Description LAM NATE COVPRI SI NG MULTI LAYER FI LM

ASSEMBLED BY HYDROGEN BOND, SELF- SUPPORTED THI N FI LM

OBTAI NED THEREFROM AND PRODUCTI ON METHOD AND

APPLI CATI ON OF THE SAME Technical Field The present
invention relates to a |lam nate conprising a

mul tilayer film assenblBechytianhydrogen bond, a

sel f-supported thin filmobtained therefrom and a
producti on nethod and application of the same. Mre
articul arl the present invention relates to a
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substances that are sensitive to acidic or al kaline
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of various types of functional devices, such as

medi cal devices, electronic materials, optica

: ] or sensors, devel opment of highly
Techq;caé%ﬁe&?ed thin films is strongly desired for the
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ration devi ces

assem@[éﬁdHf' ABydiBkth b hlTS ) s pth&RHﬁﬂ fihﬁrbbtmk&QEé@from, and a

beam epl taxy sol ution cas spin coatin

produb@eid Héthod! S el iIeRERPhr iy %Elm*éy |l@1)6?é ﬂﬁ@ﬁlﬁﬂyo'@he present
(US Patent No. 5,;208,111; Decher et al Sci ence,

inveni2dty reld28% alg&hq&&fdrlrb&ﬁﬁhﬁhmhﬁh Iﬁllﬂnrﬂi}mp?ﬁaﬁlh@ BhbsMnces that are

Assenbly of Nanoconposite terials; Decher, G and '
sensitiSe hoemadik, orJ alkBline @dﬂdi,tio‘ﬁ%lmyteis{@ldl‘at%ﬂel chvaigns anéIQBSt) are fragile
' and ot her nmethods are known. In general, thin filns
withowpsing diblbgicaliclectioash niagnetic, arepttalogropsmigsi n

conbi nation with supports. If such thin filns can be

used separate from supports, i.e., as self-supported

fil a range of practical applications is expected
Ba"‘kgf‘?i‘“gﬁdl“?her expand. Thus, establishnment of a technique
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multifunctionalization, and integration of such devices. As methods for producing thin
films, vacuum deposition, molecular beam epitaxy, solution casting, spin coating, the
Langmuir-Blodgett method, layer-by-layer adsorption (US Patent No. 5,208,111; Decher
et al., Science, 277, 1232, 1997, | Multilayer Thin Films: Sequential Assembly of
Nanocomposite Materials; Decher, G. and Schlenoff, J. B., eds., Wiley-VCH: Weinheim,
2003), and other methods are known. In general, thin f{ilms obtained by such
techniques are often used in combination with supports. If such thin films can be used
separate from supports, i.e., as self-supported films, a range of practical applications is
expected to further expand. Thus, establishment of a technique for separating a thin
film from a support has been awaited.

In general, thin films are obtained via spin coating. Spin coating is a simple
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t hi ckness on the nanoneter-level, difficulty in
i ncreasing an area, restriction of the shape of a
thin filmto a planar shape, or frequent danmage
i nposed on a shape at the time of separati-on.
Meanwhi | e, several reports have been nade on
methd®ahmi queshemperfeimed e sopPAbpesiikased | GdGRS §feMubd)  This
an external stimuli-sensitive material, a thin film of
techniquieghestvérs suffesvirdaddidwndraeky), suah displaol &/t dogsrollhbilitg of a film
external stinuli-sensitive material are denatured by
thickndse oathenaraimetti-tavkl, difficsBpan atoecdshey ahareaf testricvfon of the shape
interest. As an external stimuli-sensitive materi al
of a thiyafilng darsplamer happoot frequenademapy imposed on a shape at the time of
~tenperature-sensitive poly(Nisopropylacrylamde) (WO
separgymg387; EP Patent Publication No. 1264877), ii)
acetyl cellulose that s soluble_ in an organic sol vent
( G%Wﬁﬁ%a PYBIAL F8RqIENh NS, beepgnadeoon dedmiqyest wheretn the support

l., t Materials, 2, 413, 2003 nd the I.ike are )
sul'faqaﬁsléoqog?egg%&l}eqﬂ g?rdl)e%bq ﬁ%%gb-gel}sﬁﬁxfe m)aIer%l, a thin ﬁIm of interest is

. : iti | y(N-i so, I ryl am de) i
provideTREI A Al BERRE i B M ishnl OB R Bl et denarured
' I . I dh to,th
by ﬁ%h???@%ﬁ?ﬁ%@uggggngﬁﬁﬁﬁgr@%ﬁo1?2%2183%0 %%%Fé °As"8n extemal

| stimuli §BRGH A Uﬁl@teﬁi% ap%oa?seItIli %L%g?ﬁtggggn%@ Y) It@ﬁ%@ra&ﬂ%—sensitive

surface of the culture dis

polyasﬁdﬁéﬂqa&?iémﬁdeﬁm@@bi/dsf3@7,a§9pap£teﬂ\f Pﬁﬂi@@apﬁahuﬁs. 136£877), ii)

hout deteriorating the structures and unctions

acetylt belltode. tHhi 5 bolodld i oty RrEREH Hotktat eMpd| BfedthBub®ldtion No.

- recovery with low damage, which was inpossible to

2001/pE6564 nkKoyorart eki Ndtmg bhitdridigchyer3,ngaxdckni ghe like are used.
i nvol ving the use of protease such as trypsin. This

Documesd Hhiligolesesibak tamnperstufd-sensitiveamly N-fifapcopitla@slannde) is grafted
application thereof to substances sensitive to

onto the-spsfacgof aecoanamgialized icplture dishh dironghinm glectinn boaww aelty adhere

is coated with acet

to. thecuhfieodl DeapEs rHCES o Uch A EWORIEL IRPRSSHEFS P but cell
o RS 5.y S S, oy
L B, ] R g hE s o
functi(ﬁIl?,t HefRd:  Yh I)f’ééﬁfﬁr@ly%'ﬂl I%Iér/n('%ﬁ C@QS%%IIécp?he 2Bl recovery with low

i
alternately | am nated aving a multilayer

damag8] fEEH MRSOIBdIRIbISIRD Werfothl bpCh GRIVIAG QII-ARGEHBY technique
preparing an aqueous solution of a poSitive

involvizigetienakyifl gropelsy BREh 68 t86I0N)THE dectiRi ARYBBWR ver, suffers from
solution of a negative electrolytic 2 polyner (an

difficuliidsoin) agpitatiomgherienf) t@ sabgipores sehsitine ebeempealdterenédiaalky or in
: in both sol utions.
further lamination. Document ii) discloses that a support is coated with acetyl cellulose,
alternately laminated films comprising water-soluble po'lymers and clay minerals are
formed thereon, the resulting laminate is immersed in an acetone solution, and acetyl
cellulose is solely dissolved. Thus, alternately laminated films can be obtained.,

Via layer-by-layer adsorption, an alternately laminated film having a multilayer

structure on the support surface can be obtained by preparing an aqueous solution of a

positive electrolytic polymer (a cation) and an aqueous solution of a negative electrolytic
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Thi s techni que does not require the use of any speci al
apparatus or environnental control, this technique
can be performed regardl ess of the material or shape
of the support, and this technique is capable of
producing thin layers of |large areas. Further, a w de

polyny@ (a8t shiof aikh ahaReksifE RSHAIeESef BHER PRGNS NS bofl Wutions.
m neral s, sem conductor particles, heteropolyacid, or

This tetlgiignd doesami réfuitiibe @6t 0€af Psidetl lapy@atidyorl@¥Bbnmental control,
adsorption technique. |If an alternately |am nated

this tédhiniguehah bespadpaidderegbrdlepartttho gnatenidlosissHays @F it Support, and
accordance with the material to be used could be

this tesbhigiug isletpabhec frodnvinbehinppos bf ldrhe ardappaFuekkr, a wide variety
functions may be used wi thout restrictions inposed by

of chargeds gppoancesThach nes hudtding, diescniiherdlsabsaneicomdwgare particles,
is not suitable for releasing a thin filmconprising

heteropobypsid, ok PEenerds, Gag hersbigstas taghe haser-dy-leyeaaiserption technique.
sqlvent. as a nethod for separating a thin filmfrom i

It anteﬂgergzgﬁldoqu n, Ee@o?"jmn&%tolsa‘;%ﬁlﬁeﬁf i GRRATting cHiogs efunctions in
specifi.cally, a filmm b amaged durin process

accordiieg gyt e %@“&4 i ?@f‘%%%@ﬁé%eaﬂﬂeﬂa fehed fgorthg agpport, the

: I4f &1 cul tain a.self-supported thin fil ]
imparfl” Kb, i BB R PadR rRUBRS vl gF® support. e
. r i sl WM . . .
et R 1188550 80,2 R0 S BTl BANEOR i comprisiog
§ I i
@ o BRLTTESNEN, UM BHIE 80 K e o o
film filon fRe @RSk t WcRErdih@ t€hehi Qb fechiglEasfcc ALy, a film may
bet ween a pol yacrylic
be damaded/dwoingdi @lokbydsdifvepirti AgranRinUiint 898l ¥ BRFpoaf)end it was difficult
pol ystyrene sulfonic acid) that is dissolved at
to obtawutar sdlf-pipplated Hhbn ofilnhi cglherisinga sublitsedeo s@asiti® to temperature
02/ 085500; Schlenoff et al., J. Am Chem Soc., 123,
changeszgen grganiy sobsient withilowotapeagebi | ity of constituents of
tge di ssolved film (an alternately lamnated film
c ORSESDEPER Sy Aechmispter st had everneie 4be bersc-misatioraschdgwbacks

. ol yacrvylic acid/polydjally]di | anmopi um copol yner
with 2 MGloh jof2hn MY GHT Crlisptel Tk B, SlseshengBiaRe fim
. . bi opmt eri ield is .unfortunately. inadequate. .
. Consmg%gici fi \lggl I y,e?%%{/()ésfaé%nentm P AL hoo%ttwgﬁn doe8 noolyacrylic

: : il t] [ r . .
ccidipGFIRITRE NI FnohART B B SR IEP I REBAR By thac i
dissolvd@lat de@BYEpM! &0 SHRREANCASHSIbEL ER® 5ERR58Hd; Wehlenoff et
- has been awaited for mniaturization, _
al., J. A, GhkbnsbiQnabi 2348, 2001 RNKihed BRCaipaiibRity AL QYR uents of the
types of functional devices, such as nedical devices,
dissolvedefilnn ¢ altentaetly dlaminapd iflal comtigiteadl Ha déctEROSRI Mterdctions

between a polyacrylic acid/polydiallyldimethylammonium copolymer and polystyrene
sulfonic acid) is low, use thereof in the biomaterial field is unfortunately inadequate.
Specifically, development of a method that does not damage the film
constituents during the process of separating a thin film from a support and that does not
leave unwanted substances after the separation has been awaited for miniaturization,
multifunctionalization, and integration of various types of functional devices, such as

- medical devices, electronic materials, optical materials, or sensors.
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In contrast, an alternately lamnated filmthat is
constituted via a hydrogen bond has been reported as

a material that is dissolved at neutral pH

(Sukhishvili et al., J. Am Chem Soc., 122, 9550,

2000; Sukhishvili et al., Macronol ecules, 35, 301,

2002 contHaemRNst@hataly 1a1ﬂ1ﬁ’eﬁgdnﬁ'hh thatis é:%ﬁ@gute%lgﬁgva hydrogen bond

Caruso et al., Mucronol ecul es, 36,

has bE@Weyefted b @rfateSiaNthal BP@EIolCONEEL AT meutzheﬂvﬂt ¢od)., J. Am.
of a self-supported film or a product| on met hod

