1 Method of Analyzing Mol ecul e and Mol ecul e Anal yzer Field of the Invention
The present invention relates to an anal ysis technology useful in fields
of biochem stry, nolecul ar biology andlthe |like. Mre specifically, the
present invention relates to a nol ecul e anal ysis technol ogy especially
useful for analyzing a sequence and structure of a target nol ecul e show ng
a intera$%%%5 wi. th detection nol ecul.e which_ is previously i mobilized on
a. detecti drof v#eg Meleguleand, Malegule dmalyzsrosensor . Backgr ound
Technol ogy An anal yzer called a biosensor in which a sensor chip having a
detection surface area is incorporated has currently been spread. The
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Background 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



2 state of the interaction by use of principles such as surface plasma
resonance and quartz-crystal mcrobalance. In recent years, a nethod has
been devised, in which after interactfons are perforned on a detection
surface, target nolecules captured by the detection nolecules are
recovered by a specified solution of a very small volune, and a further
detail ed Ieggkg%analysls, for exanp mass spectronetry, is perforned.
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which is subsequent to the biosensor, depends largely on the sample
concentration in the sample solution, it is essential to recover the target
molecules by as a small amount of recovery solution as possible.

However, a highly skilled technique has been required for
preparation and solution-sending operations of a trace amount of the
recovery solution. Furthermore, since the recovery operation by use of this
solution takes much time, an improvement to enhance operation efficiency
by realizing high throughput has been tried. However, there has been a
technical problem that the enhancement of the operation efficiency is limited,
which 1s difficult to solve.

Accordingly, an object of the present invention is to provide a
technology to transfer target molecules, which are captured on a detection
surface of a sensor chip, on a membrane, and to recover them. Fuarthermore,
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



To sol ve the above described technical problem this application 3 provides
a nethod of anal yzing nol ecule which is devised so as to conprising at

|l east a nolecule transfer step for trafsferring target nolecules onto a
solid phase, the target nolecules showing interactions wth detection

nmol ecul es bound to a detection surface of a biosensor for anal yzing
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word "transfer"” is not interpreted narrowmy. Wth respect to a cul e

transfer usteemolanndasirgpr=tioet ed anong an el ectrical transfer step, a
conpression transfer step and an aspiration transfer step can be adopted,
and these st epsTo hayoberetemfiercanmlopion| of thd intemaroledideat eoleratticiy drace”
means a surface area which is provided in the sensor chip disposed in the
sensor unfke getection sprfach f@@mfgrmﬁhe pensor gbin @l?ltéled@t)@ensom,rﬂieyiegeﬁ:hm ﬁf ] f or
- tal m bal ance, an iC as
been subj SHRBEE 0P Ghlebinedg HOR 4 Gelaor Apab HOwg0™ ot} FBPetAREes
I nteracti th cqrdi to the present invention is
AiecfEF Bre BEAERLRE o B BisCrs Lo g

carried out, I S prefera ( ﬁ%ctyre that the sensor chip
San be ol achedbeia bk SRk DAL Sphfnd '8 4B5TSR aBhing O
molecules captured on a detection surface to migrate to a solid phase that is
a material for transfer, or step of transferring the molecules. The word
“transfer” is not interpreted narrowly. With respect to a molecule transfer
step, one step selected among an electrical transfer step, a compression
transfer step and an aspiration transfer step can be adopted, and these steps
may be combined properly.
The word “detection surface” means a surface area which is provided
in the sensor chip disposed in the sensor unit portion which performs
interactions detection by means of, for example, plasmon resonance or
quartz-crystal microbalance, and which has been subjected to a treatment so
as to be capable of intermolecular interactions. When the method according
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



has a technol ogi cal concept largely shifted from conventional and extrenely
general i zed idea that nolecul es captured on the detection surface are
recovered in a liquid phase, and the mbl ecul e anal ysis according to the 4
present invention has a thene to provide a perfectly novel nolecule
recovery technology in which the target nol ecul es captured on the
detection surface ofkagﬁe chip of the bl osensor are transferred onto a
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enuner ated. The reason why the nenbrane is suitable as the solid phase that
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can be perforned suitably because the nmenbrane is easily brought i'nto an

i nti mat e havmgacproperty tcive dblearftacoep thug the earget nplé@ile capfled dii thid y and
possess a _liquid perneability. If the foregoing nolecule transfer step is
adopt ed, ‘é%*@ﬁtlﬁnlﬁﬁgfaﬁﬂéﬁ retpan themover the target nol ecul es captured on the

det ect ed surfaQﬁb?Wi t hout cgﬁ}&am,nat ion of the target nolecules, and tine
required for a eFOre “MEERFaRY oSeratPBRUE amaferial shaving tanbiguigt eat | v .

