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Elastin-like polypeptides (ELPs) are functional polymers that show elasticity and lower critical solution temperature
(LCST) as native elastin. We have developed a novel class of “double-hydrophobic” block ELPs named GPG and its
derivatives with added functional motifs. A series of GPG comprises proline-rich (VPGXG),; and glycine-rich (VGGVG)s,
both of which dehydrate at higher temperature but form distinct secondary structures, -turn and f-sheet respectively. GPG
initially assembles into nanoparticles, which further connect into beaded nanofibers. In this study, a new derivative GPPG,
where (VPGXG),; is repeated twice via a short linker sequence, has been constructed for the purpose of obtaining a physical
gel of ELP. The longer proline-rich sequence of GPPG might bent more freely than that of GPG, resulting in the formation of
branching nanofibers. GPPG (20 uM, 0.034 wt%) assembled into nanoparticles and aggregates of nanoparticles while GPG
(20 uM, 0.055 wt%) organized into nanofibers in water at 37 °C. When the concentration of polypeptides was increased
to 0.3 wt%, both GPG and GPPG precipitated from aqueous solution. However, when GPG and GPPG was mixed at 9: 1
weight ratio the mixture formed a physical gel at the polypeptide concentration of 0.3 wt%. The gel formation at such a low
concentration is unprecedented in the field of ELP. The homogeneous nanofiber formation with suitable branching might
be responsible for the gelation. This work will open up the possibility of ELPs for use in the cosmetology and biomedical

research fields.
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DNA ¥ —# % —% Hw /- BHENT IS X ) GPPG % 2 —
F§ %85 T OFFEZ MR L72. pET22b (+)-GPPG %
WCKIGH BLRM 2 B Eizia L, GPPG ¥ v X7 H %5
Haglh ¥ ORI BEGRT 74 =74 —2u~x 77
T A=, #ACH U CENT L CHEE BRE L
0B, HEE L GRE K 2872, FT YV b
Uy L -RYT7Z7YIVT I FERKE (SDS-PAGE) &~
MU v 7 ARV —F A & S ALARATIRE 7R AT
(MALDI-TOF-MS) 12 X 0 A58 2 fEZ8 L 720

2. 2. BCEEHOEK

GPG & GPPG #ZNZN20uM (FNZFN 0034 B L O
0055 wt%) & 75 L) ICHKICERSEZDL, 37CT
7THEA Y Fax=FL7 2O, M (CD) 4k
T 190 ~ 260 nm OWOBE AR ET L LICL Y, ¥ ¥
7B RMEE OB E R, THBROREHERZ <~ A
HEMTH T L, 37 CTHREZRL-0BIZ, KT
WifsE (AFM) CIEREZ Bl%E L 72,

EHIC, KYRTF FREEZ 03D 5% 04wt (21
MEET37 CIKHEL., 1 HBRICHEEONBIOEL % Bl
L7 MARYANRTF FREL 03wt IZEEL. GPGE
GPPG Z T &R A L2 EHI DO W TR BIZ 21T - 72,

3. & R

3. 1. GPPGOAKEFER

DNA ¥ =7 % —% H w72 BEH N o &5 K. pET22b
(+)-GPPGIZIZGPPG % 2 — ¥ 2@z T25IE L { FiA &
NTWizo BH LK) RTF FIZ2OWTDSDS-PAGE
B L U'MALDI-TOF-MS O#fE# % M 2 1277 F . GPPG D #L
WO FREIX27700DaTH B, SDSPAGEIZBWTH T
27kDa®dD~ — 7 — ISR DI\ N Y FAMIL, 20
EDPICHEBARO#E N Y FHBIE S/, MALDI-TOF-
MS CTEU S 7z A2 0 57813 27732 Da Tdh - 720
D EonZ kX, GPPG#% FWsm& 3 5 EMMAHE LN
=P

3. 2. B2EA&FDIK

GPGHB L U'GPPG % WEAI20uM & & 5 & 9 I28H K
IR ST, 15 COLEMTCD ARY Vv afllEL7zk
ZAH ELELDORYRTF FIZBWTH 200nm ICE DN
VR 24nmABEICBEDO Y a vy —aHn-(M3), oh
HidEnzEh, 75534 VHEEB X O B-turn HEEICH
kLTBY. (VPGXG), BLH % 43 % ELP ICHF B 72 A
Ry MVTHBY, ZOWHE T CITMET 5L, AN



A X hAY MRS Vol.25, 2017

—_
Y
~—

[6] x 10-3/deg cm?2 dmol"

6
190 200 210 220 230 240 250 260
Wavelength/nm

—_
o
~—

[6] x 10-*/deg cm? dmol-!

