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ATﬁCl_e history: Polypeptides derived from naturally occurring o-amino acids have emerged as a unique and
Received 14 May 2013 versatile family of bio-inspired biomaterials that can be tailor-made for varying biomed-

Received in revised form 14 October 2013
Accepted 23 October 2013
Available online 28 October 2013

ical applications such as controlled drug release, gene delivery, tissue engineering and
regenerative medicine. In contrast to traditional biodegradable polymers such as aliphatic
polyesters and polycarbonates, polypeptides are inherently functional, allow precise con-
trol over polarity and charges, show excellent stability against hydrolysis, and are prone to
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Po{ypeptides rapid biodegradation in vivo by specific enzymes. Ring-opening polymerization (ROP) of -
a-Amino acid N-carboxyanhydride amino acid N-carboxyanhydrides (NCAs)is the most straightforward and practical approach
NCA polymerization for large-scale production of high molecular weight polypeptides. In the past decade, a
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remarkable progress has been made in controlled NCA polymerization, which offers an
unprecedented access to precision polypeptide and hybrid materials by combining with
living radical polymerization, click chemistry, and/or post-polymerization modification.
Notably, several micellar anti-cancer drugs based on poly(ethylene glycol)-polypeptides
have been already advanced to the clinical evaluation. In this review paper, we give an
overview on de novo design, controlled synthesis and emerging biomedical applications of
functional polypeptide and hybrid materials.

© 2013 Elsevier Ltd. All rights reserved.
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1. Introduction

Proteins and oligopeptides produced by living orga-
nisms are the most versatile biological materials that
provide structural and mechanical support to cells, tis-
sues and organs (e.g. actin, myosin, collagen), catalyze
various biochemical reactions (e.g. enzymes, glutathione),
and regulate cell signaling, cell adhesion, and immune
responses (e.g. cell surface markers, receptors, peptide hor-
mones) [1-4]. The vastly different functions of proteins
and oligopeptides originate from a wide choice of ®-amino
acid monomers as well as control of peptide sequences [5].
In the past decade, significant effort has been directed to
the development of de novo oligo- and polypeptides that
mimic natural proteins possessing excellent biocompati-
bility and biodegradability in vivo for diverse biological,
medical and pharmaceutical applications [5-11].

In comparison with aliphatic polyesters and polycarbon-
ates that are the prime synthetic biodegradable polymers
currently applied for various biomedical applications,
polypeptide materials have several potential advantages,
e.g. (i) they are inherently functional providing a vari-
ety of reactive groups ranging from hydroxyl, carboxyl,
thiol, to amino groups, which render them particularly
appealing in design and development of multi-functional
bioactive biomaterials; (ii) they offer excellent control
over hydrophilic and hydrophobic balance by constituent
o-amino acid monomers, compositions, sequences and
molecular weights, which allow formation of essentially
any supramolecular structures spanning from nanoscale,
microscale, to macroscale (Fig. 1); (iii) they can be
designed with varying charged groups including imidazole
in histidine and guanidino in arginine that play an indis-
pensable role in biological interactions in vivo including
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