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Advances in self-assembled peptide hydrogels for bone regeneration
XU Liu, XU Shan, XIANG Tangyong, SHA Zhengzhou, ZHANG Jian, CHEN Zhipeng’
College of Pharmacy, Nanjing University of Chinese Medicine, Nanjing 210023, China

Abstract The development of osteoinductive bone-filling biomaterials for bone regeneration is of great signifi-
cance. Self-assembled peptide hydrogels with high biomimetic extracellular matrix structure, low immunogenicity,
easy synthesis and modification, and flexible loading capacity provide a highly efficient therapeutic platform for
bone tissue repair. Herein, we discuss the design principles of self-assembled peptide hydrogels, report the struc-
tural characteristics and assembly mechanisms of self-assembled peptides, and highlight recent advances in self-
assembled peptide hydrogels for bone regeneration, including delivery to cells , bone morphogenetic proteins,
active factors and small molecular substances. Finally, the bottleneck and development direction of self-assem-
bled peptide hydrogels are pointed out, aiming to provide guidance for the construction of hydrogel delivery sys-
tems with high osteogenic properties.
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Figure 1 Self-assembly and potential characterization of peptide amphiphiles
A: Mechanism of self-assembly of peptide amphiphiles; B: Self-assembly of peptide amphiphiles in their respective environment, leading to hydrogel
formation at different pHs through counter ion stabilization, and upon mixing them together, they showed gelation at physiological pH because of elec-

trostatic interaction; C: Zeta potential graph showing the overall surface charge at different mixing ratios of the peptides *!
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Figure 2 Charge distribution pattern and assembly mechanism of ionic self-complementary peptides

A: Self-assembly of a peptide consisting of alanine, glutamic acid and lysine ({EAK) into nanofibers, which were then entangled into 3D scaffolds.
The self-assembling process was a consequence of complementary ionic interactions between charged residues (red for negatively charged glutamic acid
and blue for the positively charged lysine residues), which could have different arrangements: modulus I, ————++++; modulus II, ——++-—++; modulus
I, —+—+—+-+"*1 Mechanism of twisted ribbon, belt and fibril formation by the peptides EF4E (B), EF4K, EF4E/KF4K mixture (C), and KF4K (D)



360 Y @ & A X %% Jounal of China Pharmaceutical University 2022,53(3):356 - 364

#5553 %

2.3 HmEHSK

PR Z Ik (PA) a2 55 — Pl L RL B [ 2H 2 2
JIK, PA 54 v B4 5 N it /K i L5 IR 8 B T
B 1 ] K 20 A1 —A 2R K 1 C 3 AR F 5102
T PATELSHE | 5 KSR Wi L 5 40 4 B A1 25 o v i
LRGSR AR L, BB T A N TR BT
Fay st . SR RN E K AE F 2 52 PA H 413868 1 1Y
KV, de Groot 12 & I 5 52 & R - K N & TR
(Ile-Phe ) —BRTEBL /K AEHI I BK S T BE % A 41 %42
LT A 28 R AN K G54, e A AE K W R 5 TE
BOKBERE o AH K 5758 2 R (1e ) 4 il /b — A~ FH &R
(BKFE ) B9850 2R (Val ) B, — KA 2R - 2K T &
1% (Val-Phe) , ANfig H 258 BEIL , R BTigi KA H
XFH AR HE S B PGEPEE T . S T WS S X PR
FHEZ K A AIE A, Sahoo 55 il & T & A

A
0
0 g B OH
N N AL NH,
N Y N
H o £ @
Ac-FXD-NH,(FXD)
B

AN [) 43 ¥ 1] &0 5 B8 5 {0 1) i — K : FGD . FAD |
FVD . FLD I FID (& 3-A) , [ % N i Fl C 365351 A
— KRN R IR TR HE (F) FSE K R & R R A%
(D), T BT B B-4r 2B (4 i 1], i A% v ] 2 ik
fir 5% 24 ) oA H &R (G) LTI &R (A) | 4 & R
(V) SRR (L) s R 8B (L) . 4558 %W
AR 3 R — AN SRR, T DL A A AN [
NS LA LTI AR 1) 2 Rh oK 254, 4n - 3ROE (BE
B KPR ELA Y S BR A 4E (K 3) . = K FID
FL AR RRAE AR E AR MR B R A A T A M A
KAREERS . BEAN, PA ZKEE I A - Ak g FEAR
FLY AR TESUIR . Sargeant 5T T & A
24 G R B R 22 R R HR FE 1Y) PA 9K £ S /K BERE
FEANMLRG 2 554 T BRSO 2F B o AL A fk

Where X <

Figure 3 Construction and characterization of amphiphilic tripeptides

A: Schematic illustration of the amphiphilic tripeptides, designed with an N-terminal phenylalanine residue and a C-terminal aspartic acid residue
flanking a variable residue (X). This variable residue was modified to alter R-group volume and hydrogen bonding propensity by including a glycine
(G), alanine (A), valine (V), leucine (L), or isoleucine (I) residue at this position; B: (Top row) Representative images of 20 mmol/L tripeptide solutions
in water demonstrating those that form sol (FGD and FAD) and others that form hydrogels (FVD, FLD, and FID). (Second and third row) Representa-

tive TEM images for each tripeptide sequence, acquired from films cast from the 20 mmol/L solutions and negatively stained with uranyl acetate**!
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Figure 4 Schematic illustration of the construction of NapFFY-OGP hydrogel and its application in promoting bone regeneration
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