T oL B DL 4 B B b SRR B ot o 2
recovery QPRhahbRhrhak, hNftrocellulose membrane and a membrane filter can be
enumerated.

The reason why the membrane is suitable as the solid phase that is
the transfer object is that an post-treatment such as wash and the like can be
performed suitably because the membrane is easily brought into an intimate
contact with the detection surface owing to its flexability and possess a hquid
permeability.

If the foregoing molecule transfer step is adopted, even a beginner
can recover the target molecules captured on the detected surface without
contamination of the target 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



detection nol ecul es by use of a solution, a problem burdened with a
conventional |iquid phase recovery nethod can be solved radically, in which
taints existing in a flow channel is mixed into a very small anount of
sanple solution, and the taints becone an obstacle to the anal ysis.
Furthernore, in recent years, a technology nmay be tried, in which the 5
detection_surface of the sensor chip is partitioned, a plural species of
det ect i ondetscden| earfage of nthe,isgnaen phinmispantitéanedana plweal spgetesnof ecul es
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In the conventional recovery step by use of the solution, since the
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di ssoci ate.and denature. On the other hand, since in the nolecule transfer
step in tREXIREIaeH Withh¢eHIMER, the plural species of the target nol ecul es
captured on the{‘ et ectio€e surface can he transferred ang recovered at a
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di ssoci at gheaRshpdeRat WeBe @ bfvlecules on the detection surface has had to be
done sequentially under individually independent operations by use of flow
channels partitioned, a lot of trouble and time have been taken. During the
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
13 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 oceurs.

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



Herein, a concrete exanple of a series of steps of the nethod of analyzing
nol ecul e according to the present invention is presented. Specifically,
mentioned is a step in which a solutiaon containing target nolecules is
allowed to contact a detection surface of a biosensor for analyzing

I nternol ecul ar interactions, the target nol ecul es, which have reacted with
detection nol ecul es actively, captured on the detection surface are
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transferred onto the nmenbrane are _eluted into a |iquid phase by use of, for
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spectronetry. Note th?t I n mass spectronetry, it is possible to identify
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nol ecul e anal yzer conprising at |east automatic nolecul e transfer neans
whi ch is dexlysed o0 the tanine cajihbdejuehce,astatemt of aphysphclyilatmn ifigl t ar get
nol ecul es onto a nmenbrane, the target nol ecul es havi ng shown interactions
wi t h det eglyicosylatibncaned wheouthe taoget mobtcads isohpisliif mceossibla thipesfomeor f or
anal yzi ng inter ml egu_l ar _interactions. Specifically, after conpletion of an
interacti%aﬂa&ﬁlﬁ)ﬁ sidg chatelengdh- surface, a sensor chip or a detection
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one rreansp?e%leﬁgt ﬁgvefﬂ’t%rﬂ %}0‘3{&@ rai Clilolecule analyzer comprising at least
automatic molecule transfer means which is devised so as to be capable of
automatically transferring target molecules onfo a membrane, the target
molecules having shown interactions with detection molecules bound to a
detection surface of a biosensor for analyzing intermolecular interactions.

Specifically, after completion of an interaction step on the detection
surface, a sensor chip or a detection surface area is taken out from the
biosensor, and the sensor chip or the detection surface area is set up at a
predetermined spot. Subsequently, by one means selected from an electrical
transfer, a compression transfer and an aspiration transfer, the detection
molecules are automatically transferred onto a solid phase such as a
membrane previously set up at a position opposite to the sensor chip.

