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Fig. 1  Amino-activated ring-opening polymerization of NCA monomers ( Adapted with permission from

Ref. [ 15]; Copyright (2000) Wiley-VCH Verlag GmbH & Co. KGaA)
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Fig. 2 Side reaction triggered by amino group ( Adapted with permission from Ref. [ 15];
Copyright (2000) Wiley-VCH Verlag GmbH & Co. KGaA)
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Ring opening polymerization initiated by transition metal ( Adapted with permission from Ref. [15];

Copyright

M TE R 2% S8 AN I Z b R BR ] T B BT Al
F AR A LN T B 22 KK BE I e )
FLAT b SR AE L 22 oK o I e 2
— R B 2 IR G W A8 B 09, a7 A Y SR K
s H 3R LM R - A IR RR EE (4 5 O K, 50 R AT
BN (HE 8 E) 584, AT -1 e 25 44 (19 5
KU R L-E A

AT 52 B 7K B I, 80 A B2 RE 5 25 o b 5
TR ) 058 I 1 R A et Y A 4 TR
LI L 2R I 1 RS W LR AR KR
RETE CBE M , LT 35 A7 20K 2 B R 2 i £ 4L
St RE X B REIE P A 95% MK R, E
AT 5% B A AR 53 Y ) 2 W

ceeeeee

Fig. 4 Representation of a block copolypeptide chain and

proposed packing of block copolypeptide amphiphiles into
twist fibrillar tapes!*®) ( Reproduced by permission of The

Royal Society of Chemistry)
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Fig. 5 Structures and schematics of Ko, DOPA, diblock copolypeptides and vesicles before and after oxidative cross-linking

(Adapted with permission from Ref. [52]; Copyright (2010) Wiley-VCH Verlag GmbH & Co. KGaA)
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Fig. 6 The antimicrobial activity of polypeptides ( Adapted with permission from Ref. [62];

Copyright (2011) American Chemical Society)
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Table 1 Summary of the composition and key features of
polypeptide**]

Material Key features Reference
PMLG-phosphate Globular structures and fibrous [81]
PLGA-b-PLLys Schizophrenic vesicles [82]
PLLeu-b-PLELLys Micron-sized sheets and vesicles [83]
PLLeu-b-PLGA Large range of morphologies [84]

PLLys-b-PLLeu Vesicles loading, water permeability [ 85 ]

Vesicles with protein-

PLArg-b-PLL 86

'8 o transduction domains [86]
PLLys-b-PBLG-b-PLLys Size change with temperature [87]
PLLys-b-PLPhe Size change with pH [88]
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Schematic representation of the self-assembly into
vesicles of the diblock copolymer PGA -b-PLys,s ( Adapted with

permission from Ref. [82]; Copyright ( 2005 ) American

Chemical Society)
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(a) Schematic illustrations of making stimuli-responsive polypeptides via ROP and post-modification methods; (b) The

synthesis and characterization of thermo-responsive pegylated poly-L-glutamate ( Adapted with permission from Ref. [ 94 ] and

Ref. [91]; Copyright (2013) Wiley-VCH Verlag GmbH & Co

. KGaA and Copyright (2011) American Chemical Society)
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Fig. 9 Photo-responsive self-assembly and photo-triggered drug-release of amphiphilic PNBC-6-PEO block copolymers in

aqueous solution ( Adapted with permission from Ref. [ 106 ] ; Copyright (2012) American Chemical Society )
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Fig. 10 Interlayer-crosslinked micelle with partially
hydrated core showing reduction and pH dual sensitivity for
drug ( Adapted

Copyright (2011) Wiley-VCH

pinpointed intracellular release with
permission from Ref. [ 109 ] ;

Verlag GmbH & Co. KGaA)
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Progress in Syntheses and Applications of Polypeptides and
Polypeptide-based Copolymers by NCA Polymerization

Ming-zhi Wang, Jian-zhong Du”
( School of Materials Science and Engineering, Key Laboratory of Advanced Civil Engineering Materials of Ministry of Education ,

Tongji University, Shanghai 201804 )

Abstract Polypeptides and their hybrid copolymers have aroused much attention in biomedical fields due to
their excellent biocompatibility and biodegradability. N-Carboxyanhydrides ( NCA) can be polymerized into
polypeptides and their hybrid copolymers via ring-opening polymerization with high efficiency and high yield.
Also, polymers synthesized by this method have controlled chain length and molecular weight distribution. In
this review, we have summarized the mechanism of NCA ring-opening polymerization, the methods for
synthesizing NCA monomers, syntheses of polypeptides and polypeptide-based copolymers, and their
applications in hydrogel, membranes, adhesives, antimicrobial vesicles and self-assembly, etc. We also
highlight the solution behaviors of polypeptide-based copolymers which can form many functional
nanostructures such as antibacterial polymer vesicles for anticancer drug delivery. Finally , we put forward the
perspective on the research of polypeptide and polypeptide hybrids.

Keywords Amino acid, N-Carboxyanhydrides, Ring-opening polymerization, Vesicles, Self-assembly
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