR 40" BE hE PRI A8 Tca o by LB nop

about 1. fe kPiRuaSuaht, ddeflpedfd93h dihRdlbarit oididdh, s hemogRBenigd aiATed by
PCR was cl oned into vector pCR4BI unt TOPO (I nvitrogen). After confirmation
of the ruabEekitita of BuLRIEEeniAee spludSlithe Qptinkiangistdotiedted AsodcrgdE. oukis

doubl e-di gested with EcoRI and BamHL and agar ose gel el ectrophoresis and
puri fi cadxtiatt. were performed in the same nanner as described above to
collect a DNA fragnment containing the fusion gene. This fragnent was

| i gat ed [0i04) E'hedublogiEabsaesdé oml eedlchamogomate 99itact Prrmbaradsicd o a e#irierbIhaRy been
digested with EcoRl and BamHl, using a - 54 - Ligation Kit (TaKaRa). The
i gati orprpessiteet Naedielogicsk emplel hpyegeremugispmeppipeopeRyith thege he

nucl eoti de sequence was confirmed. [0194] As descri bed aboye, a vector

Har pi n- TINERGEFRO GAIRG befors fecopist W¥th{1}?é33frt‘f§1 o YJhes EPIHS- 158 %@S&% e r pin and

™ was co

SO | D NOnIOBisel SRPIE Rt ot Sudonis Brcaridodsarsfiid thown 1 SEQ
I D NO 31. 019 3 T

i nocul at%’(’Pé ‘{eﬁvﬁ%ggﬁlrﬁhf géﬂ'ﬂ,ﬁno %)nﬁl aFﬁ‘%ﬁ‘gggﬁﬁ{a"%ﬁ%&g%& %%?A%%Qﬁ i n,
e A0 A1t B s S,

and s hagﬁ)rﬁ chite %xﬁ@ét cBﬁl;pBﬁéﬂT‘?éjb(ﬂhdqgﬁefJ%d aadadeliatddanab Jéalr!:'émpf@r}ﬁay be

culture tion was centrifuged to collect the ceI The cells
wer e suspregd efbrdth. 3S1!93€1ﬁ’<f ehndpldd iERESAKE b dittert #h)widola bm;&owgﬁaﬁszed by
ul trasoni cati on. The honbgenate was centrifuged (15000 rpm, and the

resul ti nghsSddnBioagh ankll\Wamogsede astricdmpaebi codinide extract. To confirmthe
expression of the TM2-fused Harpin protein, proteins contained in each
crude exfnagt Whee abicogicdrsatptt 1byn1$@8wﬁh\%naied:eﬂ|hampgmtwtmstlﬁrsnmPIe
blotting [0196] For detection of Harpin, rabbit anti-Harpin-1 antibody

( Takakur ia regcieal with, 200not 1phijed o} a ek celPhemogmateruaitract that:hagBeqayepsril

al kal i ne phosphat ase-1 abel ed anti-rabbit 19gG antibody (BI O RAD) . vvere each
di | ut ed wobe-desired tukier (xbigh npay1ppjainier ¢xample, $54% @H@Hb\%aicﬂmmebm W In the
E. coli horm enate extraét havi ng onl.y an expres

aR i _rll_sl\,/grftvalﬁ Hking agept o detabpmoteds %‘HlCFF—‘F lonp Or(grﬁ? gfmrqu?’%ﬁé?cf?‘ al " :n g
E:agekDal V\étgl gﬁﬁ?@u%ﬁ"? S0 Eopritessitv i € R (a0 B 174 R BRROSY gf “to
detecti oy Fohtnng STl Bt Mp iR O B L RAHh, i E‘““‘Eé\

Har pi n- expreSS| ng E. coli crude extract was diluted with 0.1 M HEPES/ KOH
(pH 7.4) into a total soluble protein concentration of 1 ng/nL, 100 uL of
whi ch was then added to each well in a biotin plate (Sum tono Bakelite
Co., Ltd.). The plate was allowed to stand at roomtenperature for 1 hr

ed u3|ng a

.-+‘



[ 0200] These sera (100 p,L each) were added to the TM2-fused

Har pi n-1i mobi | i zed plate and were allowed to stand for reaction at room
tenperature for 1 hr, followed by washing with TBST three tinmes. A

hor ser adi sh peroxi dase-1 abel ed goat anti-rabbit 1gG anti body (for
detection of the rabbit anti-Harpin anti body bound to the Harpin antigen)
and a peroxi dasel abel ed goat anti-human 1gG anti body (for detection of
human | gG bound non-specifically to th&0wells) were each diluted 5000-fold
wi th 1% BSA- cont ai ning TBST and then m xed. This peroxi dase-| abel ed

secondar , aatdRRA¥IIFoloytfatdesRdHeho B 1960.£08. Vol umes to the well's. The
plate was allowed to stand for a reaction at roomtenperature for 1 hour.

Then, thg1pbpt £d4786n bEBLHEHINESH Bbteth tsahBRItolB¥teged | MBS, and 100 pL,
detection reagent (1 step ELISA ultraTMB, PIERCE) was added and reacted at
room t enper at urk: fregenbinvemtidnie chaumceekdin el hiniieturodf 2biagitaf sunipde,acdetl was
added to stop the reaction, and the degree of col or devel opnent

(absor bahgroghak 5Rtrachprepaed defingrh lee PGy samps spreis as the hastidelisugeddore r eader
Infinite MO0 ( |'ECAN). The neasurenment was performed in triplicate for
each t r eatpressingsdusivm proteindatder biptie-bindingprotedt iseddddtotavagiasXsiepbe), of he
concentration of the anti body was rel atively high, and the system was

rel ati vemystingwfiasample-te e destadcand; asilhgmogenagextrachprspgad fromycells gbtheact i on
of the measured value at the section where the antigen was nat inmobilized
was unne®axspesics 20ho hpsttals used fenerpsessing afusion poicin gpdgqnefiqally @emeeredp) e
5. Effect of serumdiluents on Harpjn anti body detection in human serum
Serum di 'iolfé‘mesmglﬁ’tmé? %P{%emé%?ﬁ?ﬁé‘bﬁf%ﬂﬂﬁ’f Efp(liféﬁ)pi n anti body (S) Serum

free fr Omlbﬁ]f pf.nr][hgrgc{h%(a%\f t]Sc'\Breseﬁ)l?%V%ﬁg(?n, Qtiezb?z’lckground signal level can be finally

suppressed by adding a biotin-binding protein to a sample to be tested.

[0108] Such a biotin-binding protein may be the same as or different from the biotin-
binding protein constituting a fusion protein. Either the wild type or a variant may be used.
The biotin-binding activity of the variant may be equivalent, higher, or lower compared to
that of the wild type.

0109] In an embodiment of the addition, powder of a biotin-binding protein (which may be
a naturally occurring protein or may be expressed by genetic engineering) may be added to
the sample directly or after its dissolution in a proper liguid. For example, in another
embodiment, a mixture of a sample and a cell homogenate extract may be treated with a
carrier to which the biotin-binding protein is immobilized (for example, the mixture is passed
through a column) (step b-i), instead of direct addition of the biotin-binding protein to the
sample.

[0110] In the case of addition of the biotin-binding protein to a crude cell homogenate
extract, the final concentration of the added biotin-binding protein is, but not limited to, 1 to
500 ug/ml, preferably 10 to 100 ug/mL. The concentration of the biotin-binding protein
that is genetically engineered to be expressed in the cells may also substantially be the same
as above, but any other concentration is acceptable.

[0111] Alternatively, a gene encoding a biotin-binding protein is introduced into host cells

and is expressed, and a cell extract containing a biotin-binding protein obtained by



9.7 E. coli (BL21) crude extract pTrc99A-carrying 2.13 2.03 0.19 0.15 11.3
13.4 BL21 crude extract TM2/ pTrc99A-carrying 2.16 0.12 16.8 BL21 crude
extract
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homogenizing the host cells may be used (step b-ii). In this case, the biotin-binding protein
may be expressed in a desired host by a method well known to persons skilled in the art. In
the case where a fusion protein between a protein that specifically binds to a substance to be
detected and a biotin-binding protein is expressed by genetic engineering, the cell
homogenate extract is preferably derived from the same species as that of the host.

[0112] In the case of the host being E. coli, a gene encoding the biotin-binding protein is
incorporated into an expression vector and is introduced into E. coli, and E. coli is cultivated
while expression of protein is induced. ~ Conditions for induction, such as an expression
vector and host E. coli strains, culture medium component, IPTG concentration, aﬁd
cultivation temperature can be appropriately determined.

[0113] Method of detection of substance to be detected (step 4 of Embodiment 1)

The method of detection according to the present invention detects a substance
bound to the protein that specifically binds to a substance to be detected in a fusion protein.
[0114] Persons skilled in the art can appropriately select the method for detecting substance
to be detected based on the properties of a desired protein. Preferred examples of such a
method include immunoassays such as enzyme-linked immunosorbent assay (ELISA,
including sandwich ELISA)) and radioimmunoassay (RIA); and other assays such as nucleic
acid hybridization assay and surface plasmon resonance. After a sample to be tested is
reacted with a substance that specifically binds and interacts with a substance to be detected
and is immobilized by avidin-biotin binding, and the substance is detected.

[0115] In the immunoassay, for example, of a substance to be detected of an antibody, an
antigen is immobilized and is reacted with the antibody present in a sample to be tested, and
the reaction product is detected by any method well known to persons skilled in the art.  For
example, in the case where the sample to be tested is one derived from human being, the
human antibody bound to the antigen is detected using an anti-human antibody. In this
procedure, the anti-human antibody is labeled with a phosphor, enzyme, or radioisotope, and
the fluorescence intensity, enzyme activity, or radiation dose is finally measured to indirectly

measure or determine the amount of the antibody. When the substance to be determined is



[0203] As shown in Table 5, the A450 values (S) of Harpin antibody.in
human serum did not differ significantly anong the serumdiluents, whereas
the values (N) in serumfree fromHarpin anti body as the control decreased
in the order of the TM2/ pTrc99A-carryi ng BL21 crude extract, the
pTrc99A-carrying BL21 crude extract, the E. coli (BL21) crude extract, and
PBS. This indicates that the TM2/ pTrc99A-carrying BL21 crude extract coul d
suppress non-specific binding in the hi3ghHest degree. Regarding the S/ N
ratio (i.e., the degree of color devel opnent in human serum contai ni ng
rabbit afutdntibes, Rinn@Bod QUM Hie: GrRYEFiRPR) oLk antiglaMelmpobilized Mmdsie renatelr ee
fromrabbit anti-Harpin antibody), the case of using the tamavidin

2- expr esgith theantigen pexdnt &ck s{nIPlRLPB¢ 0924, aelranyintiodBLaphinst ardthee xpitaetof as
the serum dil uent showed the highest value. [0204] These results indicated
t hat t hethelahtigends furfheh raated sethuthe witigenan Licthicpdotedaxd, this sccohdary antidy- has
expressed tamavi din 2 suppresses non-specific binding to provide

hi gh- seragatnst/the ddhes cpitens. is BBCIoERCHescribTd N VERERiEXTY noz0s] thsEmonm ¢ofo0;  1:
am no acid sequence of SITH 1 [0206] SEQ I D NO, 2: nucl eot]de sequence of
SI TH 1 akFaptizrgy] Ademativelnan the nygleic asid; hybridgafipmssase f naleiq.agid qomposebos)
SEQ ID NO 4: nucleotide sequence of tamavidin [0209] SEQ ID NQ, 5:

ami no acifgceaalencel Brelootidestp deyeral hundiegs Osmewﬂéthqefaﬂé; nﬁ&’é‘l’%@? rerd
sequence of tamavidin 2 [021

SEQ ID NO .7: ' id. f
Lamavi i HVng o ASTIceTeipRoRBPlemen A it Buslfic prfl e pe dermipedgaotiedy | p
NO 9: e .of . 1] 2141 SEQ.I r 10: | .| i nk
oo ST BBk Sk bR T 5B SR B M LRy 1
NO 12: | -l - ; .| i nk
00 (L2 EEERLBa S | R BMRIGRoPE A FERRA M Bow MEEPAORL | 1"
NO 15 & g%J e of linker sequence [0220] SEQ ID NO 16: exanple of |inker
seqguence ](.j] SEQ ID NO 17: exanple of linker sequence [0222] SEQ ID

NO 18 1@X6IP! KnPlabblif<REIl RESWE RESerboRatilicn iR By bdddplbyREQ 1 D NO 19:
nucl eot i[ge%;quueﬁcae 1cl)]g‘ki(pri mer Sl 1IC- 5xl i r?k-ITMZN- F [y0224] ﬁﬂéEQ I D NO 20:

nucl eot i ARerf @GS ¢OmAler@hllyBFailobIEphosfhori dikenZ B MBelcQ 286 huba@ahfibddids 21:
nucl eoti de sequence of priner SITHL EcoRI -F [0226] SEQ I D NO 22:

nucl eot i gy beassanc Exafmps ofrthe phiveiiiioe latiBiing [1RARIElatEy 1En$@or 28mphesc| eot i de
sequence of SITH 1-TM2 [0228] SEQ ID NO 24: am no acid sequence of

SI TH 1- T r{e2R9}r rhed@mife, NGd 146ling using atfludecssad pericie soch gsra green fluorescent

Har pi nNt ernEcoRI -F - 58 - [0230] SEQ ID NO 26: nucl eotide sequence of
priner HapimGBER) i tezmnenused foxarymeiubeling pe; butzot Hoxdted & ipgeoxidagiience of
primer Harpi nG 5xlink-TM2N-F [0232] SEQ 1D NGO _ 28: nucl eoti de sequence of
Har pi n gikaline@kpsplfatrss dpcitease) prdghucass oxigdess o ubsiEptelon Blsa B reRed deiepy

e gpne (S0 L0220, SEG.0 0 S0 el SerURTES o o - e
chemiluminescence can be used for peroxidase. EXa_tr;ples of the radioisotope include
jodine (***1 and *'1), carbon (**C), sulfur (**S), and tritium (*H), and phosphorus (**P) for
nucleic acids.

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

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

antibody, in a biological sample is small (the case of a low antibody titer) or that the number



- 59 - CLAIMS 1. A method for detecting a substance in a biol ogical sanplé,

whi ch conpri ses: 1) providing a carrier on which biotin is bound
and providing a fusion protein between a protein that specifically binds
to a substance to be detected and a biotin-binding protein; 2)

bi nding the fusion protein to the carrier provided in step 1) through
bi ndi ng between biotin and the biotin-binding protein to produce a fusion
prot ei n-bound carri er; 3) mixing3(a) a biological sanple, and
(b-i) a cell honpbgenate extract prepared fromcells of the sane species as

the hOStoiCrﬁJan‘i)eéiﬁ%%iﬁ&rdu@WBﬁﬁﬁég_ﬁ&(‘lgﬁlﬁplfeyﬁcﬁ'&s it skhis BiRPhbkffeand a

bi oti n-binding protein, or -i1) a cell honbgenate extract

pr epar edbdck@ivute kighalddut hkenGRsRcERthdESg dDuldt® ddistabte! | Scddsibly,ahe
expressing the fusion protein in step 1), and genetically engineered to

express subbiadtd to-Heideticreg dan bk eidie preicldittaigiidde ympptapiiatel yosubbactingghen
protei n-bound carrier produced in step 2); and 4) detecting a
subst ancleackpaund signie firveh the mdasunpd etleen Thede skplediid thealt oanbpppridtelya
substance to be detected in the fusion protein. 2. A nethod for detecting a
subst ancéetermine thiedlackgrownd sigmabaebe sibigpted dapanidgwaon cach experimental sysiadiing a
carrier on which biotin is bound and providing a fusion protein between a
protei n I0AAY] shecxpmpls py cximple of gich aagpthodieent i Hlugen/ e amttyae 1

bi oti n- bi ndi ng__pr qt ei n; X 2) binding the fusjon protein to the
carrier Pddypgldallazen Ins Antibedysissay i r{&faﬁgfas@%@hcb@%wﬁa whigh dpfects an

bi oti n-bi ndin rotein to produce a fusion ptotein-bound carr,ier,;

%) Cput i 00 BrG: Collagem B ERIBSPRT: neb 1 Htolte biFRERO PHa AR mgpsured

pr ot ei n- boun arrier produced in step 2).to block.the.carrier: 4)
D Cer. ¢ net OB ReoBhary mAbEG iyt By g it oGl S B Bl e e
fusion p | -Qﬁu C per; and - 60 - 5) detecting a substance
to be dé@%%ﬁga that Kas g%nd to the protein that specifically binds to

the su bs[lbgg@g aI}thé &%e%&ﬁ&e@lﬁﬁfb@f 8 non- e bRl aths QL e bREiAT B Bst @nce

in a bio sanpl e, I ch conpri ses:
is large, such as in case of serum, , in order to subtract the background due to the non-specific

reaction, as described in Example 2, the following embodiment is effective. The measured
value in the section where an SITH-1 antigen (protein that specifically binds to the substance
to be detected) is not immobilized (however, in the section, blocking with BSA or the like has
been operated, and the serum (biological sample) containing the anti-SITH-1 antibody (the
substance to be detected in the biological sample) has been added, as in the section where the
SITH-1 antigen is immobilized) is subtracted from the measured value at the carrier (plate)
on which a fusion protein between the SITH-1 antigen and tamavidin is immobilized.
Alternatively, as described in Example 2 or 3, the amount may be calculated by subtracting
the measured value in a carrier where only tamavidin is immobilized (bound) is subtracted
from the measured value in a carrier {plate) where a fusion protein between an SITH-1
antigen and tamavidin is immobilized.

[0121] In another example of the embodiment for subtracting non-specific reaction specific
to sample per se, as the above-mentioned “Human/Monkey anti-type I and type II Collagen
IgG Antibody assay kit”, the measured value at a well on which collagen is not immobilized
may be subtracted from the measured value of a serum collagen antibody at a well of ar

microtiter plate on which collagen is immobilized. Furthermore, a kit of a similar



1) providing a carrier on which biotin is bound and providing a fusion
protein between a protein that specifically binds to a substance to be
detected and a biotin-binding protein; 2) binding the fusion
protein to the carrier provided in step 1) through binding between biotin
and the biotin-binding protein to produce a fusion protein-bound carrier;
3) putting a biotin-binding protein into contact wwth the fusion

protei n-bound carrier produced in step3) to block the carrier; 4)
after the blocking step in step 3), mxing (a) a biological sanple, and

(b-1) a gRbddiRerts evaheafitodd HIAPSeReA §khésABMlafuRbukdiebEBoRaRaGhES as
the host cells used for expressing the fusion protein in step 1), and a

bi ot i n- bihads Agedofod HeteEtingldn anti-simplextheirpes varu€ BIM ahebalyan atranextylaeda.
prepared fromcells of the sane species as the host cells used for

expr essi jid22hePiefesitdy the aheunt can bs hepe plecisalydiegpenated bylshptratigp tieer ed t o
express a biotin-binding protein, and adding the m xture to the fusion

pr ot ei n-oasucdoalyd ierthe seetion where anSrbittyeproieimofwhich stténcly is vothpesstetedct ed
that has bound to the protein that specifically binds to the substance in
t he fusilkmapergaeism. (c4., Thmandehngdn sheoesd Dh@lﬁbliframwlmd@)the@amﬁhéﬁ detivedt ep
3(b-i) inclaim1 or step 4(b-i) in claim3 conprises_ _adding a cel
honogena¥dmaebilized (enen-livides exaginleef the H@E\‘?Bﬂizgg Rptenis GERvBen thes t he cel |
honbgenat e extract. S. The nethod according to any one of clains 1 to 4,
wher ei n PBaNERIE £ magimaliany pFestee o SF FmpiloR Griotiis 74l RARKSUADY PREFLERGS The

T L0 A B ans o AL ot O 1T L1 O3
cer oD 0Byl sy B e B " o520 LTPh 11 ) and ot
SorDl ] IBSP Pges gt 8L A SR RBA AR AL,
R e T L .
by a metfom HE80dy S '

[0124] The method of detection according to the present invention can specifically detect an

antibody having a low antibody titer in, preferably, serum.

