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Study of Charge-Conjugated Self-Assembly Behavior of
Amphiphilic Block Copolypeptides/Helicene
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(“ Teaching and Research Department of Polymer Materials and Engineering, School of Materials Science and Engineering,
East China University of Science and Technology, Shanghai 200237)
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Abstract Amphiphilic block copolypeptides of polyethylene glycol-b-poly(L-glutamic acid) (PEG-b-PGlu) were synthesized
to self-assemble with 4-methyl-4-aza[4]helicene onium ion (Me[4]H) in water through charge-conjugation. The morphology of
the assemblies was studied by varying PGlu block length, the molar ratio of Glu unit/Me[4]H and pH value. It was found that
when rigid-flexible block copolymers were assembled together with small molecules which had rigid, large size and inductive
effect, they would follow a completely different law from the charge-conjugated assembly of flexible macromolecules. The
self-assemblies were controlled by the m-n stacking of helicene, together with the volume fraction of the hydrophobic parts and
the rigidity of PGlu segments. These effects restricted each other in the assembly process. When n-x stacking was dominant,

assembly morphologies with pointer-like and strip-like planar structures were obtained.
Keywords charge-conjugated self-assembly; amphiphilic block copolymer; helicene
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BATIINE G XA BG5 FIEH . XTS5 Rk Kk
A A AR AR, HE A8 R A NI R SE
S F 4-FBE-4-UR 41087 55 5 - (Me[41H) 5 SR ik Bt
RIKR 4 FE-b-F(L- R ETR) (PEG-b-PGlu)BE4T HiLfaf
A E ARG MR — B R [ TR 2R
(155 723 1751, Me[41H 21 HAT NI R P R, w]
PLE - HEE X H AL~ F FIEH, WRgfEd %
P K 4555, PEG-b-PGlu M@ s K 2 —
£ (mPEG-NH,) 5| & L- 4 & B — % 5 -N- 72 J& N 1R I&F
(BLG-NCA)TF IR A, SR 5 W& A9 3£ 14143 2 (Scheme
D3RRI, % pH {ERER I [ B 14 rpoR R
% (L- 7% & B )(PGlu) % B A NI M 1 o- 1818 ¥4 %,
PEG-b-PGlu & NI-ZEH G PR SRGY); = pH AR,
T RE S N, B FRIER S o- Bk,
PR BRIV T A 4. il PGlu
B E \Me[4IH A &= LK pHH, {# PGlu 5 Me[4]H
Z AR EAEF 3. WA A0 sk Y . SRER KR 4
WU L S PGlu B R SRR R A, 5T
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1 &R54ie
1.1 PEG-b-PGlu #1 Me[4]H RUZRAE

ASzE SR mPEG-NH, M4 T 8K
2.00X10°, BN 45, HRHIER L FE-b-R(L-BE
T2 EE)(PEG-b-PBLG)Z N3 1 iR, n R (L-
BAMFHS)(PBLG) Mk By A e 8. BT HER B IE
1% (GPC) 28 5L DA S BRAN S5 1 SR T AR 2 i &, 1
HH SR B IL B Y PBLG [ SERRIREREINE 1. ¥i%
FRBORI LT S R R B 45 R S GPC 45 A3 21k
BEGHAT IR, BUEAM T, FE, 27554 (PDD I
F 1.20, VEHA R SIEIRFUAREA T BT AR S
DAMERR IR B R A5y T, IESEPR PGlu B AL
PAX} . PEG-b-PBLG 5t (1 4k Bt £ v . PEG-b-
PBLG i {#3" 5 33 () PEG-b-PGlu A% LR A ('H
NMR) (D,0, 400 MHz)Z5 5K d: 4.00~4.30 (a-{kK H13E),
3.30~3.75(3K £ B (PEG) L 1 %5), 2.00~2.40(5 #: 3
MER I H L), 1.70~2.00(5 a-BRAZER I F L), 7.30
FEAREH SRR, RERSVIBART e 4.
1.2 PGlu #xEB K E XA R AR SR A0S0

Fe B KR B K BEAN R (I PEG-b-PGlu 43 il 55 Me[4]H
EARFHATHAE S HAY, HFPEG-HPGlusS
Me[4HZ AR 58 E T2 N1 0.5, ¥ lrpH
B 6.0, R FCH/KEE B B G SRS 5, 35 55
LT S AUBE (TEM) R F tn 1 T 7.

