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Fabrication and mechanical properties of type 1 collagen hydrogels

reinforced with peptide rigid nanofibers

HE Yanmei, WU Dongdong
(School of Biomedical Engineering, Sichuan University, Chengdu 610065, China)

Abstract: Type I collagen is the most abundant collagen in the human body. Type I collagen hydrogels

are often used as biomimetic scaffolds because of their biocompatibility and chondroinductive properties, but
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their low mechanical strength and rapid degradation limit long-term implantation. Peptide rigid nanofibers
(PRNs) are a biomimetic material with a collagen-like multistranded helical structure approximately 2 nm in
diameter. Photosensitivity can be introduced through methacrylic anhydride modification (MA-PRNs) , and
their high strength and multiple modification sites may be used to reinforce collagen-based materials. In this
study, collagen-based composite hydrogels containing different proportions of PRNs or MA-PRNs were pre-
pared by physical blending or photocrosslinking. In the physically blended system, the best resistance to de-
formation was obtained at 5% PRNs. However, because the network depended only on noncovalent en-
tanglement, its stability was low, and complete degradation occurred within 5 h. In the photocrosslinked sys-
tem, material properties were improved through covalent bridging between MA-PRNSs and the collagen net-
work. At 3% MA-PRNSs, the crosslink density was increased and the network was densified, resulting in a
compressive modulus of 0. 01 MPa and the slowest degradation rate. The effects of filler content and cross-
linking mode on the mechanical properties and degradation behavior of collagen hydrogels were determined.

These properties can be adjusted through material design, providing theoretical and experimental information

for the development of nanocomposite biomaterials.
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FH DMF Uk A g 4 ¢ fi A 20 %6 WR UE 1Y) DMF %
WRAE 90 “CTI 38 2 fol gl o HAon] 22 5 iR O 4 ik 1A R A 7
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Fig.2 Design and structure of polypeptide 1 and 2
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& BRI FE T A 1) RO AR T AR A TR
3 mL, AR AL RS B 1 28 o ok B -t ) il R i 4R 2
JRVE W, 8 Al Ak 20 B8 o FF AR B Y 2 BRI T
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H-1,1,3,3-/0H & (HCTU) & 2. 5 mmol
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A 5255 SR FH R £ 9 R BB/ N A B U TR R TR
2 1 AT B iR 3 R B T W R D 43 fL g o £
fiff 5 b 5 55 A O B 5 HR 5 4, I O S DI 2T A I K
VoS il R TR VS P T DR o R R G DR 1 ity I 5 A 2
REL sk G975 1 A IR, 1T 5 8 10 Rl T e P D0 S8 i B
Xof J¢ T AT B ) B i AR DR BR o8 B = IR e 45 1
ORI N = 1 o e s e v U U g [
EAAil, BAR T AT - R BR/NE B IR TR
e, R G 2B/ (1 DIR A TR IE 24 h,
T TCK O BEVR L 24 h LBRAR B 24 . RS in A
20 mmol/L £ . Hﬁ@ZM(EDTA)YﬁﬁL L 5 mol/
L NaOH %7 pH % 10. 5~11. 0,72 11 12 h B & i
B4 Jm 1, B n F 10 % NaCHAE RIS PE S h, 52 iE
B EE, DL 130 R L BC i E & F g -0. 5 mol/L
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Fig.8 Preparation of peptide-based rigid nanofibers
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T 6 °C, m A ORI I = MR e 25 A gt L AR

1 5 i
1.2.2 ZHAIMAXFEDEES ] BRKEK
HRWEIEITE

e R B B 396 Y TR RO T R BT
Froe R R A A AL O R R pH 2
7.0~7.5, Be i B IR 2k BE 7 mg/mL. FE LA
Bl 1= 51 A 22 K W1 40 K 21 4k (PRNs) 1 Sy T fig 7
B SEAH T VO 2 A B RN L 481 32 AT 6T R S 5 (I
WETHN 0% .3% 5% F10%0) o KRR I IR
A7 58 JE R -5 6 0 491 B9 PRNs 43 B0, 78 40 B+
15 3| 44— Fa 5 19 5 R -PRNs 52 4 B SR IR & W .
HE AP AR BEE N 8 mm & 2 mm, R
T dn 218 WA A I AW, S BT I T 2
L PR 3k AV S AR 7 AR O R e R MR K
RIZER o B ) A 2R N 308 T T N SR B T %
EPRTIRA IR S, HERRpHRE £ 7.0,
I3 T2 B 2 A % g Ji 1 20 2 S KA T . R IR
B AR BSE R OB T 375 CIE IR 1% 37 46 v B IR
WP RPELHRE 2 he SR 4r 1 A Bk PRNs ¥
KU R %S I IR W E A R A - B e AR e
2 R Ry T b 38 AT FL A B 2 A K EE I (Col-
PNRs) .

