.; abe3eG@G'| D6zT?BMet hod of Anal yzi ng Mol ecul e and Ml ecul e Anal yzer Field
of the Invention The present invention relates to an anal ysis technol o

useful in fields of biochem stry, nolecul ar biology and tﬁﬁ”WN@ﬂMMMﬂl&
specifically, the present invention relates to a nol ecul e

technol ogy especially useful for analyzing a sequence and strtisugore of a
target nolecule showng a interaction with a detection no

previ 0US|Metﬂ%@bﬂ\héﬁ%ﬂé‘hﬁxl&ﬁﬁ@ﬁhﬁ%oﬂéﬁiea&ﬁaﬁﬁsﬁ of a s M\ﬂmm“ M

bi osensor. Background technol ogy An anal yzer called a bio ch a
sensor chip having a detection surface area is incorporated h¥8%rrently
been spread. The bi osensor is a useful tool for analyzing internolecul ar

i nt er act i Biedd phtherdovendininds, peptides, proteins, nucleotides, |ow nolecul ar

conmpounds, |ipids and the Ilke |nclud|ng antigen-antibody reaction,
hybridi zation ake @resaRs nwepbienerelates i ezenBalysiss teghnslogiugiseful imol for

et aet | orPaldh PLBischemS oY ’Iénir‘]?if’cﬁgrs Biblagat and b Rlke 3%1’9%3@”@8&2%
fﬁé‘m’?%eaef%&%ﬁsﬁ?&é Ipdciofgpld REHRE N ecHRBLEN SRpbARY Wb gr oup,
al denyi derogr ohiRlyzblY 8l oG @R A4 [ fPultf® of ot bh CRAGMEAIN SREGiALTPD! T 20d

t her eon. target s exist In a sanp ution supp

det ect i onn$éidction, withea dRt&GidnOMls@S Wiish B8 previoaslynEnfRbasidLon ! f ace
area to be imobilized thereon show specific interactions to capture the

t ar get nodetecties suifaee hres efis aenguardhip 66 arbéedenlsbfie . detection of a

bi ndi ng/ di ssoci ati on 2 state of the interaction by use of principles such
as surface pl asma resonance and quartz-crystal m crobal ance. In recent

years, thod h b en devised, in which after
ackground Technology

An analyzer called a biosensor in which a sensor chip having a
detection surface area is incorporated has currently been spread.

The biosensor is a useful tool for analyzing intermolecular
interactions in amino acids, peptides, proteins, nucleotides, low molecular
compounds, lipids and the like, including antigen-antibody reaction,
hybridization and enzyme response. The biosensor is also a useful tool for
kinetic analysis of these intermolecular interactions.

Herein, the detection surface area of the sensor chip is previously
undergone a treatment by which substances having functional groups
suitable for immobilizing detection molecules, for example, carboxyl group,
amino group, aldehyide group, thiol group and the like, and streptavidin are
immobilized thereon.

If target molecules exist in a sample solution supplied on a detection
surface, the detection molecules bound to the detection surface area to be
immobilized thereon show specific interactions to capture the target
molecules.

The biosensor performs real-time detection of a binding/dissociation



interactions are perforned on a detection surface, target nol ecul es
captured by the detection nolecules are recovered by a specified solution
of a very small volune, and a further ,detailed nol ecul e analysis) for
exanpl e) mass spectronetry, is perforned. In mass spectronetry, captured
target nol ecul es are recovered, and a sanple solution containing the target
nol ecul es to be subjected to mass spectronetry is prepared. Since precision
of the nujtggudfehanateidicfiol byNketofPRHfciSIRE GUER MBI facty]1&dnh TesoPHR@UENt tO
t he bi osensor, depends largely on the sanple concentration in the sanple
sol uti on,and quartessestal alicicbal®t@ver the target nol ecules by as a small
anmount of recovery solution as possible. However, a highly skilled

t echni que has Beemeeajuiveets,f ar metdodr dtasobeand devisatli om- sehithngftgrer at i ons
of a trace anount of the, recqvery solution. Furthernore, since the recovery
oper at i orinfgragaensg are pesfosmedianch detackionryaface; fergedanolapnles eaptitredo
enhance eratio ffickggc by realizin

high th hput . h b tried.
Hovever . Bhdhe detection moleqiles hre Tecoyeand b Hrsmeciid sShRGIAICAEAL VY ¢ ho
ti ff£i ci i | i, d, i i di,ffi | t. t | . A di ly,
gtEre{)Ejt et pRLSRE, ab, o Ef‘ﬁmrvtéﬁf sl pidledc iAriydioy r BragDley %gﬁsﬁ'gg ? e
g Oﬁ%geﬁ%ﬁg%trm gﬁaﬁfﬁeﬁ. B wed sﬁ@cﬂolﬂ}%rueyc %ggmaa theg& rjﬂt)le%uf%es sor

chi p, ane, to recover them Furthe re, an-object 0
present idvéercoRstetls ahd Peamiple salutRimeshtainiapaheZidige frol264l18s 39 hed

nmol ecul e anal yzer, which use this technol ogy. Disclosure of the Invention
Zb sol ve subgectbd Ve nissapebrdmetshis mepapechbl em this application 3
provides a nethod of analyzing nol ecule which is devised so as to
conprising at |Sdnet precisibacf] thet maleshiler analypist vsingr amedssr spactirometget

nol ecul es onto.a sqlid phase, the target nol ecules show ng interactions
with det S¥RICHN 908 Aeent, danthe dnasméctdﬁaﬁn‘i%rlaas@ywnaﬂm oMBABRkSr for
anal yzing inter i nteractions. To.be concrete, after. conpletion of