Chent. h&se0f1 29 19350he000] ISukbishoiti ef 4H SEbsinidlvdilys, 035,586 2002;
hydrogen bond. Disclosure of the Invention The

Hamipoieb entl.j beeprhuion fir 34006998, Setsosut oM egotolerulds| 66, 2845,
that can be put to a w de range of applications, a

2003). aHoveter.chapr issineparnedckiniye thef ploduassenbh edlfsuaparted film
hydrogen bond, and a production method and

or a pypdNGtvat methodotherasé vadmthe wislizativerofi pH sensilinits wétsuch hydrogen
obj ects, the present inventors had attenpted

bond.devel opment  of a nultilayer filmthat is not
di ssolved during lamnating a thin filmbut is
di ssol ved wupon imersing thereof in water. As a

Di lresulﬂé the di scovered that a nultilayer film
1SCIPILS oInV %0 hydr ogen bond vvoul d be construct ed at

gy’h?%’}age{?ehte}ﬁ@enﬁgg é)trt?ﬁ&essg nglf—sllilp%ali ?1} can'_tae put to a

. I 0
vide KERRSELMIcabthd, D b so RS nt@ o i
hydlogén?@orﬂi %ﬁ@\é%lﬁﬁuéthﬁltmbﬂto&%ﬁﬂ %Eglléehiorﬁs forhiBsdad be
ornmed on the surface of responsive nultilayer

f i InnardesenditLal sM¢IﬁoE}ebﬁ$dﬁ1@9ﬁeselﬂ® Nttientdrd hH® @ftein PRI dvBpment
in water, a nultilayer filmassenbled via a hydrogen

ofa nbﬂnthybhﬁﬂml thapises@ntissolveal diete Bofihkidng aithinsflre but veligsolved
di ssolved and the thin filmis spontaneously separated
upon mmwatr@ thegeaf ini Waterr eAs\aatesolt, they depaestdethat hi multilayar film
omwater and drying thereof result in the production
assembtedawgét hydrappip beed Wauldnbemeinstrietsd jas@ o pHelevel and that such
etio of t he esent |nvention. Specificall
film WﬁPg‘EE 1SS AE o gree CARBeSIeEe Same divtRieH W@ﬁtra%vﬁ (generaﬂy
s g S ort la
o 4.0 1 o R0 2R RT SR aBe FB R Befb Ak 7 W) | Fnthor,
n t .
they e{l\%cl Wlstcg@%]%ﬁ thaF ?lvgtptg}lls ]al m%térglg o [%Oll ég (g énh 3 8u1efﬁce of a
H-redd0RSivE Sn ' S !
p re% g pa ?l‘hff%@frvfﬁ% a&eﬁlﬁéﬁ 3 ét'shtyﬁgog%ﬂul?(ﬂqlﬂ 150&15&1 Hlﬂnersmg in
water, a multilayer film assembled via a hydrogen bond that is present in a deep portion
is selectively dissolved and the thin film is spontaneously separated in water; and iii)
removal of the separated thin film from water and drying thereof result in the production
‘of a self-supported film. This has led to the completion of the present invention.
Specifically, the present invention includes the following inventions.
(1) A laminate comprising a support, a multilayer film assembled via a hydrogen
bond thereon, and a thin film thereon.

(2) The laminate according to (1), wherein the multilayer film assembled via a

hydrogen bond is dissolved in a pH-adjusted aqueous solution and the thin film is
. _



separated. (3) The |am nate according to (1) or (2),
wherein the nultilayer filmformed on the support
conprises two or nore conponents. (4) The |am nate
according to any of (1) to (3), wherein the multil ayer
film fornmed on the support conprises a

separ®Bysi ol ogi cal |y acceptabl e polymer. (5) The | am nate
according to any of (1) to (4), wherein a thickness of
t hg% TRY fanliayeractoddmgd @ (T8 Gr D), tiiigersanRe ifultifaye e FilMaefdrmed on
0.0005 mand 10 m (6) The |am nate according to any

the supboftkonip@iseb}wo vhateet Botipends.n fil mconprises inits
structure an alternately-lamnated film conprising
pof4yeTiee famimtee acdordinghie dmmofidt e t@ddprwhergint theamyltdhyer film
(1) to (6), wherein the thin filmconprises at |east

formedrne thersbppors ebmptiees 4 plorsicnpitgllp rotapitatde pobines,
col loidal particles, clay mnerals, sem conductor
pa®i Ehedamiamts prepidng ok widd) togy) Theredmiandtiekness of the
.according to any of (1) to (7), which conprises a

multilgger filsp fgraedron hetsuppeit ifeetivgen 01090& it pngnl Aman-t he

E k6D ey Bttt i sormenp SRy B ) PG <op W fhin flm comprises
v i i , f 1). ) Q) A
in its R SRR AR coliichh AalbetebdBhd) o
i . 1 . . .
oradugr nam s Recing bhrk et o G hnbreRF i B gomrises
at 1eaSOTRE! RleRBep! deRMJM fRnD uﬁ?ﬁg@{egt tpﬁ‘&eﬁﬁ%ell@,t gotéﬁg%lz%tarticles, clay

alternately wth two or ypes of solu

miner&19/¥misbMihcidist 8BNS antl HiPSchfbRALRY, to form a
multilayer fillmand formng a thin filmvia a nethod

seBpqhedamiite araidingaphy AFHOFtd {DNwhidh forBpaddsigbarrier layer
and |ayer-by-layer adsorption. (12) The production -
betweeretheodubidayer dilngartdothe 1Hin, filwherein the thin filmis
formed by allowi ng the support having the nmultil ayer
f i(PAtlemdieate funthey coomprizintg ahmétilagenst\thini film on wee thin film of the
. hore types of solutions conprising substances to be
lamingte ac¢patliag. to@py)of ALt ®dd for producing a

f'i#‘)ngf %’iﬁ%%{e?%&tea Idﬂltl]];ﬁ%]}?%%flng%dl?rloggt | qriﬁaintg%ccgrgleng to an_;,f of

(1) to %L adj ust ed aqueous solution to dissolve the
I

tilayer filmand to separate the thin filmfromthe
SlﬂPp)orA ‘method for producing the laminate according to any of (1) to (9)

comprising allowing a support to come into contact alternately with two or more types of
solutions comprising substances to be laminated to form a multilayer film and forming a
thin film via a method selected from among vapor deposition, spin coating, and
layer-by-layer adsorption.

(12) The production method according to (11), wherein the thin film is formed
by allowing the support having the multilayer film to come into contact alternately with
two or more types of solutions comprising substances to be laminated.

(13) A method for producing a self-supported thin film comprising immersing

the laminate according to any of (1} to (9) in a pH-adjusted aqueous solution to dissolve

the multilayer film and to separate the thin film from the support.
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5 (14) Athin filmfor cell culture obtained fromthe
| am nate according to any of (1) to (9). (15) A
capsule for a controll ed-rel ease drug obtai ned from
the lam nate according to any of (1) to (9). (16) A
separation filmobtained fromthe self-supported thin

fig 13{) ¢ a3k HIRGLok @ell (hfhre HBthined HGHIEE lilﬂfnafeaéc%bydlhg to any of

reacti ons obtained fromthe self-supported thin
(1) toqgrording to (10). (18) A sanple slice for
transm ssion assay obtained fromthe self-supported

t hils) Al capsabe dodi ngohao(lddreletskO)drdy toisinad from the laminate
sel f-supported thin filmobtained fromthe
accordief te sappdHft)ed (Phin film according to (10). Fig. 1
shows a preferabl e enbodi nent of the present
i M\EéNtA eeparaAcoofitth mgptained filwing tiavbdiswemtriedathin film according to
sel f-supported thin filmconprising unstable
(10). substances is produced with |ow damage with the

utilization of the ghenonpnon such that a desired thin
filld Acdnpee Srptalubie teastions obkdnad frem deaeliivpperted thin film

_al kal |]3) condi tions and tenperature changes and that
accordipng tq gile i s forned on the surface of a

p?& gépons 1ce #&)a t]EaH I%ESéfé(iﬂl ?r,gg?])fag Tgﬂ?%,ﬁlgfﬁo%hﬁ%?%lg-aupmorted thin

( pH | evel s are altered), which results in
ﬁhna@%ﬁ&mgtbéﬁ) ve elution of the nmultilayer film assenbl ed

VL](‘T‘%T‘A%(WIQIgfenf ?ﬂ%@rteh"@lﬁ !nkfﬁ o gﬂl\éa 'Hdnq[ﬁ?é setlpgl.wﬂzagt{égfﬂ?m film

ution mate di'ss0 at neutr al

accordiig b Qoyo 9.4, preferably pH 6 0O to 8.0, and nore
prefetably pH 7.2 to 7.5). Accordingly, a
sdif.- 5UpPWs bstefdtitile fehlbvdaaentber heqaeead iwehtioh! According to
deteriorating biological, electronic, magnetic, or

this erojpddimaht, prepentppested thinnSihalbbmpsivingt uncdde sdntaicaeds produced
a desired thin film If physiologically acceptable

with lggldameage, wishidhe atilipaigreohiheephenginyepoh sugh thall y desipgd thin film
acid, i.e., bioconpatible and/or bi odegradabl e

- comprisHig substancey wnskivede egidizor alkphne pendditiermand &eumerﬁgure changes

and tl}ggts%{altf :aélle} S; borr@gl S&%gglspé%pg {fgégéﬂ%%g&@rs}v% multllayer film

mat er.i enbodi nent s

assertlc QI 8 el bifid, RUGRECF Rl o el Bpeted i Svater Gie., pH

levels are altered), which results in the selective elution of the multilayer film assembled
via a hydrogen bond. Unlike a conventional technique, an elution material is dissolved
at neutral pH (e.g., pH 4.0 to 9.4, preferably pH 6.0 to 8.0, and more preferably pH 7.2 to
7.5). Accordingly, a self-supported thin film can be produced without deteriorating
biological, electronic, magnetic, or optical properties of unstable substances contained in
a desired thin film. If physiologically acceptable polymers, such as polyethylene glycol
or polyacrylic acid, i.e., biocompatible and/or biodegradable polymers, are selected as
substances constituting materials to be disselved which cover supports, the resulting film
can be suitably used in the biomaterial field.
Hereafter, embodiments of the present invention are described in detail.