1.2.3 SHNMENKRFEUZLSHEES ] BEK
FEXKERNEHETIE

2 HR K LA TR 2 i B A 9 TR fE 4 °C
ZAFF L Lh 20 mmol/L #5258 % R EC il 5 mL
W E R 2 mg/mL 1 1 B W, FEEe e 4 12 h
Z IR BEJE R0, 2 mol/L B R A —
FNZE h i 5 5 mol/L & A AL BV R 1T I i pH 2
7.5, MEZTIA 37,5 ul. B EE R IE IR EF(MAD ,
RSP P IV 4 by [N 22 LA 5 mmol/L & A AL
WA R R pHEEAE 7. 5(F D RMNEEHEG,
RV AR 43 F 2 8000~ 14 000 Da [ i% Hr
K, TACHEEMTHESNaifh. L& 50%
RT3 E0 289 20 mmol/L £ B8 7% W o 91 46 1%
Brl , 3B U808 10 %0 S BEAR R 73 B kAT i b, e J
FH 20 mmol/L R MR W BT 48 he BT WA %
TS T —80 CREOGARAFE# M o FRECH JET
Wik T R R (Col- T -MAD B B 1 S0 - %k T+
FE R BOPE T R JE VR T FF i & 5 mg, W iR T
0.5 mL 4 At = B 3£ 7 A (DMSO) 1, ] 600 MHz
H% 1 4 U 15 A 2 I AE A 2 A 88 S (0~13) X

10 S1X Al A4 "H A% W2 05 35 13

O
N N, Q9@ axcpHIS ;fg
N e e \
Nl{lz l NH * %0 T 4h NH N
: Y o
B9 Col-1-MA#ERTER
Fig.9 Schematic diagram of the synthesis of Col- [ -MA

A3 SRR R AR R D 0 R Ak I R 14 mg B R
5 I I T AR L LA 20 mmol /1L h R VA U VA i
Be il 14 mg/mL BB . Ff 58 VG R A
FALNIBE IR R pH 2 7. 0~7.5, INAEE] %
1 12959 , e il B i L &9 B 7 mg/mL 5] K 5
LU BE A 0. 5 mg/mL (A 53 1 I % 12959 ¥k JiE ik
T2 U JE SE 0 98 AT oE— A5 A Ak 2 i R I T
2 KRB EE L BR AR B OG5 R, e S B T AR
Az W A VD I B I TR W 5 A A R Wk B Al v, T
AN R £ 28 RO o BE S RS R L R TR
1k 22 Ik IR 94 K 21 4 (MA-PRNsO Ay 38 58 A | 1%
B 0% 3% A5 Y6 (i 3 B0 = 21 B 2 s in i 64T
X BRI B8 AS ) B 9 MA-PRN's 5 5 J5 91 58 i 76
SHIRAT AR B IR . KRS WAE 8 W/em™ %€
ARG BR G 30 s, 3 28 6 38 Bk [ Ak, B B 38 B I
JFOKBEE (Col- T -MA-PRNs) .
1.3 SHAMEAXRFEES ] BREKERY

F1 M RE TR
1.3.1 WEHZEN

N A5 g 1 K B R RE R T TR AR UK
b SR B AT MR B (RO AR D . R B
P b BE S AR SRR R, B 2 H 50K A 0 [ B s
F 1 mm, I E BN 0T bR 1 2B ) 2 A R
fi o B JE T R AR 25 WU < p S EAT N AR 4 A (B
WA, 76 [ 2 MR 1 rad/s K, 3 I A8 7
0. 01 % ~1 % , 38 2k Wi 00 4SSt il 7 A% 1) 2% £k LA
TERE SRS R PE RS B X (LVE) . B 5 YEAT R
T, W L E N AE R 1% (R T2 PERS 3 X ), £
BRI B A 0. 01~1 rad/s, 18 1 43 Br 455 5 B 49 (14
AR AL A TE AL K BE B 1 Bl ARG P g 5 N 45 45
P ga M .
1.3.2 ZHENZESH (DMA) MK

FI T 8l 25 AL 53 7 A CDMAD X 7K B8 1 ) Kl
PR AT O HEAT R AE . WK IR B O R (~
25 °C) , AH X 1 BE 5 il E 50% 22 A5 LA BT 1k K 4y 7%
K 4 R A R R A L AR TR OIR Sk TR AR
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W KFFHROBRHFRR)
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Ak R L R AL RS B RN
8.00 mm, & BE A 2. 00 mmo ik K 2% At ok
(R 22, R AL BC 7 HE S 3 NS AT R .
FEep, 3k R 4 e HLIE 2 KR . W0 IR B Bt in
5 mN 1Y 37V Ry SR AT, DA B R Sk 55 0 i ] 19
25 BT S R W ) 2E . B L AE 20 pm B E
FEPRIR N, X FE S i N IE 5% 38 AB N J) o A T 5%
AR M, D3 R AR R E O 1 Hz 2 Hz il
5Hz, 7ERA BT ¥ HAT 10 458 8 0 n
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