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POLYMER STRUCTURE AND METHOD FOR PREPARI NG THE SAME 5 TECHNI CAL F
The.present invention relates to a thin film pol yner str u
i dehtical or different functional substances on its face and
reverse face (B surface) and a nethod for prepar|ng_Lhevsanefwm@ﬁBACKGROUND
OF JTHE | NVENTI ON As nmethods for creating organic nolecular thin
films, a spin-coating method, an EPEEIHIGAYION pol yneri zation method, a
vapor deposition nethod, a vapor deposition polynerization nethod and t he

| i ke are conventionally used. As -a nethod for- formng an 15 alignnent

| ayer, the LangnU|r-BIOgﬁﬁ§ Hﬁklc nopﬂcu e%ﬁ%%é¥#%€o This nethod is

performed as follows. Anp s are ved in a volatile
organi c solvent to be devqM@pg@DQQH@Pg@§AﬁmﬂyTgE@@hﬁﬁface After the
solvent is vaporized, the resultant substance is conpressed. The resultant
nononol ecul ar | ayer is transferred to a solid substrate. Wth this nethod,
the nunber of the thin filmlayers and the order of

TECHNICAL FIELD

The present invention relates to a thin film polymer structure having identical
or different functional substances on its face (A surface) and reverse face (B surface) and
a method for preparing the same.
10
BACKGROUND OF THE INVENTION
As methods for creating organic molecular thin films, a spin-coating method, an
electrolytic polymerization method, a vapor deposition method, a vapor deposition
polymerization method and the like are conventionally used. As a method for forming an
15  alignment layer, the Langmuir-Blodgett (LB) method is well known. This method is
performed as follows. Amphiphilic molecules are dissolved in a volatile organic solvent to
be developed on a gas-liquid interface. After the solvent is vaporized, the resultant
substance is compressed. The resultant monomolecular layer is transferred to a solid
substrate. With this method, the number of the thin film layers and the order of
20  lamination can be controlled. However, this method is only applicable to molecules which
can be developed on a water surface as a monomolecular layer and thus is only effective
for amphiphilic molecules, which are water-insoluble. The LB method is not efficient

because the equipment to be used is expensive and cannot be easily handled.

25 A technology has been established for forming a self-assembled monolayer
| (SAM) including organic molecules regularly and stably aligned <;n a surface of a metal
material such as gold or platinum, or a surface vof an inorganic material such as silicon,
silica or glass. Features of this technology are that the monolayer is strongly bonded to

the substrate and so is stable, and the monolayer can be formed at low cost and in a
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20 lamnation can be cont roI I ed However this method is only applicable
to nol ecul es which can be developed on a mater surface as a nononol ecul ar
Iayer and thus is only effective for anphlphlllc mol ecul es, which are
water -i nsol ubl e. The LB nmethod is not efficient because the equi pnment to be
usedis .expensi ve and cannot be easily handl ed. 25A technol ogy has been
est,abl i shed for forming a self-assenbl ed nonol ayer (SAM i ncluding organic
mol ecul es regoleandnpeandhart ablg aay srgrekbagipnzens by fracdy iofmersine tia subwitage i al

such as gold or &tatl num or a surface of an inorganic material such as
silicon, siMiga® 1°§| & edditigny thig dechpolpgi & prRlfARF dgy? a%lestmffathamé a

nonol ayer 1S S bon e subs e an 0is s nd the
nonol ayer c&AP ‘83?% %& ?l%lsowoké%) Y atfd %tﬁacénﬁ T?ef%ﬂlisll il‘ixampe*660007* B
si npl e rrannernov&cm@&éy fasaoﬂar@ e m@&m' £ ROk Hbcul¥ oG e‘hymf, BB \pg the
substrate in a sol ution. dition, his tec ogyls applicable to a

substratse hﬁymé}goyaamgﬂhﬁmgﬁgoﬁg&pe. Th| s technology is attracting
attention as, for exanple, a nanotechnology for constructing a pattern of

organi ¢ nol ecul esAroattemptulst prafienengd &t t@rstrubtf orthed-diviedionhl bioadtaphy a

t echnol ogy) . An attenpt is progressing to construct a

t hr ee- di menkitiomair mappge by lamipgting heleq B tvardieensispall rémierta’t fonerampleecul es
on a two-di nmensi onal exanple, a lay er-bfy ){er (LbL) rethod

usi ng el ect # G¥EEPY La%{l@ibé&e?}i?ﬁ lefngp%?%ﬁeéf PpRea ofpaleelacplviest TR met hod

I's based Onlatmqgaticoglnlle?md 19 bg [ Idr(])% Itl?e E)llowmg li')%%él{)latg sgb Erage sur age {s %e%s%

10 in a polyelectrolyte solution having the opposite charge to that of the substrate surface,
so that one layer of the polyelectrolyte adsorbs to the substrate surface by electrostatic
interaction. At this point, the substrate surface is newly charged oppositely by the
excessive charges of the adsorbing polyelectrolyte. Next, one layer of the polyelectrolyte
having the opposite charge to that of the polyelectrolyte layer already adsorbing is

15  caused to adsorb to the surface. By repeating this process, a multi-layer structure
controlled to have an arbitrary thickness can be formed. For example, it has been
reported that an enzyme is immobilized, by electrostatic interaction, on a structure
obtained by the LbL method, for the purpose of developing new molecular devices
including enzyme reactors, biosensors and light emitting devices® @, This method

20  allows a three-dimensional structure to be prepared in a simple manner without using
any special equipment and so is suitable to immobilize molecules of proteins or the like
which may become denatured. In recent years, a method wherein a structure is obtained
by forming a structure obtained through an LbL method atop a nonionic sacrificial film
and then the sacrificial film is dissolved has been proposed®, A technology for forming,

25 atop a SAM, a structure obtained through an LbL: method and then transferring the

structure to a support film has also been reported®.

The present inventors previously submitted a thin film polymer structure of

arbitrary shape and preparation method therefor®. For example, after forming a
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10 in a polyelectrolyte solution having the opposite charge to that of the
substrate surface, so that one |ayer of the polyelectrolyte adsorbs to the
substrate surface by electrostatic interaction. At this point, the
subStrate surface is newy charged oppositely by the excessive charges of

t he/"adsor bi ng pol yel ectrolyte. Next, one layer of the polyelectrolyte

hav1 ng the 05)pr5| te charogie to that of the polyel ectrolyte | ayer already
adsor bi ng i selfeEsepehleslenionolnyarien p younst gokdk sahgirptechedy Byd selseauently adderlsngr ocess,
a rrultl-layer structure controlled to have an arbitrary, thickness can be
formed. For2nshzpgsiiesing albygn thergip, F}gprawdealbmaltpoéweéﬁwr%m g eal6HId zed, by

el oot rostat] ¢ BL£0Rgt b0t O A BULHC L SRl Aed, DY, Lhe LDL method, for
t he pur pose’ St °d&Vei’Bpi'h§> hew nd cHetY drob AL iMfy enzyme reactors,

bi osensors and | 'Igﬂtkngxml tc}Ia't ngﬁj(ﬁ&/ét%%rgf)lawggg hol-lgjkl)| 0°f tlF@e Qpéjof%f)e 1?1!)1'019% a

t hree-di nensional structure to be prepared in a sinple manner w thout using
any specj al beeghthiRBER} foRite 3GolySlestrblidRb@pIe oh BRI tZ & SMbi@FoHRE oPhn
proteins or the |ike which nay beconme denatured. In recent years, a nethod
wherein a sibigehidr & n@tdbihiiapericly of @eliiang theat diseivinee tibtaildfedAt hhough an
LbL nethod atop a nonionic sacrificial filmand then the sacrificial film

i s di ssol veehidiepartivieirping ghygaed. Hilica, Aates bendomplgipinegesip or the hige ispBedailbp a SAM
a structure obtained throu h an LB n@ihod and then transferring the
structure tB°4 lgﬁlaiebwbwf m%ea Uorigse @R orgélaﬁrstﬂ@ﬁ(teanamd or the like"Fheze 1 esent
i nventors preV| ou e%w teed thILOn f.i].m pol rer sdrtécéurecffl arbltrary
shape and prepapr Ion et?m%h tmﬁere]fc rp?@) FOr exanpl e ormgn

sel f-asgg ﬂbLo@&Lh@a@@Lm@{s H2dh f%&&w%dgﬁ\héis &wﬁ&wl@ aqgﬁlﬁﬁngﬂﬁtés&g%%ﬁ@ nt | y
‘adsor bi ng and ‘crosslinking albumn thereto, the round al bum n polynmer thin
filmis easib. TRaSBEL, t19s R¥Thell isals@blt bRINWEHRE tPOheld SURSEIE ah® rddede. Bicough
surfactant processing. It is known that a hollow structure having a holl ow
of the shaptheafbordeseniied scartufesizee Gisad med botforhwp margea ipwl thelselotrsl, yt e
conpl ex on the surface of a nold forned of an inorganic or metal

mi cropar ti cihe srfaecetf|sugng siepdpredp SPBRITIE teubrsrag( Fnot medified evincfispar ti cl e
formng the_nold, silica,,.latex gead mel am ne resin or the |ike is used.

The nol d i s RfisEXEwRY ﬁt?f/dfxﬁn(t?ﬁﬁdl SG8R f1uoride), an organi ¢ sol vent, an
acid or ghe li ke. T-ﬁgl(%ra e 10 dre tﬁ%ﬁ%dﬂ?g%&%o%f@rrﬁ&b%{ng%ﬁ‘é sdﬁa%g Q@t%t%!:td e1s

used as nmol d, but a no aving a onplicate hape 1's preci se
and t hus lswamﬁ@&iby@adelf&ea sBrublul d\§Ht A e dObydxRtiQE ngﬂd@écaﬁ&wg; AR G th@dr efore,
this method is usable only when the nold is stable and reusabl e. Since the

above- descr whegtbg thedade uhé sevarse fadco bivedhin filnapdhohdr@tructpraianriidpefsioantdth e
substrate, the surface of such a structure in contact with the substrate is
not nodi f i edrecepeily sxfdtrekabiyhmodifigd reithupeparage fupetieogalf melpquidsas maglbgewmt e. 15There
are no reports related to a nethod for nodifying the surface in contact
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wth the substrate for a structure obtained by existing nanotechnol ogy.
Al so, a nethod whereby the face and reverse face of a thin film pol yner
structure in a dispersion state are easily and reliably nodified with

separate functional nolecules is not known. 20 REFERENCES 1.
Japanese Patent No. 3020428 2. Japanese Patent 2966795 3. WD 2006/ 02559
No. , Panphl et 4. Daan, Wet al., Angew. Chem Int. Ed, 43,
2480- 2495 (2004) . TRSEresehhmyeiation basAn objectaif providamgmthiin filnd BolyB&3QrEEES
(2000). 6. Stroock, A. Langnuir, 19, 2466-2472 (2003). 7. David,

D. et al., . .
|. et al., bavipdjenticgpsfiffepsnt fpstionggsrsigness op s brry (A pirey eBURTeTSE fartE
| NVENTI ON The present invention has an object of providing a thin
film pol yma‘B sé‘fﬁaﬁféf"ﬁ‘?%“ﬁg\?ﬁ‘ﬂpfﬂ)élh‘f‘% 11°%8F" di fferent functional substances
on its face (A SUALaGel AR LEYBLAR: LARELE P UARGELANALIRIDALE"
preparing the sane. a result of active studies conducted In order to

sol ve the ape¥RmdaREpieRed inve ot &Bshat NEriPHRS &Rl ctRVEMALS Hyadnd hat a
thin filmstructure 1s obtained by formng a rectangul arl y-patterned,

sel f - assenblteetnguingdy-patesirn€ln self-adser@kladdodolager Sinl fo @RarGpIbSE Eilited dabstyate t hen
causing al bum n as pol yfunctional nolecules to adsorb thereto and

crossl i nki nbpdall Ben rsausitee alhyondi #r1g ralyfuracaniab rraglecsigds s toaadeorh ghedsteo fade,
which is one of the surfaces of the thin film(the front face, called the
"A surface" 5r1ossgmnag Plgtqn}pg t}gné)pbcimg # functional substance to the face, which 1s one of the

surfaces of the thin film (the front face, called the “A surface”), exfoliating a albumin
10  polymer thin film from the gold substrate body through the use of a soluble support film,

bonding an identical or different functional substance to the other surface of the thin film

(called the “B surface”), and using a solvent to dissolve the support film. Thus, the

present invention has been completed. The present inventors also found the following. A

thin film structure is obtained by bonding a functional substance to the A surface of the
15  thin film, exfoliating the thin film from the substrate body by dissolving the soluble

support film in solvent, and then applying the surface of the exfoliated thin film atop the

soluble support film formed on a substrate body different from the aforementioned

substrate body, bonding a functional substance identical to or .different from the

aforementioned functional substancé to the B surface of the thin film, and then
20  dissolving the support film in a solvent. Thus, the present invention has been completed.

Namely, the present invention is directed to the following.

1. A thin film polymer structure having a functional substance on the face (A surface)

and reverse face (B surface) of the film.

2. A thin film polymer structure having a functional substance on the A surface and B
25  surface of the film, said polymer structure obtained by the steps of

(a) adsorbing polyfunctional molecules to a region of an arbitrary shape in an interface
between a substrate body and a liguid phase;
(b) polymerizing and/or crosslinking the adsorbing polyfunctional molecules to form a

polymer thin film;



10 polyner thin filmfromthe gold substrate body through the use of a

sol ubl e support film bonding an identical or different functional
substance to the other surface of the thin film(called the "B surface"),
and” using a-solvent to dissolve the support film Thus, the present

i nvéntion has been conpleted. The present inventors also found the
followng. Athin filmstructure is obtained by bonding a functional

subst ance t o{d hendings fungiienabpubsipace ® thpidrsurfapqef thg faymed thindilmpadtthém fi 1 m
fromthe supstrate body by dissolving the soluble support filmin solvent,
and then apPryrag stiikle spppgdim ket "exfoliated thin filmatop the sol uble

support fil ar . an substrate b different. fromthe aforenentioned
substrate bo Q?m%%%ﬂﬁﬁgﬂ§“¥ﬁﬁb??ﬁﬁ%ﬁggﬁ S %&3’?§8ﬁﬁg%aﬁwréméP&aﬁ? er ent

fromthe af oMb ONeHhelBRGHERNR S HRS HARCEanBidddE s B sBiikd ARRLAN ¢4 Be thin

film and then 20dissolving the support filmin a solvent. Thus, the

present 5 NVAamleMfréh@ shdeRicaNRbahed boNRARS Yhe A BR{AE BHE Blenl dISEIRNLARe | S
directed to the following. 1. Athin filmpolyner structure having a

functi onal subisppet fim vitkafeleent( A surface) and reverse face (B surface)
of the film _ 2. Athin filmpolyner structure having a functiona
subst ance oh 4 Hén Alng gelymerestapréirs hpwgg pfiagesions] spbsarep opthes &jsHrips| apdedy

structure obtained by the steps of a). adsor bi ng pol yfuncti onal

mol ecul es t%ﬂ§°er%fg¥*eo*ﬁmofmﬁﬁ°1§$m TRy é‘ﬁéﬂﬂ%‘g PhthastePhtier f ace between a
substrate bo nd .a | i,quid. phase: ) Lymeri zi ng _and/or, crosslinking
the adeor bi g arsrin et bR Series b Rho R KRN 81 A AR el RE81 1 1K O

bondi ngi@ f4fGtabORnayechUDSbARGE b PG 1uRPhbace of the formed thin film and
then form ng a sol uble support filmthereon; (d) exfoliating the thin

filmand the (seblyblefzifig PROGH crédsliftihg i ddbebiay Pl futitonaDAVIec1adsdto form a ( €)
bonding to the B surface of the thin filma functional substance identical
to or b5dif fedemr thinddmt he functi onal substance bonded to the A surface and

t hen dissolvin% t he soluble support filmwth a sol vent.
(c) bonding a functional substance to the A surface of the formed thin film and then;

(d) exfoliating the thin film from the substrate body by dissolving the soluble region
15  with a solvent; .
(e) applying the A surface of the exfoliated thin film atop fhe soluble support film
formed on a substrate body other than the abovementioned substrate body; and
() bonding a functional subst_ance identical to or different from the aforementiohed
functional substance to the B surface of the formed thin film and then dissolving the
20  soluble support film with a solvent.
4. A method for preparing a thin film polymer structure having a functional substance on
the A surface and B surface of the film, said polymer structure obtained by the steps of:
(a) adsorbing polyfunctional molecules to a region of an arbitrary shape in an interface
between a substrate body and a liquid phase;
25 (b) polymerizing and/or crosslinking the adsorbing polyfunctional molecules to form a
polymer thin film;
(c) bonding a functional substance to the A surface of the formed thin film and then
forming a soluble support film thereon;

(d) exfoliating the thin film and the soluble support film from the substrate body; and
5



3. Athin filmpolynmer structure having a functional substance on the A
surface and B surface of the film said polynmer structure obtained by the

steps of. (a) adsorbing polyfunctional nolecules to a soluble region
of an arbitrary shape in an 10interface between a substrate body and a
liquid phase; (b) polynerizing and/or crosslinking the adsorbing
polyfllnctlonal mol ecul es to forma polynmer thin film c) bondi ng

a functi onal (e bprstingtoethe B swdaca of the Hie ﬁé)‘fl & ﬁ@cmnah@dostarwwdreml anert hen:

Sl ubl ¢ r egiBHOE Hrsheat v B b byl ik VR fod BPaRBo et
exfoliated tEmﬁs?ﬁgg%ﬁ%ognﬁggdsgkuble support filmfornmed on a substrate

body ot her ? ovenenti oned substrate body; and (f) bonding a
functional subghancs: fglgsﬂmgcaaémx; @m%lmefrfs@ﬁ&ﬂ;e Hab atfb&naﬁaqr SRk gped
functional substance to the B surface of the forne hin filmand then

di ssol ving hbe 0l snaPesusfapdstihe filkd, Bidvbélimar ﬁﬁic’bﬁﬁabbtafhed By tRtshdof or
preparing a thin filmpolymer structure having a functional substance on

t he A surf acé) ansbriBns pslffacgiondl méleculdsltom sslabld rppbyofen sbittact shape @bdmi ned by
the steps of (a) adsorbing polyfunctional nolecules to a region of an
arbitrary smﬁy@ce? t‘awnnarﬂﬂé?tfaéeémé@m\ééwm& Mg#strate body and a liquid
phase; 25(b) meri zing and/ or cro sllnk ng the adsor bi ng pol yfuncti onal
mol ecul es to “5 TIHBE AT EHEEnIERg e Sor%leﬁ PRGHAF T2 amp gt trdm 2
substance to thgtﬁn rface of the fornmed thin filmand then formng a

sol ubl e sup%o?? rm ?hereon (d) exfoliating the thin filmand the

sol ubl ey uppesy 5orrd'u;gr9 ﬂlﬁ&mngl%bsctHﬁ%tté Bl RREYe of3Rformed thin film and then;

(d) exfoliating the thin film from the substrate body by dissolving the soluble region
with a solvent;
(e) applying the A surface of the exfoliated thin film atop the soluble support film
formed on a substrate body other than the abovementioned substrate body; and
15 (®) bonding to the B surface of the thin film a functional substance identical to or
different from the abovementioned functional substance, and then dissolving the scluble

support film with a sclvent.

In the present invention, the step of polymerizing and/or crosslinking the

20  polyfunctional molecules may further comprise the step of lamiﬁat'mg polyelectrolytes
having opposite charges to each other alternately to crosslink the polyelectrolytes in
terms of charges. The polyfunctional molecules may be, for example, of a polyfunctional
monomer and/or a polyfunctional macromer. The polyfunctional macromer is, for
example, at least one of the following selected from the group cdnsisting of a protein, a

25  polylactic acid, a polylactic acid /glycolic acid copolymer, polycaprolactone, a
polyelectrolyte, and a polymer bead. In the present invention, the polyfunctionai
macromers are crosslinked by, for example, physical crosslinking such as thermal

denaturing or thermal plasticity or by fusion.



(e) bonding to the B surface of the thin filma functional substance
identical to or different fromthe functional substance bonded to the A
surface.and then dissolving the soluble support filmwth a sol vent. 5.
A nethod for preparing a thin filmpolymer structure having a functional
substance on 5 the A surface and B surface of the film said polyner
structure obtained by the steps or (a) adsorbingjpolyfunctional

mol ecul es to a solnbe @resefitarensen dbe Bnpiiqnabsupsiohespe prexampientidedsiore bet ween

a substrate bgdy.and a |iquid, phase; (b) .pol rizi and/ or

crossl i nki n§ ﬁﬁefo 8¥8Fb$%%mﬂoP§FuﬁﬁtFBWBI“%ﬂgﬁﬁﬁggsaﬂ?ﬂgﬁ?n?ﬁuﬁbW§ﬂkr thin
film 10(c) I a i .. s tange to the A surf.ace of the forned
thin film r??}%?ﬁ"é‘ﬁ‘?“’a{’%%?éxaﬁ%?ﬁ%f?ﬁé‘@ﬁ%‘aflﬁ%ﬁn A pouf deriditee” S rate body

by dissol ving t hEFu%t%H% &hd ws% M(Ernioﬁ, &Ql I‘é@ﬂh;is préf@z)ab@paolséﬁ'&gelkmgd A
surface of the exfoliated thin filmatop the soluble support filmftorned on

a subst rat embathyeploher sdifatedial Blgvemat aheshisighsiviat aohasher @dvd5 )
bonding to the B surface of the thin filma functional substance identi cal
to or diffeloamdd 6f bmar hedabbebérmenietwdere dafinmet ilastabnes obgieanlleyin@gebuphen

di ssol ving the sol uble support filmwith a solvent. In the ?resenp

i nvention, telfstedtiepn dte HoRy furising gt fhdy BFmimesan PHi@rerp. tahehlozenlkylsilyl

pol yfuncti onal ] further cogyrise the step of |am nating

nol ecul es
Dol vel oot r oo PR an AT TYUSEPRLRP iR ARh AT HELET

t'®-each other alternately to

link th | 1Nt S, 1 f i |
crossiin € po IX%e?ﬁz%ge%%q%gﬁldgptheesu;'%?;%% P]%qu gﬁ?relwggﬁl&%lﬂ rflogn%%} Iog a

nol ecul es may be, exa , a po i ona

pol yfungt i ofala) SB&IRIHR tover AGerRQSMELAGL L OiRon FRBELBRE. drSiash MicLX2mbe, at
| east one of the follow ng selected fromthe group consisting of a protein,

a 25 pol ylmeaterial amhdas graphikey |aapdljBeramatbriatbychodd polpthydere) polyyidpylene,
pol ycaprol act one, a pol yel ectrolyte, and a pol yner bead. In the present
i nvention, tHephaok\f anekaitomal ormexayme canpruad svabsslapatkked by, for exanpl e,
physi cal crosslinking such as thermal denaturing or thermal plasticity or
by  f usi on. In the present invention, the soluble support film or soluble region is formed of a
polyelectrolyte such as a polyacrylic acid or a polymethaerylic acid, polyethylene glycol,
15  polyacrylamide, polyvinyl alcohol, a nonionic water-soluble polymer such as a
polysaccharide such as starch or acetyleellulose, or a resin such as novolac.

Further, in the present invention, the solvent is selected from acetone, acetic
ether, an alcohol, water, or én aqueous solution and does not dissolve the thin film
polymer structure.

20 In the present invention, the dispersion formed when the structure is dispersed
in liquid may be obtained by dissolving the soluble support film or soluble region in a
solvent.

In the present invention, the structure can be a thin film polymer structure
adhered to the interface by application, coating, or the like. Examples of an interface

25  include at least one of the following selected from the group consisting of: a cell, a tissue,
an iﬁternal organ, a vascular wall, a mucous membrane, a cornea, skin, hair, or a nail.