Materials of the support that are used in the present invention are not
T p



Materials of the support that are used in the present
invention are not 6 particularly limted. Preferable
exanpl es thereof include silicon wafer, quartz, and
gl ass. The shape of the support is not particularly
limted, provided that a nultilayer film assenbled
paltlcﬂaﬂyallﬁWt@ﬂOg?Fef@ﬁ'B% eRAmPRs AhERGE | MciRbe | ML Galfdt, quartz, and
formed on the surface thereof. Specifically, any o
glass.t NEhepbIME, ofSPBRUpF@ is GOt PAMRLIarST LGk Frolvyiear thweh Imultilayer
surface is applicable. For exanple, a colum inner

film apsdmbled vites hgdaiced baad @as heptirdetlytdrendirenBr fomlel drSthe surface
coated with a nultilayer filmassenbled via a hydrogen

thereofion8péaficphy, r @ppofisthe eplahd, esphatiedly dodwinat ed ¢allimn inner wall
formed via a hydrogen bond, hereafter it may be

surface ¢$ eppledbleo draxampthy, @g@a&umnnm wiall i Jgsiglatest s eligport, the
lam nated filns (thin films) constructed by

inner gvadkbtisoseaded cvitht ermsltileyey silm Iaaiwﬂ&wbdwaa&qdhxdaegen bond (a

hydr ogen-bonded filmis_  dissolved. Thus, a tubul
pH- l'efé?@lnﬁl"@ (Fhiserately leminated fiknfapmed wis ﬁéﬂé{%wmﬁlab@r&aﬂer it may

i T

consiryte oy “IG B R FlrsRichs Y ?ﬁ%@ﬁtetgP?@? B dropShrp AR i m is
dlSSOl{édl m'[fht%rsngqug%la{ ?Lﬁ%ﬁéﬁéﬁ@& 'tkb fgl (@10 tglrlllg.te ?am nateéi film) is

0gen mis

obtamgci‘us ABoSaRs gyrl@lglg;le S@éyrﬁﬁé’iﬂ Oh} efl g tcﬁfen astuﬁgt}éné@m&d}@hﬁﬂmg a

| m can’ be uced a particle conprising

hydmg%lﬁalfdfﬂ%@' Aghca I@és@ﬁ&ﬂeuea§®8§@ﬁsﬁs tﬁ@dsu afy msatc%%an with a
the surface of a hydrogen-bonded film alternately

hydrogdearbdideé dili, bimlie@asdly Uoh@dtedi flnefeaied 084 alebBostatic interactions
I nteracti ons enabl es construction of a systemthat

is lamaihbeds @ohtthel hedragehdamdedf filphas ndisedlegd.cal Thuschi wapsular
substances in accordance with pH changes (e.g., a

self-suppeited| altanatelye demiptehafile | oan) . beAquoditiedg t burther, a particle
present invention, a substance that constitutes a

-_ comprﬁyt& phamaseinederlEi Pt e sebsrncps | sk Jaminateh O@r th@oﬁlérface of a
iSRS i, gy chBbe gty R oo
a8 Bles, BohHSERCIR B SBR T o N
pharn GEIGHVERT, R0, 00 T8 sy Dl N2 AL UERRE" e, o
controltl&i%éwas@g)?éﬂa‘{@ﬁd ns or use environment into

consid t1on exanpl e, organi c pol yners,
speebidigal by, tRol ysﬁtsayﬂ enSeRfdifle. a Pobbseddy! angt gbyshutes a

hydrogen-bonded film generally includes two or more substances, i.e., at least one
substance having a bond between a highly electronegative atom such as oxygen or
nitrogen and hydrogen, and at least one substance having a highly electronegative atom
such as oxygen or nitrogen, capable of forming a hydrogen bond. Such substances can
be freely selected by taking applications or use environment into consideration. For
example, organic polymers, speciﬁcally,.polyethylene oxide, polyethylene glycol,
polypropylene glycol, polyvinylpyrrolidone, polyvinylpyridine, polyvinyl alcohol,

polyacrylic acid, polymethacrylic acid, polylactic acid, polyamino acid (e.g.,
, ‘



pol ypropyl ene gl ycol, polyvinylpyrrolidone,

pol yvi nyl pyri di ne, polyvinyl alcohol, polyacrylic
acid, polynethacrylic acid, polylactic acid, polyam no
acid (e.g., 7 polyglutamc acid or polylysine),

pol ycaprol act one, or pol yurethane can be used. Wen

polygHagdid rlick:h%lbF&Ws@ﬂé)alley&b%laﬁhﬂé' o} 01%1?@1]elt%ne can be used.
accept abl e polyfrers, i ."e.’, | oconpat | bl e” and/ or

Whenbigdegiadal! einahisaarl Sficlao! yiRisoslally d@e&%alﬁéﬂvw@ﬁﬂeys ie.,
affect proteins or cells contained in th

biocomipatibecaldigi dbaddeyraiablev polsuiest, ?M?ﬁleﬂsf tliehl db bt ABversely affect
speci fically, polyethylene oxi pol yet hyl ene gl ycol,

proteipploypredpytemained isahe plpohyvoloyicply raotive suestances or thin films,
pol yacrylic acid, polynmethacrylic acid, polylactic

specifagilld, molyqubﬁymn nuxidai dpgleetylenpol glykol anpalypoipglene  glycol,
polylysine) can be preferably used. Exanples of

polyvmdﬂrmuﬁdtdom afolpacsybist aside padyinpthaartiendicbbt webladic acid, or

ighly el ectronegative atom such as oxygen or
Polyalﬁmq cgih @i HpdYglykmic apeida o8 upelybisine) hasn nee aorpfeghily used.

Exam]glg gr om %%%ﬁemf%tgso sﬁ%ﬁ%? ggvzﬂg )é(ym&g e]‘,\ﬁgqlntéglg?lpy electronegative

‘atom EB?%acr @%9?5%%@3%@%3 S}&l%éfﬁql;agﬁ%%oﬂfl&??&lc? having a highly

electr&%:gm‘g% ﬁacr § gs 89 &10‘1()]1)/ Mltl%?éyg Y, %iedcg)fn ﬁT@%ﬂég h.}zﬁléogen bond,

¢ act yrroti

a5 B4 RIS, PR  EOEIgyhin

glycolg/ ﬁﬁlkacr?ﬁé‘ ARH e afd Sh QRN 2L H8fe t %ndziagl}%)éih&[r?ﬁ& adld and

ness of the hydrogen-bonded filmis rot

polyv1[:l§lptyr1(bl1i|daﬁé Y Thémhigebuldhesights dthiuehfddlpmbar R de@brally 1,000 to
lam nate is intended to be |ater extracted as a

£ 5,000,8@0 Amobpoeteebl§ 1000 fot 1,060,00@fdnablaadthate prefirablgritg000 to

bet ween a support and a thi n film which is separated
250,008yg/molhydr ogen- bonded film be | ong enough to such an

extent that a bond that woul d not be dissolved in

r eésygﬁ]g@esg & Fﬂlp darpsy-bondgd filey scagtoparticnlerly limited. When a

X i nteraction, wul d. not take Such_ di stance is
thin filge £t G B LeAESHE . BOSoa a4 pxirftehpp P smpported film,

i BERUTER S b AT B e

‘ hydrog%:ﬂ' nde a'ﬁ}l srblgqgn? %Bgu%y owgl‘g: n rt) gﬂ?ﬁptﬁa%%rgd ﬁnﬁ% \ﬁvogléi not be

d1ssolJe€r1H‘?QSé£hE§ﬁ)tde% ?5111#3 e% t?e"i‘écftfo%tﬂt cem%rract% W?)%ld not take place.

hydr og is sta tef or

Such d@ﬁé&ﬁﬁlﬁ g%ﬁ’éﬂeltl%/ %t\@éena@ﬁow Iﬂ%ﬁ(ﬁhl@ H" %réi%{:%gy QEtv&'Einzb 605 um

to 9.4, "and i s useful as a self- suppor
and I.Eﬁﬁﬂﬁh@fmore preferably between 0.05 pm and 0.5 pm,

In the present invention, a thin film formed on a hydrogen-bonded film is not
particularly limited, provided that such film can be fonﬁed directly or via a barrier layer
on the hydrogen-bonded film, it is stable in water or an aqueous solution at any pH
within the range of pH 4.0 to 9.4, and it is useful as a self-supported film. Examples
thereof include organic molecules, organic polymers, inorganic molecules, inorganic

polymers, organic/inorganic complexes, metals, and metal oxides. Such film may be

constituted by one or more regions or may form a multilayer structure comprising a

8




t hereof include organi c nol ecul es, organic polyners,

i norgani ¢ nol ecul es, inorganic polyners,

organi c/inorgani c conpl exes, netals, and netal oxides.
Such filmmy be constituted by one or nore regions
or my forma nultilayer structure conprising a 8 {

pluralﬁgf %T@églbﬂs of 48t 91”@16 eFﬁf d ﬁHlfl nfy Eehc?m%ﬂﬂla?& il M Arﬁﬁltemately
be a nultilayer fil An alternately |1am nated fi

lamint8d FEft isC]&HrﬁEuMﬂpr]ﬁE&E #é.e. AN %uBHBSIANGASHCaddoRr lé@ﬁﬁntutmg
for constituting 'such an alternately lamnated film

such s taheptatgar lantiuhtdd filni wiakenparpieovi dadithiad, d]Sﬂd@hied that such
substances are two or nore oppositely charge

substagodxst ameceasvo For exanpbgposiedt yehageéd obylistancps.ot eilog, example,
coll oidal particles (nmetal colloids, oxide colloids,

polyeleetrolytes xprotaih, ot blidal cpayicles n@naibls codeids.c ordlectatoids, or latex
_particles, heteropolyacids, or pignments can be used.

colloids)c play ubteasle c sersisandiectanipeptistes] fetsedmdyasdds, ror pigments can be
accordance wi t h pur poses, appllcatlons desi red

used. o 68y FRRSEANCHS otegiDe ardeqapiedt rsshicted n@gw@mctam@rwﬂh purposes,

tic properties) use_ envi ronnent.
apph%tg Ve%é%‘f?dggﬁﬂpémeﬁo@%%a CH@nE’na?@’é’&“Puﬂ’cPP%WéIPropefties)’
halns ca

d
or use FRSHERPRR, 7 pARFRTOGHS melyodit B g Bl groups on
the ba?l?%ﬁ{ a(lgh %@e gc:lllgﬁ“} a%%i%&ﬁé@(ﬁ%ﬁl 9 ﬁx%gtplg agplons char c?l?r%atlons can be
used, acid, or carboxylic acid is used as a polyanlon. For
exanple conductive polynmers such as pol ystyrene

sghf, fggﬁé!ﬁ? d ﬁ%@anc@(hlaymgrhyheg%‘ﬁlvéﬁi ﬁla(fég MBle fun‘éﬁcﬁa{iaéfoup such as

sul chondroitin sul fate, hyaluronic acid

sulfonieoddiacsylfiréc aeidg ot RAMoxylipAcydTR Gl ¥4 acpoaparﬁoﬁ PMAr, example,
pol ymal ei ¢ acid, polyfumaric acid,

condugidley pblyfiter Juchr o pylydtynyics @ugfpimayﬂPsso) pehzemdsslifaanaPVvs),
m do) - 1, 2- et hanedi yl ) (PAZO),

dextrapolsylfatai | threpsiroitian esilfefonilyabronfy (ERARSAP!yasmionatiéd (PAA),

pol yani | i ne (SP N% poly(thlophene 3-acetic acid) )
polym@IPRTc poRgidz. adPYiani dopolsmaleigl - | agidopanelifyaiec  acid,

) (PAVPSA ol yt hi oph ol yani

P01Y<1-3'§r(3- % Sr%@ gnylﬁmgﬁlazeemfoaam%r&p?reert%aneslfyl)

i oppl rs_such a bly
(PAZOBDP%J%‘}”EHWBWH B pae) PABSA) R P FESS ol spiling (SPAN),

. can
poly(tlﬁé‘%ﬁeﬁg-%hc&gg E‘ldg @,ﬁ%fg’f gédl%{gﬁ&ﬁg% 1Id§ rg;ﬁ%ﬁ{ryz-aﬁﬁrogclﬁesulfomc
id ?ﬁMPS

acid) ( ra 370 g;{ftlﬂo rli% 'ﬁ_éng}?%(c}fggp?ﬁn@r@hﬁ]&ngﬁﬂ&ﬁ)c ﬁ@ﬂfnpe?‘s l’l?cﬁﬂd crystal
polymers, or blopolymels such as DNA are used. Preferably, polystyrene sulfonate
(PSS), polyacrylic acid (PAA), or the like can be used.

