F2P- MNC0O9022PCT Descri pti on SELF- ASSEMBLI NG PEPTI DE AND PEPTI DE GEL W TH

* H GH STRENGTH Technical Field [0001] The present invention relates to a

sel f-assenbl i ng peptide capable of form ng a high-strength peptidegel,

. andapeptide gel, which is forned fromthe peptide. BaEgRgMNGELFEAPTD002] A
" collagen gel is generally used as a scaffold (scaffold for cells) to be
used in research and actual therapy in the regenerative nmedicine field.
However, the collagen gel is derived froman aninal and hence may cause an
unknown infectious disease. As neans for elimnating the concern about the
unknown infectious di sease, thebesexiptson scaffold derived froma

chem cally synthesized material. Exanples of such material include a

sel f - as sSETH-AREEEALTINGE RIS adiD PERAI TR dBoc WTEM HI G SEREIETHDocunent
2. However, a scaffold (peptide gel) forned of the self-assenbling peptide
of Patent Document 1 or 2 is insufficient in nmechanical strength and hence
i nvol ves such a problemin handleability that the scaffold may coll apse
when geappedsw thetweezers, for exanple. Further, the self-assenbling

peptide gel of Patent Document 1 involves such a problemthat the gel is
insuffpgbent in transpacedsy ahvBadihal RHLeRW HNMENse] f-assembling
peptide capable of forming a high-strength peptide gel, and a peptide

gel, which is formed from the peptide.

Background Art

[0002] A collagen gel is generally used as a scaffold (scaffold
for cells) to be used in research and actual therapy in the
regenerative medicine field. However, the collagen gel is derived
from an animal and hence may cause an unknown infectious disease.
As means for eliminating the concern about the unknown infectiocus
disease, there exists a scaffold derived from a chemically
synthesized material. Examples of such material include a
self-assembling peptide disclosed in Patent Document 1 or Patent
Document 2. However, a scaffold (peptide gel) formed of the
self-assembling peptide of Patent Document 1 or 2 is insufficient
in mechanical strength and hence involves such a problem in
handleability that the scaffold may collapse when grasped with
tweezers, for example. Further, the self-assembling peptide gel
of Patent Document_l involves such a problem that the gel is

insufficilent in transparency at neutral pH environment.



F2P- MNCO9022PCT Prior Art Docunments Patent Docunents [0003] [ Patent
Docunent 1] US 5670483 A [Patent Docunent 2] WD 2007/000979 Al Summary of
I nvention Problens to be solved by the Invention [0004] The present

i nventi on has been made in order to solve the aboveREhMMNGOH0ZZROTem An
obj ect- of the present invention is to provide a peptide gel with
practically sufficient nmechanical strengthanda sel f-assenbling peptide
capabl e of form ngthepeptide gel. Means for solving the problens

Prior Art Documents

Patent Documents

[GG03]

[Patent Document 1] US 5670483 A

[Patent Document 2] WO 20607/000979 Al

Summary of Invention

Problems.to be solved by the Invention

[0004] The present invention has been made in order to solve
the above-mentioned problem. 2An object of the present invention
is to provide a peptide gel with practically sufficient mechanical
strengthamdfiself—assemblingpeptidecapableoffbrmingthepeptidé

gel.

Means for solving the problems

[0005] According to the presentrinvention, a self-assembling
peptide is provided. The self-assembling peptide is formed of the
following amine acid sequence:

Amino acid sequence: aibicibsazbidbjasbscalgas

where: a; to a, each represent a basic amino acid residue; b; to
bs each represent an uncharged polar amino acid residue and/or a
hydrophobic amino acid residue, provided that at least five thereof
each represent a hydrophobic amine acid residue; c¢; and cy each
represent anacidicaminoacidresidue; anddrepresents ahydrophobic

amino acid residue.



. [0005] According to the present invention, a self-assenbling peptide is

© provided. The self-assenbling peptide is forned of the follow ng ani no
aci d sequence: Am no acid sequence: alblclb2a2b3db4a3b5c2b6a4 where: al to
a4 each represent a basic ami no acid residue; bl to HEZRMNCOSPEREEMt an
unchar ged polar am no acid residue and/or a hydrophobic amno acid

resi due, provided that at |east five thereof each represent a hydrophobic
am no acid residue; cl and c2 each represent an acidic am no acid residue;
and d represents a hydrophobic am no acid residue. F2P-MNC09022PCT

I n one enbodi nent of the invention, b3 and b4 in the am no acid sequence

each represent a hydrophobic am no acid residue. I n anot her
enbodi nent din e iempodtimemt @ tdfe Bhveothéninbt hendnrancnacihe sagoence
each represent a hydrophobic am no acid residue. In still another

enbodiamwEnt sfqudred meent iraprdiertto bbyidrddebdm roiaol dcdequenddueach
i ndependently represent an al ani ne residue, a valine residue, a |eucine
resi due, or an isol eucine residue. In still another enbodi ment of
the invention, d in the am no acid sequence represents an al ani ne resi due,
a val i ne regindugothckevabbeimesi-duve, Bk aAveseleHei AR1r8si BU&:o be in

the amino acid sequence each represent a hydrophobic aminco acid

residue,

In still another embodiment of the invention, by to bg in the
amino acid sequence each independently represent an alanine residue,

a valine residue, a leucine residue, or an iscleucine residue.

In still another embodiment of the invention, d in the amino
acid sequence represents an alanine residue, a valine residue, a

leucine residue, or an isoleucine residue.

In still another embodiment of the invention, the
self—assembling'peptide includes a peptide formed of an amino acid
sequence of RLDLRLALRLDLR (SEQ ID NO: 1), RLDLRLLLRLDLR (SEQ ID
NO:'Z), RADLRLALRLDLR (SEQ ID NO: 6), RLDLRLALRLDAR (SEQ ID NO:
7), RADLRLLLRLDLR (SEQ ID NO: 8), RADLRLLLRLDAR (SEQ ID NO: 9),

RLDLRALLRLDLR (SEQ ID NC: 10), or RLDLRLLARLDLR (SEQ ID NO: 11).

In still another embodiment o©f +the invention, the

self-assembling peptide includes a peptide formed of an amino acid



In still another enbodi ment of the invention, the self-assenbling peptide
i ncludes a peptide forned of an am no acid sequence of RLDLRLALRLDLR ( SEQ
ID NO 1), RLDLRLLLRLDLR (SEQ ID NO 2), RADLRLALRLDLR (SEQ ID NO 6),
RLDLRLALRLDAR (SEQ ID NGO 7), RADLRLLLRLDLR (SEQ | D NQP-SINCBAORRCTRLDAR
(SEQ ID NGO 9), RLDLRALLRLDLR (SEQ ID NGO 10), or RLDLRLLARLDLR (SEQ ID
NO 11). In still another enbodi nent of the invention, the

sel f-assenbling peptide includes a peptide forned of an am no acid

F2P- MNC0O9022PCT sequence of RLDLRLALRLDLR(SEQ ID NO 1) or

RL DL RIselgRlelds( SFQRIDUNOAIRL.DLR {SEQ ID Accorldi ng RbDaROLBALDABHEED 0D t he
invention, a nodified peptide is provided. The nodified peptide includes

t he seicf:- @aysenbl i ng pepti de whose N-term nal am no group and/or C-term nal
carboxyl group are/is nodified and has a self-assenbling ability.

I n one enbodi nent of the invention, the N-term nal am no group and/or the
C-term nal carboxyl group have/ has added thereto an am no acid sequence

including REBcording toAeeididld d4hadd |dr anpt hekvaspest, ok hbgiknugntion,
a peptide gel is provided. The peptide gel is fornmed from an aqueous

sol ut b@@th&%l UQIsngptrla%z,%hf assepbl i pgapepthdepapdi 9t thecimdili edhe
peptid I n one enbodi nent of the invention, the aqueous sol ution

furt h%llfa% %@%ﬁégﬂga%ﬁﬂ_/ e uhose LR anekher spbod et 0f ok B2or

invention, the a i ve 1 ncl udes at east one sel ected fron1the gr oup

consi gt Ig%gﬂg a,ﬁ mgﬁlﬁhgﬁgug ﬁﬁ}fﬁedaan"d hagin sef%ségggﬁéigﬁ a

pol ysac pi gment, a bioactive
substach. an enzyme, an antlbody, DNA and RNA.
apility. .

In one embodiment of the invention, the N-terminal amino group
and/or the C-terminal carboxyl group have/has added thereto an amino

acld sequence including RGD.

According to still another aspect of the invention, a peptide
gel is provided. The peptide gel is formed from an aqueocus solution

including the self-assembling peptide and/or the modified peptide.

In one embodiment of the invention, the aqueocus solution

further includes an additive.

In ancother embodiment of the inventicn, the additive inciudes
at least one selected from the group consisting of a pH adjuster,
an aminoc acid, avitamin, a saccharide, a polysaccharide, an alcohol,
a polyalcohol, a pigment, a biocactive suk?stance, an enzyme, anh

antibody, DNA, and RNA.



F2P- MNC09022PCT In still another enbodi ment of the invention, the
pepti de gel has an absolute value L (g/s) of an anount of change in | oad
per unit time of 0.03 g/s or nore in an approxi mate straight |ine of

val ues neasured fromthe start of conpression to betiEENENENd02gPEFCONdS
in a conpression test carried out at a conpression speed of 0.05 mis
using a jig whose tip has a spherical shape with a dianeter of 3 . 2 mm
and a curvature radius of 1. 6 mmunder a tenperature condition of 22C.
Accordi ngtostil | anot her aspect of t hei nventi on, asubstrate

forcel |l cul turei sprovided. Thesubstrateforcellcultureincludes

at | east onesel ect edf r ont hegr oupconsi sti ngoft hesel f-assenbl i ng peptide, the
nodi fi ed peptd dejlanthdiiepepbbdémgalk.of the invdiaciondl hyetmestidd gahot her
aspect of the invention, a manufacturing nethod for a sterile peptide is

provi ded sthebmnufactutuagLmeghey Horaa stemit expepidrde iimcllodespehe step
of sterilizing the self-assenbling peptide and/or the nodified peptide

under @i @Ss iozed . ogngdiki 6 Rbrd00C Of AWM\ ximate strAGEORdilAGet @rstil |
anot her aspect of the invention, a manufacturing nmethod for an article

coat ed whidy acheptidergsh i8e iovded cbheraaaubact yridg @i odnion pan
article coated with a peptide gel includes the steps of: freezing the

pepti %%c% l4s 1R2B- MNRRR022RP LT oBL L Rg-1 88 d10Z8N Pephdesgebnt 9pREQVI de a
pepti de sol; coating at least part of a surface of an article to be coated

W th pept i | s L IUCti pept.i f he.: pepti de
Vot S AP Bt HRSOTALEACL B9 A PSP Lo fe:geLT LREDENR: B8P
'diameterof3.2mmandacmrvatureradiusof1.6mmunderatemperature

condition of 22°C.

Accordingtostill another aspect of the invention, a substrate
forcell culture isprovided. Thesubstirateforcellcultureincludes
at least one selected fromthe groupconsistingof the self-assembling

peptide, the modified peptide, and the peptide gel.

According to still another aspect of the invention, a
manufacturing method for a sterile peptide is piovided. The
manufacturing method for a sterile peptide includes the step of
sterilizing the self-assembling peptide and/or themodified peptide

under a pressurized condition at 100°C or more.

According to still another aspect of the iInvention, a
manufacturing method fbr an article coated with a peptide gel is
provided. The manufacturing method for an article coated with a

peptide gel includes the steps of: freezing the peptide gel;



[ 0006] According to the sel f-assenbling peptide having a specific am no
aci d sequence of the present invention, the peptide gel with practical
mechani cal strength nay be obtained. Brief Description of Draw ngs
[0007][FIG 1] FIG 1 is a schematic view for descri lpgmnevcdosheyeeT

bet ween peptides each fornmed of a sequence of n- RADARAAARADAR-c. The bold
line in a min chain connecting the NNterm nus and the C-termnus in the
figure represents a peptide bond. [FIG 2] FIG 2 is a graph showi ng the
results of a conpression test on a peptide gel of Exanple 1. [FIGS. 3]

FI G 3Heatirsy ahghdtrogeappeptidepgpli tle gedvide Exanpita de godspedawtihh
tweezers, FIG 3(b) is a photograph of a peptide gel of Exanple 2 grasped
W th taeezess paantdoFlaGudfede icF an phatiegaph bef ceapepiiide gl pebtide
Conparative Exanple | grasped with tweezers. [FIG 4] FIG 4 is a graph

show n@1t;he e sdcs s@fria teorP e $oi@n deF R IMIGRA022RCheptide sol.

Advantageous Effects of Invention
[0006] Bccording to the self-assembling peptide having a
specific amino acid sequence of the present invention, the peptide

gel with practical mechanical strength may be obtained.

Brief Description c¢f Drawings

[0007] [FIG. 1] FIG. 1 is a schematic view for describing a
distance between peptides each formed of a sequence of
n-RADARAAARADAR-c. The bold line in a main chain connecting the
N-terminus and the C-terminus in the figure represents a peptide

bond.

[FIG. 2] FIG. 2 is a graph showing the results of a compression

test on a peptide gel of Example 1.

[FIGS. 3] FIG. 3{a) is a photograph of a peptide gel of Example
1 grasped with tweezers, FIG. 3(b) is a photograph of a peptide
gel of Example 2 grasped with tweezers, and FIG. 3(e} is a photogrraph

of a peptide gel of Comparative Example 1 grasped with tweezers.

[FIG. 4] FIG. 4 is & graph showing the results of a compression



test on a peptide gel of Exanple 2. [FIG 5] FIG 5 is a graph show ng
the results of a conpression test on a peptide gel of Exanple 3. [FIG 6]
FIG 6 is a graph showing the results of a conpression test on a peptide
gel of Conparative Exanple 1. [FIG 7] FIG 7 is a gapMNSOos)sapPCire
results of a conpression test on a peptide gel of Conparative Exanple 2.
[FIG 8] FIG 8 is a graph showing the results of a conpression test on a
pepti de gel of Exanple 4. [FIG 9] FIG 9 is a graph showing cell growth
rates in Exanple 7. [FIGS. 10] FIG 10(a) shows the mass spectronetry
resul tisesaf can pepldods daquedus S alxanipdre @ef ore sterilization treatnment, and
FIG 10(b) shows the nass spectronetry results of the peptide aqueous
solution after sterilization treatnent. [FIGS. 11 ] FIG 11(a) shows the
mass spectronetry results of a trade name "PuraMatri xTm' (manufactured by

3-D Matpicx, st Gh10). IBefier & gfrerdH iszakdiony theatreentrsand El Gombieb}ishows
the mass spectronetry F2P-MNC09022PCT

test on a peptide gel of Example 3.

[FIG. 6] FIG. 6 is a graph showing the results of a compression

test on a peptide gel of Comparative Example 1.

[FIG. 7} FIG. 7 is a graph showing the results of a compressicn

test on a peptide gel of Comparative Example 2.

[FIG. 8] FIG. 8 is a graph showing the results of a compression

test on a peptide gel of Example 4.

[FIG. 9] FIG. 9 is a graph showing cell growth rates in Example

[FIGS. 10] FIG. 10(a) shows themass spectrometry results of apeptide
aqueous solution before sterilization treatment, and FIG. 10(b)
shows the mass spectrometry results of the peptide aqueous solution

after sterilization treatment.

[FIGS. 11] FIG. 11(a) shows the mass spectrometry results of a trade
name "PuraMatrix™" (manufactured by 3-D Matrix, Ltd.) before

sterilization treatment, and FIG. 11 (b) shows the mass spectrometry



results of the trade nanme "PuraMatrixTm (manufactured by 3-D Matri x,

Ltd.) after sterilization treatnent. [FIGS. 12] FIGS. 12(a), 12(b), and
12(c) are a photograph of a gel transferred to a |aboratory dish, a

phot ograph of a frozen gel, and a photograph of a | abRaNMNEOdOSIIIDSE
entire surface is uniformy coated with a peptide gel, respectively.

[FIGS. 13] FIGS. 13(a), 13(b), and 13(c) are a photograph of a gel
transferred to a slide glass, a photograph of a frozen gel, and a

phot ograph of a slide glass whose entire surface is uniformy coated with
a peptiede:lgal of tespectdeehye "DescaMaitdion bimEnbbd renes byODaOBMALrix,
Definition of terms (1) The term "sel f-assenbling peptide" as used herein

ref er .4 )a g7epid decriat zassenbltesaspemnttaneously via an interaction

bet ween peptide nolecules in a solvent. Exanples of the interaction

i nclude, but not particularly limted to, a hydrogen bond, an interionic
interaction, an electrostatic interaction such as van der Waals force, and

a hydriephebi ¢2 nketactizon) | A2qeg erhadi 2y .arhe ESl@dnEo%ﬁéﬁlﬁﬁHﬁ lagch@@pti des

are capabl e of self-assenbling to form nanofibers, which further forma

gel i n.an-3A4eQUs +$0LULER Lieh2Xa Rl €a BHBtd %%6%) BepLi decagHegys,
solution) at roomtenperature. “F2P- MNCO9 22PC% 2) The term"gel" as

used Q%eag%égﬁé%ﬁ 9ra 1%&&%%@%§£Sr§whage%%ﬂ VG RQE s 0F 5 ¥h 860U

s
property C property. e term"hydrophilic amno acid" as

used herel eeaThassgs  hase oM, ackdssych as arginine (ATg/R), | ysine

(Lys/ Ky, "and "hi'stid acidic amno acids such as aspartic acid
(Asp/D) and glutamc acid (A u/E), and uncharged polar am no acids such as
tyrosine (Tyr/Y), serine (Ser/S), threonine (Thr/T), asparagine (Asn/N),

glutam ne (4 n ndcyst ein s/ Q) .. .The al phabetical letters in
par entl R&&8s ?'ﬁﬂt %0 ég‘@lgﬂgﬁag%t'ea%‘ﬂeJ'{]ﬁ‘i)eé’;Fe?t%}FoE%%a%c?fsa gel
single-letter code of the am no acid, espectivel¥.

transferred to a slide glass, a photograph of a frozen gel, and

a photograph of a slide glass whose entire surface is uniformly

coated with a peptide gel, respectively.

