Description METHOD FOR M XI NG OBJECT | NTO GELLED ASSEMBLY Technical Field

[ 0001] The present invention relates to a nmethod for m xing an object into a
gel | ed assenbly. Background Art [0002] Gell ed assenblies have been
attracting attention in recent years.Of those, a gelled assenbly fornmed by
t he nol ecul ar-assenbl i ng of nol ecul es each having self-assenbling ability
has been attracting particular attention, and has been expected to find use
in various applications. Such gelled assenbly is, for exanple, a peptide
gel as a nol ecul ar-assenbly of pesekfrassenbling peptide, and the peptide
gel has been applied to a cell-scaffold in the field of, for exanple,

regenerative ”ﬁﬂ@ﬁbﬁeFoﬂmﬁ@xtﬁ@ pBpLtderged GﬁLU§9dA§§EMB§YSC3ff0|d upon
m xi ng of the peptide gel that has already gelled and an object such as a

cell, a nethod involving subjecting the gel to an ultrasonic treatnent for
about 30 ninutes and nixing the resultant and the object has been adopted
(Non at ent Doc However, the nethod involves such problens that
the ufEFa8dAfe FFEE nent requires nuch time and effort, and further, the

object is not sufficiently dispersed. Prior Art Docunent
[0001] The presént invention relates toc a method for mixing

an okject into a gelled assembly.

Background Art

00027 Gelled assemblies have been attracting attention in
recent vyears. Of those, a gelled assembly formed by the
molecular-assembling of molecules each having self-assembling
ability has been attracting particular attention, and has been
expected to find use in varicus applications. Suchgelled assembly
is, for example, a peptide gel as a molecular-assembly of a
self-assembling peptide, and the peptide gel has been applied to
acell-scaffoldinthe fieldof, for example, regenerative medicine.
When the peptide gel is used as the scaffold, upon mixing cf the
peptide gel that has already gelled and an oblect such as a cell,
a method involving subjecting the gel to an ultrasonic treatment
for about 30 minutes and mixing the resultant and the chject has
been adopted (Non Patent Document 1). However, the method involves
such problems that the ultrasonic treatment reguires much time and

effort, and further, the object is not sufficiently dispersed.



Non Pat ent Docunment [0003] [Non Patent Docunent 1] Proc Nati Acad Sci USA,
2005, 102 (24) 8414-8419 SUWARY OF THE | NVENTI ON Probl ens to be sol ved by
the Invention [0004] The present invention has been made with a view to
solving the above probl ens, and a purpose of the present invention is to
provide a m xi ng nmethod by which a m xing object can be uniformy m xed
(for exanple, dispersed) in a gelled assenbly within a short tinme period.
Means for solving the problens [0005] According to one aspect of the
i nventir ooy Artebhodmé&éor mixing a mxing obj ect into a gelled assenbly is
provided . The nmethod includes: freezing the gelled assenbly;

Non Patent Document

[0003]

[Non Patent Document 1] Proc Natl Acad Sci USA, 2005, 10Z (Z4)

8414-8419

SUMMARY OF THE INVENTION

Problems to be solved by the Inventicn

[0004] The present inventionhasbeenmadewithaviewtosclving
the above problems, and a purpcose of the present invention is to
provide a mixing method by which a mixing object can be uniformly
mixed (for example, dispersed) in a gelled assembly within a short

time period.

Means for solving the problems
[0C05] According to one aspect of the inventiocn, a method for
mixingan&xingobjectintoagelledassemblyisprovided. Themethod
includes:
freezing the gelled assembly;
melting the frozen assembly to obtain a sol;
mixing the resultant sol and the mixing cbject; and
reconstituting the gelled assembly from the sol intc which

the mixing object has been mixed.



melting the frozen assenbly to obtain a sol; m xi ng the resultant sol
and the m xing object; and reconstituting the gelled assenbly fromthe sol

into which the m xing object has been m xed. I n one enbodi nent of
the disclosure, the gelled assenbly includes a gel forned by

nol ecul ar-assenbl i ng of self-assenbling ml ecul es. I n one enbodi nent
of the disclb8uPBe gWQOGéW?EH 8<s&MF VUSTUAREE a [t FoTHHRY BTFEERBADI i ng
of clay mneral crystals. I n one enbodi nent of the disclosure, the

sel f - asBeAbBEAQE i edered hol udéeselprassentibilagopept $efes-assembling
According to another aspect of the invention, a nethod for producing a

gel | edmatssenbéy.into which a m xi ng obj ect has been m xed is provided. The
met hod includes: freezing the gelled assenbly; nelting the frozen assenbly
to obtain a sol; mxing the resultant sol and the m xi ng object; and
reconstituting the gelled assenbly fromthe sol into which the m xing

obj ect has begn,nixedn MHEEEHN JENe HLLCANShIdILING 1SR, SOMY | 26SeF8s) i ng

the sol for m nut e or nore.

includes a gel formed by assembling of clay mineral crystals.

In one embodiment of the disclosure, the self-assembling

molecules include self-assembling peptildes.

According to another asgpect of the invention, a method for
producing a gelled assembly into which a mixing object has been
mixed is provided. The method includes:

freezing the gelled assembly;

meiting the frozen assembly to obtain a sol;

mixing the resultant sol and the mixing cbject; and

reconstituting the gelied assembly from the sol into which
the mixing object has been mixed, wherein the reconstituting step

comprises resting the sol for 1 minute or more.

Advantageous Effects of Invention

[0006] According to the present invention, the mixing object
can be uniformly mixed (for example, dispersed) within a short time
period because the mixing is performed in a state where the gelled

assembly has been turned into a sol.



Advant ageous Effects of Invention [0006] According to the present invention,
the m xi ng object can be uniformy m xed (for exanple, dispersed) within a
short tinme period because the mxing is performed in a state where the
gel |l ed assenbly has been turned into a sol. BRI EF DESCRI PTI ON OF THE
DRAW NGS [0007] [FI S.1]FIG 1(a) is a photograph of a gel reconstituted in
Exanple 1 and FIG 1(b) is a photograph of a gel reconstituted in
Conparative Exanple 1. [FIGS.2]FIG 2(a) is a photograph of a gel
reconstituted in Exanple 2 and FIG 2(b) is a photograph of a gel
reconstituted in Conparative Exanple 2. [FIGS.3]FIG 3(a) is a photograph
of a gekzrecppstibtuted ©P THE DRAWINGS

[0007]

[PIGS.1] FIG. 1(ay is a photograph of a gel reconstituted in

Example 1 and FIG. 1(b} is a photograph of a gel reconstituted in

Comparative Example 1.

[F1GS.2] FIG. 2(a) i1s a photograph of a gel reconstituted in
Example 2 and FIG. 2(b} is a photograph of a gel reconstituted in

Comparative Example Z.

[FIGS.3] FIG. 3(a) is a photograph of a gel reconstituted in
Example 3 and FIG. 3(k) is a photograph of a gel reconstituted in

Comparative Example 3.

[FIGS.4] FIG. 4(a) is a photograph of a gel reconstituted in
Example 4 and FIG. 4(b) is a chotograph of a gel reconstituted in

Comparative Example 4.

Description of Embodiments

[0008] A, Definition of terms

(1) Gelled assembly
Theterm"geiledassembly“referstoe&geifofmedbyspontaneous

assembling of self-assembling molecules or crystals each having



Exanple 3 and FIG 3(b) is a photograph of a gel reconstituted in
Conparative Exanple 3. [FIGS. 4 FIG 4(a) is a photograph of a gel
reconstituted in Exanple 4 and FIG 4(b) is a photograph of a gel
reconstituted in Conparative Exanple 4. Description of Enbodi nents [0008] A
Definition of terms (1) Gelled assenbly

Thet er mi'gel | edassenbl y"r ef er st oagel f or nedbyspont aneous assenbl i ng of

sel f-assenbl i ng nol ecul es or crystals each having self-assenbling ability
in a gedfuasséA)] Selif alassenbl Lnga maketuhes The term"

sel f-assenbl i ng nol ecul es” refers to nol ecul es that spontaneously assenble
in the nediuntthrough an interaction between them Such nol ecul es can
spont aneousl y aggregate by an internol ecular attraction, thereby formng a

nnlecg%?r%gggu sggm@??g%dﬁg%gcgpgsstable fashi on wi thout recourse to any

coval ond (so-ca nol ecul ar-assenbling). The interaction is not
particularL¥ imted exanpl es of _the.inter

nll rm'’g f“ngas em@i g o ] rafrc]tisog imrga(\lleucqﬁ. a Q}{grogen
bond, an i ohT &R nteraction, an & BELFGELEDT & Fiitet 52T OF QUK 5% a van
der Waals force,_ and a hydrophobic interaction. (3) Cel ,
spontaneously assembile 1n the medium through an interaction between
them. Such molecules can spontaneously aggregate by an
intermolecular attraction, thereby forming a molecular group in
an orderly and stable fashion without recourse to any covalent bond
{(so-called molecular-assembling). The interaction is not
particularly limited, and examples of the interaction include a

hydrogen bond, an lon-ion interaction, anelectrostatic interaction

such as a van der Waals force, and a hydrophobic interaction.

