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Advances in Zwitterionic Polymers

YAN Shupeng, ZHANG Chong, LYU Hua
(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, China)

Abstract: Zwitterionic polymers are those that have both cationic and anionic charged moieties on the same side chain
maintaining overall charge neutrality. Due to their ultra-hydrophilicity via electrostatically induced hydration and excellent
biocompatibility, zwitterionic polymers have been extensively used in biomedical research. In this review, we first give a brief
introduction to the physico-chemical properties, classification and synthesis of zwitterionic polymers. Specifically, we
summarize the recent advances of zwitterionic polymers in the following fields. (1) Antifouling coatings: Unlike traditional
antifouling polymers, zwitterionic polymers generate a tightly bound and structured water layer around the zwitterionic head
groups which offer better antifouling properties in complex environments. Moreover, the surface modification strategies are
also discussed. (2) Modification of proteins: Zwitterionic polymers have been applied to the modification of various kinds of
proteins to increase the solubility and stability, inhibit the aggregation, enhance pharmacokinetics, reduce immunogenicity
and mitigate the bioactivity loss of proteins. (3) Drug delivery system: Due to their excellent hydrophilicity, biocompatibility
and nonfouling properties, zwitterionic polymers have been used to increase the solubility and stability of drug carrier, extend
the circulation time, and enhance the cellular internalization. (4) Membrane separation system: The fabrication and function of

zwitterionic polymers in separation membrane are briefly discussed. Finally, we conclude with a perspective for the
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development of zwitterionic polymers in the future.
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Fig. 1 Zwitterionic polymers with different backbones (a—e) and ionic groups (f, g)
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Fig. 3 (a) Structure of zwitterionic P(CB-EG,Glu) (x =1, 2, 3) with different linker lengths and illustration of self-assembled zwitterionic
P(CB-EG,Glu) antifouling coatings on gold surfaces; (b) Static water contact angles of gold surfaces before and after modification
with the zwitterionic polypeptides P(CB-EG,Glu) (The indicated p value (*p < 0.05) was calculated by two-way ANOVA analysis);

(¢) The amount of BSA and fibrinogen adsorption on bare and different polymer-coated gold surfaces™
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Fig. 5 (a) Schematic illustration of the mechanism of a zwitterionic conjugate reducing bioactivity loss by effectively eliminating nonspecific
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for 4 d at 37 °C in 96-well tissue culture plates (MTT assay is used for cell viability assay); (c) Scheme of the synthesis of HRP
zwitterionic nanocapsule”® (The free HRP (in cyan) contains one hemin group, in which porphyrin and iron atom are rendered as
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