Description of Embodiments

[0008] A. Definition of terms

(1) The term "self-assembling peptide” as used herein refers to
a peptide that assembles spontaneously via an interaction between
peptidemolecules inasolvent. Examplesoftheinteractioninclude,
but not particularly limited to, a hydrogen bond, an interionic
interaction, an electrostatic interaction such as van der Waals
force, and a hydrophobic interaction. In one embodiment, the
gelf—assembling peptides are capable of self-assembling to form
nanofibers, which further form a gel in an aqueous solution (for

example, a 0.4 w/v$% peptide aqueous solution) at room temperature.



(4) The term "hydrophobic am no aci d" as used herein enconpasses nonpol ar
am no acids such as alanine (Ala/A), leucine (Leu/l),

i sol eucine(lle/l),valine(Val/V), nmethionine(Met/M, phenylal ani ne (Phe/F),
tryptophan (Trp/W, glycine (Ay/ G, and proline (Pr&2P)MNGeseatEbeti cal
letters in parentheses in the foregoing denote the three-letter code and
single-letter code of the am no acid, respectively. [0009]B.

Sel f-assenbl i ng peptide A sel f-assenbling peptide of the present
invention is forned of the followi ng am no acid sequence: Am no acid
sequeri¢e: Tlad hEctb2a2bBdixdal368 dhGah whEers @ atw b edact ceprieseanca basi c
am no acid residue; bl to F2P-MNC09022PCT b6 each represent an uncharged
pol ar hawriing &eitth bEsivdseoasdpabparhydraphebistani pecpeirtyr esi due, provided
that at |east five thereof each represent a hydrophobic am no acid
residue; cl and c2 each represent an acidic amno acid residue; and d
represents a hydrophobic am no acid residue. [0010]In general, it is

esti mgedrthatthershfopsserdldmho acid" as used herein encompasses
basic amino acids such as arginine {Arg/R), lysine (Lys/K), and
histidine (His/H), acidic amino acids such as aspartic acid (Asp/D)
and glutamic acid (Glu/E), and uncharged polar amino acids such
as tyrosine {Tyr/Y), serine (Ser/S}, threopine (Thr/T), asparagine.
(Asn/N), glutamine (Gln/Q), andcysteine (Cys/C). Thealphabetical

letters in parentheses in the foregoing denote the three-letter

code and single-letter code of the amino acid, respectively.

(4) The term "hydrophobic amino acid" as used herein encompasses
nonpolar amino acids such as alanine (Ala/A), leucine (Leu/L),
isoleucine (Ile/1), valine (val/Vv), methionine (Met /M),
phenylalanine {Phe/F), tryptophan (Trp/W), glycine (Gly/G), and
proline (Pro/P). The alphabetical letters in parentheses in the
foregoing denote the three-letter code and single-letter code of

the amino acid, respectively.

[0009] B. Self-assembling peptide

A self-assembling peptide of the present invention is formed
of the following amino acid seguence:

Amino acid sequence: aibicibgasbsdbjazbscabgag

where: a; to as each represent a basic aminco acid residue; b; to



peptide forns a 13-sheet structure having a plane in which a hydrophilic
side chain is disposed and a plane in which a hydrophobic side chain is
di sposed in an aqueous solution and that a plurality of peptide nol ecul es
assenbl e spontaneously through interactions such as apNnogesyEPdTor an
interionic interaction acting on hydrophilic planes and a hydrophobic
interaction acting on hydrophobi c planes. Therefore, it has been regarded
as very inmportant fora conventional self-assenbling peptide to have a
hydrophilic am no acid and a hydrophobic am no acid alternately arranged
at ankgqeathr aéppefsee, aif oinexarg @, pded e rimiboc urErt rekidue0ihidnrt e

ot her hand, as described above, the self-assenbling peptide of the present
I nVentiyeirdphdddidedi 0b =an arkpedas] dhasquricehet at3legstdues: bavregrbasi c
am no acid residues (at positions 1, 5, 9, and 13) and acidic am no acid
resi dugsn e RRHNORS 13y BhHbbi ERidhPtherd resd idigs At Syaetd | 8ach
positions inthe N-termnal direction and the C-termnal direction with

respecl o a hydl 9PNebk GnaRLRR. 1204 &s 1 §$d JHEd Alr AL S niArbPBoseRt er .
F2P- MNCO9022PCT That Is, one feature of the self-assenbling peptide of

t he pr t _Lnyentl esides in that the self-assenbling peptide does not
have gﬁﬁégrggﬁﬁlg%sggFﬁé acid and a hydrophobic am no acid alternately.
Further, another feature of the self-assenbling peptide of the present
invention resides in that the sel f-assenbling peptide does not have a
hydr ophi.l.i.c am no_acid resjdue_and a _.hydr.o [ 1N id_resj at an
equalqgggpg. Furtﬁ%rge%?¥?i’aﬁ%ﬁﬁ%ﬁ*ﬁ@aéﬁF%P% a%hggée ??gsggﬁgﬁéggg%eptide
of the prese i nveption resides in.that the.self-assenblin tide has
four BEDEEOBMATSAPas REST ARES ChH S H TP LORFTRY el PEQT UBbI B g1 ven
symmetric positions, wth respect to a_ hydrophobjc._am no acid residue at
posi t PAASTERF IR He dbmrered A¢ pRIRRR 18nY S By B HORES st denghain
N-term nus and the C-termnus are basic am no acid residues. The |,

hydr opEoBi ePapfd o ThéndafeePHaes at Wbkt Gh thaf 2 2 1M SdvanPageeP bt 9¢ he
formation of a 13-sheet structure and nakes a ratio between a hydrophilic
ani nonaépauanrd ashgdbdphebPetantaysati HhuAvglalnt¥herbiere, SERR gohet al ,
this has been considered as adversely affecting the self-assenbling

abi | i hydobganpepnd der dHpvuev@ariarHe saltierasddwl Pa§ipapendeydfopihel b2 esent

i nvention has an excellent self-assenbling ability and is capabl e of

f or m pYanepeptd dehgatopipvlel exiceld @ttt ian methagi wahysroghgbhctihbaneyer
before. Although the reason why such effect is exerted is not clear, a
possi Phere€asgep iitshas kdescrebeddbdlaawe The mpelftzagstobla ngnpept i dea bf t he
present invention not only has a hydrophobic am no acid at position 7 but
al so Basrbaskemabing pepdidesitduemvend aoidicptartiino aacird residluesiian whi ch
t he nunber of the F2P-MNC09022PCT basic ami no acid residues is |arger

t han £{8roPnRBE! c Gfnilrtea a€h i Ic- i e 1AE he raagedues ahye fuwl aadibagsddie
respective amno acid residues at specific positions. As a result, an

el ect rgst akhppabl ragtiNe HokeReand1an el ectrostatic repul sive force act on
peptide nol ecul es at an extrenely excellent balance while an ability to
forma 3-sheet structure is maintained. [0012] An am no acid that
constructs the self-assenbling

[0011] On the other Thand, as described above, the
self-assembling peptide of the present invention is formed of an
amino acid sequence of 13 residues having basic amino acid residues
{(at positions 1, 5, 9, and 13) and acidic aminc acid residues (at
positions 3 and 11) every other residue at symmetric positions in
the N-terminal direction and the C-terminal direction with respect

to a hydrophobic amino acid residue at position 7 in the center.

10



peptide may be an L-amno acid or a D-amno acid. Further, the amno acid
may be a natural amno acid or a non-natural amno acid. O those, a
natural amno acid is preferred because it is available at a | ow price and
facilitates peptide synthesis. [0013]1n the am no aciFgPsENEIQIER2FEITto a4
each represent a basic amno acid residue. A basic amno acid is
preferably arginine, lysine, or histidine, nore preferably arginine or

| ysine. This is because those am no acids have strong basicity. al to a4
may represent the sane amno acid residue or different am no acid

resi doast {901ld Heheranbiolasist Sequarmd ] ibhly pepbbdeach theppesestt an
uncharged polar am no acid residue and/or a hydrophobic am no acid

resi duayvealdoat ré€asds finviehi heteos e eachs & epis ESeR oo thyldr opdohiot leavaeo aci d
resi due. A hydrophobic amno acid is preferably al ani ne, |eucine,

i sol eychPgroMal 1 N arliRiNhentngnd Rhapukapabbne, ahiyPhephaal tghyst ey . or
proline.” An uncharged polar amno acid is preferably F2P-MNC09022PCT
tyrosigiern8e’ | ReothBhe PRt AFANAH %1ﬂia§§éﬂmq,ng>rp%pﬁcsﬁcﬁé nee dids is
because those amno acids are easily available. [0015]b3 and b4 each

| ndepeRdeRhLY; 4 AAICRGNL i eLR! 2R shANYNARPT AL Al il BRRekLE @0 aci d
residue, nore preferably a | eucine residue, an al ani ne Tesidue, a valine
resid [ i i.due rij I re ; o

el SR LR i o & MR e N i Al L S
whi ch_gte Jocaked Al JRosill PS8 And ey chespet | velahoBaaheLapresalt a

hydro%ﬁ% 0 acl Si due, e amno'acid residues at positions 6

to 8 ti hyd hqbi ] id id . Lt 1S i at ed
hat. SRy AP ORROBPE P LUPanFRrARS A TRE BBRFEPE of "I RAC AR it ST sBhuence

d i bed above i bl f o4 i but i to the, f t.i
il S R G ALt R R Sb E o TR S
the |ike.

and two acidic amino acid residues at given symmetric positions
with respect to a hydrophobic amino acid residue at position 7 in
the center, and both of amino acid residues ’at the N-terminus and
the C-terminus are basic amino acid residues. The hydrophcbicamino
acid residue at position 7 is a disadvantage for the formation of
a p-sheet structure and makes a ratio between a hydrophilic amino
acid and a hydrophobic amino acid unequal. Therefore, in general,
this has been considered as adversely affecting the self-assemnbling
ability of a peptide. However, the self-assembling peptide of the
present invention has an excellent self-assembling ability and is
capable of forming a peptide gelmore excellent inmechanical strength
than ever before. Although the reascn why such effect is exerted
is not clear, a possible reason 1s as described rbelow. The
self-assembling peptide of the present invention not only has &
hydrophobic amino acid at position 7 but also has basic amino acid

residues and acidic amino acid residues in which the number of the
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[0016] All of bl to b6 each preferably represent a hydrophobic am no acid
residue. This is because the self-assenbling peptide is capabl e of
suitably form ng a 8-sheet structure and self-assenbling. bl to b6 each

i ndependent |y represent nore preferably a |eucine resioqugiNEpoGeEF e
residue, a valine residue, or an isoleucine residue, still nore preferably
a leucine residue or an alanine residue. In a preferred enbodi nent, four
or nore of bl to b6 each represent a leucine residue, it is particularly
preferred that five or nore thereof each represent a | eucine residue, and

F2P- MNGRARR2REhol hcig M@sidpeefey nedikat tabh therweibeadt rtepresetica
| eucine residue. This is because a self-assenbling peptide that is

excel lgnhd e vatesisakul) ity Adnhs toapabscof i forming A gBssirengt h
pepti de gel may be obtained. [0017]1n the ami no acid sequence, cl and c2

each repLeaeRtianyashdienam n.zgs acidb 8%, dlael cARcachdi-arapi peragkdits

preferably aspartic acid or glutamc acid. This is because those am no
aci ds eash Ly &y JIBYo PEe LhE S IRongeLdy1esi due
or le%g?gﬁ%%gﬁ¥H% g%#gQ%E%F% %%" % t%e anlngﬁgggh sequence d

repregents & hyde ﬁg)ﬂgg&&hgg}lg%ﬁ%gr g,ehx?%iﬁé'%n éﬁlﬁfégrecbfg dxglaoy@s

sel f-assenbl i'ng I'C am no acl resi e as and a

gi ven trlc struct thereby it is conceivable that the
sel f - 5§¥g%§ ﬁglﬁeﬁ?ﬁa |s gapable of formng a gel nore excellent in

mechani cal strength than a conventional peptide gel. Al though the reason
why such effect is exerted is not unclear, a possible reason i s as

descri el ow. That i s, mat ed ,t ha sel ssenbl.i epti de
of thegﬁgegent i RN EFYRO %agﬁﬂkoFopﬁFﬁPﬁ %§§s§ﬁ% eﬁs§?%?£ﬂﬁgving
hi gh uniformty because the am no acid residue d at 08 tion, 7 1is, a
hydrosﬁasﬂeeaqﬁmeeaad}a PEENAFELDAF @D nﬁIRJegoeﬁl&/erFﬁﬁ %?fpéﬁﬁ%f&lno

nol ecul es constant in self-assenbling. [0019]d preferably represents an

al ani AeifeBpHURe 3| NEyLsed amino acid or a non-natural amino acid. Of

those, a natural amino acid is preferred because it is available

at a low price and facilitates peptide synthesis.

[0013] . In the amino acid sequence, a; to as each represent a
basicaminocacid residue. Abasicaminoacidispreferablyarginine,
lysine, or histidine, more preferably arginine or lysine. This is
because those amino acids have strongbasicity. aitoa4mayrepresent

the same amino acid residue or different amino acid residues.

[0014] In the amino acid sequence, b; to bs each represent an
uncharged polar amino acid residue and/or a hydrophobic amino acid
residue, and at least five thereof each represent a hydrophobic
amino acid residue. Ahydrophobicamino acidispreferably alanine,
leucine, isoleucine, valine, methionine, phenylalanine, tryptophan,

glycine, or proline. An uncharged polar amino acid is preferably

12



F2P- MNCO9022PCT residue, a |eucine residue, or an isoleucine residue. In
this case, amno acids on the hydrophilic plane side of a p-sheet
structure formed by the self-assenbling peptide may be non-conpl enentary
in side chain length to each other. However, the sel frgsppuhongepepti de

i s capabl e of exhibiting an excellent self-assenbling ability and is
capabl e of form ng a peptide gel excellent innmechanical strength than ever
before. This is an effect different greatly fromthe conventional finding
that am no acids on the hydrophilic plane side of a p-sheet structure are
pr ef ergilog ie@ypkerentar yhiraoslide, chspard ehgs h Jimteachet lver ciysteider to
obtain an electrostatic attractive force suitable for self-assenbling. The
t er m "rearpliempRi-ange Rhoisde salaion sergt Brecasayseqg Aereinapmeans that the
sum of the nunbers of atons mainly involved in side chain |l engths of a
pair of amno acid residues (for exanple, a basic am no acid residue and
an acidic am no acid residue) which exhibits an interaction is constant.