(3) Gel

Theterm"gel" referstoacolloidthathaslostits flowability.
The gel has both viscous property and elastic property. To be
specifiic, for example, the gel satisfies the relationship [G'>E"]
when its storage elastic modulus G' and loss elastic modulus G"

are measured by performing dynamic viscoelasticlity measurement.

(4) Sol
The term "sol" refers to a colleoid having flowability. To
be specific, for example, the scl satisfies the relaticonship [G'<GE"]

when its storage elastic modulus G' and loss elastic modulus G"



The term"gel" refers to a colloidthat has lost its rlowability. The ge

has both viscous property and elastic property. To be specific, for

exanple, the gel satisfies the relationship [G >G'] when its storage

el astic nmobdulus G and | oss elastic nodulus G are neasured by perform ng
dynam c vi scoel asticity neasurenent. (4) Sol The term "so" refers to
a colloid having flowability. To be specific, for exanple, the

sol satisfiesthe relationship [G<G'1 when its storage elastic nodulus G
and | ass rel=asticc] npderds réi ngaries opasbi eds e qerd orin ngy hbesdysashe .

vi scoel asticityneasurenent. (5) Sol-gel transition The term "sol - gel
transition” refers to a phenonenon in which the storage elastic nodulus G
and the loss elastic nodulus G' undergo a transition froma state where the
rela hi.p, L G LS« isfied to a state where the relationship [G <G']
IS sa??if?gé ?Tng%?%§§§§%e where the relationship [G<G'] is satisfied to
a state whe t.he relationshi >G'], i s satisfied, and the tenperature at
Shich the phERCHEbRTBCCATS Vo alt o a 245581 O FanarBPOR Bitt "aTrat 1 s,
the sol-gel transition point is the tenperature at which the relationship

[ GL=G &5 Waast + 27T BB09F B M PR G Rettots12s tAC Hokiind Siet RBEEEF he
present invention is a nethod for mxing a m xing object into a gelled
assenBlyransid ivst hedn priclaidi rgereridezi et hengelp g 'assenbt yatipééeiing
step); nmelting the frozen assenbly to obtain a sol (nelting step); m xing
the resubtamdtsolhamnd thwe mabatmigrolijiget['mMXiind sstseplisfard or from a

state where the relationship [G'<G"] is satisfied to a state where
the relationship [CG'>G"] is satisfied, and the temperature at which
the phencomenon occurs is called a sol-gel transition point. That
is, the scl-gel transition point is the temperature at which the

relationship [G'=G"] is satisfied.

[0009] B. Mixing method

Anixingmethod of the present invention is a method for mixing
2 mixing object into a gelled assembly, the method including:

freezing the gelled assembly (freezing stepn);

melting the frozen assembly To ¢btain a scl {(melting step);

mixing the resultant sol and the mixing cbiject (mixing step):
and

reconstituting the gelled assembly from the sol into which
the mixing cobiject has been mixed (gelling step). The method may
further include any step as required. When the gelled assembly is

a gel formed by the molecular-assembling of self-assembling



reconstituting the gelled assenbly fromthe sol into which the m xing

obj ect has been m xed (gelling step). The nethod may further include any
step as required. Wien the gelled assenbly is gel fornmed by the

nmol ecul ar - assenbl i ng of self-assenbling nolecules, internolecular bonds
are broken by the freezing and the nelting steps, and hence a

t hr ee-di nensi onal network structure formng the gel collapses. As a result,
a sol in which the nolecules are uni formy dispersed can be obtained . In
addi t nohecuhen, t he: gehd shaisseblnyisi sra lgebkdromyednbyf tdwez assemial thg of
crystals each having self-assenbling ability, intercrystalline bonds are

brokenebyithhestegezi ngdandrife MelHing S1epssi Asa B festbik ac80ktiReWhi ch
the crystals are uni formy dispersed can be obtained. In the present

| nventLens nbhe, ggmg)v%% JUgh honpgeneousness, t f}y@wéﬁ%wﬂo@@&%@ m xi ng
obj ect are xed ce the n1X|ng obj ect ‘can bé present in t
reconstltut d || ed _asse st.at e of . bei unlforn1 dIS d. The
fact that t%or%ilé%f3ﬁ¥s%$ can ga&ﬁF orrﬂ[na ﬁgﬁéPgé e ge ?gd
assenbly through extrepel operatl i,.e t he free2|n and the
mel tiﬁ@gﬁlﬁ%bg 1% A&L0 ?Of%"“égrg}%?‘ ePFéEFE 6Pgt% PrisgentS FAVENE ggﬁng

[0010] B-1. Freezing step Any appropriate assenbly can be adopted as
t he getlédagassehbiiaasolohy ad nitlhe assdmElhinobaeda 8¢ WP tdie bir 882i ng and
the melting steps, and has a reversible sol-gel transition characteristic.
The tfaaseingnatd the mgeltiromtdes solasf er medully ,t hesbieézi mgiahdthhe
nmelting steps may be attributable to any one of a tinme responsivity, a
tenperayyt el EeSpPONSi Midinl ARd sgeplsesSURe hesponsividy, 1or tAaypbesent
attributable to two or nore factors out of the above responsivities The

gel | ed-assenblLy €Q0t&) NS, Pl Lyl ?5}1 Ponsleal S fafs £anm pg-Lheeassgybl y and
a nedium and as required, any additive.” [0011] Any appropriate nol ecul es or

CrySt@£§ ﬁ?gigs 88588£e9re mixed, and hence the mixing chiect can he

present in the reconstituted gelled assembly in a state of being
uniformlydispersed. Thefactthatthemixingobjectcanbeuniformly
dispersed inthe gelledassembly through extremely simple cperations,
i.e., the freezing and the melting steps is one of the major effects

of the present invention.

[0010] B-1. Freezing step

Any appropriate assembly can be adepted as the gelled assembly
as long as the assembly forms a sol by the freezing and the melting
steps,andhaseareversiblesolmgeitransitioncﬁaracteristic. The
transition to the gel from the sol formed by the freezing and the
melting steps may be attributable to any cne of a time responsivity,
a temperature responsivity, and a pressure responsivity, or may

beattributabletotwococrmore factorsout of theaboveresponsivities.



as the self-assenbling nolecules or the crystals each having

sel f-assenbling ability described above as |ong as the nol ecules or the
crystals forma colloid having a reversible sol-gel transition
characteristic, and forma sol by the freezing and the nelting steps. The
sel f-assenbling nol ecul es are each preferably, for exanple, a

sel f-assenbling peptide. The crystals each having self-assenbling ability
are each preferably, for exanple, a clay mneral. The gel formation of such
nol ecohesgarl «f pStsah® 1doesnnointse egeldd ng agentasacivascancnasshenki ng
agent or an aggl onerating agent, and depends on rel atively weak

non- ceyakept ybandsaf aeardrnbebngenst heqgselbgassepblkagr mpkecul es or
crystals. Accordingly, those bonds are ea3|fy broken by the freezing and
the nelting treatnents, and hence the gel can be turned into a sol. In
addi tion, reconstitution of the gel fromthe sol can be spontaneous Iy

perOF R Y, ol Bl A5 ARSIl LORZLTOE oel S poenhl Lo peplL e 1

prefe assenbli orred “6f | owi ng
am no acid sequence. Amino acid squence alblclb2a2b3 b4a3b5c2b6a4 (I'n the
ules or the crystals each having

ani noPacid s edftrencas SeMbLing molec

self-assembling ability described above as long as the molecules
or the crystals formacolloid havinga reversible sol-gel transition
characteristic, and forma sol by the freezing and themelting steps.
The self-assembling mcolecules are each preferably, for example,
a self-assembling peptide. The crystals gach having
self-assembling ability are each preferably, for example, a clay
mineral. The gel formation of such molecules or crystals deces not
use a gelling agent such as a crosslinking agent or an aggleomerating
agent, and depends on relatively weak non-covalent bonds formed
between the self-assembling meclecules or crystals. Accordingly,
those bonds are easily broken by the freezing and the melting
rreatments, and hence the gel can be turned into a sol. In addition,
reconstitutionof thegel fromthe sol can be spontaneously performed

by molecular-assembling.