HIE1AR] W, PEGys-b-PGlu;g 5Me[4]HZH 3 % T K
2120 pm, FELI1 pmKIBEIRA K. BEEPGluiik B
BOZWn, N AIMe[41H S [F] LL 88 n, 4144 i
IR T PRAR A BOZ B K, BT 225k RIS A2 1k
PR FEAEIGL SR o+ B AR, 1R 2 R
BTN FOREE K. HERIBHA ., PEGys-b-PGluyy 5
Me[4JHA R T KEELS umA A, HPEL41.0 umfgK
TREPIRZA B AR, PGlulf ik BeEUA BI361T, 3Rk
NECRIEIKZ16.0 um, TEZ1°80.3 pumlfgcriR 4l 2
R(EI1C), BB KRB A FISONS, KL/ NE
252.5 um, % AL A K (B 1D). PEGys-b-PGluy 5
Me[4THBEAT FLART 5245 T7 B 1) o 2% TR A 28 A K B AN B it
0.5 pm, FEZN0.1 pm (EILE).

H T PGlu $EBAE pH {EN 6.0 IS JF R SE 4 LS, 4%
MR SE B I LE) 12 IR E T Me[4]H J&, PGlu
FEBLS Me[41H KA g A, [R]I Me[4]H 1) 1E H far
e AN, B non HESEFE Me[41H HEFI A F
JEREIA S5 3T Ve AB K I A R, PGlu 52 B
HLAT OIS, A% Me[4]H HES RIS, 1ENER
IKHIANE. B TR G PEGs-b-PGlu SE/KEERT 5
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# 1 PEG,s-b-PBLG, 124
Table 1 Parameters of PEG,5-b-PBLG,

Copolymer Myexpy’ (X 10%) My (X10%) DPeyy pBLG DPyyippic’ PDI
PEGys-b-PBLG 0.38 0.40 10 10 1.13
PEGys5-b-PBLGy, 0.58 0.66 20 24 1.18
PEGys5-b-PBLG3;¢ 0.83 0.89 30 36 1.19
PEGys-b-PBLGs, 1.10 1.17 50 50 1.06
PEGys-b-PBLG, 1.44 1.57 70 71 1.08

Mospy TR BB TS P85 F B My oy R GPC I H AR R 537 R 5 © DPeyppar Fo AR BORH LTS H ) PBLG #:BAL; @ DPovy Lo s

H4E GPC 45 it i) PBLG #k B 5L

et

B 1 ANFEBKEBKER PEG-b-PGlu 5 Me[4]H TE/K T
i 5 B4R TEM B (pH=6.0, RIESHE T2 LN
1:05

Figure) 1 TEM images of the self-assembly of PEG-b-PGlu
with various hydrophobic block lengths charge-conjugated
Me[4]H in water (pH=6.0, carboxyl group and onium ion ratio is
(lA.) O}.’?E)Gﬁ-b-PGlu]o; (B) PEGus-b-PGluys; (C) PEGus-b-PGluse; (D)
PEGus-b-PGlusy; (E) PEG4s-b-PGluy;; (F) Me[4]H as a comparison

R B Z, T LA SCRE 7 AR BUR 226,
UEFE RS R, PEGus-b-PGluyo FT34REH LA A
ROKHIRE. Gk B AR > BaZdg s, —J5ii
BT n-n HESEHAKRIRIEAE, s A3k i IE S JE %
TERAEPIR K 7 B A AR R A Ak 53— T,
B AR R MBI AL /N, LAYE KRR 20 258 AR 75 1 W b ) A2
€, WL 7 KARFHIR B SR AR 4G 1 - HLAL

<

W45 A nT A, AR SN A D B AT (R 2),
BE— 3R] T A LA S AL AR KR 1) SR
HEJ S Me[4]H 7E A 6, PGlu 7EAMHB IR S R E5 1 (] 2).
UEAh, sl 1F iR, 26 Me[4]H 8378 172 /K B2
AR IR AORL T, 3 R T84 8 7 s 1 FLG (R T
TERMEZ ToVE n-n HER, W BEIREEGK SRR UM
W TMAE pH=6.0 I, PEG-b-PGlu ] PGlu ik BEE K 1 B
LR, WREG R ARk, B, Kias
RFNZEAPIRA S AL PEG-b-PGlu 5 Me[4]H HLfiE &
H 2T 1.

£ 2 AFEERKIRBACE ) PEG-b-PGlu 5 Me[4]H 7E/KH HL

i A HALEN CHRAEEH=6.0, RESHBE TN 1!