For examalsg. FI G pl di &,S606RBL A& dﬁérﬂ\éﬁ@f dRJRING p@ cFeshBNGEa NGt Ween
pepti de nol ecul es having am no acid resi dues non-conpl enentary in side

chain h@@ \Akmgee%}a&?hy buﬁs AN LR FLGs s fuet h@no%@ﬂﬁzaf@éaﬁﬂﬁ funbers

of ato ich are mai |nvo ved in side chain'| engths of an alani ne

rest dug;au glning Jesl dug, Pahn.Suer uded dy 2 99uiRd Ling dis, omml g than

the sum e ndnber s o atons are nain invol'ved in side

chal 1L Uflﬁngfrggbg;g "L 80k fa ool der LAY ne Leslidue gl supf ounded

I ne argsmaneutr
d | ud th If nbl tid
e e R 1A I T
oS 8, 0 39 S e, o o g

cancel | ed. In addltlon both of anmino acid residues at, the N-{erm nus and
the C2tBYAFABECRIE BELPE &Alth BRI Pesitdthes FNIC 35q nees $eSs&endl i ng
pepti de of the present invention, for exanple, not only an electrostatic
attraBPPiEipBpcetRU aéfles%oraﬁeﬁélll*é%‘f‘?bféﬂ]é’tdtr@PP@b&Fs?W@‘? Gcd€ BR¥ 1 Pept i de
nol ecul es, a delicate bal ance between those forces is nmaintai ned, and
hencelthes se8fimssehtihiatg apbpdiraphpisubey apm i T1Ned lee the expbss| e
associ ation. Accordingly, it is estimated that the self-assenbling peptide
i s caphblasmiofo {oidiserguansedd degelibedkdrpvebist ngrpbéeiqf canedihwt enmeut r al
pH environment. It should be noted that the term "neutral pH environnment"”
as used heeefarmefteos 6 a pegtoddehgwingxaepkent HntetBengrlefenadigh a pH
of 6.5 to 7.5. [0021] The charges of the self-assenbling peptide at each pH
may betsonpiiedphsbaccontansetwohhanfiothexahpée, the Lehni nger (Biochim e,
1979) method. The Lehni nger nmethod nay be conducted with a usabl e program
found, for exanple, on the website of EMBL WWV Gateway to |soelectric
Poi nt Service (http://ww. enbl - hei del berg. de/ cgi/ pi-wapper.pl). [0022]An

aqueougo el uti on ANClyding 4 Be e i p@§§§ﬁ%lﬁ9:epresent a hydrophobic
amino acid residue. This is because the self-assembling peptide
is capable of suitably forming a p-sheet structure and
self-assembling. b1 to bg each independently represent more
preferably a leucine residue, an alanine residue, a valine residue,
or an isoleucine residue, still more preferably a leucine residue
or an alanine residue. In a preferred embodiment, féur or more of
b; tobgeach represent a leucine residue, itisparticularlypreferred

that five or more thereof each represent a leucine residue, and
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peptide is capable of form ng a peptide gel excellent in mechanical
strength. In one enbodi nent, the self-assenbling peptide aqueous sol ution
(preferably 0.2 to 5 wWv% nore preferably 0.2 to 2 wv% particularly
preferably 0.2 to 1 wv% nost preferably 0.3 to 0. 8prwp/MNTeogzROTe of
formng a gel having an absolute value L (g/s) of an anobunt of change in
| oad per unit tinme in an approxi mate strai.ght |ine of val ues neasured at
the initial stage (fromthe start of conpression to between 8 and 10
seconds ) after the start of conpression of preferably 0.03 g/s or nore,

mor e prefenebt prere3bed/ithadra Dt ke rparf bhchladryprefer adhyie refddgbs
arnors in a conpression test carried out at a conpression speed of 0.05

M S u$iiRgi @ HelcGushos e ctlifp shasmd 1S plaesésal dshape W thcalleanetrewatér3. 2 M
and a curvature radius of 1.6 nmmunder a tenperature condition of 22C As

descrighadyiin ;:exasphess! atganither commessiDmit@sistrendghe gapried gul, for
exanpl e, by using a viscoelasticity measurement apparatus (product number

"RSA Lbl" prepwiagtyed by TA Instrunents) equipped with a jig made of :
stai nl eSs-steel (manufactured by TA Instrunments). [0023] A self-assenbling
pepti de according to a preferred enbodi nent of the present invention is
exenplified below. n- RLDLRLALRLDLR—C (SEQ I D NO 1) n- RLDLRLLLRLDLR—C (SEQ

1) FsfetRoaozsnet RaliF Rt C Tt N ) e D R PR o

( =i IR SR s Wy %ﬁg(ﬁgﬁ%ge%yﬁﬁ%“%nu%m ﬁ%ﬁaﬁ%smm
‘;‘ijﬁ[ PSP FAPTIR-2 qih SX8TATES] Tt fhaci ioa R Saahe A0 FROESEChaa o

F econBr RastS bkprBEs BP9 0085 %%&?%f S pER e et §8: 8- 0 e

cr different amino acid residues.

I0018] In the amino acid sequence, d represents a hydrophobic
amino acidresidue. Asdescribedabove, theself-assemblingpeptide
has a hydrophobic amino acid residue as d and a given symmetric
structure, thereby it is conceivable that the self-assembling
peptide is capable of forming a gel more excellent in mechanical
strength than a conventional peptide gel. Although the reason why
such effect is exerted is not unclear, a possible reason is as
described below. That is, it is estimated that the self-assembling
peptide of the present invention is capable of forming an assembled
state having high uniformity because the amino acid residue d at
position 7 is a hydrophobic amino acid residue, whichmakes an overlap

of peptide molecules constant in self-assembling.

[0019] d preferably represents an alanine residue, a valine
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The nodified peptide of the present invention includes the above-nentioned
sel f-assenbl i ng peptide subjected to any appropriate nodification as |ong
as the self-assenbling ability is naintained. A site at which the

nmodi fication is carried out may be an N-term nal am #@PgMN@EOBI2AMHET

sel f-assenbl i ng peptide, may be a C-term nal carboxyl group thereof,
ormaybe both of the groups. [0026] Any appropriate nodification may be
selected as the nodification in such a range that the resultant nodified
pepti de has a self-assenbling ability. Exanples of the nodification

i ncl ude:siiduter, oaldeticoneofe st guot ectdvésgleupisacte dsiigcet yhathiigncasean
N-term nal am no group or amidation of a C-term nal carboxyl group;

i nt r odudhiconcafisachuhbti lopdtogniljc splcdnassialkydfatl 6rghePR2PsVNGO9022 PCT
esterification, or halogenation; hydrogenation; introduction of a
sacchawireghe dchypoh ds eSlfcta saserte Moo papchdei dey ke dicsacohaiedentany in

ol i gosacchari de, or a polysaccharide; introduction of a |ipid conpound
such asde folatin aciytra phosphiel bphér. or Hawglycol the dsel Ataoseabl dmgof an
amno acid or a protein; introduction of DNA; and introduction of any

ot her p%gma@nqsﬁaaéﬁ%@e bheaekibhy iak the sikel1Menséhe-assagoathg or
the protein is introduced, the peptide after the introduction is an added
pepti deih AW SBPE BB Al rRfY PEpREHE g3 Addad & hgechanical
self-ggé%%%p?ﬁghﬁig¥?de at the Nfggiﬁi%us agglor the CGterminus. In this
descr gg&%ﬁgtﬁa@a@g@sg mentide ith;al 59 .hnet pdadqi et hen pPedichitad pegiki de.
The nodifications may be perfornmed alone or in conbination. For exanple,

t he added ' i [ Lred. ami Cl Lok into
the abogccRinr ora e R R A b, S e B T T e
acetylated at_the N-termnus and _am dat - 1 027} The
addedsbgﬁt? ea( "%H??%Mf%ﬁﬁﬁﬁéks a&é%gﬁ$§§%ﬁ%?&&hggg?égéghgg§¥hgg &fdd
above-enti gned sel f-assenbling peptide as_a whole in so cases.. Specific
exanpFBeiPhefEAED FO §GE Oézé’?gc v?ﬁgroer He HALPTHH of" & gg%%%?so%ér‘?% e

am no aci d makes a sequence in. the N—ternigal digg tion and a squence in
the CREBFAFRAVedi FEEEFonSHETAREEri £O% t FeresAECE™PSE Ny dr opFobi ¢t Bfi no
acid residue at position 7 in the center, and a case where a_ hydrophobic
am no"aevElerentasyak sddsy gR8pRI 19l o 46Pd resttR&SHE FReFUdEd at an

equal ratio. Even in such case, the self-assenbling peptide has
F2P- MBDD 90D APET numbers of atoms mainly involved in side chain lengths

of a pair of amino acid residues (for example, a basic amino acid
residue and an acidic amino acid residue) which exhibits an
interaction is constant. For example, FIG. 1 is a schematic view
for describing a distance between peptide molecules havihg amino
acid residues non—complementary in side chain length to each other.
rAs shown in FIG. 1, the sum (7) of the numbers of atoms which are
mainly involved in side chain lengths of an alanine residue-arginine
residue pair surrounded by a dotted line is smaller than the sum
{9) of the numbers of atoms which are mainly involved in side chain

lengths of an asparticacidresidue-arginine residue pair surrounded

by a solid line.
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an extrenely excellent self-assenbling ability, and hence the added
pepti de obtai ned by adding any appropriate amno acid to the

sel f-assenbling peptide is also capable of form ng a peptide gel excellent
in mechani cal strength. [0028] When the anino acid orFEB“EMNQﬁﬁl%H(ﬁ:

i ntroduced, the nunber of am no acid residues that construct the nodified
peptide after the introduction is preferably 14 to 200, nore preferably 14
to 100, nore preferably 14 to 50, particularly preferably 14 to 30, nost
preferably 14 to 20. This is because when the nunber _of am no acid

resi di8828%ceeds 0o, tetrl sult -Ofs S&ANGSTy 18Rl PEYEERL R Y FEYEEEHDI i ng
peptide may be.inpaired. [0029] The kind and position of the amno acid to
be i nbfosluted acimylss iawscoprcandey tetthieFeddiigseACdipri REPFonE f t he
modi fied peptide and the like. It is preferred that a hydrophobic am no
aci d andsaahydedpki H2c arfihes: atid be ither chided s@ererliate BEFRGIR arf
argi ni ne residue (hydrophilic amno acid) at the N-term nus and/or the
C-terpbBusiok therseldndasserbhitngepepaide. d¢0080] Jpari siideexbaptasChi the
amno acid to be introduced include: REDV, ElILDV, YEKPGSPPREVVPRPRPGY,

KNNOKSEPLL GRK A NE 35R1 e R AELAEDE n tREPARRRVCEE K@Y PR pH WAl O1PDSTER,
am no aci d sequences including RG sequences (for exanple, GRGDSPASS,

RGDN, ,REDR,+ REAEc 1IRGAA, RER da@itth FRGDBhthant antiend akidas cieluesadhesian
F2P- MNCO9022PCT factors; PPKKKRKV, PAAKRVKLD, PQPKKKP, QRKRQK, and the

like RstBygheaL JHARBRAFLL SHENALS 2 r MRESE bk VEOLEMAT EAEQHTEEEVRQuand t he
| i ke as endoplasmc reticulumtransport signals; and

M.SL R%'t'ﬁ'é@-@fﬁ@i—%%ﬁﬁfm 20d+t he Jrites peeBbhocherditiah, tfanspantlsj gnal s.

Those sequences nay roduced al one or in conbination. Further, the

am no agi d 13?9#%&%%&%&%91’?} rodpced: angthe sl h1assenbliogrpepiide may
be |iARed™ géther via one or nore of any appropriate am no acids.
repulsiveforceactcnlpeptidenmlecules,eidelicatebalancebetween
those forces is maintained, and hence the self-assembling peptide
is substantially free of excessive association. Accordingly, it
is estimated that the self-assembling peptide is capable of forming
astablegeludthoutbeingprecipitatedjjlaneutralpHenvironment.
It should be noted that the term "neutral pH environment" as used

herein refers to a region having a pH of 6 to 8, preferably a pH

of 6.5 to 7.5.

[0021] The charges of the self-assembling peptide at each pH
may be counted in accordance with, for example, the Lehninger
(Biochimie, 1979) method. The Lehninger method may be conducted
with a usable program found, for example, on the website of EMBL

WWW Gateway to Isoelectric Point Service

(http://www.embl—heidelberg.de/cgi/pimwrapper.pl).
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[ 0031] The nodification may be perfornmed by any appropriate method
dependi ng on the kinds and the Iike. [0032] An aqueous sol ution including
the nodified peptide is capable of formng a peptide gel excellent in
mechani cal strength. In one enbodinent, a nodified pé¢pRP-¥ENEqoeZRBCT
solution (preferably 0.2 to 5 wWv%, nore preferably 0.2 to 2 wv%
particularly preferably 0.2 to 1 wv% nost preferably 0.3 to 0.8 wWv% is
capable of formng a gel having an absolute value L (g/s) of an anount of
change in load per unit tinme in an approximate straight |ine of val ues
measur@d 28] t he | Ant iadusiwgesflnomphhamstlardingf Tosprsedsianstnbbéhygeen 8
and 10 seconds) after the start of conpression of preferably 0.03 g/s or
nor e, gaptd dey ek eraaddbyl Do@3foin®e popeidpaydli extal lynprief eeahbkyiBal4 g/ s
or nore in a conpression test carried out at a conpression speed of 0.05
mT's ysirdGod H.l 9IWOsE dripdiasnd ,Spher s 6af - sHeqto W id) papdiiakesgheofis 3. 2
rumand a curvature radius of 1.6 mm F2P- MNCO9022PCT under a tenperature
condi tsic@m+@bn226reFRL3BL P. 0 PeRld dew @@, more prEierpepti dez gal 20f /¢ be

present invention is formed froman aqueous sol ution including the

sel f - @%%%%hm&leﬁg%@@raﬂﬁy%.i he, nodi/fleedypepthderdhare) maft ep, " ghe

sel f-assenbl i ng peptide and/or the nodified peptide" arel/is sonetines

refertodato; asc "g%gweoqﬁt k@%m%gtgeg@f eseitnd AKeMbEONDe d1deST ey At ed

that the peptide the present invention asse es spontaneously in an
aq”e%? SOLHLLRD o £ %em;géai%'l %rdnééﬁﬁn%'&% f%%?l%&?%&&i Vee”QtPaWﬁﬁ{h at a
nanoneter scale, the so-calle anofi bers, an 0 a three dinensional
network structure mainly owi.ng.tg an.el.ectrostatic,L.nteracti on actipg on
the naaBFi Bir $H 1550 FREN Farnetalpl 1R iRE haRbaus  Lorbli it nffhcrtide
only one kind.or .t or nore gi ds of the tige f the. present .
v enCPORE S OB GRUGRISSTN ERBH SRA T haF L PhE s iy OBroRr T 5te
additive in_addition to the peptide of the Eresegt énvqgtion and water.
Fur t hBE, PYRECTRREBUS SoPdEi B8R TRAF 1 MATTIETPASEPABY & nii 1 & SsBEMMAEE R cel | .
[ 0034] The concentration of the peptide of the present invention .

particularlypreferably0.04g/sormore inacompressiontest carried

out at a compression speed of 0.05 mm/s using a jig whose tip has

a spherical shape with a diameter of 3.2 mm and a curvature radius

of 1.6 mm under a temperature condition of 22°C. As described in

examples later, the compression test maybe carriedout, for example,

by using a viscoelasticity measurement apparatus (product number

"RSA III"™ manufactured by TA Instruments) equipped with a jig made

of stainless-steel (manufactured by TA Instruments).

[CG023] A self—assembling pertide according to a preferred
embodiment of the present invention is exemplified below.
Nn-RLDLRLALRLDLR-c (SEQ ID NO: 1)
n-RLDLRLLLRLDLR~c (SEQ ID NO: 2)
n~RADLRLALRLDLR-c (SEQ ID NO: 6)

n—-RLDLRLALRLDAR-c (SEQ ID NO: 7)
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in the aqueous solution is preferably 0.2 to 5 wWv% nore preferably 0.2
to 2 wWv% particularly preferably 0. 2 to 1 wv% nost preferably 0.3 to
0.8 wWv% Wen the concentration falls within such a range, a peptide gel
excellent in nmechanical strength may be obtai ned. FuFgiFeMN@he022IPET
peptide gel is used as a substrate for cell culture, F2P-MNCO9022PCT a
satisfactory cell survival rate may be provided. [0035] The additive may be
appropriately sel ected dependi ng on applications of the peptide gel, kinds
of the peptide included therein, and the |ike. Specific exanples of the
addi tive i nel-ed@LRpHLRADLR-er  SEAcADasiOsodi)um hydr oxi de, potassi um
hydr oxi de, hydrochl oric acid, phosphoric acid, sodium hydrogen carbonate,
and sodi um earRbONRLELRADERRS cac¢tdy; 1w Nari 93 such as vitamn A vitamn B
famly, vitamn C, vitamn D, vitamn E, and derivatives thereof;

sacchari des nsuthrasrarmpnesacghan de, na:disacchari de, and an

ol i gosacchari de; pol ysaccharides such as hyal uronic acid, chitosan, and

hydrophi | i ¢ celbukesar18LeOBOLSEBUED @B etthanol, propanol, and
i sopropanol ; pol yhydric alcohols such as glycerln and propylene gl ycol ;

pi gment s such as phenol red; bioactive substances such as hornones,
cyt oki nes (i ncl udi ng henDpoietic factors and growh factors), and

pept | 3%@24‘?“””‘?5 h@@él@%%mﬁ}ﬁl eg@gua@%ﬁ R Ayt Oy ;\fzoéﬁ_\?ll' ar

conmpoun The ad tives ma ' one or in co |nat|on

SO GapkREbetagk | a%uafdadattdrﬁgl qné\p? &lqueggégmg%gt PR BE DARRORL | e el Y

set de ng on the purposes app Tati ons“0 e pepti and t he

li k 0036 f t h

add § FOBNLACTREh VAFP Sha DU braSLaR s photamaT e Bl 42%%%&?. %e%pw
d Trjs-HCL di f It h difi

Engl e “Red TR PONENY, “Sha?aéa asasméz%ﬁa ”%ﬁdﬁ%ﬁﬂ suﬁ F e MRisssb22per

method such as gene recombinant expression.

[0025] C. Modified peptide

The modified peptide of the present invention includes the
above-mentioned self-assembling peptide subjected to any
appropriate modification as long as ﬁhe self-assembling ability
is maintained. A site at which the modification is carried out may
be an N-terminal amino group of the self-assembling peptide, may

be a C-terminal carboxyl group thereof, or may be both of the groups.