(00121 The seif-assemblingpeptide ispreferably, for example,
a self-assembling peptide formed of the following amino acid
seguence.

Amino acid seguence: aibicibrzasbadbasaszbscsbeay



al to a4 each represent a basic amno acid residue; 101 to b6 each
represent a non-charge polar am no acid residue and/or a hydrophobic am no
acid residue, provided that at |east five of themeach represent a
hydr ophobi ¢ am no acid residue; cl and c2 each represent an acidic am no
acid residue; and d represents a hydrophobi c am no acid residue.)
[ 0013] Speci fic exanpl es of the self-assenbling peptide having the above
am no aci d sequence include peptides having the foll ow ng sequences.
N- RLDLRh AL REDERS oo ( SEQI| Pedendd : n- RLDLRLLLRLDLR-¢ (SEQ I D NO.  2)
Nn- RLDLRLALRLDLRL-c (SEQ ID NO 3) [0014] O her preferredspeci fi cexanpl esoft he
a; to a, each represent a basic aming acid residue;
b1 to bg each represent a non—-charge polar amino acid residue
and/ocr a hydrophobic amino acid residue, provided that at least
five of them each represent a hydrophobic amino acid residue;
c, and c¢; each represent an acidic amino acid residue; and

d represents a hydreophobic amino acid residue.)

LC013] Specificexamples of the self-assembling peptide having
the above amino acid segquence include peptides having the fecllowing
sequences.

n~RLDLRLALRLDLR-c (SEQ ID NO: 1)

n=-RLDLRLLLRLDLR~c {SEQ ID NO: 2)

n—-RLDLRLALRLDLRL-c (SEQ ID NO: 3)

[0014] Other preferred specific examples of the
self-assembling peptide include peptides described in, for example,
WO 2007/000979 and US Patent No. 5,670,483, In addition, a peptide
obtained by subjecting any such self-assembling peptide to a
modification such as the introduction of a protective group is also

preferably applicable teo the method of the present invention.

[0015] The above self-~assembling peptide can be prcduced by

a chemical synthesis method such as a solid phase methed, e.qg.,



sel f-assenbl i ng peptide include peptides described in, for exanple,

W2007/ 000979 and US Patent No. 5,670,483. In addition, a peptide obtained
by subjecting any such sel f-assenbling peptide to a nodification such as
the introduction of a protective group is also preferably applicable to the
met hod of the present invention. [0015] The above sel f-assenbling peptide
can be produced by a chem cal synthesis nethod such as a solid phase

nmet hod, e.g., an Fnoc nethod or a liquid phase nethod, or by a nol ecul ar
bi ol ogh Galo dres biodkd suchk ldsyurieconds @ art: hgelneo expr essilenul[z:0046¢ Pref ext ed
specific exanples of the clay mneral include snectite group mnerals such
as noptapsdl Lbemhtes berdeblhier hesd ositesssaponite, and stevensite. Those
m nerals may be natural products, or nay be synthetic products. [0017] The
medi um of the gelled assenbly can be appropriately sel ected dependi ng on,
for exanple, the kinds and concentration of the nolecules or crystals for

form Eg%#gle asserg)lé/fe rs];eae(c::?[ eaoe;}iamp es o%ng%e il_ay enlelre J?l’?gfngﬁlay

forme a self- asse |ng e ‘or ay mnera
preferablg wat er. [0018] The above addi tive can pproprlatg ﬁ%selected
dependAg-bhe FPexdfpher a1 he Skihds® and EAEat LeFHiort /o E HE® bt £tul es. or

crystals for formng the assenbly. Exanples of the additive include a
buf f er¢pgoByent sa@osdifactahtcandsateéhel B Ag tgenals may be natural

products, or may be synthetic products.

[0017] The medium of the gelled assembly can be appropriately
selected depending on, for example, the kinds and concentration
of the mclecules or crystals for forming the azsembly. In the case
of, forexample, agelledassembly formedofaself-assenblingpeptide

or clay mineral, its medium ig preferably water.

[0018] The above additive can be appropriately selected
depending on, for example, the kinds and concentration c¢f the
molecules or crystals for forming the assembly. Examples of the
additive include a buffering agent, a surfactant, and a chelating

agent.

[0019] The concentration of the additive inthe gelled assembly
can be set to such a concentration that the reconstitution of the
gel in the gelling step 1s not adversely affected. Although the

concentration can be appropriately set depending on, for example,

10



[ 0019] The concentration of the additive in the gelled assenbly can be set
to such a concentration that the reconstitution of the gel in the gelling
step is not adversely affected. Although the concentration can be
appropriately set depending on, for exanple, the kinds and concentration
of the nolecules or crystals for formng the gelled assenbly, the
concentration is preferably lowin ordinary cases. In the case of, for
exanpl e, a self-assenbling peptide gel, the final concentration of each of
HEPES: aa & iTrdssa HCT cas chufiaeriiomgo A gért 8o 1 scpt ef erablys 581 sicor £bessngor nore
preferably 40 nMMor |ess, the final concentration of each of a sodium

hydr oges ceankenat 1501 ¢f k0B @ntbentsadi A cardeimi e siol ubivam bsapreferably 5
m\t or less, or nore preferably 4 mMor |less, and the final concentration

of PBS,Lsspr eﬁﬁ%ﬁ?!&a@e PBS Pled£85e Ok JF € prelerably Qo 3xBBS;01, | ess.

In addition, the final concentration of pharmacopoei al saline as™ an

addi t | xcept fferin e i .e l.y..Q, 5. Wt % L r nore
prefe#%%?@éﬁsﬁcﬁbggggg %335-?6%%5?#ﬁ§§gﬁggé %@?P%Eiagggaékgé%éﬁég%n%repared
by any appropri ate_net hod pendi ng. on, for exanple, .the kin d
conce%??ggﬁoﬁso?r?ﬁ%r%%f%cgfé@wo?rc%?%%al%rf%?r?o?ﬁ?ﬁ%r??tyagiéﬁﬁl9? and
the kind of the medium For exanple, the self-assenbling peptide gel can be
pr epaf @8S byprephird h§ & cFEsticdd oSob L Eacbugh sstehl di S98inndeenCaE L eiisper si on
of a self-assenbling peptide in a desired nmediumthat the concentration of
t he peptideonsipr efsrablycorbonets swidbiom fererptefarapbyni0 o2 1933, W v%
and | eaving the peptide sol at rest to assenble the nol ecul es of the

sel f - asseabti pgepepiibUe. 4 Ahtesnatéve| yand hehsef{nasseabténgrpepbhdergel is
avai l abl e as a comrerci al product under the trade nane of, for exanple,