In general, a substance having a positively chargeable functional group such as a
quaternary ammonium or amino group can be used as a polycation. For example,

polyethyleneimine (PED), polyallylamine hydrochloride (PAH),

polydiallyldimethylammonium chloride (PDDA), polyvinylpyridine (PVP), polylysine,
polystylenemethylenediethylmethylamine (PSMDEMA), a precursor of poly(phenylene
vinylene) (Pre-PPV), polymethylpyridrylvinyl (PMPyV), or protonated poly(p-pyridyl
vinylene) (R-PHPyV) can be used. Preferably, polyethyleneimine (PEI),



pol yet hyl enei m ne (PElI), polyallylam ne hydrochloride
(PAH), polydiallyldinethyl amoni um chl ori de (PDDA),
pol yvi nyl pyri di ne (PVP), polylysine,

pol ystyl enenet hyl enedi et hyl net hyl am ne (PSVDEMR), a
precursor of poly(phenyl ene vinylene) (Pre-PPV),

polyaH?l'a}iﬁEE Hﬂi]@éﬁlo%ﬁlev(l)ﬂﬂ) &IHMEYI“OS cafllheRis@4 Onat ed
pol y(p-pyridyl vinylene) (R PHPyV) can be used.

Prgﬁﬁﬁ LY, o POl e nibiepeiyahiién ( Ridniplex& PRhyRIdbY aninBRide
hydr oc Iorl(c)ie (plgﬂib o? tyﬁlé like éa%ebe u?led Ex%n’p les ‘

polyaltylapehy ahydrocplotiie alP OH)-poNplyeXes flRhetealPRs) nedmiglexaand a
pol yal | yl am ne hydrochl ori de ( PAH) - pol ystyrene
polyaByiafronahgdoPS)ide gRpHpodyudrdic gl YRAAY camphs.
hydr ochl ori de (PAH)-pol yacrylic acid (PAA) conpl ex.
SuSichosrganicpdpinyrmemsizonsolable imokatbt er selubletiera mixture of water
soluble in a mxture of water and an organi c sol vent.
and a8s ogganst esalvendi ¢, Adi sipl elyctnatier idigplay mherial ke, thvhdike, when

conductivity is |n'parted to a self-supported
condugfiyigy rigt @mg/arteaimtmaﬂt é@lffsppmrt%io aooeidle lapanated righm, seeiluctive

as pol (phe neV|ner (PP can al o be .used
polyr r?ufﬁésmﬁ ?Wlﬁ’}l?‘én °po! %P\CQZI <o 1158 Deriesethol éf@mnarhe thin

film 1§ & %}q%@glﬁ Yy /tﬁﬁ%{mﬁ?ggle?%lﬂqﬁ c%otlhsdg) r}gérilologﬁ ue%(g 1s generally
1,000 %FED(BOO @(%jggﬁ pﬁ)gﬁera%rl?q y0005{()) g%@{)i(@rq g@ og,dan ore pleferably

or an Zyms r

50 00(?1 Assd G'@(?Eg;qnol P f\%grll Q%l(gsléﬁﬂ)r 3 aﬁyetngg e Q0% tfon %éi& ¢4 X&Etruc‘ted

tore myogl o acterior ho n,

protengsl %&ﬁ%'@%@ohr&ﬂé' QUSsdHRRS lﬁétoHSCPSYrxh?@ng&he'b%ct%ﬁbﬂfodopsm
DNASs) ribonucl'ei c aci ds (RNAs), ofr charged

-albumh‘l oaolgmwmﬂugdw agrichargpss Yl WRe&sABs RS SHERs AINAs) or
pectin can be used. In order to inprove nechani cal

ribonusldieagtlh (RNAx) sal dhasgeddsiopelgimend $iehnataypedgolyrateithrides such
film clay mnerals, such as nontrnorillonite,
as ped&lelc@a)ﬂr be ajsedtaoli wederaio imppeaintechasizal b@erpgtbfcérabblf supported
sed. As the thin filnms described above, thin filns
alternaft@[m{@@nwtgd ﬁélgopla@{épl@grqls, SHClt &s @ontmpgl;lggma, hectorite, kaoline, or
deposjtio %?1)9 pin coating, or other means can al so be
lapomE?séﬂln FRISSEAYY B¥¢% 0o the alternately laminated fil ns

B SR rsatan BT 2R A %f%e'ggﬁ?fvgmﬂ erefglon (.
vacuur (r) 2) E‘]Lonb né’pefﬂtcllggﬁ %’ch Cgt%glp gﬂeigs %gx? WANGE qalgddltloll to the

ic”’oral 1ons, tenp

alternag%gggglﬁlﬁé&{ fgﬁ%%gd&!n%ﬁlﬁlgé &?Qf-ﬁy-@&%rtala%rpm)ﬁ f r agl le,

The thin film of the self-supported alternately laminated film of the present
invention may comprise substances sensitive to acidic or alkaline conditions,
temperature changes, or organic solvents and that are fragile, according to need. The
_‘term “substances sensitive to acidic or alkaline conditions, temperature changes, or
organic solvents and that are fragile” refers to substances, the inherent biological,
electronic, magnetic, or optical properties of which are deteriorated due to pH changes,
temperature changes, or organic solvents. Examples of such substances include

proteins, cells, catalysts, and metals. An example thereof is an enzyme catalyst

comprising a protein, the catalytic action thereof is expressed at pH 4.0 to 9.4
10



term "substances sensitive to acidic or alkaline
condi tions, tenperature changes, or organic solvents
and that are fragile" refers to substances, the

i nherent biological, electronic, magnetic, or optica
properties of which are deteriorated due to pH

(prefe‘iéxﬂﬂ[i]g@@ ito 4.8 atdeE ?tr%mﬁs%Q I% Jgf)g@ln LC35Qh ¥ ngf?sl?ut is not

ahpl es of such substances inclu pr ot el ns,

expre§ti Ay $ HsterioRfe MBIRL Sthefofddpse thereof is an enzyne
catalyst conprising a protein, the catalytic action

t Mehe hick Sese X 8RSefn AinPht 4efetally bctwedd 0(a008f phaBhY 10 pm,
6.0 to 8.0, and nore preferably 7.2 to 7.5) or at 35C

prefertbly4tk@Grbed 0i095noh an@X @ gs$ edd afore prefetably betaieed OW3den and 0.5
- other conditions. The thickness of the thin filmis
pm. generally between 0.0005 pmand 10 pin, preferably
bet ween 0.005 pin and 1.0 pm and nore preferably
behegnading, 05 thgmpagsen0iBenfon. eperc ovidinnthet thin hélnpreesynises the
3 I nvention, even when the thin filmconprises the .
substagefssieaniies wearidic] oealkalingcpenditions, dppglahge changes, or organic

solvori@hd Hik o5 GO gt b PRI BUpLRY Bt SHHSRate Ry PHacor retain
preterfy LERR Pt L IR Mg Bt e m R o, optca
propeiSe PR ye R PR URuhipRt SRR ARG, R0 Biupte. procin
are aclrfuld QuIndl AL&Rand i SGONE gﬁﬁ thix@ut Dbeing denat ured.

ccording to the present 1 nvention, a barrier layer is

PrafRtaRb Yo _rtllﬁ’é/ iHednt bRt MeRM, & Mdsag ?délep 0 dﬁgfér%l@‘ provided

and a thrn film This barrier [ayer prévents

betwe@Dh Uy di@@en-bohi€hfitA RhdlaNBiefiBWbSTRRWArS&NaYdr prevdids a solution,
acidic or alkaline conditions or tenperature changes

which andtdihata hsbstanagideasi(ineubr adidiotHhr glatinal doyidatong Hrdtebhperature
to 9.4, preferably pH 6.0 to 8.0, and nore preferably

changgsHid that & fragije (fentral pHi ggnatalBpet sEA4.Ortotthé, preferably pH 6.0 to
al ready-formed thin filmand prevents the )

8.0, andymprsgasiasableaedl 712 % e Atare bapedlisprssadein the alrpadyt-faymed thin
of, roducti o f athin filmaof interest. Substances

film gl plexpnis othep Bdrogenr 994%{ ifJHEP e (BgiRg  qipgoRyedaat plae time of

producéf)gg h% &%ggﬁbﬁg{ gn%a%gtnfgﬂ%ﬁ%hg%o%g@ggé ftkqg{?cclfp?%ggliting the thin
i o 0G50 ML R B 0RO Bk otmers o
oA, U998 g S S G,
particudMfl BpfeBtiPEI9f &aBRhY surfaces are preferably used. The thickness of the
barrier layer is generally 5 mm or more, preferably 10 nm or more, and more preferably
between 50 nm and 10 pm.

The laminate of the present invention comprises a support, a hydrogen-bonded
film (that is dissolved in accordance with pH), and a thin film (that is not dissolved in
accordance with pH). Preferably, the laminate comprises a support, 2 hydrogen-bonded
film, a barrier layer, and a thin film. The order of laminating the support, the

hydrogen-bonded film, (the barrier layer,) and the thin film is limited; however, the

hydrogen-bonded film, (the barrier layer,) and the thin film can be formed again on the
11



between 50 nm and 10 pm The |am nate of the present

i nvention conprises a support, a hydrogen-bonded film
(that is dissolved in accordance with pH), and a thin
film(that is not dissolved in accordance with pH).
Preferably, the |lam nate conprises a support, a

surfadayskr ﬂ’lgel@SLHﬂH% @5hnidatd. M A Ro PR h@hbéPYClepe@ish Bt ﬁuninatbn of
film The order of lam nating the suppgrt, t he

the hyIEQOBONRANEARE, ftht MaridRyRAS hh@ihd MR filln ANdot Nihited. Such
thin filmis limted; however, the hydrogen-bonded

constiuclion i{ dlke pheferabid il Beefredendiivdnitiont him afiditibh CamMhiBETIm can be
formed again on the 11 surface of the resulting

furthel gnovide@ .onAh daniratee of tiod eipraft, rikp diyidtdgen-ehded&ilm, (the barrier
| am nation of the hydrogen-bonded film (the barrier

layer,) abthe) thamdiltnhes tdhsaritfed| aboivs. nbt tHe prcted.inGndton, for example, a
construction is also preferable in the present

lamingta\comprsing & suppidi.t (hydroggnttinded ifilm tafbatyréer lapen hethin film 1,
provided on a | am nate of the support, the

and (hydmgsgebrndsAddan i (barriet aepdnrands thindjlar 2) iaeenstimeted so that

escri bed a In the, present

the pﬁlm«;gﬁ]{ :albm’hig]gre Weg{nsagi%%{egs}ﬁbﬁéw%encgﬁ?)qoigglilﬁgnged film 1 and
P B SRR SR s AL kB e o
flms | RH8 Fort o2 Pesaselh ettt bi RuEBRe HEbPise Splatfcclp the win

i RPN AT Sy A RRET OB 1o

If the loﬁydﬁ'géh-bf)ﬁélé??; fiimafd AnCafo i ‘ra%lcﬁrgﬁit?%y,ﬁkwgg 1{y§1€§ I alfdthately

evel $in a stepwise manner. [n t

lamin@N SilndsUttBith Mm@y JaRhed I8 ¥IRESstafie! WiEEctediR! it &aBdwich the
intertwined wiwth each other. If the hydrogen-bonded

- hydrodentvorided tfifim asnimerowingd caacHi oy thedywmtdrigtesftedfthe elution of the

alternately lamnated filnms (thin filnms) fornmed by
hydrogsineloandedt filincso rther gbey care tdlatsepaaedi Glont the under layer. If
hydr ogen-bonded filmare intertwi ned each other, they
hydrogelamdled Fmt band hidropen-bepdest film@ axjin syeretbunegithe support,
y are not_separated from.the under

(hydropsybpnded iy EkaRr UaiRIck) FnrA I Ay dtrasnrnded film 2,
(varriey 855F Gt GBS Pt 1 ECDBLd el AL B hirifing f SpEppYtpfbartir
layer logn 3 O BEIFERE 1830 ST Fip 24 8T Bhed o STl fmigere 35
wseful HRATEG, SIRPE shl Phin A1EY Frg el (e S0 o P ieFlnd then

brought $8fbWonydre Rghiti N 1 ithdt dsca¥ntddl Minfdnk gl @tfllaculturg technigues as

tenporality isolated fromeach other and then brough
disclose@t i GOt OZNS3YRIOD. EP Pdther Pabkcatfont Noee2diBENS t@N@kample, a

cell culture techniques as
plurality of types of cell sheets are prepared, and the resulting sheets are adequately
layered. In the case of the aforementioned technique, however, each of a plurality of
types of cells is cultured in a respective thin film while being isolated through
hydrogen-bonded films, and the hydrogen-bonded film used for isolation is dissolved to
obtain a cell laminate of interest.