The present invention provides a thin film polymer structure having an

arbitrary shape with identical or different functional materials on its face and reverse

face and a method for preparing the same. The structure of the present invention, when

7



In the present invention, the functional substance is, for exanple, at

| east one of the follow ng selected fromthe group consisting of a pol yner.
conpound; a polyelectrolyte, a protein, a peptide, a polysaccharide, and a
bicotin derivative. Further, in the present invention, the region is
preferably a self-assenbled 5 nonolayer or a self-assenbl ed bilayer. Here,
t he sel f - adoedddl eith motaogea atveling sitb er ftior lled cah bk iusedhas hyfdnaphabiserieobes ul es
having at | east one of the foll ow ng groups selected fromthe group

consi st i ng Mteleppubstitete rin rudrugaeliBhly gygem, aavaht epatiaigkphsiriay|a grgulptiomn

al koxyal kyl sj|lyl group, and a vinyl group. In the present invention, the
substrat e JBRYIPs Obpmtqricef %IBPT‘&}L‘F{ﬁuﬁﬁP?aF@PﬁﬁfP mpduct10 netal or an oxide
cover layer thereof, silicon, silicon rubber, silica or glass, mca, a
carbon material such as graphite, a polymer material such as pol yet hyl ene,

pol yprogyl %E@%WSNﬁT@M%ﬁgﬁr’ or a cal ci um conmpound such as

apatite. presen nventl t he sol ubl e support filmor

sol ubl e regi omd § J9%OBH Qff; P)(ﬁj) h.as a.pol rylic .acid or
a pol ynet hacr yII%c Sac‘lgvd, Botlflgr/lgtoﬁg ene§§2§®os¥%a?e1§68%%fo§1§€fl %%1%11% ea?as%lgfl%i nyl
al cohol , a JRQRkRNLS. 8550l ubl e pol ymer such as a pol ysaccharide such as
starch or acetylcellulose, or a resin such as novol ac. Further, in

the present i MigRtshoRs ah MSASRIneSHYet htop 58 PYA &thn fak QBnARes 3R’ he ARGV InG: @{]_her ’
an al cohol, water, or an aqueous solution and does not dissolve the thin

film pol ymdightniatedcorecand2B) fludréeerntrmegeatopenvent i on, the di spersion fornmed
when the structure is dispersed in liquid nmy be obtained by dissolving the
sol ubl d0suppodis. Bishpwe rn gotling|oé theggbaiss whemirsNBDdabeled latex beads bendt thehe
present invention, the structure can be a thin film polyner structure
adher ed t o stHaceaithe Had@apgshaglpl i cati on, coating, or the |ike. Exanples of
an interface 25 include at |east one of the follow ng selected fromthe
group consi st ity %othoys @@ FI5A pappshepiocongifusted apermp sypsjeate ag soesthapegh aml |, a
nmucous nmenbrane,. a COrnea, s*gj n, Pa' r, or.a nail. . . . ..The present
i nvention BFOVEJEge FeRsePe Yig 6@ ?l’r%"l’s acthrreidimensional yigvaf I%cr‘lfpf?m Shape
with identigcal, or different fupctignal. ma.dl$ri aJ@ %g its face and reverse
face and a ‘method 1°6F prépaf ng PhEPREnE Tie SV roPErte CHrsfiraon Patier
i nventi;gn, dMé?:ﬂn.
Fig. 5 shows an (HSA)LB sheet as seen through a scanning electron microscope.
Fig. 6 shows the production method for an (HSA)LB sheet having a different
functional material on its A and B surfaces.
Fig. 7 shows an (HSA)LB sheet having a different functional material on its A and B
20  surfaces as seen through a confocal laser microscope and an explanatory diagram of
same.
Fig. 8 shows the LbL nanosheet production method.
Fig. 9 shows an LbL nanosheet. Fig. 9(a) shows the LbL nanosheet floating in
acetone after exfoliation from the substrate; Fig. 9(b) shows the LbL nanosheet in
25  atmosphere after being scooped with a metal frame.
Fig. 10 shows LbL nanosheet readsorbed upon an SiOz substrate as seen through an
atomic force microscope. Fig. 10(a) shows a two-dimensional view seen from above; Fig.

10(b) shows a three-dimensional view; and Fig. 10(c) shows a cross-section pattern

diagram.



bonded with a target |abeling site or the Iike, can be used as a functional
carrier or a platelet substitute in a drug delivery system a wound coating
material., a coagulation inhibitor, or a topical skin product such as a skin
care pr oduct. 5 BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 shows an
outine of ODVB-Si 02 substrate production and the HSA adsorption and
exfoliation processes. Fig. 2 shows an HSA nanosheet atop the PVA film
as seen t hroudhe-tiAehewes aroeliiprgmetrir) anaisghitof piectelssionsher bateleqrblblf haroshestc ent

m cr oscope. ] 3 .sho tline of the process wherein NBD-I| abel ed

| at ex begdsthl:fgﬁ%‘f“ Bd'tlﬁé‘“\é\%?* &‘gﬂ(’ﬁeﬂﬁﬂe HSA nanosheet Fig. 4 shows an

HSA nanosheet Pcoqz(gh%chst ed tﬁpﬂa{ ﬁm(% tlargﬁt 'ilak%.nﬁﬁ 5 € ac ;[XP %h ang)at otgl C forcé

m Ccroscope. Fi g OWs a mensi ona

t wo- di mensi qpal Wmesa\évﬂmg@upfpmm%%ea dlﬁagnﬁugcmﬂ&l%b&mé@n Bachls Qe sect  on
pattern 15diagram Fig. 5 shows an (HSA)LB sheet as seen throug a scanni ng

el ectrors m cr opigOPe .shows i Etex6be§a|ﬂQﬂ\§ixﬁekleLm Qe HEshbRNad Bl Oy §u2h @.ngQHSA) LB
sheet having a different functional naterial on its A and B surfaces.

Fig. 7 showsicamcopkiSA) LB sheet having a different functional material on its
A and B 20 surfaces as seen through a confocal |aser microscope and an

expl anat ory diEgrigmhors ayphhl: nqrjogheegmedifogs with diffepdnt fegerokdadeon }513 dddth on
et hod. surfaces as seen through a scanning electron microscope. In Fig. 14, the A surface and B
surface were modified with latex beads having a particle diameter of 200nm and 2nm,
10 respectively. |
. Fig. 15 shows production of a nanosheet that uses a water-soluble support film and a
method for applying a nanosheet to skin.
Fig. 16 shows a nanosheet adhered atop skin. Fig. 16(a) shows a nanosheet on silicon
rubber adhered to skin; Fig. 16(b) shows skin after water has been used to dissolvé the
15  support film between silicon rubber and a nanosheet and the silicon rubber has been
exfoliated (under visible light); Fig. 16((;) shows the same situation as the picture to its
left (under blacklight exposure).
Fig. 17 shows preparation of a PLGA nanosheet that uses a disk-shaped pattern (3
mm) and a method for double-sided modification with fibrinogen-derived dodecapeptide
20 (HI2).
Fig. 18 shows selective adsorption of a disk-shape patterned PLLGA nanosheet. Fig.
18(b) is an enlarged view of Fig. 18(a).
Fig. 19 is a scanning electron microscope photograph that shows interaction between
a PLGA nanosheet (double arrow) and an activated platelet (single arrow).
25 Fig. 20 shows a comparison of the number of adhesions to the collagen substrate of
the H12-PLGA nanosheet (180 seconds after the start of flow).
Fig. 21(a) shows an image of platelet adherence in the presence of an H12-PLGA

nanosheet (180 seconds after the start of flow); Fig. 21(b) shows platelet adherence in the

absence of an H12-PLGA nanosheet (180 seconds after the start of flow); and Fig. 21(c)
9



Fig. 9 shows an LbL nanosheet. Fig. 9(a) shows the LbL nanosheet fl oating
in acetone after exfoliation fromthe substrate; Fig. 9(b) shows the LbL
nanosheet in 25 atnosphere after being scooped with a netal frane. Fi g.
10 shows LbL nanosheet readsorbed upon an Si Q2 substrate-as seen through an
atom c force mcroscope. Fig. 10(a) shows a two-di mensional view seen from
above; Fig. 10(b) shows a three-dinensional view, and Fig. 10(c) shows a
cross- sect | GAVHHecErREe AT egEApn platelet phprentq ins thepsesgpeedp) 4ndabaece @ ohnal ysi s
of the relati plll bet ween LbL nanosheet thickness and the nunber of LbL
met hod. a“F]ngzs (gAEﬁ‘b ®% method for nodifying the A and B surfaces of an

LbL. nanosheet ihab!iait 3 MAkEn 3Dl GAURRPLL LLLT WA DuBedichf ornt

functional substance on ea surface. shows a X beéad-nodifi ed

LbL nanoshegf sigs seReatd Ploush) dholvk dMLAM 692600 persed in Fh Aquebfls SMRWS; an LbL
nanosheet nodified with different | atex beads on its A angi B surfaces as

seen t hrioughig 2264 shivkis Agoletles! trafdp eat RIS ox@shdetisdob@d ild metd &rakesur f ace and
B surface were nodified with | atex beads having a particle dianeter of
200nm and 2p. rAig. POrsbspeoniace hygle measuF¢ments] r s Hlvsngnosibaten whichfrH8Ananosheet
t hat uses a water-soluble support filmand a nethod for aﬁgl ying a

nanosheet tasisaRphonly on the 4 surface Jrigyid(a) shorglp detrizembaiere TP 4 g lekrtien’ Fi g.
16 h . heet i Li dh dt kin; .Fig. 16 h
L8(0 Sowsys natostass, o suleon bt FORSLS0. AP KA, Ha 45D Shov

silicon rUb%‘%fac‘f.‘”d a nanosheet and the silicon rubber has been exfoliated
(under visible light); Fig. 16(c) shows the sane situation as the picture

toits {eft (Lmﬁ.% sBbvACk} ot Qo ROSAN ) LbL nanosheetfdu@pordify §BAWS aRb@RAF at i on
of a PLGA nanosheet that uses a disk-shaped pattern (3 aim and a nethod

for doubl e- sindedcawd phighie sidlids dRenrpphied admidwrdgadedeblaakiightdodecapept i de
20(HL2).
BEST MODE FOR CARRYING OUT THE INVENTION
Hereinafter, embodiments of the present invention will be described. The
15  following embodiments are given in order to illustrate the present invention and are not
intended to limit the present invention in any way. The present invention can be carried
out in various embodiments as long as said embodiments do not depart from the scope
thereof. |
The documents, laid-open publications, patent gazettes and other patent
20  documents cited in this specification are incorporated herein by reference. The present
specification incorporates the contents of the specification of Japanese Patent
Application No. 2006-292688, which serves as the basis for claiming the priority of the
present application.
Hereinafter, a method for preparing a thin film polymer structure according to
25 the present invention (hereinafter, referred to also as a "sheet") having a different

functional substance on its each of its two sides will be described.

1. Production of a thin film polymer structure having a functional substance on the A

surface and B surface of the film (1)

10



Fig. 18 shows sel ective adsorption of a disk-shape patterned PLGA
nanosheet. Fig. 18(b) is an enlarged view of Fig. 18(a). Fig. 19 is a
scanni ng el ectron m croscope photograph that shows interaction between a
PLGA nanosheet (double arrow) and an activated platelet (single arrow).
25Fi'g. 20 shows a conparison of the nunber of adhesions to the collagen
substrate of the H12- PLGA nanosheet (180 seconds after the start of flow.
Fig. 21(a) shows lanongqreegeschfofpthgt Elleéﬁtntawﬁ%frt@ﬁcea ithing fm pie eformede abfamn

teer E AT TR e DI
ft th f d Fi h
S‘l at(:arel ot eagﬁ)g té}he(xseemailcerv%fneéxrrlles refgredzt%(a%) ds%Q%S e% ’E): gy ﬁﬁﬁ’?g g&%ﬁf&é%‘ n

nanosheet leculids Othereh, Aol RGN xﬁopéﬂ abépnkial BeRLfIaReshachobids Uses a
PVA supportm(f) f(iu ; rgm anﬂsﬁgz suggstrate SF| g1 g226(3 &shows a PL,%\ nar?osheet

di sper seq |'I‘he@é!1fb@ﬂld€mb$10§dl|stﬂﬁslta(ﬂﬂe isDohdpd taa(ecfacem@maca) of GheCthirElH, and a
transparent PLA nanosheet scooped in a netal frane. Fig. 23 shows
cont act angiobbiveasenrefiienisorred therfin/arp tioswbeltrate hodyhipoh whidBAhé shimfllsor bed
only on the A surface. Fig. 23(az shows the A surface before rHSA

adsor pti on; W& fgrmed( E?efs Ffé\ﬁ%sthﬂ‘hé%%‘érﬁoh@@ gfepert flmsare Rxédintsdi fsm tH‘*hd F| g.
23(c) shows the B.s

nanosheet sUBFGHEP ‘é’_f?ﬁif"i‘aqé 245’%“?‘%%&5@ ‘?Jf(f:&gf? \?{%’égﬁg@ appl i ed
as vi ewed uf'?m&lon sulbggxﬁeligt'gﬁde(?%%{e %@Ffaf % %%Yh%ea%h bﬁlb el\é\{m{ ON

10 film is dissolved with a solvent. Herein, “A surface” and “B surface” mean one side and
the other side of the thin film, respectively, and the A surface is described, as the face,
while the B surface is described as the reverse face in this specification. In the above
aspect of the present invention, for the film formed atop the substrate body, the side
adsorbed to the substrate body is the B surface, and the side opposite that which is

15  adsorbed to the substrate body is the A surface.

2. Production of a thin film polymer structure having a functional substance on the A
surface and B surface of the film (2)

In another aspect of the present invention, a thin film is formed at an

20  arbitrarily-shaped, soluble region at the interface between a liquid phase and a substrate

body by adsorbing polyfunctional molecules thereon, polymerizing and/or crosslinking

these i)olyfunctional molecules. Thereafter, a functional substance is bonded to the A

surface of the thin film, and said thin film is exfoliated from the substrate body by

dissolving the soluble region with a solvent. Then, the A surface of the exfoliated thin

25  film is applied atop the soluble support film formed at a substrate body different from the

aforementioned substrate body, a functional substance identical to or different from the

aforementioned functional substance is bonded to the B surface of the thin film, and the

soluble support film is dissolved with a solvent to exfoliate the thin film. The step of

polymerizing and/or crosslinking the polyfunctional molecules also comprises the step of

11



Herei nafter, enbodi nents of the present invention will be described. The 15
foll ow ng enbodi nents are given in order to illustrate the present
inventien and are not intended to limt the present invention in any way.
The present invention can be carried out in various enbodi nents as |ong as
sai d enbodi nents do not depart fromthe scope thereof. The docunents,

| ai d- open publications, patent gazettes and other patent 20 docunents cited
in this spdePiagag polyelestelvieidgring Frrosile thersss i yh piopiet tenately h@osstinis ent -
specification incorporates the.contents of the specification of Japanese
Pat ent Applf’?‘ﬁQ?I‘V‘%ﬁct‘%g'.tesibg%fx‘ﬁﬁﬁ‘%’éég,esvmi ch serves as the basis for claimng
the priority of the present application. " Hereinafter, a nethod
for preparing a thin filmpolynmer structure according to 25the present

i nvention (herei nafid 8kthod of BlelBebehOinRbRRnafs AnabiéL &lr 'the Hiddti ¢k, ahdithf er ent
functional substance on its each of its two sides will be described. 1.
Product ison fifn @ bkRkflidted PFPopahy siistraterbody (of @ shiad/¢amterd afidin ¢hih dihalpolsbst ance
on the A surface and B surface of the film(1) I n one aspect of

t he presentstivsenthiagng adundiionalfsubstancs dngfavd durace amd & birfacate by okshinpdd,
soluble region at the interface between a |iquid phase and a substrate body
(her ei naf t 72540 aBY iTHEdly dihsrpeigod §f dae gresenjpayniicr alsopgpakessib mgpsRje to

pol yfuncti onal | ecul es thereog ol rizing and/or crosslinking these
pol yf unct i oRATf Vl@ﬁ%ﬁggg‘}a %F%%P?g‘ﬁ?ggg?tﬁlh%‘fl?gt)nal substance i s bonded to

the face (A surfagh) uof s BoilbNschlch i P e ilfiof PP GHEIE Adve s T or med

thereon (atop the substrat ody upon which the thin m was forned).
Then, sai d &l & f hm-BRd 60l 1kl i8 whikBRRIyurdctibiAl aloRc@d Skipalyadribdaamdthe
substrate body, a functional substance identical to or different fromthe
af or ement i osregblifikedct i onal substance is bonded to the B surface of the thin
film and the sol uble support 10 filmis dissolved with a solvent. Herein,
"A surface" and " Bbssirichue cambesphtainrs asiadbindhig disnersion laepolgnedeA disperpien t hi n
film respectively, and the A surface js described, as the face, while the
B surface iEa"él‘é%%’rei%’é‘oﬁh&‘sp"iyﬁé‘f’rISB\‘}%tPEBeOfftg%Ereﬁer’i‘tt”h"legt“g’p gerfeddr 2ol R t he

above aspect of thgdi%yt sent Aftve:pg%%eglp% V&gﬁ{ont he filmformed atop the

substrate b%l%fflr,np?sﬁe Si de adsor € substrate body is the B surface,

and theygi de oppogi g, £i3Aho1yhd:Cirdefird BAFERE BRANLOALDNSolHOSErRES. POdy s the

A surface. 2. Production of a thin filmpolynmer structure having a
functional pubskanesti@shiierdl Wb ioaRdatthgStithatke Ofantilerfhdelsid 2)at| n
anot her aspect of the present invention, a thin filmis formed at an
least one of the surfaces selected from of the following: a tissue, an internal organ, a
vascular wall, a mucous membrane, skin, etc. is also 'encomx.)assed in the scope of the
present invention. In addition, the scope of the present invention also encompasses thin
20  film polymer structures that cultivate skin, a cornea, internal organ tissues, etc. atop

substrate body/soluble support film/thin film polymer structure and are exfoliated along

with structures.

(1) Area of an arbitrary shape in an interface between the substrate body and a water
25  surface
In the present invention, the term "interface between the substrate body and a
liquid phase" refers to an interface at which the solid substrate body is in contact with a
liquid such as water, an aqueous solution, or an organic solvent. |

The shape of the area to which polyfunctional molecules are made to adsorb may

12



20 arbitrarily-shaped, soluble region at the interface between a liquid
phase and a substrate body by adsorbi ng pol yfunctional nol ecul es thereon,
pol ymeri.zi ng and/ or crosslinking these polyfunctional nolecul es.

Thereafter, a functional substance is bonded to the A surface of the thin
film™~and said thin filmis exfoliated fromthe substrate body by

di ssolving the soluble region with a solvent. Then, the A surface of the
exfol i at ed bhidanti&l ¢ the shepaphiheetbetrap bodreorsaipatsl thersofpput basf id spefife ned at
a substrate body different fromthe aforepentioned substrate body, a
functional YRHatumLke pgemay gl fon Fagplegrireplar.anttangulin ¢hriicat sibbepehepeshed
functional su §ﬁan§%1ishgfqdeq tgttge.q:surFapﬁ of. the thin film and the
sol ubl e supPor traPFTRrEhe LEANBENG PHS CSHUERTP Yo exfoliate the thin film
The step of polymerizing and/ or crosslinking the polyfunctional nolecules
al so conprises the step of |am nating polyel ectrol ytes havi ng opposite
charges 40 each othee it Makslioh, i0isCletisMId BKfole R HEI SRS BbXSIfRy i N
terms of charges. The nethod of the present invention has enabled, for the
first tinme, (JAM o hiself-Bssbmblad bideybe(SAE) at thatiedrfidc bavicbe a Suldsilataiogy hody (or a
solid carrier) and a thin filmpolynmer structure having a functional

subst ance oRayid 8hakesurface and B surface to be obtained easily and
reliably. The net% dof t present inventjon also nmakes it possible to
manuf act ure | arge 8%%{1% elEasseppbled, mopplayer {PAMY sefericto g Blm formed of linear The
thin film pgl r.structure of the present.invention is .a single:layer thin
1071 1 m or aCYairiobE S IE fayhe, PO RS LB RRRER SRS e 2etodd ar

pol ymer g edt}ﬁrﬁq{)&fatgﬁéﬂ?sﬂcﬂﬁﬁgr hydrophobic molddleS bie UGEIH& KR Qﬁfag?}ﬂwed as a
thin filmdispersion of polyner. A dispersion having the thin I I'm pol ymer
structure ofubshi@teo@SaRthd faN@RBhAIGRoH t5 RRMSBE moRol@yek I THIiteknl ‘Sel@RGERPRESEd in
the scope of the present invention. 15A thin filmpolynmer structure to

whi ch the t hilayef ($AB)podfgmwsp ashitayeit umetrodted b fpreaample, amykiphiliomdleukrdher ed
by application, coating, or the like at an interface such as at | east one

of the surf&oEanigspdyiaphobichiftsrarberechosl Jughiiiylivig anf 8 dgdropkitic priardiend|
organ, a vascul .1, a ous rane, skin, etc, is also enconpassed
in the s_copémﬁf-aﬁ*}%‘ﬁﬁg%wg@h@yﬁﬁ%h 1 Tpred aisg#'aﬁ?mblﬁéng EHEPIHC PHe
present 44 “Vg L Qlh<laBOp A0 SRIRBTE ?rfa& Alen o?%efsh{)mal%gt%’d”%hﬁﬁéerv%%&gﬁ &St hat
cul tivate ski N, a cornea, |Interna organ t1ssues, e . atop su s"fra?e
body/ sol ubl gL Rhiret | toMiHabi d%la‘hiel PRIRO Y EE Ter&ipl BE Ll %n?})%q)hﬂfc_e nRitakd at ed

al ong with structures. (1) Area of an arbitrary shape in an interface
bet ween t heAgubstivds, e Hilaghy sanctutes\d@ied bR safidbantdy of amphiphilic molecules in a
hydrophobic area formed at a SAM and whose film surface becomes a hydrophilic region
can also be regarded as an SAB.
20 Herein, the term "self-assembled layer" refers to a film épontaneously formed.
In the present inventioﬁ, the substrate body may be anything which allows
polyfunctionél molecules to adsorb thereto with no specific limitation. Where a ' SAM or
SAB is formed on a substrate body, the substrate body may be anything which allows the
SAM or SAB to be formed thereon with no specific limitation. The substrate body may be,
25  for example, a metal plate formed of gold, silver, platinum, copper, iron, aluminum,
titanium, zinc or the like, or a flat plate having such a metal material vapor-deposited
thereon. The substrate body may be entirely or partially formed of the following, either

alone or in an appropriate combination: a metal material described above or an oxide

cover layer thereof, silicon, silicon rubber, silica or glass, mica, a carbon material such as