"BET pRurabatrd xdmPeptd do dpirogels’s o ER-Bresei gpees-knty ). 3xbAsagddi tion,

the gelled assenbly forned of the mneral clay Is avail able as a commerci al

pr Odufésgndefn &Qﬁ%{?ﬁg;ﬂﬁi 8, Of coﬁ%@@%&@& ofnﬂ-r?ﬂgﬁgb&ﬁac?giql éé@ﬂgé act ur ed

by Laporte-Ind. Laponite manuf act'ured by "Laporte-Ind. Ltd.).
[ 0021] Any appr.opriate conditions n_be adopted, as conditions.for the
froarthgnetPhrol ke FRERRN| chBsRhEryrrBevental fretshRt o ERoa 31 re has
only to be equal to or lower than the tenperature at which the gelled
assenbfylfFeezes. MAC P rREY T AgRReY oki fy"Fs Potl1EFRited either, and the gelled
assenbly may be gradually frozen, or may be rapidly frozen. In the case of,
for exanple, the self-assenbling peptide gel, the gel can be suitably

frozen by being | eft under a tenperature condition of preferably -10C or
| ower [C}0022] Any EHppr apoivat exdfirieeri agsamang such las arbkousehloldds osny

appropriate method depending on, for example, the kinds and
concentration of themolecules or crystals for forming the assembly,
and the kind of themedium. For example, the self-assemblingpeptide
gel canbepreparedbypreparing apeptide sclthroughsuchdissolution
or dispersion of a self-assembling peptide in a desired medium that
the concentration of the peptide is preferably 0.1 to 5 w/v% or
more preferably 0.2 to 3 w/v%, and leaving the peptide sol at rest
to assemble the molecules o0f the self-assembling peptide.
Alternatively, the self-assembling peptide gel is available as a

commercial product under the trade name of, for example, "BD™
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busi ness-use refrigerator, or liquid nitrogen can be selected as a freezing
nmeans. |t should be noted that the frozen assenbly can be stored while
being frozen for any tine period until the assenbly is subjected to the
melting step. [0023]B-2. Melting step A nmelting tenperature can be
set to any appropriate tenperature as long as the above frozen assenbly
nelts at the tenperature to forma sol. The assenbly nay be nelted at a
constant tenperature, or nay be nelted at different tenperatures in a

st epwhseafashi en.paiitcheEyvaragkii'ngBvelioetiynnes nael ti o &ddetisn) i mted,
and the assenbly may be gradually nelted, or nmay be rapidly nelted. For
exanmptge fo11be sasanhera e soi 0fe theeselif vassenbl bpgipeptkdesi s
obt ai ned, the frozen self-assenbling peptide can be suitably nelted by

bei ng.}, ér!{ﬂgfr A ePeratyr encondidd onqaf o preder ably %t,o"%QQQnQEe nor e
y 15 t&j g

prefera 45C. [ 0024] Anyappr opri at emeanscanbe sel ected as a nelting

nmeans specific.exanmpl es of the | ti neans, i.ncl.ude,a _water b « an oil
bath,X%%d aﬁ?%%?%%%?%fé aﬁﬁ{ Fﬁﬁﬁgﬁﬁ%eﬁg¥he%§§rpedOgsse%%Pﬁn%éef?%Qen and

mel ted as %escrib d _above, various bonds between the nol ecul es or crystals
of whiBRCEhBCHEFeFs®Y ok iRt BfelBrokeh?: nd hence a sol is obtai ned.

Al t hough the gel can be turned into a sol by being subjected to an
ultrasonic treatnent for about 30 minutes as well, the various bonds

bet ween the nol ecul es or crystals cannot be sufficiently broken, and hence
the sobOguUl ckl y getatesrabtrertercauidtiorn wetlibd héoptedasonbedwavens As a
result, the m xing object cannot be uniformy dispersed in the sol. In

contrast,-Hherselkiobtal nedqghys the J& eazd agsand |khersetd s ng sstepszshows a
significant reduction in its viscosity because the various bonds between

the nplepcules pL Cfysials & 8 suhhhcienid v Hroken.Asna £espltacthe sol
can be uniformy mxed with the mxing object in the mxing step to be
descrépaﬂhlgﬁeghe gelled assembly freezes. A freezing velocity is not
limited =ither, and the gelled assembly may be gradually frozen,
or may be rapidiy frozen. In the case of, for example, the

gelf~azsemkling peptide gel, the gel can be sultably frozen by being

left under a temperature condition of preferably -10°C or lower.

[0022] Any appropriate freezing means such as a household or
business-use refrigerator, or liguid nitrogen can be selected as
a freezing means. It should be noted that the frozen assembly can
be stored while being frozen for any time pericd until the assembly

is subiected to the melting step.

[0023] B~2. Melting step
Amelting temperature canbe set toany appropriate temperature

as long as the above frozen assembly melts at the temperature to
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[0026] B-3. M xing step Any appropriate substance can be sel ected as
the m xi ng obj ect depending on a purpose and the |like. Specific exanples of
the m xi ng object include: vitam ns; nonosacchari des; disacchari des;

ol i gosacchari des; pol ysaccharides such as hyaluronic acid, chitosan, and a
cel lul ose that has been subjected to hydrophilic treatnent; alcohols;

pol yol s such as glycerin and pro yien glycol; netal oxides such as zirconia
and titanium oxi de; dyes; physiologically active substances such as

hor nofiesy & yadki nBsg hesatoppirety ©ef aefoed, aard cgnewkh tf aethpesatpepti des;
enzynmes; antibodies; DNAs; RNAs; catal ysts; crosslinking agents ; culture
sol ut benssy afd nRIRRIG gener ake b ovt Mbdeedit af o et ght -cempeunds. rAkhesnativel y,
the m xing object maybe a biological sanple such as a cell, a cell colony,

a tisguernarn %%ﬂ?&éxv%%c%;ﬁn\é'ﬂ USmeTPEnGE! InmdBY: %nﬁ%e%l“' mal ggLl, or
maybe a plant cell . anpl es “of the m croorgani sminclude bacteri a,

yeasts r zoan Jused, .or two
nnr%sgﬁgég 8%$n§§| fa&% 2%%§§‘ge use&ﬁiﬁgbgg#ﬁhebgﬁ%&n% i'n WA ch t he

ﬁlXIn | S mxed can be se n propriate a as long as the

Sol | cafe éﬁans%?ﬁaF%CFﬁﬁbaPﬁéaagéan%W Ve AR QR1RLS 2B 2ho e Ol

| nt hecaseof, forexangle t hesel f - assenbllng pepti de sol, a peptide

concehfr @PFoRNAFt e AENBIATFRT NGSi 5~ 886D bﬁéf@?ﬁb#?eocﬁntQGSSM%@@@éF nor e

preferably 0.2 to 3 wWv% [0028] The mixing is perfornmed during a tine

peri odetoedwhy cheithe solft obidaned tiempetre tabieyv eomelitiing stfeprafenthins its

sol state. In the case of, for exanple, the sol of the self-assenbling

pepti detct he° ol skngocanpbersusbabl yspeof oefred at preferably -2 to 15C or

nore preferably -2 to 5C because, in such tenperature range, rapid gelation

can be prevented and, as a result, a sufficient mxing tinme can be secured.

It should be noted that the above tenperature range is the tenperature

ti - tid
{anoe6Fat e, PERtA Ao ek RORLaL A b M N ShlEL o B 4n  fEapept | de
f bl f t
obj ccronay be SOFFPErantt Qﬁ?s%%}ﬂvagcﬁegﬁ3028§5¥§@a?hg?gsrngﬁFﬁgx%ﬁﬂe nor
a mxing nmeans is limted. Any a proprlate means can be sel ected as the
m xi ngt Eﬁ%hrlﬁnﬁaﬁgéh§éﬁP§tﬁ¥x Agl-a stirring rod, a mixer, or the |ike

can be used. Small-scale m xing may be perforned by a manual operation such
as pipetting.

(00257 When the gelled assembly 1s frozen and melted as
described above, varicus bonds between the molecules or crystals
of which the gel is formed are broken, and hence a sol is obtained,.
Although the gel can be turned inte a sol by being subjected to
an ultrasonic treatment for about 30 minutes as well, the various
bonds betweenthemolecules or crystals cannot be sufficilientlybroken,
and hence the sol guickly gelates after irradiation with the
ultrasonicwave. Asaresult, themixing object cannot be uniformly
dispersed in the sol. In contrast, the sol obtained by the freezing
and themelting steps shows a significant reduction in its viscosity

because the various bonds between the molecules or crystals are
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[ 0030] Each of the freezing step, the nelting step, and the m xing step
descri bed above nmay be repeatedly perfornmed twice or nore. [0031JB-4.
Gelling step Conditions for the reconstitution of the gel (such as a
tenperature anda tine) arenotlimtedas |ongasthegell edassenbly is
reconstituted, and the conditions can be appropriately set depending on,

for exanple, the kinds and concentration of the

nol ecul esor cryst al s, andt heki ndof t henedi um Whent henol ecul es

i nt hesaFatesehtiassenbdhngm ecukesltheget canbespontcanaadsirynlivenonsti t ut ed
as a result of nolecul ar-assenbling by setting the conditions to