-6 i i L 4 . i
190 200 210 220 230 240 250 260
Wavelength/nm

X3 (a)GPG £ & U(b) GPPG ® CD X/~X% K.

7 PVIZREREIICZEIL L2 EH50HA12H, 198nm
DM IEDF NI KT 5 —J7, 218 nm D5 1L
BOFMH AR L7z 2N Hid, B-sheetErEDE A1
HENCDWINLETFTCVwE 2 ERLTWAS, 1EL
FRIEN 720 OF5MH % LT 5 &, B-sheet HE IR
BLIEMRDMEIZGPGDIE ) ASGPPG L ) b K& 2o 720

J7TCCLHABEE LYY TV E~ A4 HEBRICHT
L7zobizlsd, AFM TS LR EZ M4 I1TRT,
GPGIZF 7 7 7 A N—=~NELHBILLTBD, 774 /3—
P£12423 = 75nmTHh o7z, 45 CTHCEA S TG Y
WY B LR TIEH 505 BHRIRoELV 7 4 0
V=% HLTWo THIZH L. GPPGIZIEX 256 + 74
nm®»F /R EERLTEY ., ZOEERDL AN,
RYNRTF FilEE 04 wt% 2 EA- S, 37°CT1HH
4 Fa2R= 1 5L, GPGIZFEWHDONL FRF V%
B L7zo —Ji. GPPGIZF U4 CibkEA Lz RV
NRTF FiEEZ 03 wt% & LT37 °CIZH#ET 5 &, GPG,
GPPGOM HFIZBW Tk EE Uz UL, A
NTF FREE 03 wit% [ZFE % L 7244F T GPG & GPPG %
9:1(w/w) OEAETRAT L. 1 HBIEEHD N
FasrVvEER L (K5). GPGEXGPPG%#8:2, 7:3
TRA L7256, Wik 3 o iz,

4. ¥ &

R RTF N 20uM D Z 12513 5 CD A7
FVIIE DK R A S, GPG & GPPGId & b 1237 Cokrh
T, #EWEIGIZB-sheet HEE A LN T 5 2 L 25bH 572 (K 3),
GPPGIZBWT 1 ENFRIEY 72 ) DB-sheet i 15 HE &
MRV DX, B-sheetfifEZ WK L ) 5 GRCHIAS/>TH T
5 5 EED, GPG (26%) > GPPG (15%) TH AT &
RS2 EEZ5ND, MR XRTF A, AFARR
JEIZIBE L Ca TR B CHEEORE ) & 7% % B-sheet HE 1
EEBE LD OO, GPGIEF /7 7 4 x—~ LML L.
GPPGIXF /KT B LT /T OEEMARNLEHCEAL

(a) (b)

500 nm

4 (a)GPG $ & U'(b) GPPG PR T 2 £ &14D AFM 1.

K5 GPG & GPPG %9 :1(ww) TREELTESNhB/NT KR
O IVDEE (R NTF KEE 0.3wt%).

72 (K4) GPGIZBWTIE, B TH YD PAEHIAB-turn D
RS CTH HB-spiral ik & 720, BIRGTE LT
KA LM SN D, BUKKZRPRSNIZATTHEALT
FORTFA2BETHEL LI, HIROELREIZ L ) I E
T4 %o PEEANCH A L 72 GECHIIEHEF 0 ik 2 A7 5 5
X2y, Mok T & B-sheet Hiik % K L CTEIRIRF
I T 7 AN=~NEHBALT B EEZ5ND, —F. GPPG
WCBWTWEPRSIDST VX 7R v h —FH THfie S
NTBY, BHICHMPB LI ENRNTEL, TDH, GEYI
BHRTHTED T v 7 AICEE L. BT NERCB-sheet ff
B SE20. H WD IR T [HB-sheet # i %
BT 52 LhREE b T OER, GPPGIEF /KT



Ky BEVIEF I HTFOBRERNLACEEGLZEEZD
N5, GMME 24757220 uM DIEEEIZBWT,. GPPGIX
VRO NTH o 72502 FeoF 7 7 7 4 =~ LRI
T Lo 7oA B L7t e kg L LT
F KT OBEERERK LD FZ 5,

