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pH/Solvent Tunable Hierarchical Nanostructures Assembled from an
Amphiphilic Polypeptide—containing Triblock Copolymer

Li, Rongye' Khiman, Mehul" Sheng, Li Sun, Jing*
(College of Polymer Science and Engineering, Qingdao University of Science and Technology, Qingdao 266042, China)

Abstract Similar to natural proteins, polypeptides can form secondary structures depending on their physical properties.
Many efforts have been made towards the self-assembly of triblock copolymer containing polypeptide as an important com-
ponent to construct hierarchical structures by utilizing the pH-responsive conformation transformation. In this work, a
pH-responsive poly(ethylene glycol)-b-poly(L-lysine)-b-poly(styrene) (PEG-b-PLL-b-PS) triblock copolymer was prepared
via a combination of controlled ring opening polymerization (ROP) and atom transfer radical polymerization (ATRP). In the
triblock copolymer, PLL is water-soluble in acidic solution with random coil conformation, but becomes insoluble helix in
alkaline solution. PEG has excellent water solubility that can exhibit protein-resistant property. PS serves as hydrophobic
part. Self-assembly of the polymer was examined by transmission electron microscopy (TEM), atomic force microscopy
(AFM) and attenuated total reflection-infrared spectrometer (ATR-IR). The triblock copolymer forms spherical micelles in
1 : 1 volume ratio of tetrahydrofuran-water mixed solvent, in which the hydrophobic PS segment forms a core and the two
hydrophilic segments PLL and PEG serve as shell and corona, respectively. The spheres as the subunits further transform into
hierarchical 1D fiber-like structure in the presence of THF after 7 d of aging, confirmed by both TEM and AFM techniques.
Upon removing THEF, the spherical shape was re-obtained with slightly smaller diameter, so called “frozen micelles”. Further,
the diameter of the spheres increases with pH increasing. A sphere-to-vesicle transition was observed at pH 13 as the second-
ary conformation of PLL transforms from coil to a-helix. The dialysis of these solutions can convert the vesicles back into
spherical morphology with slightly smaller diameter.

Keywords triblock copolymer; ring-opening polymerization; atom transfer radical polymerization; self-assembly; pH re-
sponsive; nanostructure
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Figure 1 (a) TEM, (b) AFM images and (c) ATR-IR of PEG-b-PLL-
b-PS dissolved in 50% (V/V) THF/water at 0 h

TEKIEBRIA R T, BEFL PS AR AV R S5 #
AT AR, SR, s S A LA IR, R
ANFiRaE. Rager 250 AR4R 5 At B L (NRET) B
FU T HA PR PR ) SR T R -b- 5% PR R R 05 R R
(FF BTG IR FR ER O B ALIR FE N 105 C) F/K-A ML
FUVR B IR AR T B AR A AT THE S LI 7
NBERTRERPEER A, BERERE S REE
Rl A FNE P AR TR, RAER T
THF /KA 2 P e SRS A B K ] (AR Ak, 35
Y)F THF /KIEW IR K 7 d J&, BRI K LE
gk, 56 20~25 nm WA4ERIKR, JfiEid TEM. AFM
FYA VLT S (Cryo-TEM)BEAT T R 4F, WK 2. S1
P, AT —DIRF T AR AR () EE. % THF

Table 1 The characteristics of micelles obtained by dissolving the triblock copolymer in 50% (7/V) THF /water

E s I8 K [ pH S, S, PDI
0h 7.8 53.3 54.5 1.02 8
TRATE 0h 10 87.8 93.6 1.06 22
Oh 13 122.8 137.9 1.12 28
0h 46.9 47.7 1.01 6
12h 48.9 50.5 1.03 8
IRATRIRBNT 24h 7 43.7 44.1 1.00 4
3d 46.6 475 1.02 6
7d 44.0 44.6 1.01 5
e 0h 10 492 50.5 1.02 7
pH HEHUEAT 0h 13 49.1 50.3 1.02 7

So NEYIRIAR, S, NE KR, PDI AR 73 8UE, o AR 7.
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Figure 2 (a) TEM, (b) AFM images and (c) ATR-IR of micelles of
triblock copolymer PEG-b-PLL-b-PS in 50% (V/V) THF/water after aging
for7d
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Figure 3 TEM images of PEG-b-PLL-b-PS triblock copolymer solution
aging for (a) 0 h and (b) 7 d after dialysis
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Figure 4 (a) TEM, (b) AFM images and (c) ATR-IR of PEG-b-PLL-
b-PS dissolved in 50% (V/V) THF/water at pH 10

W% pH 10, PLL ) 24500 b Jo 6 Al G i
AN a-MBJiER) . i ATR-IR WF 5% T a5 Hxt 34
FEILHAR. Gl 5d Bs o = BEIL SR IR .
B 1 W 1550~1730 cm™ ' ALRUEIIE B 45 My B &
Bk T WSO T 1613.1645 F111679 em ' A HY B =AM,
B 11 T 1564 cm ™' AE VB — AN, 1613 cm ' 4k
(55— AN N AR M ) 22 R B 1645 em ™! Abf i
Uil PLL [ 2L o-SETER) 125451 7 TRk 1
WY 1679 em™ Kb F 55 = AN T iy 546 vp (1 3E
SUBFEIE Y, oS BN 57.9% K4, RIAERK
FEMR, XRPBEMERS ZREREBLA R K
T FEHR B B AT T 1H 5. PLL(a-32 e M 2)

http://sioc-journal.cn 1237



¥ F R

PS [ EEAT KB4 5104 0.150 nm" 1 0.154 nm. /21
PLL 4 EX KJE N 15.9 nm, PS 4% N 6.8 nm. & T PEG
FIVER, BAZT B RN B RKE N 22.7 nm A 45, i
KT AFM JERZE IR, DR Wz g i 2 g gs R &
WVEE R R

1564 o IR spectra

2

Absorbance

Zinm
- —_
|

1450 1500 1550 1600 1650 1700 1750
Xinm Wavenumber/cm’

Bl 5 pH 13 B, 50% THF /K&l PEG-b-PLL-b-PS [¥i(a) TEM, (b)
AFM, (c) =146 EIAI(d) ATR-IR

Figure 5 (a) TEM, (b) AFM, (c) height profile images and (d) ATR-IR
of PEG-b-PLL-b-PS solubilized in 50% (V/V) THF/water at pH 13
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