13



In the present invention, the term"interface between the substrate body
and a liquid phase" refers to an interface at which the solid substrate
body is.in contact with a liquid such as water, an aqueous solution, or an
organi c solvent. The shape of the area to which pol yfunctional nolecules"
are/nade to adsorb may 12 be identical to the shape of the substrate body
or a part thereof and has no specific limtation. The area nay be, for
exanpl e, cigrerbigr a2 padmeeangateziel sedh pprplyethylend, nisbmrapkepe deellemage strped,
branched at a plurality of points, or star-shaped. In the present

i nvention, .‘ilzts"‘i"%erd%§icfaéb‘%cof‘@°?’6jr?ﬂC}éa%@af“-teassenbl ed nonol ayer (SAM or a
sel f-assenbl ed bi]|ayer (S at the interface between a bstr.at e .body and
a |iquid phase. A“¥%“¥‘”$ﬁé r%%ﬁ]MEE??qhgséﬁﬁﬂﬁﬂhﬁﬁﬁg1%&%F%?gfﬁﬁmn%efers
toa filmf ] I i i rmpus, a
}functional]gggﬁ%s%%F%%ﬂ%gﬁAggg%gﬁgggh%%aggg%ﬁgﬂgﬁ ?%%Q?E”E%HgWh‘h%; i near
hydr ophabi cermihes; uh SH 26, ABEIBRERGIsIA oth@, SIkAGEKPEiLH RRupUDShY1atRpbOdy Vi a
the functional group to formthe nonol ayer. The term "self-assenbl ed

bi | ayer (SABR)dmiheg®ng, d @rlonpl drayesr tholikd. Udedlsdthefhydfophobdeqaarpisdormatphi phi |l i
nol ecul es cont ai ni ng a hydrophobi ¢ hydrocarbon chain such as a lipid, and a
hydr ophi | i c2 yséirated hsdgcaypen ghainipaingal chrbgs sumbirad 4 bi 40agusfer{dngl) t 43.-for ned by
self-assenmbly in a hydrophilic area of the substrate body surface or in
an area of {1fér Byl @Olf&Hlﬁ%éHP? aeé%?%s’ﬁa%eﬁaweleob'ﬂfegﬁt{n@' ERAPRES to t hat

of Lhe POl e ARG ALOURRE: DB ATRIEN Lk SaiBhEE UhES. LALIERARhGY R, 2

. O
bi | ayer st rucfuyes rorie y self-asse c nolecules in a

hydr ophgbi cpRk&§REiOLIRIuE A RAMaARHe WNREnS dohtRiSiHE hRACRRELOMBSNA, an
hydrophilic region can al so be regarded as an SAB. 20Herein, the term

"sel f - assenbépRehdidi@kbont BhRhSa bnahihg btmcbpont-aneoss kg f or med. _ I n
the present invention, the substrate body may be anything which all ows

pol yfuncti onal noA&dd @ besradswobsly enet g agddsubstraipdodyf hyodidsolvingahé on.
Wiere a SAMor SAB is fornmed on a substrate body, the substrate body may be
anyt hi ng whibere-daseiheg by rep i meleaghes hpping an SHrgienp i aplent sifh #5 dibangheci fi c

limtation. The substrate bod be, 25 for. example, a, netal | ate forned
of Tpor d o Rt B i P B rsrates Tk deEr s P RS | e

li ke, of= a t. PLAt & i dgh t.al, 82l o g i her eon.
The subg%ra%@§bodgén§§BE%&2%¥??gl?q%gﬁpgrP%%fﬁfh?%rég oyggﬁgékgﬁ?g%jng,
ei-ther al oNgL@FhaiNimBIdc AN 128481 ERIPI AN M bbt AndBindhe BBELE bl siighg$er | bed

above or an oxide cover |ayer thereof, silicon, silicon rubber, silica or
gl ass, m cametal calidpate balyelyi Bhgehih mMdecules having a chloroalkylsilyl group or an
« . -alkoxyalkylsilyl group. Examples Qf a long-chain hydrophobic molecule having such a.
group  include ocﬁadecyldimethylchlolosilane, trialkoxyhexadecylsilane, and
20  octadecyltrimethoxysilane (ODMS). For example, a SAM is obtained by vapor-depositing
ODMS on a silicon oxide substrate body. The term "vapor deposition" refers to heating
and vaporizing a substance in a vacuum condition or a condition close to vacuum, so that
a thin film of the vaporized substance is formed on the surface of a substrate body.
In the present invention, the amphiphilic molecules forming the SAB may be
25 any type of molecules which include a hydrophobic part and a hydrophilic polar part
therein. Examples of the amphiphilic molecule usable to form the SAB include lipids
such as a hydrophobic phospholipid, an amino acid-based lipid, and a glycolipid, and

cationic lipids such as dialkylammonium salt.
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graphite a polynmer material such as pol yethyl ene, polypropyl ene,

cel | ophane, and el astonmer, or a cal ci um conpound such as apatite.

According to the present invention, a hydrophobic part of the hydrophobic
nol'ecul es form ng the SAM nay be fornmed of |inear hydrophobic nol ecul es
haviTg, at a 5 term nus, an SH group, a chloroal kylsilyl group, an
aIkoxyaIkyIS|IyI group, a vinyl group,-an am no group, a carbonyl group or
the Iike. Usuallyh SAReis igrened ph dddlows. #atyeli' Baviipg mvbgam struefareeathecpasily
hydrocarbon chain having a carbon nupber of 4 to 40, preferably f 8 to 18.
A |i near faw&hﬁw%g nﬁ‘?aé‘é‘ﬁll%" FREFPH ! R sﬁaawoffgveflé offgired éin‘b‘F%’ ving

al kanet hi ol ﬁ% gh th oI i ncl ndecanet hi.ol decanet hi ol ,
and tetradet maf)ne‘f%n rflae 8 o1 d 0 fuéeshg’laescué téatﬁaa@l ﬁ%ﬁ"\%l A1 ﬁée%?fé‘ %1 al kyne

cont ai ni ng 3, URSAhM é&&x@n%@ﬂwa@&txdé&%@ﬂ?& g RAGHRANG dBAUIHS a%d Rhgnchi ng

structure, or a steroid ring. M can be spontaneously fornmed on

a gol d substematethb odyyedd ¥trditSsod\ehd Gort Ihas@@ayea- URsC hh BRd HYEE eRhBkiyer

nol ecul es having an SH group in a solvent such as ethanol and putting the
gol d subst ratetbedyorinetio contact with, or immersing the gold substrate 15
body in, the resultant solution. A SAMis obtained on a silicon substrate
body by | ong- chalﬁhmﬁﬂ@@hdé@-%ﬁ%Fﬁgb%SwmﬁykmﬁhbﬁwﬂmhaSKWPWS<®EF@¥W@ﬁ on the
surface of a siljca or netal substrate body | ong= chai n nol ecul es havi ng
a chl or oal KipAEneind 1’&%1?;5“‘6’1” & al ‘k&%&?&%"l@}ﬁ"sﬁ““l %/’fesbngfob‘ a%(%?ﬁﬁ’(n&% ippuly

I ong- chai n_hydr ophobi,c ml ecu

oct adecyl i Tt RORERT o SE T Seee ot T LR Ao ELbalatl RUE oL GO Rpje sppe san
octadechtrkgggg@ﬁygkggge (ODVS). For exanple, a SAMis obtained by

vapor - depositing ODVS on a silicon oxide substrate body. The term "vapor
deposi tion" referantsanheat idd BNEpohdRbwst MGnRd SADHIGRE €A | Sib@rat@ Gddym
condition or a condition close to vacuum so that a thin filmof the
vapori zed sinblstiapeeares hhonge FAdhfotthel themebaseubintacostdobvitiator inmodaged inn t he
present invention, the anphiphilic nolecules form ng the SAB may be 25 any
type of nDI%%&W@@‘mﬁﬂéﬁmFWépgﬂémﬁpmbﬂW@ﬁﬂ$ﬁlc part and a hydrophilic polar

art therein. Exappl es of t he a hilic ul.e usa Ie t fo t he SAB
Phel ude 1 pi ds. suLREg SRy BSBBUPE PBROGERE FRP ool aHR g vaer i ik g

li pi d, ?ﬂ']d z?rbgla;%? Ql'eff;\or ﬁx’e S%Egr od§) Qélﬁg Megﬁacéﬁln%:dfbgna§gy%e§c|r}ﬁ¥& E'Eglmm um sal t.

A SAB is forne ayer having a yer “structure can be

easily formed through p@&@;ld ﬁgedwn,rmm@a 6ff a SRfQE-BRMLE sSRINMRNody, MAhRIyned by
di ssol vi ng anphi philic nol ecul es such as lipid nolecules, to a substrate.

Ther eaf t er , amaee bf abAMabeeed ebiteskedy, andeebfect AR forbedmbsadicdbdonr ar t he
like is perforned to deconpose and thus 5renove the bilayer structure of
t he non- maskeed ofip ehotorphgsiormed snbetzath odsngay he foginkdyeehave an arbitrary shape

using masking. A photomasking method will be described below, but a person of ordinary
20 skillin the art can select appropriate elements for masking. The method is not limited to
the method described below.

First, a resist is formed on a surface-treated substrate body. For example, a
positive photoresist may be coated onfo the surface-treated substrate body by a spin
coater at 800 rpm for 3 seconds and then coated at 7000 rpm for 20 seconds, and heated,

25 for example, at 1101°C for 90 seconds to be dried. The thickness of the photoresist is
decreaséd by increasing the rotation rate and the rotation time. The heating temperature
and the heating time are not limited to the above and may be appropriately altered as
long as the solvent of the resist is vaporized. Next, a photomask is formed on the resist,

and the resist is exposed to light. The resist may be exposed to light by radiating an
15



structure is formed. Alternatively, an SAB can be spontaneously forned as
follows. A substrate body including an anionic area or a cationic area as a

result of surface treatnment is put into contact with, or imrersed in,
a d’spersmn of cationic lipid or anionic lipid. The SAB 10is forned in the
ar ea. An SAB can al so be spontaneously fornmed as follows. A

substrate bod¥ including an area having a SAM forned thereon is put into
contact wi tHectigp beammanadigaviglet ray, gaﬂutavehthsﬂlkefoaﬂ%%qﬁcwsmrefawbmf@qﬁ lic

I les. T I I b t d
Chersca 1y ORISR B bR S8R0 Rt v
Ki t I ention,
5§l o0 T g g cebfy MENBECAE U LY LT, 2

substrate bfdYesis®On Bct@baftat@boapBs t&ttesét S la%a au;}erett@ @o ndAFexBbbe@hR@ oPf 2
phot oresi st-formed substrate body may be for med to have an arbitrary shape

usi ng neski thg restst ph ednoived Kihag dredrioof the ISAMDer 848 evhidhad nbepoweted Bl the per son
of ordinary 20skill in the art can select appropriate elenments for nasking.
The net hod iesistioterhivad be 2 tlosihherentmtehb @ Cdrlsond yeadmipet, oxweactive ion etchifg rst, a
resist is formed on a surface treated substrate bod%/ For exanple, a

posi tive phtits kalpsep %’ﬁy wally ght é?f‘séﬁt gerpayed oy %’é fql‘gét sdvasush at e body

b in coater m f or. conds and ,th d at. 7000 ypm for
2 Seconds. ahge rEl i, HoEpPlhat, THE St 16a THFGp Lot REPBL dr | ed.

The thi Ck”eﬁa%m%f M&i-’opQRQ&%ﬁx%mLsh §1n{j§ﬁ.{c§ﬂ~§‘é‘91 BYodnflGr €8si ng the rotation

rate and the rotation eating tenperature and the heating tinme

are notidimted tm thB@rabRvigveition, THY 1dPR “SHMIORAL Blcidad, beI BGhoRBmlt&Ng as
the solvent of the resist is vaporized. Next, a photormask is fornmed on the

resi st, andtot helulespdymersfilenipaseldertt@udh a@htcetoﬂ'dqecemesﬂﬁt amaycohe, eaposed t o
| i ght by radi ati ng an
an aqueous solution. A solvent that does not dissolve the structure of the thin film
polymer structure itself must be selected. Alternatively, a solvent that does not dissolve
the thin film polymer structure during processing by conditions such as temperature, pH,
15  and ion intensity may be selected. Examples of the soluble region include those formed
from, for example, a polyelectrolyte such as a polyacrylic acid or a polymethacrylic acid,
polyethylene glycol, polyacrylamide, polyvinyl alcohol, a nonionic water-soluble polymer
such as a polysaccharide such as starch or acetylcellulose, or a resin such as novolac or
poly(N-alkyl cyanoacrylate). In the polymer solution that forms the soluble region, the
20 molecular weight of the polymer is 1000 to 1,000,000, preferably 5000 to 500,000. The
concentration of the solution is 1 to 20 wt%, preferably 2 to 10 wt%. Alternatively, a
solution with a viscosity of 200 to 500 cP is desirable. The soluble region is formed by
coating the abovementioned solution onto a substrate body prior to the formation of the
thin film polymer structure and then drying the resultant substrate body for 10 minutes
25 to 24 hours, preferably 1 to 12 hours. Alternatively, the method for forming the soluble
region is desirably, but is not limited to, using casting or spin-coating to coat the

aforementioned solution onto a substrate body, heating the coated substrate body for 90

seconds on an iron plate heated at 110°C to volatilize the solvent.
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el ectron beam an ultraviolet ray, an X-ray or the like for 1 to 60
seconds, preferably.for 5 to 20 seconds. The photonmask may be, for exanple,
a rectangul ar nask having a size of 10 1.imx 30 or a circular mask having
a diameter of 3 vim Next, the exposed area of the resist on the substrate
body s devel oped and drled whereas the non-exposed area of 5 the resist
IS Jem)ved Then, an area of the SAM or  SAB which is not protected by the
resist is r@?‘rﬁ@/@&)tw M’?ﬂr’a‘%‘h‘ﬁl erkaprEpEine coopfunsienal moleewent . or reactive

ion etching u3|ng haI t he resi i s removed

Fi .
resist-sol ubl e sof gss{}(’fﬂ Stﬁl?,%t Sﬁgsorbrﬁl'—an gra %? ePfF“BP]&n%‘t ?‘Fﬁ?\ggwg%ﬁs an
area of a d§§Mro?@|A% s%ﬂ?&‘?e)(%% igc%?r?%'bgtwegﬁﬂ o@nidh§ n%@aﬁ}gs‘%' oy lgo\é'hl ch has a

fllmstructure can n the present i1 nven T sol ubl e
regi on” inciddgsid ghble, 1.8, tROLulstadd @Qt bomas &@ ISHQ&@M@ Qlle)ﬁ@ﬁtr offtlluJ {3 fAnd

sol vent such as acetone, acetic ether, an alcohol, water, or an aqueous

sol uti ons Ainsaby @6l fuhbiinal Bekcl@t sudh 38 Qrblyﬁnich@la$Tn[oﬂ6ﬁ1éﬁs€hnﬁfpoly|ﬂﬁxch&lam film
pol ymer structure itself nust be selected. Alternatively, a solvent that
does not di msobmerst he thin film polyner structure during processing by
conditions such as tenperature, pH, 15 and_.ion intensity may be sel ected.
Exanpl es of the sAiRgHTECtens SNPHRY] 4 dRACERSS dndlusien P 91 1BPKe LoBPEcaRMF e, a

ol Y ot OB ST, BB RPNEELYL S, RyBRNTEITRS i AL
wat er - sol ubl, e, DOl ¥IBL 1 SHGR RS, %hoﬂoalsya%% Féﬂié 4% ssu Ifl %_%taﬁﬁ%{;% 119rraht

acetylcellulose, or a resin such as novolac or yano crylate)
In the polyBIhoSRbil @RbdPErohR Kb & gb,ln@rca gi s, lla&‘c Z&te gcul ar
wei ght of the psﬁ?ydr%r is ?0%0 ]%olﬁg O%g %05 pr eflgr aggcl%) 500 gB 000. The
concent r at i eldelgfde gh@ps @bty ighdups, Sydniiro g2GipVin@othlilef exdbyonzbré cbnﬂzﬁmmg %
Alternatively, a solution with a viscosity of 200 to 500 cP is desirable.
The sol ubl erhegitonofi sirydr grevpshysudpaasi rigvintikenatnsy ediemylethead deohdsuliore, ont 0 a
substrate bodyggrlor to the forrratlon of the thin film polyner structure

and then drYrigletpide ppd ther i Examprles ofithe B&‘éj@mf*&nah@aﬁ?ﬁﬁlt §’§1“25 Profging 4
hours, prefe 2 hours tern for formng the
sol ubl e regf’°l¥| ?lée 8s lru(%l B ‘l(‘lgu%ub;‘g%sa Hot° %ame l§é"d drgiy ﬁl:%oqys% gl

Spi N-cogd i Ngeif AnfiRflde! BFo1ARAS SHRREA, Ui SR Hh M@L&a dcfilaGiaPRdy,
heating the cloatne%ﬁsﬁbs?org%e ‘body forggl(% secz)pngs eon ar? ffﬂg?ﬁlate heat ed at
110C to vol g&lylhbdceacldq@lyﬁﬁic\é@ﬂtcopolﬁraér pelsQbRildcene, ARl $hEBIKe ZRticOR incaiad
crosslinking of polyfunctional nolecul es Exanpl es of the substance
to adsorb t thoae reace@ndrf ovhigx diapd eéerneanuarfeatibali grgus SAMMWtipISABds tchaigt ur e)
in an interface between the aforenentioned substrate body and the liquid
phase, i.e. funchenadgioypsrithe eprat ubbcomes the structural el ement of the thin
film 5 include p%%ﬁ ’(psltlong\ll nol ecul es Sglfh as  pol yfuncti onal NONer s

and pol yfunctiona fgfogal monomer or “Rnﬁ nGHORAL 25103t RAYHFEYSeb i fracr omer
I ncl Ud6§ tv‘@m& J DS %&gﬁg&rﬁ?&ff‘] onomer ?glﬁgg&gnaﬁj%afcr%n%y 3 g‘)'{a IO%Q s in one
mpl es of u

nDIecuIe ncti ona noner | ncl ude nono Such as

am no acids ﬁfi‘ﬁﬁ@d Wﬁmer@,@m BipdiyBGrede Bl pIRL-Ldptoi9ftord o2TH 'ECIacgfcgUlﬁsand gar boxyl
groups, hydroxyl groups, nercapto groups, isocyanate groups, aldehyde

groups, epoxlcdicAupSopdyhadtiib whogl akicead polifatetiohklemolait ERMOIRIIuGaNsal ni ng
a plurality of vinyl groups such as divinyl benzene, divinylether,

di vi nyl sul f ediesredoirsriabeiurfadels amanitdlly thodkeed cix alspbessedf t he pol yf uncti onal
macronmer include proteins, | ysi ne,” polyglutam c acid, substances

obt ai ned by hydr %pg)t%* 1b(9p%}3¥q yh@‘ﬁ@/rmoeﬁaéncular limitations. Examples of the

25  water-soluble protein include albumins such as BSA (bovine serum albumin) and HSA
(human serum albumin), hemoglobin, myoglobin, soluble collagen, and fibrinogen. A
protein which is not originally water-soluble but which coats at a support film and can be
exfoliated or a protein which is not originally water-soluble but can disperse stably in a

solvent when a support film is dissolved therein are usable. A protein obtained by
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15 acid anhydride copol yners, kitosan, alginic acid, polyner beads, a
polylactic acid, a polylactic acid /glycolic acid copol yner,

pol ycapr.ol actone, and the like, but can include those macromers which have
term nus functional groups or nmultiple side chain functional groups of the
repéat unit. A nmono-functional nonomer or nono-functional nacromer may be
used in a 20 mxture with a pol yfunctional nononer or golyfunctonal

macroner . Foriferaafres belyesivediampde kyfa popsiarend. eiacreride parkeskod Bife or
oly(c-caprol actone), .or an L-|act| i. d d | li¢ .acid I t

Phose surt HEBORE SOV TS w1 B e e B R A Lo e or

whose surf i hem Ll y- | T - ) i i

Lol et ot 8 BRECRERER Y I AR LRI B 39 0 et 1SR REGLPLLDnd o

wat er - sol ubj.ge RERERniREdtibd&r addy %a?,sgb;,s uiPet33otBRAaADMh RariBET ¥RsAIDUN N)
and HSA (human serum al bumi n), henogl obi n, nyogl obin, soluble collagen, and

fibrinogen. & BimbebN Whd Bhsdeb DNMbleoilhg Chalnky AViabaktosd Midhal, Bt edidinch coat s
at a support filmand can be exfoliated or a protein which is not

origi nal |y GaerPres] 2iBile Abaitbsteare ditapel mebawalgl forieraraple.od pemtyl divelfida
support filmis dissolved therein are usable. A protein obtained by
purifying a8iorRsiaigalpgude gei geysuanride Bipun qhBWRAtithat HOEP ofsrrrateeyel de

synt hesi zed by a peptide synthesi zer be used. Alternatively, .
; econbi nant “PYLEBIR FpPBUUEEL Y TE A 85 TGN S8 VipuhRare by Bbagppriate
Escher i Chi i Goh!is Eni8 4 B%Min BayPd DM, TRE BOA 19000 bRARSAGAH GRS She
i nformati on of genes coding a target protein, and then purified Is usable 5
(see Sapprogkteln.and Russel D. Ml ecular doning, A Laboratory Manual, 3rd.
edition, CSHL Press, 2001). A substance obtai ned by bonding, for exanple, a
pyridyl disul fi deTgeé edip, “palymat béddisUeefage dalthe follovdns tyipes off prarti€esg hottples 0 a
functional group of a protein such as an ami no group, a carboxyl group, or
a hydroxyl ortempd by freatingyamenordr Taringpring rerawevitle pryulgiop polymabasion Ar pr ot ei n
may be used in the formof |atex beads covered with the 10protein,
suspension polymerization; particles granularized through. O/W emulsion; particles
obtained by ring-opened polymerizing a ring-shaped compound as a monomer and then
15 emulsifying the resultant polymer with a surfactant; or particles obtained by
polymerizing a polyfunctional macromer. Examples of polymer beads include latex beads
formed of polystyrene-co-divinylbenzene or the like. Biodegradable polymer beads made
from a polylactic acid, a polylactic acid /glycolic acid copolymer, polycaprolactone, or the .
like may be used as polymer beads. The polyfunctional molecule (for example, the
20  polyfunctional monomer or macromer) may be amphiphilic. Examples of the amphiphilic
molecule include polymerizable phospholipid having a diene group or a vinyl group at
1-acyl chain and 2-acyl chain, amino acid-based lipid, and sugar lipids.
The thin film (thin film polymer) may be formed of one type of molecules or a
combination of a plurality of types of molecules. The combination may be a combination
25  of a plurality of polyfunctional monomers, a combination of a plurality of polyfunctional
macromers, or a combination of a polyfunctional monomer and a polyfunctional

macromer. For example, polymer beads covered with a protein may be used as

polyfunctional molecules.
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The term pol yner beads" refers to the follow ng types of particles:
particles obtained by treating a nononer having a vinyl group with enul sion
pol ymeri.zati on or suspension polynerization; particles granularized through
0O1Wenul si on; particles obtained by ring-opened polynerizing a ring-shaped
conmpound as a nonomer and then 15 enul sifyi ng the resultant polymer with a
surfactant; or particles obtained by polynerizing a pol yfunctional

macr oner . Exanpl ed rotyiypnstigyed roobesed sadisorbs e Pallexr [$d&den faowédt?'tﬁ'ated

pol ystyrene-co-di vi nyl benzene or the |]ke. Biodegradabl e pol ymner ?feads made

froma pol yiukeirate bady & fOémpr%f ithin g TP@HG%%I'??‘% a&eqrtefn% cl

pol ycaprol act on or t r beads

pol yfiincti onmlpiae Bl ec“hfsf %’?luégg“énpﬁ%ﬂmﬁﬁ’bwﬁ VEUREE g‘ﬁefh“n@ﬁ‘or‘?ér or
TRcr OMer) M6 SR RP Bldrhhob AN 4 nwﬁomg S bt TR Sl Gpd 1! ude
pol ymeri zabl e phosphol i pid having a di'ene group or a vinyl group at 1-acyl
chain and Zpa@ithetiohal Mole@MsNisa®! olp@sRshtioh Rindior AR ITAGRS is| peRfobiSed as