0.5

TalZle 2 (-Potential values of self-assembly of PEG-b-PGlu
with various hydrophobic block lengths charge-conjugated

Me[4]H in water (pH=6.0, carboxyl group and onium ion ratio is
1:0.5)

Self-assemble

n’ {-Potential/mV
10 —5.74
24 —7.19
36 —2.45
50 —1.56
71 —1.03
“n 2R PGlu HOIR B

1.3  Glu/Me[4]H ¥ RpY = EL 3T 2E 2 R 28R RO 20
1% $% PEGus-b-PGlug 5 Me[4]H 7E/K BT B A

B2 PEG-b-PGlu 5 Me[4]H Hfif & H AR N KIBHHRI AR AoR = K
Figure 2 Charge-conjugated self-assembly of PEG-5-PGlu and Me[4]H into long pointer-like morphology
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0.5 1:0.7+ 1:1.0, WM pH HZ 6.0, LA TEM
A HEHALE. S Me[4]H ML, B PEG-b-PGlu 5
Me[4]H RSB T2 2R 10112021 :
W5 Glu/Me[4]H )5 1) L AR 3 2H 2SR TSR K 52
M, g5l 3 Fios.

B 3 PEGus-b-PGluyy 5 Me[4]H KIS FIWJ5 1) & b R ZEZK h
R A H 25K TEM JE U (pH=6.0)
Figure 3 TEM images of the self-assembly of PEGys-b-PGluyy
charge-conjugated Me[4]H with different molar ratios in water
(pH=6.0)

(A)1:0.1;(B)1:02;(C)1:05(D)1:07;(E)1: 10

4 PEGys-b-PGlu;g 5 Me[4]H Z MR EH#HE 72
Fev1: 0.1 B, /98K ERN 2~4 um, 544N 0.2 pm
FEATHIFRENIRAL R (E 3A), BEEY, PGlu HEBREDS (R FF
oy a-IRE R 4). EEHASS RS, RN
-1 £ S A A1 PGlu 55 BL a- B2 HEi) R K e AL A T
SRR R, HERTE VIR RIEM. AT TS KN
JEH) Me[41H 707 MED, K AT 2 15 51K 2 4.
Bti% Me[4]H A K340, Me[41H 731 [A] n-n HEE 1Y

20

6 /(mdeg)
8

-40

200 ‘ zéo ‘ ZALO ‘ 260
Wavelength/nm
Bl 4 PEGys-b-PGlu;o 5 Me[4]H A FH 5 (& E R 2K

L A B AR E = A E (pH=6.0)
Figure 4 CD spectra of self-assembly of PEGys-b-PGluy,

charge-conjugated Me[4]H with different molar ratios in water

(pPH=6.0)
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EFEHZHINGE, BAES PGlu B o-MRHEZ Wi
IR 4). Bk, HRESHE TN 028, 15
BIKERR 15 um 47, s AN 0.6~0.7 pm FKFE
EHIRA AR 3B); TSR EEHE TN 1005
I, 2H R AR B RS AT AR R 31 20 pm B E(&] 3C).

{HAE, MBRESHE P IER 1070, TEM R
REML S 2R A (1 26 i IR 344, HAKEARR] | um, %4
218 0.5 um(& 3D). MHRIEEIHE T HIAF 1:1.0
B, XA T BT IRALREA, ZH A E FE S H
fibE 10 0.7 15 B AR SEFE TLF— 2, 3979 0.5 um
A, (K EEEHOKR(E 3E). X 2R AERES
ST Z AR L LOKY, W TR RE K A 2 R R I
BZ, BAME n WEIEHTETFHS, HH5X R0
PGluy, BB R EE, TERER P KT AL 454, X
SR PR ZH 2% A Hp B0 40 J LT 40 B /K BRI - HE B
PR, DRI LS8 BE AN R B AR 350, A EE 12 0.7 B
73 380 1 2H 2 7= ) U] Ak 48 DR 2L 28 Ak v 2% DR 4 256 A
AL X, A, MREEHE TN 105 B
B, CARMEM SRR o-1E HER R B E A% (CDYE 5
(Bl 4), IXULEH Me[4]H [0 AR B A AR K,
3 — 3 AE B T KRSE (R F8 BT DR 4 2585 AR 4% 5 IR 4 2%
AT i B AR A - 3 B AT R 0 Me[41H 1A AR

