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AT T=WTIEREEE 2 B L LI SMRE X o 7 R BB OB L, 5 EL VRSN D,

H1E [FH T, ABECIREL LD ZRARHBEEOREN (k0T 7' a—F (22> CTHEER
L7, MIaSRERIEEC 3810 B A IR/ NER BT 2 45l U 72 RSB B O EEEMEIZ DD Tk SR e A IRFH AR A R I
T T2 28R & VR R B OBIRIC L ERBERZH LML, RO B EBRE R LT,

% 2% ITriple helix ZFIH L7z SHEREME R GBI ORES )] TIX, ~7 v =&KX coiled-coil HEEATERT 5
3TEEDNTF KN (helix A/B/C: hA, hB, hC) #FHT DI Licky ., ERTZ—K LB MM~ ~Y
VI AR RTEEEE L, TORETMZITo72, v~ ) v IV REZURTBEORK LD T AT UHEDN
TF RO K LES] (B) IS 7F K TH5 RGD itd] (R) Z#lAE 7= ERE & o 37 B O ARIRHIC
hA ¥ 77213 hC ZF@l& L7 hA-ERE-hA (ARA) . hC-ERE-hC (CRC) % a1 LFHITHE L, RO ERETH L. 7
7 A N—IROREEENTER L= 2 L 2R LTz, £72. hB 2 U7 S IR MERHE AR5 R T~ (hB-bFGF) % 3&1&
F T2 CHESE L. hB-bFGF 2% ARA-CRC |Z triple helix DTERZ " L TEMALE BRANICHES L TWDH Z L &R L=,
S BT ARA, CRC, hB-bFGF 235 k% v 7 VIRF—{R b B Sk L e SN 35 1) 2 M FERE 2 & M ER R
PNEGRIA (HUVEC) Ik WMl L7=& 2 A, KRFD bFGE Z W =34 & bhilik LT, BEE 2 AIABTEErE 2 A L
TWA Z & %R L, hB-bFGF OfMaIEIEME N ERICHERF SND Z E 2L NIC LT,

% 3% [ELP 2RI LIZIREISEME S LR g Ru LV OE) Tk, =TI AF U HEORKRMER Y <7 F
RECH (AVGVP) , \ICE BB FEIC K D BHE A FIHT 2R Y 7T ARG X UE (D), 2GS L7 5 Coil-LL _XTF K
(CL) ZHfE L7zt % o /3278 (AVGVP) ,,~D,~CL {coiled-coil unit bound elastin-like polypeptide (ELP):
CUBE} %M+ THANHERE L, A FaZLoOBE L 0% Ot 24T > 7=, D, O#ENRL S 3FE (n
=0, 44, 88) @ CUBE Z{E#L L. 4 CUBE 23 30°CHHICT/NA K ZFL &k, KR TY M REEA~ & Al I ARIR RS
R E, D, DEHENEL RIS LOFEAM N LD 2 AR L, £72, b MlRAE ERES A
AUAE (AB49 HAE) % (AVGVP) ,Dg—CL (0-CUBE) Z/VPNIZANE L =IRICH# 21T 5 &, AB49 HifIZ /S VN TR~
oA REERSE, BEMAICEZETHD Z & &2R L, CUBE ZFBS =k esikl s LCRIARETH D 2
LRSI LT,