GPG WG DA WEERIKF 2 7 7 4 78—~~, GPPG %S
F KT EIRAANEEETHOTHNIL, WH 2 W) 28
ATRAETAIEIZLY, HiEEEZEOF ) 7 7 43—
PRONDZDOTEGWNEERTZ. 7 74 23N— D55 Bk
. w72y 7 REROMHEIGEEER 25 LT
ML, RYNRTF FREZENS ETHERD Z MVLOH
ARz RYRTF FEEL 04 wt% (GPG : 238uM,
GPPG : 144uM) & L, 37 CT1HA vy FaxX—=tLIzEL
A, GPCREAT KB REEE Ko TREWD
FNWEIE L7zo GPPGIXF UM Ciblz 4 Uizo 1
20UM D & ZDMERNOHHT H & GPGTIEF/ 7 7
AN=DREAEVIZE > TTHF V2 AEL, GPPG k&R %
HBUEEZOLNE, RUXRTF FRBEZ 03wt% KT
SE72%A. GPGTHILB A L L. RBHO 7 Vi
ELhhole Ll GPGEGPPGEE®ILA9 1L
A IHRELENA. AveEk L7 (¥5), 8:2,7:3
TRA LA IIIHR 2K E 20, wihd GPGE
721 GPPGHM DY & L B R IG 6720 GPG &
GPPGORAIZ L D GPGAHAM T T 5F /7 7 4\
— LI LTRSS A ST Y b7 — 7 i 2 A
EL, LVKBETCOTMEINER SN %% 2 C
Wb,

INFETIT, G2 LB I N7 AT
YELPF VIEHEEN TV 00 M2 BikMEasws <
AY—ICBELRT VI I AF v &2 G—R VT 5Z L
IHRAMICHEL <. HEFIE R, T2, ALE4E T v
TINS5 VN = FVIER 2 IR E v, T AF
DOLCST M L CREISEEOWERr V2 F 3 25T 4
FTA TR L D EAEL Tnzds, EHIEIES TE R,
o720 TTAFVRELPZLCSTU RICmEd 5L, 7
METIE RS MHOHZEZLTHRBELTLE) 5 TH
%o Conticello 5%, ELPZ# VoIS THAM % &
O27ay 7 R)RTF FEGE LA FIVIEKICIE
25 wt% b DEIREDOELP AR ETH - 72" EETIE
Olsen & %% ([I)sVo.] PAVG) , D BLH % £ ELP 2341 4
MW~ S VEERTAZ L ERELTVLA, &
OWEWZH T VBIZIZ 10wt% L EDORY XRTF R 2 Eg
W, 5 2F VRIS, V7 HERE Y 4B A+
VREETAY 7 E ORI & G SR G R T F
R 25 7% 2RSSO NV HER IR Tw5E, 20
it BERE R A0 AF Y UANOESITHY, =
F AT Y DLCST 350 F ORI R IR EE % 15 5 72 DA

ISXFRPRINTFROEENFRENCSZREREES IV DORIS

PIICFHH SN TV BIZT ER V. YV T T AT DY
PV LEREE 4wt s ShTws Y,
WTMIZLTH, 1wt LT TCoOWHE 7 IVIES L ELP I3
TRIF|ESNTBH T, RIS TER SN 03wt% T
DI VLIREHINTH S L F X 5. RELPF VIE, H—
L) 77 AN—Th, K& OHEMBHEIK X VIR
ROFBN T+ 0TI —%FOZ LD, KEETOTS VEIZD
GRolbEZONL, ABIZETHIE L 72 ELP (& BREE
FH A MR EAH Y 7 & BT IE all-elastin HRE TH
B2, LT AF VHPERRET B IR T i KBRIC FR3
TEDME L %52 LS5, 5. GPG & GPPG
DRELE LS T B 2 LT R % M 1221
EHLILEEZRADLTFETH b

5 #% &

AWFETIE,. Pl R ELP CTd % GPPG % @& a1 L% D
FHEEZHOTER L. GPPGIZ. GPGAF /) 7 7 4 /N —
AT HMESRMFITBNTH 2 RTFIRB LT T 0%t
BARNEHCHEAL, B TFRLZ5ET 7 7 7 43—
Bonhhorze L L. BERIIEIRIRG 2 7 7 4 83—
LD % B U7 2 IREBTH L L E 2. GPGE
GPPG#RETHILIZE Y GPGF /7 7 4 N =~ %
BATHI L ERAER. GPG & GPPG% 9:1 (w/w)
TRAETAHIET, 03wt L WIHKIEETNHNAS, Fariv
BT ENTEZ, FEHEDLIFINTTIC, GPGHOCHK
TSR RBRREVEEF — 7 2T 5 2 & X 0. ALFEAE
WEERF /77 A N= HHVIIHETET MBS
AETDF T 7 AN—DRBICE L TE Tz, ThHD
GPGHFEMARZHMERA LY. & 5I2H L GPGFEA
EHMAEDLEDL LT, HARERES VS LNE TH
59 HEANKR) VEBERERSZEREE T 501 P
VIR E, FEEEIIR SN TS 00, RIF%ET
BN REISEMEELP 7 Vi3, KT VLS 5 8l
WA . FAEMINL O 3 KoeEE R OR, M o 55-bH]
. ANTIMEOMREZ 2 1Z Lo &3 BIREVISH R
Wifrsn s,