F3 BN, B Me[4]H BN, 225K 1) f1
fap iz kb, (HRME MR L S8BT 2 oy 10 1.0, 3
W RIERAH OSBRI pH=6.0 B AREE4:
HLED), ZHARRI RN 56 . X R, ik
FETREPIRA IS AR & AR 35 1k, HANRIHE S E
KM PEG K437k TE55/KHI PEG Kor T8EM “Hr
7 VERAIHK K Me[4]H A& FIHEF T, PGlu ik B
TN ZH Me[4]H R E 5, TERICLIRKBK)Z
ghity, R CHATINRSE RIS A UE, X —a5 Rt —P
o7 1 R ZE 2 A I P 4 R R AL
£ 3 PEGys-b-PGluyg 5 Me[4]H (AR ) LR e K A

L 5 B AL A (B (pH=6.0)

Table 3 (-Potential values of self-assembly of PEGys-b-PGluyq
charge-conjugated Me[4]H with different molar ratios in water
(pH=6.0)

Glu . Me[4]H {-Potential/mV
1:0.1 —12.31
1:02 —9.85
1:05 —5.74
1:07 —4.94
1:1.0 —.72

© 2019 Chinese Chemical Society & SIOC, CAS
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A FE 5 Me[4HAE K 347 s faf B & B 4138, &
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Me[4[HI I LG, BPER 3 5855 72 L ot -
0.1. 1:02. 1:05. 1:07. 1:1.0, WHHKIpH=6.0
i, HE— B 7 Glu/Me[4TH 5 (5 B X 2 AR T 55 1
AR

H TEM M845 AT A1, PEGys-b-PGluy, 7E Me[4]H
TR IR, HAZAT NS PGlu S5 LY PEGys-b
PGluyg AR, HRESHEFZ N0, 1
0.2 I, AR PR W 2 2R R H 25 R (B 5A), 3R
REA & 2R IR Y B (B 5B). ELRIRIL 585 T2 ik
F 1005 B, RRERAAHIKE 5~20 pm, HRELH
0.3 um Z& A3 K AR EIRAL 2L R (] 5C). USRS T
Z BRI 12 0.7 B, A2k 58 RS A 3 (B SD). (=
VERIL G T2 RS 10 1.0 I, {XVREE R RN
40~50 nm IR (K SE).

Bl 5 PEGys-b-PGluy, 5 Me[4]H (KR FEIWIF (KE L R AEKF
HLT A L3S TEM B (pH=6.0)
Figure 5 TEM images of the self-assembly of PEGys-b-PGluy,
charge-conjugated Me[4]H with different molar ratios in water
(pH=6.0)

(A)1:0.1;B)1:02;(C)1:05,(D)1:07;,(E)1 1.0

20 —=—1:01
—e—1:0.2

“\v 4 1:05
EEE yh —~v—1:.0.7

a(mdeg)

T T T
200 210 220 230 240
Wavelength/nm

Bl 6 PEGys-b-PGluy, 5 Me[4]H (KR FEIHIF (K&E L R A K
L A B AR E = A E (pH=6.0)

Figure 6 CD spectra of self-assembly of PEGys-b-PGluy,
charge-conjugated Me[4]H with different molar ratios in water
(pH=6.0)
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LEORAN A E S RAEOH R ks R, uf
ATERFE SR T2 mm1 L 0.1, 1 028, PGluiix
BN 7 a- R A B, T G DN I Me[4]H IR
TE A R n-nifE B, 1X ] BESE A PGlug, R E PR FFRE
JIHEPGlu B4, XAL1FI50E 2 M g ) g, D&
Me[4H G E @ n-n M B /E L P THIZ514; Iz 78
pH=6.01f, PEG-b-PGluth AHX} 37K, DAk B A i A JBE
IR HBUN0.2 K IMe[41H, H H RE1F 20 ik 4 235 4. 24
Mel[4THY) )5 ¥ 5 L 4k 238 I 20,58, n-ndfE S A4 HF IR
YEH, UEiS T3 45 B 5 PEGys-b-PGlu, ok % i Me[4]HY)
R EEN0. 21985 R, (252, BT /KIMPEGHE B
AR, DR AEE— B IMe[4JHE F]1.0/5, AR
132NN R, oA 20 K 2244,
£ 4 PEG,s-b-PGluy, 5 Me[4]H I F#)5 (1 & H R 7E7K
ML A H AR ) CHRALE(pH=6.0)