It should be noted that in this apparatus, means for capable of
automatically 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



transfer, a conpression transfer and an aspiration transfer, the detection
nol ecul es are autonmatically transferred onto a solid phase such as a
menbrane previously set up at a positipn opposite to the sensor chip. It
shoul d be noted that in this apparatus, neans for capable of automatically
executing steps of wash, nodification, enzyne digestion and extraction,

whi ch are useful for a subsequent analysis, may be provided in addition to
t he transtigmifigans Hsatdby crdctentiag dhe, miheeube, hagptofednal yizé iptemicacul e and
the nolecul e anal yzer according to the present invention have
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t he detection urfgce of . the, bigsensor, onto the solid phase, operating
effici encyPRK yeglo an RIEEoR ofmenbseaupnt gielepule agaleiscaihbe patreased

anal ysis can be increased. Brief Description of the Drawings Fig. 1 is a

di agram briefly show ng concepts of nolecule transfer step of a nethod of

anal yzi ng : nsfer neans of a nolecule analyzer
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according to the present 1nventio Fig. 2 is a diagrambriefly showi ng a
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showing a real -tinme/response curve by surface plasnon resonance. Fig. 5 is
a di agr amapplygevgeenpingtoothierpreaent tavehéionst at e onto a nenbrane. Best Mdde
for Carrying Qut the Invention A preferred enbodi nrent of a nethod of

anal yzi ng nol ecule and a nol ecul e anal yzer according to the present

i nvention.wlJ. be,described, wi.th .
Fig. d is a diagram brlequ showing a state of a membrane (2) after a molecule

transfer operation.

Fig. 3 is a block diagram briefly showing a fundamental concept of the

molecule analyzer according to the present invention.

Fig. 4 is a diagram (graph) showing a real-time/response curve by surface

plasmon resonance.
Fig. 5 is a diagram (photograph) showing a transfer state onto a membrane.

Best Mode for Carrying Out the Invention

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



reference to the acconpanying drawi ngs below. First, Fig. 1 is a diagram
briefly showi ng concepts of nolecule transfer step of a nethod of

anal yzi ng nol ecul e and nol ecul e transfgr nmeans of a nol ecul e anal yzer
according to the present invention. Reference nuneral 1 in Fig, 1 denotes a
detection surface of a sensor 8 chip detached froma sensor portion of a

bi osensor after internolecular interactions using the biosensor_ Detection
mol ecul escibpadetaphedi frosl v semwlri portexh off @ hiewosoomitErabeteridlecdat he
detection surface 1, and target nolecules T show ng interactions actively
with the HEeERHW3S wWorsdhe biospnggte bound to the noi ecul es D by the
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of the menbrane 2 are in contact wwth each other is ensured. ‘Subsequently,
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menbrane 2 fromthe reaction plane 101 of the detection surface 1 by

appl yi ng edlectablesuipably areneisrdimited rsurdwlye 1, conpressing the detection
pl ane 201 to press- fit the surface 1 to the
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conpl eti 0fuQf 'ffe reaction plane 101 of the detection surface 1 is allowed to be
opposite to the membrane 2, and thereafter a state where the reaction plane
101 and a transfer plane 201 of the membrane 2 are in contact with each
other is ensured. Subsequently, the target molecules T are migrated to the
transfer plane 201 of the membrane 2 from the reaction plane 101 of the
detection surface 1 by applying electricity to the detection surface 1,
compressing the detection surface 1 to the transfer plane 201 to press-fit the
surface 1 to the plane 201, and utilizing suction such as vacuum suction
(molecular tranéfer step).

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, Ts, T3 and Ty are

captured on the detection surface 1, these target molecules T;, Ts, T3 and T4



nol ecul e transfer operation, the nolecules T migrate fromthe detection
surface 1 to the transfer plane 201 of the nenbrane 2, and the target

nol ecules T enter a state where they aglhere 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 species of the target nolecules T1l, T2, T3 and T4 are captured on
t he det ectroriransipred onta tthectransigetplank e20l ef the, mkanbiEdrea@db¥4o1e ar e
transferred ontlo t he transfer plane 201 of the menbrane 2 by one nol ecule
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on the subsequent analysis method, and identification of molecular species,
structural analysis and the like are performed.

Next, a constitution of the molecule analyzer according to the present
inventlon 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 intexface.

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



provided in the biosensor 3. This sensor unit portion U conprises SPR
detection neans 301 for optically detecting surface plasnon resonance
occurred when surface plasnon is excigted at a netal/liquid interface. The
SPR detection neans 301 detects, as an SPR signal, a subtle mass change
whi ch occurs at the detected surface of a sensor chip in conjunction with
bi ndi ng and di ssoci ati on of the detection nolecules and the target
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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 401a is hermetically sealed, and means for
aspiration and compression may be adopted.