The thin film (thin filn1polyner) may be formed of one type of nol ecul es or
a conbi nat i oReBhryao folraglolyimer ein filp e thefsurfideacaatedsubstige balgitfonataipie, may be
a conbination 25 of a plurality of polyfunctional nononers, a conbi nation
of a plural ¢ntheSAMIol yf uncti onal macromers, or a conbination of a

pol yfunctional nonomer and a polyfunctlonal macr omer . exanpl e, pol yrer

beads covered witH ardﬁrdfem#enév B@yfag%ﬂn%}smﬁm}%Fﬂ:@ﬂwﬁwor?oﬁé%| the

A pol yfunct | dsorbs.to a SA B on a surface-treated
substrate bé’%ﬁaf?m&g s%{%%?teab Ay bf’ R CM““H"Hg‘r et %I}Iréerseidﬁn Al guér 0“@

mol ecul gg (& ersagarapkﬁe pBlpﬁlnE%ngp'rﬂo?e%ulleQOi‘H{gl B 0théh %yﬂr&péngmofyﬁﬂ@a&na@nd
formng the t film are arranged wth the hydrophobic part being aligned
al ong the SAMeanest da@ teifl@ed Al @lert fd@alseBt YhlvGEtionAB R 1QCH @SrResoOr b,

pol yneri zati on and/or crosslinking is perfornmed as necessary to forma

pol ymer t hi BABité formm dohenes uhibhdde: 4 pdpdletroytobivirat the bpebyité flawrgeeteahgilof, on

t he SAM). In order to make the polyfunctional nolecules to adsorb
to a SAM tﬁ)éSS!&M@PBFWBSIH@SIWC&P%“B@WOM“Efésppﬁlt |nto contact with, or
i mrersed in, (r)H‘ %I on or .a 1Q dis erS| on of the Xfunctl onal _no ecul es.
Thus, a thin f|| gRe PrEeT SPXpPHR: £h fungtional ppalecutes b Re s 24590 or der

to caus 5th%t89%1gal%ectrgyl% ’Jﬁhg&%%% kﬂoﬁgé&rct?ngt@ﬁ%ub%p@te 2] ATk ?mQO' ymer

thin film a po osite at of the

surface of {hesAMB:map @@moﬁﬁy%@dm&pomg%Qfan@nsm H%Bumé Bt Llh%plg&ﬁﬁ&@t

i nvention, the polyfunctional nolecul es can be caused to adsorb 15 to the
SAM or SAB kyted,epedingng gas sogeaahiron wfrogxt toadtebi gwhii ehs udistisrafrembibdy t hat
forms the SAM or SAB fromthe solution of the polyfunctional nolecul es at
an appropr i sthstraisebally oo ughiey the gaksfugciednal soddenle osolutionr wgedripeeds weep away
the solution fromthe substrate hody onto which the polyfunctional nolecule
sol ution wa%reaﬁn?qofﬁééow shreldpestionggn %éleﬁ?lawrb%t tb%wfaaﬁe&y%ﬂ&strm badtl e
solutloQOat t esurf (%ftthe§ stra tg g%/l " his ca 8. L fle contact
is real f2ed LETHGE hee §?Jnr FRERPERSi 'BHEon® 8VgHS - Trfsifﬂl 0(5‘ | ?f’tsel?qflé Bt e Rer ef or e,
the pol yfungti,ongal t}rsogoﬁ%ﬂcﬁgnaq%le%gﬁmmﬁmaﬁegay%:geé9) A5 D thQafei® | ayer
nore selectively than i'n the [iquid

more selectively than in the liquid.
In the present invention, the term "polymerization" refers to a reaction of
producing a polymer. The molecules may be polymerized by polycondensation,
25  poly-addition, addition-condensation,  ring-opening polymerization, addition
polymerization (radical polymerization, anionic polymerization, cationic polymerization),
solid phase polymerization by heat, photopolymerization, radio polymerization, plasma

polymerization or the hike.
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In the present invention, the term"polynerization" refers to a reaction of
produci ng a polyner, The nol ecul es may be pol yneri zed by pol ycondensati on,
25 pol y~addi ti on, addition-condensation, ring-opening polynerization,

addi tion polynerization (radical polynerization, anionic polynerization,
cat ioni ¢ pol yneri zation), solid phase polynerization by heat,

phat opol yneri zati on, radi o pol ynerization, plasma pol ynerization or the

| i ke. | bn thp pregend duvigntion, therfeime ferosslek” refeimto forming lichdticzldped s t o
formng a chem cal bond between sone specific atonms in the |inear polyner.
Crossl i nki nBFIFEPECRe t APEHCdid s Bndh ndteast PARERET e Cropripking dettes? may be
crosslinked Qé/e rertlharg nel%%{}dct%e urea bond by an 5 isocyanate group,
formation of & SChITT base By an al dehyde group, disulfide bond by a

mer Capj[ 0 group OrTﬁeh%ohe'cKl_@s n%algg_)l:ﬁ%hgf(edt B}e u95t9§1§e| b&lﬁe& hﬂ;gl%ngy an

al kyl di i m dates, acyl di azi des, diisocyanates, bisnaleimdes, triazinyls,

di azo CcosPOlRGsnatd bruar Pty de a Ihised By Bh d)abhite (e2oupy Bisiel bddai 1) a

al kyonat e, and bronocyan. The crosslinking between pol yfunctional nacroners
may be physme&hptdOgroun sl thaKikeg Exemhleasof cthagubsalinlen ibyluden atiayilimikzmat ur i ng
when the nmacroners are proteins. Wien the macroners are ther rmPI astic

pol ymer bea#gldiazifles sliipqearnatast biphaleiridatstriraipylsedipaercomapungds reliardldshydseat i ng
to realize physical ssl i nki. ternatiyvely, the polyner beads may be
conpl etely gifé@bmﬁ‘ifiyﬁég?f?%éiyhbt Og)éhﬂ"é‘af%??ﬁ/}?’io}nﬁ‘fyﬁavi ng an arbitrary shape.
In short, the pur‘ﬁxﬁse of ..t.his si.ep. IS tyrfle %igsa(i)l ubilization %Ldt Qe.f 'ﬁl m 15

. € “crosslinkin olyfunc MACrOmMeErs ., ma ] ica
Accordingly, the Step can ncl ude el éctrostati c rnteract] lpp"(')ﬁe

I nt er actj oNeroyidkiAP &R A8 dofthlat®Rdb ¥R-RRD qpﬁe&uﬁ@ WHRE th@ Smd P8 Sk hE
physical crosslinking fulfills this purpose. The treating conditions of a

prot ei n maypheidPPheptheahLrymdehreitRera G AkEEIGcnbidds  the spfepethd kadof the
protein. For exanple, albumn can be thermally denatured to realize

cr ossl i nki ngabye rertrglyt fnedt lsdheiting Go trepl 2 OQysiqut efoeslmbing. AtterABtivedy, ¥BOC, f or
1 to 60 20 m nutes, preferably for 1 to 30 m nutes. Pol yner beads, for

exanpl e, | aPE@Xel1ss MAYnesd CHPRP Va1l cEBEdiovICHY | HENZ ehe ghan

& bagd e coRplpiely yispadr bih degtinedioyf 8z die prgin
artially fused to.realiz rosslinking. by being treated at 1 tqQ 150C,
Pt orabl y Aoy e By hort i PUEREO A6 i Hhot RO eRtn A0ty BT 20 ¢ o
60 secongs. Y I 2 conpl.etely f to
el 2o ARG hy Sl car DERO MR R R ROTRFL L ARHEES |0,

1;'-0 t o 120Choda@ls, 394 294 2BEMMABorldthel Qs NBIIUL L Ehe My@fcﬁr abd¥ntiRd rdifiliO t1s
m nut es. For exanple, when the pol yner beads are bi odegradabl e pol yner

beads f or negufpp@nTie tpailtiypk acdditiona of brbiginyoal becapatipdia@bpet yedordanbewpol ymer
beads can be partially fused to realize crosslinking by being heat-treated
at 30 to 100E prepegties obthe prajein S(yr pxampi@ @lbugyin dande thayohatlnd@@turedigtreadize :
preferably for 1,60, sg}conds to 20 m nutes. Al t?r natively, the biodegradable
pol ymer beatfessligkine hg Regtrpireatet 9t Fided®bhy- BeTHiPhaa Ottp AP Ed Tt 1 1060t o
180C, pgeferably 130 t 6 or 30 seconds to.10 m nut.es referably 1
ni nut e %.@ 5mn1;|1ur% grse?erakﬁy orng 36 mmu?fes. %glymer eads, for exam&e, latek bgads forme(l?

of polystyrene-co-divinylbenzene may be partially fused to realize crosslinking by being

treated at 100 to 150°C, preferably at 110 to 120°C, for 1 second to 5 minutes, preferably

for 10 to 60 seconds. Alternatively, the polymer beads may be completely fused to realize

crosslinking by being heat-treated at 100 to 150°C, preferably at 110 to 120°C, for 30

25  seconds to 10 minutes, preferably for 1 to 5 minutes. For example, when the polymer
beads are biodegradable polymer beads formed from a polylactic acid /glycolic acid
copolymer, the polymer beads can be partially fused to realize crosslinking by being

heat-treated at 30 to 100°C, preferably at 50 to 70°C, for 1 second to 30 minutes,

preferably for 60 seconds to 20 minutes. Alternatively, the biodegradable polymer beads
20



After the polynerization or crosslinking, the polyfunctional nol ecul es may
be further caused to adsorbed to, for exanple, the SAM or SAB-forned
substrate body on 5 which the thin filmis already forned. Polynerization
or crosslinking may be repeated in this manner for further thin film
forati on. According to the present invention, a polyelectrolyte
may. be used as a pol yfunctional macroner included in the thin film For

exanmpl e, a @tPe grerleteyrwed bx hpne bartdrestrdyrtdiR ke H°G rapfrrably BRme 1€0°Cmmrer sed
in diluted solutions of polyelectrpolytes 1Q (pal ycati on and pol yani on)

avi gt he BpBLEPES tria BRLHE s kR Rar e SEPREESI s t hat 1 he

pol yel ectrol ytes gan ' ol T ter, a
step wherein excess 62?&@%@%?%@%%gggfg%?{éﬂﬁg?ﬁégag@g%ﬁ gl r?@g%ué_sgﬁgfﬁus, a
thin film fﬁ&hagcaaseqummearto,a}me_)@m?gl YRE.00- & da-Rahal %bg@%r&a&f& thereon
is forned. To produce a smooth thin film the spin-coating nethod is used.
An exan e wlkiclathe ik fitie tdhuiekaihforeéd) Palyhbripaioy BB ErovdlinRifg has bbe@ratdd ipped on
a flat substrate body is alternately spread and |lam nated with a spin

coat er. Exatigplremnef for frethsothpe &im prmatmel ude kit osan, col | agen, pol ylysine,
pol yar gi ni ne, pol yhistidine, ionen, poly(quaternized pyridine), polynmers of
di al |yl di al kyl anm®ssPiding &athe peaseptpBvsationy RaRlfdectiolyihrays by fiseh@s bl yani on

aci . pol yaterytront et BRGS0V PRty kR TRAE Lol £ s

t hereof, a PQLA&QL{)A}%u%sFa@MB%ﬁ&ﬁ Gy ihl%le%&ﬁrixf&)iﬁute&r o] tghgg@%gﬁ%&r&}t&@' I ne

hydrol ysis of an alternating copol ynmer of mal el c anhydr styrene can

al so bejgise@olycation and polf¥hidaP hafihd 1He ¥BYosAt SihrA tf BAABEheb ¥ItAAFRIDENGaf _
pol yel ectrolyte on a thernohardening resin such as a photoresist soluble in

an organi c thelpssalectrolytbd eungipohiaaedSly Ldokorired hbd SAB] @ $rel.Hdrdadter, pr @ekuci ng a
thin filmthrough the use of electrostatic bondi ng between pol yel ectrol ytes
havi ng opposhareinekeepgradyeldctrolytes grespashed aWl i rensatfedr Thug, 4 thimfilohhotege t he use
of hydrogen bondi ng and_di pol e interaction between polyners. The -
pol ycat i on 22 3rdii ol apice plieragteria e ddns hen s épr @)é[i"é’r?db‘Ferw%ﬁnWt he

alternate adsonptign Jeihod.anc.ef osslhnked.LauL st as (of, ShaLogs. By an
el ectrostatic force, THUS For i ng a Thin fiimA'tarnarive y, ah am no

group ifs a pehYIOPhCIOTRL B¥erdifhRd GAT PAXY bisstdtd Fhdf &S iallbfatdly SpeH ¥hON
conpl ex may be subjected to dehydration-condensation and thus crosslinked

via an am dRngfRet0 wiii £ Bpih Scodte ORANDNs dTORE polybatnf @EIGIN GitesabNEdNafdnl M
5Thin films formed by the above-nentioned nmethods are al so included in the
scope of t hpdylysineg rpblyerginine, polyhistidine, ionen, poly{quaternized pyridine), polymers of
diallyldialkylammonium salt, and polyallylamine. Examples of the polyanion include
alginic acid, hyaluronic acid, polyglutamic acid, polymethacrylic acid, polyacrylic acid,
20  polystyrene sulfonic acid, alkaline metal salts thereof, and alkaline earth metal salts
thereof. The product of alkaline hydrolysis of an alternating copolymer of maleic
anhydride and styrene can also be used.
An LbL film may also be formed by adsorbing a polyelectrolyte on =z
thermohardening resin such as a photoresist soluble in an organic solvent. Although the
25  LbL method is a method for producing a thin film through the use of electrostatic
bonding between polyelectrolytes having opposite charges, it 1s also possible to form a
film through the use of hydrogen bonding and dipole interaction between polymers.

The polycation and polyanion included in the laminated layers formed by the

alternate adsorption method are crosslinked in terms of charges by an electrostatic force,
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The thin filmforned at an interface between the substrate body and the

|l i quid phase may be a single layer filmor a nulti-layer film In the
present .irnventi on, the substrate body nay be washed before and after 10

t he adsorption and pol yneri zati on/ crosslinking of the pol yfunctional
nnlédules The substrate body may be washed by i mrersing the substrate body
in,. or putting the substrate body into contact with, a washin I| uid once
or a pl uralthuy fyfing akin {18) Aftefratively ndthaminegerqu ime trolyinal cosw ce bonded
to the A surface thereof 15 In the present |nvent|on a functlonal

subst ance ncapb%@l%oﬁa%d egdihe in smrfpa!wnof C%“H‘Fﬁ n | nPObtsRPIRder by

polymeri zi &lhoéraﬁgr(lj Sosndle nskélprgarpdo th¥1f lélx%(s: hn%g Vl an a 1§e gro Alht rlg g'tcg)v\:{l?eny a
thin filmpo fPactare nay ar S0 be uce

functi onal QMQq%ggggn aQRBqﬂﬁt thls p0|nt regardlng a portlon of t he
pol yfunctional group of the A surface as a functional substance,

exfoliatg ng the thhia fink @eMel bytthe aBOXERkibadd necns®t fHediddesanddaad that er,

and bondi ng the functional substance to the B surface. The term
"functi onal scepthstianoeéntionf ers to, for exanple, a substance having a
nol ecul ar recognition ability such as a recognition protein or a |igand

t hereof , an anti g&he &in flm rmedasdy interfasetbebyeen thetubstretaibedyand the Bgdt ance
for pronDtl g a specific reacﬁlon 25 of a ?atalyst an enzyme or the liKke,
a subst anceP P BRY 8y sinsls lygetih @ PrltlayS Al an anti - oxi dant, a radica

Scavenger or the i 516 presenﬁamgen%og 816 suia&xa‘ar‘gggs N mha aée was(ilaii lgotxye an%ra(%tu an
am no group, a r’rercapt e "group 1 nvo In a C arge or

reactiofy The ga%&?u &%&tgomm%@&&@e&ﬁéng ai R Wﬁtﬁ%ﬁaﬁﬁx@@émcmt hat
use the charge (electrostatic interaction) yel ectrolytes to cause the

expressi on @fbsfrimaclodPnsay bEwasieldas mmérumgtth@@albst@tmséc@nﬁe& paglngd|e but are
not limted to at | east one of the followi ng selected fromthe group

consi st i ng sfbsipateyndyr wteustactasitlp el wesbing yiheidegteyr alplurelityaf mgar chain, a
protein, a peptide, a sugar chain, a biotin derivative, a polycation

pol yel ectrol yte, and a polyanion polyelectrolyte Exanpl es such as those

Bt omar BB he Re e tml et Kiohe BrtufReateBibdR Poar et hods.
As 2 cheg cal ‘bond| 1g 0BLNHher L1 2905119 o SRFLL B, RELIREDL e uagt! onal

nol ecul es and the't m may De cause g via a functional group

that can bopdat @M@ BYPpolPn&BAROXY ler@EIG kMg BolPMEERRN] nlMBs. a
mercapt o group, an i socyanato group, an

Alternatively, a thin film polymer structure may also be produced by not allowing a
functional substance to bond at tﬁis point, regarding a portion of the polyfunctional
group of the A surface as a functional substance, exfoliating the thin film with the

20  exfoliating method described later, and bonding the functional substance to the B
surface.

The term "functional substance" refers to, for example, a substance having a
molecular recognition ability such as a recognition protein or a ligand thereof, an antigen
or an antibody extant on a cell membrane, a substance for promoting a specific reaction

25 of a catalyst, an enzyme or the like, a substance involved in a-speciﬁc reaction of an
anti-oxidant, a radical scavenger or the like, or a group or ligand such as a carboxyl
group, an amino group, a mercapto group, or a maleimide group involved in a charge or
reaction. The term “functional substances” also includes substances that use the charge

(electrostatic interaction) of polyelectrolytes to cause the expression of functions.

22



10 al dehyde group, an epoxy group, a cyanuric group, or a vinyl group
introduced into a polyfunctional nononer or macroner. For exanple, the
bondi ng.reacti on between the functional nolecules and the thin filmmy be
caused using urethane bond or urea bond by a reaction between a hydroxyl
grodp,or an am no group and an i socyanate group, using formation of a
Schi ff base by a reaction between an am no group and an al dehyde 15 group,

usi ng di sul ¥l %‘dﬁ(fuwo’é\al rURTRREH IEARERh e Pelapnged F%ﬁtpkeaStdé’ier?é the

t be dyl di sul fi
mal o i de. GPLURRe Y P B Bt o Barne etk Bish ot PR ey o
succi ni m de u%£10 Usin O{) (E)rr(%ginl ' k}ﬁe'ptl.de ?lsugar hain, haebioaklﬁmgtgvecgngcﬁfc al d as

met hods for causi ng I ng physica ectrostatic intefaction between

the functi opafelcetbficaniiea ﬁlﬁ%ﬁqﬂw@@m&m NEAaindpBs$Ldeas tRENRWEELBALbe

i nteraction, hydrogen bondi ng, or internolecular force.

Al t er natd Veéayxbe@wbh gan@oentiohand appipahiered i nto the thin filmside or the
functi onal substance side, so that the functional substance can be

i mobi | i zed on t hBunckipwal fulistangss cag babadapthesughfcherigallor g’awd:abrnethem? Atcept or
i ntroduced into the functional_ substance or the thin film | es_of the

conbi nat i on? FRaHERd Bonsinst Peihath dheabanding reaption befiygen ﬂﬁéi‘ﬁ‘f“a%l nP‘%"c?t‘ eﬁ amén

t d bod d d t d .
L e e T A cd to,
catal ase, hgxro§}?raaglrk§)tlylpgg&ﬂ?( 'a%ﬁ?oxyﬁ YRt KORhRy foih OGN B Enatd fgﬁﬁ%&o

6- anyl ase, gal actosi dase, gl ycocerebrosidase, blood clotting

per oxi dase, alpsie asRp, SELIY asRp, hepdruek lgdu@ser a 2Byl ¥l iRs&ucddi Rase,

pul | ul anase, isonerase, glucoanylase, glucose isonerase, glutam nase, 8-
gl ucanase, palgfus@ivhden@ooikeas macrbher.fet kednflgrthé boclingrattimulstanabe bondi ng
following the introduction of a ligand or the like to the A surface of a
thin film cimctgngbmplecudesrant dbe Bin fnmay Sepayerd using yrpthope band of srrathiosth can be
carried out pon t he dlsperS| n.that is the 5product of support film

di ssol ut i on?Y 6473‘31@61? 3?5’ SOTB & SPPoTtUN PR RIOERE G 5P on of

the thin fil e present vention, the so rt film
is conpri seasm% formauﬂn o8 SC]il%{})g? ol ueﬁftmn%e & 88 VEHE° %ro%arédsanaéggpg et hyl

acetateys angx%llﬁqn;mg’ VA& bonqrbyaQ r&HEPHS ween mercapto groups, using a reaction

between a mercapto group and a pyridyldisulfide group or a maleimide group, using a
reaction between a carbonyl group and a succinimide group, or the like.

Thé following can be used as methods for causing bonding physically:
electrostatic interaction between the functional substﬁnce side and the thin film side,

20  hydrophobic interaction, hydrogen bonding, or intermolecular force.

Alternatively, a hgand may be introduced into the thin film side or the
functional substance side, so that the functional substance can be immobilized on the
thin film using a complex of the ligand and an acceptor introduced into the functional
substance or the thin film. Examples of the combination include biotin and avidin, a

25  sugar chain and lectin, an antigen and an antibody, a drug and a receptor, and an
enzyme and a substrate.

