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JERENE I T B 41 R IOL R R B RSO R A
Yy, IR T X R PO R G W 1E A AR B BAY
B G o7 I 55

1 LIGER4

L1 {5
1.1 35

C W (Alfa Aesar) HIZALES T4 48 h, il T
ZEME IR B (Alfa Aesar) BLHEME T VA, 04
afi, b BE 2 A B R 2 ) U A D s 1
FH. HB W R e 43 Bk AR 1 S 23t A 00 AR Al TR
TSR TE & BT AR € A A 1 5 & — Tt B T g
(PEG-¢) "™,

1.1.2 %%

% H 4% 9% 3% X MERCURY plus 400 ( 2 [
Varian A ] ) ; B B iE B 1% ( GPC) Series 200 ( 35
[E Perkin Elmer 28 &) ; {8 37 I 28 e 21 40 S 3% 4%
Spectrum 100 ( 35 [E Perkin Elmer /A #] ) ;15 5 M T
U JEM-2010 ( H A HL TR 25 4t) s PCS 4K
B BE 4> 7 AL Zetasizer Nano S ( [ Malvern 2
A)) 5 5 Ah-0] UL 43 % )% B it Lambda 20 ( Perkin
Elmer 22 H]) 5 9¢ 6t 3% LS 50B %¢ St 8% Ot & 41
Y66 B 31 ( Perkin Elmer 22 &]) ; B 743 (MWCO =
3500 g/mol, [igak S5 s 40 15 9% AR (3£
[ Corning A ) ) 3 8] & 9L 2 i B DMI6000B ( £
[E Leica).

1.2 RZ_EE-46HA-R2NE (PEG-c-PCL)
Bl &

B 25 mL S W, JAOR YT T BR K. n A 220
mg(0.1 mmol) PEG-c, ¥ 1, A 10 mL H 2% fi#
T AR 3 mL H R FEEA 2 mL ) 25 mg SE R
B RV, BEFE S min filids 2 mL HUOR. R,
JnA 0.85 mL(8 mmol) & P Tig, fli 8 2 mL H 2%
J&i, T 80°C [ i 46 h. N 45 J5 , B35 H 0K & Tk
DUVE 2 Wk, 49 3 8 8 [T 44, 35°C s T4 77
21% .

'"H-NMR (400 MHz,CDCI, ,298 K,5) :8. 10 ~
8.08 (d,Ar),7.07 (s,CH = ),6.96 ~6.93 (d,
Ar),4.26 ~4.23 (t,CO0—CH,—) ,4.18 ~4.16
(t, Ar—0—CH,—), 4.07 ~ 4.02 (—O0CO-
CH,—),3.88 ~3.46 (—0—CH,CH,—), 3.37
(s,—OCH, ), 2.35 ~2.27 (—COOCH,CH,—),

1.68 ~1.55 (—COCH,CH,— ,—COOCH,CH,—),
1.43 ~1.33 (—COCH,CH,CH,—).

" C-NMR (400 MHz, CDCIl,, 298 K, &):
173.6,170.6,160.7,136.5,134.2,127.7,127. 2,
115.0,72.0,70.7,69.7,67.6,64.2,62.4,61.9,
59.1,39.7,34.2,32.4,28.4,25.6,24.7,15.9.

IR ( KBr): 3444, 2945, 2892, 1727, 1645,
1602, 1513, 1468, 1360, 1344, 1281, 1243, 1191,
1180, 1148, 1113, 1061, 964, 842,733,610, 539,
531,510 cm .

GPC:M_ =3.7x10° M /M =1.26.

1.3 XEMRHR

53 S TC 1) — 2 T B A 2 8 A LR S W Y 0 R
R R R, 0 T 2 79 5 AN WAL R 252 1t & S OI6 1
AL 2 mg/mL A Y)Y DU S K W, R R A
Yyoe 2w e, B — i 1 09 55 W0 1 WO m ) oK
428 BN KR, I A 37 BT Y ik R 2 Y
S IRg . ] R P51 R [ v B SRS %) Ik g
WAE A XF R
1.4 ZHAER 1%

FES A WG AR G DL K T /8 A R WP Y
DMEM 35 5% K& b 35 5% A FL W 98 40 L ( MCF-7 48
L) . BEFRAEIR B 37°C, FE i & 5% CO, 1Y
2. B AR 24 h LUJE, A o8 A 6 TR B Ry 20
pg/mL 4 2 G W) F0 % BE A €8, 141 /) DMEM 375
ARSI TR 3T°C i 5% 6 h. K37 ik Pl R 22 v
W (PBS) ¥t 3 WK Ja, H 10% 1y Y [ 7 40 i (=
I 10 min) , 7 H 5200 B 35 WL 5% (B Rk K R
405 nm).