[0125] The effect of Embodiment 1 of the present invention can be apparent by, for

example, comparing the results of TM2/pTrc99A/BL21 cell homogenate extract (closed

triangle) in Fig. 3-1 with the results of PBS (open square) or pTrc99A/BL21 cell homogenate

extract (closed circle) in Example 2. Furthermore, the effect can be also apparent by

comparing the S/N ratio of the crude extract of BL.2 introduced with TM2/pTrc99A with the

S/N ratio of PBS or the crude cell homogenate extract of BL2 introduced with pTrc99A

shown in Table 3 in Example 3.

[0126] II. Method of detection of the present invention (Embodiment 2)

The method of detection (Embodiment 2) according to the present invention relates
to a method for detecting a substance in a biological sample and comprises:
1) providing a carrier on which biotin is bound and providing a fusion protein
between a protein that specifically binds to a substance to be detected and a biotin-binding
protein;

2) binding the fusion protein to the carrier provided in step 1) through binding



1) providing a carrier on which biotin is bound and providing a fusion
protein between a protein that specifically binds to a substance to be
detected and a biotin-binding protein; 2) binding the fusion
protein to the carrier provided in step 1) through binding between biotin
and the biotin-binding protein to produce a fusion protein-bound carrier;
and 3) putting a biotin-binding protein into contact with the
fusion protein-bound carrier produced -i¥ step 2) to block the carrier. 8. A
kit for detecting a substance in a biological sanple, which conprises:

A) a carpifkePRioh kBt Hioksd-BhdReY6lcth BPHYRRR aFufibPpRtdin-bBald Spggi fical Iy
bi nds to a substance to be detected and a biotin-binding protein is bound

by bi ndi ng b_etmﬁmt% HbiofinaaHihd Broddif i th chkthetivith BE Shddhprofislbedhdaaeid: for
diluting a biological sanple, conprising B-i) a cell honpgenate
extract piogpesdasl sfepMneulotk tiefcat@; same speci es as the host cells used for
expressing the fusion protein in step A, and a biotin-binding protein, or
B-H a cell ho#tpgendiehlecidingasitp pr €pas e ddding mbedddisal shmpleco swnfasisp prites- as
the host cells used for expressing the fusion protein in step A, and
genet i cabdundeagianperded t o express a biotin-binding protein; and/or C) a

bl ocki ng agent containing a biotin-binding protein. SEQUENCE LI STI NG
<110> Virus | k3xdetasting alsybsianse tobe dgiagiadhthed fl tethe prgtein thatspesdfi¢ably
detecting'substance in biological sanple <130> FA0392-09154 <160> 31 <170>
Pat ent | nbipds &) 15 supstaneg impthe fusion proteisg <212> PRT <213> Human her pesvirus 6

<400> 1 %9157](3 ﬁl gz%ﬁod?m%nt% gf >f/:spre\é%lllt igsgntfgln? thggcm%dyprléga%n;%e urs%n Ii)%%eljﬁys
bound carrier in steps 1 and 2 is the same as that in Embodiment 1.  In addition, the last step
of detecting a substance to be detected that has been bound to a protein specifically binding
to a substance to be detected in the fusion protein (step 4 of Embodiment 1 and step 5 of
Embodiment 2) is the same as that in Embodiment 1.
[0128] | The method of Embodiment 2 is characterized by a step of blocking a carrier {(step 3
of Embodiment 2} before addition of a biological sample to the carrier.
[0129] In the present invention, background signals can be further suppressed by putting a
biotin-binding protein into contact with a fusion protein-bound carrier before the addition of
a biological sample to the carrier. It is believed that the biotin-binding protein binds to the
biotin moiety of the fusion protein in a free state without binding on the carrier surface (Fig.
1), though not necessarily restricted by a theory.
[0130] The biotin-binding protein that will be put into contact with the binding carrier may
be the same as or different from the biotin-binding protein constituting the fusion protein, and
may be either a wild type or a variant. The biotin-binding activity of the variant may be
equivalent, higher or lower compared to that of the wild type, but is preferably equivalent or
lower. The variant may be, for example, but not limited to, a protein that has a biotin-
binding activity lower than that of the wild-type protein and has a dissociation constant (KD)
with biotin of 10°° (M) or less.  Such a biotin-binding protein can be produced by chemical
modification (US-A-5051356), but a method of modifying an amino acid sequence is most

preferred (Qureshi et al., (2002), J. Biol. Chem., 276: 46422-46428).



151015 Ile Leu Ala Cys Lev Ile Val Lev Ile Leu Ala Ala Ala Ile Thr Met
202530 Leu Thr Leu Qu Ille Ile Ser Asn A n Lys Arg Thr Thr Thr Asp Lev
354045 Gu Ala Val Thr Val Ala Lev Lys His Val Ser Thr Ser Leu Al a Ser
505560 Cys Thr A u Ser Thr Thr Ser Val Hi's Thr Asp Ser Val Thr Ser G n
65707580 Pro Thr Lys Asn Lys Qu Ser Arg Lys Lys Ile Qu Gy Lys Ser Pro
859095 Ser Trp Val Gn Ala Leu Thr Thr Ala Ser Ay Ile Ile Leu Lev Phe
100105110 Cys Ile Met Met Ile Phe Ile B Cys Ser Trp Thr Thr Qu Lys Asp
115120125 Thr Qu Lys Ser Au Val Gn Ser Tyr Ala Ser Ser Val GQu Thr Leu

i— 2 g ]1-2(5) ]1-151@1@%}) Bathe bRYefSHY cktibin, Ah&biotif-tihdng potdill ha¥tbe pd ttdVEBdntAE Writ¥ahe

binding carrier by any method without particular limitation. That is, the biotin-binding
protein may be added to a carrier directly or in a form of an appropriate solution.
Furthermore, a blocking agent well-known to persons skilled in fhe art, such as BSA or
casein, may be simultaneously used.
[0132] In a nonlimiting example, a biotin-binding protein is added to a desired buffer (e.g.,
TBS or PBS containing 0.02% to 1%, preferably 0.1% to 0.5%, of Tween-20 or Triton) in a
final concentration of 1 to 500 pg/mL, preferably 10 to 100 pg/mL. BSA or casein may be
further added thereto in a final concentration of 1 to 50 pg/mL, preferably 5 to 10 pg/ml..
This blocking solution is put into contact with a carrier to which a biotin-binding protein
fusion protein is bound by avidin-biotin binding at 10°C to 40°C, preferably 20°C to 30°C,
for 10 min to 2 hr, preferably 30 min to 1 hr.
[0133] The effect of Embodiment 2 of the present invention can be apparent by, for
example, in Example 2, comparing the value at antibody being 0 with the value in
pTrc99A/BL21 cell homogenate extract {closed circle) shown in Figs. 3-1 and 3-2. At
antibody being 0, no antibody is present; hence, the fluorescence would be 0 if non-specific
binding does not occur. Here, the comparison of the values at antibody being 0 shown by
closed circles in Figs. 3-1 and 3-2 confirms that the fluorescence value is reduced to almost a
half in the case of blocking of a carrier with TM2 and is apparent that the non-specific
binding is considerably reduced. In Fig. 3-2 showing the result of blocking of a carrier with
TM2, the graph overall shifts below compared to that in Fig. 3-1. Furthermore, the effect
can be apparent by comparing the value in “blocking by BSA” and the value in “blocking by
BSA and TM2” for the results of pTrc99A/BL21 cell homogenate extract in Table 2 of
Example 2.
[0134] T Method of detection of the present invention (Embodiment 3)

The method of detection (Embodiment 3} according to the present invention relates
to a method for detecting a substance in a biological sample and comprises:

1) providing a carrier on which biotin is bound and providing a fusion protein



<210> 2 <211> 480 <212> DNA <213> Human herpesvirus 6 <400> 2 atgggatatg

aagaaaaagt
actatgttaa
gct gcact ga
at t gaaggga
ccacagaaaa
attat accga
aggct ct gct

gt cagct act ggaaagactc ctgatcgttt taatactagc tgcggcaata
caaaaacgta ccactactga tctcgaagct gtgactgtgg tctcttgcca
atccactact tctgtacata cccacgaaaa acaaagaatc gaggaaaaaa
gctttaacta cagcatctgg aattatccta ctgttttgta tgttcctgga
agat acagag aagagt gaag gt agagactt tagactcttt aaat gaggct
<210> 3 <211> 1795 <212> DNA7<213> Human herpesvirus 6 <400> 3

ggaggct ct g ctggaggcct aggtcttget ggaggctctg ctggaggcetc

aggct ct gediweePs pdéih that SR ARA0Y Giddd ¢ 83asemct & BCaQeAd zﬁﬁcacﬁigﬂ-gﬁldinf

t gct ggaggc

tct gct ggag gctctgctgg tgtcagagac ctcggtgaaa gttttactca

gaggt tt aprotedggagt tttcg ccattagttt ggttagaagt ttcagattta ttttcggtgg240

aact gcagtt

aggtttcatg tcagtacatt catcaccgtt agaagtgcta ttcatggtgc300
2) binding the fusion protein to the carrier provided in step 1) through binding

between biotin and the biotin-binding protein to produce a fusion protein-bound carrier;

3) putting a biotin-binding protein into contact with the fusion protein-bound carrier

produced in step 2) to block the carrier;

4) after the blocking step in step 3), mixing
~ (a) a biological sample, and

(b-i) a cell homogenate extract prepared from cells of the same species as the host

cells used for expressing the fusion protein in step 1), and a biotin-binding protein, or

{b-ii} a cell homogenate extract prepared from cells of the same species as the host

cells used for expressing the fusion protein in step 1), and genetically engineered-to express a

biotin-binding protein,

and adding the mixture to the fusion protein-bound carrier; and

5) detecting a substance to be detected that has bound to the protein that specifically

binds to the substance in the fusion protein.

[0135] Embodiment 3 is a combination of Embodiment 1 and Embodiment 2.

Specifically, the addition of a cell homogenate extract and a biotin-binding protein in

Embodiment 1 and the blocking of a carrier with a biotin-binding protein in Embodiment 2

are performed.

[0136] The effect of Embodiment 3 of the present invention can be apparent by, for

example, comparing the results of TM2/pTrc99A/BL21 cell homogenate extract (closed

triangle) in Fig. 3-2 with other results in Figs. 3-1 and 3-2, for example, the results of PBS

(open square) in Example 2.  The effect can also be apparent by comparing the S/N ratio of

the crude extract of BL21 introduced with TM2/pTrc99A with other results, for example, the

S/N ratio of PBS, E. coli (BL21), or the crude cell homogenate extract of BL21 introduced

with pTrc99A shown in Table 5 in Example 4.

[0137] IV. Fusion protein-bound carrier



tgttgccact gttggatttg ttaaaagcag taaatgagct aggattggaa tgactccgaa360
tagctaataa atttgagcat tttcttcgaa tggatcataa tcagagggat agccatctaa420
tttaaagact tccattttat cactgttgca atcacttcta atggagtatc tggatacatt480
ttttctacat ctttttcatc ccctccaaca tggatctgtg cagcgttaat aagccagcgg540
agttaattaa atcgtcttcc atgttagaca gttcctgttt catggcagcc ttcactgat g600
caccaatact ttggatgcaa gtgccaacgg actgagctag gatgtaaaag aagatattct 660
aattttgaat tcttcagatg ctccttcttc cacattd@ct g gaat aggaca cattcttgga720
agcgatgtcg ttggaagact ctgggatgaa aagatcacag gcttccagtt ctggaaaaag780

caggctttca aa ot GRLAGT A8UpRVIERS G hekr ARlRicdklisd 4 sit3ahegRld 68/ Yical
ttccaccact ggatcgggat ggtagctata tatactatat aaggagatta ccaccaccac90

ct ct tt Ctdampli€ agpAtaderl df ¢ Hi@6dnt iSRRG 18 cHAraa8AAM AL fsidh PréteRdrbARY o
at gaagaaaa agt gtcagct actggaaaga ctcgtttaaa gatactggca tgtctgatcgl020

ttttaat agibotcdgtihggReiRaly 8ads & gtuiseacgnllgghtabid adattiginbindaggaaeihdso
gtaccactac tgatctcgaa gctgtgactg tggcgctgaa gcatgtaagc acatctcttgll40
ccagct gclammtigaaicane by batding gttaccabiatic gad the bigingbiodag praeacwhaenahd 00
aaaacaaaga atcgaggaaa aaaattgaag ggaaatctcc aagttgggtt caggctttaal260
ct acagc afusion gpgeteintia boumt mche cartier iyt atmethogabmpaisiagt catt acat gt ccct 1320
ggaccacaga aaaagat aca gagaagagtg_aagggpaatc ttatgctcct tcagtagagal380
ctttagaccc tttBaueydipggctaatieramachich finaiads beundzand aaeddigs edetion profin 440
atttttcttt acagagat gt acgg%gaﬂtt.tatatttg g gaaaatacct gactgttctgl500
between a protein that specifically binds to a subsiance to be detected and a biotin-binding
protein;

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

3) putting a biotin-binding protein into contact with the fusion protein-bound carrier
produced in step 2) to block the carrier.  The carrier of the present invention is blocked with
a biotin-binding protein before the addition of a biological sample.

[0138] Accordingly, in the carrier of the present invention, preferably, a fusion protein
between a protein that specifically binds to a substance to be detected and a biotin-binding |
protein is bound to a carrier by avidin-biotin binding, and a biotin-binding protein is bound to
unreacted biotin on the carrier by avidin-biotin binding.

[0139] VII. Kit

The present invention also provides a kit for detecting a substance in a biological
sample. The kit of the present invention comprises:

A) a carrier on which a fusion protein between a protein that specifically binds to a
substance to be detected and a biotin-binding protein is bound by binding between biotin and
the biotin-binding protein; and

an agent for diluting a biological sample, comprising

B-i) a cell homogenate extract prepared from cells of the same species as the host
cells used for expressing the fusion protein in step A), and a biotin-binding protein, or

B-ii) a cell homogenate extract prepared from cells of the same species as the host

cells used for expressing the fusion protein in step A), and genetically engineered to express a



cctatatgcg aatgttaaag tatgtataat ataaattctt accttttaag agtgattcaal560
ggtggaggtt tctttggaga ttgattccag gtggtggttt cgggtgcaat caatctttct 1620

t ct gggcggg aagaaaat cc agcaat ccaa taattgatgg gatgtaatca atgtcacaaal680

tct gt aagat taaatgtgaa cagtataaat tctttcgtgc ttatcaaatt acaattatgcl740
gcat gaaaat atcattaaat tgttttaaac attcttaaaa aaaaaaaaaa aaaaal795 <210> 4
<211> 432 <212> DNA <213> Pl eurotus cornucopi ae <220> <221> COS <222>
(1)..(432) <400> 4 atg aaa gac gtc caa3Ict ctc ctc acc gga acc tgg tac aat
gaa ctc48 Met Lys Asp Val Gn Ser Leo Leu Thr Gy Thr Trp Tyr Mn G u Leu

151015 og®tihdda @it 2@ll/drt g act gca aat aaa gac ggt tcg ctc acc ggade
Ay Ser Thr Met n Leu Thr Ala Asn Lys Asp Gy Ser Leo Thr Ay 202530 acg

tac cac tcc aac)gblckigg agad Bhhifif€a bBlofinakidih@protas. Ctt tct 144 Thr Tyr Hi s
Ser Mh Val Gy GQu Val Pro Pro Thr Tyr H's Leu Ser 354045
[0140] The agent for diluting a biological sample may be a cell homogenate extract (and
biotin-binding protein) itself or may be an agent for diluting a cell homogenate extract
together with a biological sample and may contain an appropriate buffer and a solvent such as
a commercially available cell diluent or serum diluent.
EXAMPLES
[0141] The present invention will now be described specifically by way of the following
examples, which are not intended to limit the technical scope of the invention. Based on the
descriptions of the specification, modifications and changes will be apparent to those skilled
in the art, and such modifications and changes fall within the technical scope of the
invention. |
[0142] In Examples 1 and 2, a fusion protein between a human herpes virus 6 (HHV-6)-
derived SITH-1 protein and tamavidin 2 was expressed in E. coli, and an E. coli crude extract
obtained by sonication was directly reacted with a biotinylated microplate to thereby bind the
fusion protein to the microplate through tamavidin-biotin binding, The resulting SITH-1
plate was reacted with human serum diluted with an E. coli crude extract (supplemented with
rabbit anti-SITH-1 antibody; in this test, commercially available human sera supplemented
with serial dilutions of rabbit anti-SITH-1 antibody (antiserum) were used as pseudo-clinical

specimens) to measure the titer of anti-SITH-1 antibody contained in the human serum.