| ecul
the int erftBFEXEREPD; 1 ﬁ%éﬁmﬂl% BruLeR Helsetiseatial for trcaven the darset he
sensor chj L 9S80S | rface pontion is detached
froma _sr(}hglggmlftﬁir@ %%fgtl on?ggnr?gl‘ %ﬁg?%cg’&ééfg?rlgllﬁgguefs (psg%%let ransferred onto
the solid phaseowksé Na HIgBhWP! EkilleliaNetRhiqudt d6lsy E‘@ﬁ{‘sr&{ﬁ%&p ®r
al I owi ng nol ecul es captured on a detection surface to mgrate to a solid
phase t hgireparatiomt &id adolttioniseadirigeropepitiohepfoh tFaas hefdunig of hthe
nol ecul es. The word "transfer” is not interpreted narromy. Wth respect to
a nol eculreceveapsfodution.ec pFurthersiveg sntethetearergoperationchy nsalof thansf er
step, a conpression transfer step and an aspiration transfer step can be
adopt ed, sehitiomdakes mipeh Hage, an topbYVeIMeR]r gpenhyncernpemtm effienayi on

f " . f whi ch i | d [ h hi p di d
"n' the sANCOYAFRE 8P [ISAIRPIR 38 HeSPhE i cHABEVERCEAEE dits BRPIbR moans.
f, f I t7- al m bal d
i ch’ had Ao eL Ry EE e3R8 ARG et & il SlofBn ARGERET o Beleed”

I nt er ol g cRlis difRAACEd Qive. Wien the method according to the present
invention is carried out, It is preferable to adopt a structure that the

sensor chip camd@arcﬁhggeh@ﬂ/&gé@cmdtm pRasdity inve 5P 1i8! & igrobitR sensor
unit portion. The nethod of analyzing nol ecule according to the present

i nvent i orteblasolagy dohmwahsfgr catgatomokmeuldsamgeilch @i ddptdréd om £ devestioronal and
extrenely generalized idea that nol ecul es captured on the detection surface
are recovairéare; of aasdrisquichip lbasemeadyrankeand te vedoventhémsi Furthomioreg to t he

an object of the present invention is to provide a method of analyzing

molecule and a molecule analyzer, which use this technology.

Disclosure of the Invention

To solve the above described technical problem, this application



.4 present invention has a thene to provide a perfectly novel nolecule
recovery technology in which the target nol ecules captured on the detection
surface of the chip of the biosensor are transferred onto a solid phase,
nost notably a nenbrane to be recovered. The word "solid phase" includes a
solid body and a sem solid body having a property to be able of accepting
the target nol ecule captured on the detection surface to retain them The
word " merfioaiiRs d ﬁeﬁh&DbD&ﬁalEﬁTx@ﬁl@hch&V@vﬁﬂzhﬁis'd'e%tie‘a i RAInhpli¥ingand as

t he nenbrane, polyvinyl al cohol (PVC nenbrane, a nylon nenbrane, a

ni t rocel latl least e molende anansfersindy dowe tidddferricanabgetemobaiudéscdntollae reason
why the nenbrane is suitable as the solid phase that is the transfer object
i s that aelidogphaseedhaetargetcmolecules shaminghinterkeiamn wishpdetationd

sui tably because the nbrane is easily_ brought jnto an intimte contact

wi th t he Belegriesoboupds fe eaodptrgtion istEface of 1 | blogensar fors saralyaing qui d

permeabi l.ity. I.f the.fpreqgoi ng nolecule transfer step is adopted, even a
begi nner 18%%“?%‘88\51@? 1?‘% a&ﬁ? t mol ecul es captured on the detected surface

ol cul e 1 ccovery eiaSticbiteh FoRE e, SEH FunBiClohhllh HRACkER AR ¢

nol ecul e recovery operation can y.

prepar at i{pg &Q@&g&ﬂ S fh QS f&deﬂqgvtﬁ%yseﬁ%yémg othé BidenSod tRY ALGRPTR t ask,

is unnecessary. Ince It I'sS unnecessary to erforma recévery operati on for

the det echir@iteMpbpticth 65 Q¥tadhed oo 20kehdRNundt PoPRbEMaRYr dedadryéd h a
conventional liquid phase recovery nethod can be solved radically, in which

t ai nt s exmnslecnlpsiarearfhefaredaontelthe sohibpddsent o a very small anount of
sanpl e solution, and the taints becone an obstacle to the anal ysis.

Furt hernore, i dlenetantthgesosd straasfendl widelpamdamst @ edepi of willewinghe 5
detection surface of the sensor chip is partitioned, a plural species of
det ecti oanﬁJ@FBﬁQ:?I captyred om @ datachion §u¥i§ﬁ‘€)l§‘i’ miggate torselhd phasgdhatist ecul es

howi i nt ti ith.th t,i t.ect | | det ect ed
and anal v SRR OF trangler Ot SFRIL Of oy RBSIPETIRR et BIOIRTHE® o Thhd Flosent
I nvent i onl .8, & Fitsexgot i&l@%{p}‘?e{eﬁ Railollly. tﬁ’%h %é}};%tegé W lmﬁpeg:(ﬁieefra%sf dr(at ection

nol ecul es can be separ at and si nmul*t’aneous ransferre f ecovered and

anal yzed éMé;IB,hQHE Stoyi QedtBEMMbhE £ETdIAPIN] tiendter GRAS) Qtﬁ)mi)fbsgﬂﬁl

conventional recovery step by usé of the solution, since the recovery

oper at i ongahefer sbep hAd gal aspitation BanchsiER dal Ve tdioptas RERT thege GedRet | ON

nol ecul es on the detection surface has had to be done sequentially under

i ndi vi duabhy berdegdsndéd propedy.at i ons by use of flow channels partitioned, a
lot of trouble and tinme have been taken. During the recovery operation for
a long period dfhe weed “defection gurfage] means<a stunfacy axeacwhich isproyidest ure. On

t he ot her. hand, since,in the | ecul.e transfer.step.in the present
oot orin EHS. ssPEPS ChiR iBattak S ke, SFRED RBHoBoPELn BNl GBI e
detectio f c ransferred recovered.,at _a tine, a |ot of
troubl e iqéﬁén%tca%gge(g%g?@?ﬁa d ?ﬁ%n? e%fg\r}glr' ye c%n elgt ipolﬁs%lgﬁ 5%80313%? eted in a