[0026] Any appropriate modification may be selected as the
modification in such a range that the resultant modified peptide
has a self-assembling ability. Examples of the modification
include: introduction of a protective group such as acetylation
of an N-terminal amino group or amidation of a C~terminal carboxyl

group; introduction of a functional group such as alkylation,
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adj usted wi th sodi um hydroxide, hydrochloric acid, sodium hydrogen
carbonate, or the like. [0037] The aqueous sol ution may have any
appropriate pH dependi ng on the purposes . For exanple, the aqueous

sol utions before and after dissolving the peptide of FeFeMNEsDL2PEYenti on
each have a pH of preferably 5 to 9, nore preferably 5.5 to 8§,
particularly preferably 6.0 to 7.5. Wien the pH falls within such a range,
a peptide gel excellent in nmechanical strength nay be obtained. In
addition, a satisfactory cell survival rate may be obtained when the
aqueouss tealidtiican ilong| wde $1ad cgehlat ibur;t herdrogeanttibe; pihtabtscwibhi afsuch a
range, peptide degradation hardly occurs under a high-tenperature and

pr essur iszedheendist icompoand Rerte akhe pepbisdechelrigey bedsubiehtetddep

hi gh- pressure steam sterilization treatnment such as autoclaving. As a
resul tan @mgatsh@!@hg@&dbp 8rs %éiﬁﬂsé&cﬁ{&:i@é& bie, takiRigra@di Braasiiple
manner. [0038] Any appropriate cell may be selected as the cell depending
on the pbLResesuand alshe kkiakes, Thedqcebl pﬁasép%ﬁ?_iam gl acﬁibc&{i 1@} ant
cell. Specific exanpl es of tﬁé cell include cartilage cells, nyobl asts,
bone ft&gl\qugglitbﬁpeokl B 0Bl 288 Sac NeRAL 0L WhiRshe 1311 S RL-ALARY.QEKE 68 DIRO39] The

pepti de ge present i1nvention has an absolute value L (g/s) of an

anmy “éf(af 1 50ROGEE Nod, 9ad OU@%% éoér%‘%%ﬁc; @1%%%%9 i odcAR: %%2/@15’9

0.03 S of nore, nore prefera g/s or re, particular
preferably 04 gkis, or.nore.i L hRAt. I.gh [ 0 S
Teasuteacht TR it Pt e PP PRET PR TS ete M e B teen &
and 10_seconds). after the start of, .c ression_in a.conpression te

Carri B TEh i R SO SaOrohe SPRatoeh IOR trTE T H1G 2k, Toe WRGEEE T p has
a spheri.cal shape wth iameter of 3.2 nmand a curyvatur adius of 1.6
nm un@Br"g at%ﬁﬁgﬁaﬂ%eéﬂ Boridi FbyEan 59651 ThE P&éﬁ&%df?eaaith i T heFmsnus
suchmechani cal strengt hmaybe forned, for exanple, froman aqueoys sol ution
i ncl uBPAGOENENP&Et i BT S he Tpr E8ERAt IPAGENP T O attlE BGHEEnPPRELOR oF
preferably 0.2 to 5 wWv% nore preferably 0.2 to 2 wv% particularly

pr ef eraBPyiBCDuded1iny g mﬁ%%fkﬁ%fr&pdbl}iijla 0. 3hgompdgtipfFebdons may be

performed alone or in combination. For example, the added peptide
in which a desired amino acid has been introduced into the
above-mentioned self-assembling peptide at the C-terminus may be

acetylated at the N-terminus and amidated at the C-terminus.

[0027] The added peptide {modified peptide} doces nof have
features of the above-mentioned self-assembling peptide as a whole
in some cases. Specific examples thereof include a case where the
addition of any appropriate amino acid makes a sequence in the
N-terminal direction and a seguence in the C~terminal direction
asymmetric with respect to a hydrophobic amino acid residue at
position 7 in the center, and a case where a hydrophobic amino acid
residue and a hydrophilic amino acid residue are included at an

equal ratio. Even in such case, the self-assembling peptide has
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[ 0040] The peptide gel of the present invention has a visible Iight
transmttance, which is neasured at an absorbance of 380 nmto 780

nm nacel | havi nganopti cal pat h | engt hof 10mm of preferably 50% or nore, nore
preferably 70% or nore, particularly preferably 90% gopyaNCHhe2yepTI de
gel having such visible light transmttance maybe forned, for exanple,
froman aqueous solution including the peptide of the present invention at
concentration of 0.2 to 2 wv% Further, a reduction rate invisible |ight
transmttance (% after the peptide gel has been left to stand in a seal ed
st at e Al ex0pamé Eypacall ke tf 8¢l &4 ongnipet n@dbafl it ypear(d benexari edda@d

nont hs) (100-(visible light transmttance after storage/visible |ight

t r ansetranee deforresst oyagedit) Jary sppfepabiye 305G a0 1RS%, @I €he

F2P- MNC09022PCT preferably 20% or less, particularly preferably 10% or

| ess. sEhe-peptde iggl Fvua@ sych1 Bb Ohavalsi bl er |daghti i angabtiaacgehas
advant ages such as facilitating cell observation with a fluorescent |ight
M crogGeRs 10htt Re hike-when 1Usedeagra substrate for cell culture. The
visibl'e Iight transm ttance may be measured, for exanple, by using a

UV/ VI S neasurenent apparatus. [0041] The peptlde gel may be fornmed by any
appropriate nethod TypicaIIy t he peptide gel mybe fornedby | eaving an

aqueoyposghut! on hACK UMD easly gheckl M- ole iNg PeRtEARLALA) heypr esent

|nvent|on o stan tenperature time in eaV|ng t he aqueous
solutlon { and. sti]] t r ] eptide
of thée prege%{E |rrgl\/ent‘alcéchff nglggdgg%er%r%% &Eljlgif%%éng tat%%eﬁl%dkgggdaé%%]?fdg
appropr.i at el

d K f
popt | BB CEoRbEnt PAF PORE land‘f?hé%%f%a e R P S

o it 44 P°a§b2”ga%%éiv%?%?agﬁﬂﬁ YonaPestor e op b FPEERRETaLL Bt i <

general |

to 50C, referably 15 0 45C, [0042]E. Ap |ca ons of
sel f - ’é@sé%lm‘ﬁﬁt pﬂéﬁﬁo bl di% iteq2 beptT%FeS Ja%&? @kSBI & number
Preferred applications of the sel f-assenbl|ng Ptlde nodi fi ed, pepti de,

and pept paéngepchf raeipresefkceRdEntPBn Flﬁ%lﬁ% 27 CBRLHRY e2bklbeY r at es
for cell culture; cosnetics such.as skin care products and hair care
produefsthaedptarapeednéisgspentade may be impaired.

[0029] The kind and position of the amino acid to be introduced
may be appropriately set depending on applications of the modified
peptide and the like. It is preferred that a hydrophobic amino acid
and a hydrophilic amino acid be introduced alternately from an
arginine residue (hydrophilic amino acid) at the N-terminus and/or

the C-terminus of the self-assembling peptide.

[0030] Specific examples of the amino acid to be introduced
include: REDV, EILDV, YEKPGSPPREVVPRPRPGV, KNNOKSEPLIGRK, YIGSR,
RNIAELLKDI, RYVVLPRPVCFEKGMNYTVR, IKVAV, PDSGR, amino acid
Sequences including RGD seguences {(for example, GRGDSPASS, RGDN,

RGDE’,. RGDT, RGDA, RGD, and RGDS), and the like as cell adhesion
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F2P- MNCO9022PCT decubi tus preparations, bone fillers, injectable agents
for aesthetic, adjuvant to ophthalmc operation, artificial vitreous

bodi es, artificial lenses, joint lubricants, ophthal mc solutions, DDS
substrates, and henostats; water retention material sFRPFrVMRCSOEZEPCT
desiccants; and coating agents for nedical devices such as contact | enses.
[ 0043] F. Substrate for cell culture The substrate for cell culture
of the present invention includes at |east one selected fromthe

sel f-assenbl i ng peptide, the nodified peptide, and the peptide gel

descr ifhed catqv @ PKRKR KW b Szary €10y, e PREHE t WRKRIK ,t hengrigsentikavesat i on
is formed froma self-assenbling peptide and/or a nodified peptide

obt ai ped1kurcherhepbreysidesi s; NeSICES LIS EL A TEARGISK. OBV ECpahant hat i on
with a pathogen and the Ii ke and cell culture nmay be carried out safely.

Furtherxet heagel £Q88BTa$M 08 t heepeplige oftddepresentigAvesti onamay be
transparent in a neutral pH environnent and excellent in nechanical

Stren&i@LR@%@R@%@@QTP@@C%Qh&tmaéﬁdHgkaQﬁkb £t R nehdrhe 1Pt 8s8Bbort
invention i's excellent in visibility and handl eability during cel

culture gn[aggfm] 1100588 i@ m ) b[eri%iﬁlbl?ﬁ}cr&f £14:8 oeeld c64MbiHERioh e

peptlge t he present i nvention self-assenble, forminto fibers, and

form di I, N rkss r Thus, cullurgnon the
subst?a%ngg ?hresgﬁg Ts u%ﬁ %uﬁé)|§Qtﬁgﬂ9%§gg%%%03022Pcfg

subst rs%&%—a seﬁ%&l 8 éﬂs'{fdg%ay% rr'k%@i QB&ether via one or more of

any appropriate amino acids.

[0031] The modification may be performed by any appropriate

method depending on the kinds and the like.

[0032] An aqueous solution including the modified peptide is
capable of forming a peptide gel excellent in mechanical strength.
In one embodiment, a modified peptide aqueous solution (preferably
0.2 to 5w/v%, more preferably 0.2 to 2 w/v%, particularly preferably
0.2 to1lw/v%, most preferably 0.3 to 0.8 w/v%) is capable of forming
a gel having an absolute value L (g/s) of an amount of change in
load per unit time in an approximate straight line of values measured
at the initial stage (from the start of compression to between 8
and 10 seconds) after the start of compression of preferably 0.03
g/s or more, more preferably 0.035 g/s or more, particularly
preferably 0.04 g/s or more in a compression test carried out at
a compression speed of 0.05 mm/s using a jig whose tip has a spherical

shape with a diameter of 3.2 mm and a curvature radius of 1.6 mm
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[ 0045] When culture is carried out on the substrate for cell culture,
cells to be cultured may be placed and cultured on the preforned peptide
gel including the peptide ofthepresent invention. Wien culture is carried
out in the substrate for cell culture, the peptide off2PrRINCESEIRPCT
invention or the peptide aqueous solution is mxed with cells or a cel
suspension, and a peptide gel may be fornmed fromthe mxture to culture
the cells. [0046] A |iquid phase of the peptide gel may be replaced by a
desired culture solution through solvent replacenent. The sol vent

repl acenent angpheecatuired contlitfion exXa®gl’€,. by using a trade nane " Cel
Culture Insert” or the like. The details about the peptide gel (for
exanpl e, peptide concentration, kind of an additive which nay be included
in an aqueous solution (mxture), and pH) and a form ng nethod therefor
are agogesgri bed bn rbgrseetgen D. [ 0047] Any appropriate cell maybe
selected as the cell to be cultured depending on the purposes and the

like. The cehk pBYtb@ecageanbiminhsgdtefintd ipvaMticel lis Sperkhi erexaapl es of
the cell include cartilage cells, myoblasts, bone marrow cells,

fibroblaskss BePat 96N G5 1 @fithg ahdi 88Y 9CYE88mb A 64l ddie wobubi/on and a
culture condition may be appropriately sel ected dependi ng on kinds of

cel | SmB&i@?eﬁ%é%ﬁﬂe (BHEROS 8% c@NT it skh ken s s ERD48L The prubst £ 8820 f or

cell culfure e present invenfion

| sexcehLanbhDpl 0§ YAl Lixandsalely;Abdhencemypesuld ably yLptiged for

exanpl e, 1 n three “dinensi ona IT culture 1n the regenerative nedici ne

field or fhe LLKe, [ 00490G Mapuf act urd ngTethod LaLSLAL! Le PERLi e
the present invention assembles spontaneously in an aqueous solution,
forms a fiber-like molecule assembly having a width at a nanometer
scale, the so-called nanofibers, and forms a three dimensiocnal
network structure mainly owing to an electrostatic interaction
acting on the nanofibers, and then forms agel. The aqueous solution
may include only one kind or two or more kinds of the peptide of
the present invention. The aqueous solution may further include
any appropriate additive in addition to the peptide of the present
invention and water. Further, the aqueocus solution may include

insoluble matter such as a cell.

[0034] The concentrationof thepeptide of thepresent invention
in the aqueous solution is preferably 0.2 to 5 w/v%, more preferably
0.2 to2w/v%, particularly preferabiy 0.2 to 1 w/v%, most preferably
0.3 to 0.8 w/v%. When the concentration falls within such a range,
a peptide gel excellent in mechanical strength may be obtained.

Further, when the peptidegel is used as a substrate for cell culture,
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A manufacturing nmethod for a sterile peptide of the present invention
includes the step of sterilizing the self-assenbling peptide and/or the
nodi fi ed peptide under a pressurized condition at 100C or nore. Those
peptides are typically subjected to sterilization tr&2PNCOSO2ARCT or m of
a peptide aqueous solution or a peptide gel forned fromthe peptide
aqueous solution. The peptide aqueous solution has a pH of preferably 5 to
9, nore preferably 5.5 to 8, particularly preferably 6.0 to 7.5. Wen the
pepti de aqueous sol ution has such pH, peptide degradation does not

subst antsiaalisfactomy eeéd surytiepll rziei vavyuhdepravidagerature condition of
100C or nore, and hence the peptide of the present invention in a sterile
state maybe obtai ned. The peptide aqueous sol ution and the peptide gel are
as described in the section D. [0050] Any appropriate sterilization nethod
may begoaadept ed asThheaddetritve zedy dre rgidrogrikbdelgxaprpeeted depending

hi gh-tenperature and hi gh-pressure saturated water vapor sterilization
(so- cahl gppautathane st atid ipzattiior) gakt hethamy heher ebetabikbyieapiay@d. The
F2P- MNC0O9022PCT pressure during the autoclave sterilization is preferably

0. 122t1e 01355 MPahdT0h Repr efps @bt Vo @xbrd1ted Of 233 Mali thwet hecludde
sterilization tenperature is preferably 105 to 135C, nore preferably 110

to 125G fuyddedystBach! efd | iszatinen hidBoksdf efritalsy uh tioy&ord delt es,
nore preferably 3 to 40 mnutes, particularly preferably 5 to 30 m nutes.

[ 0051}, Theoadt 8¢k aVe: & ehhbik2abrQR JBYd P& RETOK PR, diSh RE rdoaaresr i@l | Y

avallagle aut ocl ave appar at us.
sodium carbonate; amino acids; vitamins such as vitamin A, vitamin
B family, vitamin C, vitamin D, vitamin E, and derivatives thereof;
saccharides such as a monosaccharide, a disaccharide, and an
oligosaccharide; polysaccharides suchashyaluronicacid, chitosan,
and hydrophilic cellulose; alcohols such as ethanol, propanol, and
isopropanol; polyhydric alcohols such as glycerin and propylene
glycol; pigments such as phenol red; bioactive substances such as
hormones, cytokines (including hemopoietic factors and growth
factors), and peptides; enzymes; antibodies; DNA; RNA; and other
general low-molecular compounds. The additives may be added alone
or in combination. The concentration of the additive in the aqueous

solution may be appropriately set depending on the purposes,

applications of the peptide gel, and the like.

f0036] Specific examples of the aqueous selution including the
additive include various buffers such as phosphate buffered saline
{PBS) and Tris-HCi, a medium for cell culture such as a Dulbecco's

modified Eagle medium (DMEM), and an agueous solution having a pH
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[ 0052] H. Manufacturing nethod for article coated with peptide gel A
manuf acturing nmethod for an article coated with a peptide gel of the
present invention includes the steps of: freezing the peptide gel
(freezing step) ; nelting the frozenpeptide gel toprB2Pdd NCPHPAPET sol
(nelting step); coating at |east part of a surface of an article to be
coated wth the peptide sol (coating step); and reconstructing a peptide
gel fromthe peptide sol (gelling step) . The method may further include
any appropriate step as necessary. Wien the peptide gel of the present

i nventdgnsiedfwiozescdidmnntey dedside bbyd roehweesh cpept d d e odd luacy dsogen

cl eaved, and hence a three di nmensional network structure that constructs
t he gekreehkapsesr Thaslikesol having peptide nol ecul es unifosinly

di spersed in an aqueous solution nmay be obtained. At |east part of the
surface of an article to be coated is coated with the sol with high
uniformty and the F2P-MNC09022PCT sol is then turned into a gel. Thus,
the suphage of thenar bigeleduBRYsdButiG OMEkY M08 ednyi b rpept del gel .
[ 0053]H 1. Freezing step Any appropriate condition may be adopted

as a Iié?@ﬁh@ﬂg%%@éf}@f‘p%eé9n%‘cﬁ@ef{ﬁkﬁpp@})thgﬁqﬂébu@%d‘ﬂ’&ﬁeﬂhs Kefdmezi ng
tenperature has only to be equal to or less than a tenperature at which

the ng&i%ﬁ%b&%@oﬁ%ﬁﬁ?ﬁhéﬂép@cﬁﬁéﬁefsﬁf@ rbSeat Sttt dddreked, hangl the

pepti g ybe gra y frozen or quickly frozen. For exanple, the

pepti de lgeéggylbegfle%ggﬂplfgy_t%%ggﬁg%zggfg{%}mlgﬁw.i5d%oggl, pEge c@larly

tenpe?a?ure ondi tion-o 054]"Any appropriate freezing

means _ny be sel ected as {reggil ans, £54§Q a$:A;1QougeAoL drQrgd ndystri al
freezBFEHPIRPHYI 8- Wi 7 I't should'b 5 e

ogen: e noted that t rozen peptide ge
oy be preservefl L0 a 19790, 5ahS 0010 SRPLARAFLS BBELOAeR! i
addition, a satisfactory cell survival rate may be obtained when
the agueous solution includes a cell. Further, when the pH falls
within such a range, peptide degradation hardly occurs under a
high-temperature and pressurized condition, and hence the peptide
gel may be subjected to high-pressure steam sterilization treatment

such as autoclaving. As a result, a peptide gel in a sterile state

may be obtained in a simple manner.

