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Preparation and Material Properties of @—Helical Polypeptides Crosslinked
Hydrogel*

Zhang, Zhengchu Xiong, Wei* Lu, Hua*
(College of Chemistry and Molecular Engineering, Peking University, Beijing 100871, China)

Abstract Polypeptides are synthetic polymers with a similar main chain structure to proteins, which can form various sec-
ondary structures, providing a new dimension for regulating the macroscopic properties of materials. To investigate the effect
of secondary structures on the properties of polypeptide materials, we designed polypeptide crosslinking agents with a-helical
and random coil structures. We synthesized glutamic acid derivatives with triethylene glycol monomethyl ether as the side
chain, and subsequently prepared them as N-carboxy anhydride (NCA) monomers. We then used a tetra-armed initiator to
initiate single chiral NCAs and a 1 . 1 mixture of enantiomeric NCAs to respectively prepare a-helical and random coil
structured polypeptides. Acryloyl chloride was used to modify the end groups of the polypeptides so that they could be intro-
duced as crosslinking agents into the polyacrylamide network of N,N-dimethylacrylamide (DMAM), resulting in the prepara-
tion of hydrogels crosslinked with polypeptides of different molecular weights and secondary structures. By comparing the
swelling ratio, rheological and tensile properties of the two hydrogels, we studied the effect of a-helical structure of polypep-
tides on the mechanical properties of hydrogels. The results of swelling tests in aqueous solutions showed that, hydrogels
crosslinked with random coil polypeptides exhibited better swelling performance compared to those crosslinked with
o-helical structure polypeptides. The smaller mesh size of a-helical peptide networks resulted in fewer water molecules en-
tering during swelling. Rheological characterization revealed that helical peptide hydrogels had lower critical strain and
higher storage modulus, and exhibited faster recovery ability due to the high cooperativity of hydrogen bonds. Tensile ex-
periments were conducted, and stress-strain curves were obtained. a-Helical polypeptide crosslinked gels exhibited higher
fracture strength but lower fracture strain compared to random coil polypeptide crosslinked gels. The helical structure re-
quired a higher force to break the amide bonds due to multiple hydrogen bonds, resulting in lower extensibility. The elastic
modulus of helical gels was significantly higher, independent of the crosslinker's molecular weight. Moreover, helical gels
had higher fracture energy due to hydrogen bond dissociation and energy dissipation. According to these results, the hydrogel
crosslinked with a-helical polypeptides exhibited greater rigidity, higher toughness, and faster recovery compared with the
hydrogel crosslinked by random coil polypeptides, demonstrating the characteristics of a-helices as molecular springs and
their potential as enhancers for high-performance hydrogels.
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Figure 1 SEC spectrum (A) and CD diagram (B) of polypeptide cross-
linking agents with different molecular weights and secondary structures
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Figure 2 Schematic showing of preparation of hydrogels crosslinked by
different secondary structure polypeptide crosslinking agents
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T BB A CROIRE K06 g 7R 80%). BEINEL
)il ARG "H NMR (400 MHz, Chloroform-d)#1 P4 N, N-
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PR R I fi (DMIF)AE SR 37 30 PR R ST HE BE € % 3k 4T
RAE. b B WSS BB S2.4. DL R SR G )i
2 LR A AN TR T A, DASRABLT vk il 4615 ).

% 4A-P(EGsGlu), Mgt a7 i iwm s &, 76 5
mL £ 5 P AREL 200.0 mg (1.0 equiv.) B &4, F 4 mL
TR ZER B, TN 12.0 mg =Z8#(16.0 equiv.),
TEVKKIE FHIEAHE 0 'C. BH 6.8 mg WA
(12.0 equiv.), ZZEIMAERT. A JERZEKG. Zii
ke 6 h JRMNEEHE, FABETEE, B 4000 r/min i85
B0 10 min. FE FEER, SROARREEY. ¥
RBEMIMN 5 mL KR, H PD-10 Tk it SRR
FANYT, BT, 852 80.0 mg SIS U B A
). FERL)40%. 19277 Y)EE R 'TH NMR (400 MHz,
DMSO-de) 3 TRAE. AZHEVE WS FrE B S2.6.
4.2 IKERHIHIE

ot T H ity 25 U T R Ak SR A WIE N A BRI R IR,
B BB G R AL BE7 P(EGsGlu)-AAm. HL{A
N,N-—-H E 1B (DMAM) 556 5] K123 (2,4,6- =
P P I 3 ) T8 R B 2k (LAP) 2 e T I L ) v e - —
YOKH, 58 B SR BN 70%(0 =50 40). SRG I
AR AR, ZHEE A 0.16%, % REAXARRIE R LR, 76
BNAS AR PRI e SR RE A 1% &I AT
WA, 1 B 08 i R 2 2 I A2 Bk 1D /K T R I S . AR 24
200%, JoHIZk [ 5 S R A Ik (1) B I I 2 A2 2 350%.

fhn, & A8 TN 10k, ZZHEEEA 0.16%
IR E SR R R A BRI B R, 62.9 mg DMAM (0.64
mmol, 625.0 equiv.). 10.2 mg L-P(EG3Glu)-AAm (0.0010
mmol, 1.0 equiv.)i&f#T 147 uL —IX/KH, BN 18.7 uL
10 mg/mL LAP (0.19 mg, 0.00064 mmol, 0.625 equiv.),
TR G, IR 2 T 4 i U e B /K A B (1 B
TR b, R T ph R v A ) 2 BN 0.5 mm, W AR
FIE g, EiRIEERIMR PRI TR 12 h, 2%
RERCAEE, BRITRER. HAARAEM RS RE
FEFRAZ Bk 1) 7K e R A FH 2R Aok 7 =] 4645 21,
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