E I
AFM BI%2C ZHih )1 & W72 72 72 50k B K22 BB A e A
AKEPBESEE, UM — R RICIR ERH L BT E 97

(51 FAXHA)

1) Mithieux SM, Weiss AS; Elastin, Adv. Protein Chem.,
70, 437-461, 2005.

2) Rnjak ], Wise SG, Mithieux SM, Weiss AS;: Severe
burn injuries and the role of elastin in the design of
dermal substitutes, Tissue Eng. B Rev. 17, 81-91, 2011.



A X hAY MRS Vol.25, 2017

3) Urry DW.: Molecular machines: How motion and
other functions of living organisms can result from
reversible chemical changes, Angew. Chem. Int. Ed.
Engl, 32, 819-841, 1993.

4) D. H. T. Le, R. Hanamura, D.-H. Pham, M. Kato,
D. A. Tirrell, T. Okubo, A. Sugawara-Narutaki,
Biomacromolecules, 14, 1028-1034, 2013.

5) Le DHT, Okubo T, Sugawara-Narutaki A, “Beaded
nanofibers assembled from double-hydrophobic elastin-
like block polypeptides: Effects of trifluoroethanol,
Biopolymers, 103, 175-185, 2015.

6) Le DHT, Kawakami R, Teraoka Y, Okubo T,
Sugawara-Narutaki A,: Cross-linking assisted
stabilization of beaded nanofibers from elastin-like
double hydrophobic polypeptides, Chem. Lett., 44, 530-
532, 2015.

7) Anh TTH, Xing M, Le DHT, Sugawara-Narutaki
A, Fong E,: Elastin-based silver-binding proteins with
antibacterial capabilities, Nanomedicine, 8, 567-575,
2013.

8) WBHERAL . A7 oy 7 R RTF FOERRE
244, Colloid & Interface Commun., 40(2), 12-14, 2015.

9) Urry DW, Shaw RD, Prasad KU,: Polypentapeptide
of elastin: Temperature dependence of ellipticity and
correlation with elastomeric force, Biochem. Biophys.
Res. Commun., 130, 50-57, 1985.

10) Lim DW, Nettles DL, Setton LA, Chilkoti A,
Rapid cross-linking of elastin-like polypeptides with
(hydroxymethyl)phosphines in aqueous solution,

Biomacromolecules, 8, 1463-1470, 2007.

11) Trabbic-Carlson K, Setton LA, Chilkoti A.:
Swelling and mechanical behaviors of chemically
cross-linked hydrogels of elastin-like polypeptides,
Biomacromolecules, 4, 572-580, 2003.

12) Zhang YN, Avery RK, Vallmajo-Martin Q,
Assmann A, Vegh A, Memic A, Olsen BD, Annabi
N, Khademhosseini A, A highly elastic and rapidly
crosslinkable elastin-like polypeptide-based hydrogel
for biomedical applications. Adv. Funct. Mater., 25,
4814-4826, 2015.

13) Wright ER, McMillan RA, Cooper A, Apkarian RP,
Conticello VP,: Thermoplastic elastomer hydrogels via
self-assembly of an elastin-mimetic triblock polypeptide,
Adv. Funct. Mater.,, 12, 149-154, 2002.

14) Glassman MJ, Olsen BD,; Arrested phase separation
of elastin-like polypeptide solutions yields stiff,
thermoresponsive gels, Biomacromolecules, 16, 376 2-
3773, 2015.

15) Dandu R, Von Cresce A, Briberb R, Dowell P,
Cappello J, Ghandehari H,: Silk-elastinlike protein
polymer hydrogels: Influence of monomer sequence on
physicochemical properties, Polymer, 50, 366-374, 2009.

16) Ghoorchian A, Simon JR, Bharti B, Han W, Zhao
X, Chilkoti A,: Bioinspired reversibly cross-linked
hydrogels comprising polypeptide micelles exhibit
enhanced mechanical properties, Adv. Funct. Mater.,
25, 3122-3130, 2015.