[0038] Any appropriate cell may be selected as the cell
depending on the purposes and the like. The cell may be an animal
celloraplant cell. Specificexamplesofthecell include cartilage

cells, myoblasts, bone marrow cells, fibroblasts, hepatocytes, and

cardiomyocytes.

[0039] The peptide gel of the present invention has an absolute

valuelL (g/s) of an amount of change in loadper unit time of preferably
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[ 0055] When the peptide gel to be frozen is a gel fornmed froma peptide
aqueous solution including an additive, the concentration of the additive
is preferably such a concentration that does not adversely affect gel
reconstruction in the gelling step. The concentrati oF2pey NEOGIPTI at el y
set, depending on the kinds, concentrations, and the |ike of the peptide.
In general, however, a |ow concentration is preferred. For exanple, in the
case of HEPES F2P- MNC09022PCT and a Tris-HCL solution, the final
concentration is preferably 50 mMor less, nore preferably 40 nM or | ess.
In the.oasg/efon sk umdrydpegerraal fodaldds sof utdromoard pasbilcuhacaybonat e
~solution, the final concentration is preferably 5 mMor |ess, nore

pr ef epablry r4BWVhar, d 26§85 dmbhe iGAse agb ra-PBS tedd titd fht theefdadlues
concentration is preferably 0.5xPBS or |ess, nore preferably 0.3xPBS or

| ess. nEHKLREE, aktnNthBei6a8€a0f sPhgeMmEeepAciacpbysirel 88 6ahpsakinen the
final concentration is preferably 0.5 wt% or less, nore preferably 0.4 wt%

or |epst,L0ASRl Hit 18! LbBGngEFParter thd MRLLNGH /RGIAIdN @ IB, be set
to any appropriate tenperature as long as it is a tenperature at which the

f rOzeeomgeteisggoﬂelcegpt@5959 éinoﬁ{eaﬁ LA AR $poRkt 8¢ H006amAY & sol .
| may %e nel ted P

The frozen peptide ge at a constant tenperature, or may be

e gtk 1 SRy RS R 3,108 SCBYnE PR oL pp speed

e frozen pepti e gradual

| t edor gui ckl yrel ted. The f ' | i tabl
eamplB, 21 IR L 2P 2En Chopt bl QAT P ERVaF A E5HeR i on

of 51t 7Q§, preferably 15:20.4FC. 0057] Any appropriate ans rmybe
selec?g&%a me&gﬁﬁﬁp S5-I BEEN FUE NI Qi?%}gﬁﬁgn%é?Pﬁgge %ﬁ%g$hclude
a water bath, an ail bath, and a thernostat Dbath. ,
for example, from an agueous solutionA?ncgudlng the peptide of the
present invention at a concentration of preferably 0.2 to 5 w/v%,

more preferably 0.2 to 2 w/v%, particularly preferably 0.2 to 1

w/v%, most preferably 0.3 to 0.8 w/v%.

[0040] The peptide gel of the present invention has a visible
light transmittance, which is measured at an absorbance of 380 nm
toTéOnminacellhavinganopticalpathlengthoflOmm,ofprefexably
50% or more, more preferably 70% or more, particularly preferably
90% ormore. Thepeptidegélhavingsuchvisiblelighttransmittance
may be formed, for example, from an agueous solution including the
peptide of the present invention at concentration of 0.2 to 2 w/v%.
Further, a reduction rate in visible light transmittance (%) after
the peptide gel has been left to stand in a sealed state at room
temperature for a long period of time (for example, 2 months)}
(100-(visible 1ight transmittance after storage/visible light

transmittance before storagex100)) is preferably 30% or less, more
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[ 0058] When the peptide gel is frozen and nelted as described above, a
vari ety of bonds between peptide nolecules that formthe gel are cleaved
to yield a sol. The sol obtained by freezing and nelting has a renarkably
reduced viscosity because a variety of bonds between FpgpMNE(ODEERUTES
have been sufficiently cleaved, and hence is capable of uniformy coating
the surface of an article to be coated without difficulty. It should be
noted that, fromthe viewpoint of providing higher uniformty of the sol
the frozen peptide gel may be nelted while vibrated to such an extent that
ai r byhbifes-a1e not genessd edbdrtitidhd ar@subtrafiersblly, 108 dihdesal. obhai ned
by nmelting maybe vi brated and then subjected to the coating step. Exanples
of suelpdibiati®n nevhad isidHide: ghakisgblbe Ifilezent pepinide: gete okhasol and
applying ultrasound thereto. [0059] H 3. Coating step Any appropriate

et hod gvay: thecadoptied sasa @i coad Ngy et hasth s Speai fdc wexamkesotberent
i ncl ude a di spenser coating node, an imrersion node, a bar coater node, a

node il&?hl&%ﬂgc@s%ﬁipe 59t eSO kOPLOn LReaSW £ 868 s0Fa8R Ayt d Ll BctiPrhee coat ed

with a centrifugal force, and a node including applying a sol fluidized by

i1t 96.a0; 350k el ¢1L0s ergpated: 000 hhe uniBee.Ldher eof. olanbhe sg), a

variety o etween pepti nol ecul es are sufficiently cleaved t
reduce i.ts Vi Lty [ , i de nol ecules are sufficiently
dispeP?é&g ?hﬁg?%gﬁemgggﬁﬁg%%é%aSggggg%ggfning a uniformlayer on the
surface of an article to be coated. [0060] Any appropriate article maybe
adopted as the article to be coated. Exanples thereof include a container

such ube or_a bottle, a cell culture instrunment such.as a yjulti-well
di sh g?) 02 lh abor at Br§ p&pé:ﬁ',deaﬁaf F3Y B &OLMER g 2RY GRRFCR) TS PFHE Ar ti cl e
to be coated_is fornmed of any appropri at teri,al such as glass,. plastic,
or nolAPICRORE1HSPeRENTS fEL SRYPe Totmed BY ERATAFGR. 1H1SFRLONLE R | ng a
gel (tenperature, tine, or the Iike% is not limted as |ong as a peptide
gel i énpéeenseraietiedstante feln®eTappe sntdds ¢Lsdie @EFERAnY BRI ki Tlls,
concentrations, and the |like of the peptide. The peptide of the present
i nventposthad atself- aBRenbEmRgrabiiet 9T ahtmhehtelpavERpablie afuccus
sel f-assenbling and reconstructing a gel spontaneously by setting the
condi spdntionae agmrehsitafld ekt irertijcodez] Aslinétedms ity fperthe
reconstructing a gel, for exanple, .

peptide of the present invention seif-assembles to form a gel, and

may be appropriately set depending on use purposes of the gel, kinds

of the peptide, concentrations, and the like. The time for leaving

the aqueous solution to stand still is generally 1 minute or more,

preferably 3 minutes or more; more preferably 5 minutes or more.

The temperature is geﬁerally 4 to 50°C, preferably 15 to 45°C.

[0042] E. Applications of self-assembling peptide, modified
peptide, and peptide gel

| Preferred applications of the self-assembling peptide,
modified peptide, and peptide gel of the present invention include,
for example: substiates for cell culture; cosmetics such as skin

care products and hair care products; medical products such as
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it is sufficient to reconstruct a gel that an article whose surface is
coated with the peptide sol is left to stand still. A tenperature in

| eaving the article to stand still is preferably 15C or nore, nore
preferably 25 to 45C. Atime in leaving the articl e FEPsMANCOSIIIRCT s
preferably 1 minute or nore, nore preferably 5 mnutes or nmore. [0063] The
t hi ckness of the peptide gel reconstructed in the gelling step, that is,
the thickness of a coating filmon an article surface may be, for exanple,
1 pmor nore, preferably 1 pmto 1 cm Exanples [0064] Hereinafter, the

pr esedecubM enisi Oprésaspetohis caldonadesdiilbed, byl mpsctofbexamgleess However ,
the present invention is by no neans limted by these exanpl es.

[ 0065kLEBxarplie, lhdjuvant #osepiitiesaendldmegqrepin,dertariedadf vahramino acid
sequence of SEQ ID NO 1 described in Table 1 was synthesized by an Fnoc

sol i dppbase, syft hest s metheds, Nexint t iBrsehhtasseiiialgipepsidei vas,
acetylated at the N-term nus and am dated at the C-term nus by a

conve dods to ﬁ&kaQ@%ﬂgﬂyflﬁﬁk@ﬁpkb@@nllon materials for
( S TR [NH2]) *
m01sten1ng,de51ccants,andcoatlngagentsforn@dlcaldeVLcessuch

as contact lenses.

'0043] . Substrate for cell culture

The substrate for cell culture of the present invention
includes at least one selected from the self-assembling peptide,
the modified peptide, and the peptide gel described above. The
substrate for cell culture of the present invention is formed from
a self-assembling peptide and/or a modified peptide obtained by
chemical synthesis. Hence, there is no risk of contamination with
a pathogen and the like and cell culture may be carried out gafely.
Further, the gel formed from the peptide of the present invention
may be transparent in a neutral pH environment and excellent in
mechanical strength, and hence the substrate for cell culture of

the present invention is excellent in visibility and handleability

during cell culture.

[0044] In the interior of the substrate for cell culture, the
peptides of the present invention self-assemble, form into fibers,
and form a three dimensional network structure. Thus, not only

culture on the substrate for cell culture but also culture in the
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[ 0066] The resultant nodified peptide 1 was dissolved in a 0.1 wt % sodi um
hydr ogen carbonate sol ution at concentrations of 0.2, 0.4, and 0 . 6 WVv%
to affordpeptide solutions . The resultant peptide solutions were each
measured for a pH val ue using pH test paper (trade na&pe-NICOHPOZIRLOr
Papers, manufactured by Whatman I nternational Ltd., neasurenent range
pH=6.0 to 8.1, Cat. No. 2629 990), and the pH was found to fall within the
range of 6.9 to 7.8. F2P-MNC09022PCT 300 pl each of the peptide
solutions were charged into a trade nane "Nunc Tissue Culture Inserts”

( menbrates g tfer: <l Imyuiparre $iaze be8 .cd rmiedmentir.ane materi al :

pol ycarbonate) (product nunber "Cat. No: 136862" nanufactured by Nal ge
Nunc International) and left to stand still at 22C for 2 hours to form
gels. The gel s each had a thickness of approximately 2 mm The resultant
gel s weypes3ubj ect gehocgtMeat 1 § epl acese Rl tWoh ht EAVEMBairali2 owr sc1 D
afford peptide gels 1 (liquid phase: DVEM at peptide concentrations of
0.2, QAL aRd @81W % bEh%url%tilehaﬁth%@t bdacael snd atilthechnesnechive

concentrations were subjected to the foll ow ng conpression test to neasure

mec hagjr%%ﬁte@ggx%r{&eddé g@ﬁln[c%@a&@s@i@ﬁe @f&é% of the pr@%ﬂf@ﬁ%ﬂkggﬁ -

strength was y conpressing each gel at a speed of O . s
(s-se ) i . Vi I i.Ci p I t er
R T R e R o Y e e W Th S g nhdo o

cur vaP P Eadrts T o hy EneRCTAr G GO By Ao e PP gR ey un g hon
FIG. 35oReRe e T EraProngnPy Befiaan A Pad apl P80 FobPRE ABpar Al ey in
o anBEpHPeRtHat £08 FAFGRAAEFRE FRIFLAEEE N JeF chbthani cal otrongth. o
Thus, when the absol ute value of a sl ope of an approxi nate

[C046] - A liguid phase of the peptide gel may be replaced by

adesiredculturesoiutionthroughsolventreplacement. The solvent

replacement may be carried out, for example, by using a trade name

"Cell Culture Insert"™ or the like. The details about the peptide

gel (for example, peptide concentration, kind of an additive which

may be included in an aqueous solution (mixture), and pH) and a

forming method therefor are as described in the section D.

[0047] Any appropriate cell may be selected as the cell to be
cultured depending on the purposes and the like. The cell may be
an animal cell craplant cell. Specificexamples of the cell include
cartilage cells, myoblasts, bone marrow cells, fibroblasts,
hepatocytes, and cardiomyocytes. A culture solution and a culture
condition may be appropriately selected depending on kinds of cells

to be cultured, purposes, and the like.
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F2P- MNCO9022PCT straight |line of values neasured at the initial stage
(fromthe start of conpression to between 8 and 10 seconds) after the
start , of conpression (anount of change in load per unit tinme) is defined
as L, a larger L value indicates higher nechanical stmERgNCO#ASR2ENOM in
FIG 2, the peptide gel 1 at 0.4 w v% had an absol ute value L of an anount
of change in load per unit tine of 0.0476 g/s, which was determ ned for
about 10 seconds after the start of conpression in the conpression test.

[ 0069] The peptide gel 1 at 0.4 wv%was grasped with tweezers and
transported. As a result, as shown in FIG 3(a), the peptide gel 1 had
sufficient strength to grasp and was excellent in handleability.

[ 0070](oiExanpl e 2] The substArdditbi-atkpeptilde@rd of the present invention
([ CH3C0] - RLDLALLLRLDLR-[ NH2]) was obtained in the same manner as in

Exanplig dk&xcaeptt 108t 0aBualitAeae k¢ Seense, 0fn SEnER Y bes wWasaadept ed
in place of the amno acid sequence of SEQ ID NO 1. Peptide gels 2

(llquu@19E%%% @MENanﬁp@%pthgetﬁee@ea&ﬁahgeeﬁagfc@lz cQ1urangn Oc e W V%
were formed in the same manner as in Exanple 1 except that the nodified

bept i e 2085 LUsednih; Bl ACe 0L 1tne oLl hedopept i de 1. [0071] The resul tant

pepti de"gel s were each neasured nmechani cal strength in the sanme nmanner
as in Exanple 1. FIG 4 shows

[C049] G. Manufacturiﬁg methed for sterile peptide

A manufacturing method for a sterile peptide of the present
invention includes the step of sterilizing the self-assembling
peptide and/or the modified peptide under a pressurized condition
at 100°C or more. Those peptides are typically subjected to
sterilization treatment in the form of a peptide aqueous solution
or a peptide gel formed from-the peptide aguecus sclution. The
peptideaqueoussolutionhasagﬂidfpreferablyStx;9,morepreferably
5.5 to 8, particularly preferably 6.0 to 7.5. When the peptide
aqueous solution has such pH, peptide degradation does not
substantially occur even in sterilization under a temperature
condition of 100°C or more, and hence the peptide of the present
invention in a sterile state may be obtained. The peﬁtide agueocus

solution and the peptide gel are as described in the section D.

[0050] Any appropriate sterilization method may be adopted as
the sterilization method. For example, a high-temperature and
high-pressure saturated water vapor sterilization ({so-called

autoclave sterilization) method may be preferably employed. The
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F2P- MNC09022P CT the results. As shown in FIG 4, the peptide gel 2 at 0.4
W v% had an absol ute value L of an anount of change in |load per unit tine
of 0.0423 g/s in the conpression test. [0072] The peptide gel 2 at 0.4 wv%
was grasped with tweezers and transported. As a resulpepP-RENShoOERPOTFI G
3(b), the peptide gel 2 had sufficient strength to grasp and was excell ent
in handl eability. [0073][ Exanpl e 3] A nodified peptide 3

HCH3C0] - RLDLRLALRLDLRL-[ NH2] ) was obtained in the same nanner as in
Exanpl e 1 except that an am no acid sequence of SEQ ID NO 3 was adopted
in pl goessfurtehelvanmnmo thel dwequevee st rSEQzEDING i%. pPeptrdblgeDs132
(l'iquid phase: DVEM at peptide concentrations of 0.2 and 0.4 w v% were
fornmedd .U e manrepras dradxanplls 2]l exe@33t et .t heurodet| edhpepti de
3 was used in place of the nodified peptide 1. [0074] The resultant peptide
gel s wereigachtieasutetdpéontieehais calrearamgth 105t he sams “mgnnatras in
Exanple 1. FIG 5 shows the results. As shown in FIG 5, the peptide gel 3

at 0. $rwre¥ahag am @bsel ube @l uerkrodedn aRBURLef 16HaRgeni 1t inadi per
unit time of 0.0336 g/s in the conpression test. [0075][ Conparative
Exanpbeekkrably 1 to 60 minutes, more preferably 3 to 40 minutes,

particularly preferably 5 teo 30 minutes.

[0051] The autoclave sterilization may be performed using a

commercially available autoclave apparatus.