Examples of the enzyme include, but are not limited to, catalase, horseradish
peroxidase, chymotrypsin, cytochrome, «a-amylase, B-amylase, galactosidase,

glycocerebrosidase, blood clotting factor, peroxidase, protease, cellulase, hemicellulase,
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10 solution, but is not limted to the above. A solvent that does not

di ssolve the thin film polynmer structure nust be selected. The sol uble
support .filmis fornmed from for exanple, a polyelectrolyte such as a
pol'yacrylic acid or a polynethacrylic acid"® a nonionic water-soluble

pol ymer such as a pol y(ethyl eneglycol), polyacrylanide, polyvinyl alcohol,
polysacchari de.such as starch or acetylcellulose, or a resin such as

novol ac or Hansst Vipaseatutiplanases emerass: &ll@yamxl?fet HECOsOISPREIRSS gl ATBACused t o

ol | ow ng pF SpEPRIEenT Srtegrias oo By iorectbarsadrghe bbe00 1o -
1, 000, 000" %’é%ﬁt@%%&ﬁ 2?91?1%31&(901@9% 1999) th@ﬁ%u ?&%@g%ﬂltnrfﬂﬁl'cgg %E bé‘c&rf{ed’zo W%

preferably e solu esupport ilmis forme y applying the
abovenent i OfRGnSOLUbLb® Bl Oordths YBREERAES RO bt & $hRidispbistom R X ree
structure formed 20 thereon and then drying the resultant filmfor 10

m nut es 3 0 Rdbdinduf Sippdet Biediadsiutiod. to 12 hours. Methods for applying the
abovenenti oned solution to the substrate body include, but are not |imted
to, casting and spin-coating. A pair of tweezers or the like is used to
exfoliate the_soluble support filmand the thin filmpqlynmer structure from
t he subst r atéFgamon afthe palublesyprert fify and gxfohagion pf the thip 81 1| ¢ aneousl! y
exfoliated and transferred to t a seconda bondi ng
For ce. auch as el elt PEQUEERE IR RSP B SHER Plrpis ot saraGes 8F modliae:

Waal s' forcg,Lnohh lgggolp&k\é@msta@&o&ogtu | Re P RRL ool WRANG hGudbn film
pol ymer strudture. I'n cont rast, di ssolving the soluble region atop the
substrate befivtionabli is REY BB w@atae@bem@mv&xh&hamdas bt dxdive pRY 868 il a
liquid can be obtained. At this point, the size of the dispersionis
sufficient payhesuecsianhgiasyledtie Thelbdtaspphodim isfporedvin fortehemplhi n fil m
pol ymer structure is formed. In addition, the dispersion can be exfoliated
from the substobaleerdudysuby %@a??lﬁgﬁqlﬁea% B% tor e e briyylist adidest a jnauignic

cont ai ner that insoluble to the ent y a oy ners of
the formed %’ﬁt?%ﬁ‘?‘&‘?%pW’P?F %@Eﬁéﬁ&%ﬁ?ﬂ% g B F?R‘?‘ﬁ“%% fya Vheedet, ¢ he
substrate can be remve ck onding of .the f i onal
subst ance t8 sﬁ‘CCh@msur %‘ce o?eta%ﬁ % ayetyl?el ugr??%jn(?t heregglpﬁgcrht °F irfoﬁqgig% g

di ssol url!')onp&gr(l\f*zh l%&%Q&&late’) I 1fthe polymer soluflod B&ARS FReMe thOYghiHLd Qipp othe
structure can be the structure that was transferred to the sol uble suppor t
filmor thefilmbemndedubletgidnag eolutddddritihhe BolbtridggrepertSesiOdplrakied wiyndaat it
is imersed or floats so as to contact the interface between the substrate
body and t henoldcgled deightad d000M0 1M0H0Bopmterakihe009ch Gt e00s epporancérittatiogan

all ow the aforenmenti oned functional substance to bond in the insoluble or

poor | y- sol ubf kg8t Raferakibt etonfeyt¥el Y solpblerfuppert fim ‘ﬁéﬂr‘?‘ﬁéPY oiyies hee may

I b d db di f.t t I f th
B surrace acbaeppmer SRRt RRb bRt ARrE R a S PR R
subst ancg t ?lr&gd;&dand then drvm% tﬁ:t esﬁé@l%h@forwﬁm Lﬁesotg|2x %&h)é' ﬂrgfe@a%}ydl ﬂo%Zused as

a support f i MYer si e support I'n an aqueous solution with a

pH of 1 to fﬁoux@flﬂ@t%@%ﬂ’a@lyﬁhﬁ‘é Of aBoveentidRE s@uficd fo tBONGRRLIcAbEPMREe, 10 MV
to 1M preferably 100mM to 500mM the functional substance can be caused to

react wi thowtit ghessoliMitergtol dtip®hydagiiytdacinaci phiosf theéersortthelikOis peddytacr yl i ¢
aci d dissolves. Methods are not, however, limted to the foregoing. As a
met hod for ehichite dhel splublsrsdprmgt fillrearfd the thip il PYubet dirvstire Gomithe Bbs@ipteace of

the thin fil bondi ng can be caused via_a functional group that can bond
to an amino QyOébthlap%%ﬁbw %%%%' wa?ww efPliipst and tﬁaéw%e fé° &Eoup, an

| Socyanato qr.oup, N2l ASNNAS 9Loun. a0, SRR LR 2SYANN! RulboP. O 2

Vi nyl
bondmg, or Van der Waals' force in the gap between the soluble support film and the thin

film polymer structure. In contrast, by dissolving the soluble region atop the substrate
body, a dispersion created when the thin film disperses in a liquid can be obtained. At

this point, the size of the dispersion is sufficient o leave stationary the substrate body
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25 nononer or nmacroner. For exanple, the bonding reaction between the
functional nolecules and the thin filmnmy be caused using urethane bond or
ureda’ bond by a reaction between a hydroxyl group or an am no group and an

i socyanate group, using formation of a Schiff base by a reaction between an

am nohgroup and an al dehyde group, using disulfide bond by a reaction
between nercapto groups, using a reaction between a rrercapto.gro‘l;\g and a
B iderabe

pyri dyl di sutHondeidythe bhipfilm pagmey sireseirg ioiapneds &n adylitiory Brecdispers n a

car bonyl group. a succinimde group, or. the like. The faollow ng can be
used as net ‘g?gepgffo%iﬁsﬁ“hﬁtrﬂﬁgmygﬁ' 1§ﬁ‘9§$ gy gupstrage g&‘lyr%tsrf%ﬁlf‘é‘ PRPEFECt i on
bet ween the,functli I b C : in fil hy.dr ophopi ¢ .
interacti ont,haﬁgg’%ggg@% tgg%c??fﬁ%[;‘z'g ?ngﬁ"rgl%@re E%qrggwas@thrf%rérfeg,&ﬁlfséﬁaﬁeavf”lﬂ\lleI y, a
ligand may DHendrpbyieduetsaRiQediBR nbddid) el dubResd e €ande LAGVLYREL §QASY.
substance side, so that the functional substance can be imobilized on the
thin filsmusing a conplex of the |ligand and an acceptor introduced into the
functi onal substance or the thin film Exanples of the conbination include
bi otin and d¥)Blindingaf shegfanctohali sabsumete [te e Bagurée afthe gen famdn alre auppérbody, a
drug and a receptor, and an 10 enzyne and a substrate. The abovenenti oned
net hod for flned q’éﬁ%l“"é‘lﬂ‘b)éf}%frﬁéép%b%ldi ng following the introduction of a

ligand or the like to the B surface of thin filmcan also be carried out
on a support fil rﬂen ARG AEEY ANEPTYh 5n35‘€t‘br§r ‘Fﬁ“egg’ otg? Hhcture Brts Péf si on

that 1s thephadiet k. SUBROLE L ELIbSRRNELAN: infll hE! HGRYR! BuBalupct | onal
subst ance to bond, a dispersio iquid of athinftilm poe]ymer Structure
having g f upGLddQp alat RUPSHANSE RRodtESo £ 5 UsftAE ShANR rBeeidAGend BLEAL can be
obt ai ned by dissolving the support film The functional substance bonded to
the A surf ab®lyasid Bhesligfi@amasamibehi€ipbiner thie d@htbic ahppoft finf foef alibw At t hi s
time, the unattached functional substance and the dissol ved support film
can be reno#letkntchioned Hurcsinnalisfibrgatice sepandan ithmingelublé pt perlymguble solution.
ultrafiltratjion. The term"different” means _divergent from one 20 anot her
and i ndi cat 8¥ematiyely, pdhipfihawplmar s Ayl daaenuesd by iesanding i pertienand t he
functional sybst e .bonded tq. t B.surface are.di.ssim |l in.terns of
type. and pr nar pRagReREN SR e ¥ aRsdt bt P Eehi BuRtedtBiout AISSRER avi di n

a sugar jghaph.a0d; L8ehh 1o 3h@ANt 1 gen and an anti body, a drug and a
receptor, or an enzyne and a substrate, is a relationship between a

substance and a CEuPédaRPleS WhsH AREKadriiey RIDisaREH £AN s o IR, bPindRerBiGgt WO
different functional substances. In contrast, when an identical functional
subst ance i shelromehedfilirointanegAecsis sdlatie winigda pHef B ts6iprefeablyfaqi] eddanplagd an
identical bonding partner can be bonded to the functional substance on the
A surface afdatthengngarismek 10 pHMithildL| prefeeabie 100ntMt thS0BmNHi they fmtiordr of a
functional sybstance has a single reactive site, a structure erein the
bondi ng parf é?anfesCaﬁlo]??d‘@é‘s?domtr%%“,&“gﬁ}“i‘ gﬁﬁolﬁ%%}eh‘éﬂ%c@ ?P%{@é?rx},? re the e

functi opal ) ce. can f . 1f th ndisng. partner. of .a functional
subst angg hgés{g)%c\%\sgﬁoa‘r%ldcnglrs Sé)?‘r%g'a@%{ﬁ\?gs 2éullet Ié(gst’, ﬁ?‘ﬁ%egtlfr%g%ugoe ofP B arni Alasgar egat e

with the bopdined thahdheillioddinh end RGIoh ANabstsa St BRAEsurtale FUR HiPRim i T a
great quantity of either the functional substance or its bonding partner is

inserted, tbhaddigoagyé eqatd ha Ginctidial roup gt egiioad €adh HEinb pdugadaroyegn i f a
functional substance is not bonded to the A surface and the B surface, if
t he LbL net kodp.ishulsed] swoup, vamercimge gexprgl ieocydndo grosprahadeehyde gromolaycat i on
and the B surface is a polyanion, a thin film polynmer structure can be
produced byC°RBYHHMG CHEUEE ST B % VHPH BT tTeducet rigex arreldgncaional

functi o?\%l Substance. In the resent iﬂv%nt&.on, t he term " b'hoti .

deri vat o MORPRer O Blaﬁliosltef'nF a%aﬁxa s the bonding reaction between the functional

molecules and the thin film may be caused using urethane bond or urea bond by a
reaction between a hydroxyl group or an amino group and an isocyanate group, using
formation of a Schiff base by a reaction between an amino group and an aldehyde group,

using disulfide bond by a reaction between mercapto groups, using a reaction between a
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10f uncti onal group such as an am no group or a carboxyl group or an active
ester group such as pyridyldisulfide group or a succinimdyl group bonded
t hereto.: - The sheet of the present invention can be used as a drug
carrier (for exanple, a functional carrier or a platelet substitute in a
drug-delivery system). Wien the 15 abovenentioned nodification is used as
a drug carrier, the nodification may be, for exanple, (a) drugs, (b)

subst ances MAERRIEISHPPaanst ¢ @yEdddipylfige Eropp op dopnlcmhidg srpup anges atreassioe/ cel |
(specific recognitiaon substances), .ar .(c) substances, f stabiljzing the
StPuct ur o | FOVRB B0t Pe i e PHB Bhr JHE M IBREE bt hces  ar o
as follows: : uas. ..anti-infl ammatory drugs, henpstatic
agents, vas%sdinfeé Oldﬁgfof';lgcglﬁsfl%g,( (’%bﬁrﬁ 89?%(8)1@ | ¢ _ieeclzgroesﬁ?%c, ngcﬁ g t% SPe8L f'er osi s
agents, et Ceunctjonal substaﬁ&) andPfife! t_iﬂncﬁllhﬁ,%9%bﬁdb%n§e'1‘g§iroﬁ,n}%ﬂ§dgeﬁ (Blnln(ﬁlgg By

| am nin, VCAM1, selectin, fibrin, etc. (c)

Subst ancesf mt&makthlhziong! Aeshitieiyys Bzl i yebdivtr-eqred ¥EOthk thin film side or

pol yvi nyl pyrrol i done, polyvinylal cohol, polysaccharides, polyglutamnic
acid, etc. s furkporallsilistancy sifleimethad fial fusagiosdlaniosamayarie imontddedainahe f or
exanpl e, urethane bonding or urea bondi ng between a hydroxyl group or an
ani no gr ouptht ity @sigg §j comaley of theligane and Al agisrios iriyednesdantyr the punstionahe

. st t : tjivati b I of the arbitrary substance and
AR TN RS T I R AR T ]

bondi ng an ] .t bit nce,_an n am no group of

t he Ist?uct u%{gag?hegﬁ%giﬁilg%mbgggﬁl ‘%“o%'gﬂx’t‘ﬁ%gﬁ‘gs ’gfdrg% g?(graa'l%aﬁé)ﬁofdg?&ﬁxgndi ng a

~car boxylho gr &l&ﬁm@fana ResuBdthitd. Mk Yib SRS hASHEE nle®h Ao 2R RnET SiBBtaBle Hoh@ing
structure or hydroxyl group of the structure through am de bonding or ester

bondi ng; a felltking ththatreduetibhel sdigahd siethy likeidshaB cerfacs ofa PO flsaeahdbihde and a
hydr oxyl group thereof is crosslinked with an amno 5 group of the

struct ure afarded euien eyparrvyeiimpashihd ecacaemenibaiateied awtlvo bt dispeasieh thirsial f i de
bondi ng between a nercato group of the arbitrary substance and an acti vated
mer capt o gr Bgprefuct Hevrpert fmpisoluipr-er nat i vel y, ~a crossl i nker such as

al kyl di i m dat es, | di azi deﬁsn,l ti((:I)Li ssg@éana.ttggd

ance:

diazid dbi gmal ei n')ide , tri.aé' nyl s,
di azo conpounds, gTut&rar aéhyde NSucihi mdy1® S¢2=pY ﬂ'ﬂéloﬁfftﬁf ;m _
al kyonage, Bad. b YIRENERGAD A RfcHSRY s&bglta}‘n@ecanl e el arfd DSl LG th

t he correspondi ng functional group. Sti alternatively, when the arbitrary

subst ance i sanhetbeRRAy Gissb1Rig g dHubp@t ¥ind TBS FaRGeHIEbshacndatiotRe A
hydr ophobi c area of the thin filmstructure by hydrophobic interaction.

When t he ar burfacanyd Sudvshence hesithydidegdnal bodiffebhte At thie tiatebtieramytacisbst ance
may be bonded to a hydrogen-bondabl e area of the structure by a hydrogen
bond. Wen ﬁﬁ)@ti@abpqhs@,ny‘e and the dissolved support film can be removed through centrifugal

separation and filtering or ultrafiltration. The term “different” means divergent from one
20  another and indicates that the functional substance bonded to the A surface and the
functional substance bonded to the B surface are dissimilar in terms of type and
properties. For example, a relationship between biotin and avidin, a sugar chain and
lectin, an antigen and an antibody, a drug and a receptor, or an enzyme and a substrate,
is a relationship between a substance and a coupling substance thereto and can be said to
25  be two different functional substances. In contrast, when an identical functional
substance is bonded to the A surface and the B surface, for example, an identical bonding
partner can be bonded to the functional substance on the A surface and the B surface. In
this instance, if the bonding partner of a functional substance has a single reactive site, a

structure wherein the bonding partner is bonded to the A surface and the B surface via
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15substance is charged, the arbitrary substance may be bonded to an area of
the structure having the opposite charge by electrostatic interaction.

In yet anmot her separate enbodi nent of the present invention, an identical
or different functional substance is bonded to the B surface of the thin
filmpolymer 20 structure that is applied to the soluble support film
foroted on the substrate body. This structure is, along wth the support
filmor thethefipstetal ﬁlilhsFﬁnawntbﬁéorwss&f F@tk@n%lpaﬁ%soé? Bagtions! e¥hstagedi t rary
interface and then the su ved.

LUbelrate oug, et ba% SRRRRIed P iteRn® Bims o seefsselt, Hib s pikos e can
be transfer a%he; 9 08, hIHERARSESIE: 7RO AT ARSROUNGID, LAP

exanpl es, it polyvinyl I'sS spin coated atop a ropyl ene

substrate, RnR@n}Vkiitandd 6oHE b&ﬁﬁ%t phrEne®Xit Ghbcted te’ QidhdheaROh WPIRPY! ene
substrate in acetone, and the pol yvinyl alcohol sheet is mounted

(r e- adsar bedheragh@pah be iglukddC Bien il b H@xkctisndd Stissiree isl fot béiele ®d yheiylrfaad cohol
sheet is dissolved with water when the pol yvinyl al cohol sheet with a thin
fil m pol ynmesndsihe Ut surfage, b thet ldd: mhdodanused sappati éd example htde skdurfact ksea t hi n
filmpolymer structure can be transferred to the skin. At this point, in
addi tion t oPUYRIieH ARG (i By surfpey dh arRAlvanionn 8 i, Slny peb mek sERFEre & he as

| yet hyl I bb h el ast t
ARl ON T R T M RS EAT)
can be the surfacg, gf ALhOLoM:SR! thekdith BHER @rifRi@ RBLL to Rotid ﬁMﬁ‘g a an

internal organ, a vascular wall, a nucous nenbrane, a cornea, skin, hair,

or a naid Anstiidial bt BRN Al 50nBifl0 @Rfupl od &CcaByox FlbrbipV et AN gLtis K lester Qr_o@pr nea,
etc. on thin film polyner structures and being exfoliated along with said

st ruct ur es. suebms pradypli@lfid gdrdipror hisheripoldyheowsbanded theestsray be obt ai ned by
cultivating skin, a cornea, internal organ tissues, etc. atop substrate
bodi es/ sol ubl e support films/thin film polymer structures and 10 being
exfoliated along th salgHa structures, The state of thin fi| m pol
Structures that vaPesheetolCHaueEat PHE ot Pearsyd pat é&%é&l&leﬁyo’aﬁﬁw%a%. on,

coating, or.the ke nay, dif ro at. of h|n |Im stryctures
di spersed |nnf3t1°na'éarri"—aoror aéﬂgthSPﬂk&gﬁrﬁer &f &gﬁ sV s&?ea out and

are fixeg aBQQmBQRmb&iﬁk&@&ﬂmnW@h&&iE@%<h E&&m@ﬁﬁeQMﬂﬁﬂbﬁmﬁﬂéP%é fopat
spread out, roll up into a ball, or fold. There are also instances of the

former 15i newﬁlp(kh Bhugd ribicsubsrneds ihdnding Gnaite SpHaFicaAIRC esoghiANgaStagdee t O
interaction with the interface. Herei nafter, the present invention
wll be descﬁmh@dl%mwﬁbwemanal&msvnwa&ooﬁ)$®Samksﬁm@w@ﬂphgsma%umhuhe

present invention is not limted to these specific exanples.
in the body. Specific examples of these functional substances are as follows:

(a) Drugs’ anti-inflammatory drugs, hemostatic agents, vasodilating agents,

20  thrombolytic agents, anti-arteriosclerosis agents, etc.

(b) Specific recognition substances: collagen, laminin, VCAM-1, selectin, fibrin,
etec.

(c) Substances for stabilizing the structure: poly(ethyleneglycol),
polyvinylpyrrolidone, polyvinylalcohol, polysaccharides, polyglutaminic acid, etc.

25 An arbitrary functional substance may be bonded via, for example, urethane
bonding or urea bonding Betwéen a hydroxyl group or an amino group of the arbitrary
substance and.an isocyanate group of the structure; activating a carboxyl group of the
arbitra;‘y substance and bonding an amino group of the resultant structure with an

amide group; bonding an amino group of the arbitrary substance and an amino group of
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20 [ Exanpl e 1] Production of an al bum n nanosheet having different
functi onal substances on the A surface and B surface thereof 25(Exanple

1- 1: ' Proeduction-of an al bum n (HSA) nanosheet on a hydphilic/hydrophobic
m cropatterned substrate Cct adecyl tri nmet hoxysi | ane (ODVS) was
vapor -.deposited on a silicon oxide (Si02) substrate. Then, a positive

phqt oresi st was coated thereon b in coater (800 rpm 3 s + 7000 rpm
20 s), and hastmeredt ¢ ool ise é%m(lalo ,usg 9f glutaraldghydeo hepging ¢ eabexthgul ar
10 Inn x 30 ugg s fornmed on the resultant s#?l strate, and th% substrate
was i rradi af'8EP o tPhAY Sgﬁstanﬂ? toet™ HEpe F’fﬁ’ﬁﬁﬁ © SHBCtHIA AT Ry

pattern was,qbt ai ned bstrate. pant of t tect ed by
pat er 1 v 0L SR A IGAPLBA LA F s RAUeCL 0 Bk Bt o0 !

was re ”Dvedsmtaﬁseqk ) eslysam}a&de @nda RYHBL lgi‘o@lf) *ea{édé;o@ M@sﬁnm %ﬁ%%ﬁwed
substrate (CODMS-Si 02 substrate) was produced To the HSA,

LC- SPDP 4 10z btk etrtigtumasteadided afdzen B}drxﬁtffﬁi)ﬁfrﬂé ﬂlﬁlee cazgorm,en dhesgjulfiand t he
resul tant substance was purified by GPC (gel perneation 10 chromat ography),
t her eby obt bindinggeRDehiSAnerdddx troup hethPRrigiratypubasnde edd ae cetimatdi mércaithr ei t ol
(DTT). Based on the freed 2-thi opledon 2TP, E = 8.1 x 103 Mlcm1, 343
N, it wasSHOBRPT theriauctirat Alteraativelyp croesinger syeh polkldipidaiss ccHdingdes t o one

nol edul e of rHSA. Afte ification b r HSA- SH The
ODVB- Si 02 s{efPaRtEs ma{;ls'.%ﬁ{%m@d i Waﬁlﬁﬁlaam%ﬁ'é J a‘f?&pé‘d“ A-g%ﬁ ﬁ%ﬁm
t enper at ur eN- s:lliccl?rg}ﬂm?yl 3 %@Psﬁ‘ﬁl&%th ?%@Latg f and u?qgcn st&spt\ § c1111:att<le‘]e

CDVB- Si 02 substrate was rsed in-acetate ut| on contar ni ng
copper wnsc&)Lsﬁﬁ%ﬁ% withl QREL L¥kesh 1AM L RIFREHAI WhSp. Js%uhélwrﬁatw@@d viesUht i de

crosslinked, thereby form ng an HSA nanosheet. Exanpl e 1-2) HSA

nanosheet exifbatkrdrt subktah@i n;ghgai}bghbbiaylthealaﬂ@thm édBWA);cea&laa 5l el t20£| | m
hydrophobic area of the thin film structure by hydrophobic interaction. When the
arbitrary substance is hydrogen-bondable, the arbitrary substance may be bonded to a
‘hydrogen'bondable area of the structure by é hydrogen bond. When the arbitrary

15  substance is charged, the arbitrary substance may be bonded to an area of the structure

having the opposite charge by electrostatic interaction.

In yet another separate embodiment of the present invention, an identical or
different functional substance is bonded to the B surface of the thin film polymer

20  structure that is applied to the soluble support film formed on the substrate body. This
structure is, along with the support film or the support film and the substrate body,
adsorbed to the arbitrary interface and then the support film is dissolved. In this way,
the substrate body is also exfoliated and the thin film polymer structure can be
transferred to the interface side.

25 For example, as shown in the examples, if polyvinyl aleohol 1s spin coated atop a
polypropylene substrate, a polyvinyl alcohol sheet is exfoliated from the polypropylene
substrate in acetone, and the polyvinyl alcohol sheet is mounted (re-adsorbed) atop the
silicon rubber substrate. If the polyvinyl alcohol sheet i1s dissolved with water when the

polyvinyl alcohol sheet with a thin film polymer structure mounted thereon is applied to
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After casting the PVA solution (2.5 wt% on the substrate, the HSA
nanosheet was |eft stationary in a desiccator (roomtenperature, 12 hours)
to dty. .After being dried, the PVA filmwas easily exfoliated with tweezers
(Fi'g. 1, Fig. 2a). Then, the PVA filmor ODVB-Si02 substrate where the PVA
filmwas exfoliated was observed with a 25 fluorescent mcroscope and an

HSA nanosheet arranged in a pattern was observed on the TWA (Fig. 2b).