Shor, SIS RS, e T PR By P01 T
occurs. Hey ®Bb capaO6f AiterRyReERlf idterdctidhk eSWiHerStiPmethod Aecordidpd of
to the present invention is carried out, it is preferable to adopt a structure
that the sensor chip can be attached/detached as easily as possible in the
sensor unit portion.
The method of analyzing molecule according to the present invention
has a technological concept largely shifted from conventional and extremely

generalized idea that molecules captured on the detection surface are

recovered in a liquid phase, and the molecule analysis according to the



.anal'yzing nol ecul e according to the present invention is presented.
Specifically, nmentioned is a step in which a solution containing target

mol ecules is allowed to contact a detgction surface of a biosensor for
anal yzing internol ecul ar interactions, the target nol ecul es, which have
reacted with detection nol ecules actively, captured on the detection
surface are subsequently transferred onto a nenbrane, and the target

nol ecul epresentlin@entieh hd OfHeind REpFRABE AR ricelyehdvied thdlBéWedebbiiriyd phase
by use of, for exanple, enzynme digestion) followed by anal yzing a sanple
sol uti on tbshmodsgy Rpehicotiet targe Nobkeculbat captur@Ebsn she detaetiohrsurfade dfs
possible to identify nolecular species of the target nolecules, and to

per f or m &hetchip ofithé¢ biosehger are Famsésraedlonto ahwhid beaseamgest matlabtsube | s
protein, it | s possjble to perform anal yses of the am no acid sequence,
states ofM¢MBEPMIGPeTrewN el gl ycosyl ation, and when the target nol ecul e
is lipid, it ig,possible,t er f,orm an anal y5i,s .of side chain.length. Next,
in addition toltfie"P e@‘g}(ﬁﬁ ﬁ%‘?h’é’&‘ﬁfesa?lagpi}gib%lyn%'i‘ @u?ﬁm'ﬁﬁé‘&g’t‘) ¥ent
inventio F OV | ecul | yzer c ri.sin t |east auto i C

nol ecul e a&%’ﬁ%? %&8@5%0\%% iehe ?gg%%\‘/)?lsn §dt%ggt aLeeY %ogaguiea%aa%tlu@e f ithle

aut omat i gRkdNich ANFA& td RYalPfGh, Mol ecul es onto a nenbrane, the target

nol ecul es having shown I nteractions with detection nolecules bound to a
detection surfahe aford LindsBbsie”l @& ANPoYFhOmb@AIMN HGHEAR 1R @HAact i ons.
Specifically, after conpletion of an interaction step on the detection

sur f ace, parseabiditychnd as the de¢mbtrars malyviayd adecdml i (Vi kesndiranky am t he

bi osensor, and the sensor chip or the detection surface area is set up at a
pr edet er myher mgrobrasy s stfuesedlunfosehmeprerame saryd gemevthednt rtteracaribect ri cal
transfer, a conpression transfer and an aspiration transfer, the detection
mol ecul e§né1|n%eraﬁﬁ‘§nnti cally transferred onto a solid phase such as a
menbrane previQusly set t a ition o ite to the sensor, chip. It
shoul d be note SPR ‘Ywﬁf gh%ﬁ?g’f‘oé'i% lsrﬁiﬁﬁgﬁ?&s t&’ﬁp%’i‘i%ep}g?seagh%i cally
executin . Lfi N i.geshi o nd..extragtion,
whi oh o ShE EETy S o8EHYs HREn SRRt bl ERENIEY SR S BREREAREH Ton o
the trangfgforiRASuitdBly HRestdPa: BRAMFant hE «AB1 B WhtaR8) YA iﬂans@ﬂeecul e
and the nol ecul e anal yzer according to the present i nvention have

t echnol ogbatdct with $he dietdctivncsrfdvat ovbingl tod ey A6 xiblifiylendrpbssedh @sliqwidpt ur ed
on the detection surface of the biosensor, onto the solid phase, operating
ef fi ci enperowabieyi nproved, and precision of a subsequent nol ecul e anal ysis
can be increased. Brief Description of the Drawings Fig. 1 is a diagram
briefly show ndf tmdensgeing mpbeade teansfan sten isadppied, #ventadegiinamal yzi ng

nol ecul e and nol ecul e transfer ans of nol ecul e anagl yzer according to
t he pres&RP 18G0%H H&Fa‘ﬁeﬁ.m eF‘gﬁ‘é GPLYrethPBr %@f ‘ill‘iﬁegiﬁ’g\/\? age Fpthoutof 4

merbr ane cg%%a[g{ﬂ[a forf o Ih(eacyalr%et molecules, and time required for a molecule

recovery operation can be also shortened greatly. =~ Furthermore, a
preparation operation for a recovery column, which is a troublesome task, is
unnecessary.