[0143] Example 1: SITH-1 gene and construction of vector for expression of fusion protein
of tamavidin 2

In this example, a gene encoding a fusion protein having tamavidin 2 (TM2) located
at the C-terminal side of the SITH-1 via a linker was designed.
[0144] 1-1. Design of primer

In order to construct a SITHI-TM2 fusion gene, first, primers for fusion of SITH-1
and TM2 genes via a linker (Sxlinker: GGGGSGGGGSGGGGSGGGGSGGGGS) (SEQ ID
NO: 18) were designed.



ggc
Tyr

tct

du
tac
Ser

gag
Au
aca
Pro
aag
du

€gg
Asn

ttc
Asn
ttc
Au
cgc
Asp
aag
Thr

tac aac ctc
Leu Gn Pro
gaa aac act
Thr Ser Al a
tct gaa ccc
Pro Ala GQu
gaa gat ttg
Leo Trp Gn

SRt i

cag
Pro
agt
Asn
gcc
Val

tgg
Ser

ccc
Ser
gcg
Val
gag
Il e
cag

ccc tcg
Ay Gn
aat gtt
H s Ser
gtg atc
Leo Thr

ggt caa ggc gtt act ctg ggal92 Ay Arg
@y VvVal Thr Leo Ay 505560 tgg gcg gtg
cat tct gtc tca240 Trp Ala Val Ser Phe
Val Ser 65707580 aca tgg agc ggg cag

ctc ace288 Thr Trp Ser Ay G n Tyr Phe
859095 cag tgg ctg ttg tca agg agc tct

tee336 G n4rp Leo Leo Ser Arg Ser Ser Au Arg
100105110 acc cat gtg ggg cat gat gag ttc age aag

FodditinloF 2 1RUAGYudiks erﬁb?)ﬁin? A mime redidSoff NI LYS
aag aft gcc cag gct caa ctc ctt cgt cgc ggg ttg

ttc gam-t gedid’ Ly, b lifkdat e Rnidl,3in@al N-Q¥mbRPredh N TMBhdihk 8tisidys Phe

130135140

<211> 143 <212> PRT <213> Pl eurotus cornucopi ae

(SITH1C-5x1ink-TM2N-F)(SEQ ID NO: 19) and a primer consisting of a DNA sequence

encoding the N-terminal region of TM2 at the 5°-side, the linker, and the C-terminal region

of SITH-1 at the 3’-side in the reverse direction (SITH1C-5xlink-TM2N-R} (SEQ ID NO:

20) were designed.

[0146] Then, a primer consisting of a 5° region including an N-terminal region of SITH-1

and an EcoRI restriction enzyme cleavage site (CCATGG) located upstream thereof (SITH1
5" EcoRI-F (SEQ ID NO: 21)) and a primer consisting of a sequence encoding a 3’ region of
the TM2 gene and a BamHI restriction enzyme cleavage site (GGATCC) located downstream

thereof (TM2CtermBam) (SEQ 1D NO: 22) were designed. The primers for construction of

a fusion gene between SITH-1 and TM2 are summarized in Table 1.

[0147] [Table 1]

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

Name

Sequence

Length

SITH1 5° EcoRI-F

SITH1C-5xlink-TM2N-F

SITH1C-5xlink-TM2N-R

TM2CtermBam

AAAGAATTCGGATATGAAGAAAAAGTGTC 29 mer

CCGAAAACTGAAATGAATGTGggtggegetggcage 117 mer

getegcggtggcageggtggeggtgecageggtggcgategcagesg
tggegetgecagcTCAGACGTTCAATCTTCACTC

GAGTGAAGATTGAACGTCTGAgctgecaccgecace 117 mer

getgecaccgecaccgetgecacegecaccgetgeecaccgeeaceget

gecacegecaccCACATTCATTTCAGTTTITCGG

TTTGGATCCTTACTTCAACCTCGGTGCG 28 mer

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

in small leiters.

[0148] 1-2. PCR

In order to construct a STTH1-TM2 fusion gene, PCR was performed in two steps.

[0149] In the first step of PCR, a plasmid obtained by integrating the SITH-1 gene (ORF)



<400> 5 Met Lys Asp Val Gn Ser Leu Leu Thr Gy Thr Trp Tyr Asp G u Leu
151015 dy Ser Thr Met Asn Leu Thr Ala Asn Lys Asp Ay Ser Lev Thr Ay
202530 Thr Tyr His Ser Asn Val Gy Gu Val Pro Pro Thr Tyr H's Leu Ser
354045 Gy Arg Tyr Asn Leu Gn Pro Pro Ser Ay Gn Gy Val Thr Leu Ay
505560 Trp Ala Val Ser Phe GQu Asn Thr Ser Ala Asn Val H's Ser Val Ser
65707580 Thr Trp Ser Ay Gn Tyr Phe Ser AQu Pro Ala Qu Val Ile Leu Thr
859095 G n Trp Leu Leu Ser Arg Ser Ser-4H-u Arg Qu Asp Leu Trp A n Ser
100105110 Thr His Val Ay H's Asp Qu Phe Ser Lys Thr Lys Pro Thr Lys Gu

T30 igg ii 524 h;iog— Aifto FLAGER pfasdloh ol RIGMA) st ¥s & Rinpite tdRfpityth
SITH-1 region with the primers SITH1 5° EcoRI-F and SITHIC-5xlink-TM2N-R, and a
plasmid obtained by integrating the TM2 gene into vector pTrc99A (W02002/072817) was
used as a template to amplify a TM2 region with the primers SITH1C-5xlink-TM2N-F and
TM2CtermBam.

[0150] PCR was accomplished using a GeneAmp PCR System 9600 (PERKIN ELMERY) in
20 pL reaction solution containing template DNA (500 ng), 10 x ExTaq buffer (2 uL,
TaKaRa), 2.5 mM dNTP (1.6 pL), primers (20 pmoles cach), and 5 U/uL ExTaq (0.1 ul)
under reaction conditions: 96°C for 3 min, (95°C for 1 min, 60°C for 1 min, 72°C for 2 min)
x 20 cycles, and 72°C for 6 min.  As a result, a PCR product of 579 bp was obtained for the
SITH-1 region, while a PCR product of 528 bp was obtained for the TM2 region. These
PCR products were fractionated in a TAE buffer using agarose gel eléctrophoresis. The gel
was cut out for each PCR product, and the products were collected using a QIAEX II gel
extraction kit (QIAGEN). The extraction was performed according to the manual attached
to the kit.
[0151] The two PCR products were used as templates to perform the second step of PCR
using the primers SITH1 5° EcoRI-F and TM2CtermBam. The reaction was accomplished
using a GeneAmp PCR System 9600 (PERKIN ELMER) in 20 @L reaction solution
containing template DNA (500 ng), 10 x Pyrobest buffer (2 pl, TaKaRa), 2.5 mM dNTP
(1.6 pL), primers {20 pmoles each), and 5 U/uL Pyrobest DNA polymerase (0.1 pL) under
reaction conditions: 96°C for 3 min, (95°C for 1 min, 60°C for 1 min, 72°C for 2 min) x
20 cycles, and 72°C for 6 min.  As a result, a PCR product of 990 bp was obtained.
[0152] 1-3. Cloning

The SITH1-TM2 fusion gene obtained by PCR was cloned into vector pCR4Blunt
TOPO (Invitrogen).
[0153] Specifically, first, ligation reaction was performed according to the manual attached
to the vector kit. The DNA was introduced into E. coli TB1 by electroporation, and the

plasmid DNA was extracted in a routine manner (Sambrook et al., 1989, Molecular Cloning,
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Lys Met Gu Leu Thr Ala Asn Lys Asp Gy Thr Leu Thr Gy 202530
tcc aaa gtt ggg gat gtc tac gtg ccc tac cca ctc tctl1l44 Lys Tyr
Val Ay Asp Val Tyr Val Pro TyM2Pro Leu Ser 354045 ggt cgc tat
CCC CcCC gcg gga caa ggc gtc gct ctt gggl92 Ay Arg Tyr Asn Leu

AigoddtdryGhinfal Y2nMakditiingd  Lesth@lanid $r8Phitl theGfrSeBPotldnGndcaGy 40
att cat ‘tcc gct acg aca tgg240 Trp Ala Val Ser Trp Qu Asn Ser
SAFirdt @ whE hnallFed With SHBQHIHSAs (TaKaRa) and an ABI PRISM fluorescent
sequencer (Model 310 Genetic Analyzer, Perkin Elmer) to determine its nucleotide sequence,
which was then confirmed to have no mutation in comparison with the sequence of the
designed gene. The plasmid carrying the fusion gene was double-digested with EcoRI andr
BamH]I, and agarose gel electrophoresis and purification were performed in the same manner
as described above to collect a DNA fragment containing the fusion gene. This fragment
was ligated into E. coli expression vector pTrc99A (Pharmacia), which had been digested
with EcoRI and BamHI, using a Ligation Kit (TaKaRa). In the manner described above, a
vector for SITH1-TM2 fusion protein expression, SITHI-TM2/pTrc99A, was completed.
The ligation product was transformed into E. coli TB1, and the plasmid DNA was extracted
and was further transformed into E. coli BL21. The resulting E. coli colonies were each
used as a template to amplify an insert gene region by PCR with SITH1 5° EcoRI-F and
TM2CtermBam to thereby confirm the presence or absence of the insert gene.
[0154] In the manner described above, a vector SITH1-TM2/pTrc99A for expression of the
fusion protein between SITH1 and TM2 was completed. The nucleotide sequence encoding
SITH1-TM2 in the expression vector SITH1-TM2/pTrc99A is shown in SEQ ID NO: 23, and
the amino acid sequence encoded thereby is shown in SEQ ID NO: 24.
[0155] In the 5° side of SITH1-TM2, two amino acid residues are added downstream of the
translation initiation methionine (nucleotides 4-9 in SEQ ID NO: 23, amino acid residues 2-3
in SEQ ID NO: 24) because the EcoRI site was used for integration into pTrc99A. These
amino acid residues are followed by the SITH-1 sequence (nucleotides 10-483 in SEQ 1D
NO: 23, amino acid residues 4-161 in SEQ ID NO: 24), Sxlinker (nucleotides 484-558 in
SEQ ID NO: 23, amino acid residues 162-186 in SEQ ID NO: 24), and the TM?2 sequence
(excluding Met) (nucleotides 559-981 in SEQ ID NO: 23, amino acid residues 187-326 in
SEQ ID NO: 24).
[0156] 1-4.E. coli expression

E. coli BL.21 carrying SITH1-TM2/pTrc99A was inoculated into LB medium

aag
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agc gga cag ttc ttc tct gag tcg tct cca gtg att ctt act cag tgg288 Ser Gy
G n Phe Phe Ser Qu Ser Ser Pro Val Ile Lev Thr Gn Trp 859095 ttg ttg tca
tcg agc act gcg cgt ggg gac gta tgg gaa tcc aca ctt336 Leu Leu Ser Ser Ser
Thr Ala Arg Gy Asp Val Trp Au Ser Thr Leu 100105110 gtg ggg aat gat tcg
ttt aca aag acg gcg ccg act gag cag cag atc384 Val @y Asn Asp Ser Phe Thr
Lys Thr Ala Pro Thr Qu Gn Gn Ile 115120125 4 130135140 <210> 7 <211>

141 <212> PRT <213> Pl eurotus cornucopidde <400> 7 Met Ser Asp Val G n Ser

Ser Leu Thr Gy Thr Trp Tyr Asn Ju Leu 151015 Asn Ser Lys Met GQu Leu Thr

Ala Asn d‘%ﬁnf)g&ngiﬂing bk aﬁ%oﬁarangﬂié’ﬂ]jn, (final concentration: 100 ng/mlL) and cultured
with shaking at 30°C until the absorbance at OD600 reached 0.5. Then, 1 mM IPTG was
added thereto, and shake culture was performed at 30°C for an additional 5 hr.  The cultured
solution (50 mL) was centrifuged to collect the cells. The cells were suspended in 3 mL of
0.1 M HEPES/KOH (pH 7.4) and then homogenized by ultrasonication. The homogenate
was centrifuged (15000 rpm), and the resulting supernatant was used as an E. coli crude
extract. To confirm the expression of the TM2-fused SITH-1 protein, proteins contained in
each crude extract were fractionated by SDS-PAGE and analyzed by Western blotting.
[0157] For detection of SITH-1, rabbit anti-SITH-1 antibody (i.e., anti-SITH-1 antibody
(antiserum) prepared from rabbits immunized with a purified product of SITH-1 expressed in
E. coli cells) and alkaline phosphatase-labeled anti-rabbit IgG antibody (BIO RAD) were
each diluted 1000-fold and used. The results are shown in Fig. 2. A band of
approximately 35 kDa was detected from the TM2-fused SITH-1-expressing E. coli cells.
This size was substantially equal to the molecular weight (34.8 kDa) of TM2-fused SITH-1.
It should be noted that E. coli crude extracts were also prepared in the same manner as shown
above from E. coli BL.21 carrying pTrc99A or TM2/pT1c99A (Takakura et al., (2009), FEBS
1., 276: 1383-1397) after being cultured in the presence of IPTG.

[0158] Example 2: ELISA detection of anti-SITH-1 antibody in human serum

The TM2-fused SITH-1-expressing E. coli crude extract obtained in Example 1 was
diluted with 0.1 M HEPES/KOH (pH 7.4) into a total soluble protein concentration of 2
mg/mL, 100 uL of which was then added to each well in a biotin plate (manufactured by
Sumitomo Bakelite Co., Ltd.). The plate was allowed to stand at room temperature for 1 hr
to immobilize the TM2-fused SITH-1 protein onto the biotin plate through tamavidin-biotin
binding. Then, each well in the plate was washed with 0.1% Tween 20-containing TBS
buffer (TBST) three times, followed by addition of a 5 ug/mL BSA/TBST solution or 5
ug/mL purified TM2/5 ug/ml. BSA/TBST solution in a volume of 250 nL per well. The
plate was allowed to stand at room temperature for 1 hr to block each well. Then, each well

was washed with TBST three times.



202530 Lys Tyr Leo Ser Lys Val Gy Asp Val Tyr VvVal Pro Tyr Pro Leo Ser
354045 Gy Arg Tyr Asn Leu Gn Pro Pro Ala Gy Gn dy Val Ala Leo Gy
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<210> 8 <211> 5 <212> PRT <213> Artificial Sequence <220> <223> Pepti de

| I nker [0159] Next, human serum (Human Serum pool, Cosmo-Bio, Inc.) was diluted 100-fold
with PBS or with the pTrc99A-carrying E. coli crude extract (5 mg total soluble protein/mL)
or the TM2/pTic99A-carrying E. coli crude extract {5 mg total soluble protein/ml.) prepared
in Example 1-4. To the resulting solution, rabbit anti-SITH-1 antibody (antiserum) was
added in serial dilution to give a volume ratio of 0.002, 0.001, 0.0005, or 0.00025. These
human serum dilutions were added in 100 pL volumes to the plate on which the TM2-fused
SITH-1 was immobilized, followed by incubation at room temperature for 1 hr.
[0160] It is expected that the antibody titer in serum of the rabbit anti-SITH-1 antibody
(antiserum) is about 50 times higher compared to the SITH-1 antibody titer in serum of a
patient with a typical depression (mood disorder). Accordingly, pseudo sample for serum of
a patient with a typical depression can be prepared by mixing 1/50 volume of rabbit
anti-SITH-1 antibody (antiserum) to a commercially available human serum (of a healthy
person). Accordingly, th¢ dilution rates of the antibody as discussed above provide samples
similar to those when serum of depression patients are used after about 10 to 80 folds
dilutions.
[0161] As a control, a biotin plate onto which nothing was bound was categorized into
sections of two types blocking treatment, i.e., a section blocked with only BSA described
above and a section blocked with BSA and TM2. In the section blocked with a solution
containing tamavidin, since a part of the tamavidin in the blocking solution specifically binds
to biotin on the plate, it is believed that the same state as a tamavidin-immobilized plate can
be obtained. Then, human serum was diluted 100-fold with the same PBS solution or the
same pTrc99A-carrying or TM2/pTrc99A-carrying E. coli crude extract (5 mg total soluble
protein/mL) as used above, followed by addition of serially diluted rabbit anti-SITH-1
antibody. The resulting dilutions were added in 100 L volumes to the control plate and
incubated at room temperature for 1 hr.  The rabbit anti-SITH-1 antibody was reacted with
TM2-fused SITH-1 in the human serum, and then the plate was washed with TBST three
times.

{0162] Then, to detect each of the rabbit anti-SITH-1 antibody bound to SITH-1



<400> 8 Ay Ay Ay Ay Ser 15 <210> 9 <211> 5 <212> PRT <213> Artificial
Sequence <220> <223> Peptide linker <400> 9 Ay Ay Ser Ay Ay 15 <210>
10 <211> 5 <212> PRT <213> Artificial Sequence <220> <223> Peptide |inker
<400> 10 Ay Ala Ser Ala dy 15

- 45 -
immobilized on the plate through tamavidin and the human IgG in serum which is presumed
to be bound non-specifically in each well, a mixture of horseradish peroxidase-labeled goat
anti-rabbit IgG antibody and peroxidase-labeled goat anti-human IgG antibody, each of
which was diluted 5000-fold with TBST, was added in a volume of 100 pL per well, and the
plate was left to stand for 1 hr at room temperature. Then, each well was washed with
TBST three times, and peroxidase activity was detected. The activity was measured as

“follows: To each well, SuperSignal ELISA Pico Chemiluminescent Substrate (PIERCE) was
added in a volume of 100 pL and allowed to stand for 5 min at room temperature, followed
by measuring the luminescence intensity with a plate reader Infinite M200 (TECAN).

[0163] It should be noted that the data also include a luminescence intensity value measured
at each concentration of rabbit anti-SITH-1 antibody for the control section sample (i.e., the
section wherein the TM2 plate on which TM2-fused SITH-1 was not immobilized, but which
was blocked with BSA or with both BSA and TM2 and treated with human serum containing
anti-SITH-1 antibody at each concentration). The value of the control section was
subtracted from the luminescence intensity value of each TM2-fused SITH-1-immobilized
section. The resulting value was defined as the detected amount of anti-SITH-1 antibody
contained in the serum.

[0164] Fig. 3 shows the effect of addition of E. coli homogenate extract to serum and the
effect of blocking by TM2 on non-specific binding. In Fig. 3, open squares indicate the
section where serum was diluted with PBS 100 fold, closed circles indicate the section whezre
serum was diluted with an E. coli homogenate extract having only an expression vector 100
fold, and closed triangles indicate the section where serum was diluted with a TM2
expressing E. coli homogenate extract 100 fold. The vertical axis (luminescence) of cach
graph represents the amount of the detected anti-SITH-1 antibody while the lateral axis
represents the dﬂution ratio of the serially diluted anti-SITH-1 antibody.

[0165] Fig. 3-1 shows the results of detection of the anti-SITH-1 antibody amount in serum
without blocking by a biotin-binding protein (TM2), where open squares indicate human

serum diluted with PBS, closed circles indicate human serum diluted with a pTrc99A-
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carrying E. coli crude extract, and closed triangles indicate serum diluted with a
TM2/pTrc99A-carrying E. coli crude extract.
[0166] Fig. 3-2 shows the results of detection of the anti-SITH-1 antibody amount in serum
without blocking by a biotin-binding protein (TM2), where open squares indicate human
serum diluted with PBS, closed circles indicate human serum diluted with a pTrc99A-
carrying E. coli crude extract, and closed triangles indicate serum diluted with a
TM2/pTrc99A-carrying E. coli crude extract.
[0167] Further, the S/N ratio was calculated by the equation shown below to compare the
effects of blocking and each serum dilution.
[0168] S/N ratio = Detected amount of anti-SITH-1 antibody in a section containing
anti-SITH-1 antibody at each concentration/Detected amount of anti-SITH-1 antibody in a
section free from anti-SITH-1 antibody
The equation shows that the detection sensitivity is higher when S/N ratio is larger.
[0169] Table 2 shows the calculated results of S/N ratio in each section.