In the method for producing the laminate of the present invention, methods for

forming a hydrogen-bonded film, a barrier layer, and a thin film on the support are not
12



di sclosed in WD 02/ 08387 or EP Patent Publication No.

1264877, for exanple, a plurality of types of cell
sheets are prepared, and the resulting sheets are
adequately |ayered. In the case of the aforenentioned

techni que, however, each of a plurality of types of

partic®drlBlihgtegul P%f@ﬁbl}n afl lﬁﬁé@%&ﬁ b¥ €0 d{ld buﬁ%iﬂ@ it W8 or more types
bei ng i sol ated t hrdugh ydr ogen- bonde ns,

of solyidnoaas-coandes drhhiuaad thokup et alrtee. ' F ogbﬁéﬁbl‘éefﬁe dipping
to obtain a cell laninate of interest. In the nethod

methéddepritdCimPecher kamt.n@ctemet, Lhe, PLEEENdIT NeNEH@Fing method
nmet hods for form ng a hydrogen- bonded fil m a barrier

describagen Schiedoff et bl nLindmuianl & {26),529580200@ 0@ spit coalilg described in
particularly limted. Preferably, all layers can be
Lee ef gl .neahgoyuibrliOn@Rh § SPRp2HI3 eml. @ ol wpesSciadces phutd, podymer physics,
into contact alternately with the support surface. For
42, ?eééénp%M t¢ra dieppindoyeret hoWheesthei bdtdrriatelpeddeinatad films of
, . Science, 277, 1232, 1997, the spraying net hod
Wa‘felcﬁégthl¢ Eganin ISdrperforte &armed VIaLﬁh?gﬁmaV mraweiza“pr example, the
[

d bed L
conce RGP DI CaH SO SO By blﬁﬁal%raenédfrém@ly 0.19% to

10%, ?&%@%fdﬁw%ﬁﬁwﬁ@%lwﬁﬁat B W&?ﬁ%ﬁ? e BRf e gcons soluin

is gen‘@@&lfy Be"?tg)eﬁl? C} oé@@&oglﬁ%%enyd 261%313 ; mEd? tgﬁ‘vo §ecPH%s and the

dlstangggf%g?%&sﬁlebﬁfi%t% §u1%§%}eﬁtgc§/ Itl\y/\%l g%%%o%ﬂe‘lig(ﬁ?{lgﬁ yt‘tl)ertrxgeen 3 em

and 19ehVeRy pieﬁ‘& abBMdIAten SUH AGEs 3R AR AANGPMRIS gblg&ﬂe? Rolutions
i's general y between 1 to 60 seconds, and pref

are sphgledetie shipbort39 weekanasth Asslutibie thal |c§ﬁt&ﬁﬁ;end)§6l\5¥ﬁﬁﬁ* 1ﬁdl@cule to
| am nate surface and the spray nozzle is generally

wash betywpetyniers thatdne Hrenrgxcessivepy efieirbdl ynhké wegrorh CAlternately
and 8 cm After the organic polyner solutions are
1am1n@p¢1 dijd are frsmedpporepeatsngwishmdeasiseshofpalyinet isohitivhapraying and
ontai ns no polynmer nolecule to wash away

washig, st bkl evgbes Aolbtien pusel b deteronnediaha e kulspiebonded film
o b S 0 BT SEE a
oS00 S8 TEIAED O Bt o
mteres{t gf g ﬁ% Jl%‘?né?éﬁ?ﬁ%%%t%’c?ﬁﬁﬁ?g{/r é‘*eﬁ]vay glggp g%}a%yrgalafzg?nsg
S%Pc%?dlﬁg &Otrﬁeln%ﬂ{bfdartﬁ%ﬂaﬂnf@% ‘sE‘Lf%u fééfﬂ%(f)fthm film with low

i nterest ernat e am na
damag¥iwitle HRCUH 195k BhioF thOhRITAREAPARH. 1aAGERE, AhB gaﬁlﬁﬁﬁé"fé 1%nﬁnersed in

met hod for obtaining a self-supported thin fil
an aqueO¥$ solution, the hydrogen-bonded film is then dissolved, and a thln film formed
via electrostatic interactions is released in an aqueous solution. The duration between
immersing and release of the thin film is generally between 5 seconds and 24 hours,
preferably between 5 minutes and 24 hours, and more preferably between 5 minutes and
60 minutes. A pH level of the aqueous solution in which the film is to be immersed is
adjusted to a level equivalent to or higher than the pH level at which a hydrogen bond of

the hydrogen-bonded film is dissociated. For example, a hydrogen bond in a

hydrogen-bonded film comprising polyacrylic acid and polyethylene oxide begins to
13



damage with the utilization of the aforenentioned

lam nate, the lamnate is imersed in an aqueous

sol ution, the hydrogen-bonded filmis then dissol ved,

and a thin filmfornmed via electrostatic interactions

is released in an aqueous solution. The duration
dissoA8teVReNpH | TRELS| MgnaNda{£1BAS g of H}Eigo %erﬁ'—ﬁbl{deh Ml o lcg)/mprising

generally between™5 Sseconds and 24 urs, prefera

lynRRh¥ESNC Acill sMH 881yRNAIAfRE HOHE DeghRGo BES RIETHRHAOUY or higher.
poynbetmegn SChinutgsygﬁgr 60 ninufgs. R pH feveﬁ'g’?pthemngler

If allaguequbstadedt ihan donsttite Hhé Neydrbde-bonde@ HBni EeSRYcased are
is adjusted to a |evel equivalent to or higher than

biocotipetipd dreMabdadratdblesueh el Bogfechoadn adrmst dfephysiological safety
hydr ogen-bonded filmis dissociated. For exanple, a

and thysdisogesfictbblydusad @ they fieblefi-bbonatedalsi dmiteolibe.i SBnagiltering the
pol yacrylic acid and pol yet hyl ene oxi de begins to 13

numbgy ek beniaednghydidgen-doodedifigheror thindfittmatth¢ apeed of dissolving the
hydr ogen-bonded fil mconprising polynmethacrylic acid

hydrogentbpaisdetiby bae thsispredoeigralensing tiessrdtrunmerigd thin filig, can be

cotl e B BT h SBP AL $ 00
SR TR (R

e Ulook ¥ gk ctae e e ks, BOSAATS Uit
e a1 R0 9811050 08 SR THERABDSS s o i

hydrogdH-Boddddiint 8dh Bedissantd ol k @Idexa‘ﬁ{ﬁz@,'ur@éj EBL fsed.

Sel ection of polyner types for t hydr ogen- bonded

fiTHe s@nalRetedOMin @il RGuBInga B heM@hidite Wah M &btained as a
filmis dissolved. In addition to a pH adj usted

thin fiko beeing ®oindtsteinlly applisableisizoni.é¢.na Wih @lind &several cm size. The
hydr ogen- bonded fil m can be di ssol ved can be used

film canttoptepaiad taathinon,a teckmesy cdsSd hen thysdvargepnbonidedn error of
filmcan be dissolved. For exanple, urea can be used.

approxipatd [ 10%s (jp Eenewd amemmor is| withia At ¢ Adsfarci¥otimghe case of vapor
lam nate ¢can be optaiped as a thin filmhaving an

depositiQh e ¢ ?Xeéﬁﬂyylaﬁ?}b? SEEIcE, ang an efropis appPreFmiely| lﬁ%fn the case of

. several cmsize. The filmcan be prepared to have a
Spin c?%nég ness of 50 nmto several mwith an error of

SERLYLELY AP B50E1A gt SLE Bl B B
o e HELS R BYETEORBLYED:<RUR  W y yf sd o

produdi@Th ML &iIR] fdrREIIRLESAN ol ERERIPIE AR CANPE niS8fed BE performed in
producing a thin filmfor
accordance with a conventional technique on the outermost surface of * the
hydrogen-bonded film of the laminate, and the entire laminate may be immersed in water.
Thus, the thin film that had been subjected to cell culture is spontaneously released. In
accordance with types of cells to be cultured, culture conditions including a medium
must be optimized. Addition of protease trypsin that is generally added for recovery
may not be required. Thus, cells can be obtained as a thin film sheet without losing the

structures and functions of such cells. When the laminate is used for producing a

. capsule for a controlled-released drug, the substance to be released is mixed with either
14
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cell culture or a capsule for a controlled-rel ease
drug. When the lamnate is used for producing a thin
filmfor cell culture, for exanple, cell culture may
then be performed in accordance with a conventiona
techni que on the outernost surface of the
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hyﬂ{e ﬂ&fép%fte@qginp n¥ Sé%]:c{ ﬁﬂq%s rtlThg ﬁés?e% 8Wort1 rc]:a1t1 r}])% used for

regula enS|

preparfﬁ(ﬁj ygfrijmf Ialer%glgs oia f‘de?fg¥t@€|l é?r%%ogﬁl | Gy ?:t %mg& Hice for

transimi §56 ﬁﬁq I NIRBuANHRAYS tggtlssubf BBynidre 1 Iﬂe't%‘é@ lorQub¥BA&R to be
has been adjusted to /. Thi's ‘causes t he

introdiyedrage be Rasgiegell idemringnd ®Sgk\tRe @MA fob prepatiBs taddeperation film
be rel eased to.cone out. Thus, it can be used as a

or a devide dbi edtalelicasactionaps Wiken Thivnse! dr- satppoe tpedydlbitrolyte are
filmaccording to the present invention can be used
selectefdo for praoprle) elyprged ppuicitsi dnsthoenpr negigiviedens ere adsorbed by the
atalytic reactions, or a sanple slice for
Couiombérfgmessu B subgance that adserbsapeeidie, gasyip selegpd p%lammwnent of
to be used or substgnces fo roduced may

fte bostaaeh i FrARSR ety @aﬂamenﬁlna is thus
t d f tal yt

usa o5 OB ™ VR B B s PR A M i,

protelrﬁeéa?lcl;ee&ii 1QLq gf(&mf?l &%bd&&?r getﬂ% ’?ﬁﬁf ¢l eSTIQIsS ﬁ#@llégul?e(qt can be

ative ons are

used aé asl%)cstfoi’ln\‘; Félhl%ﬁ e"ﬁ?ﬁﬂé kl‘éac?fﬂ%ﬁg' foﬁcQQﬁe bftafRlaes E)ieg.gﬁﬁlt@d thin

conmponent o am nate, a nonadsorptive su
film do8s SRk eehume! ¥ u?@ﬁﬁmthé afixt@edbéfdee fdebMatidn! IS pro&RY after
as a separation When protelns are SE|ECtEd as
separageipaneattanef addgrodasisnaé @ot Jimited. Since the thin film obtained by
layer-by-layer adsorption could not be separated from the support in the past,

transmission assay could not be performed. The present invention enabled the

performance of transmission electron microscopy or spectroscopy (e.g., ultraviolet and

- visible or infrared spectroscopy) of the alternately laminated films.