Aft er exf ol ihaskipnthefhip hidm polxmer stpctyrn carshe wanieyradde tbﬁﬁ]l‘lnﬁ A shis B@nt &hfirmed
on the substyrate. This i aresult of the fact that rin t here
oy ot eto e BRPo h BRSO ER GOMRR RAHBh &t rvglyteﬂ& and

that only Van der,\Wal s force exi s et.ween .t si nce
el oct rost at PR AVISFRR o BigRer s REEER 1 o'a0ds v Ge \?DS*fatcf the PVA

film the naposhegte BaLET AnYasH diiBRSh&I 88 b ‘Ehe t e VA a fridi caﬁ&&%@l& ngly,
it was confirmed that PVA can be used to easily exfoliate the nanosheet. It

was shown thatcell tsssiid®bh@der@alorpsh, U s&AulbPwil Gl diycoldiBeAbiBué faac@eantint he B
surface of the sheet with different functional substances using a PVA 5film
as a suppor baif, bt amail. Bstropiuee haB38sd Jat abkaiipddg cnbbicthfihgcsitin, @rvowka,tebe olHSén
nanosheet B surface

7- Chl or o- 4- fili pobpess strustugseand bgingjeatobted NI with said stiugtazese Horgramplasa,

t her eby obt ain NBD- | abel ed H Lat be ds (L di anet er On wer e
added to 10%NBB %[%Vé‘PeédtrP%ﬁ\re(’P S‘% t"ﬁ ’éfat“gg ??%J‘h%?me%rﬁﬁtef oMdduct
was ultracentrif edi S h ni N A- LB, Wth
the am no_orus BF o aRALREL ué“fs‘ SEE R ARLAR P PR nh,

LC- SPDP14 r ogihd &rapigteahibhe withQaidlstdb@sds, BHad ol Iftﬁfnqgmpto SERhWERs thho
m nut es) were added in sequence, thereby obtaining SH (NBD)LB. 15A

rhodam ne (EXreatdRedndthEmbitrS8Qntentheed BhalpachtidbAccatngshers livamag ik at ed
at the PVA filmand then turned over as is. Directly after coating of a
pht hal at e biréh éhatEpHiHiniil) polsiiar-siratterayiditpersedon dghidx§ir esuropletheafodwersst er
(EMCS) (roomtenperature, 5 mnutes) was added, and a mal elmdo group was

i ntroduced. shapesethat Pﬁ&ep\wtrqqdn%rﬁé@e P@géhwﬂerﬁve pRgle the Ngpsr (g 2949975 nm  Em

540 nm -1 gbel e SH—L re b nded to t surface of
Che HSA nangREREErga oy roif op BHEE SafaE o He BB Fran Sneh i ditheot vas
activated af, g éh MR a0g..oRsar Mﬁ&ilo‘ﬁ'blt éhb@taﬁ&gfc%?ées 8%9%&9&%@:% withdgE ect ed

wavel ength of (>560 nm, the entirety of the curved sheet surface emtted a
red light. ih&mcewWhen the LB-nodi fed HSA nanosheet was activated at 458 nm
and the detected wavel ength was set to (505 to 530 nm for the 25 NBD

al one, the em ssion of a yellow light in the shape of the sheet was
confirmed. However, notable quenching (fluorescent energy transfer) of the
curved section coiﬂe&l@étebttbeweéwt upygngion; iahveel deshrbed) iatreore etad dyexdvst on t he

B surface of the curyed sectio
specific examples, but the present invention is not limited to these specific examples.

20
[Example 1]
Production of an albumin nanosheet having different functional substances on

the A surface and B surface thereof

25 (Example 1-1] Production of an albumin (HSA) nanosheet on a hydphilic/hydrophobic
micropatterned substrate

Octadecyltrimethoxysilane (ODMS) was vapor-deposited on a silicon oxide

(Si02) substrate. Then, a positive photoresist was coated thereon by a spin coater

(800 rpm, 3 s + 7000 rpm, 20 s), and was heated to be dried (100°C, 90 s).- A photomask
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- (Exanmpl e 1-4] AFM observat’ion of the HSA nanosheet After the HSA
nanosheet was fornmed at the ODVS-Si 02 substrate, it was confirmed through
observatiron viaan atomc force m croscope, as with observation via a

fl uorescent mcroscope, that HSA was sel ectively adsorbed only at a
rectrangul ar (10x30 jam) hydrophobic ODMS region site (Fig. 4a).
Consequent |y, calcul ations based on height 5 difference between the Si02

sur f ace and“FWégﬂgﬁlﬁéﬁbéﬁ%éP-Wé%gﬁmﬁhm%ﬂ§ﬂﬁﬁﬂ@n¥Pﬂﬁ?ﬁ%r%%h@@§“%&?“6 5 nm
Simlarly, the f Kk f f th bed HSA
3| 21 n?nr )a/. n dN%se]Inéaldbait?(# té Qg (% Z Aigcer d ve 0 me %g:!lr?dn d%u‘ﬁs Alerers]gp g)ﬁa(){n ¥evlaﬁ m was

used 't it § nano
thi ckness of,.apar %mt%} ({E'tlge ﬂpxs ﬁ proRE e AG kabist tﬂpﬁ
nanosheets were al nost a ecu es eqU|IateraI triangle-s aped

col um; 10agup) @h@ﬁ@kream@wéces), dndSildThe R¥Ist Rk Ghhadd H)ackiohd) TORS, 4 ayer
bei ng two-di mensional ly crosslinked. [Exanple 21 Producti on

of an HSA- agsphiiebydraihekic heathpiteahed sibisoaten@DIEhSEL s(hdtiSA) Wb fkbdhekt )
having a different functional substance on each of the two sides thereof

[ Exanpl e 2-FigCDA poly(acryllc aci d) (PAA) support filmof the (HSA) LB sheet
is exfoliated At the DVS region on the dodecyl trinethoxysilane (DVB)
pattern substrate 20 (DVM5-Si 02), an (HSA)LB was sel ectively adsorbed and

susjected o neaty]yel o YDA (PLALPIEN, 3,A00RSeRLe SRS Sipotrore
| | e
8' SZO' V)e(d i rglnq&lshagﬁ)d /&{@t gsul@aﬁg%egub%mn\é@ nJvas( %lulﬂ)ie(( VRJ l{fﬁ V@l}lu g@meaﬁoﬁ heet

was cast on a substrate that fornmed an (HSA)LB and dri ed over ni ght.
Ther eaf fer , chirdigatBAApISUPRREbLy T dbkahina SPIRMSal iNake GhE rEDNgkdip wabséduaddeby and a

25f | exi bl e yet strong transparent filmwas thereby obtai ned. The PAA was
abl e to be &sifighiedtbe (DT Besed upptiret fireeg 2-theopyHEA)LBTBheet 8.asc a03Mipport fil m
343 nm), it was confirmed that .7.4i1.2 molecules of PD group were bonded to one
moledule of rHSA. After purification by GPC, rHSA-SH was obtained. The ODMS-SiO2
substrate was immersed in rhodamine labeled HSA-SH (room temperature, 1 hour).
15  After removal of the nonadsorbed HSA-SH, the ODMS-SiO2 substrate was immersed in

acetate buffer solution containing copper ions ([Cu2t] = 100pM, room temperature, 12

hours) and disulfide crosslinked, thereby forming an HSA nanosheet.

(Example 1-2) HSA nanosheet exfoliation using polyvinyl alcohol (PVA) as a support

20 film | |
After casting the PVA solution (2.5 wt%) on the substrate, the HSA nanosheet
was left stationary in a desiccator (room temperature, 12 hours) to dry. After being dried,
the PVA film was easily exfoliated with tweezers (Fig. 1, Fig. 2a). Then, the PVA film or
ODMS-SiO: substrate where the PVA film was exfoliated was observed with a
25  fluorescent microscope and an HSA nanosheet arranged in a pattern was observed on the
PVA (Fig. 2b). After exfoliation of the PVA film, an HSA nanosheet could not be
confirmed on the substrate. This is a result of the fact that, during drying, there is no
hydrophobic interaction between the HSA nanosheet and the ODMS and that only Van

der Waals force exists between the two. In contrast, since electrostatic interaction is
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A nmenbrane filter that captured the (HSA)LB sheet was observed with a field
em ssion scanning el ectron m croscope (Hi tachi S-4500, 10kV, osm um

tetroxi de coated). Since the surface in Fig. 5(a) is snooth, it is believed
that said surface is the substrate side (B surface) of when the sheet is
formed. Since the texture of particles appears on the surface of Fig. 5(b),
it is believed that said rfacels %Q]gsmnflwd side (A surface)

of when the® YFéétbefvéeef‘&P Bf‘E’;?‘éeﬁblaB W chs ganeshes PatRIBATEB sheet
dified ff t f d.B
moai T e Wlt ran elrfelgﬁéﬁaeg) AHOI‘ gccor xa.glyTl)t V\?aCSL(I:O r é}ba&?vg cap u%g% &(? %r;es? lyd e 300

surface thereo nor ma

p. L was add&@ohta%u{h%tx{a%&%w h{ Hed Q{E}]”ﬁeté?% (Sh?{ g'no)i hﬁ% hisOf g%@ TC) (5

ng) and the product was agitated

saline 900 @kfiv@sn@MdBurRcd fFahs Gt wARHifbRnt RiedsHal suﬁsﬁ%&bﬁém@eatﬁwal I zing
- it. Next, 2 pL of the resultant product was added to phosphate buffer

sal i ne, EfesﬁﬂkrtaSrngswppox‘Bﬁhﬁ. of liquid, and 3.76 pnol/L of TRl TC aqueous
sol ution was thereby obtained. In a 10 nL vial, the substrate upon which
the (HSA)LB sheet was formed was left stationary, and InL of TRITC aqueous

sol uti on was__added h t he substrate ed for 20 mnutes in
TRI TC aqueou[:»EX%’BP]ﬁtl’% %ﬁﬁ begg e ﬁ%at\%gf%‘la%@éd‘a%ﬁ‘f*?f@ MsReHf the A surface.
Next, the (HSA)LB %lﬁ?r%flw%%benzo ed W4 zoie%r%fsb' f‘g{%})eg@%r}f’ tﬁ“ “ ed

Pol yacryl ic acid aver age hol ecuf ar wer g

di ssol ved Iale@ebméam M@h@&@n@@ gl vents 8 @)an{eveqhambvv@éryg@aea hen the

resul tant solution was cast on the (HSA)LB sheet torned substrate and dried
overni gid . NBBtlabsled2APA (MK t¥mberatie, & BapPPhatd fHel promas waxfultdcatteidhgbd om t he
substrate; and a TRITC-nodi fied (HSA)LB sheet was thereby exfoliated.

0.1 nornmal aguedissersalitherelyyditaning @QBDEIWBvaWithdhhednmo group of the lysine

fl uorescei n-4-isothiocyanate (FITC) ngé@and the product was agitated and
di ssol ved. mgEHe °f)"f‘?6§é??ﬁ‘?eéfﬁﬁ‘?9efr t%@ltd% B (opp tmgermaoﬁbn%t apgsul t ant
product, b neutralizin Next pi, of the res ant r oduct
Was added tﬁﬁ"i HERAPREER s f B TUatEd G P R U MR rEEh] £ ng
in 5 of |} % I?é‘d 4.28 pnol /L of TRITC aqueous sol ution vvas t her eby
obt ai ned. T e sheet was placed inside a 10 nL vial so that its B surface

faces upyard; 1 my pfoafhile @guesss 80! Bl =oBgoras) asiRtdabibx addad.andsthe
resultant product left stationary; and the FITC was bonded to the B surface
of the sheeéxfoliated at the PVA film and then turned over as is. Directly after coating of a '
phthalate buffer (pH 4.0), N-[e-maleimido caproyloxy] succinimide ester (EMCS) (room
temperature, 5 minutes) was added, and a maleimido group was introduced. After the
PVA film was dissolved by PBS, a NBD (Ex= 475 nm, Ex = 540 nm)—labeled SH-LB was
20  added and LB were bonded to the B surface of the HSA nanosheet (Fig. 3).

When the LB-modified HSA nanosheet was activated at 543 nm‘and observed
with a confocal microscope at a detected wavelength of (>560 nm), the entirety of the
curved sheet surface emitted a red light. Then, when the LB-modifed HSA nanosheet
was activated at 458 nm and the detected wavelength was set to (505 to 530 nm) for the

25 NBD alone, the emission of a yellow light in the shape of the sheet was confirmed.

However, notable quenching (fluorescent energy transfer) of the curved section could be

observed. This showed that latex beads exist on the B surface of the curved section.

[(Example 1-4)] AFM observation of the HSA nanosheet
31



Fol l owi ng the reaction, the supernatant was renoved, phosphate buffer
sal i ne was added, and polyacrylic acid was di ssol ved. The _
di spersion of the nanosheet of which both sides were nodified with (HSA) LB
was pressure filtered using a nenbrane filter (pore diameter 0.4 p.m and
N2 5gas. Thereafter, the filter was washed with distilled water, and a
nanosheet of which both sides were nodified with &HSA.LB was t hereby

obt ai ned .(Fi g. 6)After the HSA nangsherspiast frpef fiethe @PMB-$P: wabstrdte, powes ont o
the menbrane filter used to recover the éﬁSA)LB sheet onto whose A surface
and B sur f a®8TPE FRUFEOETRHIC RASR AHEHELECC TROPFYRT A& MR HISAIE! sheet

was appl i edﬂ&o?e & ln?igrsscgleahlea.'t I-%Q}Aewgsl_é% Ii'vBel S.'Pcﬁsernne(il' inmﬁa trercgar}leﬁ; rll%g?;(g o the
gl ass plate and then fixed w t agar. SerVation”W fh? & CoRt e

m croscope pevigRl&dosbabMINREBRLREFEH 9t dice PRM Gy, RABAS oM B, HalXi N9 to
F?gge (HSA)%% S e}{a y.

the A surface and the B surface of eet, respectiv It was

confirmed t{qgtrehhendiacd aRUSIOEVENRE dhaGle HSA RendshiN) bR aghedht Heagied
‘separately to the fluorescent substance (Fig. 7). Accordingly, it was
proven t hatthickhemactaoB8al nsulishiante tharfiliye thidaded ofl Bhet ODMIR régisurof abe and
the B surface of the éHSA)LB sheet with the am no group (HSA derived) of

t he (HSA) LBragdfosled H3Agwasap§erm pnd fhisphifierentenvips usedr ¢ cenfitns 8| A due to

condi tions thereof .(low pH high iaon strength). [Ex le 31 20Pr ction of
a | ayer - by- Fafypgheet Iﬁgﬁ)tﬂ/’ﬁg‘?ﬁ%ﬁ BPPIRYTAIY 4 P R%’@r %‘Prt S;TEFFGF‘P’&‘\%I thé(t)}gé% ance on
the A surface and, B rface, t hereof le 3 Productian of an LbL

e R A R B e R e

foll ow g Séq%ﬂ%ceral triangle, 1 side=8 nm, height=3 nm) with one layer being two-dimensionally

crosslinked.

[Example 2]
Production of an HSA-adsorbed latex bead heat fusion nanosheet (HSA) LB

15 sheet) having a different functional substance on each of the two sides thereof

(Example 2-1] A poly(acrylic acidX(PAA) support film of the (HSA)LB sheet is
exfoliated

At the DMS region on the dodecyltrimethoxysilane (DMS) pattern substrate

20  (DMS-SiOz2), an (HSA)LB was selectively adsorbed and subjected to heat fusion, thereby

obtainingva nanosheet. On said substrate, polyacrylic acid (wéight-avérage molecular

weight 450,000, 50 mg) was dissolved in methanol)water mixed solvent (9/1)

(volume/volume); a sheet was cast on a substrate that formed an (HSA)LB and dried

overnight. Thereafter, the PAA support film was exfoliated from the substrate, and a

25  flexible yet strong transparent film was thereby ob’gained. The PAA was able to be
exfoliated while supporting the (HSA)LB sheet as a support film.

A membrane filter that captured the (HSA)LB sheet was observed with a field

emission scanning electron microscope (Hitachi S-4500, 10kV, osmium tetroxide coated).

Since the surface in Fig. 5(a) is smooth, it is believed that said surface is the substrate
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25(Fig. 8). 1. Resist was spin coated (800 rpm 3 seconds / 7000 rpm 20
seconds) as a support filmonto a silicon wafer (2 cmx 2 cn). 2. The
siliton.wafer was i mrersed in a chitosan aqueous solution (Mv 88 kDa, 1
mg/'m., 1% acetic acid / 0.5M NaCl) at roomtenperature for 20 m nutes.

3. The substrate surface was washed with distilled water (roomtenperature,

| minute) and then dried with nitrogen g 4. Sodium al gi nate (Mw
106 kDa, 1 i Bisurfacesofyring Ere shetss Srmed- S the tortes of Rartislsr perearson thhe

pubstrate (3580, M o1 S5RR%E) PSPt AL L AR RsBRL S O

Chitosan is; cordance with the conditions in step 4. 6.
Fbrelnbelom/ eQu% g&gq rougi 6. above are repeated, the LbL nanosheet
fixed substrate conprlsed of 21 |l ayers is produced, the support filmis

di ssol ved in acetone, and the LbL nanosheet is exfoliated and then
recoverexd. 1Expimxargle Bedictinbbf Mo dSHRBt shodisasdifdd ©ith different fluodbent t he
substrate alternatively | aninated by spin-coating was i nmersed in acetone,
only the somgletuesropshsh shifyre andBsurfr@dheakifyFidi@sol ved by the acetone. From
the border of the substrate, the gradual exfoliation of a colorless,
transparent LbL n%ﬁo§W@@? 15*“%6%I&“H€“05§§FV§H %@rtﬁ%r‘”ﬁpoﬁlﬁ%lﬁﬁ | ef t

Compl ot ol y RERREA BT R it Rkpenat TR Gmduibct s Sitced ng
1,000, 000 wgs %é&ca%ﬁ%%fséfibédyrrﬁeﬁ Bhd ﬁﬂ&gb&@rg dhr?e@oo FI%S%E&' t'o%&ler(és hget can

be scooped With a met frame and extracted In at nosphere. eet did
not fragg ur grog¥@nthah®h Wdairekzifd itd Ne®h)2 nE QYRR réNRa@XpRlbAtwL ddabd RANOSheet

was adsorbed to the surface of another
phosphate buffer saline, resulting in 5 mL of liquid, and 3.76 nmol/L of TRITC aqueous
solution was thereby obtained. In a 10 mL vial, the substrate upon which the (HSA)LB
sheet was formed was left stationary, and 1mL of TRITC aqueous solution was added.
Then, the substrate was immersed for 20 minutes in TRITC aqueous solution and TRITC
15  was bonded to the HSA of the A surface. Next, the (HSA)LB sheet was washed with
distilled water and then dried.

Polyacrylic acid (weight-average molecular weight 450,000, 50 mg) was
dissolved in a methanol/water mixed solvent (9/1) (%/olume/volume), then the fesultant
solution was cast on the (HSA)LB sheet formed substrate and dried 6verm'ght. Next, a

20  polyacrylic acid support film was exfoliated from the substrate; and a TRITC-modified
(HSA)LB sheet was thereby exfoliated.

0.1 normal aqueous sodium hydroxide 300 pul. was added to
fluorescein-4-isothiocyanate (FITC) (5 mg) and the product was agitated and dissolved.
Then, phosphate buffer saline 900 pL. was added to the resultant product, thereby

25  neutralizing it. Next, 2 puL of the resultant product was added to a phthalate buffer
saturated with sodium chloride, resulting in 5mlL of liquid, and 4.28 pmol/L, of TRITC
aqueous solution was thereby obtained. The sheet was placed inside a 10 mL vial so that
its B surface faces upward; 1 mL of FITC aqueous solution was gradually added and the

resultant product left stationary; and the FITC was bonded to the B surface of the sheet.
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Si 02 substrate and observed with an atom c force m croscope, it was

observed that the surface of the LbL nanosheet was extrenely snooth as that
of the Sir02 substrate (Fig. 10 a,b). It is believed that this is the result
of ‘polymer electrolyte horizontal diffusion that occurs in conjunction with
a mgchani cal reacti on specific to the spin-coating nmethod. 25 Reduction of

el ectrol yt nt er i on. bet ween pol yner chains w n the LLbL na eet due
to the nas%o:l}ﬁw‘é\gf agion SPe EREFEHE VRF r%wefggbwé?te@péﬁwhww agggfgm at ed

with NaCl additjonis e Was(ﬁss j.eyed to contribute to enhanced snoot hness.
Wien the hel gﬁ’f)ya l?"lfer ence f’ween the Si 02 surface and the LbL nanosheet

was measured, it WasqcaRbibE rB?Qhé hahodhb& &t W Mch HoakBass vé@’?én%@ﬂi@éf wighm (Fi g.
10c). It was confirmed by ellipsonmetry that this thickness is alnost the

same as thaHsafiLE hes pRksurd firedQsifd a InddibraGOREdri (526 dQnetdr® APmPamiais and
produced wi thout using resist on the Si02 substrate (Fig. 11). 5[ Exanple
3-3) Pr dductasdhhepdaftan thodlfiltmanes wedtedhathi digtildidf #stee nind faumobsleniadf whillst ances
on the A surface and B surface thereof that uses a water sol uble support
film both gigestorpze E\P@ﬁ%‘ht"ltbﬂéﬁ@ﬂ@ waghqrplty aheaters{Eigt ©havi ng di f f er ent

functional substanc r f d B surf ce t roduced
by the foll owi ng &p@ﬁ@gﬁé. ‘Q‘%eiéljs# 716%38%1%%% rwf‘% @t% 48t i ny|

al cohol (PVA e I t| on, wa hi t tr whi ch was
t hen dri ed. o B gﬁé‘%\)%%fnﬁetr?élﬁoo% Ose S\%gigceaa sraoér)?)urdi %0 tqﬁée{l?gur? algce V8t a PvA

solid phas eooﬁli(gizTﬁH@%erra’(ﬁ@ {HSA)LB shget vﬁs%%@%hrtég%larsgplml '(Fflls @'Is}xwgtb%@t was
adhered was | mmersed (room tenperature mnutes) in a dispersion liquid

(1 ng/ Mo prhdradidvieago tirtgass pRddsnd thB) fivddwitlnapar Obsetvatidibwith ametfedal of 200
nm 4. At the A surface, a 200 nm LB-nodi fi ed nanosheet was exfoli ated
by di ssol vi mgracdp¥/Aewhleh thaqoﬂmésphiatﬂ en diT€rwenabomigd avifheuofiingdto the /. The
nanosheet exfoliated in inverted and then, with its B surface

faci ng up, teRaswrbdy Bt%lffﬂ?ﬁeofﬁw%%‘ﬁa shephIESISFIEYR Y Bistasopfirmed that the

face and reverse face of the (HSA)LB sheet reacted separately to the fluorescent
substance (Fig. 7). Accordingly, it was proven that a functional substance can be bonded
15 to the A surface and the B surface of the (HSA)LB sheet with the amino group (HSA
derived) of the (HSA)LB surface as a target if the PAA film is hafd to dissolve due to

conditions thereof (low pH, high ion strength).