[0170] [Table 2]

Blocking by BSA
Dilution ratio of anti- PBS pTrc99A/BL21 cell  TM2/pTrc99A/BL21 cell
SITH-1 antibody homogenate extract  homogenate extract
0.002 1.6 3.8 ' 6.0
- 0.001 1.7 3.6 4.7
0.0005 1.5 2.6 1.6
0.00025 1.3 2.2 0.9
0 1.0 1.0 1.0
Blocking by BSA and TM2
Dilution ratio of anti- PBS pTrc99A/BL21 cell  TM2/pTic99A/BL21 cell
SITH-1 antibody homogenate extract  homogenate extract
0.002 1.7 5.0 14.3
0.001 1.6 4.7 14.1
0.0005 1.5 3.6 10.9
0.00025 1.3 2.9 55
0 1.0 1.0 1.0

The S/N ratio in each section is normalized by the value at a dilution ratio of the anti-SITH-1
antibody of 0 (the case where the anti-SITH-1 antibody is not added, S/N=1).
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[0171] The anti-SITH-1 antibody contained in the serum showed non-specific binding in
most of the serum sections diluted with PBS, and a high level of luminescence intensity was
also detected even in the sections free from anti-SITH-1 antibody. In contrast, in the serum
sections diluted with the pTrc99A-carrying E. coli crude extract or with the TM2/pTrc99A-
carrying E. coli crude extract, or in the serum sections diluted with the pTrc99A-carrying E.
coli crude extract, luminescence intensity was significantly low in sections without addition
of the SITH-1 antibody, and non-specific binding was dramatically reduced. The non-
specific binding in the section diluted with the TM2/pTrc39A-carrying E. coli crude extract
was parti;:ularly low (Figs. 3-1 and 3-2). In this case, those blocked with TM2 together with
BSA (BSA+TM2) showed higher quatitativity in antibody detection in, in particular, the low
concentration (dilution ratio: 0.0005 or low) range than those blocked with BSA only (Fig. 3-
2).

[0172] Furthermore, it was revealed that in the section to which the pTrc99A-carrying E.
coli crude extract was added and in the section to which the TM2/pTrc99A-carrying E. coli
crude extract was added, the S/N ratio was increased by blocking the BSA containing TM2 to
allow detection of the anti-SITH-1 antibody with high sensitivity (Table 2). In particular, in
the section to which the TM2/pTrc99A-carrying E. coli crude extract was added, the increase
in §/N ratio was significant.

[0173] These results indicated that non-specific binding originating from the human serum
is reduced by blocking a TM2-fused SITH-1-immobilized plate with a solution containing
TM?2 and diluting human serum with a TM2 expressing E. coli crude extract, thereby
enabling the sensitive, stable, and quantitative detection of anti-SITH-1 antibody even at a
very low concentration.

[0174]' Example 3: ELISA detection of anti-SITH-1 antibody in human serum using

magnetic beads

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

beads on which TM2-fused SITH-1 was immobilized.
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[0175] 3-1. Preparation of TM2-fused SITH-1-immobilized magnetic beads
To 1 mL (30 mg beads/mL) of magnetic beads, Dynabeads M-270 Amine,
(DynalBiotech), 1 mL of 10 mM NHS-Lc-Le-Biotin (PIERCE) was added. By end-over-
end mixing at room temperature for 30 min, biotin was covalently bonded to the magnetic
beads through reaction between amino groups and NHS active ester groups. Then, the
magnetic beads was washed twice with-a 0.1% BSA/0.01% Tween 20/PBS solution, and
finally suspended in PBS buffer. The resulting magnetic beads (30 mg beads/ml. PBS) were
used as biotinylated magnetic beads.
[0176] TM2-fused SITH-1 was expressed in E. coli cells in the same manner as shown in
Example 1-4 above, and the E. coli crude extract thus prepared was diluted with 0.1 M
HEPES/KOH (pH 7.4) to give a total soluble protein concentration of 5 mg/mL, to which the
biotinylated magnetic beads were then added. By end-over-end mixing at room temperature
for 1 hr, TM2-fused SITH-1 was immobilized on the magnetic beads through tamavidin-
biotin binding. Then, the magnetic beads were washed three times with 0.2% Tween
20-containing TBS buffer (TTBS).
[0177] In addition, a crude extract of TM2-expressing E. coli cells (Takakura et al., (2009),
FEBS J, 276: 1383-1397) was diluted with 0.1 M HEPES/KOH (pH 7.4) to give a total
soluble protein concentration of 5 mg/ml, to which the biotinylated magnetic beads were
then added. By end-over-end mixing at room temperature for 1 br, TM?2 was immobilized
through tamavidin-biotin binding.  After washing in the same manner as shown above, the
TM2-immobilized magnetic beads thus completed (30 mg beads/mL PBS) were used for
subtraction of non-specific binding inherent to serum samples.
[0178] 3-2. ELISA analysis using magnetic beads
To commercially available human serum (Human Serom pool, Cosmo-Bio), the
same rabbit anti-SITH-1 antibody as used in Example 2 was added in a 1/50 volume to
prepare SITH-1 antibody-containing human serum. On the other hand, human serum free
from SITH-1 antibody was used as a control.

[0179] The human serum or rabbit SITH-1 antibody-containing human serum was diluted
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Sequenceydeid wik PRSUrWIR the'p TR AN Lion i oBN fressing E. coli crude extract or
the TM2-expressing E. coli crude extract, each of which had been adjusted with 0.1 M
HEPES/KOH (pH 7.4) to give a total soluble protein concentration of 5 mg/mL. To the
resulting solution, BSA was further added at a final concentration of 2% (w/v). In Example
2 described above, human serum was diluted 100-fold and rabbit anti-SITH-1 antibody was
then added at a volume ratio of 0.00025 to 0.002 relative to the diluted serum. However, in
this Example 3-2, rabbit anti-SITH-1 antibody was added in a 1/50 volume (at a volume ratio
of 0.02) to human serum and then diluted 1000-fold. Thus, the dilution factor of the rabbit
SITH-1 antibody is 1/50000, which is the same as that of depression patient’s serum diluted
about 1000-fold.

[0180] To the serum dilutions thus prepared (1 mL each), the TM2-fused SITH-1-
immobilized magnetic beads or the TM2-immobilized magnetic beads were added in 10 pL.
volumes and reacted by end-over-end mixing for 1 hr at room temperature, followed by
washing three times with TBST. Horseradish peroxidase-labeled goat anti-rabbit IgG
antibody (for detection of the rabbit anti-SITH-1 antibody bound to the SITH-1 antigen
immobilized on the magnetic beads) and peroxidase-labeled goat anti-human IgG antibody
(for detection of human IgG bound non-specifically to the magnetic beads) were each diluted
5000-fold with 2% BSA-containing TBST and then mixed. This peroxidase-labeled
secondary antibody mixture was added in 1000 pL volumes to the magnetic beads and mixed
end-over-end for 1 hr at room temperature. Then, the beads were further washed three
times with TBST, and 100 pL of detection reagent (1 step ELISA ultraTMB, PIERCE) was
added and reacted at room temperature for 1 min. One hundred microliter of 2 M sulfuric
acid was added to stop the reaction, and the degree of color development (absorbance at

450 nm wavelength, A450) was measured with a plate reader Infinite M200 (TECAN). The
measurement was performed in duplicate for each treatment section to determine a mean
value.

[0181] For use as data, the A450 value measured for each serum diluent (PBS, the pTrc99A

vector product-expressing E. coli crude extract, or the TM2-expressing E. coli crude extract)



<400> 20 gagt gaagat tgaacgtctg agctgccacc gccaccgctg ccaccgccac
cgctgccacc60 gccaccgctg ccaccgccac cgctgccacc gccacccaca ttcatttcag
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in the TM2-fused SITH-1-immobilized magnetic beads was processed by subtraction of the
A450 value measured for the corresponding serum diluent in the TM2-immobilized magnetic
beads. The results obtained are shown in Table 3.

[0182] [Table 3]

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

Serum diluent A450 S/N ratio

Serum containing SITH-1  Serum free from SITII-1

antibody (S) antibody (N)
PBS 0.64 0.25 2.6
pTrc99A-carrying 0.14 : 0.04 3.5
BL21 crude extract |
TM2/pTtc99A-carrying (.22 0.02 11.0

BL21 crude extract

[0183] As shown in Table 3, the A450 value of SITH-1 antibody in human serum (S) was
highest in the case of using PBS as a serum diluent, while the A450 value in serum free from
SITH-1 antibody (N) was also very high, thus indicating that the S/N ratio (i.e., the ratio of
the degree of color development in human serum containing rabbit anti-SITH-1 antibody to
the degree of color development in serum free from rabbit anti-SITH-1 antibody) was lowest
in PBS.

[0184] In contrast, when the TM2-expressing E. coli crude extract was used as a serum
diluent, the A450 value in serum free from SITH-1 antibody was lowest, and hence
non-specific binding could be greatly suppressed. In addition, the S/N ratio was highest
when the TM2-expressing E. coli crude extract was used as a serum diluent, and the value
thereof was larger than 10. This indicated that in the use of the TM2-fused SITH-1-
immobilized magnetic beads, the addition of the TM2-expressing E. coli crude extract to

human serum leads to a reduction in non-specific binding and high-sensitive detection of
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SITH-1 antibody, the human serum containing rabbit anti-SITH-1 antibody and the human
serum free from rabbit anti-SITH-1 antibody used in this specification can be recognized as
serum of a depression (mood disorder) patient and serum of a healthy person, respectively.
As shown in Table 3 above, the value of depression patient (S) is 0.64, and the value of
healthy person (N) is 0.25 in the case of using PBS as a serum diluent, while the value of
depression patient (S) is 0.22, and the value of healthy person (N) is 0.02 in the case of using
the TM2/pTrc99A-carrying BL.21 crude extract as a serum diluent. It is predicted that in a
large number of clinical samples (serum), some of the sera from healthy persons show high
non-specific binding, and, in contrast, some of the sera from depression patients do not
clearly show a high SITH-1 antibody titer. Accordingly, as a method for detecting these
differences, it is desirable that the non-specific binding (N) be low as much as possible and
that the specific binding (S} can be certainly detected. From these points of view, the S/N
ratio in this example is an effective index for comparing effects of each serum diluent for
example.

[0186] Example 4: ELISA detection of anti-Harpin antibody in human serum using fusion

protein between Harpin and tamavidin

In this Example, a fusion protein between Harpin, which is a protein detived from a
plant pathogenic bacteria (hrpZpss protein, Takakura et al., 2004, Physiol. Mol. Plant Pathol.,
64: 83-89), and tamavidin 2 (TM2) was expressed in E. coli cells and was immobilized on a
biotinylated microplate by tamavidin-biotin binding. The resulting Harpin plate was
blocked with tamavidin 2 and was then reacted with serum (human serum containing a rabbit
anti-Harpin antibody) diluted with each E. coli crude extract. Subsequently, the anti-Harpin
antibody was detected using peroxidase-labeled goat anti-human IgG antibody and
horseradish peroxidase-labeled goat anti-rabbit IgG antibody. The details will be described
below.

[0187] 4-1. Construction of vector for expression of fusion protein of Harpin and tamavidin
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fusion gene, primers for linking Harpin and TM2 genes via a linker (5xlinker:

GGGGSGGGGSGGGGSGGGGSGGGGS) (SEQ ID NO: 18) were designed.  The designed

primers are summarized in Table 4.

[0188] [Table 4]

Table 4. Primers for production of a gene encoding a fusion protein between Harpin and TM2

Primer Name

Sequence

HarpinNtermEcoRI-F

HarpinC-5xlink-TM2N-R

HarpinC-5xlink-TM2N-F

AAA GAA TTC atg cag agt ctc agt ctt aa

GTG AAG ATT GAA CGT CTG Agc tge cac cge cac cgce tge
Cac Cge cac ¢ge tge cac cge cac cge tge cac ¢ge cac ¢ge tge cac
cge cac cGG CTG CAG CCT GAT TGC GGG

CCC GCA ATC AGG CTG CAG CCg gtg gcg gtg gea geg gig
gCg gtg gea geg gig geg gig gea geg gig gog gig gea gog gig geg
gtg gea gcT CAG ACG TTC AAT CTT CAC

[0189] As shown in Table 4, a primer consisting of a DNA sequence encoding a C-terminal

region of Harpin at the 5°-side, a linker at the center, and an N-terminal region of TM2 at the

3’-side (HarpinC-5xlink-TM2N-F, Table 4, SEQ ID NO: 27) and a primer consisting of a

DNA sequence encoding the N-terminal region of TM2 at the 5’-side, the linker atf the center,

and the C-terminal region of Harpin at the 3’-side in the reverse direction (HarpinC-5xlink-

TM2N-R, Table 4, SEQ ID NO: 26) were designed. Furthermore, a primer for the N-

terminal region of Harpin, HarpinNtermEcoRI-F (including EcoRI cleavage sequence at the

5’ end, Table 4, SEQ ID NO: 25) was designed.

[0190] In order to construct a Harpin-TM?2 fusion gene, PCR was performed in two steps.

In the first step of PCR, a Harpin region was amplified with the primers HarpinNtermEcoRI-



195200205 gca aac aaa gac ggt act ctc act gga aag tac ctc tcc aaa gtt
ggg672 Ala Asn Lys Asp Ay Thr Lea Thr Ay Lys Tyr Lea Ser Lys Val Gy
210215220 gat gtc tac gtg ccc tac cca ctc tct ggt cgc tat aac ctc caa
ccc720 Asp Val Tyr Val Pro Tyr Pro Lea Ser Ay Arg Tyr Asn Lea G n Pro
225230235240 ccc gcg gga caa ggc gtc gct ctt ggg tgg gcg gta [cc tgg gag
aac768 Pro Ala Ay Gn Ay Val Ala Lea Ay Trp Ala Val Ser Trp A u Asn
245250255 agt aaa att cat tcc gct acg-&83a tgg agc gga cag ttc ttc tct
gag816 Ser Lys Ile His Ser Ala Thr Thr Trp Ser Ay G n Phe Phe Ser Qu

gcgsos P ERERCSRRITAR i RplashPChRlak) & 4 J0ERR0GE, 4 AR,
27528028p, 6t (4993 89Findhfich 991988 LR (GRA 8 8i998) @atoRalantifdadil t
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aca912 Arg d’y Asp Tr dy Asn Asp Ser Phe Tin
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R Separately, a TM2 region was amplified with the primers HarpinC-5xlink-TM2N-F and
TM2CtermBam using a plasmid obtained by integrating the TM2 gene into vector pTrc99A
(W02002/072817) as a template.

[0191] PCR was accomplished using a GeneAmp PCR System 9600 (PERKIN ELMER) in
20 uL reaction solution containing template DNA (100 ng), 10 x ExTaq buffer (2 uL,
TaKaRa), 2.5 mM dNTP (1.6 uL), primers (20 pmoles each), and 5 U/uL ExTaq (0.1 kL)
under the reaction conditions: 25 cycles of 94°C, 60°C, and 72°C for 30 seceach. Asa
result, a PCR product of about 1 kbp was obtained for the Harpin region, while a PCR
product of about 0.5 kbp was obtained for the TM2 region. These PCR products were
fractionated in a TAE buffer using agarose gel electrophoresis. The gel was cut out for each
PCR product, and the products were collected using a QIAEX H gel extraction kit
(QIAGEN). The extraction was performed according to the manual attached to the kit.
[0192] The two PCR products were used as templates to perform the second step of PCR
using the primers HarpinNtermEcoRI-F and TM2CiermBam. The reaction was
accomplished using a GeneAmp PCR System 9600 (PERKIN ELMERY) in 20 uL reaction
solution containing template DNA (100 ng), 10 x Pyrobest buffer (2 pL, TaKaRa), 2.5 mM
dNTP (1.6 uL), primers (20 pmoles each), and 5 U/uL Pyrobest DNA polymerase (0.1 pL)
under the reaction conditions: (94°C for 30 sec, 60°C for 1 min, 72°C for 1.5 min) x 25
cycles. As aresult, a PCR product of about 1.5 kbp was obtained.

[0193] The Harpin-TM2 fusion gene obtained by PCR was cloned into vector pCR4Blunt
TOPO (Invitrogen). After confirmation of the nucleotide sequence, the plasmid carrying the
fusion gene was double-digested with EcoRI and BamHI, and agarose gel electrophoresis and
purification were performed in the same manner as described above to collect a DNA
fragment containing the fusion gene. This fragment was ligated into E. coli expression

vector pTrc99A (Pharmacia), which had been digested with EcoRI and BamHI, using a



Lys Thr Ala Pro Thr Au Gn Gn lle Ala Hs Ala Gn Lea H's Cys
305310315320 <cgc gca ccg agg ttg aag taa98l1 Arg Ala Pro Arg Leu Lys 325
<210> 24 <211> 326 <212> PRT <213> Artificial Sequence <220> <223> Fusi on
protein SITH 1-TM2 <400> 24 Met Qu Phe Ay Tyr Gu Gu Lys Val Ser A a
Thr Gy Lys Thr Arg 151015 Leu Lys Ile Leu Ala Cys Leu Ile Val Leu Ile Leu
Ala Ala Ala Il e 202530 Thr Met Leu Thr Leu u lle Ile Ser vn G n Lys Arg
Thr Thr Thr 354045 Asp Lou G u Al a Val 5%hr Val Ala Leu Lys H's Val Ser Thr
Ser Leu 505560 Ala Ser Cys Thr GQu Ser Thr Thr Ser Val H's Thr Asp Ser Val
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the nucleotide sequence was confirmed.
[0194] As described above, a vector Harpin-TM2/pTrc99A for expression of the fusion
protein between Harpin and TM2 was completed. The nucleotide sequence encoding
Harpin-TM2 is shown in SEQ ID NO: 30, and the amino acid sequence encoded thereby is
shown in SEQ ID NQO: 31.
[0195] E. coli BL21 (DE3) carrying Harpin-TM2/pTrc99A was inoculated into LB medium
(50 mL) containing an antibiotic, ampicillin, (final concentration: 100 ug/ml.) and cultured
with shaking at 30°C until the absorbance at OD600 reached 0.5. Then, 1 mM IPTG was
added thereto, and shake culture was performed. at 30°C for an additional 5 hr.  The cultured
solution (50 mL) was centrifuged to collect the cells. The cells were suspended in 3 mL of
0.1 M HHEPES/KOH (pH 7.4) and then homogenized by ultrasonication. The homogenate
was centrifuged (15000 rpm), and the resulting supernatant was used as an E. coli crude
extract. To confirm the expression of the TM2-fused Harpin protein, proteins contained in
each crude extract were fractionated by SDS-PAGE and analyzed by Western blotting,
[0196] For detection of Harpin, rabbit anti-Harpin-1 antibody (Takakura et al., 2004,
Physiol. Mol. Plant Pathol., 64: 83-89) and alkaline phosphatase-labeled anti-rabbit IgG
antibody (BIO RAD) were each diluted 1000-fold and used.
[0197] The results are shown in Fig. 4. In the E. coli homogenate extract having only an
expression vector not containing an insert, no specific band was detected (Fig. 4, lane 1). In
contrast, in the TM2-fused Harpin-expressing E. coli, a band migrating at approximately
50 kDa was detected (Fig. 4, lane 2). This size was substantially equal to the molecular
weight (51.4 kDa) of TM2-fused Harpin.
[0198] 4-2. ELISA detection of anti-Harpin antibody in human serum