appr oprtat enonesx i 1 H0321&0r exam e:dihd ke Lase whenesthepsel f zassenbl i ng
peptide gel is reconstituted, the sol into which the m xing object has been
m xed obtained in the above m xing step has only to be left at rest. The
tenperature at which the sol is left at rest is preferably 15C or igher, or
nor e ably or. higher. The tine period for which the sol is left at
rest Eéségiferabﬁggi'ﬁ¥%ﬁ ego?t%%re, or nore preferably S m nutes or nore.
In addition, a place where the sol is left at rest is not limted, and
exanpl es ofA%lﬁé‘P@réP@éliaﬁél TS tHECT MENde® SFL15CE6AtHT heF Thadd DPPgRass,
plastic, or the like, the inside of a cell culture instrunent such as a

di sh, dapengdhegionss gerebsg ardicball ikt r Srest TGt amp e s 9Eitigeni Furd her ,
the following is also permtted. That is, the sol into which the above

m xi ngbpbiect ihasiureen nivxedmissi nj ectredamtlea ddsasi ngdbsganhsm damedi atel y
after the mxing, and is caused to gel on the spot. [0033] The m xi ng obj ect
can belpreseptnhnitibe; reCORSlHW-edes such as hyaluronicacid, chitosan,

and a cellulose that has been subiected to hydrophilic treatment;
alcchols; polyolssuchasglycerinandpropylene glycol; metal oxides
such as zirconia and titanium cxide; dyes; physiclogically active
substances such as hormones, cytokines, hematopoietic factors, and
growth factors; peptides; enzymes; antibodies; DNAs; RNAs;
catalysts; crosslinkingagents; culturesolutions; andcther general
low-molecular-weight compounds. Alternatively, the mixing object
may be a biclogical sample such as a cell, & cell coleny, a Lissue,
a microcrganism, <or a virus. The cell may be an animal cell, or
maybe aplant cell. Examplesof themicroorganisminclude bacteria,
yeasts, and protozoans. Only one kind of mixing object may be used,

or two or more kinds of mixing objects may be used.

[6G27] The amount in which the mixing object 1s mixed can be
set to any appropriate amount as long as the sol can reconstitute

thegelledassembly. Inthecasecf, forexample, theself-assembling
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gell ed assenbly in a state of being uniformy dispersed. [0034]C.
Producti on net hod According to anot her aspect of the present

i nvention, there can be provided a nethod for producing a gelled assenbly
into which a m xing object has been m xed. The production nethod includes
freezing the gelled assenbly, nelting the frozen assenbly to obtain a sol,
m xi ng the resultant sol and the m xi ng object, and reconstituting the
gell ed assenbly fromthe sol into which the m xing obj ect has been m xed .
Each stepids asldescpepeddéncthecaboyreisechfoarBchAcodrdnggitoseheto
production nmethod, the gelled assenbly into which the m xi ng object has

been ypiferabyydhspersed ¢ansbgrobaknede tEXAVPLES, $ 0035k Heyeinafter, the
present invention is described specifically by way of exanpl es. However,
the present invention is not limted by those exanples. [0036][ Test Exanple
1] A self-assenbling peptide 1 NCH300j - RLDLRLALRLDLB-[ NH2]) whose

N-term was acetyl ated and whose C-teymn.nal s_am dat ed .was obt ai ned by
an or P RER) et hoth ¥ T gl f o Atentr o e S TRa s Hhsghriea TR far or
and an aqueous sl ution of HCO3was added to the solution so that its
{inal CEBNEanCPAERBR WS 2RANETA Hopts te SCSRBALFAELBA 17F ERa FEStPtant
peptide solution was 1 wv% _ The peptide solution was |left at rest at room
t enpefattilrcechsr A0 Ferutexsie s dheeswl of bheddligssamibiing oepptdécgel was
obt ai ned. [0037] The resultant self-assenbling peptide gel was frozen

the mixing can be suitably performed at preferably -2 to 15°C or

more preferably -2 to 5°C because, in such temperature range, rapid
geiation can be prevented and, as a result, a sufficilent mixing
time can be secured. It should be noted that the above temperature
range is the temperature range of the peptide sol containing the

mixing object, i.e., the peptide so0l that is being mixed with the

mixing cbiect.

002917 Themixing is preferablyperformed so that themolecules
cr crystals and the mixing obliect may be sufficiently dispersed
in the sel. Neither a mixing time nor a mixing means 18 limited.
Any appropriate means can be selected as the mixing means. In
large-scale mixing, a stirring red, a mixer, or the like can bs
used. Small-scale mixing may be performed by a manual cperation

such as pipetting.

[0030] Fach of the freezing step, the melting step, and the

mixing step described above may be repeatedly performed twice or
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with liquid nitrogen. Next, the frozen self-assenbling peptide gel was
partially nelted with warmwater at 37C, and then the resultant was |left at
rest at roomtenperature so as to be nelted. As a result, a sol was
obtained . 300 pl of the resultant sol was put into a container storing 200
pl of DVMEM cul ture medi um contai ning NTH3T3 cells at a concentration of
3.25x105 cells/m, and the contents were m xed by perform ng pipetting
three tines. As a result, a sol into which the cells were m xed was

obt ai mede. [ 0038] 100 pl of each of the upper layer, mddle | ayer, and | ower

| ayer of the resultant cell-m xed sol were sanpled, and each sanpl e was
diluted with PBS five-fold. The nunber of cells at each position in the
cell-m xed sol was determned with each of the di |luted sanples by
measurbfpg,{he nunber of.ce{ls ifegach of four divisions on a
hemat ocyt oireter. Tabl e 1 shows the results. [0039][ Test exanple 2]

As the self-assenbling.peptide gel, "BD nmRuraMatrix''' Peptide Hydrogel" (BD
B'osciencesc?%%%?l%%%t? e 68ﬁcencféﬁgﬁiu:f%@v@§ %ﬁfs eﬁagﬁﬁﬂﬁiaio 40] The

above sel f-assenbling peptide gel .was frozen with |jquid .nitrogen._ Next,
e TFESBNT SeRTC SECUE TRY THoptihid ol Saas parei o Fyors e o FRREY m wat er
at 37C, and then the resultant was left at rest at roomtenperature so as
to belfelFeegnsadtatedsuland dhxpl conpdl bbdas nédn. BRI T fr tde resattant sol
was put into a container storing 200 pl of DVEM cul ture medi um contai ni ng
Nl H3T@sgehtisnat ca, cdncersyagion ofns. B8xdHS5 acel Icsimdentared: itdre «dnteats were
m xed by perform ng pipetting three tinmes. As a result, a sol into which

t he ceblscuese o xegs ywlss Obtaithed D04 thEhediumber Woknceld Scatceaeh
position in the resultant cell-m xed sol was determ ned in the sanme manner

Eiairrgf“g%%% Fxaipt 8elr-2ahkernli 8BS JhA JeSuld 5110042 kLoRPanabhy ey, Test

reconstituted as a result of molecular-assembilng by setting the

conditions to appropriate ones.

(00327 For example, in the case where the self-assembling
peptide gel is reconstituted, the sol into which the mixing cbhiject
has been mixed obtained in the above mixing step has only to be
left at rest. The temperature at which the sol is left at rest is
preferably 15°C or higher, or more preferably 25°C or higher. The
time period for which the sol is left at rest is preferably 1 minute
or more, or more preferably 5 minutes or more. 1In addition, a place
where The gol is left at rest 1s neot limited, and exanmples of the
place include tThe inside of a ceontainer made of glass, plastic,
or the lLike, the inside of a ¢ell culture instrument such as a dish,
and the inside of a medical instrument such as a syringe. Further,

the following 1s also permitted. That is, the sol into which the
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A sel f-assenbling peptide gel obtained in the same nmanner as in Test
Exanple | was subjected to an ultrasonic treatnent (product nane
"ULTRASONI C CLEANER US- 4R' (manuf act uredbyAS ONE Cor poration, tank vol une
9. 5L ), 160w 30mnutes) . As aresult , a sol was obtained . 300 pl of
the resultant sol was put into a container storing 200 pl of OMEN culture
medi um contai ning NIH3T3 cells at a concentration of 3.25x105 cells/m, and
the contents were m xed by performng pipetting three tines. As a result, a
sol i abtovatiich nighebvett &awesemnxeddvasiobhtat nadintf0043]vEhe aupdoet siof cel | s
at each position in the resultant cell-m xed sol was determ ned in the sanme

mannef masdi Ardest 2 EXanpt 8e Imi Jabh e dnghowsciheenesyl 81 $Q044% [ Spoparative
Test Exanple 2] The sane sel f-assenbling peptide gel used in Test
Exanpl e 2 was subjected to an ultrasonic treatnent (product nane
"ULTRASONI C CLEANER US- 4R'" (manufactured by AS ONE Corporation, tank vol unme

