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Fig. 1 (a) Two general ring-opening polymerization (ROP) mechanisms of a-amino acid NCAs; (b) Examples of
reported initiation systems successfully used in controlled ROP of NCAs; (c) Structures of organosilicon amines and
proposed mechanisms; (d) PhS-TMS mediated NCA polymerization (Adapted with permission from Ref.[41]; Copyright
(2016) American Chemical Society)
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Fig. 2 (a) Synthesis of poly(a-amino acid)s (PaAAs) by PhS-TMS-mediated controlled ring of NCAs (A thioester was
installed to the C-terminus of the PaAA and serves as a chemical handle for NCL reaction); (b) A polyglycine (Gx)
nucleophile generated by ROP of glycine NCA as a substrate for SML reaction; Combinatory application of NCL and

SML facilely generated various protein-polymer conjugates

with novel topology (c), which exhibited excellent protease

resistance (d) and thermostability (e) (Adapted with permission from Ref.[44]; Copyright (2016) American Chemical

Society)
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(a) Synthesis and enzyme-induced hydrogelation of poly(L-phosphotyrosine) (PpY) (Adapted with

permission from Ref.[52]; Copyright (2015) American Chemical Society); (b) Schematic illustration of the alkaline
phosphatase-triggered dissociation of Pt(IV)-based polyion complex (Pt-PIC) to releases Pt(I) prodrug (Adapted
with permission from Ref.[53]; Copyright (2017) The Royal Society of Chemistry); (c) Schematic illustration of
acid/ATP-responsive cisplatin release using iPpY/Pt micelle (iPpY/Pt was prepared based on phosphate-patinum
complexation and equipped with targeting ligand iRGD) (Adapted with permission from Ref.[54]; Copyright (2017)

American Chemical Society)
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Fig. 4 (a) Synthesis of dual photo- and thermal- responsive PaAAs; (b) CD spectra of P(OEGs-Azo)io and
P(OEGe-Azo)so in 2,2,2-trifluoroethyl alcohol (the polymers were first irradiated with UV at 365 nm for 5 min, followed
by heating at 70 °C for 60 min) (The online version is colorful.); (c) Photographs of triblock copolymer
P(OEGe-Az0)7-PEG-P(OEGe-Azo0)7 solution in THF showing reversible UV-Vis triggered gel-sol transition; AFM images
of P(OEGs-Az0)7-PEG-P(OEGs-Az0)7 organogel in its original state (d) and after UV irradiation (e) (Adapted with
permission from Ref.[71]; Copyright (2016) The Royal Society of Chemistry)
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A . 30 R AR RS I R R VAW
EN70 °C, CDZEHRR IR ILR XM TCHA i
AR N g, RIS, AT S R T P(OEGH-
Az0),-PEG-P(OEG,,-Azo), =k Bt 3 B 1 (K 4(c)).
TETHFEWR Y, BT PR R A B e e
ML AEIREE M, 2R A TERRIE WY BB o
JEHRT, T HER SRR FE RIS, VAR R IE IR
W AEEMZ, "L, BRI —D R
1k, LI T OEBUE IR (sol-gel) 8] R 4 (K]
4(d)). IXFRER T Fm B I T — ARk INCA H A
SRR 8 2R R B 2 R M L ) 2 T e Ak T T A

7 57 1 L
5 REE5RIE

12204, NCAVEMHE AT R &K T REH
B BRI T, NS DU S5 R . T
RE MR E B o1, FHHEXRE SR —
SR EERRT 22 M ST AN B FE. SR B AT
AR S FE TR R B AR e o 1 B
WA THIMER A B T, 7E4h %6 R
PRSI b, BATAA AT LA TR LA A TH
HATHRE: (DPUE, e R E LR L5l
e AR IE RS OB, )24 R R B 7
R EAT-REERM R Q)RR
IR () AR R AT, DR —
R e Dy e TR A BRI 43 1 0 B 1 T D R gk AT AT
WT PSS GURNRN EAR-RE
PRI IR R F e QO RN S PR F 3K
7 R E PR — S A A RN 2

TEZEN: B, B, 1983 FHA. 2006 FF IR RS 42400, 2011 FF £ E R
PR AR 3 BRI 220, 2011 ~ 2014 H-7E 35 18 i o B8 0 55 Bt N L R 4. 2014
EATIR RS 57 TR TR, A4S ). 2015 FERE P AT ET AR
SRR OB, TR AR IR RA . RAERADARAE O R,
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Efficient Synthesis and Application of
Protein-Poly(a-amino acid) Conjugates

Chong Zhang, Hua Lu"
(Beijing National Laboratory for Molecular Sciences, Key Laboratory of Polymer Chemistry and Physics of Ministry of
Education, Center for Soft Matter Science and Engineering, College of Chemistry and Molecular Engineering,
Peking University, Beijing 100871)

Abstract Protein-polymer conjugates are important therapeutics for various diseases. There are currently two
major challenges in this field: one is the search of new biodegradable polymers beyond traditional PEGylation,
and the other is to develop highly efficient and site-specific conjugation strategy. Poly(a-amino acid)s (PaAAs)
are biodegradable and biocompatible polymers with tunable properties and numerous functions, making them
promising candidates for protein modification. In this review, we summarize our recent progresses in
protein-PaAAs conjugates. Specifically, we discuss our developments in: (1) Recent developments in the
controlled ring-opening polymerization (ROP) of a-amino acid N-carboxyanhydrides (NCAs), including
amine-based initiators, organometallic initiators, organosilicon amines initiators and sulfide-based initiators. For
instance, trimethylsilyl phenylsulfide (PhSTMS) is a novel initiator for controlled ROP of NCAs. It exhibits
higher nucleophilicity than conventional amine-based initiator, and thus affords considerably higher chain
initiation rate to ensure a more controlled polymerization. Moreover, this initiator is well-tolerated to various
functional groups. (2) In situ functionalization of PaAAs for site-specific protein conjugation, and construction of
various topological structures. Using PhSTMS initiator, it in sifu generates a reactive phenyl thioester group at one
end of the PaAAs, which can be used for protein N-terminus conjugation via native chemical ligation (NCL);
moreover, ROP of glycine NCA yields oligoglycine at the other end of PaAAs, which can be used for C-terminus
protein conjugation via sortase-A mediated ligation (SML). More interestingly, combinatory use of the two
methods can construct various topological protein-PaAA conjugates including the head-to-tail circular conjugates.
(3) Development of functional PaAAs for potential protein conjugation. Various functional PaAAs have been
developed as delivery materials or hydrogels. To further expand the arsenal of PaAAs for potential modulation of
protein functions, PaAAs that mimic protein post-translational modifications (PTM) are synthesized; On the other
hand, a series of multiple stimuli-responsive PaAAs are also produced. These PaAAs show interesting enzyme,
light, and/or thermal responsiveness, which could be potentially harnessed for modulation of protein functions in
the future.

Keywords Protein conjugation, Poly(a-amino acid), PTM mimicking, Topology, Stimuli-responsiveness
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