Since it is unnecessary to perform a recovery operation for the
detection molecules by use of a solution, a problem burdened with a
conventional liquid phase recovery method can be solved radically, in which
taints existing in a flow channel is mixed into a very small amount of sample
solution, and the taints become an obstacle to the analysis.

Furthermore, in recent years, a technology may be tried, in which the



transfer operation. Fig. 3 is a block diagrambriefly show ng a fundanent al
concept of the nol ecul e anal yzer according to the present invention. Fig. 4
is a diagram (graph) show ng a real -tgnme/response curve by surface plasnon
resonance. Fig. 5 is a diagram (photograph) showing a transfer state onto a
menbrane. Beat Mode for Carrying Qut the Invention A preferred enbodi nent

of a nethod of anal yzing nolecule and a nol ecul e anal yzer according to the
present idRy&A{oORBuMdck S tHESEIsBEMb! Iy palAfiBREE, O pla1agsRANY Ng

drawi ngs below First, Fig. 1 is a diagrambriefly show ng concepts of

mol ecul e detativnemoléidePhra indiviith1Bf imARbiliiddy and ttditergabnsleteledl e
transfer neans of a nol ecul e anal yzer according to the present invention.
Ref er encehnwimeg dhtekactions gviti thenespectaved detectioonmeledudese aoé detectndor 8
chip detached froma sensor portion of a biosensor after internolecular
interact@@ﬁ§ﬂﬁﬂyﬁglthe bi osensor. Detection nolecules D are previously

i mmobi |i zed on.a [eactio | ane, 10 f the detecgtion surface 1, and target
mol ecules T shé’wtﬁb'; ?We?% i’é‘ﬁéecé}iet? S?Frvﬁtf’ﬂ O?I?bed’é'?%‘?ﬁti IYeRbIOBAS| es D

bound I | es..D b he, i I i. nt ti . Lt should
be- not ed kB TnPRE wEBnnRY it Flisht SEARTE toridh FidSantianke 2"
[ I iyt -
i ted nerriury, TR FERuRAnRhg e ALENRE, FEIRIHEL Sl AU AT AR ) o
a PVA nembixane thémWitRRePliREyane, a nitroglycerin menbrane and a nmenbrane

filter. The reaction plane 101 of the detection surface 1 is allowed to be
opposite to th#onkerioaoeetd, ianthd keneaiti@ialarsdoatey Wiep ebyt hser 6ficheon pl ane
101 and a transfer plane 201 of the nenbrane 2 are in contact with each
ot her i s sehdinmedinGu e rronetyy opetasionarfge therthegatl meletulasecaptyread bt to t he
transfer Bl ane 201 of the nmenbrane 2 fromthe reacti gqn pl ane 101 of the
det ect i offhe JepRective dotesianymalecalascon jthetdeteetiomsurtacechas haguta bee 1,
conpressing the det.egtion, surfac to the transfer plane 201 t ress-fit
Che sur f 408 Soge HaLy| SHieT ot el pArBemdsne noereiogs, i e Rdm
suction I fer 1 0.42.18 di agr briefly show ng a
state of (cggéﬁ%% rrgfr%;{e&%ﬁastkéf&et@)ubl% ahd glme hivebESH Bkl eIf)ulymgqge
recovery operation for a long period of time, the target molecules may

dissociate and denature.

On the other hand, since in the molecule transfer step in the present
invention, the plural species of the target molecules captured on the
detection surface can be transferred and recovered at a time, a lot of trouble
1s not necessary, and the recovery operation can be completed in a short time.
Furthermore, since much time is not required for the recovery operation, no
problem that the target molecules dissociate and denature occurs.

Herein, a concrete example of a series of steps of the method of
analyzing molecule according to the present invention is presented.
Specifically, mentioned is a step in which a solution containing target
molecules is allowed to contact a detection surface of a biosensor for
analyzing intermolecular interactions, the target molecules, which have
reacted with detection molecules actively, captured on the detection surface

are subsequently transferred onto a membrane, and the target molecules



.the nol ecul e transfer operation. As shown in Fig. 2, after conpletion of
the nol ecul e transfer operation, the nolecules T mgrate fromthe detection
surface 1 to the transfer plane 201 of, the nenbrane 2, and the target

nol ecules T enter a state where they adhere to the transfer plane 201.
Specifically, the target nolecules T having shown interactions with the
detection nolecules D are recovered in a solid phase certainly Wen a
plural s i r . T tgired on
Phe det ot Tisnerd dltE 8 gbriRnenbs Bhulll inkfh IGuiREhd B Se 3 55 07
transf er g1k 0 ch2Pmb" alekGbn PRy byohnhieinBibransplé fiueRa Byl ecul e
transfer operation.” Although also the detection nolecul'es D may be

si mul t anealsd spdctidmsdtey.r ed onto the nmenbrane 2 in addition to the target
nolecules T, in this case, it is possible to discrimnate both of the

nmol ecul es T andNdie fthatiranasospetrdyetay, Buissepepsihle tanidensify madleeunlefror e,
there is no problemin analyzing a structure and the |ike of the target

nol ecul espgciesipd tbarfg@getrrmow% ane thppeformpys strugtyral aralygisand’orecover ed

on the nenbrane 2 .are subjected to treatnments such as h, nodification,
enzyne dieﬁéﬁﬂqﬁn% éﬁ? r'lé(‘fg‘“r’toﬂ"lﬁﬂ’ﬁléhlsapéo b‘P’eﬁt F%éﬁoﬁgﬁi%égsﬁ?ﬂf‘”&@pendi ng