9.5 L W 3Q..m nutes). a.result, a sol was aj 0 of the
resul%%%%ggol magﬁﬁﬁﬁuf%f%?géﬁgﬁFaF%%rD% &Fﬁﬁ§h26@ E$EO¥Q§§ER€%€ %?e

medi um contai ning NIH3T3 cells at concentration of 5.38x105 cells/nl, and
the cBRf oHE o= REFECHY xb@ By PR of i RGLHY pat ] AE Fr S6SPFRESS - As a resul t. a
sol into which the cells were m xed was obtai ned. [0045] The nunber of cells
at each position in the resultant cell-m xed sol was deternmned in the sane
manner as in Test Exanple

(00341 C. Production method

According to another aspect of the present invention, there
can be provided a method for producing a gelled assembly into which
a mixing object has been mixed. The production method includes
freezing the gelled assembly, melting the frozen assembly to obtain
a sgol, mixing the resultant so0ol and the mixing object, and
reconstituting the gelled assembly fromthe sol intowhich the mixing
object has beenmixed. Eachstepisasdescribedin the above section
B. According te the production method, the gelled assembly into

which themixing object has beenuniformly dispersed can be obtained.

EXAMPLES
[0035] Hereinafter, the present invention 1is described
specifically by way of examples. However, The present invention

is not limited by those examples.

[Q036] [Test Example 1]

A gelf-assembling peptide 1 (ICH;CO]-RLDLRLALRLDLR~[NH,])
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1. Table 1 shows the results. [0046][Table 1] Sanpling position Test
Exanpl e 1 Conparative Test Exanple 1 Test Exanple 2 Conparative

whose N-terminal was acetylated and whose C-terminal was amidated
was obtained by an ordinary method. The zelf-assembliing peptide
1 was dissolved in water, and an agqueous sclution of NaHCO; was added
tothe sclutionsothat its final concentrationwas 1.2mM. Apeptide
concentration in the resultant peptide solution was 1 w/v%. The
peptide soluticn was left at rest at room temperature for 10 minutes,

Bs a result, a self-assembling peptide gel was obtained.

[0037] The resultant self-assembling peptide gel was frozen
with liquidnitrogen. Next, the frozen self-assembling peptide gel
was partially melted with warm water at 37°C, and then the resultant
was left at rest at room temperature so as tobemelted., Asaresult,
asolwasocobtained. 300uloftheresultantsclwasputintoacoeontainer
storing 200 ul of DMEM culture medium containing NIH3T3 cells at
a concentration of 3.25x10° cells/ml, and the contents were mixed
by performing pipetting three times. As a result, a sol into which

the cells were mixed was obtained.

[0038] 100 ul of each of the upper layer, middle lavyer, and
lower layer of the resultant cell-mixed sol were sampled, and each
sample was diluted with PBS five-fold. The number of cells at each
pogitioninthecell-mixed sol was determinedwitheachof thediluted
samples by measuring the number of cells in each of four divisions

on a hematocytometer. Table 1 shows the results.
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Test Exanple 2 Upper layer 1.45 1.18 2.28 2.45 Mddle layer 1.35 1.33 2.08
0. 65

[0039] [Test example 2]
As the self-assembling peptide gel, "BD™ PuraMatrix ' Peptide
Hydrogel"™ (BD Biosciences Inc., peptide concentration: 1 w/v%, pH

3} was used.

(00407 The above self-assembling peptide gel was frozen with
liguid nitrogen. Next, the frozen self-assembling peptide gel was
partially melted with warm water at 37°C, and then the resultant
was left at rest at room temperature so as to bemelted. As a result,
asolwasobtained. 300uloftheresultantsolwasputintoacontainer
storing 200 pl of DMEM culture medium containing NIH3T3 cells at
a2 concentration of 5.38x10° cells/ml, and the contents were mixed
by performing pipetting three times. Az a result, a scl into which

the cells were mixed was obtained.

[0041] The number of cells at each position in the resultant
cell-mixed sol was determined in tThe same manner as in Test Example

1. Table 1 shows the resulis.

[06042] [Comparative Test Example 1]
A self-assembling peptide gel obtained in the same manner as
in Test Example 1 was subjected to an ultrasonic treatment (product

name "ULTRASONIC CLEANER US-4R" (manufacturedby AS ONE Corporaticn,
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Lower layer 1.12 0.35 2.13 2.25 Theoretical value 1.3 2.15 (unit: 105
cells/m)

tankvolume 8.5L), 160W, 30minutes). Asaresult, asolwasobtained.
300 ul of the resultant sol was put into a container storing 200
ul of DMEM culture medium containing NIH3T3 cells at a concentration
of 3.25x10° cells/ml, and the contents were mixed by performing
pipetting three times. As a result, a sol into which the cells were

mixed was obtained.

roo4a3j The number of cells at each position in the resultant
cell-mixed sol was determined in the same manner as in Test Example

1. Table 1 shows the results.

[0044] [Comparative Test Example 2]

The same self-assembling peptide gel used in Test Example 2
was subjected to an ultrasonic treatment (product name "ULTRASONIC
CLEANER US-4R" (manufactured by AS ONE Corporation, tank volume
9.5 1), 160 W, 30 minutes). As a result, a sol was obtained. 300
1l of the resuitant scl was put into a container storing 200 ul
of DMEM culture medium containing NIH3T3 cells at a concentration
of 5.38x10° cells/ml, and the contents were mixed by performing
pipetting three times. As a result, a sol into which the cells were

mixed was obtained.

[{0045] The number of cells at each pesition in the resultant

cell-mixed scol was determined in the same manner as in Test Example
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[ 0047] As shown in Table 1, the m xing object can be dispersed in a sol
obt ai ned by the freezing and the nelting steps nore uniformy than in a sol
obtained by the ultrasonic treatnent. [0048][ Exanple 1] The above
sel f-assenbling peptide 1 was dissolved in water, and an aqueous sol ution
of NaHCO3 was added to the solution so that its final concentration was 1.2
mV The peptide concentration in the resultant peptide solution was 0.8

W v% The peptide solution was left at rest at roomtenperature for 10

m nut &s. TAsblee ressitdys alselfeaasisenbl i ng pepti de gel was obtained. [0049] The
resultant self-assenbling peptide gel was frozen withliquidnitrogen. Next,

t hefrozensel f-assenbl i ngpepti degel was partially nelted with warm wat er at
37C, and then the resultant was left at rest at roomtenperature so as to
be mektgdg; Asa respit;.a sol was obtained. 300 pL of the resultant sol was
transgerred to a sanpling tube, and 450 pL of DMEM culture nedium

cont ai nisagpphenol ed Wast addedCtopthetsok. Thermedthe m xiowgpdnatpipetti ng
was per basted ol ve| Eixaesle] Q0504 Nexdtsartdies sapkingleube was: Eebinpak 2 est at
25C forppemM niy€6. | As B desult, a selfsassenpling peptide geb.uas
recongfiigkied s ELG 1(@)35hows the phoiograph of; tdy reconstityged gel .

Lower layer 1.12 0.35 2.13 2.25
Theoretical 1.3 5 15
value ’ T

(unit: 10° cells/ml)

[0047] Ls shown in Table 1, the mixing object can be dispersed
ina scl obtained by the freezing and themelting stepsmorsuniformly

than in a socl obtained by the ultrasonic treatment.

[0048] [Example 1]

The above self-assembling peptide 1 was dissclved in water,
and an agueocus solution of NaHCO; was added To the solution so that
its final concentration was 1.2 mM. The peptide concentration in
the resultant peptide solution was 0.8 w/v%. The peptide sclution
was left at rest at room temperature for 10 minutes. As a result,

a self-assembling peptide gel was obtained.