The TM2-fused Harpin-expressing E. coli crude extract was diluted with 0.1 M
HEPES/KOH (pH 7.4) into a total soluble protein coacentration of 1 mg/ml, 100 pL of
which was then added to each well in a biotin plate (Sumitomo Bakelite Co., Ltd.). The

plate was allowed to stand at room temperature for 1 hr for immobilization of the TM2-fused



Ser Pro Ser Trp Val Gn Ala Leu Thr Thr Ala Ser Gy Ile Ile Leu 100105110
Leu Phe Cys Ile Met Met Ile Phe Ile Thr Cys Ser Trp Thr Thr du 115120125
Lys Asp Thr Qu Lys Ser Qu Val Gn Ser Tyr Ala Ser Ser Val du 130135140
Thr Lou Asp Ser Lou Asn Qu Ala lle Ile Pro Lys Thr Au Met Asn

145150155160 Val Gy Ay Ay Ay Ser Ay Gy Ay Ay Ser Ay Gy Ay dy
Ser 165170175 Ay Ay Ay Ay Ser Ay Ay Ay Ay Ser Ser Asp Val G n Ser
Ser 180185190 Leu Thr @y Thr Trp Tyr -Asn A u Lou Asn Ser Lys Met Qu Leu
Thr 195200205 Ala Asn Lys Asp Ay Thr Leu Thr Ay Lys Tyr Leu Ser Lys Val
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G u Asn @.é%zﬁgc%ﬁslwcontaining TBS buffer (TBST) three times, followed by addition of a 50
ng/mL purified TM2 (W02002/072817)/0.5% BSA/TBST solution in a volume of 250 uL
per well.  The plate was allowed to stand at room temperature for 1 hr to block each well.
Then, each well was washed with TBST three times.
[0199] Next, human serum (Human Serum pool, Cosmo-Bio, Inc.) was diluted 100-fold
with PBS or with the E. coli crude extract (5 mg total soluble protein/mL 0.1 M
HEPES/KOH (pH 7.4)), the pTrc99A vector product-expressing E. coli crude extract (5 mg
total solubie protein/mL 0.1 M HEPES/KOH (pH 7.4)), or the TM2-expressing E. coli crude
extract (5 mg total soluble protein/mL 0.1 M HEPES/KOH (ptl 7.4)).  After addition of 1%
BSA to the resulting solution, rabbit anti-Harpin antibody was added in a volume ratio of
1/500 thereto to prepare anti- Harpin antibody containing serum. Serum free from Harpin
antibody was used as a control.
[0200] These sera (100 uL each) were added to the TM2-fused Harpin-immobilized plate
and were allowed to siand for reaction at room temperature for 1 br, followed by washing
with TBST three times. A horseradish peroxidase-labeled goat anti-rabbit 1gG antibody (for
detection of the rabbit anti-Harpin antibody bound to the Harpin antigen) and a peroxidase-
labeled goat anti-human IgG antibody (for detection of human IgG bound non-specifically to
the wells) were each diluted 5000-fold with 1% BSA-containing TBST and then mixed.
This peroxidase-labeled secondary antibody mixture was added in 100 uL volumes to the
wells. The plate was allowed to stand for a reaction at room temperature for 1 bour. Then,
the plate was further washed with TBST three times, and 100 pL detection reagent (1 step
ELISA ultraTMB, PYERCE) was added and reacted at room temperature for 5 min. One
hundred microliter of 2 M sulfuric acid was added to stop the reaétion, and the degree of
color development (absorbance at 450 nm wavelength, A450) was measured with a plate
reader Infinite M200 (TECAN). The measurement was performed in triplicate for each
treatment section {o determine a mean value. In this example, the concentration of the

antibody was relatively high, and the system was relatively low in non-specific binding,



Ser Lys Ile H's Ser Ala Thr Thr Trp Ser Ay G n Phe Phe Ser A u 260265270
Ser Ser Pro Val Ile Leu Thr Gn Trp Leu Lou Ser Ser Ser Thr Al a 275280285
Arg Ay Asp Val Trp Qu Ser Thr Leu Val @y Asn Asp Ser Phe Thr 290295300
Lys Thr Ala Pro Thr Gu Gn Gn lle Ala Hs Ala Gn Leu Hs Cys 305 310
315 320 Arg Ala Pro Arg Leu Lys 325 <210> 25 <211> 29 <212> DNA <213>
Artificial Sequence <220> <223> priner Harpi nNt er nEcoRI - F <400> 25
aaagaattca tgcagagtct cagtcttaa29 <210%626 <211> 114 <212> DNA <213>
Artificial Sequence <220> <223> prinmer HarpinC 5xlink-TM2N-R <400> 26

0t 9aagat 10, 3968 K] SRSl ACEARE IR SAGFARLORGHAGEAGR ARER il BEEATSASHR

caccgct g€c accgccaccg ctgccaccgc caccggct gc agcctg
immobilized was unnecessary.

[0201] Table 5 shows the results.
[0202] [Table 5]

Table 5. Effect of serum dituents on Harpin antibody detection in human serum

Serum diluent A450 S/N ratio

Serum containing Harpin ~ Serum free from Harpin

antibody (S) antibody (N)
PBS ' 2.26 0.23 9.7
E. coli (BL21) crude 213 0.19 11.3
extract
pTrc99A-carrying ~ 2.03 0.15 13.4
BL21 crude extract

TM2/pTrc99A-carrying 2.16 0.12 16.8

B121 crude extract

{0203] As shown in Table 5, the A450 values (S) of Harpin antibody in human serum did
not differ significantly among the serum diluents, whereas the values (N) in serum free from
Harpin antibody as the control decreased in the order of the TM2/pTrc99A-carrying BL21
crude extract, the pTrc99A-carrying BL21 crude extract, the E. coli (BL.21) crude extract, and
PBS. This indicates that the TM2/pTrc99A-carrying BL21 crude extract could suppress
non-specific binding in the highest degree. Regarding the S/N ratio (i.e., the degree of color
development in human serum containing rabbit anti-Harpin antibody/the degree of color
development in serum free from rabbit anti-Harpin antibody), the case of using the tamavidin
2-expressing E. coli extract (TM2/pTrc99A-carrying BL21 crude extract) as the serum
diluent showed the highest value.

[0204] These results indicated that the dilution of human serum with an E. coli extract that



<210> 27 <211> 114 <212> DNA <213> Artificial Sequence <220> <223> pri ner
Har pi nC- 5xl i nk- TMN- F <400> 27 cccgcaat ca ggctgcagcc ggtggcggtg gcagcggt gg
cggtggcagc ggtggcggt g60 gcagcggtgg cggtggcagc ggtggcggtg gcagcet caga
cgttcaatct tcaclld <210> 28 <211> 1029 <212> DNA <213> Pseudononas
Syringae <220> <221> CDS <222>(1)..(1029) <400> 28 atg cag agt ctc agt ctt
aac agc agc tcg ctg caa acc ccg gca atg48 Met G n Ser Leu Ser Leu Asn Ser
Ser Ser Lay G n Thr Pro Ala Met 151015 57 -

has expressed tamavidin 2 suppresses non-specific binding to provide high-sensitive
detection.

SEQUENCE LISTING FREE TEXT

[0205] SEQ ID NO: 1: amino acid sequence of SITH-1

[0206] SEQ ID NO: 2: nucl_eotide sequence of SITH-1 ORF

[0207] SEQ ID NO: 3: nucleotide sequence of SITH-1 cDNA
[0208] SEQ ID NO: 4: nucleotide sequence of tamavidin 1
[0209] SEQ ID NO: 5: amino acid sequence of tamavidin 1
{0211} SEQ ID NO:

: amino acid sequence of tamavidin 2

[0212] SEQ ID NO:

3
4
5
[02101 SEQ ID NO: 6: nucleotide sequence of tamavidin 2
7
8: example of linker sequence
9

[0213] SEQ ID NO: 9: example of linker sequence

[0214] SEQ ID NO: 10: example of linker sequence

[0215] SEQ ID NO: 11: example of linker sequence

[0216] SEQ ID NO: 12: example of linker sequence

[0217] SEQ ID NO: 13: example of linker sequence

[0218] SEQ ID NO: 14: example of linker sequence

[0219] SEQ ID NO: 15: example of linker sequence

[06220] SEQ ID NO: 16: example of linker sequence

[0221] SEQ ID NO: 17: example of linker sequence

[0222] SEQ ID NO: 18: example of linker sequence (used in Example})

[0223] SEQ ID NO: 19: nucleotide sequence of primer SITH1C-5xlink-TM2N-F
[0224] SEQ ID NO: 20: nucleotide sequence of primer SITH1C-5xlink-TM2N-R
[0225] SEQ ID NO: 21: nucleotide sequence of primer SITH1 5° EcoRI-F
[0226] SEQ ID NO: 22: nucleotide sequence of primer TM2CtermBam

[0227] SEQ ID NO: 23: nucleotide sequence of SITH-1-TM2

[0228] SEQ ID NO: 24: amino acid sequence of SITH-1-TM2

[0229] SEQ ID NO: 25: nucleotide sequence of primer HarpinNtermEcoRI-F



gcc ctt gtc ctg gta cgt cct gaa acc gag acg act ggc gcc agt acg96 Ala Leu

Val Leu Val Arg Pro Qu Thr Au Thr Thr Ay Ala Ser Thr 202530 tcg agc
gcg ctt cag gaa gtt gtc gtg aag ctg gcc gag gaa ctgldd Ser Ser Lys Ala
Gn Gu Val val Vval Lys Lev Ala Au G u Leu 354045 atg cgc aat ggt caa
gac gac agc tcg cca ttg ggc aaa ctg ctgl92 Met Arg Asn Ay G n Lev Asp
Ser Ser Pro Leu Ay Lys Leu Lay 505560 gcc aag tcg atg gcc gcg gat ggc
gca ggc ggc ggt atc gag gat240 Ala Lyss58r Met Ala Ala Asp Ay Lys Ala

aag
Leu
ctc
Asp
aag
Ay

Gy dy Ille d 65707580 gtc atc gct gcg ctg gac aag ctg att cat gaa

aag ct g %g(}ga@aggﬁzl@é ﬁ/ﬁalnuc egtn@ %qﬁ‘élﬁe Io? rléﬁp}ﬂaﬁﬁndf‘%ghﬁﬁ Q‘l\/ﬂﬁ RGI u Lys

ttc ggc ¢gcg gcg ga aac ¢g ggt acc gga cag
gac Ct 3 EOMDAB: S MueBtdSRqfSHRe Dk Brinkt ARk rMINLFA N Asp

10010511 at act cag gtg ctc agt dgc ctg gcc aag tct atg ctc gat gat
ct 1384 Megb3ThrsihNDVRO: 28 husRbtidd sql:&ite O Makif g0 (V) Lev Asp Asp Leu
[0233] SEQ ID NO: 29: amino acid sequence encoded by Harpin gene (ORF)
[0234] SEQ ID NO: 30: nucleotide sequence of Harpin-TM2

[0235] SEQ ID NO: 31: amino acid sequence of Harpin-TM2

Leu
cag
Leu



115120125 ctg acc aag cag gat ggc ggg gca agc ttc tcc gaa gac gat atg
ccg432 Leu Thr Lys Gn Asp Ay Gy Ala Ser Phe Ser Qu Asp Asp Met Pro
130135140 atg ctg aac aag atc gcg cag ttc atg gat gac aat ccc gca cag
ttt480 Met Lay Asn Lys Ile Ala G n Phe Met Asp Asp Asn Pro Ala G n Phe
145150155160 ccc aag ccg gac tcg ggt tcc tgg gtg aac gaa ctc aag gaa gac
aac528 Pro Lys Pro Asp Ser Ay Ser Trp Val Asn Qu Leu Lys Qu Asp Asn
165170175 ttc ctt gat ggc gac gaa acg -¢gét- gcg ttc cgc tcg gca ctc gac
atc576 Phe Leu Asp Ay Asp Gu Thr Ala Ala Phe Arg Ser Ala Leu Asp Ile
180185190 10 Ile Gy Gn Gn Leo AyyAgisGn Gn Ser Gy Ala Gy Gy Leu
Al a 195200205 ggg acg ggt gga ggt ctg ggc act ccg age agt ttt tct aac aac
tcg672 Ay Thr Ay Ay Gy Leu Ay Thr Pro Ser Ser Phe Ser Asn Asn Ser
210215220

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

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

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

3) mixing

(a) a biological sample, and

(b-i) a cell homogenafe extract prepared from cells of the same species as the host
cells used for expressing the fusion protein in step 1), and a biotin-binding protein, or

(b-ii) a cell homogenate extract prepared from cells of the same species as the host
cells used for expressing the fusion protein in step 1), and genetically engineered to express a
biotin-binding protein,
and adding the mixture to the fusion protein-bound carrier produced in step 2); and

4) detecting a substance that has bound to the protein that specifically binds to a
substance to be detected in the fusion protein.

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

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

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

3) putting a biotin-binding protein into contact with the fusion protein-bound carrier
produced in step 2) to block the carrier;

4) after the blocking step in step 3), adding a biological sample to the fusion protein-

bound carrier; and
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8tg (a aa n@odafoe 4008 asubsanéd in d bielodical shhipld, ediidieconyfaisesSer Thr
Gn y Thr
1) providing a carrier on which biotin is bound and providing a fusion protein

between a protein that specifically binds to a substance to be detected and a biotin-binding

protein;

2) binding the fusion protein to the carrier provided in step 1) through binding

between biotin and the biotin-binding protein to produce a fusion protein-bound carrier;

3) putting a biotin-binding protein into contact with the fusion protein-bound carrier

produced in step 2) to block the carrier;

4) after the blocking step in step 3), mixing

(a) a biological sample, and

(b-1) a cell homogenate extract prepared from cells of the same species as the host

cells used for expressing the fusion protein in step 1), and a biotin-binding protein, or

(b-ii) a cell homogenate extract prepared from cells of the same species as the host

cells used for expressing the fusion protein in step 1), and genetically engineered to express a

biotin-binding protein,

and adding the mixture to the fusion protein-bound carrier; and

5) detecting a substance to be detected that has bound to the protein that specifically

binds to the substance in the fusion protein.

4.

The method according to claim 1 or 3, wherein step 3(b-i) in claim 1 or step 4(b-i) in

claim 3 comprises adding a cell homogenate extract extracted from cells comprising any

vector, as the cell homogenate extract.

5.

protein is tamavidin or a variant thereof.

6.

The method according to any one of claims 1 to 4, wherein the biotin-binding

The method according to any one of claims 1 to 5, wherein the biological sample is

selected from the group consisting of blood, serum, cerebrospinal fluid, saliva, sweat, urine,

tear, lymph fluid, and mother’s milk.



325330335 cgc aat cag get gca gee tgal029 Arg Asn G n Ala Ala Ala 340
<210> 29 <211> 342 <212> PRT <213> Pseudononas syringae <400> 29 Met G n
Leo Ser Leu Asn Ser Ser Ser Leo Gn Thr Pro Ala Met 151015 Ala Leo Val

Ser
Leo
Leo
Leo
Asp
Asp
Asn
Ay

Val Arg Pro u Thr Qu Thr Thr Gy Ala Ser Thr 202530 Ser Ser

Lys Al a

Gn du Val Val Vval Lys Leu Ala GQu GQu Leo 354045 Met Arg Asn Ay G n
Asp Asp Ser Ser Pro Leu Gy Lys Leu Leo 505560 Ala Lys Ser Met Ala Ala
Gy Lys Aa Gy Gy Gy Ile Gu Aspl-65 70 75 80 Val Ile Ala Ala Leo

Lys Leo Ile His Qu Lys Leo Gy Asp Asn 859095 Phe Ay Ala Ser Ala Asp

Al aSer Gy JhEr o MeiSingd dhibdeRcd- R Hi@@)%%ﬂéhﬁlp’l@ﬁﬂh-ﬁ’din Gn Val
Leu Ala Lys Ser Met Leu Asp Asp Leo 115120125

a fusion protein between a protein that specifically binds to a substance to be

Leo Ser

detected and a biotin-binding protein is bound to a carrier by binding between biotin and the

biotin-binding protein, wherein
the fusion protein is bound to the carrier by a method comprising:

1) providing a carrier on which biotin is bound and providing a fusion protein

between a protein that specifically binds to a substance to be detected and a biotin-binding

protein;

2) binding the fusion protein to the carrier provided in step 1) through binding

between biotin and the biotin-binding protein to produce a fusion protein-bound carrier; and

3) putting a biotin-binding protein into contact with the fusion protein-bound carrier

produced in step 2) to block the carrier.

8. AKit for detecting a substance in a biological sample, which comprises:

A) a carrier on which a fusion protein between a protein that specifically binds to a

substance to be detected and a biotin-binding protein is bound by binding between biotin and

the biotin-binding protein; and

an agent for diluting a biological sample, comprising

B-i) a cell homogenate extract prepared from cells of the same species as the host

cells used for expressing the fusion protein in step A), and a biotin-binding protein, or

B-ii) a cell homogenate extract prepared from cells of the same species as the host

cells used for expressing the fusion protein in step A), and genetically engineered to express a

biotin-binding protein; and/or

C) a blocking agent containing a biotin-binding protcin.