on the subsequent .anal ysi s _nethqd, and identificatign o | ecul ar ,speci es,
struct ur & Sys?lfsﬁi%da%%ol?%g 5?%‘1‘3&% o'?tr?é%ﬁ %;ﬁ%osgilggﬁg 1?Itlufﬁllngn of the
nol ecul e E#ﬁ! r o i ti Ll l,bed
based on g.syréﬂgotrf}gdg'he‘ghggitgg télb%%st Q%&%?@%Igbg}\bgg’r g:%g \rg%aéel#) }é;ﬁ)s %\?\A&E\% a
fundanentg| o £PRSRIUT Hde tignTBhet!l € anal yzer according to the present
invention. Reféerence nuneral 3 in Fig. 3 represents a principal part of a
bi osensor usi n(Next| fraaéditicastothd Rregeing eméthidd) ofmalpzirg molexdahe of t he
bi osensor, and a sensor unit portion indicated by reference synbol Uis
provi ded prasente ipvestinsompravidehi 8 geclsonleyrmnalyzart jcompyigingprats deatPR

detection neans, 301 for optically detecting surface plasnpn resonance
occur r ed aptematicr melacule fxanster geanswhichas devieadipe [asqty be capableele. The

SPR d [ 01 4 , SPR si |, bt |

ahi ch ocHEMARCRNE HBEIATER i (HTRAE AoOleCHog U, & R BFAPE O ARG BER T i t
bi ndi di i ati t.h .eCl i I

ol ccul e o EiHERCPARRE Phelin SRrAFERY bl SRS TABObE AR o

mecro  Miebdigm ShARPELS §‘B%s@ﬂ§o%&%‘§fg@ﬁﬁg@nf&rﬁfdlé&lﬁ?'iﬁtre%ctﬂfns?0' ution

supply to the detection surface 1, a sensor chip 303. The detection

surface 1 is f@pseilicallyafterdeplatidiedf apointefactida stepssr thdidptci@idn The
detection surface 1 has, for exanple, a constitution in which a gold thin

filmis evafaeateedensoracigipass asdbtctianesufack afréeris tmkehacet fimenethehe
detection nol ecules D immobilized on the gold thin filmside and the target
nol ecul edigsenseraandthe peasenchip on the detegfiamsurigae Bapadg set tbaf |ow

channel performinteractions. It should be noted jhat,jn the sensor. unit
o redoiiped SBgb SisevBRN SR TREs Salomd Bt i el erotly
channel 302. ln the biosensor 3 gonstituted .as,.above tafrtg}(rl:‘ ”éect'

nter nol SEARSIET; A oMPRRRIRE pabefea i, &0 APuTRHdE (agaethe defection oy iy
accordan i t p s ) h hi 3. hed
fromt hecrggléggpgbisu% ?%) agﬁ%&ﬁcgﬂr%@ggﬁ%ﬁ%rghagngfg%g i;ac pqrrlti)%gcﬁ?% ?érlst a?lagf er

appar at Usmémb?d B8 PFEEIdULY: sdti SIEQPBEitIM dhpdRite@d thEedsdediipon surface 1
detached fromthe sensor chip 303 is set up at a predeterm ned transfer

spot 40l1a of arltagHoulétbe dotedsthat ipothisoapgdatuk}t nsdsms dobeapabledof hat a
set-up step of setting up the sensor chip 303 to the transfer spot 40la may
be aut onmtwtwmatically executing steps of wash, modification, enzyme digestion and
extraction, which are useful for a subsequent analysis, may be provided in
addition to the transfer means.

As described above, the method of analyzing molecule and the

molecule analyzer according to the present invention have technological



. The ‘'menbrane 2 is previously set up at the foregoing transfer spot 401a,
and the foregoing sensor chip 303 is set up so that the detection surface 1
t hereof faces the foregoing nenbrane 2. The transfer can be satisfactorily
performed by any neans suitably selected fromelectric transfer,
conpression transfer and aspiration transfer. It should be noted that
transfer nmeans in which these steps are conbi ned nay be adopted. For

le, & f ' | o ohh
exanpl e s&é&ﬁﬁkagﬁ thht ﬁ)gffi'ec%géﬁln?;tl?é (vtgqﬂgg, d&%ﬁfr 8 5hahe WbeLBohhe

transfer spot 4 'S nmetica seal e ans for aspiration and
cConpr essisARfarBYofPthe2 Bk Albr, Jnlbs SHE eiMlidy phadd, edpeeatikedffieibly ddie ber ansfer
operation, the 11 nmenbrane 2 is taken out fromthe transfer spot 401a,
and is trnanspeéd,echd prezigioe deh eubbepubripnbledtRoarailysis canddeyicsesedpl e
preparation portion 402. Each step fromtaking-out of the nenbrane 2 from
the transfer spot 40la to the transportation of the nenbrane 40la to the
anal ysi s sanple preparation_portion 402 nay be automated. The anal ysis
sanpl e priép Q??W%Pf@? Dupwingsconfigured to be capabl e of suitably
selectin .thi step.of wash, .nodification, enzyne. digestion and exéraction,
whi ch ar €18r et'feh n%?’&‘}gyt W&i??néegfén%{%l@og%&?tst%? ¥ §tePa 0% Absequent
nol ecul enz%g&ll Sé)fa gp%iﬁhen% estlgps an 1be C rgi eg out Ia{ut (%mati clal I1¥3. I n
Fig. 3, a consti g™ FERC e At 8%]Fi CAPPERSTER %é’rt{‘} JA°G81 and t he
anal ysi s 5Pl ReERANBLD PRe BPEden @nﬁ&?ti&}{.e partitioned is exenplified. The
automatic transfer portion 401 and the anal ysis sanple preparation portion
402 are integrated, and the transfer and the pretreatnent step may be
continuously perforned in the automatic transfer portion 401 without