[0049] The resultant self-assembling peptide gel was frozen
with liguidnitrogen. Next, the frozen self-assembling peptide gel

wasgaxtiallyn@itédnﬁjilwamnwaterat.37°C,andtﬁwxltheresultant
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[ 0051] [ Exanpl e 2] As the self-assenbling peptide gel,
"BDTnPur aMat ri xTm Pepti de Hydrogel " (BD Bi osciences Inc., peptide
concentration: 1 wv% pH 3) was used. [0052] The above sel f-assenbling
pepti de gel was frozen with liquid nitrogen. Next, the frozen

sel f-assenbl i ng peptide gel was partially nelted wwth warmwater at 37C
and then the resultant was left at rest at roomtenperature so as to be
nelted. Asa result, a sol was obtained. 300 pL of the resultant sol was

t r ans{ s red tt ot acsanpt iR@nt tepe antu AR opds abo B maqueous Bolautéonlof eosin
was added to the sol. Then, the mxing by pipetting was perforned five
timesy 60023 Nextaidde, sampl ingotrubgewasshethinat shestaat s 2 F8Fr 28

mnutes. As a result, a self-assenbling peptide gel was reconstituted. FIG

2(a) shows,t ﬁggfll tﬂ%@%n‘%{ 4%*?)6 &P%‘E”%MEMUES@ %89%]&&%@@%& ]

A sel f-asse N peptide g reconstltute € same nmanner as in
Exanpl xcept tha 0 gqueou solu aon of FI TC- | abel d insulin was
i X T HET bt ol S RN CEMU%%J‘? e aﬁﬂhﬁ@g&yeﬁépe PGS 3
shows the ohotogra ph of the reconstituted gel. [0055][ Exanple 4]

sel f - BREENBPFAGT pEPt T HBSGel was reconstituted in the sanme manner as in
Exanpl e 2 except that a 50 pM aqueous solution of FITC | abel ed insulin was
m xed i nstead of the aqueous solution of eosin. FIG 4(a) shows the

phot ograph of the reconstituted gel.
[0050] Next, the sampling tube was left at rest at 25°C for

5 minutes, As a result, a self-assembling peptide gel was
reconstituted. FIG. 1(a) shows the photograph of the reconstituted

gel.

(00511 [Example 2]
As the self-assembling peptide gel, "BD™ PuraMatrix™ Peptide
Hydrogel"” (BD Biosciences Inc., peptide concentration: 1 w/v%, pH

3) was usead.

[0052] The above self-assembling peptide gel was frozen with
liguid nitrogen. Next, the frozen self-assembling peptide gel was
partially melted with warm water at 37°C, and then the resultant
was left at rest at room temperature so as tobemelted. As aresult,
a sol was cbhbtained. 300 uL of the resultant sol was transferred
to a sampling tube, and 450 ul of an aqueous scolution of eosin was
added to the sol. Then, the mixing by pipetting was performed five

times.
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[ 0056] [ Conpar ati ve Exanple 1] A sel f-assenbling peptide gel was
reconstituted in the same manner as in Exanple 1 except that a sol was
obt ai ned by performng an ultrasonic treatnment (product nane "ULTRASON C
CLEANER US- 4R" (manufactured by AS ONE Corporation, tank volume 9.5 L), 160
W 30m nutes) instead of the freezing and the nelting steps. FIG 1(b)
shows t he phot ograph of the reconstituted gel. [0057][ Conparative Exanple
2] A sel f-assenbling peptide gel was reconstituted in the sane
manner as in Exanple 2 except that a sol was obtained by performng an
ultrasonic treatnent (product nanme "ULTRASONI C CLEANER US-4R' (rmanufactured

by AS;ONE3Cor por atdon, dradks Mm@ Ry Sudbd Juas16@ AW 230 riisaukes)sPostead of
the freezing and the nelting steps. FIG 2(b) shows the photograph of the

reconggiggﬁ%gegql. 1003811 rati ve Bxaml 8.3l ng pepraseldeiasgenbl i ng

pept i was reconstituted 1n the same manner as 1 n Exanpl®e 3 except

that a sol bt ai b rf.orm an ul trasani t.r eat nent roduct nane
AR e Bt it R Pl Bl A AL TERL L enoduct e

9.5 L),.160 W 30 minutes) instead of the freezing and the nelting steps.

FI G %?%) shows the photograph of the reconstituted gel. [0059][ Conparative
Exanpl e 4] A sel f-assenbling peptide gel was reconstituted in the
same nmanner as in Exanple 4 except that a sol was obtained by perform ng an
ultrasonic treatnent (product name "ULTRASONI C CLEANER US- 4R' (rmanufactured
by AS!ONE4Cor por atizompliank] volunme 9.5 L), 160 W

A self-assembling peptide gel was reconstituted in the same
manner as 1n Example 1 except that a 50 uM agueous solution of
FITC-labeled insulin was mixed instead of the DMEM culture medium
containing phenol red. FIG, 3(a) shows the photograph of the

reconstituted gel.

100557 [Example 4]

A self-assembling peptide gel was reconstituted in the same
manner as in Example 2 except that a 50 uM agueous scolution of
FITC-labeled insulin was mixed instead of the agueous sclution of

eosin. FIG. 4(a) shows the photograph of the reconstituted gel.

00567 [Comparative Example 1]

A self-assembling peptide gel was reconstituted in the same
manner as in Example 1 except that a sol was obtained by performing
an ultrasonic treatment (product nams "ULTRASONIC CLEANER US-4R"

(manufactured by AS ONE Ccrporation, tank volume 9.5 L), 160 W,
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30 mnutes) instead of the freezing and the nelting steps. FIG 4(b) shows
t he phot ograph of the reconstituted gel. [0060]As illustrated in FIGS. 1(a)
and 1(b) to 4(a) and 4(b), according to the nmethod of the present

i nvention, the m xing object can be uniformy dispersed within a short tinme
period by subjecting a gelled nolecul ar-assenbly to the freezing and the
nmelti g treatnment to turn the assenbly into a sol. On the other hand, when
the sol obtained by the ultrasonic treatnment is used, the reconstituted gel
hazes3Cantintihwls) | Incarader f aurd frhatz e amiithg abjlectignas epenuniier m y

di spersed. [0061][ Reference Exanple 1] A gel l ed assenbly cont ai ni ng
a trageppagBowtapeni biecXbér apnenaf ast uredohy: Lapestegend. Ltd.) at a
concentration of 6 wv% (nedium water) was frozen wth |iquid nitrogen.
Next, the frozen assenbly was partially nelted with warmwater at 37C, and
then the resultant was left at rest at roomtenperature so as to be nelted.
As a result, a sol.was obtained, T resultant sol was left at rest at 25
QC for[gggm)urs . AT REE U e faéj}éa%%rf? e@sassenbl y was reconstituted .

[ 0062] [ Ref er ence, Exanpl e 2 . . A gelled assenbly containi a trade
name " Lapon%*t%lﬁ:@sS(Wr]éiétpﬁpgﬁdﬁyggip%??eﬁqqﬂf?sq&fd%t)e tl”atggnﬁ%’ﬂ?rati on
of 2 wv% (nedium an aqueous solution containing 0.75 wt% of a

sur f aBeBRET (A% adelpanel e GSexgeriphlt bct 6PédVHY Nilddo<Théni earscwsingLlid. )
and 1.0 wt % of EDTA-2Na) was frozen with liquid nitrogen. Next, the frozen
assenmbhyulvasaparic d tapmedried pudduoanmwat' §L.TERARSSRCC andANRBNUEhER"
resultant was left at rest at roomtenperature so as to be nelted. As a
resul {mz8u 89kt Wasd obY aknediE Therpesuttianf sehkwasiheétoat restiap BpC for
15 minutes. As aresult, a gelled assenbly was reconstituted. [0063] The

m xi ngg et hed. and; produgtd on ethod. of, 4 he present.i-nventi-ap ar epsyi tably
applicable to regenerative nedicine, or the production or use of, for
exa”p%g?? asgwg Qﬁé'g{ﬁé%’o@(&%ﬁ%fCPﬁQEE%SémsE‘iéé{PéQegég.V'”.eOUS’ a
henos c drug, an injectron for cosnetic surgery, one filler, a joint
| ubricant, or a water retention material for hunectation.