Brief Description of the Drawings

Fig. 1 shows a preferable embodiment of the present invention,
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proteins can be dispersed and i nmobilized in the

| am nate. Thus, the resultant can be used as a
reacti on vessel for enzynme reactions. Since the
obt ai ned sel f-supported thin filmdoes not require a
support, the m xture before separation, the product

af bRl 2 seRM@khMbesOln (RAGhRRKSssARE MEOHHELEe@bEndRA film and
limted. Since the thin film obtained by

depenlday® obitrel @y ath delsnidtthereot odliHe RflediBarSRBEMALLPolEOFic acid,
the support in the past, transm ssion assay coul d not
wherdhe spebdlarindidatc Hsgojjo®ws.ent i nventi on enabl ed the
per formance of transmi ssion el ectron mcroscopy or
s pectmalscalpy weezhy of pulyacawicalcat oBhE),000 ginbdle or
infrared spectroscopy) of the alternately | am nated
f i LhranolBrulef wligdht iof privearydic ackboDi a0 g/nFlg. 1 shows
a preferabl e enbodi nent of the present invention. 15
Fi ©: molepuas WeighhgEsolvnenie ach] okHb980 sfmelne
hydr ogen- bonded fil m and _dependence of the growth
behavi@lecilrereisht shpelyacrybic asis of 2.089 gimolof

pal.yacrylic acid, ereipn s ol s jndicate as ..
Pofibonetiass ABi i rhheuRr SR Popdd Bbpyh & dBpepisrsolution in
Examzl'Spoo’ 000 g/ ol  ~: nol ecul ar wei ght of polyacrylic acid
: Bf °100, 000 g/mol 0O: nol ecul ar wei ght of polyacrylic

ach:d of 0 l. : I [

poliblga(%r ysﬁ?‘é’gagllmg{ggg 3 %O ﬂg? ir(r%CSLJ F?%.tﬂg ]g’{%%éefné?%lﬂegnmm and
depen e R e R e o B oRUUER el B A fperPlic acid
wherelh§nhbydls dgBatbapdsithd. | m and dependence of the growth

behavi or thereof on the nol ecul ar wei ght of

Po®Y atdlyhiler weiglht of phlesaiylic syl 250,00 gaig as

follows. is nolecular weight of polyacrylic acid of

- 2490; aoegiianiveight ofpdlgactyHe avid afhtt00cFO0pemodcryl i c aci d

of 100,000 g/nol : nolecular weight of polyacrylic

ac®d msfleadanaeigh! abpolFraylis acidods3 0000 g/orolof t he

hydr ogen- bonded, filmin an aqueous solution in

BiagpP eshors elytion ofyfherkpidiogspnbridedi film datan agueous solution in

| Examla% Lfﬁl%ﬁgéggp%alﬁaﬁ%gggﬁfo of times of contact

4 Example 12 (the number of times of contact with an aqueous polyacrylic.acid
solution and with an aqueous polyethylene glycol solution: 3 times)

[1: Example 13 (the number of times of contact with an aqueous polyacrylic acid
solution and with an aqueous polyethylene glycol solution: 5 times)

B : Example 14 (the number of times of contact with an aqueous polyacrylic acid
solution and with an aqueous polyethylene glycol solution: 7 times)

o: Example 15 (the number of times of contact with an aqueous polyacrylic
acid solution and with an aqueous polyethylene glycol solution: 9 times)

®: Example 16 (the number of times of contact with an aqueous polyacrylic
acid solution and with an aqueous polyethylene glycol solution: 11 times)

Fig. 6 shows changes in a film thickness when an alternately laminated film is

formed via electrostatic interactions on the surface of the hydrogen-bonded film.
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solution and with an aqueous pol yet hyl ene gl ycol
solution: 3 tines) ~: Exanple 13 (the nunber of tines
of contact with an aqueous polyacrylic acid solution
and wi th an aqueous pol yethyl ene glycol solution: 5
times) N : Exanple 14 (the nunber of tinmes of contact
Wi Fify, anis f&%ﬁ%’% SNAGTY|d thiREilH thaOhAA BeRA sPORtanb il A fEleased
aqulegous pol yet yﬁgne gl%co solution: 7 ti rrgs : $
(in wdtxgnpl e 15 (the nunber of times of contact W|th an
aqueous polyacrylic acid solution and with an aqueous
pafiges hy h phetogkaphodhosdhgih kelf-suPpdrteeShn thatkasnpéed shontaneously
(the nunber of times of contact with an aqueous
releaspd hydtlropl dreed @eitlte mo). uti on and with an aqueous
pol yet hyl ene glycol solution: 11 tines) Fig. 6 shows
crfagge% ip na adifiptam tfiel cikinelsstinghen fdm-Hlicloenatretasurement of the
ampated filmis fornmed via electrostatic
altenmtﬁkYe}aa@W@ﬁsﬁlérrﬁ foamed uvie glestigptatigentpyen vye nemeindeg undissolved
film 16 Fig., 7 is a photograph showing a thin film
using P‘ﬁéﬁonﬁﬁgoﬁééﬁl%%%ﬁt’%neousI y rel eased (| n water). Fig.

ndiBoodh B8 r?s‘ﬁgwﬁ 15F e iEoners B Al e o efrostatically

d| agramfor illustrating a
1ntera#t1ve 1%1%‘811?%}9’3%" SﬁB%@uer g‘ment of the alternately
n C; | r 0 S

r ey 81 Rllob (TGP HERRE Mo ERhAN Ml B 5686 Wution in
Examplk@foscope. Fig. 10 shows growth of the

hydrogen-bonded filmthe electrostatically

interactive film (when not separated). Fig. 11 shows

elution of the hydrogen-bonded filmin an aqueous

Sdmhis | desciptiorExXacides Zhet Bi 811 deS ahé Pdoin@dntd el Udeksed in the

part or all of the contents as disclosed in the
descriptegcandioi dravwdang of Jagnzest Pgtend A pplipatiers NoPAa0@hB33876, which is a

Appl.ication No. 2004-333876, which is a priority

priority) degwenet offthe peessnianphicaa@ipl i cation. Preferred
Enbodi nents of the Invention Hereafter, the present
invention is described in greater detail with

exanples. In the foll owi ng exanpl es,
oweniﬁﬁlfﬁaﬁ%ﬁw&@ tﬂ% anﬁ%b M1 1ipore GrbH) ) eram

Hereafter, the present invention is described in greater detail with reference to
the examples. In the following examples, ultrapure water (Milli-Q, Millipore GmbH)
was used as “water.” pH was adjusted using hydrochloric acid. In the examples, the
film thickness was measured via ellipsometry (PLASMOS SD2300) at the wavelength of
632.8 nm (a helium-neon laser) and at the angle of incidence of 45 degrees. After
lamination 6r elution, the resultant that had been blow dried with a nitrogen gas was
designated as an analyte, the same spot was subjected to measurement 5 times in the air,
and thé average thereof was determined to be a film thickness.

Examples 1 to 4: Production of a hydrogen-bonded film comprising polyacrylic acid and
polyethylene glycol

The silicon wafer surface that had been washed with water and with acetone and

then blow dried with a nitrogen gas (width: 24 mm; length: 76 mm) was brought into
17



was used as "water." pH was adjusted using
hydrochloric acid. In the exanples, the film

t hi ckness was neasured via ellipsonetry (PLASMOS
SD2300) at the wavel ength of 632.8 nm (a helium neon
| aser) and at the angle of incidence of 45 degrees.
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Production of a hydrogen-bonded film conpri sing
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waf er surface that had been washed with water and with

concenjgationel Mndg/ 1108anl; iplHow 29 biy ébic wpitaly naethbdl { ogeart giase with solution:
(width: 24 nm length: 76 mm) was brought into 17
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. 2
Welghgmg{fllgglggilyhgkhmd ) IIPB{I&%n s%pgﬁlés/ ttgﬁﬁ(g %%r ot ?%l?qa)bel {ge found to

exponépcmqg} 1n§féraﬁé’ GFhhE %(ﬁeo%‘%y\ga?hts&} a%&lg&ﬂgg@ deiiie ﬂgeefn 30,000 and

an aqueous sol ut

250,000z/ARA0NAS}: 1412 PHRRASIBc@ar REHHOARR nhﬁe @féiﬁfm kmk@sg inceases.
is a chart show ng changes in the thickness of

ExamglbSaEhatbrytihe dedrdrendredéd fithand dependence of the
grow h behavi or on the nol ecul ar wei ght of

pdThedeydrbgan-bondtd film dbhiameddsethetrhethbéiof Eixespiod veadmmersed
| ayer is found to exponentially increase with the
in an spvieev Felutigri(gHt 7.6F arpgtlseadﬁmqvcd dledrdfrbet tnemeasB0s Olilﬁlges in the
and 250,000 g/ nol. The larger the nol ecul ar weig
film thigknassy eThhéewhSnarlﬁwﬂlteWﬁe@s igndr edvlent! 7.fxalifipe is: substantlally
t he hydr ogen- bonded fil m The
complﬁﬁgﬁ’%} Ha B%I%Wl?q?ﬁ obt ai ned by the nethod of Exanple

] Ry T R LT R

_ ' The results are shown in Fig. 3. At pH 7.4,
pdyeﬂt&“h?%%ﬁ%% substantially conpleted w thin about 30

NS AP 42 B RLATEEALIRO Ry gt s eone o
then blow dried with a nitrogen gas (width: 24 mm; length: 76 mm) was first brought
into contact with an aqueous solution of water-soluble polyethyleneimine (molecular
weight: 25,000 g/mol; without pH control) by the spray method (contact time with
solution: 30 seconds; distance from the spray: 10 cm; sprayed with an aqueous solution
of polyethyleneimine and then washed with water at neutral pH for 20 seconds) to
prepare a first layer. The surface thereof was brought into contact alternately with an
aqueous solution of water-soluble polyacrylic acid (30,000 g/mol (Example 6), 100,000
g/mol (Example 7), 250,000 g/mol (Example 8), concentration: 100 mg/100 ml; pH = 2)

and with an aqueous solution of water-soluble polyethylene glycol (molecular weight:
18



pol yet hyl ene glycol The silicon wafer surface that had
been washed with water and with acetone and then bl ow
dried with a nitrogen gas (width: 24 nun; length: 76
mn) was first brought into contact with an aqueous
sol ution of water-sol uble polyethyl enei m ne (nolecul ar
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' ' hart show ng changes in the thickness of
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polyacrylic aci IS case e thickness
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of polyacrylic acid between 30,000 and 250 000

contacl Behatd e rwitihan uesid erluteh GfitwatbhsoliPleepdliger ffllnls ﬁbld (30 000
t hi ckness increases. Exanples 9 to 11: Preparation of

g/mol a(Hxyohpdg e4); biigedd fg/iel o@xamipde ni)pd Pty lghmobqEstample 11);
and pol yet hyl ene glycol The silicon wafer surface that
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wdried wwth a nltrogen as (wdth: 24 mm
polyeﬂ?&éewly\ﬁfals(%@leegh& weight 15 yﬁOIaPQ@Pﬁﬁ@@W I\QiOtmg/dHO ml; pH

= 2) b(%%g%&gaysg;eﬁ]&qdo E@%ﬁﬁq{;\é\ﬁéﬁ%)ﬁl & poé%acrgr(c%gélﬁ%préce from the
conée i on:

Exa
Spray: i}gfﬁfbdp’rﬁy e gyifhLa E?Iyé"r% aﬁ’t“ﬁnfﬂ?déﬁﬂw& B ﬁ%‘?o“s solution

adjuste?g‘f Ogglsﬁl/f#g:ﬁ) sc%%l&é HE%’I oﬁ{o‘hﬁ 915%8%@11;-%%uh% W@hgrg%es in the
thicknd¥ otfr{ﬁe %@Eeﬁﬁeﬁ&mgeﬁ %Qﬁﬂéfﬁlﬁl' AR Wel fow BERARor Breof were

seconds; distante from't
substantially the same as those shown in Fig. 4.