t ranspor tRigg2 iha dizgdanabeiefly showisg apteteDfebmenmiadnby2) hftepnahsleanleent in
the anal ysis sanple preparation portion 402 is put through a nolecule

anal yzer tkkssfenhoneratiotass spectrometer, and identification of nolecul ar
species and a structural analysis of the nolecules are carried out.
<Exanpl e> The inventor of the present application carried out a
veri fi catd.on exam nation. as to,whet her or not,.the target nol ecul.es captured
on the ddigord Sh A hlaclk: disgeam, brETs howing, aafindamenil, congept of thee

menbr ane. i YT i .Met hod As the biosensor, a
surface 6?5%2@%i%%@&ﬁ%ﬂ%%“%@%@%?%Fgﬁﬁégﬁg§ggg§?gﬁhde by Bia Core Co. Ltd.
was used, and as the sensor chip, CVM5, nade by Bia Core Co. Ltd., was used.
12 As the detection nolecule, anti G utathione S-transferase (GST) anti body
was i Mmoliikl 2eid @diagers €peaph)Cdliocwingrd 268]-tiheAidspensd afitveby stiricaf t er,
GST (that is the target nolecule) is supplied onto the surface of the
sensor chilpsmandessnaideowed to react with the anti GST antibody. During
that tinme, a real-tine-/reaction curve by the surface plasnon resonate
illustrated in Fig. 4 was observed, and it was confirned that a sufficient
amount of_.bi pdi ng,.was ogtﬁinquﬂ§h sensor,  chip was detached fromthe

bi osensorf1BaRds & JiasiAm Aphotortyy s REEciranaien siate QBeR MSMRERS) was
conpressed to the surface of the detached sensor chip for ten mnutes. A
state where the PVA nmenbrane was conpressed to the surface of the sensor

chip is showMble FOcaryindOutdhadtivention
A preferred embodiment of a method of analyzing molecule and a
molecule analyzer according to the present invention will be described with
reference to the accompanying drawings below.
First, Fig. 1 is a diagram briefly showing concepts of molecule
transfer step of a method of analyzing molecule and molecule transfer means
of a molecule analyzer according to the present invention.

Reference numeral 1 in Fig, 1 denotes a detection surface of a sensor



. The 'transfer efficiency was eval uated by Western blotting. In the Western
blotting, the sane anti GST anti body as that used as the detection

nol ecul es was used. Experinent Result ,and Consideration Fromthe

real -ti nme/ response curve by the surface plasnon resonance, it was assuned
that about 2 nano grans of the target nol ecul es are bound on the sensor
chi p. When the PVA nenbrane was conpressed to the surface of the sensor

chip and chiye ddtatedE FraRCh Alen@br \@%Qﬁrépmﬁse&&! g&@f iRkelhiSlebAlage!

nol ecul es was detected fromthe rane very signiticantly. This neans

t hat any igterabtibas asingHessibéisoound on the sensor chip were recovered on
the nmenbrane with high efficiency, and that it is possible to analyze the

bound nol ecul e Ddiyctinas ma@miés Drat preafodsiyhieninbkdizedtdn dirgdetianglanievi ty.

| ndustri al Apé)ll icability According to the nethod of analyzing nol ecule or

t he nol eci@leofathel gotectian corticad, tamd: targpt axdeculesleshavwomg mieracionsgi nner
can recover, tgﬁ ) 1§}t rget, nol ecul es, captured on the detection surface,
on the s@ctiyelbhyith %@Wptl% mejgeules R are honpd do the molecwlesd? byehe
recovering, oper.ati.on can be. shortene ly. R kabl e conveni ence is

br ought - ABGIROIACHIAD, BT HOy eplh SOOI oy AEan CHRE a1y A0y BRGE: rm i s
unnecess . [ I b .LS§ .U for ecovery
operati oﬁhy%?ﬂl{)]%’géjg‘ﬁee@ﬁhgﬁdl%%es%fdelg abé}ﬂlﬁ(gtgﬁgﬁ ?éhés g?%t% |£18§, Srqrgﬁlgﬁt%r%exi sting

the flowghapBik Rt aBHGREBE Amitd EnRfeR1lyM xed into a very small amount
of sanple solution to becone an obstacle to"the analysis. Accordingly, a

nol ecul e anal y Hefeon@6 i Bihsraad iR Fignar @afRes aVhembrae Huehahs sPPVAES Of
detection nol ecules are inmobilized individually and the target nol ecul es

havi ng shnembtrimee,i atnylac memilsranie; b hitwoglpsprac membraiccghd ennmhleeinees ar e
detected and anal yzed, one nol ecul e transfer step or nolecule transfer
neans i s fBiereuflde, regesionbplanec1®l of dhestrtettoen surfagegbtis radlastad és hean be

transferred, recovered apd anal yz qui ¢kly and certainly. The t hod of
|'y2i n@PREFEE i She meRErIRS %&ni%&a B2 sfatoVrRY the TeIN B
?ﬂseﬁf: gd) an greatl fi ncy eas ]gh? ergftf' on effici e?c el at?j}:jl to,the
mol coul o WHat PRIk bt Pl 10 pF BRmowbEang & o By 6Pntats Wi athes,
capt ur ed defiof [CofehRal | SRpSUIIAE She Whifedh! ASROIRL T R biGsRLI S MAse. and
e su n ecul at I’s

can enhance seque e anal'ysi s precision.