[0052] H. Manufacturingmethod for article coated with peptide
gel

A manufacturing method for an article coated with a peptide
gel of the present invention includes the steps of: freezing the
peptidegel(freezingstepj;meltihgthefrozenpeptidegeltoprovide
a peptide sol (melting step); coating at least part of a surface
of an article to be coated with the peptide sol (coating step):
and reconstructing a peptide gel fromthe peptide sol (gelling step) .
The method may further include any appropriate step as necessary.
When the peptide gel of the present invention is frozen and melted,
a bond between peptide molecules is cleaved, and hence a three
dimensional network structure that constructs the gel collapses.
Thus, asolhavingpeptidemoleculesuniformlydispersed inanaqueous

soluticnmay be obtained. At least part of the surface of anarticle

to be coated is coated with the sol with high uniformity and the
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F2P- MNC09022PCT A nodi fied peptide cl ( [CH3C0] - RASARADARADARASA-
[NH2] ) was obtained in the sane manner as in Exanple 1 except that an

am no acid sequence of SEQ ID NO 4 was adopted in place of the am no acid
sequence of SEQ ID NO 1. Peptide gels cl (liquid phaoe-VNEWO2EPQEPti de
concentrations of 0.2, 0.4, and 0.6 wv%were fornmed in the sane manner as
in Exanple 1 except that the nodified peptide cl was used in place of the
nodi fied peptide 1. [0076], The resultant peptide gels were each neasured
for mechanical strength in the sanme manner as in Exanple 1. FIG 6 shows
the resil tis tAsrshomneidniEkG. abgelhe Pepti dehgelumlaca of. 4hw/ w¥hadean
absol ute value L of an anount of change in |oad per unit tinme of 0.0143
g/ s i mayhéecamareasilon deested WA/ ltHee pegptiidde ogél. ¢l at 0.4 w v% was
grasped with tweezers and transported. As a result, as shown in FIG 3 (c¢)
, the peptide gel cl had insufficient nechanical strength and was

probl ematic in handl eability. [0078][ Conparative Exanple 2] A

modi fif@dpgpti de @21( FEE3ERhgRABABADARASARADA- [NH2] ) was obtained in
the sane manner as in Exanple 1 except that an am no acid sequence of SEQ

| D NO 5 wagngdopyechd: MlacecnbithenamaNo Bei dasgaugnes of SEQ:LDNHO 1.
Peptide gels €2 (liquid phase: DVEM at peptide concentrations of 0.2 and
0.4 wphenenf ormedohp the the peptide gel is frozen. A freezing
temperature has only to be equal to or less than a temperature at
whichthepeptidegelis frozen. Afreezingspeedisalsonotlimited,
and the peptide gel may be gradually frozen or quickly frozen. For

example, the peptide gelmaybe suitably frozenbyplacing the peptide

gel under a temperature condition of -10°C or less.

[0054] Any appropriate freezing means may be selected as
freezing means, such as a househcld or industrial freezer or liquid
nitrogen. It should be noted that the frozen peptide gel may be
preserved in a frozen state for any appropriate periodof time before

the melting step.

[0055] When the peptide gel to be frozen is a gel formed from
a peptide agueous solution including an additive, the concentration
of the additive is preferably such é concentration that does not
adversely affect gel reconstruction in the gelling step. The
concentration may be appropriately set depending on the kinds,
concentrations, and the like of the peptide. In general, however,

a low concentration is preferred. For example, in the case of HEPES
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F2P- MNCO9022PCT sane manner as in Exanple 1 except that the nodified
peptide c2 was used in place of the nodified peptide 1. [0079] The

resul tant peptide gels were each neasured for nechanical strength in the
same manner as in Exanple 1. FIG 7 shows the resul t F2PARIS009022PCTEI G 7,
the peptide gel c2 at 0.4 w v% had an absol ute value L of an anount of
change in load per unit tine of 0.0167 g/s in the conpression test.

[ 0080] [ Exanpl e 4] A nodi fied peptide 4

UCH3C0] - RGDNRLDLRLALRLDLR-[ NH2] ) was obtained in the sane manner as in
Exanplaadl aeRXceptHChatolant o ndhacifdnséqoencenbfa SEh |13 WOefE2ahdy adopt ed
in place of the am no acid sequence of SEQ ID NO 1. Peptide gels 4

(1'i quintt phabess DMMe atrefieptibde coOntewtr AbEsns Tnf the2cabe bt andofiGmw v%
were formed in the same nmanner as in Exanple 1 except that the nodified
pepti g4 ovas usedonatpl actuefothendodifo@dipepirdeate 008t idhe tksul t ant
pepti de gels were each neasured for mechanical strength in the sanme manner

as i nfExanplenkenklGe i3nshews rblferaesyl BsmMvAsrshews, i Aokt Gor8rethBIpepti de
gel 4 at 0.4 wv%had an absolute value L of an anount of change in | oad
per UQ'rEMUrOPeQé . 0.19P8Be Hasd BrthBBEUWINASIIPNtheStind 10088t EAabi€idd
is preferably 0.5%xPBS or less, more preferably 0.3xPBS or less.
Further, in the case of Pharmacopoeia physiological saline, the

final concentration is preferably'O.S wt% or less, more preferably

0.4 wt%ror less.

[0056] H-2. melting step

Amelting temperaturemaybe set to any appropriate temperature
aslongasitjjsatemperatureatwhichthefrozenpeptidegelobtained
in the freezing step is melted to form a sol. The frozen peptide
gel may be melted at a constant temperature, or may be melted at
different temperatures in a stepwise manner. A melting speed and
time is not limited, and the frozen peptide gel may be gradually
meltedorquicklymelted. Thefrozenpeptidegelmaysuitablymelted,
for example, by placing the frozen peptide gel under a temperature

condition of 5 to 70°C, preferably 15 to 45°C.
[0057] Any appropriate means may be selected as melting means.

Specific examples of the melting means include a water bath, an

0il bath, and a thermostat bath.
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F2P- MNC0O9022PCT Am no aci d sequence Exanple 1 n - RLDLRLALRLDLR - ¢ SH M
No :1 henp 1 e 2n - RLDLRLLLRLD LR - ¢ M MNo : 2 Exanple 3 n --

RLDLRLALRLDLRL - c
F2P-MNC09022PCT

[0058] When the peptide gel is frozen and melted as described
above, a variety of bonds between peptide molecules that form the
gel are cleaved to yield a sol. The sol obtained by freezing and
melting has a remarkably reduced viscosity because a variety of
bonds between peptide molecules have been sufficiently cleaved,
and hence is capable of uniformly coating the surface of an article
to be coated without difficulty. It should be noted that, from the
viewpoint of providing higher uniformity of the sol, the frozen
peptide gel may be melted while vibrated to such an extent that
air bubbles are not generated in the resultant sol, or the sol obtained
by melting may be vibrated and then subjected to the coating step.
Examples of such vibration method include shaking the frozen peptide

gel or sol and applying ultrasound thereto.

[0059] H-3. Coating step

Any appropriate method may be adopted as a cocating method.
Specific examples thereof include a dispenser coating mode, an
immersion mode, a bar coater mode, a mode including applying a scl
onto the surface of an article to be coated with a centrifugal force,
and a mode including applying a sol fluidized by tilting an article
to be coated ontb the surface thereof. In the scol, a variety of
bonds between peptide molecules are sufficiently cleaved to reduce
its viscosity remarkably, and peptide molecules are sufficiently
dispersed. Thus, thé sol is capable of forming a uniform layer on

the surface of an article to be coated.
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MI M No :3 Exanple 4 n--RGDNRLDLRLALRLDLR-¢ M ID No : 1 2 ¢c"""n"1 Exam I
e n- RASARADARADARASA-¢ M M No :4 =Tin "2 n - RASARADARASARADA- c

F2P-MNC08022PCT

[0060] Any appropriate article may be adopted as the article
to be coated. Examples thereof include a container such as a tube
or a bottle, a cell culture instrument such as a multi-well dish
or a laboratory dish, and a plate such as a slide glass. The article

to be coated is formed of any appropriate material such as glass,

plastic, or metal.

[0061] H-4. Gelling step

A Condition for reconstructing a gel {temperature, time, or
the like) is not limited as long as a peptide gel is reconstructed,
‘and may be appropriately set depending on kinds, concentrations,
and the like of the peptide. The peptide of the present invention
has a self-assembliﬁg abilityandhence is capable of self-assembling
and reconstructing a gel spontaneously by setting the condition

to an appropriate condition.

[0062] As the condition for reconstructing a gel, for exampie,
it is sufficient to reconstruct a gel that an article whose surface
is coated with the peptide sol is left to stand still. A femperature
in leaving the article to stand still is preferably 15°C or more,
more preferably 25 to 45°C. D time in leaving the article to stand

still is preferably 1 minute or more, more preferably 5 minutes

Or more.
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SH MNo :5 [0083]As shown in FIGS. 2 and 4 to 8, it is understood that
the peptide of the present invention is capable of formng a peptide gel
wi th high mechanical strength as conpared to the self-assenbling peptide
of each of the conparative exanples. Further, as showmP-RINCER2LCTt is
understood that the peptide gel of the present invention has high
mechani cal strength and hence is extrenely excellent in handleability. In
addition, the peptide of the present invention is capable of formng a
peptide gel with sufficient mechanical strength at a | ow peptide
concemntova3jon andThenceitsnagy anif ageopspindeega’d mfcawostriasamkelih. the

[ 0084] [ Exanpl e 5] A cell suspension including nouse nyobl asts (L6)
at a g@llli%@ngeé@r&tﬂa&ni@t ZhDxh06kaekESd ik abgt fn@epllinden aguesuscsel ution
including the nodified peptide 1 at 1.0 wv% were m xed with each other at
a vol e malkl @a9f bd: 2 rFheekkatpspensi o BQpian@,aEH@@bJ§a§Q&Ull @R) to The
resultant m xture (cell concentration: 1.2x106 2P- MNC09022PCT cel I s/ m
peptide concentration: 0.4 wv% was charged into a Cell Culture Insert
(product nunmber "353096" manufactured by BD Fal con) and left to stand
still at roomtenperature for approximately 1 mnute to forma peptide
gel. The gel in the Cell Culture Insert was directly set in wells of a
24-WEEI Eé%te for tissue culture (product nunmber "3820-024" manufactured
by AGE*TEEANO GLASS CO., LTD.) with 1 nL of a DVEM medi um cont ai ni ng 10%

cal f r Next, _.cell_culture s carried Qut in an inc OF .. Cin

t he piggggge of 595 Eepna %FUWF %c%%ﬁ@?“%aﬁﬂﬁﬁﬁﬁﬁﬁ?cﬁﬁ 3 %éléﬁgélg% Day 2
after the start of culture. Th el was collected _on ys_1 and 4

af t er SBRETLLEFL LB V_HI ¢ r%ﬁa@ﬁi%%§WA%ﬁﬁ%%ﬁrPigg@iBﬁeﬁﬁg%cé?y?%§i8ﬁtl%sing a
trade nane "CyQUANT (registered tradema k% Cell ProliferationAssay Kit
“for B¥lIPe MBS LiFéte 1§®0t5§§§y§xamP%? duct number "C7026" manuf act ur ed
by Invitrogen); to thereby calculate cell growth rates. The cell growth
rates on Days 1, 2, and 4 after the start of culture were 150% 180% and
310% respectively, when the cell growmh rate inmediately after the start
of culflpelwas detiwamrhs 100% that is, the nunber of cells increased in

accordance with a | apse of days (an average of n=3 was used for the
cal cul at i onAreslitaysefiodBsy [Beiple Bjrmed of an amino acid sequence

of SEQ ID NO: 1 described in Table 1 was synthesized by an Fmoc
solid-phase synthesis method. Next, the self-assembling peptide
was acetylated at the N-terminus and amidated at the C-terminus
by a conventional method to afford a modified peptide 1

( [CH3CO] ~RLDLRLALRLDLR~[NH;]) .

[0066] The resultant modified peptide 1 was dissolved ina 0.1
wt% sodium hydrogen carbonate solution at concentrations of 0.2,
0.4, and 0.6 w/v% toaffordpeptide solutions. Theresultant peptide
solutions were each measured for a pH value using pH test paper
(trade name: pH Indicator Papers, manufactured by Whatman
Internatiqnal Ltd., measurement range pH=6.0 to 8.1, Cat. No. 2629

990), and the pH was found to fall within the range of 6.9 to 7.8.
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Cell culture and DNA quantification were carried out in the same manner as
in Exanple 5 except that the nodified peptide 2 was used in place of the
nodi fied peptide 1. Asa result of calculation F2P- MNCO9022PCT of cel
growh rates, the cell growh rates on Days 1, 2, ang9p-miNE€oogdrPr@Tart of
culture were 140% 160% and 250% respectively, when the cell gromh rate
imedi ately after the start of culture was defined as 100% that is, the
nunber of cells increased in accordance with a | apse of days (an average
of n=3 was used for the calculation results). [0086][ Exanple 7] The
nodi f izee E@I&iécﬂe o¥ vRs phssialy ed1iun iansodée vanctarhenht atsa wrizde hampr epar e
a 0.5 w v% peptide aqueous solution (final concentration of sodium

car bongt @ 2i I9udM:1tTHhe Pepti-de" aaanisinsol Ubhehe VRS OSkibj @eiredsige:
sterilization treatnent at 121C for 20 minutes using an autocl ave

appar at s ,(or gdyet-AUMBek e | $:3 %Q&c?@ﬁ%ﬁé%bl}” edPY SANYOhEhBEET TCa€D. |

Ltd.) to afford a peptide gel. The gel and a cell suspension obtai ned by
suspepgi.n R & 1y na 1 OMEN: ROt e WeL i A f Oy 18iFxedow th
each @?He?3§?@g Vﬁ%{ﬁggﬁgf%% oﬁpgglg%gel:cell suspensiod) by pi petting.
100 pL.of the.resultagpt.cell- ] Xt ?Q] d tp.each.of five.&el |
CuItnganssg%gﬁ(ékoggc ﬁé%bgsﬁqg%éo 69&%%ﬁ agfuregebg B% F%Icon?, and
the Cell .Culture Lnserts.were-s in f -vel.l Le Ly Ssue
Ul t uPETPSTOUIG ©h aRBer A5 8 A tantase SrLE £l R BRI R
LTD.) wth_1 nl of DVEM nedi. ai.ning,10% cal f s I | §.case,
t he CEPIS@&HEBﬁtFﬁ?iSﬁePﬁthglgg}ﬁﬁgglfﬁ%x argoﬁég ﬁ?4§§€§%dc£?$€%§%o pL.
Next, cell_culture s carried oyt in,an incubator at 37C. he, pf esence
of 5%9@%2.1C@Pﬁﬂﬁ¥%£@ﬁsﬁét@¥EMt -ﬁﬁ@ﬁé@fZﬁ%%cﬁﬁfﬁaﬁ%%%ﬁfg%Bugfn%’%’trade :
nane "Cel | Couq;ung Kit 8" (manufactured by Eﬁplg@i)é_ ORATORI ES). on Day O
(Hour 2%, Op&y W/ vipay e ar@sS byt aPERF fhe I6E8r t & Ul uF 8PS h Fesul t,
as shown in FIG 9, the cell growth rates increased in accordance with a
| apsecehcenkratdonay¥erpoeBe] ACkpdctPi ERBr 66440V e of OTHES AEERr ER®ht  of
the cell growth rates described above is as described below. |n other
wor dstolmghsofet mechediamli AtrRBohBEl was exchanged by 1 m of a fresh
medi um 100 pL of a Cell Counting Kit 8 solution were added, and the Cel
Culture Insert was set in the well, followed by incubation at 37C for 2
hours. After the incubation, 100 pL of the medium perneating the gel in
the CebbeCul ture [Dsepteswienttamssferred to a well of a 96-well plate, and
t he absorbance of the nmedium at 450 nm was neasured using a plate reader.
Cel | growt hthatesclianidel sespagtihvea suldameratbpy owner astiergreact 9t h t he
absorbance of a sanple on Day O after the start of culture defined as 100.
at aspeedof 0.05mm/s {s=second) usinga viscoelasticitymeasurement

apparatus {product number "RSA III" ménufactured by TA Instruments)
equipped with a jigmade of stainless-steel whose tip has a spherical
shape (diameter: 3.2 mm, curvature radius: 1.6 mm) {(manufactured

by TA Instruments) under a condition of 22°C.

[0068] FIG. 2 shows the results of the compression test. FIG.
2 shows a relationship between a load applied to the apparatus in
gradually compressing a sample with the jig and a time, and a larger
slope of an approximate straight line indicates hi_gher mechanical

strength. Thus, when the absolute value of a slope of an approximate
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[0088] As seen fromthe results of Exanples 5 to 7, the peptide gel of the
present invention has bioconpatibility and hence nmay be suitably used as a
substrate for cell culture. [0089][ Exanpl e 8]. The nodified peptide
1 was dissolved in a sodium carbonate solution to prepRINCOR2FEPO

pepti de aqueous solution (final F2P-MNCO9022PCT concentrati on of sodi um
carbonate: 4. 5 mM) . The peptide aqueous solution had a pHin a neutral
regi on. The peptide agueous sol ution was subjected to sterilization
treatment at 121C for 20 minutes using an autocl ave apparatus (product
nunbektrMigh3020hensiuiativcetebyubANYEL EkRet thtt Col . stagéd(fFom e nass
of a peptide nolecule included in the pePtide aqueous sol ution before or

after sthetsberddi@ads Hod renty@nicatns exan metdynds Jmatfitiex- assi stedt | aser
desorption/ionization time-of-flight nmass spectronmetry nethod

( NALDbfTSEmy@sy:%ﬂg( dndurf ol chhhghtinmssspeet oetyiyneappar @ fisnédpr oduct
nunber "autoflex II11" manufactured by Bruker) . FIGS. 10 show the results.