WAE [ZREREY RN Ru W X5 Z keI E MO Cid, %5 3 = CHEZ L7 0-CUBE 128 v
T xRy (BSP) Hisko RGD s (bRGD) A A L7z (AVGVP) ,-Dgs—bRGD-CL (bRGD-CUBE) % JEA= 1~ T2
\CHESL L. F ORERERTAM 21T - 72, bRGD-CUBE {Z 0-CUBE & RIARICIREE INE M Y V-7 Vs & oxd & TFHH D
EWDAA Fa A LaBR LT-Z & &R Uiz, £7-. bRGD-CUBE 4 /LN T HUVEC D =R T8 %247 o7- L Z A, bRGD
U AFAIC HUVEC O =R e/ A NMEE S N-Z L 2R L, EBEHTF FOEAICL Y, K512 CUBE
FHEREILARECH D Z L ZHL M LTn, 61T, ~N U UEAMEDO K ENFTd 5 bFGF Il PN R AL 5 X
T (VEGF i) 1. FH7EAMEENEAZ S LT 0-CUBE O Dy FML~FERAICHER L7 Z & &7~ L. bFGF, VEGF . % &7 E
FIIZ AR+ & 72 bRGD-CUBE #* /LN T HUVEC D =R T8 21T o712 & 2 A, REORER T2 BN L-5&4
Ll U CHBICIRE R MEE S, #ast~ R Y v 7 2 L RERF2 5 OFEN LS 7T IVREDFHE R A]
BTHDHZEEWHLMNT LA,

HHE i TIX. FECHONIERERET 5 LI, ABOBEIZOWTRLE,

DLk, RFSCTH, helix 7T KD coiled—coil M, KO ELP ORISR AIC X AR 2> 1M
HAERZRWT, Fiiefiiast~ b Y » 7 AOMELEZITV, ZRTEGMELE LTOFRRMEZHLNCL, 4%
DR LFORRICET 5L < DMAER/T,

% - FSCE B, I 2000 52 & 5630 300 §F 4 1 BT DT 500, b L<IES3C 800 554 1 R L T2 &y,
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This thesis consists of five chapters titled “Development of multi—functional protein scaffolds for
three-dimensional tissue construction”

In chapter 1 “General introduction” , importance of three—dimensional (3D) scaffolds which mimicked
microenvironment for controlling cellular functions was mentioned and the construction strategies were
indicated with the purpose and the significance of this study.

In chapter 2 “Construction of high—functional scaffolds using triple helix” , an artificial
self-assembling ECM protein tethering basic fibroblast growth factor (bFGF) was developed by using three
kinds of helix peptide (helix A/B/C) that form heterotrimer coiled-coil structure. The designed
bFGF-tethered self-assembling ECM protein exhibited superior cell proliferation activity. The results
demonstrate that the approach of using triple—helix formation can be applied to develop high—functional
ECM proteins for tissue engineering applications.

In chapter 3 “Construction of temperature—responsive protein hydrogels using ELP” , genetically
engineered thermosensitive protein hydrogels were developed. The designed hydrogel was realized by
combining the following three peptide blocks: thermosensitive elastin—-like polypeptides (ELPs), a
polyaspartic acid (polyD) chain to control aggregation, and a de novo designed helix peptide that forms
antiparallel homotetrameric coiled-coils. The resultant coiled—coil unit bound ELPs (CUBEs) exhibited
a controllable sol-gel transition with tunable mechanical properties and showed the applicability as 3D
scaffolds.

In chapter 4 “Construction of three—dimensional vascular tissue using multi—functional protein
hydrogel” , CUBEs were functionalized with bone sialoprotein derived RGD (bRGD), and human umbilical vein
endothelial cells (HUVECs) were three—dimensionally cultured in bRGD-modified CUBE (bRGD—CUBE) hydrogels.
Proangiogenic activity of HUVECs was promoted by bRGD, and dependent on the bRGD concentration. Moreover,
heparin—-binding angiogenic GFs, including bFGF and vascular endothelial growth factor (VEGF), were
immobilized to bRGD-CUBEs via electrostatic interactions. HUVECs cultured in GF-tethered bRGD-CUBE
hydrogels formed 3D tubule-1like structures. The designed CUBE hydrogels may demonstrate utility as advanced
smart biomaterials for biomedical applications

In chapter 5 “General conclusion” , results provided in each chapter were generalized and future
perspectives were showed.

In this thesis, novel ECM proteins were constructed using the specific molecular interactions
including formation of coiled-coil structure and temperature-responsive association of ELPs and the
utilities as 3D scaffolds were demonstrated. The thesis provides many finding to contribute to advance
of the tissue engineering
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