clai med itgandfer H1ARE O &f tD MmEbithe ™! B6M he PERICH Plined 10l &5FSEhe?
nol ecul e transfér step of transferring target nolecules onto a solid phase,

t he t ar gelets@ticac Wwafadeavli g appling neélecadtitpnw whé hdéketeiohi sarfaet etul es
bound to a detection surface of a biosensor for analyzing internol ecul ar
i nt er act icompregsingitherdetectibmeeact hdo the ¢tansfer planec2® to pressdutl the phase
is a nenbranpe. 3. T&% net hod according to one, of clains 1 and 2, wherein
the nol ecitriacer hier e plane 2Ot apd utihizingsyctipne sueh RssRQRIB FYOR an

electrical transfer, co ession transfer and an aspiration transfer.
a(motlecu ar %rans?er sthf. P

Fig. 2 is a diagram briefly showing a state of the membrane 2 after
the molecule transfer operation. As shown in Fig. 2, after completion of the
molecule transfer operation, the molecules T migrate from the detection
surface 1 to the transfer plane 201 of the membrane 2, and the target
molecules T enter a state where they adhere to the transfer plane 201.
Specifically, the target molecules T having shown interactions with the
detection molecules D are recovered in a solid phase certainly

When a plural species of the target molecules Ti, T2, Ts and T4 are

captured on the detection surface 1, these target molecules Ti, T2, T3 and T4



. 4. The nmethod according to claim1, wherein the detection surface is one

di sposed in a sensor unit portion for detecting the interactions by plasnon
resonance or quartz-crystal mcrobal agce. 5. The nethod according to claim
1, wherein the target nolecul es are anal yzed by mass spectronetry, the
target nol ecul es being bound to the detection surface of the biosensor for
anal yzing the internol ecular interactions recovered on a nenbrane by the

mol ecul e atréaﬁ%@ferfé@mnté the EE%Jn%féi' BlaARabyT o6t tﬁ@rmémaﬁe Rlpy A3t
automatic nol ecul e transfer neans for automatically transferring target

nDIeculesn@mb@baxgﬁgkdopaﬁﬁgnlthe target nol ecul e havi ng shown interactions
w th detection nolecules bound to a detection surface of a biosensor for
anal yzi ng i nt eAtthoagh alsd therdatbetion’s. maleciles Donegylbe amahitaeeocaslyor di ng
to claim6, wherein the solid phase is a nenbrane. 8. The nol ecul e anal yzer
accor di ngrausferredosntol Gienmegabrage72 intsetdétion tthetheptasget svaleaes & ineans
i ncludes at | east one rreans selected froman electrical transfer, a
corrpr eSSI this ?ﬁ‘s&nﬁ é‘% Pa*Fﬁ! ]é%ntoa@ﬁwlmlpﬁw bothnef the molecules T and D from

A A A A A 3]G
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struc ura ana ysis and the liké are performed.

Next, a constitution of the molecule analyzer according to the present
invention will be described based on Fig. 3 attached. Fig. 3 is a block
diagram briefly showing a fundamental concept of the molecule analyzer
according to the present invention.

Reference numeral 3 in Fig. 3 represents a principal part of a
biosensor using surface plasmon resonance (SPR) which is an example of the
biosensor, and a sensor unit portion indicated by reference symbol U is
provided in the biosensor 3.

This sensor unit portion U comprises SPR detection means 301 for
optically detecting surface plasmon resonance occurred when surface
plasmon is excited at a metal/liquid interface.

The SPR detection means 301 detects, as an SPR signal, a subtle
mass change which occurs at the detected surface of a sensor chip in
conjunction with binding and dissociation of the detection molecules and the

target molecules.

Furthermore, the sensor unit portion U generally comprises a micro
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sensor chip 303. The detection surface 1 has, for example, a constitution in
which a gold thin film is evaporated on a glass substrate, and offers a place
where the detection molecules D immobilized on the gold thin film side and
the target molecules T contained in a solution sent by the controlled micro
flow channel perform interactions.

It should be noted that in the sensor unit portion U, a cuvette system
may be adopted instead of the micro flow channel 302.

In the biosensor 3 constituted as above, after the intermolecular
interactions between the molecules D and T are performed in accordance
with the predetermined step, the sensor chip 303 is detached from the
apparatus 3, and transported to an automatic molecule transfer apparatus 4.

Subsequently, the sensor chip 303 or the detection surface 1 detached
from the sensor chip 303 is set up at a predetermined transfer spot 401a of
an automatic transfer portion 401. It should be noted that a set-up step of
setting up the sensor chip 303 to the transfer spot 401a may be automated.

The membrane 2 is previously set up at the foregoing transfer spot
401a, and the foregoing sensor chip 303 is set up so that the detection surface
1 thereof faces the foregoing membrane 2.

The transfer can be satisfactorily performed by any means suitably
selected from electric transfer, compression transfer and aspiration transfer.
It should be noted that transfer means in which these steps are combined
may be adopted. For example, the transfer spot 401a is allowed to enter a
state where the transfer spot 40l1a is hermetically sealed, and means for
aspiration and compression may be adopted.

Subsequently, after completion of the transfer operation, the
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10g7: 999998detev¥inéd %BbﬂQﬁ@ﬁ&of hn analysis sample preparatlon portion 402.

Each step from taking-out of the membrane 2 from the transfer spot 401a to
the transportation of the membrane 401a to the analysis sample preparation
portion 402 may be automated.

The analysis sample preparation portion 402 is configured to be
capable of suitably selecting the step of wash, modification, enzyme digestion
and extraction, which are pretreatment steps to obtain a sample S suitable
for a subsequent molecule analysis, and these steps can be carried out
automatically.