Examples 12 to 16: Elution of hydrogen-bonded film

The silicon wafer surface that had been washed with water and with acetone and
then blow dried with a nitrogen gas (width: 24 mm; length: 76 mm) was first brought
into contact with an aqueous solution of water-soluble polyethyleneimine (molecular
weight: 25,000 g/mol, without pH control) by the spray method (contact time with
solution: 30 seconds; distance from the spray: 10 cm; sprayed with an aqueous
polyethyleneimine solution and then washed with water at neutral pH for 20 seconds) to

- prepare a first layer. The surface thereof was brought into contact alternately with an
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spray: 10 cm sprayed with a polynmer solution and then
washed with an aqueous solution adjusted to pH 2 for
20 seconds) to form a hydrogen-bonded film Changes in
the thickness of the obtained hydrogen-bonded film
and the growth behavi or thereof were substantially
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Exanmple 12), 5 tinmes (Exanple 13), 7 tinmes (Exanplwe

films ¥)ele@rdsiARSntertRM! € 15), and 11 tines (Exanple 16)
to form hydrogen-bonded filns. The hydrogen-bonded

f i Omshobitrfdcead thy hidegembbadsd fitm bhauipd sy e hethd@ of Example
were immersed in an aqueous sol ution (pH about 7.0)

8, an altrnathbnlangnatve dilmheaseforowd tvia mleagostetic haegesonsn  Kigl fnshows
thickness. The results are shown in Fig. 5. At pH 7.0,
changey in thenfiliaghickpessanin Pl a essppihst flsomefiehiof the hydrogen-bonded

_ approximately 30 m nytes to several hours. Exanple 17:
film W8 PRI oMt POLPEBi Hiaseifly heaHTh AVEECS PHiRSCOR Negative charge,

o BT S P SRR o P Vi BB Sons s
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alterndt&19 Ry agennRendadiution of water-soluble polyallylamine hydrochloride
(molecular weight: 70,000 g/mol; concentration: 27.4 mg/100 ml; pH = 2) and with an
aqueous solution of water-soluble polystyrene sulfonate (molecular weight: 70,000
g/mol; concentration: 61.4 mg/100 ml; pH = 2) by the spray method (contact time with
solution: 30 seconds; distance from the spray: 10 cm; sprayed with a polymer solution
and then washed with an aqueous solution adjusted to pH 2 for 20 seconds). In order to
regulate the film thickness, the aqueous polymer soiutions contained sodium chloride

(2.92 g/100 ml). In Fig. 6, alternate laminates of polyallylamine hydrochloride and

polystyrene sulfonate (72 pairs) were provided on the alternate laminates of polyacrylic
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filmwas conpleted with polyacrylic acid, the film
surface exposed a negative charge, and | am nation of
alternately lamnated filns forned via el ectrostatic
interactions was initiated froma polycation, i.e.,
polyal 'yl am ne. The alternately lam nated films

acid aﬁﬁfp%t jrl@n@?l%z‘ébf @84 hir§). | NUGH&EG - ORE cYYea[l?elﬁﬁEErt I%Hﬁﬁﬁ@d films
by "br’ ngi ng Ims into contact alternately wt

of polghll AlgHees By &othbiias afd Pmtsgnm&@humlﬁtao@hm&dey\b@m ne
" hydrochloride (nolecular weight: 70,000 g/nol
Exampleni®e Prodidton:of 2élf4upport@DalMdrnately Bndnataddilmst h an
aqueous sol ution of water-soluble polystyrene
suMhenahtelafmnate obznedis rampléd,7004 inghersdd in an aqueous solution
concentration: 61.4 ng/100 m; pH = 2) by the spray
of pHmebtaid 7 Oc onthadtogen neondi i the oindei dayer 30ass ettematded (Fig. 1) the
di stance fromthe spray: 10 cnm sprayed with a polyne
hydrogen-bendad filngortirenwansHeetivealy Hissplvad ue enaqyedus odufion, and the
usted to pH 2 for 20 seconds). In order to
altem?tég’ull"f&f”élaf% filmp nforried kﬁl@sglectlﬁ@a% ué%@tw@ﬁ yWas spontaneously

t d hI d g/
releas?cﬁnﬁthﬁ%r&%eg%nsto % ig. gibl @Ssgg#ra%& g)[ ﬁwwlnnlglgny was dried,

SR R A ERE R ERAE T e A ST R—
alternﬁgfyylg'%riﬂ{&? ﬁhﬁ(%va%ge\?ﬁﬁﬂgegi tg)ﬁ%%m&é I%; gllna igrzlg seé% 1%‘1%56 and the
film w%E tﬁﬁ%%’a?éﬁ%%?@%@%g?é%@@%( Fjle(l:?% cyp Igﬁ% %w%ﬁﬁe%usly separated

film sﬁ@&vﬁ 18 ¥RROr tAfbahiRhnAL Sty al @msﬁﬁss%@ln Ele‘cffﬁn\l’ﬁ‘i%fbs‘bbﬁe grid, and

| am nat e obtained in Exanple 17 was imersed i n an

such neniRans cadbelbilgectedto PEMBRUYSiE. O, a hydrogen bond in
the under |ayer was attenuated (Fig. 1), the

Exampiysil 8 gewd- Hndessurethentpof thicknes@of abbmatdly danirditas filme dormed
in an aqueous solution, and the alternately |am nated

via elepfrpaigtie ortatagtionaresmasningomdisplyeint er act i ons” was
spont aneously released in the aqueous solution (F

i g.
7)Pn ﬂr?ealé%fﬁaﬁebt kanipptesh layewef pelymrglic acidaand) ppbgihylenfdelycol
t he_al t er nat | am n ed. fi ed. Th
(95 nasyk pligmaty e‘fd%én né’é‘ Yaédygé‘ﬂ%t @V@ chlorida: @ads pplystyrene

m%mw%ww0“Mm%wwﬁwe
method IH%s@IliIISeé '1_.15 gExag—)ple 1h7e 5‘& %ﬂlg[?elll? % % of ?%rt ale ghe fléulnmate in an

can be unt 2] Fansm ssi

aqueotd) EALAHGD 8@“&( QABEAPE.097thd g)oﬁ@'la nﬁﬁ%&@@r]n bcﬁe solution

subj ected t'o TEM anal ysi es 1
remam% a§dﬂﬁ§ iRMobPizddnbg KRS TH O fandl ﬂl%r patish ihheWa8aheRkrsed therein

films formed via electrostatic interactions remaining
selecnmglfﬁﬁw&d/ﬁﬂthe aqueous solution (Fig. 9D). In order to completely terminate
the elution of the hydrogen-bonded film, the film was allowed to stand for 3 hours, and
the entire laminate was then pulled out in the air, The end of the alternately laminated
film formed via electrostatic interactions remaining undissolved (Fig. 9A) was observed
using the atomic force microscope, and the difference between the height of the
alternately laminated film and the height of the support (i.e., the thickness of the

alternately laminated films formed via electrostatic interactions) was measured (Fig. 9B

and 9C). As a result, the alternately laminated films of polyallylamine hydrochloride
21 |



On the alternately | am nated | ayer of polyacrylic acid
and pol yethylene glycol (9.5 pairs), alternate
| am nat es of polyallylam ne hydrochl ori de and
pol ystyrene sulfonate (20 pairs (Exanple 19) and 80
pairs (Exanple 20)) were provided by the nethod

and pdBEEfERe SulfdhakX B Ph&irs) AverdPBOnd REBE %'SQQn‘hﬁldﬁﬁbie EEfO %zﬁﬁ) were
lam nate in an aqueous solution of pH about 7.

foundp@d tieoD0O hah. Was thetcaseTEr srd ehdls tolieths Ofollklddomhm fllms multiple
remai ned being i mobilized on the film and the

differporelsi weretdtservedsni theehitkdedsheegithe tisiekeskiofed pofilomat@prising
in the agqueous solution (Fig. 9D). In order to

two tlionplnet ey tverentheatferemdngioabdithioknat (t.ee 110 nm in the case of 20
hydr ogen- bonded film the filmwas allowed to stand

pairs gk 4@ hwunghe aasd oft8epadrsdi re | ami nate was then pul | ed
out-in the air. The end of the alternately |am nated

Examplel 24 fseriltat i salfeﬂue@eolrt@@ eligtnatelntaarineteil dile is ewhphisingd

undi ssol ved (Fig was observed using .the atomc
f o8 eVith éP%s‘@é?.)én Eﬁ%ﬂnPlﬁel& fip él@ﬁ@éelwemaﬁeflh@m formed via
electrq).lsg?tgzhfntgt{ac%%gs g«%lﬁt{g{l{fec{ pnéhle aStrIl ég%ﬁ &1}&] ¥ %ggn—ﬁaﬂgded film. In

this e%l?]]{llg[ i Oﬁgc)elr{%g? :@g]é%alrtlg fj IE}S oF l Wjicg%{do% ‘fyethylene
glycol &2 ol ya ci/x{@éand] ﬁ%tj%dgﬁge(ﬁ/%“ 5 ?Ig%q 1%1? %%sle§gn{hen th1s laminate was

1mmel§E’(ll 2 BAk gué&% RS oVBEES %gg %S&Qro%@ rﬁlQHg uh@«%slgyer was

0O pair were ftound to e case 0O

attenuhl'&ﬁ (@’E‘gjsl)ofhet Reirbgémisenddi Al 'v’/aﬁsselémlvél'ypdl@solved in thﬁ: aqueous

di fferenées were observed in the thi cknéss; i.e

solutidr)i aridn &S thiki s @Ft the NertRe T inG ivig ddcw&swl(mg i 11r];§ al@sugh the
twi ce the af orenentioned thickness (i.e., 110 nmin

alterngthky kaas'&atecﬁ it fogyaiedsviaredeA@Btatin interadins asses ot Beased in the
pairs). Exanple 21: Case that a self-supported

aquemaﬂ s@ﬂham el “y?hllsamcnaﬂé@lwfdu torresuwlt friom etreasively thin WdMgm@onded
an alternately lamnated fil

film thigkyess ai}fl i réﬂruéfcflpa}sfﬂét:#restm @rta@ﬁl@mﬁsbm@en Gh%ECHﬁStathaUY

s, 18 608 1B SO B by i o

hyarof R A8y PUIRR 4R oRyR8Rs tiaitBee. when
Examﬁl%bg' hﬁ‘Héiﬂ &hg\pﬁrotélﬂyersed i n an aqueous sol ution of