[Example 3]
20 Production of a layer-by-layer (LbL) nanosheet having a different functional

substance on the A surface and B surface thereof

(Example 3-1) Produc;.tion of an LbL nanosheet
In the present example, an LbL nanosheet was produced by the following steps
25  (Fig. 8).
1. Resist was spin coated (800 rpm, 3 seconds / 7000 rpm, 20 seconds) as a support film
onto a silicon wafer (2 cm x 2 cm).
2. The silicon wafer was immersed in a chitosan aqueous solution (Mw: 88 kDa, 1

mg/mL, 1% acetic acid / 0.5M NaCl) at room temperature for 20 minutes.
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206. An A surface-nodified substrate produced in 5. above to which a
nanosheet was adhered was i mrersed (roomtenperature, 15 mnutes) in a

di spersion liquid (1 ng/nL, pH 4) having LB with a particle dianeter of 2 :
m ~ 7. Hereinbelow, by dissolving the PVA with a phosphate buffer having a
pH ¢f 7.0 in accordance with the nethod in 4. above, the LbL nanosheet
nodified with LB having 25different particle dianeters on the A surface and
B surface thér &bt splstiaky suface stpsanweshen erith distilled awter( @%ﬁ?*@pesat&yey 1

LB-nodi fi ed LbL,na tlehgiet ok% ertvati on When a PVA substrate to
which an LEPPHEABRHEER g Wbﬁé’b’f‘ﬁ%‘ﬂga\ﬁ’as i mersed in an LB dispersion |iquid
([ suspensi on] & 4 .. A . i, h t hel j er..of d LB
were sel ecti %'e Oﬁ%%ﬁ%?g’t%ﬁmf %GMU}?&%%Lb?'gtlﬁeﬂr@H@% £épeut(:?,coal%(%dogvglat(s)%o served

that the stguabdisetneQlRkradd (dsHE ranashesidsh aNdin@stig ¢abdws sfif@ofi@nosheet
border as the 5 boundary was different and that the LB group on the fol ded

sur f ace swastwi@\satoatle Byrfdch ef thanostretet whikh wastheg @athedred that, in particul ar,
the structure color of the nanosheet at the periphery of the LB group on
the fol ded sbrGlawear is spideprtedialactopdambewih thecouditionsgh sferdf t he surface that

was not fol ded (Fi'%{{e 13). It is believed that the reason for the above is
that LB part PcHewinbelow sterp iz ot Bneborness raratst: Ysodithnenosheet kel | ke

h Othat . thin.film.i f i ‘tj.al
P AP LB b R AL PRSE BRL B R a2
sel ecti vel ytgggg%ﬁbﬁﬁgéeﬁ%&%?wh'ﬁd Weh RedsBered. Next, 2 pmand 200 nm

LB were bon surface and the B surface of the nanosheet,
respectiwely, using the nethod in Exanple 3-3. Upon observation with a
scanni ng el ectron mcroscope, it was observed that the 200 nm LB supported
on the A 15 Eushpled-2ar dbioahtsbecddbsacvatiss fromthe 2 pin LB supported on the
B surface (Fig. 14). The profile of the B surface LB was expressed by the
coating of the nalbshaea subpigate gitermativedy famiptted by seip eepdingeras ipmstssfl & on t he

A surface of the sheet, the flexibility of the nanosheet was confirned.
acetone, only the soluble resist layer was )g/;raduaﬁy (?issoﬁfed y the acetone.CFrom the

border of the substrate, the gradual exfoliation of a colorless, transparent Lbl. nanosheet

15 could be observed. Further, upon being left stationary (approximately 20 minutes), the
shape of a substrate was completely maintained and the LbL nanosheet with an aspect
ratio exceeding 1,000,000 was successfully exfoliated (Fig. 9a). The exfoliated sheet can
be scooped with a metal frame and extracted in atmosphere. The sheet did not fracture
even when dried (Fig. 9b).

20 When the exfoliated LbL nanosheet was adsorbed to the surface of another
SiOg substrate and observed with an atomic force microscope, it was observed that the
surface of the LbL nanosheet was extremely smooth as that of the SiOz substrate (Fig. 10
a,b). It is believed that this is the result of polymer electrolyte horizontal diffusion that
occurs in conjunction with a mechanical reaction specific to the spin-coating method.

25  Reduction of electrolyte interaction between polymer chains within the LbL nanosheet
due to the masking effect of side chains at the polymer electrolyte associated with NaCl
addition is also believed to contribute to enhanced smoothness. When the height
difference between the SiO: surface and the LbL nanosheet was measured, it was

confirmed that the film thickness was 30.244.3 nm (Fig. 10¢). It was confirmed by
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20[ Exanpl e 3-5) Production of an LbL nanosheet using a sol uble support film
and adhesion of said filmto skin In the present exanple, a
nanosheet was produced and adhered to the skin through the follow ng st eps
(Fig. 15). 1. Polyvinyl alcohol (PVA) was spin coated (800 rpm 3
secghds/ 7000 rpn1 20 seconds) 250n a polypropylene substrate (5 cntx 5 cn)
as a support_fi PVA was exfoliated as

cm thi ckne%lgpseaetfy thay tlﬁi thickggsds HEO§He 5%’11%?%}1%‘5&% Ia‘tle‘(ﬂi“hé%e"c %H’@

3. Mounting (adso of. a VA sheet..on a.sili.con ate
4 A Lum neshBreeLtahehts Sl ful vas erE nE ke Al dSsPhutel 6%T i con
rubber subsipate with PVA nounted thereon. 5. The silicon rubber

substrate in 4. above was adhered to the skin, then the silicon rubber
substrate was exfoliated while dissolving the PVA sheet with water, after
which 5 the | um nescent pignment supported LbL nanosheet was adhered to the
ski n. 5 (Exaiple Brfi) n@sakntionpif gnibhL nsurphet havige difftrenafuesiheet substsn@esor bed
to a PVA-silicon rubber substrate. Wen the PVA-silicon rubber substrate
was appl i edon derariges dnddesupface theregkiibpat usgs 8 wWagpmsolplde Fepertddmof t he
nanosheet surface_nade it possible to nfirmthe existence of a nanosheet
in the shape of tHe }?Mi’r%ﬁef“i &8P EthBrf@ub‘?t‘Psa’F%t bEyge dBgento fupchHRY . The

surface of th ten Wi unt of Eso when
The Py o | fibiatids B AR GG Mkl el bas B LY ent RS hine s30:. Vre

PVA | ayer diggsqbyed |nstantly and exfollatlon of the S|I|con rubber which
forms the substrate body as well as easy transfer of the LbL nanosheet onto

t he ski o wer a. spiaeamsidll 1 mIhea billvinAndsha bV adsasdae doltiod s Elppsd sutbf ace i s
difficult to verify under visible light (Fig. 16b). 15 The LbL nanosheet is
hi ghl y adhesBi®sul@trathhoh ver theandiedwhen the skin site to which the sheet
was attached was irradiated with a blacklight, em ssion of light fromthe

| uni nescent 3 &frbhb naragheet wapeiserbed & the swiise plaP Y selidihesq $0: rikalatheet
mai nt ai ned |ts S e on silicon rubber substrate while applied to the
skin surface J(&¢ ‘gbs TRECY W H"\eﬁé‘ %B%%@et%ﬁgﬁer?“ﬁ‘ats 1&%&%&%@&%&?%&% 13spect
ratio exceegllunges;r 0P Qrsgé}gmﬁ ﬁqlﬂ@ l(FmranLaBPII ¥ having latex beads (LB) with a particle
15  diameter of 200 nm.
4. At the A surface, a 200 nm LB-modified nanosheet was exfoliated by dissolving a
PVA with a phosphate buffer having a pH of 7.0.
5. The nanosheet exfoliated in 4. above was inverted and then, with its B surface facing
up, readsorbed to the PVA solid phase SiOz substrate.
20 6. An A surface-modified substrate produced in 5. above to which a nanosheet was
adhered was immersed (room temperature, 15 minutes) in a dispersion liquid (1 mg/mL,
pH 4) having LB with a particle diameter of 2 pm.
7. Hereinbelow, by dissolving the PVA with a phosphate buffer having a pH of 7.0 in
accordance with the method in 4. above, the LbL nanosheet modified with LB having
25  different particle diameters on the A surface and B surface thereof is exfoliated and then

recovered.

(Example 3-4) LB-modified LbL nanosheet observation
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20on the skin. [Exanple 4] Production of a

pol y(l acti de-co-glycolide) nanoparticle heat-fusion nanosheet (PLGA
nanosheet) having an identical functional substance bonded to the A surface
and 25B surface thereof. [Exanple 4-1) Preparation of a PLGA nanosheet
using; a di sk-shaped pattern (3 pnm) and nodified on both sides with
fihrinogen-derived dodecapeptide (1112) [gFi g. 17). In_this exanple, a PLGA
nanosheet was f orYfBen a Bhd shstratestp gidich\peld Lipgapshpd avas glaorpediras ingfengedo Ga

ticle di I Si 1x1011 ticles/m, 7.4 dri d th
TR e S e e e R B N

ksl . . |
when the subteParg fEre ke RER Eab®, ayife AR iRl IR AL LA For b ST

observed t hght iR&uBLER BloRaN@RMahébba&hBBRIRMH SdeRseinsdhesgd 4Qnonly the
ODS region and adhered selectively (Fig. 18(a)). The adhered nanoparticles

wer e dersselppuaddrange diferend afkDthap aliet BB Broap dn Mid foldad B@dhca wak k&dtedbyshape
(Fig. 18(b)). After heat fusion (60C, 2 mnutes), a dispersed H12-PLGA
nanosheet wianhshedi? lthemdeditngedbat in partitaee thneructwe cgler fabe namsheet epar ed.
10[ Exanpl e 4-21 Interaction between the Hl12- PLGA nanosheet and the
activated pihaperighegy of the LB groyprquythy folded) supface igatynpeal tethy sirusipepiolréf et s)

Dl At ol o1 5. viPP EHEEI DAt T FAdERod ni ‘5 DO hBEDHR 208 IR GG ant

hak 30 m f b I yoy
adeor bt on T8 FREERISEE FrtrhER PRa oo B At gy oo

perforngd, dhiaXadih 8 Wdrkrde (s\cfrfa\t‘t)ialgfsdﬁbj;&!&ge@faé pxisde. Had loaneshdy, oalyaahol
dehydrati on was perfornmed, and observations were conducted in the sane

manner as tAeyrfavebLtheinhibshees eansdldagival entlified surcasfoig opi.LB. As a
result, the activated platelets specifically bonded to both faces of the
sheet 20and t he dNe¥. 3 heypad@P0 nelb zarsdivaded apatbe Aesunfpes anddh¢ Bisyrfacegf |

the nanosheet, respectively, using the method in Example 3-3. Upon observation with a
scanning electron microscope, it was observed that the 200 nm LB supported on the A
15  surface are scattered across from the 2 pm LB supported on the B surface (Fig. 14). The
profile of the B surface LB was expressed by the coating of the nanosheet and, since no
fractured areas were visible on the A surface of the sheet, the flexibility of the nanosheet

was confirmed.

20 (Example 3-5] Production of an LbL nanosheet using a soluble support film and
adhesion of said film to skin
In the present example, a nanosheet was produced and adhered to the skin
through the following steps (Fig. 15).
1. Polyvinyl alcohol (PVA) was spin coated (800 rpm, 3 seconds/7000 rpm, 20 seconds)
25 on a polypropylene substrate (5 cm x 5 cm) as a support film.
2. PVA was exfoliated as.a sheet (size: ca 5 cm x 5 cm, thickness ca 1.3 pm) from a
polypropylene substrate in acetone.

3. Mounting (adsorption) of a PVA sheet on a silicon rubber substrate
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[ Exanpl e 4-31 (bservation of the adhesi on behavi or of H12- PLGA nanosheet
under flow condition H12- PLGA nanosheet (8.0 x 106 sheets) was added to

bl ood ([PLT1 = 20 x 104 /ad, 25 500 pL) to which anticoagul ant PPACK (f.c.
40 I NI) was added, blood was allowed to flow onto the the collagen-fixed
substrate at a | ow shear rate (100 s.1), then video was filnmed using a
fluorescent m croscope and a CCD caner a. Al t hough the FITC | abel ed
1112 non- bondef lwpimeschnfigA sueRsise Ll grinoihectatmsetsarbed frer Blicopaubbarter t he

bl ood | | d t te 100 1 to th
cololoag\gﬁsl ﬁ‘?ﬁ%’g%,\?tie tg‘g\}d%??é%?cgg’ﬁﬁracgnt act Zd \)M ?E ?r ol Ieed on) the
substrate, t GeEE@ H{()!ntﬁﬂb shlrk%rﬁ@ﬁle%_sajl_)g\}ebon d&dg@%ﬁ% %he( ng th%thhe s%grp a

di sper5| on of nanos eets W t §ur ace ‘al one, or a

~ di spersion ﬁfbb%u&t%e RANOSNERL Swidid alsédﬂvalgtfﬁgm ghgettvhﬁl PALD o8 0SS aS

allowed to flow in the sane way, the quantity of ‘bonded H12 5 increased
(conparimg thedihineathtgigmdnt bix@oAes UL ag®skdecoRas MHeledrpdicfdkmat i on of both
sides) and an irreversibly adhering sheet increased (Fig. 20). This effect
was deterni ned toAbtungaesed bignspecuppatinhtidlactiehedietae enistrhel Hd2a bonded
to the sheet and the activated platelets adhered to the collagen substrate.
Accor di ngl y¥ f\@l ISRk shtrate- W@‘%‘dﬁ%Eyé'éﬂ‘f:ﬂh&bp‘%frﬁub%traéwaﬁ e%ﬁ’éé%j) and
t he |rrever3| S|onf th activate atelets

bel i eved th?&ﬁr "ic‘f Ofﬁgi/ aéﬂ%ﬁf%ég%(\gt]?e n%ﬁe?vuﬂg'f% eﬁ%‘mm{élfff’e “ﬁmf Exanpl e

i 110y Vihor Rl T e el B AP SaloePr B g SR DAL 0B

- bl ood wege 450kl Tﬁ‘e éuaﬁeé &dhe8gn dhb AOREEOw(th @WraBRGRLNT FiWatet 0isS wlePNT O A
col | agen-i nmmbi | i zed substrate, platelets adhered over time, and surface

coverage (S Rissilicod Yublfet ubshi@ secamiied (nFihg saRd (Y agaisbve e PHA layer Fi g.
21(c)). Then, when non-fluorescent |abel ed H12- PLGA sheets di spersion was
added, pl at @g@ﬁveQQ}lﬁtheﬂa@éﬁﬂfobﬁe@ C;fltbﬁoﬂhml rabheg whsh fommsothd sulstrapstedy and SC
|ncreased apprOX| mately 300% ( SC. 69%. after 18Q seconds (Fig. 20 21(a),
and the "0"2% HelFpgeasy tfaoy rogr?hes% pineShepaenta Yhrodsin ierst suepesshis) e ket was

f t d d b d to t bst
CBL; dlepegcgialnofs HegP (%f%ﬁgﬁ%ﬁss ee?laced?l(élr%ealt tgvefr% rls‘?)s([;lbt?il hy (%?'ell%gt‘ s,
that this a@ﬂ@ﬁb@ﬂaﬁo@ﬁe& 2 LiRdYGEh QR 208 tadRRs md%hefn tﬂwsﬁ SRL @%&Lf@ﬁ&

Accordingly, the possibility was shown that the H12- PLGA sheet becones a
flat 25scaf tia! dietwad hdhchbdavas UrbhAG 1AW ER a BISIBASE SmisdidE otfim@ht b ohid 2- PLGA

sheet increases the
luminescent pigment made it possible to observe that the LbL nanosheet maintained its
shape on the silicon rubber substrate while applied to the skin surface (Fig. 16¢). The

above showed that a nanosheet with an aspect ratio exceeding 1,000,000 is able to apply

20 on the skin.

[Example 4]
Production of a poly(lactide-co-glycolide) nanoparticle heat-fusion nanosheet
(PLGA nanosheet) having an identical functional substance bonded to the A surface and

25 B surface thereof.

(Example 4-1) Preparation of a PLGA nanosheet using a disk-shaped pattern (3 pm)
and modified on both sides with fibrinogen-derived dodecapeptide (H12) (Fig. 17).

In this example, a PLGA nanosheet was formed, and both sides were modified
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aggregation pronotion ability of the flowng platelets. [Exanple 51
Production of a polylactic acid (PLA) nanosheet, poly(lactic-co-glycolic 40
acid) (PLGA) nanosheet, and pol ycaprol actone (PCL) nanosheet having a huge
aspect ratio and a different functional substance on the A surface and B
surface thereof [Exanple 5-1; Exfoliation of a PLA nanosheeet that uses a
sol.ubl e support sheet 5A PLA (wei ght - aver age nol ecul ar melght 80, 000)

met hyl ene cﬁﬁbHﬂ%é”%%ﬂﬂ#ﬁbﬁ“@ﬁﬁﬁﬂﬁﬂﬁp%ﬁ@nQﬁﬂWJE%%@%ﬁmbﬂﬂiﬁé wokipsebst r at e
and heated to dr 90 seconds Then, tylus thickness neter was
oed to mealiite RS RikshbH GRieL §?‘bﬁkﬁtec ﬁnf\‘NE Cae R W gdsmﬂ’érflac"“sz %

pol yvi nyl aJxacil% aorklclgf X(ﬁ}er&ﬁﬁﬁ ?cgl%lys&))l tlﬂ% egplr aesstubgtb% C:Lg[e\791% ;[v&i X% (70C,

15 m nutes), t 0 ‘easl h
tweezers, ]lesttrzbc@ %@wa%h%bwragm@esulﬁmlah@dm&er it AP Gosk RN BRALEELAA | M
(Fig. 22(a)) When a PVA cast Imwas imersed in purified water, the PVA
di ssol ved i fdoparticlys m;meﬂldﬁhléelyad'&i@téﬁ lty onlAtHRODOF bepB,antl hdﬁ'@&ﬁﬁeﬁﬂﬁvdﬂ—p\
nanosheet di spersion was obtained (Fig. 22(b)). Usi ng this nethod,
it is possi@heJB@Deﬁh@hﬂanaiBmﬁmaanbsh@me@emkbwawh&m&ohhidMn@sQESandn
addi ti on, PLGA nanosheet (f|In1th|ckness 18 6n PCL nanosheet 15 (film
t hi ckness 1BanGHRyd afiEplsr shas éFlaeWéb bﬁﬁali h@afusméﬁo"ct%@mm Aalipetrebt

di sper si on scooped and extracted in atnpsphere.
The’ sheet o ROGARRERTH & bl oA P?téa"?ﬁeén $99pISs Jace Was Prepatpgi fp o
5-211 Formation of a PLA nanosheet haV|ng a different functional substance
20 on the A surface and B surface thereof

10 (Example 4-2) Interaction between the H12-PLGA nanosheet and the activated

platelets
After platelets (600 plL, 6.0 x 106platelets) were added to the H12-PLGA sheet
(300pL, approximately 3.0 x 106 sheets); platelets were activated with adenosine
5-diphosphate (1 mM, 90 pl) and shaken (30 min, 37°C). After fixation with
15  glutaraldehyde (1.0%), adsorbtion to the poly(L-lysine)—fixed substrate (1 hr, r.t.) was
performed, fixation with 1% (w/v) osmium tetroxide followed by alcohol dehydration was
performed, and observations were conducted in the same manner as they were with a
scanning electron microscope.
As a result, the activated platelets specifically bonded to both faces of the sheet

20  and the disk shape of the nanosheet was maintained (Fig. 19).

(Example 4-3] Observation of the adhesion behavior of H12-PLGA nanosheet under
flow condition
H12-PLGA nanosheet (8.0 x 106 sheets) was added to blood ([PLT] = 20 x 104 /uL,
25 500 pl) to which anticoagulant PPACK (f.c. 40 pM) was added, blood was allowed to flow
onto the the collagen-fixed substrate at a low shear rate (100 s'1), then video was filmed
using a fluorescent microscope and a CCD camera.
Although the FITC-labeled H12 non-bonded PLGA nanosheet dispersion was

added to the blood, after the blood was allowed to flow (shear rate 100 s1) onto the
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A 20 ng/ mL PVA aqueous solution was spin coated on a Si 02 substrate and
dried by heating (70C, 15 mnutes). Next, a 5ng/nL PLA dichl oronet hane
solution'was spin coated and dried by heating (70C, 15 m nutes) to produce
a PLA nanosheet. The contact angle of the A surface of the PLA nanosheet

Si 02 substrate was 74 25 50 (Fig. 23(a), Table 1). The A surface of the
PLA nanosheet atop Sj02 substrate was coqate a reconbi nant human serum

al buni n (r HSAysea3HaY| ?é‘z"éioﬁuhitﬁﬁﬁa?‘%@n%?eﬁt“)‘thg(ﬁﬂlle@ %‘T)tth“s%“éf‘ir%tﬁélhv RRFIY hour
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considered to result of rHS Ication of the A surface of the
substrate. to the hoth gl wad\RiRfveli b SIoRURSIhE AhRe WAS, IHRTHREASG dfMhoRdCHAL er ,
the PVA sacrificial filmdissolved, and the PLA nanosheet was exfoliated.
Thi s PLA nanashedtconpsriapmodifichtion of the Asubfate Adre vath mbdificatibe oBosiusiiare of
sai d nanosheet would face up, after which the Si02 5 substrate was cl eaned
with pure watdem !awder‘@ihé'naddmlmishewg‘e@%m@gt20&@#1%efmva‘ﬁ8iete@mé@dgo b@3(c),
Table 1), alnost identical to that of the A surface prior to

adsor pti on. caiuﬁewsspeaﬁ% m‘éﬁaé%ontwa‘feeméwﬂ?dmﬁ%ﬁd ta,the phegh a%éhesﬂc&mtf%lce
Accordi ngly PLA nano Vi n nt functlo ubst.ance on the
A surtace el aRRRCRRE e BB, AESHTRRy ¥ Giee P T RRESS,)

Cont act ‘anghg fRAGHWE TN HeeNEdlk BARASASELaKILR ﬁll;%naaﬁﬁrmlmad at the
A surface only Contact angle () PLA nanosheet A surfaceBefore rHSA

adsor pt 1®@n78atetd, §ris hétofediiatit plak 88 dddntageous to modify H12 on both sides.

(Example 4-4] Evaluation of H12-PLGA nanosheet platelet aggregation promotio.n
ability

When only the platelets (fc. 1.0 x 10¢ /L) in thrombocytopenic blood were
15 FITC-labeled and allowed to flow (shear rate 100 s’ onto a collagen-immobilized
substrate, platelets adhered over time, and surface coverage (SC) was 0.9% after 180
seconds (Fig. 21(b) and the "o" in Fig. 21(c)). Then, when non-fluorescent labeled
H12-PLGA sheets dispersion was added, platelet SC increased precipitously after 60
seconds elapsed and SC increased approximately 300% (SC: 2.6%) after 180 seconds (Fig.
20 21(a), and thé "o" in Fig. 21(c)). This hints that adhesion of H12-PLGA sheet was first
induced by adhesion of the platelets to the substrate. It is considered that an H12-PLGA
sheet adhered to the activated platelets, and that this adhesion led to induction and

adhesion of flowing platelets.
Accordingly, the possibility was shown that the H12-PLGA sheet becomes a flat
25 scaffolding, that the surface area increases, and that the Hi2-PLGA sheet increaseé the

aggregation promotion ability of the flowing platelets.

[Example 5]

Production of a polylactic acid (PLA) nanosheet, poly(lactic-co-glycolic
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PLA nanosheet B surface786 15 [ Exanple 61 The present exanple shows an LbL
nanosheet applied to a rat cecum In the nmethod explained in (1) to (5)
bel ow, an LbL nanosheet was directly forned on an Si 02 substrate. 20(1)
Spin-coating was perforned (4500 rpm 15 seconds) using a chitosan aqueous
sol (tion (Mw 88 kDa, 1 ng/m, 1% acetic acid/ 0.5M NaCl). (2) The
substrate surf I n coated and washed wth distilled water two

t: mes. (3) @tﬁ L@' tnﬁﬁ‘ﬁg?%sa‘ﬁ’e]"?l&aﬁ’é’éac(%?)gBCFbﬁﬁnoihfeg éé\‘}ﬂ%@)h‘iﬁ&aﬁ@ecg odi um
al gi nate , f
splgn coat ((adragﬁangégﬁﬁﬁn%f“gg{“ﬁ‘ag?u%ﬁanﬁ 35 %frxs ’%ce an;f% gfstu tE'er%(tﬁfﬁeISlcj)\r/v agte e\ggs

(1) to (4) are repeated to produce an LbL nanosheet flxed substrate
conprising 21 layers. Next, a 10 wt % polyvinyl alcohol (PVA) aqueous
sol ution ms{E&@xﬁfﬂe@rﬂjolﬁfMiE@dn of a PLA nanosheeet that uses a soluble support sheet

5 A PLA (weight-average molecular weight: 80,000) methylene chloride solution
(5mg/mL) was spin coated on the SiO2 substrate and heated to dry (50°C, 90 seconds).
Then, a stylus thickness meter was used to measure the film thickness, which was 23 =
5nm. Next, when a 2wt% polyvinyl alcohol (PVA) aqueous solution was cast and heated
to dry (70°C, 15 minutes), it was possible to easily exfoliate a PVA cast film with tweezers,

10  thereby obtaining a flexible yet strong transparent film (Fig. 22(a)). When a PVA cast
film was immersed in purified water, the PVA dissolved instantly and, simultaneously, a
colorless, transparent PLA nanosheet dispersion was obtained (Fig. 22(b)).