Leu

Thr Lys G n Asp Gy Gy Ala Ser Phe Ser A u Asp Asp Met Pro 130135140

‘Met: Leo Asn Lys Ile Ala G n Phe Met Asp Asp Asn Pro Ala @ n Phe
©145150155160 Pro Lys Pro Asp Ser Ay Ser Trp Val Asn Qu Leo Lys G u Asp

Asn
Ile
Al a
Ser
Asp
Leo
Ay

165170175 Phe Leu Asp Ay Asp Gu Thr Ala Ala Phe Arg Ser Ala Leo Asp
180185190 Ile Ay Gn Gn Leo Ay,M1 Gn Gn Ser Ay Ala Gy Gy Leo
ﬁ?&ﬁg@gﬂ%m@y Thlr Ay Ay Ay Leo Ay Thr Pro Ser Ser Phe Ser Asn Asn

220 Ser Val Thr Ay Asp Pro Leo Ile Asp Ala Asn Thr Ay Pro Ay
%é%zéﬁﬁ?gﬁéﬁg éﬁ‘?yufﬁ"ymﬁsn Ser Ser Ay Qu Ala dy Gn Leo Iledy du

i JHL 245380255 Aop Arg Gy Leu G Ser Val Leu Ala Gy Gy Gy Leu

<{130> FA0382-09154

<160y 31

{170> Patentin version 3.1

210> 1

<211> 159

{212> PRT

{213> Human herpesvirus 6

400> 1

Met Gly Tyr Glu Glu Lys Val Ser Ala Thr Gly Lys Thr Arg Leu Lys

1 5 10 15

[le Leu Ala Cys Leu ile Val Leu lle Leu Aia Ala Ala ile Thr Met

20 25 30

Lew Thr Leu Glu Ile 1le Ser Asn GIn Lys Arg Thr Thr Thr Asp Leu

35 40 ‘ 45

Glu Ala Val Thr Val Ala Leu Lys His Val Ser Thr Ser leu Ala Ser
50 25 60

Cys Thr Glu Ser Thr Thr Ser Val His Thr Asp Ser Val Thr Ser Gin
65 70 75 80

Pro Thr Lys Asn Lys Glu Ser Arg Lys Lys Ile Glu Gly Lys Ser Pro
85 - a0 95
Ser Trp Val GIn Ala Leu Thr Thr Ala Ser Gly lle |le Leu Leu Phe
100 105 110

Cys !le Met Met 1le Phe llie Thr Cys Ser Trp Thr Thr Glu Lys Asp
115 120 125

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

130 135 140
Asp Ser Leu Asn Glu Ala Ile Ile Pro Lys Thr Glu Met Asn Val
145 150 155
{210y 2
{211> 480
{212> DNA
<213> Human herpesvirus 6
400> 2
atgeggatatg aagaaaaagt gtcagctact ggasagacic gtttaaagat actggeatgt 60

ctgatcgitt taatactage tgeggcaata actatgtiaa cgotggaaat tatafcgaac 120
caaaaacgta ccactactga tctcgaaget gtgacigtee cgetgaagea tgtaageaca 180
tctettgoca getgcactga atccactact tcigtacata ccgattetgt gacgagcecaa 240
cccacgaaaa acaaagaatc gaggaaaaaa attgaaggga aatciccaag ttggettcag 300
gctttaacta cagcatctgg aattatecta ctgtttigta taatgatgatl attcattaca 360
tgttectgega ccacagaaaa agatacagag aagagigaag tgeaatctfa fgettcttca 420
gtagagactt tapactcitt aaatgagegcet attataccga aaactgaaat gaatgigtas 480

{210y 3

211> 1795

€212> DNA

213> Human herpesvirus 6

{400> 3

aggctcetget ggagectcty ctggaggect tgotgaagee tctgotggag gecetgctgg 60
aggtcttgct ggaggetety ciggagecte tgotgpagec tctgetggag getotgetas 120
aggctotget geaggotetg ctggaggete tgtcagagac ctcogetgaaa gtittactcea 180



Val Asn Thr Pro Gn Thr Ay Thr Ala Ala Asn Ay Ay Gn Ser Al a 275280285
Gn Asp Leu Asp Gn Leu Leu Ay Gy Leu Leu Leu Lys Ay Leu 3 u 290295300
“Ala Thr Leu Lys Asp Ala Ay Gn Thr Ala Thr Asp Val G n Ser Ser
305310315320 Ala Ala Gn Ile Ala Thr Leu Leu Val Ser Thr Leu Leu Gn Qy
Thr 325330335 Arg Asn G n Ala Ala Ala 340 <210> 30 <211>

1524, A | g3> DNA encodi ng fusion
pr ot g&l%éjgi%gﬂ’ mgnjﬁg 3&%‘{9 &&&ﬁ%ﬁ%ﬂgg&%&% f%tu nker (1027- 1181) -

Ta ot gite: g@gﬁi'-t%‘%c&ttg“@{?%ﬁfﬁ a;'%gi‘ii g c Hft ctt aac agc agc tcg

C a
Cﬁs Gf3td2 tigC e Ei atcacttcta atggagtatc tggatacatt 480
ttttctacat ctttticatc ccctecaaca tggatctgtg cagegttaat aagccagegg 540
agttaattaa atcgtcticc atgttagaca ghttcctpttt catggeagee ttcactgatg 600
caccaatact ttggatgeaa gtgccaacgg acteagetag gatgtaazag sagatattict 660
aattitgaat tcttcagatg ctecttcitc cacattactg gaatapgaca cattcttgea 720
agcgatgicg ttgmaagact ctpggatgaa aagatcacag geticcagtt ctggaaaaag 780
caggetttea aaggacacat cacacttgag actctcttce aatatttctt tgatggatic 840
ttccaccact gegatcggpat ggtagetata tatactatat aaggagatta ccaccaccac 900
ctctttcttt geagagatta ttctctgctt gaaaatctet aacactgatc atgatgadat 960
atgaagaaaa agtptcagct actpgaaaga cicgtitaaa gataciggea tgtctgatcg 1020
ttttaatact agctgcggea ataactatpt taacgctgga aattatatcg aaccaaaaac 1080
gtaccactac tgatcicgaa getgtgacty tggcgcteaa goatgtaage acatciettg - 1140
ccagctgcac tgaatccact acttetgiac ataccgattc tgtgacgage caacccacga 1200
aaaacaaaga aicpaggaaa aaaattgaag geaaatctce aagttgegtt caggetitaa 1260
ctacagcate tggaattatc ctactgtttt gtataatgat gataticatt acatgiccct 1320
ggaccacaga aaaagataca gagaagagtg aagtgcaatc ttatgctect tcagtagaga 1380
ctitagaccc tttaaatgag getattatac cgaaasactga aatgaatgig taatgtctgt 1440
atttttcttt acagagatet acgeagagtt tatatttggg gaaaatacct gactgttctg 1500
cctatatgeg aatgttaaag tatglataat ataaattctt accttitaag agtgaticaa 1560
) pgtpeapptt totitggaga tigattccag gtegtggitt cgestecaat caatetitct 1620
I3 tctgggopgg aagaszaafcc agcaatccaa taatigatgg gatgtaateca atgtcacaaa 1680
- tctgtazagat taaatgtgaa cagtataaat tctttcglac ttatcaaatt acaattatge 1740
gcatgaaaat atcattaaat tgttttaaac attctiaaaa azaazaazaas aazaa 1795

210> 4

Q11> 432

212> DNA

{213> Pleurotus cornucopiae

{220
{221> CDS
222> (.. (432)

400> 4
atg aaa gac gtc caa tet ctc ctc acc gga acc tgg tac aat gaa cic 48
Met Lys Asp Val Gin Ser Leu Leu Thr Gly Thr Trp Tyr Asn Glu Leu

1 5 10 15

ggc tca aca atg aat ttg act gca aat aaa gac ggt tcg cic acc gga 96
Gfy Ser Thr Met Asn Leu Thr Ala Asn Lys Asp Giy Ser Leu Thr Gly
20 25 30

acg tac cac tcc aac gtc gec gag gttt ccc cca act tat cac ctt tct 144
Thr Tyr His Ser Asn Val Gly Glu Val Pro Pro Thr Tyr His Leu Ser
15 40 . 45

gpc cgg tac aac ctc cag ccc ccc tcg get caa gec ght act ctg gga 192
Gly Arg Tvr Asn Leu Glin Pro Pro Ser Gly Gin Gly Val Thr Leu Gly
50 a5 60

tge gcg gtg tct tte gaa aac act agt gecg aat gttt cat tct gtc tca = 240
Trp Ata Val Ser Phe Glu Asn Thr Ser Ala Asn Val His Ser Val Ser
65 70 i5 80

aca tge agc geg cag tac ttc tet gaa ccc goc gag gtg atc cte ace 288
Thr Trp Ser Gly GIn Tyr Phe Ser Glu Pro Ala Glu Val tle Leu Thr
85 90 95

cag tgg ctg tig tca age age tct gag cge gaa gat tig tgg cag tcc 336
Gin Trp Leu Leu Ser Arg Ser Ser Glu Arg Glu Asp Leu Trp Gin Ser
100 105 110

acc cat gtg ggg cat gat gag ttc age aag aca aag c¢ca acc aag gag 354
Thr His Val Gly His Asp Glu Phe Ser Lys Thr Lys Pro Thr Lys Glu
115 120 12%

aag att gce cag get caa cte ckt cgt cge ggg tteg aag tic gag tga 432

Lys fle Ala Gln Ala Gin Leu Leu Arg Arg Gly Leu Lys Phe Glu
130 135 140

210> 4



Met G n

ctt- gtc
~Leu Val
ctt cag
d u Vval

gac gf;

Ser
ctg
Arg
gaa

Val

Ser gno

19
lrEru

Leu Ser

Leu
gta cgt cct
Pro A u Thr
gtt gtc gig
Val
cca ttg ggc
Gy Lys Leu

Lys Leu

Asn Ser
gaa acc
A u Thr
aag ctg
Ala Qu
aaa ctg

Leu

Ser
gag
Thr
gcc
du

Ser
acg
Ay
gag
Leu

Leu Gn Thr Pro Ala Met 151015 gcc
act ggc gcc agt acg96 Ala Leu Val

Ala Ser Thr
gaa ctgl44 Ser
354045 atg cgc eat ggt caa

202530 tcg agc
Lys Al a

aag
Leu
ctc

ctngﬁ Met Arg Asn Ay G n Leu Asp Asp

_ 505560 gcc aag tcg atg gcc gcg gat ggc
ggc e ghuroascogagrigat 240 Ala Lys Ser Met Ala Ala Asp Gy Lys Ala

aag
Ay

gcg
Gn
gac
Ser
gca
Ay

Ay b & u Asp 65707580 gtc atc gct gcg ctg gac aag ctg att cat gaa aag

ctg tLyg&so Valatl288r Mallel Mg Ak AhrAlra Tiredsn ASpldiys Leu Ile Hs Qu Lys Leu Ay
ftc ggc gcg
ct 9386 sBher Gy ashlLau BeraiAha
100105110 2b

Thr Tyr His Ser Asn Val Gly Glu
35 40

Asp

Gly
Trp

65
Thr

GEn

Thr

Arg Tyr
50

Ala

Trp

Trp

His

Val

Ser

Leu

Val
115

Lys Ile Ala

130

210>
1
212>
1

<220,
L2215
222>

400>

atg
Met
1

aac
Asn

aag
Lys

teg
Trp
65

age

Ser

itg
Leu

gct
Ala

tca
Ser

icc
Ser

tac
Tyr

t cge

Arg
50

gcg
Ala

tig
Leu

BEE
Gly

cat
His

]
426
DHA

Pleurofus cornucopiae

€D3

n 859095

20

Asn
Ser
Gly
Leu
100

Gly

Gln

Leu

Phe

Gin

85

Ser

His

Ala

(1)..(426)

b
gac
Asp

aag
Lys

ctc
Leu
35

tat
Tyr

gta
Val

a cag

Gln

fca
Ser

aat
Asn
115

get
Ala

git
Val

atg
Met
20

tce
Ser

aac
Asn

tee
Ser

tic
Phe

tcg
Ser
100

gat
Asp

caa
Gln

caa
Gin
5

gaa
Glu

aaa
Lys

cte
Leu

teg
Trp

ttc
Phe
85

age
Ser

teg
Ser

cte
Leu

Gln Pro Pro

55

Glu Asn Thr

70

Tyr

Phe

Arg Ser

Asp

Gln

tct
Ser

ttg
Leu

gtt
Val

caa
Gln

gag
Glu
70

tct
Ser

act
Thr

Ett
Phe

cat
His

Glu

Leu
135

tca
Ser

act
Thr

Gly

cce
Pro
55

aac
Asn

gag
Glu

ECE
Ala

aca
Thr

tgt
Cys

Ser
Ser
Phe

120

Leu

cic
Leu

gea
Ala

gat
Asp
40

cce
Pro

agt
Ser

tcg
Ser

cgt
Arg

aag
Lys
120

cge
Arg

Val

Ser

Ser

Glu

Glu

105

Ser

Arg

ace
Thr

aac
Asn
25

gic
Val

gcg gga

Ala

aaa
Lys

tct
Ser

14424
105

acg
Thr

gca
Ala

t'8t gcg gac ad

1As pspAs R sAl iaggSerrﬁsGy Thr Ay Gn Gn Asp Leu

Pro Pro Thr Tyr

Gly Gin
Ala Asn
75

Pro Ala
S0

Arg Glu

Lys Thr

Arg Gly

gga acc
Gly Thr
10

aaa gac
Lys Asp

tac
Tyr

- m
R

caa
Giy GiIn

att cat
|le His
75

cca gtg
Pro Val
30

gac gta
Asp Val

gCE CCg
Ala Pro

CCE agg
Pro Arg

Gly
&0

Val

Glu

Asp

Lys

Leu
140

tgg
Trp

gat
Gly

cce
Pro

gBC
Gly
60

tce
Ser

att
fle

igg
Trp

act
Thr

ttg
teu

45
Val

His

Val

Leu

Pro
i2h

Lys

tac
Tyr

act
Thr

tac
Tyr
45

gic
Val

get
Ala

ctt
Lau

gaa
Glu

gag
Glu
125

aag
Lys

His

Thr

Ser

lle

Trp
110

Thr

Phe

aat
Asn

cte
lLeu
10

cca
Pra

get
Ala

acg
Thr

act
Thr

fcc
Ser
110

cag
Gin

taa

Leu Ser
feu Gly
Val Ser

80

Leu Thr
95

Gln Ser

Lys Glu

Glu

gaa ctc
Glu Leu
15

act gga
Thr Gly

cic tct
Leu Ser

ctt gee
Leu Gly

aca tgg
Thr Frp
30

cag igg
Glr Trp
95

aca ctt
Thr Leu

cag ate
Gln lle

48

96

144

192

240

288

336

384

426

gcc tcg ggt acc gga cag cag gac



atg
Gn
~aag

atc
Gn
ggt
Trp
gct
Phe
agt
Al a

act cag
Val Leu
cag gat
Ay Gy
gcg cag
Phg Vet
tcc tgg

&@@ HMC

G Ty

@y @y
1

Asn Ser Lys

Leu
35

Lys Tyr

Gly Arg Tyr

50
Val

Trp Ala

65
Gly

Ser Glin

Leu Leu Ser

Val Gly Asn

115

Ala His
130

210> 8
211> 5
{212 PRT
219

220>
223>

<400> 8

Ala

gig
Ser

ggc
Al a

tic
Asp

gtg
Au
cgc

20

Ser
Asn
Ser

Phe

Lys

Leu

Trp

Phe

ctc
Ay
999

agt
Leu
gca
Ser Phe
atg gat
ASpifsn
aac gaa
Leu Lys
tcg gca

ggc
Al a

agc
Ser
gac
Pro
ctc
du
ctc
I'le

ctg
Lys
ttc
Au
aat
Al a
aag
Asp
gac

gcc
Ser
tcc
Asp
ccc
Gn
gaa
Asn

aag
Met
gaa
Asp Met Pro 130135140 atg ctg aac aag

Phe

gac
165170175 tic ctt gat ggc gac gaa acg

tct atg ctc gat gat ctt384 Met Thr
Leu Asp Asp Leu 115120125 ctg acc
gac gat atg ccg432 Leu Thr Lys Gn

cag ttt480 Met Leu Asn Lys Ile Ala
145150155160 ccc aag ccg gac tcg
aac528 Pro Lys Pro Asp Ser Ay Ser

atc576 Phe Leu Asp Ay Asp Qu Thr Ala Ala

180185190 att ggc cag caa ctg ggt aat cag cag

Asp
°§"{jﬁ°°‘é‘fg gcg624 Ile Ay Gn Gn Leu Ay Asn Gn Gn Ser dy
Leu Ala 12 195200205

5

Val
Gin
55

Glu
70

Ser

85

Ser
100

Asp

Gin

Ser

Ser

Leu H

Thr

Phe

135

Artificial Sequence

Peptide linker

Gly Gly Gly Gly Ser
1 5

210> 9
211> 5
{212> PRT
213>

{220)
{223)

<4007
1
{2105 10
Q211> 5
<212y PRT
{2130

{2203
{223

<400> 10

Artificial Sequence
Peptide |inker

9 .
Giy Gly Ser Gly Gly
5

Artificial Sequence

Peptide linker

Gly Ata Ser Ala Gly

i

210> 11
Q211> 5
212> PRT

5

€213> Artificial Seguence

Gly Asp Val
40

Pro Pro Ala

Asn Ser Lys

Glu Ser Ser

Ala Arg Gly

Thr Lys Thr

128
s Cys Arg Ala

Met Glu Leu Thr Ala Asn Lys Asp Gly
25

Gly

I1e

Pro
90

Asp
105

Ala

Pro

Tyr Val Pro

Gin Gly

His Ser
75

Val lle

Yal Trp

Pro Thr

Arg Leu

Thr
Tyr
45

Val
60

Ala
Leu
Glu
Glu

125

Lys
140

Leu

30

Pro

Ala

Thr

Fhr

Ser

110
Gin

Met Ser Asp Val Gin Ser Ser Leu Thr Gly Thr Trp Tyr Asn Glu Leu
10

15
Thr Gly

Leu Ser

Leu Giy

Thr Trp

80

Gin
g5

Trp
Thr Leu

Gin e



acg ggt gga ggt

@y Ay Leu Ay

ggt gat ccg ctg
Pro Leu Ile Asp

agt ggt gag gcg

GQu Ala dy Gn
@ ttg gee ggt
2R & d@l'“k@ly

ge¢ g¢g aat ggc
PgrbeGhYy A §12G n
ctg etc aag ’ggc

{220
223> Peptide linker

400> 12
Gly Ser Gly Ser Ala
1 5

10> 13
211> 6
<212» PRT

ctg
Thr
ate
Al a

ggg
Leu

ggt
Leu

gga
Ser
ctt

{213> Artificial Seguence

{220>
£223> Peptide linker

£400>
Gly Gly Gly Giy Ser Gly
1 5 &

210> 14
211 7
{212> PRT

{213> Artificial Seguence

{220
(223> Peptide linker

<4007 14

Gly Gly Gly Ser Gly Gly Ser
1 5

210> 15
{211 8
{212y PRT

7

{213> Artificial Sequence

{220
{223> Peptide linker

{400> 15

Gly Gly Ser Giy Gly Gly Gly Ser
1 LS §

210> 16
Q11 9
{212> PRT

{213> Artificial Sequence

220>
223> Peptide linker

400> 18
1

L2100 17
211y 15
{212y PRT

{213> Artificial Seqguence

{220
223> Peptide tinker

ggc act
Pro Ser
gac gcc
Asn Thr
caa ctg
lle Ay
gga ctg
Ay Thr
cag tee

Ala Ala Ala Ala Gly Ser Gly Ala Ala
5 9

ccg age
Ser Phe
aat ace
Gy Pro
ate ggc
Au Leu
ggc aca

agt ttt tel aac aac leg672 Ay Thr
Ser Asn Asn Ser 210215220 tee gtg
ggt ccc ggt gac720 Ser Val Thr Gy
Gy Asp 225230235240 age ggc aat

gag ctt ate768 Ser Ay Asn Ser Ser
Il e 245250255 gac cgt ggc ctg caa
ccc816 Asp Arg Ay Leu G n Ser Val