In Fig. 3, a constitution in which the automatic transfer portion 401
and the analysis sample preparation portion 402 are partitioned 1is
exemplified. The automatic transfer portion 401 and the analysis sample
preparation portion 402 are integrated, and the transfer and the
pretreatment step may be continuously performed in the automatic transfer
portion 401 without transporting the membrane 2.

The sample S obtained by the pretreatment in the analysis sample
preparation portion 402 is put through a molecule analyzer M such as a
mass spectrometer, and identification of molecular species and a structural
analysis of the molecules are carried out.
<Example>

The inventor of the present application carried out a verification
examination as to whether or not the target molecules captured on the
detection surface of the sensor chip are transferred onto the membrane.
Experiment Conditions and Experiment Method

As the  biosensor, a surface plasmon resonance sensor
(BIACORES3000), made by Bia Core Co. Ltd., was used, and as the sensor
chip, CM5, made by Bia Core Co. Ltd., was used.
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10 10 antibody was immobilized on the sensor chip surface by amine coupling.
Thereafter, GST (that is the target molecule) is supplied onto the surface of
the sensor chip, and is allowed to react with the anti GST antibody.

During that time, a real-time-/reaction curve by the surface plasmon
resonace illustrated in Fig. 4 was observed, and it was confirmed that a
sufficient amount of binding was obtained. The sensor chip was detached
from the biosensor, and a polyvinyl alcohol transfer membrane (PBA
membrane) was compressed to the surface of the detached sensor chip for ten
minutes. A state where the PVA membrane was compressed to the surface
of the sensor chip is shown in Fig. 5 (photograph).

The transfer efficiency was evaluated by Western blotting. In the
Western blotting, the same anti GST antibody as that used as the detection
molecules was used.

Experiment Result and Consideration

From the real-time/response curve by the surface plasmon resonance,
it was assumed that about 2 nano grams of the target molecules are bound
on the sensor chip. When the PVA membrane was compressed to the
surface of the sensor chip and the transfer operation was performed, a signal
of the target molecules was detected from the membrane very significantly.

This means that any given target molecules bound on the sensor chip
were recovered on the membrane with high efficiency, and that it is possible
to analyze the bound molecules by mass spectrometry and the like with high

sensitivity.

Industrial Applicability
According to the method of analyzing molecule or the molecule

analyzer according to the present invention, even a beginner can recover the
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so that time required for the molecule recovering operation can be shortened
greatly. Remarkable convenience is brought about. A troublesome
preparation operation of a recovery column is unnecessary. In addition,
since it is unnecessary to perform a recovery operation for the detection
molecules by use of a solution, taints existing the flow channel of the
biosensor are never mixed into a very small amount of sample solution to
become an obstacle to the analysis. Accordingly, a molecule analysis
precision can be increased.

When the plural species of detection molecules are immobilized
individually and the target molecules having shown the interactions with the
respective detection molecules are detected and analyzed, one molecule
transfer step or molecule transfer means is executed, whereby the plural
species of target molecules can be transferred, recovered and analyzed
quickly and certainly.

The method of analyzing molecule or the molecule analyzer according
to the present invention can greatly increase the operation efficiency related
to the molecule analysis, as a result of contriving to recover the molecules,
captured in the detection surface of the biosensor, on the solid phase, and can

enhance the subsequent molecule analysis precision.



.1 10zs '10%& ()-!'!'V 110%9& ()-! '10%& ()-! '10%& ()-!10%& ()- 10z
10z]]" K 'g aBKl 1 10z)'!'10%& ()- )''10%& ()- 'Q '10%&' ()-! !10%& ()-!
110%g& ()-! !10%9& ()-'q GaK_"q aBKl 14 10z)'!10%g& ()- )'!10%& ()- !'Q
| 109%& ()-! !10%& ()-! !'10%& ()-!)'!10%& ()- Normal" "Heading 13]c"
"Headi ng 23] c" "Heading 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c"
"Headi ng 73] c" "Heading 83]c" "Heading 93]c"A "Default Paragraph Font8
vO'* O 6=BXRuCidclaipbd st vxz| @G?@AGT; pw, PP"\ &+-/ 027, _ _

" @ CHINRUZ] g GaBCDEFGHI JKLMNOPQRSTUVWKYZ[\ ] *6Ti nes New RomanAri al Couri er
New' h Roock. AbmietlyathofiDoalymbrg moldcidibednpdising: . / 0123456789: ;
<=>? @GABCDEFGHI JKLMNOPQRSTUWWKYZ[\] " ° .

at least a molecule transier step of transferring target molecules onto

a solid phase, the target molecules having shown interactions with detection

molecules bound to a detection surface of a biosensor for analyzing

intermolecular interactions.

2. The method according to claim 1, wherein the solid phase is a membrane.

3. The method according to one of claims 1 and 2, wherein the molecule

transfer step includes at least one step selected from an electrical transfer, a

compression transfer and an aspiration transfer.

4. The method according to claim 1, wherein the detection surface is one

disposed in a sensor unit portion for detecting the interactions by plasmon

resonance or quartz-crystal microbalance.

5. The method according to claim 1, wherein the target molecules are
analyzed by mass spectrometry, the target molecules being bound to the
detection surface of the biosensor for analyzing the intermolecular
interactions recovered on a membrane by the molecule transfer step.

6. A molecule analyzer, comprising:

at least automatic molecule transfer means for automatically
transferring target molecules onto a solid phase, the target molecule having

shown interactions with detection molecules bound to a detection surface of a

biosensor for analyzing intermolecular interactions.

7. The molecule analyzer according to claim 6, wherein the solid phase is a

membrane.

8. The molecule analyzer according to one of claims 6 and 7, wherein the

molecule transfer means includes at least one means selected from an

electrical transfer, a compression transfer and an aspiration transfer.