[ 0090L Cprmar ot L 46, Exappl & 3lndi cat dil zRhi:en chneakrentand mmss
spect]ra(%rrefry %I\/A{ 1 TOF- MVb) m%rlecacaers?l ec?q{)ut in tahecsarre rran%er as in

Exa”%ﬁoﬁp dﬁ?%&b tEgtst}ge gjeg%d@aa@ "Puradag rj k), §renubash ukedy by, 8- D

Mat ri X ) "was I'ace o t he peptide agueous sol ution of the

modif ede RePLLAgat- oFl B g]el FNOML NS £ Gol! £1mbOOPY A 7Y, I LS. 10,
the p p?l ﬁe presel} i nvent
was determined for about 10 seconds after the start of compression

in the compression test.

[0069] The peptide gel 1 at 0.4 w/v% was grasped1ﬁith'tweezers
and transported. As a result, as shown in FIG. 3(a), the peptide
gel 1 had sufficient strength to grasp and was excellent in

handleability.

[0070] [Example 2]

A modified peptide 2 ([CHsCO]-RLDLRLLLRLDLR-[NH.]) was
obtained in the same manner as in Example 1 except that an amino
acid sequence of SEQ ID NO: 2 was adopted in place of the amino
acid sequence of SEQ ID NO: 1. Peptide gels 2 (liquid phase: DMEM)
at peptide concentrations of 0.2, 0.4, and 0.6 w/v% were formed
in the same manner as in Example 1 except that the modified peptide

2 was used in place of the modified peptide 1.

[0071] The resultant peptide gels were each measured for

mechanical strength in the same manner as in Example 1. FIG. 4 shows
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is substantially free of degradation by the sterilization treatnent. Thus,
the peptide of the present invention may be turned into a sterile state
through the sterilization treatnment. Meanwhile, as shown in FIGS. 11, it
is understood that the trade nane "PuraMatrixTm' (mapgiegiNncedoypr@rD
Matrix, Ltd. ) undergoes peptide degradati on F2P-MNCO9022PCT through the
sterilization treatnent. This is presumably because the trade nane
"PuraMatrixl m (manufactured by 3-D Matrix, Ltd.) is an acidic peptide
aqueous sol ution. [0092][ Exanpl e 9] The nodified peptide | was

di ssolpyedreBuatsodiAmmstardonat BIS0l4it itae bepPleépajs 2 8t & W wyvepadde
aqueous solution (final concentration of sodium carbonate: 4.5m\V). The

resul Lantppepti-devagueolse sohltdRfuM@so f eftardde Standast bl ahi22€iher 2
hours to forma peptide gel. The gel was transferred to a | aboratory dish

(di amgfeery: 0@ 26My /ARde ohogkagrwiskheut caay particular care. FIG 12(a)
shows a photograph in this case. As shown in FIG 12(a), the gel included

air bubbles and was too hard to unifornmly coat the | aboratory dish.
[ 0093] The | aboratory dish with the gel was placed in a freezer at -20C to

freezegbhe,gel . FL %@ﬁ?@fi%@ﬁ?&%f@@a@f?%%%%& ?«gﬁ% ?xﬁéezé}éé er

that, the laboratory aken out of the f e gel was

T SHEEL SO CTRPTELUS S ALt LAB U ke e il ol sheves

shakefi” ant sol was ent’i re bot f om of
this state

| aborat ory, di sh. The.l aboratory dish s left to standsti]l i

to reQSEst u%?gtﬁgggéF}e?ﬁﬂftgéﬁgf%bggaﬁgﬁfaﬁ%ﬁﬁmﬁ%ge%ﬁ]%%ﬁ%ﬂﬁn dm was
uni form cogtﬁd with the peptide gel was obtained. FIG 12(c) shows a
photob?géﬂea LthEYraboratory dish. [0094][Exanpl e 10]

[0073] [Example 3]

A modified peptide 3 ([CH3CO]-RLDLRLALRLDLRL-[NH:]} was
obtained in the same manner as in Example 1 except that an amino
acid sequence of SEQ ID NO: 3 was adopted in place of the amino
acid sequence of SEQ ID NO: 1. Peptide gels 3 (liquid.phase: DMEM)
at peptide concentrations of 0.2 and 0.4 w/v$ were formed in the
same manner as in Example 1 except that the modified peptide 3 was

used in place of the modified peptide 1.

f0074] The resultant peptide gels were each measured for
mechanical strength in the same manner as in Example 1. FIG. 5 shows
the results. As shown in FIG. 5, the peptide gel 3 at 0.4 w/v% had
an absolute value L of an amcunt of change in lcad per unit time

of 0.0336 g/s in the compression test.

[Q0751 [Comparative Example 1]
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A slide glass whose entire surface was uniformly coated with a peptide gel
was obtained in the same manner as in Exanple 9 except that a slide gl ass
was used in place of the |laboratory dish nade of glass. FIGS. 13(a),
13(b), and 13(c) show a photograph of the gel transfEpPENCIIIRLEIT de

gl ass, a photograph of the frozen gel, and a photograph of the slide glass
whose entire surface was uniformy coated with the peptide gel,
respectively. Industrial Applicability [0095] The sel f-assenbling peptide
or the like of the present inventionmaybe applied for regenerative

medi ci ne, aadmugideébidveeytsyst ein ( BCEEENetRASARAPARAMDARASA] (Wi I eos body,
a henostat, an injection for cosnetic surgery, bone filling, a joint

| ubri eafthin@dwahetnhe et &nd imenmat eds aln framdiestlerikngptoththeahi &keino
Sequence Listing Free Text [0096]SEQ ID NO 1 is a self-assenbling peptide

of thachuesenlichbventi ang SBQYbD MOwa2 k8optsel {nasseabl bAgtpepamitec of the
present invention. SEQID NO 3 is a nodified peptide of the present

i ”Vef‘faic@&-séﬁi%rl& N@ s¥o it Ropept | depehidehyd Bs ROt (B gel d passenbbimg)
peptide of the present invention. SEQID NO 5 is a peptide which is not a
sel f-ggsppbliing B8RELAGrations of 0.2, 0.4, and 0.6 w/v% were formed

in the same manner as in Example 1 except that the modified peptide

¢l was used in place of the modified peptide 1.

[0076] The resultant peptide gels were each measured for
mechanical strength in the same manner as in Example 1. ]Iﬂi 6 shows
the results. As shown in FIG. 6, the peptide gel cl at 0.4 w/v%
had an absolute value L of an amount of change in load per unit

time of 0.0143 g/s in the compression test.

[0077] The peptide gel cl at 0.4 w/v% was grasped with tweezers
and transported. As a result, as shown in FIG. 3(¢), the peptide
gel cl had insufficient mechanical strength and was problematic

in handleability.

[00781 [Comparative Example 2]

A modified peptide c¢2 ( [CH3CO] -RASARADARASARADA- {NH»]) was
obtained in the same manner as in Exarniple 1 except that an amino
acid seguence of SEQ ID NO: 5 was adopted in place of the amino
acid.sequénce of SEQ ID NO: 1. Peptide gels ¢2 (liquid phase: DMEM)

at peptide concentrations of 0.2 and 0.4 w/v% were formed in the
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F2P- MNCO9022PCT of the present invention. SEQID NO 6 is a
sel f-assenbling peptide of the present invention. SEQID NO 7 is a
sel f-assenbl i ng peptide of the present invention. SEQID NO 8 is a
sel f-assenbl i ng peptide of the present invention. SERZPEMNIOS0I2PGET
sel f-assenbl i ng peptide of the present invention. SEQID NO 10 is a
sel f-assenbling peptide of the present invention. SEQID NO 11 is a
sel f-assenbl i ng peptide of the present invention. SEQID NO 12 is a
nodi fied peptide of the present invention. F2P-MNCO9022PCT Cains [Claim
1] A sebk- asseetsl esgipepkidelef r eedept thetf bheonwpdyL dadlnpepiide sedquence:
Am no aci d sequence: alblci b2a2b3db4a3b6c2b6ad4 where: al to a6 each
repr esest uachblasinc paaicroodcictier meddiiepdl Péptaodb6leach represent an
unchar ged pol ar am no acid residue and/ or a hydrophobic amno acid
resi due, provided that at |east five thereof each represent a hydrophobic
am no acid residue; cl and c2 each represent an acidic amno acid residue;
and dpepwgsents anhbydeephebine peptide gels were each measured for
mechanical strength in the same manner as in Example 1. FIG. 7 shows
the results. As shown in FIG. 7, the peptide gel ¢2 at 0.4 w/v%
had an absolute value L of an amount of change in load per unit

time of 0.0167 g/s in the compression test.

[0080] [Example 4]

A modified peptide 4 {[CH3CO]-RGDNRLDLRLALRLDLR-[NH.]) was
obtained in the same manner as in Example 1 except that an amino
acid sequence of SEQ ID NO: 12 was adopted in place of the amino
acid sequence of SEQ ID NO: 1. Peptide gels 4 (liquid phase: DMEM)
at peptide concentrations of 0.2, 0.4, and 0.6 w/v% were formed
in the same manner as in Example 1 except that the modified peptide

4 was used in place of the modified peptide 1.

[(0081] The resultant peptide gels were each measured for
mechanical strength in the same manner as in Example 1. FIG. 8 shows
the results. As shown in FIG. 8, the peptide gel 4 at 0.4 w/v% had
an absolute value L of an amount of change in load per unit time

of 0.0618 g/s in the compression test.

[0082] [Table 1]
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amno acid residue. [Caim211 A self-assenbling peptide according to
claim1, wherein b3 and b6 in the am no acid sequence each represent a
hydr ophobi ¢ anino acid residue. [Claim3] A self-assenblin eptide
according to claiml1 or 2, wherein all of bl to b6 Fﬁﬂﬂﬁ&tﬁ%é&?ﬂﬁ?d
sequence each represent a hydrophobic amno acid residue. [Claim4] A
sel f-assenbli ng peptide according to any one of clains 1 to 3, wherein bl
to b6 in the am no acid sequence each i ndependently represent an al ani ne
residue, a valine residue, a |eucine residue, or an isoleucine residue.
[Claim5] A self-assenbling peptide according to any one of clains

F2P- MNC09022PCT.

Amino acid sequence
Example 1 n—RLDLREALRLDLR—c SEQ 1D No : 1
Example 2 |n—RLDLRLLLRIDIR—c SEQ ID Mo :2
Example 3 |[n—~RLDLRLALRLDLRL—c SEQ ID No:3
Example 4 {rn—RGDNRLDLRLALRLDLR—c [SEQ ID No:12
Comparativeq [ —RASARADARADARASA—c |SEQ 1D No:4

Example

Comparativez n—RASARADARASARADA~—c |SEQ ID No ;5

Example

1008313 As shown in FIGS. 2 and 4 to 8, it is understood that
the peptide of the present invention is capable of forming a peptide
gelwithhighnmchanicalstrengthascxm@aredtothéself—assembling
peptide of each of the comparative examples. Further, as shown in
FIGS. 3, it isunderstoodthat the peptide gel of the present invention
‘has high mechanical strength and hence is extremely excellent in
handleability. In addition, the peptide of the present invention
is capable of forming a peptide gel with sufficient mechanical
strength at a low peptide concentration and hence is advantageous

in terms of cost as well.

[0084] [Example 5]

A cell suspension including mouse myoblasts (L6) at a cell
concentration of 2.0x10°% cells/ml and a peptide aqueous solution
including the modified peptide 1 at 1.0 w/v$% were mixed with each
other at a volume ratio of 3:2 {(cell suspension:peptide aqueocus

solution). The resultant mixture (cell concentration: 1.2x10°
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1to 4, wherein d in the am no acid sequence represents an al ani ne
residue, a valine residue, a leucine residue, or an isoleucine residue.
[Claim6] A self-assenbling peptide according to anyone of clains 1 to 5,
wherein the self-assenbling peptide conprises a peptFdp-KoN@esbz#PED am no
aci d sequence of RLDLRLALRLDLR (SEQ ID NO 1),

cells/ml, peptide concentration: 0.4 w/v%) was charged into a Cell
Culture Insert (product number "353096" manufactured by BD Falcon)
and left to stand still at room temperature for approximately 1
minute to form a peptide gel. The gel in the Cell Culture Insert
was directly set in Wells of a 24-well plate for tissue culture
(product number "3820-024" manufactured by AGC TECHNO GLASS CO.,
ILTD.) with 1 mL of a ‘DMEM medium containing 10% calf serum. Next,
cell culture was carried out in an incubator at 37°C in the presence
of 5% CO,. Medium exchange was carried out only cnce on Day 2 after
the start of culture. The gel was collected on Days 1, 2, and 4
after the start of culture, and DNA quantification was carried out
using a trade name "CyQUANT (registered trademark) Ceil
ProliferationAssayKit #forcellsinculture**1000 assays*" (product
number "C7026" manufactured by Invitrogen), to thereby calculate
cell growth rates. The cell growth rates on Days 1, 2, and 4 after
the start of culture were 150%, 180%, and 310%, respectively, when
the cell growth rate immediately.after the start of culture was
defined as 100%, that is, the number of cells increased in accordance

with a lapse of days (an average of n=3 was used for the calculation

results).

[0085] [Example 6]

Cell culture and DNA quantification were carried out in the
same manner as in Example 5 except that the modified peptide 2 was

used in place of the modified peptide 1. As a result of calculation

42



RLDLRLLLRLDLR (SEQ D NO 2), RADLRLALRLDLR(SEQ D NO 6), RLDLRLALRLDAR
(SEQ DNO 7), RADLRLLLRLDLR(SEQ D NO. 8),

F2P-MNC09022PCT

of cell growth rates, the cell growth rates on Days 1, 2, and 4
after the start of culture were 140%, 160%, and 250%, respectively,
when the cell growth rate immediately after the start of culture
was defined as 100%, that is, the number of cells increased in
accordance with a lapse of days (an average of n=3 was used for

the calculation results).

[0086] [Example 7]

The modified peptide 1 was dissolved in a sodium carbonate
solution to prepare a 0.5 w/v% peptide agueous solution (final
concentration of sodium carbonate: 2.75 mM). The peptide aqueous
solution was subijected to sterilization treatment at 121°C for 20
minutes using an autoclave apparatus (product number "MLS 3020"
manufactured by SANYO Electric Co., Ltd.) to afford a peptide gel.
The gel and a cell suspension obtained by suspending mouse NIH3T3
cells in a DMEM medium were uniformly mixed with each other at a
volume ratio of 2:1 (gel:cell suspension) by pipetting. 100 pL of
the resultant cell-gel mixture was added to each of five Cell Culture
Inserts (product number "353096" manufactured by BD Falcon), and
the Cell Culture Inserts were set in wells of a 24-well plate for
tissueculture(productnumber“3820—024"manufacturedbyAéCTECHNO
GLASS CO., LTD.) with 1 mL of a DMEM medium containing 10% calf
serum. hnthiscase,1ﬂu;cellconcentrationjjlthecell—geinﬁxture
was 1.45x10° cells/100 pL. ©Next, cell culture was carried out in

an incubator at 37°C in the presence of 5% C0;. Cell growth rates
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RADLRLLLRLDAR RLDLRLLARLDLR (SEQ ID NO (SEQ ID NO 9), RLDLRALLRLDLR ( SEQ

ID NO 11). 10), or [Caim7] A self-assenbling peptide according to

anyone of clains 1 to 6, wherein the self-assenbling peptide conprises a

pepti de forned of an am no acid sequence of RLDLRLALR2DERMSEGRORZINCT 1) or

RLDLRLLLRLDLR(SEQ ID NO 2). [Caim8] A nodified peptide having a

sel f-assenbling ability, wherein the nodified peptide conprises the

sel f-assenbl i ng peptide according to any one of clains 1 to 7 whose

N-term nal am no group and/or C-term nal carboxyl group are/is nodified.
were measured using a trade name "Cell Counting Kit 8" (manufactured

by DOJINDO LABORATORIES) on Day 0 (Hour 2), Day 1, Day 3, and Day
5 after the start of culture. 2As a result, as shown in FIG. 9, the

cell growth rates increased in accordance with a lapse of culture

days.

[0087] A specific procedure for the measurement of the cell
growthratesdescribedaboveji;asdescribedbelow; In other words,
1 mI: of the medium in the well was exchanged by 1 mL of a fresh
‘medium, 100 pL of a Cell Counting Kit 8 solution were added, and
the Cell Culture Insert was set in the well, followed by incubation
at 37°C for 2 hours. After the incubation, 100 pL of the medium
permeating the gel in the Cell Culture Insert were transferred to
a well of a 96-well plate, and the absorbance of the medium at 450
nm was measured using a plate reader. Cell growth rates in the
respective culture days were determined with the absorbance of a

sample on Day 0 after the start of culture defined as 100.

[0088] As seen from the results of Examples 5 to 7, the peptide
gel of the present invention has biocompatibility and hence may

be suitably used as a substrate for cell culture.

