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(a) Chemical structures of poly(a~peptoid) and poly(e~peptide); (b) Various secondary

structures of poly(a-peptoid) (Reproduced with permission from Ref.[12]; Copyright (2013) American

Society Chemistry)
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Fig. 2 The solid-phase submonomer method allows for the synthesis of sequence specific peptoids from cheap

and readily available materials (amines and haloacetic acid submonomers)

A repeating two-step of monomer addition cycle of acylation followed by nucleophilic Sx2 displacement is
performed at room temperature, and can be performed by synthesizers or manually. The living ring-opening
polymerization of N-substituted N-carboxy anhydride monomers with a primary amine as an initiator is used for

the synthesis of polypeptoids
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Fig. 3 (a) Schematic of pNte-b-pNeh block copolypeptoids (The blue circles represent N-(2-ethylhexyl) glycine
(Neh), and the red squares represent N-2-(2-(2-methoxyethoxy)ethoxy) ethylglycine (Nte)); (b) Phase diagram of
pNte-b-pNeh at various temperatures and volume fractions of pNte (¢nee) (DIS is the disordered phase and LAM is the

lamellar phase. The stars represent the order-disorder temperature, and the dotted line represents estimated locations of
phase boundaries.) (Reproduced with permission from Ref.[29]; Copyright (2013) American Chemistry Society) (The

online version is colorful.)
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Table 1 Characteristics of the block copolymers

pNte-b-pNeh obtained by SAXS and theoretical predictions

e Topt d N@ c x@

(°C) (mm) Topr Topr

0.65 — — 101 — — —
0.49 35 7.1 107 109 0.103 0.49
0.32 95 6.7 107 135 0.125 0.50
024 115 6.3 109 189 0.173 0.49
0.16 105 6.3 110 339 0310 0.53
0.11 95 6.2 110 660 0.600 0.55

d is the center-to-center distance between adjacent pNte

b (nm)

lamellae; N* is the total number of repeat units per chain,
relative to the 0.1 nm? reference volume; C is described in
the Eq. (1); y is Flory-Huggins parameter; b is the statistical

segment length. (Reproduced with permission from Ref.[29];

Copyright (2013) American Chemistry Society)
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Fig. 4 (a) Two-dimensional crystalline nanosheet bilayers observed by fluorescence microscopy (stained with
Nile red) (Reproduced with permission from Ref.[12]; Copyright (2013) American Chemistry Society); (b)

Peptoidnanosheets are formed by a unique assembly mechanism involving the formation of an ordered monolayer

at the air-water interface, followed by a buckling event induced by lateral compression of the monolayer to

produce a stable bilayer (Reproduced with permission from Ref.[34]; Copyright (2011) American Chemistry
Society); (c) The nanosheets were used as scaffords to display loops (Reproduced with permission from Ref.[35];
Copyright (2015) American Chemistry Society) (The online version is colorful.)
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Fig. 5 (a) Cryo-TEM close-up of a single nanotube showing regular latitudinal stripes; (b) Three-dimensional visualized
image of reconstructed nanotubes in a vitreous specimen; (c) Slices in tomogram showing the both the top view and
cross-section of ruthenium tetroxide-stained nanotubes, and indicating longitudinal striping; (d) A model of the proposed

mechanism for the formation of a nanotube (Reproduced with permission from Ref.[38]; Copyright (2016) National
Academy of Sciences)
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Table 2 Peptoid block copolymer pNten-b-pNeh, and nanotube characteristics

Latitudinal stripe

Weight fracti Nt N tub L itudinal stri
pNte,-b-pNeh, c Ef;c)lonp ¢ diamirtl:ra (im) periodicity (nm) ‘:r‘i‘ d‘i'c;:‘aa ?;g)e
° (WAXS/EM) P Y
9 50.4 50405 2440.1/24+02 57406
iy
NI~ NH,
B AL 13 50.5 43403 2440.1/24402 71405
J/O
O
gJ 18 50.6 93+03 2440.1/24402 11.1£0.9

2 Determined by analysis of TEM images (Reproduced with permission from Ref.[38]; Copyright (2016) National Academy of
Sciences)
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Fig. 6 (a) Schematic of mixtures of pNte-b-pNeh/pNte-b-pNdc with salts; (b) Plots of on of pNte-b-pNeh and

pNte-b-pNdc as a function of temperature at » = 0.085 and 0.16

The r value is corrected with rNereal that partitions into pNte blocks. (Reproduced with permission from Ref.[43];

Copyright (2014) American Chemistry Society)
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Studies on Polypeptoid and Its Structure-Property Relationship

Jing Sun®, Zhi-bo Li"
(Key Laboratory of Biobased Polymer Materials, Shandong Provincial Education Department;
School of Polymer Science and Engineering, Qingdao University of Science and Technology, Qingdao 266042)

Abstract Polypeptoids, also referred as poly(N-substituted glycines), are an emerging class of bioinspired
polymers with excellent biocompatibility and potent biological activities. The polypeptoid has identical backbone
compared to that of the polypeptide. Unlike the polypeptide, the side chain of the polypeptoid is covalently
attached to the amide nitrogen instead of o~carbon in the main chain. It thus removes inter- and intra-chain
hydrogen bonding in the backbone and also eliminates the main chain chirality, which results in substantial
backbone flexibility. This allows for good solubility in many common solvents and accessible thermal
processibility. In addition, the properties of polypeptoids are dominated by the side chain identity and
physical-chemical properties, which enables the polypeptoids highly designable. By careful engineering and
design of the side-chain structure, the secondary conformation, thermal property and degradability of the
polypeptoids can be finely tuned. All these advantages make polypeptoids promising candidates for potential
applications in nanoscience and biomedicine. The polypeptoid can be prepared by two distinct synthetic
techniques that offer access to two material sub-classes. A two-step submonomer synthetic method that excludes
main chain protecting groups has been developed based on the solid-phase peptide synthesis (SPPS). This
approach enables precision structural control and near absolute monodispersity of the polymers. A classical
polymerization approach can achieve high molecular weight of the polypeptoids. The combination of solid-phase
synthesis with polymerization technique offers great opportunities to tailor structural design and to systematically
investigate the relationship between structure and property of the polymers. It enables the preparation of next
generation of bio-inspired polymeric materials with advanced functional properties. In this article, we discuss
recent developments of the microphase separation and self-assembling behavior of the polypeptoids. We focus on
the approach to systematically study the relationship of chemical structure and self-assembly behavior by finely
tuning the side-chain structure of the polypeptoids, and to further obtain the novel biopolymers with extraordinary
microphase separation behavior and self-assembling nanostructures. The potential applications in biomedicine and
energy storage are also discussed.
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