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Fig. 1 Synthetic route of PBLG-b-PEG-b-PBLG triblock copolymer.
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Fig. 2 Schematic representation of the two-step self-assembly
of triblock copolymers into nanotoroids.
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Fig. 3 (a) 'H-NMR spectrum (solvent: CDCly/TFA-d) and
(b) GPC curve of BEB1 (solvent: DMF/LiBr).

Table 1 Characterization data of BEB.

Sample M, (kg/mol) DP
BEBI  PBLG,-PEG,;-PBLG,,¢  181.1  1.30
BEB2

Copolymer *

PBLG,-PEG,s-PBLGs(, 2486 137
PBLG,,,-PEG,;-PBLG3,, 1429 134
PBLG, -PEG,,,-PBLG, 5 193.1  1.25

BEB3
BEB4

2 Calculated from '"H-NMR spectrum; ° Determined by GPC
in DMF with calibrated PBLG standards; ¢ Subscript indicates
the degree of polymerization of the polymers.
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Fig. 4 Rodlike micelles self-assembled by various BEB triblock copolymers: (a) BEB1, (b) BEB2, (c) BEB3, (d) BEB4,
(e) DLS of rodlike micelles formed by BEBI1. (f) Schematic of segment arrangement in rodlike micelle.

Table 2 Geometric dimensions of rodlike micelles.

Sample Micelle length # (nm) Micelle diameter ® (nm) L/D of micelles PBLG length * (nm)
BEBI 272417 6248 443 61
BEB2 319+20 8610 3.76 84
BEB3 160+6 64+7 2.52 62
BEB4 115+10 5147 2.27 48

aGeometric dimensions of rodlike micelles obtained from statistical analysis of SEM images; ® Calculated theoretically based

on the length of the PBLG repeating unit.
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Fig. 5 Second-step self-assembly behavior rodlike micelles
self-assembled by various BEB triblock copolymers: (a) BEB1,
(b) BEB2, (c) BEB3, (d) BEBA4. (e) DLS of toroid micelles
formed by BEBI.
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Fig. 6 Comparison of geometric parameters between BEB1 rodlike micelles and toroid micelles. (a, b) Schematic diagrams of
the geometric parameters of rodlike and toroid micelles, respectively. (c, ) Length and diameter of rodlike micelles. (d, f) Perimeter

and diameter of toroid micelles.
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Fig. 7 Influence of THF content on the morphology of the second-step self-assembly of BEBI rodlike micelles: (a) 40 vol% THF,
(b) 45 vol% THEF, (c) 50 vol% THE, (d) 55 vol% THF. Experiment temperature is 40 °C.

X520 CCHER: IR 24 WS BRSNS B A4 .
(RN T A Y BRI IR, R 1R 52 1 {5
AT 0 ¥ 50 °C R RE 7RG R IR
IR E T 20 °)C N 59524 h)m, AR RO .

— SRR, X TR AT T
W, TR IR Z 5 A A IR R S

K UL BRE, JERCT MORBE A, 2 il A n sl 7
180°.

T RFCURSE XS TR R TSR 1 52 7
BARWME, PR TS, 740 °)C R R
%24hﬁﬁ%%ﬁnu§_$zo CCHLEREFR24h, K

L i A P R B 710 B A 2 38° (Pl 9 4 D),



1674

2024 4F

Fig. 8 Influence of incubation temperatures on the morphology of the second-step self-assembly of BEB1 rodlike micelles:

(a) 10 °C, (b) 20 °C, (c) 30 °C, (d) 40 °C, (e) 50 °C, (f) 60 °C.
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Fig. 9 Relationship between bending angle and temperature.
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Fig. 10 Morphological of micelles obtained from the second-
step self-assembly at different incubation temperatures and
THF contents.
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Fig. 11 Morphological of micelles obtained at different incubation time: (a) 1 h, (b) 2 h, () 3 h, (d) 5 h, (e) 8 h, (f) 20 h, (g) 24 h,
(h) 36 h. (i) Variation trend of bending angles obtained from analysis of SEM images.
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Fig. 12 Circular dichroism (CD) spectra of BEB1 under (a) different THF contents and (b) temperature conditions. (The online

version is colorful.)
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Supramolecular Cyclization Behavior of Rodlike Micelles Assembled from
Polypeptide Triblock Copolymers

Xu-le Ren, Chun-hua Cai”, Jia-ping Lin"
(School of Materials Science and Engineering, East China University of Science and Technology, Shanghai 200237)

Abstract Poly(y -benzyl-L-glutamate)-block-poly(ethylene glycol) -block-poly(y -benzyl-L-glutamate) (PBLG-b-
PEG-b-PBLG) triblock copolymers were synthesized using amine-PEG-amine (NH,-PEG-NH,) as macroinitiator
via ring-opening polymerization of y-benzyl-L-glutamate N-carboxyanhydride (BLG-NCA). The molecular weight
and molecular weight distribution of the polymers were characterized by proton nuclear magnetic resonance
spectroscopy ('H-NMR) and gel permeation chromatography (GPC). Rodlike micelles were assembled from the
PBLG-b-PEG-b-PBLG triblock copolymers using a mixture of tetrahydrofuran and N, N-dimethylformamide (THF-DMF)

* Corresponding authors: Chun-hua Cai, E-mail: caichunhua@ecust.edu.cn

Jia-ping Lin, E-mail: jlin@ecust.edu.cn



12 34 FEVRRSE: RIK =R BOC R VIR R AR 737 S AT T 5 1679

as initial solvent. The PBLG segments are perpendicular to the long axis in the rodlike micelles. Under THF
addition, the rodlike micelles bend to form curved rodlike micelles and then toroid micelles. The morphology and
structure of the assemblies were characterized using scanning electron microscopy (SEM), transmission electron
microscopy (TEM), and dynamic light scattering (DLS). The degree of bending of the nanorods can be adjusted
by variation of the polymer molecular weight, toroid forming time, temperature, and THF adding content. The
degree of polymerization of PBLG segments affects the diameter of rodlike micelles. The aspect ratio of the
rodlike micelles determines whether supramolecular cyclization occurs. The addition of THF and the increase
of temperature promote the occurrence of supramolecular cyclization behavior. The effect of temperature on
supramolecular cyclization behavior exhibits a certain degree of reversibility. CD spectra were employed to
characterize arrangement of the phenyl rings in the PBLG segments, revealing that the contraction of the phenyl
rings induced by THF is the driving force for the bending of the nanorods. The research mimicking the hierarchical
self-assembly strategy in preparing complex structures by biosystems, reported a step-wise self-assembly of
polypeptides into nanotoroids. The study enriches the preparation method for polymer nanotoroids, and will guide
the controlled preparation of nanotoroids as well as their functional applications.
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Keywords Polypeptide copolymers, Hierarchical self-assembly, Rodlike micelles, Supramolecular cyclization,
Phenyl ring arrangement