Table 4 (-Potential values of self-assembly of PEGys-b-PGluy,

charge-conjugated Me[4]H with different molar ratios in water
(pH=6.0)

Glu : Me[4]H {-Potential/mV
1:0.1 —19.10
1:02 —15.13
1:05 —7.19
1:0.7 —6.83
1:1.0 —4.42

© 2019 Chinese Chemical Society & SIOC, CAS

1.4 & pH EXHAR AR IR0

1E4% PEGys-b-PGluys, fH 5 Me[4]H 7E/K AT L
i & %%, PEGys-b-PGluyy, 5 Me[4]H HIHRIE 5855
TZHA 105, BUERHERT pH EG A4 3.0. 4.0,
5.0. 6.0~ 7.5\ 8.5), WFFT pH AR X 4 25 A FE 50 1 52
Wi, 4 pH {4 3.0 I, 153152 10~20 nm & A5 1/
HETA), R HFRD M EBEAERS). XEHTAR
FRIMA5EHL 58 3.2, 7E pH A 3.0 ), PGlu B & 1R/, TEik
5 Me[4]H TERCE S AT A, RIS B /N R
#& PEGys-b-PGluy, 5 Me[41H H CLZH 24T . 24 pH A
1LE] 4.0 B, PGlu 75 R G 0, 5/ 28 P ik
HL A, (HULES PGlu A S AT R 45 1 &, 1T HL
fLfr B ARD, LA R AR R SS, 18145 Me[4]H [ n-n
MEBIEARRZE, FIRKEE | um 7545 P EHRG 2
1&(FE 7B). Fi#E pH {EHE K, PGlu BB ) H S FE FE 3 i,
HNIEFBK IR, AR T B 2 AR Me[4]H [ n-n
HEZ, [RICHREIR 2 e 4 i) RF B 2 386 K (B 7C~
7D). 24 pH {Hi% %] 7.5 i, PGlu % B IS, 36K M
A, EARAEE T LIS, SRR 2R KA 4~5
um, EA% 0.6~0.7 um 724 FIGPKE (B 7E). AR4E ¢H
RLgh (R 5), HEMAOKE 1A S EER TN PEG #EBGE
KE, BiKWEBEKRENZ PGlu, & AN E H
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Me[4]H n-n HES M. 24 pH AEIAF] 8.5 i), PGlu ik Bt HL
BREERGER 5), JLTsEadK, Hik, 5 Me[4]H H
HEE R EARZIN 0.3 um A A BRI 30 (K
7F).

Bl 7 PEGys-b-PGlu,, 5 Me[4]H 7£ pH (A ARk F T 54
HAHZEM TEM B (RESHE TN 1 10.5)

Figure 7 TEM images of the self-assembly of PEGys-b-PGluy,
charge-conjugated Me[4]H in water of different pH values (car-
boxyl group and onium ion ratio is 1 : 0.5)

(A) pH=3.0; (B) pH=4.0; (C) pH=5.0; (D) pH=6.0; (E) pH=7.5; (F)
pH=8.5

#5 PEGus-b-PGluy, 5 Me[4]H 7EAN A pH /K LA &
HAZM CHRAEGRESSHE TN 110.5)
Table 5 (-Potential values of self-assembly of PEG4s-b-PGluy,

charge-conjugated Me[4]H in water of different pH values (car-
boxyl group and onium ion ratio is 1 : 0.5)

—

pH {-Potential/mV
3.0 —1.46
4.0 —4.34
5.0 —6.48
6.0 —7.19
7.5 —10.03
8.5 —15.93

2 Zhig

5 4% G 1 9 o3 ik B L R 4 25 1A T 30 B 1% i K B
BUARFU A B L 3], PEG-b-PGlu 5 Me[4]H H
T AT 2 8N n-n HEBAVER] . PGlu HEFT 50
PGlu %R Bi/KH A BEH R IR,
n-n WESVER & 3 SIS 7 Re A5 2 LR EHIR AN 26 A IR
SO EMN E RS, o B RE S, B20E
ERIRFNAHPIR LR RSP R, BB JE L RRN
IR IR B k. AW FCSEAN T AT 2 A B 4 25 ik
H, NIBEE RS G153 1A 52 B TR 3R A R 9 11 25
H, X PR SRR B R A i i f fer B2 AR T 45 2k
TR R DIRE o T AT 230805 . H & Thaefh 2 35 4%
NHARGHIZE N E
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3 SRS
31 UESEHHT