[0089] [Example 8]

The modified peptide 1 was dissolved in a sodium carbenate

solution to prepare a 0.5 w/v% peptide aqueous solution (final
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[Claim9] A nodified peptide having a self-assenbling ability according to
claim8, wherein the N-term nal am no group and/or the C-term nal carboxyl
group have/ has added thereto an am no acid F2P-MNC09022PCT seguence
including RGD. [C aim10] A peptide gel, which is f#RPeMNCOM2PEHueous
solution including the self-assenbling peptide according to anyone of
clains 1 to 7 and/or the nodified peptide according to claim8 or 9.
[Claim11l] A peptide gel according to claim 10, wherein the agueous
solution further conprises an additive. [Caim12] A peptide gel

accor diongeha reldiom df, sodonei e tdrenaddi ti.ve mdhpr iWes paptidgstgepeus

sel ected fromthe group consisting of a pH adjuster, an amno acid, a

vi t amisp,lud isackkhdn fie,insa pelytsadchagide, daheapephbile sypelysatcbhblona

pi gment, a bioactive substance, an enzyne, an antibody, DNA, and RNA

[ O ai peb3kudipepbidecyet e ALTDE S hon tor @mymane =0f 1Cl1&ioME 01020 anili2ytedier ei n
the peptide gel has an absolute value L (g/s) of an anount of change in

| oad pek nynitt atit 581 86e B3 r@hsisOfp Fi et AudBe APPILEXI (WY 'emsht 8 ghtirddine of
val ues neasured fromthe start of conpression to between 8 and 10 seconds

in a Bgrﬁ?s{m&_@@céfﬁ cear rrired yout Tak i LOSPE@EPAcSRER fe DnObud®d s
usi ng j1g whose tip has a spherical shape with a dianeter of 3.2 mm and

a curygt g}'ﬁg ﬁé}g&#ﬁe (gqxfeo%%gﬁqgcmabéfal?ér@é W8 HOoRdt Ee8r-0f i 226G of O @i m
14] A substrate for cell culture, conprising at |east one
treatment was examined by a matrix-assisted laser
desorption/ionization time-of-flight mass spectrometry method
(MALDI—TOF—MS) using a time-of-£f1light mass spectrometry apparatus

(product number "autoflex III" manufactured by Bruker). FIGS. ic

show the results.

[0090] [Comparative Example 3]

Sterilization treatment and mass spectrometry (MALDI-TOF-MS)
were carried out in fhe same manner as in Example 8 except that
a trade name "PuraMatrix™" (manufactured by 3-D Matrix, Ltd.) was
usedjjlplacecﬁfthepeptideaqneoussoluthmlofthenmdifiedpeptide

1. FIGS. 11 show the results.

[0091] As shown in FIGS. 10, the peptide of thepresent invention
issubstantiallyfreé<xfdegradationknrthesterilizationtreatment.
Thus, the peptide of the present invention may be turned into a
sterile state through the sterilization treatment. Meanwhile, as
TMyy

shown in FIGS. 11, it is understood that the trade name "PuraMatrix

(manufactured by 3-D Matrix, Ltd.} undergoes peptide degradation
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F2P- MNCO9022PCT sel ected fromthe group consisting of the self-assenbling
pepti de according to anyone of clains 1 to 7, the nodified peptide
according to claim8 or 9, and the peptide gel according to any one of
clains 10 to 13. [Cdaim15] A manufacturing nethod FEP-MNGE@IOA2PEEpti de,
conprising the step of sterilizing the self-assenbling peptide according
to any one of clains 1 to 7 and/or the nodified peptide according to claim
8 or 9 under a pressurized condition at 100C or nore. [C aim 16]
Amanufacturing nethod for an article coated with a peptide gel, conprising
t he stepsugh: theestzénylt het pept ides getntaccdihdisng st praaymehnéy dfecdaders 10
to 13; nelting the frozen peptide gel to provide a peptide sol; coating
at | east parteofiameslUpPfias®aotialarmhehéatoupedcbat 8dDwHahrihe Ipept) de
sol; and reconstructing a peptide gel fromthe peptide sol. SEQUENCE

LI STING an acidic peptide aqueous solution.

[0082] [Example 9]

The modified peptide 1 was dissolved in a scodium carbonate
solution to prepare a 0.8 w/v% peptide aqueous solution (final
concentration of sodium carbonate: 4.5 mM). The resultant peptide
aqueous solution was left to stand stilli at 22°C for 2 hours to
form a peptide gel. The gel was transferred to a laboratory dish
(diameter: 6 cm) made of glass without any particular'care. FIG.
12 (a) shows a photograph in this case. As shown in FIG. 12 (a), the

gel included air bubbles and was too hard to uniformly coat the

laboratory dish.

[0083] The laboratory dish with the gel was placed in a freezer
at -20°C to freeze the gel. FIG. 12(b) shows a photograph of the
frozen gel. After that, the laboratory dish was taken out of the
freezer, and the gel was melted under a room temperature condition |
while the laboratory dish was shaken. The resultant sol was applied
to the entire bottom of the laboratory dish. The laboratory dish
was left to stand still in this state to reconstruct the gel. Thus,
the laboratory dish whose entire bottom was uniformly coated with

the peptide gel was obtained. FIG. 12{e) shows a photograph of the

laboratory dish.
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<110> Menicon Co. Ltd. Ckayama University <120> sel f-assenbling peptide
and hi gh-strength peptide gel <130> MNCO09022PCT <150> JP2009- 054983 <151>
2009- 03-09 <160> 12 <170> Patentln version 3.1 <210> 1 <211> 13 <212> PRT

<213> Artificial F2P-MNC09022PCT

[0094] [Example 10]

A slide glass whose entire surface was uniformly coated with
a peptide gel was obtained in the same manner as in Example 9 except
that a slide glass was used in place of the laboratory dish made
of glass. FIGS. 13(a), 13(b), and 13(c) show a photograph of the
gel transferred to the slide glass, a photograph of the frozen gel,
and a photograph of the slide glass whose entire surfacewas uniformly

coated with the peptide gel, respectively.

Industrial Applicability

[0095] The self-assembling peptide or the like of the present
invention may be applied for regenerative medicine, a drug delivery
system, a cosmetic, an artificial vitreous body, a hemostat, an
injection for cosmetic surgery, bone filling, a joint lubricant,

a water retention material for moistening, or the like.

Sequence Listing Free Text

[0096] SEQ IDNO: 1 is a self-assembling peptide of the present

inventibn.

SEQ ID NO: 2 is a self-assembling peptideaof the present invention.
SEQ ID NO: 3 is a modified peptide of the present invention.
SEQ ID NO: 4 is a peptide which is not a self-assembling peptide
of the present invention.

SEQ ID NO: 5 is a peptide which is not a self-assembling peptide
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<220> <223> sel f-assenbling peptide <400> 1 Arg Lou Asp Lou Arg Lou Al a
L(Za;oArg Lou Asp Lou Arg 1510 <210> 2 <211> 13 <212> PRT <213> Artifici al
< >

F2P-MNC09022PCT

of the present invention.

SEQ ID NO: 6 is a self-assembling peptide of the present invention.
SEQ ID NO: 7 is a self-assembling peptide of the present invention.
SEQ ID NO: 8 is a self-assembling peptide of the present invention.
SEQ ID NO: 9 is a self-assembling peptide of the present invention.
SEQ ID NO: 10 is a self-assembling peptide of the present invention.
SEQ ID NO: 11 is a self-assembling peptide of the present invention.

SEQ ID NO: 12 is a modified peptide of the present invention.
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<223> sel f-assenbling peptide <400> 2 Arg Leu Asp Lou Arg Lou Leu L
ou Ar
Lou Asp Leu Arg 1510 <210> 3 <212> PRT <213> Artificial g<220> <223> J
sel f -assenbl i ng pepti de
F2P-MNC09022PCT

Claims
[Claim 1] A self-assembling peptide, formed of the following amino
acid sequence:
Zmino acid sequence: aibicibzaszbsdbsasbscabeay

where: a; to as each represent a basic amino acid residue; by to
55 each represent an uncharged polar amino acid residue and/or a
hydrophobicaminoacidresidue,providedthatatleastfivethereof
each represent a hydrophobic amino acid residue; ¢; and c; each
representanacidicaminoacidresidue;anddrepresentsahydrophobic

amino acid residue.

[Claim 2] A self-assembling peptide according to ¢laim 1, wherein
bs and b, in the amino acid seguence each represent a hydrophobic

amino acid residue.

[Clahn3]Aself—assemblingpeptideaccordingtoclaimlcn:2,wherein

aLlofbltobGintheaminoacidsequenceeachrepresentakwdrophobic

amino acid residue.

[Claim 4] A self-assembling peptide according to any one of claims
1 to 3, wherein b; to bg in the amino acid sequence each independently

represent an alanine residue, a valine residue, a leucine residue,

or an isoleucine residue.

[Claim 5] A self-assembling peptide according to any one of claims
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<400> 3 Arg Lou Asp Lou Arg Lou Ala Leu Arg Lou Asp Lou Arg Leu 1510 <210>
4 <211> 16 <212> PRT <213> Artificial <220> <223> sel f-assenbling peptide
<400> 4

F2P-MNC09022PCT

1 to 4, wherein d in the amino acid sequence represents an alanine

residue, a valine residue, a leucine residue, or an isoleucine

residue.

[Claim 6] A self-assembling peptide according to any one of claims
1 to 5, wherein the self-assembling peptide comprises a peptide
formed of an amino acid sequence of RLDLRLALRLDLR (SEQ ID NO: 1),
RLDLRLLLRLDLR (SEQ ID NO: 2), RADLRLALRLDLR (SEQ ID NO: o),
RLDLRLALRLDAR (SEQ ID NC: 7), RADLRLLLRLDLR (SEQ ID NO: 8),

RADLRLLLRLDAR (SEQ ID NO: 9), RLDLRALLRLDLR (SEQ ID NO: 10), or

RLDLRLLARLDLR (SEQ ID NO: 11).

fClaim 7] A self-assembling peptide according to any one of claims
1 to 6, wherein the self-assembling peptide comprises a peptide

formed of an amino acid sequence of RLDLRLALRLDLR(SEQ ID NO: 1)

or RLDLRLLLRLDLR({SEQ ID NC: 2).

[Claim 8] A modified peptide having a self-assembling ability,
wherein the modified peptide comprises the self-assembling peptide
according to any one of claims 1 to 7 whose N-terminal amino group

and/or C—terminal carboxyl group are/is modified.

[Claim 9] A modified peptide having a self-assembling ability
according to claim 8, wherein the N-terminal amino group and/or

the C-terminal carboxyl group have/has added thereto an amino acid
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Arg Ala Ser Ala Arg Ala Asp Ala Arg Ala Asp Ala Arg Ala Ser Al a 151015
<210> 5 <211> 16 <212> PRT <213> Artificial <220> <223> self-assenbling
peptide <400> 5 Arg Ala Ser Ala Arg Ala Asp Ala Arg Ala Ser Ala Arg Ala
Asp Ala 151015 <210> 6 <211> 13 F2P-MNC09022PCT

sequence including RGD.

[Claim 10] A peptide gel, which is formed from an agueous solution
includingtheselfmassemblingpeptideaccordimgtoanyoneofcﬂaims

1 to 7 and/or the modified peptide according to claim 8 or 9.

[Claim 11] A peptide gel according to claim 10, wherein the aqueous

solution further comprises an additive.

[Claim 127 A peptide gel according to claim 11, wherein the additive
comprises at least one selected from the group consisting of a pH
adjuster,5ﬂ1aminoacid,aivitamin,easaccharide,51polysaccharide,
an alcohol, a polyalcohol, a pigment, a biocactive substance, an

enzyme, an antibody, DNA, and RNA.

[Claim 13] A peptide gel according to any one of claims 10 to 12,
wherein the peptide gel has an absolute value L (g/s) of an amount
of change in load per unit time of 0.03 g/s or more in an approximate
straight line of values measured from the start of compression to
between 8 and 10 seconds in a compression test carried out at a
compression speed of 0.05 mm/s using a jig whose tip has a spherical
shape with a diameter of 3.2 mm and a curvature radius of 1.6 mm

under a temperature condition of 22°C.

[Claim 14] A substrate for cell culture, comprising at least one
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<212> PRT <213> Artificial <223> self-assenbling peptide <400> 6 Arg Al a
Asp Leu Arg Leu Ala Lou Arg Leu Asp Lou Arg 1510 <210> 7 <211> 13 <212>
PRT <213> Artificial

F2P-MNC08022PCT

selected from the group consisting of the self-assembling peptide
according to any one of claims 1 to 7, the modified peptide according

to claim 8 or 9, and the peptide gel according to any one of claims

10 to 13.

[Claim 15] A manufacturing method for a sterile peptide, comprising
the step of sterilizing the self-assembling peptide according to
any one of claims 1 to 7 and/or the modified peptide according to

claim 8 or 9 under a pressurized condition at 100°C or more.

[Claim 16] Amanufacturingmethod foranarticle coatedwith apeptide

gel, comprising the steps of:

freezing the peptide gel according to any cne of claims 10

to 13;
melting the frozen peptide gel tc provide a peptide sol;
coating at least part of a sﬁrface of an article to be coated
with the peptide sol; and

reconstructing a peptide gel from the peptide sol.
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<220> <223> sel f-assenbling peptide <400> 7 Arg Leu Asp Leu Arg Leu Al a
Leu Arg Leu Asp Ala Arg 1510 <210> 8 <211> 13 <212> PRT <213> Artificial
<220> <223> sel f-assenbling peptide <400> 8 Arg Ala Asp Lou Arg Leu Leu
Leu Arg Leu Asp Leu Arg

~ SEQUENCE LISTING

<110> Menicon Co. Ltd.
Okayama University

<120> self-assembling peptide and high-strength peptide gel
<130> MNCO9022PGT

<150> JP2009-054983
151> 2009-03-09

<160> 12
170> Patentln version 3.1

210> 1

211> 13

<212> PRT

{213> Artificial

{2200
<223> self-assembling peptide

<400> 1

Arg Leu Asp Leu Arg Leu Ala Leu Arg Leu Asp Leu Arg
1 h 10

<2105 2

211> 13

212> PRT

<213> Artificial

220>
<223> self-assembling peptide

<400> 2

Arg Leu Asp Leu Arg Leu Leu Leu Arg Leu Asp Leu Arg
1 b 10

<2105 3
211> 14



1510 <210> 9 <211> 13 <212> PRT <213> Artificial <220> <223>
“ self-assenbling peptide Arg Ala Asp Lou Arg Lou Lou Lou Arg Leu Asp Al a

- Arg 1510

<212> PRT
<213> Artificial

<2205
<223> self-assembling peptide

<400> 3

Arg Leu Asp Leu Arg Leu Ala Leu Arg Leu Asp Leu Arg leu
1 . 5 10

Q210> 4
Q21> 16
212> PRI
213> Artificial

<220>
{223> self-assembling peptide

<400> 4

Arg Ala Ser Ala Arg Ala Asp Ala Arg Ala Asp Ala Arg Ala Ser Ala
1 5 10 15

<210> 6

<211> 186

212> PRT

<213> Artificial

220>
223> self-assembling peptide

400> 5

Arg Ala Ser Ala Arg Ala Asp Ala Arg Ala Ser Ala Arg Ala Asp Ala
1 5 10 15

<210> 6

Q211> 13

212> PRT

213> Artificial

<220>



<210> 10 <211> 13 <212> PRT <213> Artificial <220> <223> self-assenbling
" peptide <400> 10 Arg Lou Asp Leu Arg Ala Lou Leu Arg Lou Asp Leu Arg 1510
T <210> 11 <211> 13 <212> PH <213> Artificial

223> seli-assembling peptide

<400> 6

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

210> 7

211> 13

<212> PRT

213> Artificial

220>
223> self-assembling peptide

<400> 7

il

Arg Leu Asp Leu Arg lLeu Ala Leu Arg Leu Asp Ala Arg
1 5 10

<210> 8

211> 13

<212> PRT

213> Artificial

<2200
223> self-assembliing peptide

<400> 8

Arg Ala Asp Leu Arg Leu Leu Leu Arg Leu'Asp Leu Arg
1 5 - 10

210> 9

211> 13

<212> PRT

<213> Artificial

<2205
<223> self-assembling peptide

400> 9



<220> <223> sel f-assenbling peptide <400> 11 Arg Lou Asp Lou Arg Lou Lou
Ala Arg Leu Asp Lou Arg 1510 <210> 12 <211> 17 <212> PRT <213> Artificial
<220> <223> sel f-assenbling peptide <400> 12 Arg Ay Asp Asn Arg Lou Asp
Lou Arg Leu Ala Lou Arg Lou Asp Leu

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

<210> 10

<211> 13

212> PRT

<213> Artificial

220>
223> self-assembling peptide

<400> 10

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

<210> 11
211> 13
212> PRT
- <213> Artificial

<2207
223> self-assembling peptide

<400> 11

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

210> 12 -

211> 17

<212> PRT

{213> Artificial

<220>
<223> self-assembling peptide

<400> 12

Arg Gly Asp Asn Arg Leu Asp Leu Arg Leu Ala Leu Arg Leu Asp Leu
i 5 10 15
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