Subsequently, after completion of the transfer operation, the



setting up the sensor chip 303 to the transfer spot 40la nmay be autonated.
The nmenbrane 2 is previously set up at the foregoing transfer spot 401a,
and the foregoing sensor chip 303 is get up so that the detection surface
1 thereof faces the foregoing nmenbrane 2. The transfer can be
satisfactorily perforned by any neans suitably selected fromelectric
transfer, conpression transfer and aspiration transfer. |t should be noted
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transfer In Fig. 3, a constitution in which the automatic transfer portion 401
and the analysis sample preparation portion 402 are partitioned is
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 i1s 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 Dbiosensor, 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.



portion 401 without transporting the nmenbrane 2. The sanple S obtained by
the pretreatnent in the analysis sanple preparation portion 402 is put

t hrough a nol ecul e anal yzer M such as @ nass spectroneter, and

i dentification of nolecular species and a structural analysis of the

nol ecul es are carried out. <Exanple> The inventor of the present
application carried out a verification exam nation as to whether or not
the target nol edsl g daptaiiond naole¢ude, i déhitathisne f Sdeamdferdre §@HTHr chip
are transferred onto the nmenbrane. Experinment Conditions and Experinent
Met hod Asaphbogy geas deymobilized,omatle sphegmohinr eurfagedy serimercoupling.

Bl ACORE3Q00) , Bi Core Co. Ltd., . was used, and as the sensor
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is allowed to react anti anti
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in Fig- 4 was observed, and it was confirnmed that a sufficient amount of
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and a pol yvi nyl al cohol transfer nmenbrane (PBA nenbrane) was conpressed
to the subfoatethsf bierender,ashddaspnboinyhiapcdhol treamsfari mumebrade sPB% where
the PVA nmenbrane was conpressed to the surface of the sensor chip is
shown i n Megabmane) RrssorHPRysedriedhesinircerof she idetached spasorchipfar &en by
vestern blottino. 4o the, Vesterablotting. the same anti . GST antibody as
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



nol ecul es was used. Experinment Result and Consideration Fromthe

real -ti me/response curve by the surface plasnon resonance, it was
assunmed that about 2 nano granms of thed3target nol ecul es are bound on the
sensor chip. Wen the PVA nenbrane was conpressed to the surface of the
sensor chip and the transfer operation was perfornmed, a signal of the
target nol ecul es was detected fromthe nmenbranpe very significantly. This
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brought about. A troubl esonme preparation operation of a recovery colum is
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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
spectes 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.



transfer step or nolecule transfer nmeans is executed, whereby the plural
speci es of target nol ecules can be transferred, recovered and anal yzed

qui ckly and certainly. The nethod of ddal yzing nol ecul e or the nol ecul e
anal yzer according to the present invention can greatly increase the
operation efficiency related to the nolecule analysis, as a result of
contrivin e over_the nol ecules, captured in the detection surface of
t he bi ose afkissol i d phase, and can enhance the subsequent
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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 quarfz-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.



at | east automatic nol ecule transfer nmeans for automatically transferring
target nol ecules onto a solid phase, the target nol ecul e having shown
interactions with detection nol ecul es Bound to a detection surface of a

bi osensor for analyzing internol ecular interactions. 7. The nol ecul e

anal yzer according to claim6, wherein the solid phase is a nenbrane. 8.
The nnlecg#p anal yzer according to one of clains 6 and 7, wherein the
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an operation for analyzing a structure and the like of the target

nol ecul esakqpgempEesssd tha salidopbasosushsys andendivkaei imgtdsdybf ankhyil s
precision., Furthernore, a _nolecule analyzer is gr ovided, which is
cont ri vedPBaS& 50 be tmnsteryad thersonte, anthigqorerady thus myakimgoan operatinst hod of

anal yzin | egul.e, and ich xhibit the sane effects as thaose of the

-~ hg q O?foggagay%lﬁg aﬂ{){pé(\ég?.}lr% _anﬁ%rﬁe like oflﬁle target mo ecufes captured by the
biosensor easy and achieving high analysis precision. Furthermore, a
molecule analyzer is provided, which is contrived so as to be capable of

automatically carrying out the method of analyzing molecule, and which can

exhibit the same effects as those of the method of analyzing molecule.