10058] [Comparative Example 3]

A self-assembling peptide gel was reconstituted in the same
manner as in Example 3 except that a sol was cbtained by performing
an ultrascnic treatment (product name "ULTRASONIC CLEANER US-4R"
(manufactured by AS ONE Corporation, tank volume 9.5 L), 160 W,
20 minutes) instead of the freezing and the melting steps. FIG.

3(b) shows the photograph of the reconstituted gel.

[0059] [Comparative Example 4]

A self-asssembling peptide gel was reconstituted in the same
manner as in Example 4 except that a sol was obtained by performing
an ultrasonic treatment (product name "ULTRASONIC CLEANER US-4R"

(manufactured by AS ONE Corporatiocn, tank volume 9.5 L), 160 W,
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[ 0064] [ Sequence Listing Free Text] SEQID NO 1 represents a

sel f-assenbl i ng peptide which may be used in the present invention.

SEQ ID NO 2 represents a self-assenbling peptide which may be used in the
present invention. SEQ ID NO 3 represents a self-assenbling peptide
whi ch may be used in the present invention. WHAT IS CLAIMED I S:

1. Anmethod for mxing a mxing object into a gelled assenbly, the nethod
conprising: freezing the gelled assenbly; nmelting the frozen assenbly to

obt ai ppamsPlites) Mxtagdthe tiesultaddisplarandHhengnoing salkjrect ; Fand
reconstituting the gelled assenbly fromthe sol into which the m xing

obj eck (BpsshEEE PhXefnotograph of- tﬁe”EéB@Hs€9€9EQﬁn? et0 claiml, wherein
the gell ed assenbly conprises a gel forned by nol ecular-assenbling of

sel f-assenbl i ng nol ecul es.

[0080] As iliustrated in FIGS. 1(a) and 1{(b) to 4(a} and 4(b),
according to the method of the present invention, the mixing object
can be uniformly dispersed within a short time period by subjecting
agelledmolecular—assemblytothe freezingandthemelting treatment
to turn the assembly into a sol. On the cother hand, when the scl
obtained by the ultrasonic treatment 1s used, the reconstituted
gel hazes, and thus it can be found that the mixing okject was

nonuniformly dispersed.

[0061] [Reference Example 1]

A gelled assembly containing a trade name "Laponite XLG"
(manufactured by Laporte-Ind. Ltd.) at a concentration of 6 w/v%
(medium: water) was frozen with liguid nitrogen. Next, the frozen
assembly was partially melted with warm water at 37°C, and then
the resultant was left at rest at room temperature so as tobemelted.
As a result, a 20l was obtained, The resultant sol was left at rest

at 25°C for Shours. Asaresult, agelledassemblywasreconstituted.

[0062] [Reference Example 2]
A gelled assembly containing a trade name "Laponite XLG"

(manufactured by Laporte-Ind. Ltd.) at a concentration of 2 w/v$
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3. A nethod according to claim 1, wherein the gelled assenbly conprises a

gel formed by assenbling of clay mneral crystals. 4. A nethod
according to claim?2, wherein the self-assenbling nol ecul es conprise
sel f-assenbl i ng pepti des. 5. A nmethod for producing a gelled

assenbly into which a m xing object has been m xed, the nethod conprising:
freezing the gelled assenbly; nelting the frozen assenbly to obtain a sal;
m xing the resultant sol and the m xi ng object; and reconstituting

t he gehbeduassenbhyuésomddieisioln iddro i icty tthey amvkiang folj eakrfhasaheen
m xed, wherein the reconstituting step conprises resting the sol for 1

M nut e+ PE3ADY Bre "ABSTRAGT, Ohr THE PLSQ-OBURE o chemicdhe & eSenly iynyention

provi des a m xi ng net hodbywhi ch am xi ng object can be uniformy mxed into

a gel ‘tx.eé’ Fegegblyni th %a%‘af{] oAd iﬁ?@%ﬁﬂ‘%ﬁ%@&%‘%@. tﬂgxpreéﬁgt

i nvention conprises freezing the gelle y, melting t foZen
assenply to obtain a sol; mxi the.resultant sol and th 1.%i.ng_ohj ect;
ond BT BT SHOL P AT e e ey SPr Be P 201 TSR N idn CRES T xi g
obj ect has been m xed.

then the resultant was left at rest at room temperature so as to

be melted. 2&As a result, a sol was obtained. The resultant scol was

left at rest at 25°C for 15 minutes. As a result, a gelled assembly

was reconstituted.

[0C&63] The mixing method and producticn method of the present
invention are suitably applicable to regenerative medicine, or the
production or use of, forexample, adrugdelivery system, cosmetics,
a synthetic vitreous, a hemostatic drug, an injection for cosmetic
surgery, a bone filler, a joint lubricant, or a water retention

material for humectation.

[0064] [Sequence Listing Fres Text]

SEQ ID NO: 1 represents a self-assembling peptide which may
be used in the present invention.

SEQ ID NO: 2 represents a self-assembling peptide which may
be used in the present invention.

SEQ ID NG: 3 represents a self-assembling peptide which may

be used in the present invention.
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SEQUENCE LI STI NG <110> Meni con Co. Ltd. <120> et hod for mixi ng object into
-gel l ed assenbly <130> F2P- MNC09021 <150> JP2009- 054982 <151> 2009-03-09
<160> 3 <170> Patentln version 3.1 <210> 1 <211> 13 <212> PRT

WHAT IS CLAIMED IS3:
1. Amethed for mixing a mixing object intc a gelled assenmbly,
the method comprising:
freezing the gelled assembly;
melting the frozen assembly to obtain a sol;
mixing the resultant sol and the mixing object; and
reconstituting the gelled assembly from the sol inté which

the mixing object has been mixed.

2. Amethod according to claim 1, wherein the gelled assembly
comprises a gel formed by molecular-assembling of self-assembling

mclecules.

3. Amethod according to claim 1, wherein the gelled assembly

comprises a gel formed by assembling of clay mineral crystals.

4, Amethod according to claim 2, wherein the self-assembling

molecules comprise self-assembling peptides.

5. Amethod for producing a gelled assembly into which a mixing
object has been mixed, the method comprising:

freezing the gelled assembly;

melting the frozen assembly to cbtain a sol;

mixing the resultant sol and the mixing object; and
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<213> Artci al <220> <223> self-assenbling peptide <400> 1 Arg Leu Asp Leu

Arg Leu Ala Leu Arg Leu Asp Leu Arg 1510 <210> 2 <211> 13 <212> PRT <213>
Artificial <220>

reconstituting the gelled assembly from the sol into which
the mixing object has been mixed, wherein the reconstituting step

comprises resting the sol for 1 minute or more.
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<223> sel f-assenbling peptide <400> 2 Arg Leu Asp Leu Arg Leu Leu Leu Arg
Leu Asp Leu Arg 1510 <210> 3 <211> 14 <212> PRT <213> Artificial <220>
<223> sel f-assenbling peptide <400> 3

ABSTRACT OF THE DISCLOSURE
Thepresent inventionprovidesamixingmethodbywhichamixing
cbject can be uniformly mixed into a gelled assembly within a short
time periocd. Themethod of the present invention comprises freezing
the gelled assembly; melting the frozen assembly to cbtain a sol;
mixing the resultant sol and the mixing cbject; and reconstituting
the gelled assembly from the sol iIntc which the mixing object has

been mixed.
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Arg Leu Asp Leu Arg Leu Ala Leu Arg Leu Asp Leu Arg Leu 1510

SEQUENCE LISTING
<110> Menicon Co. Ltd.
<120> method for mixing object into geiled assembly
<130> F2P-MNC03021

<160> JP2009-054982
<151> 2008-03-09

166> 3
<170> Patentin version 3.1

<2105 1
2113

212> PRT

213> Artificial

220>
223> self-assembling peptide

<400> 1

Arg Leu Asp Lsu Arg Leu Ala Leu Arg Leu Asp Leu Arg
1 5 10

210> 2

211 13

£212> PRT

<213> Artificial

{220>
{223> self-assembling peptide

<400> 2

Arg Leu Asp beu Arg Leu Leu Leu Arg Leu Asp Leu Arg
1 5 10

210> 3
211> 14
<212> PRT



213> Artificial

{220%
{223> self-assembling peptide

<400> 3

Arg Leu Asp Leu Arg Leu Ala Leu Arg Leu Asp Leu Arg Leu
i 5 10