LSRR E 75 RAER(ER)ER AR, AR
KR, DAL (THF), IERES, =M ORMER
TR UK T IR ) 1 ok 35 7 A R A ), a7 A
VIR M ali; BT ER AR ER R I B [ 24 4 116 2= )
BHIRAF, bral; K CBEMIEK OB E LR
B A A PR A R, R4 3 i 4l NN-—H
F L (DMF)IY H Sigma-Aldrich 57 5 4 BR 23
A, ORI E RiE2 S TAHRAFR,
afi; ECkEWE | REEHEFRAR, BTET; &F
BN E Rl R PR A F], feal; R H
A B g7 s MRAE IR A IR A, iral; sma
F R 2 Fi(mPEG-NH,, 44> T & M, N 2.00X10%),
e E JE TR A AR IR A L 5250 H 2
PUE kI bR KALE, BT FEMEH. HRRAFIA
b, EREEH.

PL-GPC-50 plus HEERIZE A (GPC, EHE T
22\ W), FaFEN PBLG, #7729 DMF (% 0.02 mol/L
RALER), MARIRE RN 50 C, REMREIREL N 2
mg/mL; Avance 400 B REEAR A ('H NMR, 78[5
fiari ), ARSI (CDCL) A, LAY FE ERE
Fe(TMS) NN FRYD; TEM-1400 %435 5t 681 S 3U8E(TEM,
HAH PR a2 4t); 1-810 AU i {(CD, HAE
LA T]); Zetasizer NanoZS ZEN3600 2 4/ Kpi &
f74% ({-Potential, 5% [E 5 /R3CAR]), MWAAEE N 25 C,
SPAFIEE] 2 min, ££5 =R DTS1070, ME0KE 3 K,
RN EIZATIRECA 20.

3.2 Me[4H B9& R

4-G8 2R [A1MEME G 2 DL SCHR[38]. #4229 mg 4-F %
[4]M2)E (1 mmo) 78R T 5 mL & W Heis, 2 )5
PR 1 mL BUFGE. Snsese s, RS =R
P16 h, )5 H BB RIS AR R BIRLR E. Fris bk
RYFET S mL & GE, A 50 mL 2.8, HILKEE
BYLE. BTl g, HH Ol TS
4-H -4 A AR IR SR T Y) Me[4]H 355 mg, N3 (R
WA, 773 96%. 'H NMR (DMSO-d,, 400 MHz) 6: 10.12
(d, J=10.1 Hz, 1H), 9.54 (d, J=10.1 Hz, 1H), 8.91 (d, J=
10.1 Hz, 1H), 8.83 (d, J=8.8 Hz, 1H), 8.64 (d, J=8.8 Hz,
1H), 8.37 (d, J=8.8 Hz, 1H), 8.34 (d, J=8.3 Hz, 1H), 8.31
(d, J=8.3 Hz, 1H), 8.25 (d, J=8.8 Hz, 1H), 7.91~7.93
(m, J=7.9 Hz, 2H), 4.79 (s, J=4.8 Hz, 3H).

3.3 PEG-b-PGlu th& %

HH % p- WL BRI, L =A%

Chin. J. Org. Chem. 2019, 39, 2973~2979
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NOTE

BLG-NCA AP P24 T 22 4 v FH I /K 0 Sk i A
ToKIE Ceidt AT 2 IR E 45 b, B 2193405 A AEHIR &
W, BEHARA T FEMNKE TR, RETEFERS
TR FRELAT 75 BLG-NCA 5 mPEG-NH, T~ 20 mL E 442
A, A 3 mL 27K DMF &R, (£ F B4 3T M.
153 ¥ % B 58 &) PEG-b-PBLG FVK TG /K ZBEUTIE, T
FHVKBE TR A =3 CIRIAT MRS 5, ki@ i Fl R T4k
B, A2 R IKEIR &Y PEG-b-PGlu.
3.4 REFREFE

FREL PEG-b-PGlu T 5 mL ELAMZ L, LLB4iK
R, FEHIR 1 mg/mL FIVETR, 1RSI 4 0 i
EE VA NN Me[41H /KIETR, FH ERER 5 VA pH
B, fERFRRE T 120508 1A BRI

%4 Bh 1 ¥} (Supporting Information) PEG-5-PGlu 5
Me[4]H ) GPC. 'H NMR %#fs. X Se L] LA G 2 A
FI 3k (http://sioc-journal.cn/)_E %k,
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