Pro 260265270 gta aac ace ccg cag ace ggt

get 864 Val Asn Thr Pro Gn Thr Ay Thr A a

Al a 275280285 cag gat ctt gac cag ttg ctg ggc ggc

gaa912 G n Asp Leu Asp G n Leu Lay Ay Ay Leu Lay

® Gy Leu G u 290295300 gcg acg etc aag gat gee ggt caa ace get ace

%g ag leg age960 Ala Thr Lay Lys Asp Ala Gy G n Thr Ala Thr Asp Val
£ 2€fificial Sequence



305310315320 gel gcg caa atc gee acc ttg ctg gtc agt acg ctg ctg caa ggc
acel008 Ala Ala Gn Ile Ala Thr Leu Leu Val Ser Thr Leu Lev Gn @y Thr
"325330335 cgc aat cag get gca gee ggt ggc ggt ggc agc ggt ggc ggt ggc
agel056 Arg Asn Gn Ala Ala Ala dy Ay Gy Ay Ser dy Ay Gy Ay Ser
340345350 ggt ggc ggt ggc age ggt ggcﬁggt ggc age ggt ggc ggt ggc age
tealdod Gy Gy Ay Gy Ser Ay Ay y Ser Ay Ay Ay Ay Ser Ser
35536 36\56'96%&‘ Qtrtﬁ'tﬁbl Q’eﬁlytﬁﬁﬁéyt‘é'ya@@cmggs%ace tgg tac aat gaa etc aac
teell52 Asp Val G n Ser Ser ay Thr Gy r Trp Tyr Asn G u Leu Asn Ser
3703@5@808aag atg gaa hg act gca aac aaa gac ggt act etc act gga aag
tac1§8 E%@ Met Gu Leu Thr Ala Asn Lys Asp Gy Thr Leu Thr Ay Lys Tyr
3853 92406 cRl Gedusice @aaa gtt ggg gat gtc tac gtg ccc tac cca etc tct ggt
cgcliéé Leu Ser Lys Val dy Asp Val Tyr Val Pro Tyr Pro Lay Ser Gy Arg
1

4054 5ﬂgﬁ@,@@9.etc caa ccc ccC gcg gga caa ggc gtc get ctt ggg tgg
cgl2
9cg (400) 18
Giy Gly Gly Gly Ser Gly Gty Gly Gty 8?5 Gly Gly Gly Gly S?; Gly
1 5

Giy Gly Gly Ser Gly Gly Giy Gly Ser
20 25

210> 19

1y 17

<212) DNA

213> Artificial Sequence

{2207
223> primer SITHIC-5x!ink-TMZN-F

{400> 19
¢ccgaaaactg aaatgaatght gggtegpcpet gecageggtie gcegetgecaeg cgeteggeget 60
ggcagegety gegptigecag ceggtegeopet gecagectcag acgttcaate ttcactc 117

210> 20

211> N7

{212> DNA

{213> Artificial Sequence

{2200
223> primer SITHIC-5xIink-THZN-R

400> 20
gagigaagat tgaacgictg agctgecace goeaccgetg ccaccgecac cgetgecace 60
gecaccgete ceaccgecac cgetgoeace goeacccaca ttcatttcag tittegg 17

<210y 21

211> 29

212> DNA

{213> Artificial Sequence

{2207
£223> primer SITHIC-5" EcoRI-F

400> 21
aaagaaticg gatatgaaga aaaagigtce 20

210> 22

211y 28

212> DNA

213> Artificial Sequence

{2200
223> primer TM2CtermBanm

4n0y 22
tttggatcct tacttcaacc tcggigee 28

210> 23

{211 981

{212> DNA

(213> Artificial Sequence

Lz
223> DNA encoding fusion protein SETH~1-TH2

<{400> 23
atg gaa ttc gega tat gaa gaa aaa gig ica gct act gga aag act cgt 48
Met Giu Phe Gly Tyr Glu Glu Lys Val Ser Ala Thr Gly Lys Thr Arg

1 5 10 15



Tyr Asn Leu Gn Pro Pro Ala Ay Gn Gy Val Ala Lay Ay Trp Al a 420425430
gta tee tgg gag aac agt aaa alt cat tee get acg aca tgg age ggal344 Val
"Ser Trp Qu Asn Ser Lys Ile H's Ser Ala Thr Thr Trp Ser Gy 435440445 cag
ttc the tel gag leg tct cca gig aft ctt act cag tgg hg ttgl392 G n Phe Phe
Ser Gu Ser Ser Pro Val Ile Leu Thr Gin Trp Lev Leu 450455460 tea tcg age
aft gf g gac %ta ttg gaa tee aca ctt gig gggé440 Ser Ser Ser Thr

Al a Be a\l&} cfBr u“S TREel usvataG 468470475480 aat gat le
ttt 8 yéqag ga &Yy Leé‘c?g f Le" [ Leé‘“aﬁ & e'e y cat 1488 Asn Asp Sgr Pheg
Thr Lys Thr Ala Pro Thr Gu G n Gnlle Ala HIS 485490495 13 500505 <210>

31 ﬁ%% Fgﬂ? %?ﬁ@ e ?2?3 Al by 'ﬁfg HE Theffijence <220> <223> Fusion

pr ote
gat ctc gaa gct gtg act gtg gep ctg aag cat gta age aca tet cti 192
Asp Leu Glu Ala Val Thr Val Ala Leu Lys His Yal Ser Thr Ser Leu
50 55 60
geec age tge act gaa tce act act tct gta cat acc gat ict gig acg 240
Ala Ser Cys Thr Glu Ser Thr Thr Ser Val His Thr Asp Ser Val Thr
65 70 5 80
agC €aa ccC acg aaa aac aaa gaa tcg agg aaa aza att gaa geg aaa 288
Ser Gin Pro Thr Lys Asn Lys Glu Ser Arg Lys Lys lle Glu Gly Lys
85 L] 85
tct cca agt tgg gtt cag got tta act aca gea tct gga att atc cia 336
Ser Pro Ser Trp Val Gin Ala Leu Thr Thr Ala Ser Gly tle lle Leu
100 105 110
ctg ttt tgt ata atg atg ata ttc att aca tgt tcc tgg ace aca gaa 184
Leu Phe Cys |le Met Met fie Phe ile Thr Cys Ser Trp Thr Thr Glu
115 120 125
aaa gat aca gag aag agt gaa gtg caa tct tat gct tct tca gta gag 432
Lys Asp Thr Glu Lys Ser Glu Val Gln Ser Tyr Ala Ser Ser Val Glu
130 135 140
act tta gac tct tfa aat gag gct att ata ccg aaa act gaa atg aat 480
Thr Leu Asp Ser Leu Asn Glu Afa 1le lle Pro Lys Thr Giu Met Asn
145 150 155 160
gte get gec get gec age get ggc ggt ggc age ggt gec ggt ggc age 528
Val Gly Gly Gly Gly Ser Gly Giy Gly Gly Ser Gly Gly Gly Gly Ser
165 170 175
ggt geo get gec age get gec ggt gge age tca gac gti caa tet fca h76
Giy Gly Gly Gly Ser Gly Gly Gly Gly Ser Ser Asp Val Gln Ser Ser
180 185 190
ctc acc gega acc tgg tac aat gaa cic azac tcc aag atg gaa ftg act 624
Ley Thr Gly Thr Trp Tyr Asn Glu Leu Asn Ser Lys Met Glu Leu Thr
195 200 205
gca aac aaa gac ggf act c¢ic act gga aag fac ctc tcc aza gtt gex 672
Ala Asn Lys Asp Gly Thr Leu Thr Gly Lys Tyr Leu Ser Lys Val Gly
210 215 220
gat gtc tac gtg ccc tac cca cic tct ggt cge tat aac ctc caa ccc 720
Asp Val Tyr Val Pro Tyr Pro Leu Ser Giy Arg Tyr Asn Leu Gln Pro
225 230 235 240
cec gcg gea caa gge gte get ctt gegg fgg geg gta tcec tgg gag aac 768
Pro Ala Gly GIn Gly Val Ala Leu Gly Trp Ala Val Ser Trp Giu Asn
245 250 255
agt aaa att cat tce gct acg aca tgg agc gga cag tte tic tct gag 816
Ser Lys Ile His Ser Ala Thr Thr Trp Ser Gly Gln Phe Phe Ser Glu
260 265 270
tcg tet cca gtg att ctt act cag tgeg ttg ttg tca tcg age act geg 864
Ser Ser Pro Val 1le Leu Thr Gln Trp Leu Leu Ser Ser Ser Thr Ala
275 280 285
cgt gegg gac gta tgg gaa tce aca ctt gtg geg aat gat tcg iti aca 912
Arg Gly Asp Val Trp Glu Ser Thr Leu Val Giy Asn Asp Ser Phe Thr
290 295 300
aag acg gcg ccg act gag cag cag atc get cat get caa ctc cat igt 960

Lys Thr Ala Pro Thr Glu Gin Gln tle Ala His Ala Gin Leu His Cys
305 310 315 320



<220> <223> Harpin (1-342) - Linker (343-367) - Tamavidin2 (368-507) <400>
31 Mt Gn Ser Leo Ser Leo Asn Ser Ser Ser Leu Gn Thr Pro Ala Met 151015
"Ala Leo Val Leo Val Arg Pro Gu Thr Au Thr Thr Ay Ala Ser Thr 202530 Ser
Ser Lys Ala Leo Gn GII Vval Val Val Lys Leo Ala Qu G u Leo 354045 Met
Arg Asn Gy Gn Leo Asp Asp Ser Ser Pgo Leu Gy Lys Leu Leo 505560 Al a Lys
Ser Met Ala Ala Asp Ay Lys Ala dy Ay Ay Ile Qu Asp 65 70 75 80 Val
Ile % %Iﬁﬁggﬁ%ggﬁé?tﬁfys Leo Ile His Au Lys Leo A%' Asp Asn 859095 Phe Gy
Al a A%s Ala Ser Ay Thr Ay Gn Gn Asp Leo 100105110 Met Thr
G n Val Leo Ser Gly Leo Ala Lys Ser Met Leo Asp Asp Leo 115120125 Leo Thr
Lys ”B Asp Ay Ay Ala Ser Phe Ser G u Asp Asp Met Pro 130135140 Met Leo

Asn {ys bhkte Ala G n Phe Met Asp Asp Asn Pro Ala G n Phe
{213> Artificial Sequence

<223> Fusion protein $ITH-1-TM2
<400> 24

Met Glu Phe Gly Tyr Glu Glu Lys Val Ser Afa Thr Gly Lys Thr Arg
1 5 10 15
Leu Lys lle Leu Ala Cys Leu Ile Val Leu lle Leu Ala Ala Ala lle
20 25 30
Thr Met Leu Thr Leu Glu |le 1te Ser Asn Gin Lys Arg Thr Thr Thr
15 40 45
Asp Leu Glu Ala Val Thr Val Ala Leu Lys His Val Ser Thr Ser Leu
50 55 60
Ala Ser Cys Thr Glu Ser Thr Thr Ser Val His Thr Asp Ser Val Thr
65 70 75 a0
Ser Gln Pro Thr Lys Asn Lys Glu Ser Arg Lys Lys lle Giu Gly Lys
85 90 95
Ser Pro Ser Trp Val Gin Ala Leu Thr Thr Ala Ser Gly lie ile Leu
100 105 110
Leu Phe Cys |le Met Met tle Phe lle Thr Cys Ser Trp. Thr Thr Giu
115 120 125
lys Asp Thr Glu Lys Ser Glu Val GIn Ser Tyr Ala Ser Ser Yai Glu
130 135 140
Thr Leu Asp Ser Leu Asn Glu Afa lle !le Pro Lys Thr Glu Met Asn
145 150 155 160
Val Gly GIy Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser
' 165 170 175
Gly Gly Giy Gly Ser Gly Gly Gly Gly Ser Ser Asp Val Gln Ser Ser
180 185 190
Leu Thr GEy Thr Trp Tyr Asn Glu Leu Asn Ser Lys Met Giu Leu Thr
195 200 205
Ala Asn Lys Asp Gly Thr Leu Thr Gly Lys Tyr Leu Ser Lys Val Gly
210 215 220
Asp Val Tyr Val Pro Tyr Pro Leu Ser Gly Arg Tyr Asn Leu Gln Pro
225 230 235 240
Pro Ala Giy Gin Gly Val Ala Leu Gly Trp Ala Val Ser Trp Giu Asn
245 250 255
Ser Lys lle His Ser Afta Thr Thr Trp Ser Gly Gin Phe Phe Ser Glu
260 265 270
Ser Ser Pro Val lle Leu Thr Gln Trp Leu Leu Ser Ser Ser Thr Ala
275 280 285
Arg Gly Asp Val Trp Giu Ser Thr Leu Val Gly Asn Asp Ser Phe Thr
290 285 300
Lys Thr Ala Pro Thr Glu GIn Gin Ile Ala His Ala GIn Leu His Cys
L1113 310 315 320
Arg Ala Pro Arg lLeu Lys
325

210> 25

211> 29

<{212> DNA

{213 Artificial Sequence

{2207
{223> primer HarpinNtermEcoR|-F

<400> 25
aaagaattca tgcagagtict cagtcttaa 28

(210> 26

211> 114

{212> DNA

{213> Artificial Sequence

{2260
{223> oprimer HarpinC-5x|ink-TM2N-R



145150155160 Pro Lys Pro Asp Ser Ay Ser Trp Val Asn Qu Leo Lys G u Asp

Asn
1le
Al a
Ser
Asp
Leo
Thr
Ser
Leo
Ser

165170175 Phe Leo Asp Ay Asp Qu Thr Ala Ala Phe Arg Ser Ala Leo Asp
180185190 Ile Ay Gn Gn Leo Ay Asn Gn Gn Ser Gy Ala Ay dvy Leo
195200205 Ay Thr Ay Ay Gy Leo Ay Thr Pro Ser Ser Phe Ser Asn Asn
210215220 Sec Val Thr @y Asp ProglLeo Ile Asp Ala Asn Thr Gy Pro Gy
225230235240 Ser Ay Asn Ser Ser Ay Qu Ala @y Gn Leo Ile Ay Qu
14P@g2215250255 Asp Arg G tgLeocc(';‘i;:anc Ser Val Leo Ala Gy Gy Gy Leo Gy
sepsedisoaenon e e Rty 1 Aa Aa Asn Gy dy G
Al a 275280285 G n Asp Leo Asp G n Leo Leo Gy Gy Leo Leo Leo Lys Ay
?i% 290295300 Ala Thr Leo Lys Asp Ala Gy Gn Thr Ala Thr Asp Val Gn

DNA
213> Artificial Seguence
220>
€223> oprimer HarpinC-5x1ink-TMZN-F
<400> 27

cccgeaatca gectegcagee ggtggeggty geagepgteg cggtgecage getggegetg 60
gecageggtge cegtggeage gotegegety geagctcaga cgticaatet tcac 114

{210) 28

{211 1029

£212> DNA

{213> Pseudomonas syringae

<{220)
221> CDS
£222> (1)..Q1029)

<400> 28
atg cag agt ctc agt ctt aac agc age tcg c¢tg caa acc ccg gea atg 48
Met Gin Ser Leu Ser Leu Asn Ser Ser Ser Leu Gln Thr Pro Ala Met

1 5 10 15

gec ctt gtc ctg gta cgt cct gaa acc gag acg act gge gee agl acg 96
Ala Leu Val Leu Val Arg Pro Glu Thr Glu Thr Thr Gly Ala Ser Thr
20 25 30

tcg agc aag geg ctt cag gaa gttt gtc gtg aag ctg goc gag gaa cig 144
Ser Ser Lys Ala Leu GIn Glu Val Val Yal Lys Leu Ala Glu Giu Leu
15 40 45

atg cge aat ggt caa ctc gac gac age tcg cca tig ggc aaa ctg ctg 192
Met Arg Asn Gly Gin Leu Asp Asp Ser Ser Pro Leu Giy Lys Leu Leu
50 55 60

gee aag teg atg gee geg gat gEc aag gra gEc gec get atc gag gat 240
Ala Lys Ser Met Ala Ala Asp Gly Lys Ala Gly Gly Gly lle Glu Asp
65 70 75 80

gtc atc get geg ctg gac aag ctg att cat gaa aag ctg gegt gac aac 288
Val |le Ala Ala Leu Asp Lys Leu 1le His Glu Lys Leu Giy Asp Asn
85 a0 85

ttc ggc gog tect geg gac aac gee tog ggl acc gga cag cag gac cig 336
Phe Gty Ala Ser Ala Asp Asn Ala Ser Gly Thr Gly Gin GIn Asp Leu
100 105 110

atg act cag gtg ctc agt gegc ctg gec aag tct atg ctc gat gat ctt 384
Met Thr Gin Val Leu Ser Gly Leu Afa Lys Ser Met Leu Asp Asp Leu
115 120 125

ctg acc aag cag gat gEc ggg gca age ttc fcc gaa gac gat atg ccg 412
Leu Thr Lys GIn Asp Gly Gly Ala Ser Phe Ser Glu Asp Asp Met Pro
130 135 140

atg cig aac aag atc geg ctag ttc atg gat gac aat ccc gea cag ttt 480
Met Leu Asn Lys lle Ala Gln Phe Met Asp Asp Asn Pro Ala Gin Phe
145 150 155 160

¢cc aag ccg gac tcg ggt tce tpg gte aac gaa ctc aag gaa gac aac 5728
Pro Lys Pro Asp Ser Gly Ser Trp Yal Asn Glu Leu Lys Glu Asp Asn
165 170 175

ttc ctt gat gegc gac gaa acg get geg tic cege tcg gea cto gac ate 576
Phe Leu Asp Gly Asp Glu Thr Ala Ala Phe Arg Ser Ala Leu Asp lle
180 185 190

att ggc cag caa ctg ggt aat cag cag agt gge gct gge get ctg gog 624



305310315320 Ala Ala Gn Ile Ala Thr Leo Leo Val Ser Thr Leo Leo Gn @& y'

Thr
" Ser
Ser
Ser
Tyr
Gy
Trp
Ser
Leo
Val

325330335 Arg Asn Gn Ala Ala Ala dy dy Ay Ay Ser dy Ay Ay dy
340345350 Ay Gy Ay Ay Ser Gy Ay Ay Gy Ser dy dy Gy Ay Ser
355360365 Asp Val G n Ser Ser Leo Thr Gy Thr Trp Tyr Asn Gu Leo Asn
370375380 Lys Met G u Leo Thr Al agAsn Lys Asp Gy Thr Leo Thr Gy Lys
3853903854040 clLessnSer Glnyier Val A1GEYw AgpeVEle Tyr Val Pro Tyr Pro Leo Ser