Using this method, it is possible to exfoliate PLA nanosheets of various
thicknesses. In addition, PLGA nanosheet (film thickness 18 * 6nm), PCL nanosheet

15 (film thickness 18 = 5nm) dispersions were obtained. Also, the PLA nanosheet
dispersion can be scooped with a metal frame and extracted in atmosphere. The sheet did

not fracture even when dried (Fig. 22(c)).

(Example 5-2] Formation of a PLLA nanosheet having a different functional substance
20  on the A surface and B surface thereof
A 20 mg/mL PVA aqueous sclution was spin coated on a SiOz substrate and dried
by heating (70°C, 15 minutes). Next, a 5mg/mL PLA dichloromethane solution was spin
coated and dried by heating (70°C, 15 minutes) to produce a PLA nanosheet.
The contact angle of the A surface of the PLA nanosheet SiO2 substrate was 74
25  + 5o (Fig. 23(a), Table 1). The A surface of the PLA nanosheet atop SiOz substrate was
coated with a recombinant human serum albumin (‘HSA) aqueous solution (50 mg/mL)
and left stationary for 1 hour at room temperature. The A surface of the substrate was
then washed with pure water. After drying, the contact angle was significantly decreased

to 21 = 3°(Fig. 23(b), Table 1). The decrease of the contact angle was considered to be
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5 nanosheet -Si 02 substrate supporting a small anmount of | um nescent

pi gnment. After the substrate was dried in a dessicator (roomtenperature,
12 hburs) the PVA cast filmonto which the LbL nanosheet was transferred
was successfully exfoliated fromthe substrate. Then, the LbL nanosheet
having PVA filmwas applied so that the rat cecum contacted the LbL
nanosheet side. Wen the PVA was dissolved in normal saline solution, only

the 10 LbL trham@g}t@érﬂwemiiﬁ@diop eﬁ@eﬁxﬁeﬁawaéw sgbsirade k| i ght ) and the LbL
nanosheet coul d % lied in the e of th ﬁfﬁg - 24) .

| NDUSTRI AL APPLI ﬁé‘ﬁgFféEEe‘?ﬁs OPRPETS |“b rﬁrVW?rd Sﬁ‘f” il "t pol yner
structure h(ii\“oﬂrgd gnhe Igfl%{na osh]ég vgrzllsfgx 1a€ﬁe h1s[,]§]t_A0n1%|shee%let rgp% c?toqgeel ts

face and reverse’face ruc ure resen I nven can used

as a functi opgha€ah thANthOB &rﬁl:@gieéaﬁi m?dé@&e%t cvum@ fhdd B, %&M&@A LReeSip, Syst em

a wound coating material, a coagulation inhibitor, or a topical skin

product mucéubagata vk |cr¢a§ea1rve1t}ppmd weltor an@lsAdMBich. THis bhitict fabglewae 7y mereo

structure having a functional substance on the face (A surface) and reverse

face (B surFac@pchTallti, dinbshidéntigal td\thahiofithe iA swrfocd poirerto sff$Aiedsarpgiondvi ng a

functional substance on the A surface and B surface of the film said

pol ymer st ret wreidgyed fpt sHBaidierrtisyist %t}§tPeﬁ§f%? Acecaslmalds%)%fi‘x Rgnosheet

- pol yfuncti opal, nDIe ules to. a re |on of gglgr rary hap an i nterface
ot sur ?

bet ween a sPyaRe adyf %‘aayfuaﬁ&nal *ainsf ¥h ace and Ppgur eﬂ $°f PPhg

and/ or crosqkaghhﬁﬁ$nngiadsorblng pol yfunctional nolecules to forma
10pol yner th
10
[Table 1]
Contact angle measurement of the PLA nanosheet with rHSA adsorption at
the A surface only
Contact angle (°)
PLA nanosheet A surface Before rHSA adsorption 7415
After rHSA adsorption 2143
PLA nanosheet B surface 7846
15

[Example 6]
The present example shows an LbL nanosheet applied to a rat cecum.
In the method explained in (1) to (5) below, an LbL nanosheet was directly formed on
an SiOgz substrate.
20 (1) Spin-coating was performed (4500 rpm, 15 seconds) using a chitosan aqueous solution
(Mw: 88 kDa, 1 mg/mL, 1% acetic acid/ 0.5M NaC}).
(2) The substrate surface was spin coated and washed with distilled water two times.
(3) Spin-coating was performed (4500 rpm, 15 seconds) using sodium alginate (Mw: 106
kDa, 1 mg/mL, 0.5M NaCD.

25  (4) The substrate surface was spin coated and washed with distilled water twice.
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(c) bonding a functional substance to the A surface of the fornmed thin film
and then form ng a soluble support filmthereon; (d) exfoliating the thin
filmand'the soluble support filmfromthe substrate body; and (e)
boridi.ng to the B surface of the thin filma functional substance identical
to or)15different fromthe functional substance bonded to the A surface and
t hen di ssolving the soluble support filmwith a solvent. 3. Athin film
pol yner st ria’r}:t}ﬂ’rr@'n‘??égﬂ ritera @liet@Wonrsl repediad amawodyee tanel il pandshess-faedl B
surface of the film said polynmer structure being obtained by the steps of:
(a) adsor bi ng HOIAUFEATSITEI> BB ul es to a soluble region of an arbitrary
shape in an 20interface between a substrate body and a |iquid phase; (b)
pol ymeri zi ng and/ or crosslinking the adsorbing pol yfunctional nolecules to
forma pol yrr?\fex& hi' Ho fv&tl%)n%olyvinyl_alcohglcb\@ﬁ%qh&gs %olfuﬂgﬁtvslagrkagt Mpsatnaﬂﬁ? to the
A surface of the formed thin filmand then; (d) exfoliating the
thin filan froEsidae-ssosbstaite sBRaitiddlh HhiSISRhotn e lhRheS@htfbBedl SBerhé h 252
solvent; (e) applying the A surface of the exfoliated thin filmatop the
sol ubl e supgdstrateivandfiod meddessicaosist teaperaboedyl2dtohes), thBVA tdsefilm onto
abovenentioned substrate body; and (f) bonding a functional substance
i denti cal t ghish thti Bhlereaprbestvipntianaferrpdraneiseasypboetalintediftorathe sestrttnce to
the B surface_of {he forn§? thin fli\;r%and t hen di ssolving the sol uble

g PVAfil

support film If"ﬁh%.mélollw\?@ e_et havin: m was applied so that the rat cecum contacted
the LbL nanosheet side. When the PVA was dissolved in normal saline solution, only the

10  LbL nanosheet remained (observed under a blacklight), and the LbL nanosheet could be

tightly applied in the shape of the cecum (Fig. 24).

INDU STRIAL APPLICABILITY
The present invention provides a thin film polymer structure having identical or
15  different functional substances on its face and reverse face. The structure of the present
invention can be used as a functional carrier or a platelet substitute in a drug delivery
system, a wound coating material, a coagulation inhibitor, or a topical skin product such

as a skin care product.
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4. A structure according to claim2 or 3 wherein the step of polynerizing
and/or 5 crosslinking the polyfunctional nolecules further conprises the
step’' of .\l am nati ng pol yel ectrol ytes having opposite changes to each ot her
alternately to crosslink the polyelectrolytes in terns of charges. 5. A
structure according to any one of clains 2 through 4 wherein the
pol.yfuncti onal nol ecule is a polyfunctional nononmer and/or pol yfuncti onal
macronmer. 10 6. A structure accordi 8gAIMScl ai m5 wherein the

pol yfunctional macroner is at |east one selected fromthe group consisting
of a protein, polylactic acid, polylactic acid/glycolic acid copol yner, and

ol ycaprol actope. .7. structuyre according.to claimb5 erein,th
Dol T uncti ohdl b B Ry L SR FRFER e RGeSt Sudants w PEdEE 8 HERS di ng 1o
claimb mheregﬂd&ngggkgpygﬁh%ggfhgq@ﬁroner is a polyner bead. 9. A

structure according to claim?2 o erein the pol yfunctional nolecul es
are of &g pod yf %El@ﬁ@%mﬁﬁ&&&%’é natidg b TendehMiMPGLleRAlthBRGLANR haat €
crosslinked by physical crosslinking or fusion. 2010. A structure according
to claim9 whaneh& & e PRy S adlyasesskiunkbangg dbsaihaidly thestefiyoft her mal
denaturing or thermal plasticization. 11. A structure according to any one
of clains 1 ®mdeubhePofiecaiml mhkcilemotrirosian ofartrbiteeshiape it al wmherfacone of
the followi ng selected fromthe group consisting of a polynmer conpound, a
pol yel ect r ol yt ebetyeqraptudptiate hodyeandiadiuidphien’ ysacchari de, and a 25bi otin

g g :r;:) \(; 3‘; 11 v gO rzlf oéyg\xéesr%é%;atnledgoﬁ §%§%§g{?n;§ggf ;a&sogl!ig'gl }I;T?)lélf'f%nm%glerlngie gutl]e% tg ?cl)r}gr&? r
10 polymer thin film;

(¢) bonding a functional substance to the A surface of the formed thin film and then
forming a soluble support film thereon;
(d) exfoliating the thin film and the soluble support film from the substrate body; and
(e) bonding to the B surface of the thin film a functional substance identical to or
15 different from the functional substance bonded to the A surface and then
dissolving the soluble support film with a solvent.
3. A thin film polymer structure having a functional substance on the A surface and B
surface of the film, said polymer structure being obtained by the steps of:
(a) adsorbing polyfunctional molecules to a soluble region of an arbitrary shape in an
20 interface between a substrate body and a liquid phase;
(b) polymerizing and/or crosslinking the adsorbing polyfunctional molecules to form a
polymer thin film;
(¢) bonding a functional substance to the A surface of the formed thin film and then;
(d) exfoliating the thin film from the substrate body by dissolving the soluble area with
25 a solvent;
(e) applying the A surface of the exfoliated thin film atop the soluble support film

formed on a substrate body other than the abovementioned substrate body; and
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13. A structure according to claim2 or 3 wherein the region has a
structure of a self-assenbl ed nonol ayer or .a self-assenbled bilayer. 14. A
strutture according to claim 13 wherein the self-assenbl ed nonol ayer is
formed of |inear hydrophobic nolecules with at |east one of the follow ng
sel écted fromthe group consisting of, at a termi nus, an SH group, a
chl.oroal kyl si l yl group, an al koxyal kyl silyl group, and a vinyl group. 15. A
struct ure ad@drdding at unetioaphsubsiancelidppiésakitmon fidfexnbsomathe dfadpentonehtirel y
or partially formed of at |east one of the follow ng selected fromthe

_group consi sti nfrgfong! sibstapceio the Borriaw o Sheeformed i flpandothen dispqluph
silicon rubber, sil] . gl as i.ca raphite, an organic polyner, and
apatite. fﬁfmkggf?%gﬁdﬁg”g@%%?ﬁﬁﬁ pto claim?2 gr 3 mﬁergin t he

| ubl t . fi _ i i f IR te,
sol ubl e suppojtf chﬁ} %%%%(ﬁhé’% Qlahlr £9} %”whérefln(%ﬂ'éiﬁg? of olB%eMEihg%gBl yte, a

noni oni ¢ wat er-so yihrer, or a resin. ructure according to

claim2 pr 3 whekBhiing R P URAbNAl nok@hRS tRthel LM RCEIRNRep FOBhidati8E her, an
al cohol, water, or an aqueous sol ution and does not dissolve the thin film

pol ymer st r uctpslyelectrolytes hd8ng Apdkis efadb@nto @ackpethsd fgprAatslyrtoletodslakaeor di ng
to any one of clainms 1 through 17 15dispersed in a liquid. 19. Athin film
pol ymer st r uctrobielegeelyted imigrmoofghgreeme of clains 1 through 17 wherein the

structure is adhered at the interface. . 20. Athin filmpolynmer structure
accor di ng t o ‘¢ SYNFHIPAGETERE; th 3R As At drimscethreugki4 raesin G @olfunchenal

following surfaces sel ected fromthe aroup co si.tiqglof: a cell, a tissue,
. molécule is a pog nctilona moxﬁm and/ !épOLP' nc IIQT%& acromer. -
an 20i nternal organ, a‘vascular wall, & micous nenbrane, a cornea, skin,

hair, apg agn@idrmctdrt-acrdiRl HOGailn® wREERANS Payﬁn&mnm hhdr Bk XfTert%Bé ucture
having a functional substance on the A surface and B surface of the film

sai d pol ymer stlested f6:@ thedbg e@Bbtistined aRyotbinepokllpis a8ll, polylactic acid/glddolic
adsor bi ng pol yfunctional nolecules to a region of an arbitrary shape in an
i nterface 25betidesprliane dsitpohtarbadyneand a | i qui d phase; (b) pol yneri zing
and/ or crosslinking the adsorbing polyfunctional nolecules to forma
pol ynmer thi A f IsHictpee) aprgridmende laimnét Whergin Siepselifvaetiongl tppsromes uisf ace of
the formed thin filmand then form ng a sol uble support filmthereon;

polyelectrolyte.

15 8. A structure according to claim 5 wherein the polyfunctional macromer is a polymer

bead.

9. A structure according to claim 2 or 3 wherein the polyfunctional molecules are of a
polyfunctional macromer and the polyfunctional macromers are crosslinked by
physical crosslinking or fusion.

20 10. A structure according to claim 9 wherein the physical crosslinking is realized by
thermal denaturing or thermal plasticization.

11. A structure according to any one of claims 1 through 3 wherein the functional
substance is at least one of the following selected from the group consisting of a
polymer compound, a polyelectrolyte, a protein, a peptide, a polysaccharide, and a

25 biotin derivative.

12. A structure according to claim 11 wherein the polymer compound comprises

poly(ethyleneglycol).

13. A structure according to claim 2 or 3 wherein the region has a structure of a

self-assembled monolayer or a self-assembled bilayer.
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(d) exfoliating the thin filmand the sol uble support filmfromthe
substrate body; and (e) bonding to the B surface of the thin filma
funetional substance identical to or different fromthe functional

subst ance bonded to the A surface and then dissolving the sol ubl e support
~filmwith a solvent. 522. A nethod for preparing a thin film pol yner
structure havi nsgé‘z; functional substance on the A surface and B surface of

the film sk é %?ccglfimé? tlpian b?ewh@fei@tfbaﬁ%\%ftfswlemowéfﬁéisé«rrme(iaﬁ
dsor bi | 1ol ecul es. | ubl e f bi t
Shage. s nan s Hebhs PR R ikt By kP e 25,
| i Zi / | | | t
polymer ! 21 na BASkoLoSEARC) N1 15, 2ds00h! AP0l YMDGIATG! plB) ogl o 10

surface of th%lﬁogamjg,(ﬂsﬂs,h%.&lﬁ hh&@@ﬁ?lérb@iﬂ (d) exfoliating the th| n f| | m
fromthe substrate body di ssolving the soluble area with a sol vent;

15(e) appl yinqs tsﬂiectéresméraﬁlg tofcldile2 exBokheadiedhé Rutktlatd P3Gt ©EntiRgy 86! ubl e
support filmfornmed on a substrate body other than the aforenentioned
substrat e bodyartastid frfpd bion thastgpne of thh &l1Bvewséledel fofm tHeerdupi condistinglofa
functional substance identical to or different fromthe abovenenti oned
functional subRainEean grde cHeh layes ereatnglitone siernupiblers §Piser glassi PHsawi th a
sol vent. graphite, an organic polymer, and apatite.

16. A structure according to claim 2 or 3 wherein the soluble support film or soluble

10 region is formed of a polyelectrolyte, a nonionic water-soluble polymer, or a resin.

17. A struc;cure according to claim 2 or 3 wherein the solvent is selected from acetone,
acetic ether, an alcohol, water, or an aqueous solution and does not dissolve the thin
film polymer structure.

18. A dispersion comprising a structure according to any one of claims 1 through 17

15 dispersed in a liquid.

19. A thin film polymer structure according to any one of claims 1 through 17 wherein
the structure is adhered at the interface.

20. A thin film polymer structure according to claim 19 wherein the interface is at least
one of the following surfaces selected from the group consisting of: a cell, a tissue, an

20 internal organ, a vascular wall, a mucous membrane, a cornea, skin, hair, and a nail.
21. A method for preparing a thin film polymer structure having a functional substance
on the A surface and B surface of the film, said polymer structure being obtained by
the steps of*

(a) adsorbing polyfunctional molecules to a region of an arbitrary shape in an interface

25- between a substrate body and a liquid phase;
(b) polymerizing and/or crosslinking the adsorbing polyfunctional molecules to form a

polymer thin film;

(c) bonding a functional substance to the A surface of the formed thin film and then

forming a soluble support film thereon;
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2023. A nethod according to claim21 or 22 wherein the step of polynerizing
and/ or crosslinking the polyfunctional nolecules further conprises the step
of tami mating polyel ectrol ytes havi ng opposite changes to each ot her
alternately to crosslink the polyelectrolytes in terms of charges.

24. {Ainmet hod according to claim21 or 22 wherein the polyfunctional
mol-ecule is 25 ol yfunctional nononer and/or pol yfunctional macroner. 25.
A met hod acdérex tnﬂﬁbthe thip ﬁ@&nmﬁéﬁuhleﬁh@oﬁdilwfmt}iecﬁﬁbi’rtr%quan@d is at

| t df h f t |yl act

acid, & pol yPabvREedRe %%@?FE%%%&% eionsb aebefrors depPen é&?{%n'ec_

26. A met hod acgf?{gnpg;rormo tﬁ g\l nal u%gtg n%e&)otl ythléngtéucx)' aal angChofer 1S a
7 acc ¢l'arm 24 “t Ré

pol yel ectrol yte of di wherein

pol yfuncti onal ggﬂ@ﬁ@gheggu@ep@pgmmm@,dasoﬁggt A met hod accor d| ng to claim
21 or 22 wherein the polyfunctional nolecules are of a pol yfunctional

macr oners angk. tAhaetdod o prehiinnakhiAGGH QOBIS: AFRtGE A8Ghi BlechtBYal RIS eal
crosslinking or fusion. 29. A nethod according to claim?28 wherein the
physi cal cr ossinthkiArgripe anddl suzfack ¢f\thd filer, rafl polgmat strucogre bring hitaimad by
-plasticization, 1030. A nethod according to claim21 or 22 wherein the
functional sub$eaiseecfis at | east one of the follow ng selected fromthe

oroup conci 110,81, SUERWTEL SORGUS, 2,801 el et SluLe, s protenn, 8
to claim 30 whegip, L B&wRa! ¥ ABEuSRTBRHIA LONRI jisss POl y(ethyl enegl ycol I
10 (b) polymerizing and/or crosslinking the adsorbing polyfunctional molecules to form a
polymer thin film;
(¢) bonding a functional substance to the A surface of the formed thin film and then;
(d) exfoliating the thin film from the substrate body by dissolving the soluble area with a
solvent;
15 (e) applying the A surface of the exfoliated thin film atop the soluble support film formed
on a substrate body other than the aforementioned substrate body; and
(® bonding to the B surface of the thin film a functional substance identical to or
different from t;he abovementioned functional substaﬁce, and then dissolving the
soluble support film with a solvent.
20 23. A method according to claim 21 or 22 wherein the step of polymerizing and/or
crosslinking the polyfunctional molecules further comprises the step of laminating
. polyelectrolytes having opposite changes to each other alternately to crosslink the
polyelectrolytes in terms of charges.
24. A method according to claim 21 or 22 wherein the polyfunctional molecule is a
25 polyfunctional mohomer and/or polyfunctional macromer.
25. A method according to claim 24 wherein the polyfunctional macromer is at least one
selected from the group consisting of a protein, a polylactic acid, a polylactic acid

/glycolic acid copolymer, and polycaprolactone.
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1532. A nmethod according to claim21 or 22 wherein the region has a e
structure of a self-assenbl ed nonol ayer or a self-assenbled bilayer. 33. A
met hod according to claim 32 wherein the self-assenbl ed nonol ayer is formed
of Tinear hydrophobic nol ecul es having at | east one of the follow ng

sel ected fromthe group consisting of, at a term nus, an SH group, a
chloroal kyl silyl group, an 20al koxyal kyl silyl group, and a vinyl group. 34.
A nethod acg®r fi Agnbe® &t&almg 2% Qhind 224“@3&%111“ tﬂeh%oﬁrﬂgx%&&ﬁi endeeri & gNtirely
or partially formed of at |east one of the follow ng selected fromthe
group consi st ipuyebttrétytet al or an oxi de cover |ayer thereof, silicon,
silicon rubber, silica, glass, mca, graphite, an organic polyner, and
apatite. 2535.A Methed hodrduoe br daimg24 whartiaithe dylynctRalvnesremer i hevobwieubl e
support filmor soluble region is fornmed of a polyelectrolyte, a nonionic
wat er - sol ubl e §sat ymer, or a resin. 36. A method according to claim21 or 22

wher ei n the oIvent is select d from_acet one ether n al cohol ,

wat er , éq’&t&%’ﬁ% agegrding té’ R |2? Wﬁ‘B’E‘*”ﬁf*@s"S %‘é“ct‘?fé?‘l T o gt‘rl ynmer
structure d on wher.ei n ructure
according to anjﬁ%%%£n$ % mgﬁ%Rthro%gﬁﬁgﬁéggj ‘?6%?%%3‘?5“%5?%§%P . 38. A

met hod for prepgeicNGrAsidkikk drighddnPol yner structure wherein the structure
according to any one of clainms 1 to 17 is adhered at an interface. 539. A
nmet hod accorsli A gnetibdCacaériing&odkimedanwhdreini tht @hi e cr@sladkiteRSkaline bpf t he
follow ng surfaces selected fromthe group consisting of. a cell, a tissue,
an internal orthamal denptigring arthengial plagiicipagous menbrane, a cornea, skin,
hai r, and a nai
30. A method according to claim 21 or 22 wherein the functional substance is at least one
of the following selected from the group consisting of a polymer compound, a
polyelectrolyte, a protein, a peptide, a polysaccharaide, and a biotin derivative.
31. A method according to claim 30 wherein the polymer compound comprises
poly(ethyleneglycol).
15  32. A method according to claim 21 or 22 wherein the region has a structure of a
self-assembled monolayer or a self-assembled bilayer.
33. A method according to claim 32 wherein the self-assembled monolayer is formed of
linear hydrophobic molecules having at least one of the following selected from the
group consisting of, at a terminus, an SH group, a chloroalkylsilyl group, an
20 alkoxyalkylsilyl group, and a vinyl group.
34. A method according to claim 21 or 22 wherein the substrate body is entirely or
partially formed of at least one of the following selected from the group consisting of a
metal or an oxide cover layer thereof, silicon, silicon rubber, silica, glass, mica,
graphite, an organic polymer, and apatite.
25  35. A method according to claim 21 or 22 wherein the soluble support film or soluble
region is formed of a polyelectrolyte, a nonionic water-soluble polymer, or a resin.
36. A method according to claim 21 or 22 wherein the solvent is selected from acetone,

acetic ether, an alcohol, water, or an aqueous solution and will not dissolve the thin

film polymer structure.
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37. A method for preparing a dispersion wherein the structure according to any one of
claims 1 through 17 is dispersed in a liquid.

38. A method for preparing a thin film polymer structure wherein the structure
according to any one of claims 1 to 17 is adhered at an interface.

39. A method according to claim> 38 wherein the interface is at least one of the following
surfaces selected from the group consisting of: a cell, a tissue, an internal organ, a

vascular wall, a mucous membrane, a cornea, skin, hair, and a nail.
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