ogen bond in the under |ayer was

at’[th%n.slﬂlﬁf)&q W cgaate@ m&%a%ﬁ@%ﬁ%&&@&’?ﬁ fé&rﬂ%ﬁf@ oo 8olyacrylic

sel ectively dissolved in ueous sol utl

acid addBol/Bi @l@?ﬁﬁyéﬁj HW@e%*féﬂefr@nﬁbhé'ﬂ WRthodeGER98H (Bhhe surface
11 al though the alternately |am nated filmforned
of the hy@rogleﬂbbﬁ@éﬁ flnh Gai/iigicdgddr PG adid (pslgtnio@) eadedoitBrnib¥e layer,
a polymer electrolytic laminate comprising polyallylamine hydrochloride (polycation)
~and polysulfonate (polyanion) was provided (pH 2.00). A polymer having a opposite
charge against the protein of interest was immobilized as the outermost layer.
Myoglobin (polycation) was immobilized by preparing the polymer electrolytic laminate
so as to comprise polysulfonate as the outermost layer and immobilizing peroxidase

dissolved in an aqueoué solution (1 mg/1 mi} on the surface thereof (pH 4.00). When

this laminate was immersed in an aqueous solution adjusted to pH 7.00, elution of the
22



aqueous solution. This is considered to result from
excessively thin hydrogen-bonded filmthickness and
to result fromelectrostatic interactions between the
el ectrostatically interactive filmand the support.
This indicates that the nunber of |[am nation of
hydrobytlbogdsdt Fondeddf kpdmanoubly irdlbdsdeneen tOtRECHhTANEE polymer
of separation. Exanple 22: Introduction of proteins
lamindibevauppoally wasereedit ed wi th the hydrogen-bonded film
conprising polyacrylic acid and polyethyl ene glyco
Examply 23hScHfmppomed tubméd thistfilad (pH 2. 00). On the surface
of the hydrogen-bonded fil m having pol yacrylic acid
( pbieyhydrophotas inhe wall eunfast of aymbular aupsthyerefe.g., a glass tube)
electrolytic lam nate conprising polyallylam ne
was dﬁglan@iédalaéra depipbl yu’atheoﬁl)bulaanunpowﬁustﬂBmtw@as coated with the
% yani on was provided (pH 2.00). g’ ol ymer havin
hydmgﬁpp anded filimgpEerisne pelyagmlic geist ah pe eﬂml@reeglwcwagﬂ 2.00).

zed as.the _outernost obi n

A polygg) ﬁella{tman‘ya?f&soq%m F%ta"tby)”tgr@ﬁa%ﬁglrtlﬁﬁelpfﬁ’la%%?face by
S o R R
polymgllsS ogié)\é\ﬁ?ph etﬁeé %ﬁn%%ﬂ%ﬁ&b(ﬁ |1r96r1] %o#urg'l nLe%t %P %gmg with an
aqueoamm&si of DERD. o@qg@g%gn?eal &h'a%nw gltgétcs&ahggsaﬂnzxegq tod. A

elution o rogen- bonde an
polym&po%'l&ﬁ%@ﬁﬁi y lilﬁir%?ée c%ﬁnp’i‘lsﬁfg‘)t %b%ﬁiﬁ?%ﬁh@' nHyd}Ql:MHﬁHe and
| ami nate were visually observed

polysuffehbtessppsrotrRidd otk & didpe-tohlied fiie shbfﬂb@@&lﬁﬁhﬁng PBBJacrylic

wal | surface of a tubular substance (e.g., a glass
acid ag thzedutemasstdegdrginathe Game mamiepperih thardsd hEtHelijLdragen bonded

inner wall surface was coated with the
film. h@hi:r duayeen - ‘b@lnhdnﬁ‘dtlfei Iglnssdn’puliasisngstpmﬁeyacasyinixme;aedi dnaard aqueous
thg/l ene coI (pH 2.00). A polyner solution was
SoluUOBr%‘{ﬁgﬁﬁ% tOanTé t abhe Wiberwastadlopegp atandntdﬂérelmeﬁmd release of the
sur.f si ng the tube in the poly

ace b
tbulaS 31 gRRer T R (b UoRBRETERE iopywty viualy wbgerved.  This
t he cont act th the

indicat B TP Wfon SuBEiREst o AR o W%Iaagqu%&g%% pecsiied the
polym%xea{?grnﬁggg I%Iﬁ%ﬂfea%{d ?e%fgérjr&e Fh%leWr{)? g?r}cf:e%ls ] .Onvg]eigh resulted in
elutionCQFTﬁfe' ARbYRAddy e ﬁaﬁé’%ﬁ&ﬁ& Ertg?glgaﬂ%gn-b n e? ﬁllm and

pol ysu fon%te was provi

automa¥ie! f&eLseC QFPIeS hBBRY! )é&‘éfl}éiy'ti‘é leaﬁlhgtea%dﬂ?ﬁlsﬁ{gt YolReiylamine
| ayer in the same manner as’in the case

hydrochisgideg@d-podysiéfdnate.

All publications, patents, and patent applications cited herein are incorporated

herein by reference in their entirety.

Industrial Applicability
The present invention can provide a self-supported thin film that can be put to a
wide range of applications. In particular, a thin film comprising substances sensitive to

acidic or alkaline conditions, temperature changes, or organic solvents and that are
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film The inner wall of the glass tubul ar substance
was i mmersed in an aqueous solution adjusted to pH
7.00. The tube was allowed to stand therein, and
rel ease of the tubular self-supported thin filmin
the aqueous sol ution was visually observed. This

fragild NhCBE eshtinad , wHROR 10 Didlggichl, Akl caEbEieUsnidlett OR, optical
wat er nol ecul es penetrated the polyner electrolytlc

propettR) n8tieandh rikchids the bbydiggen vianisd deinape, Wi €hinorganic
resulted in elution of the hydrogen-bonded i1 m
substadcad thieladata lonadifedtibe theydnrpgernniohdedng mevhamioal strength of thin
automatic rel ease of the polyner electrolytic |amnate
films genpoti siquiredol yaddoydiagiynemotey dnoghmapsi den dred used for providing
pol ysul fonate. Al publications, patents, and patent
self-suppprted dilmsnsudi fides ren dienpir © q:xt@mmmﬁaple@tlone,r gich dsymedical
reference in their entirety. Industrial Applicability
enginem@gpfﬂléh aptcell pulintg giwetsa0r grpewies éoraC@éIOflLeéup{@@m dgpgs, medical
thin f gj t hat an be put to a wde ran
or bloé%‘lcﬁlc ©ldnsor £ erp}éﬁﬂ% itechmplogyn suel st pr U@Bﬁﬁr‘i’% iSEig-supported
g iﬁances sensitive to acidic or alkaline
SeParatBR '™ ons, tenperature changes, or organic sol vents
and that are 23 fragile can be obtained w thout
| osi ng biological, electronic, magnetic, or optica
properties. Since such thin filns can be obtained with
| ow damage, use of inorganic substances that had to
be added for the purpose of enhanci ng nechanica
strength of -thin films is not required. Accordingly,
nore substances can be used for providing
sel f-supported films, such filnms can be put to
ext ensi ve applications, such as nedical engineering
such as cell culture sheets or capsules for
~control |l ed-rel ease drugs, nedical or biologica
fields, or chem cal technol ogy such as production of
sel f-supported separation filns. 24 Clains 1. A
| am nate conprising a support, a multilayer film
assenbl ed via a hydrogen bond thereon, and a thin
filmthereon. 2. The lam nate according to claim1,
wherein the multilayer filmassenbled via a hydrogen
bond is dissolved in a pH adjusted aqueous sol ution
and the thin filmis
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separated. 3. The lam nate according to claiml1,
wherein the nultilayer filmformed on the support
conprises two or nore conmponents. 4. The | am nate
according to claim1, wherein the nultilayer film
formed on the support conprises a physiologically
acceptabl e pol yner. 5. Th&€lhiamg nate according to claim
1, wherein a thickness of the multilayer.film forned
on the support is between 0.0005 rn and 10 m 6. The

| am nate according to claim1l, wherein the thin film,
cohpAila@méndte cpmprisisigraisupport, anmdiiasten ditlel ass¢mbiedatied hydrogen
filmconprising polyelectrolyte. 7. The | am nate
-bondgﬁ%@ﬁﬁ@ﬁéaﬂb”bgﬁnﬂﬁi?mhherein the thin filmconprises

I nb | ected from anon roteins,
c et BB LB R Orans foFladn Tophgiom ot Bk Tayer film assembled via
em conduct qr rti.cl es, and pignent nol ecules. 8. The_. .
a hydrgggn-Bond 55 dissbiNeg 1ot SEratod abepI shlifpR g8 ghe thiy film is
,% rier layer between the multilayer filmand the
SCPAEREN film 9. A laminate further conprising a

' ; LD - the thin fil f._th
L TACHSEERC UL 1 (Ll s o
SuppOmoanﬁriiée@t%t&%ffﬁ%&% | ami nate according to

claim 1. or producing the | am nate

ace o Rehih&te Godb iy @A 31 Wleredl HRAWMDGi18ye3 YAROFImMER on the
come into contact alternately with two or nore types

suppottfcostprisies @nhysROSFIEd1BI f@cprabRiIe@sr.t 0 be | ami nated to
forma nmultilayer filmand formng a thin film via a

mel. Hidet Iseliegtt edcdndom endnig Vawpherette pakicknas of i Multilayer film
coating, and | ayer-by-layer adsorption. 12. The
formeg oo dhe sepporhist fevaeace.606 po 4l £0 aivm 11, wherein the
thin filmis 25 formed by allow ng the support having
t He T {amigpte agqording docdmian ilntveheseint diet thimfiler pemptises in its
- with two or re t of sol utions conprising
struchlfg 58 ey ape 4 S R CEEPTE S BOINREREAYioor produci ng
a f-supported thin filmconprising i r.sing the
" i ohiss BERRs g h (. blaiy b e he L Sl o Bt Less
UL | ' t nul tikayer, fil;mand to .
one A S0 SR A e KD AN ey v
semiconductor particles, and pigment molecules.
8. The laminate according to claim 1, which comprises a barrier layer between
the multilayer film and the thin film.
9. A laminate further comprising a multilayered thin film on the thin film of the
laminate according to claim 1.
10. A self-supported thin film obtained from the laminate according to claim 1.
11. A method for producing the laminate according to claim 1 comprising
allowing a support to come into contact alternately with two or more types of solutions
comprising substances to be laminated to form a multilayer film and forming a thin film
via a method selected from among vapor deposition, spin coating, and layer-by-layer

adsorption.

12. The production method according to claim 11, wherein the thin film is
.25




14 Athin filmfor cell culture obtained fromthe

| am nate according to any one of clains 1 to 9. 15. A
capsul e for a controll ed-rel ease drug obtai ned from
the lam nate according to any one of clains 1 to 9.
16 A separation filmobtained fromthe self-supported

formadhiby Rilbwirac ¢k diupgoitt ohavéhai the 1@ultlldyerAfitlavic &ofRr into contact
catal ytic reactions obtained fromthe self-supported -

alterniateln with two aicmorediypgs b Dsadti@bma dihapri8ng Aulseameketsbd Réninated.
for transm ssion assay obtained fromthe
sel3-Auppbed &d wrhiwcing alseifaoppomedthit dilal @nmpristhg hOmerking the
_tubul ar self-supported thin filmobtained fromthe
lamingt®) peeugipgr tecelaist nl fin| ampHredistlidngquerue| stlmid.to24issolve the
multilayer film and to separate the thin film from the support.

14 A thin film for cell culture obtained from the laminate according to any one

of claims 1 to 9.

15. A capsule for a controlled-release drug obtained from the laminate according

to any one of claims 1 to 9.

16 A separation film obtained from the self-supported thin film according to

claim 10.

17. A device for catalytic reactions obtained from the self-supported thin film

according to claim 10.

18. A sample slice for transmission assay obtained from the self-supported thin

film according to claim 10.

19. A tubular self-supported thin film obtained from the self-supported thin film

according' to claim 10.
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