Arg 405410415 Tyr #&n Leo G n B0 Pro Ala Gy Gn Ay Val Ala Leo Ay
A acAR042543Q tdVade 2SekceTagp 240 Ut ASNaabakc keys |l eski s Ser Ala Thr Thr Trp
&y ']164(35&%@1459(%'3 TF’hémFﬂﬁIESSeggg &rurssdfn 8&r Pro Val Ile Leo Thr Gn Trp
Le06 450455460 Ser Ser Ser Thr "Ala Arg Ay Asp Val Trp Qu Ser Thr Leo

& ¥t acg gt gat cceg ctg atc gac goo aat acc ggt cce get gac 720
Ser Val Thr Gly Asp Pro Leu Ite Asp Ala Asn Thr Gly Pre Gly Asp
225 230 235 240

agc ggc aat age agt ggt gag gog geg caa ctg atc gge gag ctt atc 768
Ser Gly Asn Ser Ser Giy Glu Afa Gly Gln Leu [le Gly Glu Leu lle
245 250 255

gac cgt gec cte caa itcg gta tig gec ggt gt gga ctg gec aca ccc 816
Asp Arg Gly Leu Gin Ser Val Leu Ala Giy Gly Gly Leu Gly Thr Pro
260 ‘ 265 270

gta aac acc ccg cag acc ggt acg geg geg aat ggc gga cag tee got 864
Val Asn Thr Pro Gin Thr Gly Thr Ala Ala Asan Gly Gly Gln Ser Ala
275 280 285

cag gat ctt gac cag tig cig gec ggc ttg ctg ctc aazg ggc cit gaa 912
Gin Asp Leu Asp GIn Leu Leu Gly Gly Ley Leu Leu Lys Gly Leu Glu
290 295 300

geg acg ctc aag gat goc ggl caa acc get acc gac gtg cag fcg age 960
Ala Thr Leu Lys Asp Ala Gly Gin Thr Ala Thr Asp VYal Gin Ser Ser
305 310 s 320

get gocg caa ate gee acc ttg ctg gic agt acg ctg ctg caa gge acc 1008
Ala Aia Gln lle Ala Thr Leu Leu Vai Ser Thr Leu Leu Gln Gly Thr
325 7 330 335

cge aat cag get gea gee tga 1029
Arg Asn Gin Ala Ala Ala
340

<210y 29
211y 342
{212> PRT
{213> Pseudomonas syringae

<400> 29
Met Gin Ser Leu Ser Leu Asn Ser Ser Ser Leu Gin Thr Pro Ala Met
1 5 10 15
Ala Leu VYal Leu VYal Arg Pro Glu Thr Glu Thr Thr Gly Ala Ser Thr
20 25 30
Ser Ser Lys Ala Leu Gin Glu Yal Val Val Lys Leu Ala Glu Glu Leu
35 A0 45
Met Arg Asn Gly &ln Leu Asp Asp Ser Ser Pro Leu Gly Lys Leu Leu
50 55 60
Ala Lys Ser Met Ala Ala Asp Gly Lys Ala Gly Gly Giy Ile Glu Asp
65 70 75 80
Val 1le Ala Ala Leu Asp Lys Leu ile His Glu Lys Leu Gly Asp Asn
85 90 95
Phe Gly Ala Ser Ala Asp Asn Ala Ser Gly Thr Gly Gln Gin Asp Leu
100 105 110
Met Thr GIn Val Leu Ser Gly Leu Ala Lys Ser Met Leu Asp Asp Leu
115 120 125
Leu Thr Lys Gln Asp Gly Gly Ala Ser Phe Ser Glu Asp Asp Met Pro
130 135 140
Met Leu Asn Lys Ile Ala Gin Phe Met Asp Asp Asn Pro Ala Glin Phe
145 150 155 160
Pro Lys Pro Asp Ser Gly Ser Trp Val Asn Glu Leu Lys Glu Asp Asn
165 170 175
Phe Leu Asp Gly Asp Glu Thr Ala Ala Phe Arg Ser Ala Leu Asp fle
180 185 190
l{e Gly Gin GIn Leu Giy Asn Gin Gin Ser Gly Ala Gly Gly Leu Ala
195 200 205
Gly Thr Gly Gly Gly Leu Gly Thr Pro Ser Ser Phe Ser Asn Asn Ser
210 215 220
Ser Val Thr Giy Asp Pro Leu lie Asp Ala Asn Thr Gly Pro Gly Asp
225 230 235 240
Ser Gly Asn Ser Ser Gly Glu Ala Gly Gln Leu 1le Gly Glu Leu lle



465470475480 Asn Asp Ser Phe Thr Lys Thr Ala Pro Thr Gu Gn Gn Ile Ala
_H's 485490495 Ala Gn Leu H's Cys Arg Ala Pro Arg Leu Lys 500505

11
245 250 255
Asp Arg Gly Leu Gin Ser Val Leu Ala Gly Gly Gly Leu Gly Thr Pro
260 265 270
Val Asn Thr Pro Gin Thr &ly Thr Ala Ala Asn Gly Gly Gln Ser Ala
275 280 285
Gin Asp Leu Asp Gln Leu Leu Gly Gly Leu Leu Leu Lys Gly Leu Glu
290 295 300
Ala Thr Leu Lys Asp Ala Gly Gln Thr Ala Thr Asp Val Gln Ser Ser
305 310 115 320
Ala Ala Gln Ile Ala Thr Leu Leu Val Ser Thr Leu Leu Glin Gly Thr
325 330 335
Arg Asn Gin Ala Ala Ala
340

{20y 30

{211> 1524

{212> DHNA

{213> Artificial Seqguence

{220
{223> DMNA encoding fusion protein Harpin-TH2

{220 :
¢223> Harpin (1-1026) - Linker {1027-1101) - Tamavidin2 (1102-1524)

{4000 30
atg cag agt ctc agt ctt aac age age tcg ctg caa acc ccg gea atg 48
Met Gin Ser Leu Ser ELeu Asn Ser Ser Ser Leu Gln Thr Pro Ala Met

1 5 10 15

gee ctt gtc cig gta cgt cct gaa acc gag acg act gge gec agt acg 96
Ala Leu Val Leu Val Arg Pro Glu Thr Giu Thr Thr Gly Ala Ser Thr
20 25 0 -

tcg 2gc aag geg cit cag gaa gtt gtc ghg aag ctg gec gag gaa ctg 144
Ser Ser Lys Ala Leu Gin Glu Val Val Val Lys Leu Ala Glu Glu Leu
15 40 45

atg cge aat ggt caa ctc gac gac age icg cea ttg gge aaa ctg ctg 192
Met Arg Asn Gly GIn Leu Asp Asp Ser Ser Pro Leu Gly Lys Leu Leu
50 55 60

gec aag tcg atg pec geg gat gec aag gea ggc gge get atc gag gat 240
Ala Lys Ser Met Ala Aia Asp Gly Lys Ala Gly Gly Gly Ile Giu Asp
65 70 75 80

gtc atc gct geg ctg gac aag ctg att cat gaa zag cig eggt gac aac 288
Val Ile Ala Ala Leu Asp Lys Leu lle His Glu Lys Leu Gly Asp Asn
85 90 95

ttc gec geg tct gcg gac aac gee teg ggt ace gga cag cag gac cig 336
Phe Gly Ala Ser Ala Asp Asn Ala Ser Gly Thr Gly Gin Gln Asp Leu
100 105 110

atg act cag gtg ctec agt ggc ctg goc aag tct atg cte gat gat ctt 384
Met Thr Gin | Leu Ser Gly Leu Ala Lys Ser Met Leu Asp Asp Leu
115 120 125

=20
-3

ctg acc aag cag gat ggc geg gca age ttc tcc gaa gac gat atg ccg 432
Leu Thr Lys Gln Asp Gly GIy Ala Ser Phe Ser Glu Asp Asp Met Pro
130 135 140

atg ctg aac aag atc geg cag tic atg gat gac aat ccc gea cag ttt 480
Met Leu Asn Lys lle Ala Gln Phe Met Asp Asp Asn Pro Ala Gin Phe
145 150 155 160

cce aag ccg gac fcg ggt teo fgg aac gaa ctc aag gaa gac aac 528
Pro Lys Pro Asp Ser Gly Ser Trp Asn Glu Leu Lys Giu Asp Asn
165 70 175

= 0q
Qe
-

ttc ctt gat gge gac gaa acg goh geg tic cge teg gea cle gac ate 578
Phe Leu Asp Gly Asp Glu Thr Afa Ala Phe Arg Ser Ala Leu Asp lle
180 185 190

att ggc cag caa ctg ggt aat cag cag agt gec got gge gt ctg geg 624
[le Gly GIn Gin Leu Gly Asn Gln Gln Ser Gly Ala Giy Gly Leu Ala



Y

tee
Ser
225

EEE
Gl

acg
Thr
210

gtg
Val

agce gge

Ser

gac
Asp

gta
Val

cag
Gin

gig
Ala
305

get
Ala

cge
Arg

gac
Asp

aag
Lys
385

ctc
Leu

tat
Tyr

gta
Val

cag
Gin

tca
Ser
465

aat
Asn

get
Ala

cgt
Arg

aac
Asn

gat
Asp
290

acg
Thr

gcg

Ala

aat
Asn

gtt
Val
370

atg
Met

tcc
Ser

aac
Asn

tce
Ser

ttc
Phe
450

teg
Ser

gat
Asp

caa
Gin

acg
Thr

aat
Asn

Giy

acc
Thr
215

cti
Leu

cte
leu

caa
Gin

cag
Gln

t gge gat
y Gly

Gly
355

caa
Gin

gaa
Glu

aag
Lys

ckc
Leu

tgg
Trp
435

tte
Phe

age
Ser

teg
Ser

cte
Leu

age
Ser

¢ ctg

Leu
260

CCE
Pro

gac
Asp

aag
Lys

atc
I le

tct
Ser

tig
Leu

git
Val

caa
Gin
420

gag
Glu

tct
Ser

act
Thr

ttt

Phe

cat
His

a ggt
y Leu

t gat
y Asp

agt
Ser
245

caa
Gln

cag
Gin

cag
Gln

gat
Asp

gcce
Ala
325

gea
Ala

Ser

tca
Ser

act
Thr

£8E
405

cee
Pro

aac
Asn

gag
Glu

geg
Ala

aca
Thr
485

tgt
Cys

ctg

cog
Pro
230

teg
Ser

ace
Thr

itg
Leu

gee
Ala

310

ace
Thr

gee
Ala

¢ age gat

Gly

ctc
Leu

gca
Ala
390

gat
Asp

cce
Pro

agt
Ser

teg
Ser

gBC
Gly
215

ctg
Leu

t gag

Glu

gta
Yai

acc
Thr
375

aac
Asn

gic
Val

gCcg
Ala

aaa
Lys

tct
Ser
455

cgt ggg

Arg
470

aag
Lys

CEC
Arg

Gly

acg
Thr

gca
Ala

200

act
Thr

ate
Ile

geg
Ala

tig
Leu

t acg

Thr
280

Gly

t caa

Gin

ctg
Leu

EEE]
Lys

fac
Tyr

Gly

att
ile
440

cca
Pro

gac
Asp

geg
Ala

CCE
Pro

CCE
Pro

gac
Asp

g88
Gly

gee
Ala
265

gCE
Ala

¢ gec
Gly

acc
Thr

Val

a acc

Thr

gac
Asp

gig
Val

a caa

Gln
425

cat
His

gte
Val
gta

Val

CCR
Pro

agg
Arg

age
Ser

gCg
Ala

ttg
Leu

gct
Ala

agt
Ser
130

Giy

¢ agc

Ser

tgg
Trp

Gly

cce
Pro
410

Gly

fecc
Ser

att
Ile

tgg
Trp

act
Thr
490

ttg
Leu

agt
Ser

aat
Asn
235

ctg
Leu

aat
Asn

ctg
Leu

ace
Thr
ENES

acg
Thr

¢ agce

Ser

tac
Tyr

t act

Thr
395

fac
Tyr

¢ gic

Val

get
Ala

ctt
Leu

gaa
Glu
475

gag
Glu

aag
Lys

tit
Phe
220

acc
Thr

ctc
Leu
300

gac
Asp

ctg
Leu

aat
Asn
380

cte
Leu

cca
Pro

get
Ala

acg
Thr

act
Thr
460

tee
Ser

cag
Gln

taa

205

tet
Ser

a cig

Leu

C gE4

285

aag
Lys

gtg
Val

ctg
Leu

act
Thr

cke
Leu

ctt
Leu

aca
Thr
445

cag
Gin

aca
Thr

tag
Gin

12

aac
Asn

t tce ge
¥ Pro

C gag

Glu

gge
Gly
270

cag
Gin

gEC
Gly

cag
Gin

caa
Gin

¢ ggt

Gly
350

Gly

ctc
Leu

Gly

ict
Ser

Bgg

aac
Asn

Gly

teg
Ser

gac
Asp
240

ctt ate

Leu
255

aca
Thr

tce
Ser

ctt
Leu

teg
Ser

gEC
Gly
335

¢ age

Ser

aac
Asni

a aag

Lys

get
Gly
415

teg
Trp

430

fge
Trp

teg
Trp

ctt
Leu

ake
Ite

cece
Pro

get
Ala

gaa
Gly

age
Ser
320

acc
Thr

€ agc

Ser

tca
Ser

tce
Ser

tac
Tyr
400

cgc
Arg

gCE
Ala

agC gEa

Ser

ttg
Leu

gtg
Vali

get
Ala
485

Gly

ttg
Leu

geg
480

cat
His

672

720

768

816

864

912

960

1008

1056

1104

1152

1200

1248

1296

1344

1392

1440

1488

1524



<210
211
212
Q13

{2200
{2235

2207
(223>

{400>
Gln Ser Leu

Met
1
Ala
Ser
Met
Ala
65
Val
Phe
Met
Leu
Vet
145
Pro
Phe
ile
Gly
Ser
225
Ser
Asp
Val
Gin
Ala
305
Ala
Arg
Gly
Asp
Lys
385
lL.eu
Tyr
Val
Gin
Ser

465
Asn

Leu
Ser
Arg

50
Lys
[le
Gly
Thr
Thr
130
Leu
Lys
Leu
Gly
Thr
210
Val
Gly
Arg
Asn
Asp
290
Thr
Ala
Asn
Gly
Val
370
Met
Ser
Asn
Ser
Phe
450

Ser

Asp

3
507
PRT

500

Artificial Seguence

Fusion proiein Harpin-TH2

505

13

Harpin (1-342} - Linker (343-367) - Tamavidin? (368-507)

31

Val
Lys

35
Asn
Ser
Ala
Ala
Gln
115
Lys
Asn
Pro
Asp
Gin
195
Gly
Thr
Asn
Gly
Thr
275
Len
Len
Gin
Gln
Gly
355
Gln
Glu
Lys
Leun
Trp
435
Phe

Ser

Ser

Leu

20
Ala
Gly
Met
Ala
Ser
100
Vai
Gln
lys
Asp
Gly
180
Gin
Gly
Gly
Ser
Leu
260
Pro
Asp
Lys
tHe
Ala
340
Gly
Ser
Leu
Val
Gin
420
Glu
Ser

Thr
Phe

Ser
5
Val
Leu
Gln
Ala
Leu
85
Ala
Leu
Asp
lie
Ser
165
Asp
Ley
Gly
Asp
Ser
245
Glin
Gln
Gln
Asp
Ala
325
Ala
Ser
Ser
Thr
Gly
405
Pro
Asn
Glu
Ala

Thr
485

Leu
Arg
Gln
Len
Ala

70
Asp
Asp
Ser
Gly
Ala
150
Gly
Glu
Gly
Leu
Pro
230
Gly
Ser
Thr
Leu
Ala
310
Thr
Ala
Gly
Leu
Ala
390
Asp
Pro
Ser
Ser
Arg

470
Lys

Asn
Pro
Giu
Asp

55
Asp
Lys
Asn
Gly
Giy
135
Gin
Ser
Thr
Asn
Gly
215
Leu
Giu
Val
Gly
Leu
295
Gly
leu
Gly
Gly
Thr
175
Asn
Val
Ala
Lys
Ser
455
Gly

Thr

Ser
Glu
Val

40
Asp
Gly
Leu
Afa
Leu
120
Ala
Phe
Trp
Ala
Gln
200
Thr
fle
Ala
Leu
Thr
280
Gly
Gln
Leu
Gly
Gly
360
Gly
Lys
Tyr
Gly
[le
440
Pro

Asp
Ala

Ser
Thr

25
Val
Ser
Lys
1le
Ser
105
Ala
Ser
WMet
Val
Ala
185
Gin
Pro
Asp
Gly
Ala
265
Ala
Gly
Thr
Val
Gly
345
Gly
Thr
Asp
Val
Gln
425
His
Vai
Val

Pro

Ser Leu GIn Thr

10
Glu

Val
Ser
Ala
His
90
Gly
Lys
Phe
Asp
Asn
170
Phe
Ser
Ser
Ala
Gln
250
Gly
Ala
Leu
Ala
Ser
330
Gly
Ser
Trp
Gly
Pro
410
Gly
Ser
e

Trp

Thr
490

Thr
Lys
Pro
Gly

75
Glu
Thr
Sar
Ser
Asp
155
Glu
Arg
Gly
Ser
Asn
235
Leu
Gly
Asn
Leu
Thr
315
Thr
Ser
Gly
Tyr
Thr
395
Tyr
Val
Ala
Leu
Glu

475
Glu

Thr
Leu
Leu
Gly
Lys
Gly
Met
Glu
140
Asn
Leu
Ser
Ala
Phe
220
Thr
ile
Gly
Gly
Leu
00
Asp
Leu
Gly
Gly
Asn
380
Leu
Pro
Ala
Thr
Thr
460

Ser

Gin

Gly
Ala

45
Gly
Gly
Leu
Gin
Leu
125
Asp
Pro
Lys
Ala
Gly
205
Ser
Gly
Gly
Leu
Gly
285
Lys
Val
Leu
Gly
Gly
365
Glu
Thr
Leu
Leu
Thr
445
Gin
Thr

Glin

Pro Alaz Met

Ala

30
Glu
Lys
e
Gly
Gin
110
Asp
Asp
Ala
Glu
Leu
190
Gly
Asn
Pro
Glu
Gly
270
Gin
Giy
Gln
Gln
Gly
350
Gly
Leu
Gly
Ser
Gly
430
Trp
Trp

Leu

Ile

15
Ser

Glu
Leu
Glu
Asp

95
Asp
Asp
Met
Gin
Asp
175
Asp
Leu
Asn
Gly
Leu
255
Thr
ser
Leu
Ser
Gly
135
Gly
Ser
Asn
Lys
Gly
415
Trp
Ser
Leu

Val

Ala
495

Thr
Leu
Leu
Asp

80
Asn
Leu
Leu
Pre
Phe

160
Asn

Ala
Ser
Asp
240
lie
Pro
Ala
Glu
Ser
320
Thr
Ser
Ser
Ser
Tyr
400
Arg
Ala
Gly
Leu
Gly

480
His



Ala GIn Leu His Cys Arg Ala Pro Arg Leu Lys
500 505