2 H#RE5iT

2.1 RZ_fg-4+&H-82 N (PEG-c-PCL)
B I & 0 RAE

S JATICHT R TARE G RE @ B B i 2R &
CREILHRE (PEG-c) " SRS, 7E S R LB 1 i
AR, U 284 D9 3550, MU PEG-c & 4 [
AR T K O N BRIT 3R R A, — A0 BN A s il
TR BER &1 PEG-c-PCL, tyR B 1A 1
LI I RN s e o [ DR TR € A ok o N S o ) P
BEAT Y I R AR XS B4, 46 h. %5 JE B 28 @ &5 4
4 T IC R 2R R AT RE [ 5 1R 0 85 16 T, I8 AR A £ 771
R P, WA T 4 R e A 7 S T I 488 114
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Scheme 1 Synthetic route of PEG-c-PCL
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Fig. 1 NMR spectra of PEG-c-PCL; (A)'H-NMR and (B)'?C-NMR
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Kttt oy A s - IE B AT & i T i BER G W)
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FATE o 20 A — LN T PEG-c-PCL 11y
il 5. B 2 Prongrsbotig i, W51 & 5 PEG-c #H
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Vg, FEIH 45 F PEG 5 & 45 B ot 19 W H L A
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Fig. 2 FTIR spectra of PEG-c¢ and PEG-¢-PCL
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HC— 7 Wk B 0y A 8 AR B 5 ) PEG-c-PCL
F1R) W0 S0 K e V5 R, 43 Sl DN HG 5 A1 W AT R 2 O T
SO, a3 s, WEI A DUE A A R
RE W) BA ALY 58 A WSO T, P A 1Y B K W
W ERAE 371 nm X2 MR —REWEEHA 1
AN 8 AT R 2. DN R B S T AR 0 1 i
RIS IETE 427 nm. {H 2, [6] A& €8 141 9% 06 K G 06
X, R AW Pt R & S BT 6 nm LT
X Al Be s i T m o, A 60 T R i 1Y) 1
o3 FREBCAE — B TR LR T AR AT ) 2P TP
1) 45

GOTOCE ARG R R E A R a4
ARyl A A AR TS EA
VIR B H e 5% , DT AR 4500 S 1 6 22 PR R 32 3% —
SRR A, AT IR T A A A
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Fig. 3 UV-Vis spectra of the chromophore (a) and PEG-
¢-PCL (b), and fluorescence emission spectra of the
chromophore ( ¢ ) and PEG-c-PCL ( d) in THF
Ao, =371 nm;Slit width was 15/15 nm.
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Fig. 4 The size distribution of PEG-c-PCL nanoparticles
determined by DLS
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KT 55 A7 33X I IR 40 K JBURE A JE A il 1 A
VL4 L Pl e, DT DI 2 i i T 2R A O
AE. S5 IC R, 2R W AR AR Y 5O R e B T
Ky 14 nm BYLLRE ML A I (19 1. 5 32 229 25
TSI (1) R P H AT KR T ), 2
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Fig. 5 (a) TEM and (b) the corresponding size distribution of PEG-c-PCL nanoparticles
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Fig. 6  Fluorescence emission spectra of PEG-c-PCL in ﬁ]z E gﬂf{%ﬁﬁﬁzgﬁj&ﬁ% s ﬁﬁﬁﬁgi PR ﬁ]‘u TH®
THF (a) and after self-assembly (b) with a concentration E,:J E EE ﬁﬁ% , @ﬁ%éﬂ%}ﬁ%ﬁkﬂ@ ?W?K*ﬁ?ﬁﬁﬁﬁ

of 0. 4 mg/mL A, =371 nm;Slit width was 10/10 nm.

S B B A, 49K KE T RLEE 2 160 nm 72
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CPRCL GFP % S0 B 36 (1AL £ A0 g A OOSHUR TO 4 90 EG5  T AL,
T PEG-c-PCL %5 e M fig. IR — D T A A .

- b 25 pm
- d 25 um

Fig. 7 Fluorescence microscopic images of MCF-7 cells incubated with PEG-c-PCL nanoparticles (a and b) and the chromophore (¢ and
d) The cells were incubated for 6 h.
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BGIREE T2 A A e 5% i BR A4 2
EOR A AR R . B , PO o i RS Aok
KL B R Z M T A R A5l B B AR TR
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SYNTHESIS AND OPTICAL PROPERTIES OF
GFP-MIMIC FLUORESCENT POLYMER

Hong-ping Deng'®, Qi Zhu®, Da-li Wang’, Bang-shang Zhu', Xin-yuan Zhu'"

(" Instrumental Analysis Center, * School of Chemistry and Chemical Engineering, Shanghai Jiao Tong University, Shanghai 200240 )

Abstract To mimic the fluorescence enhancement behavior of green fluorescent protein ( GFP ), an
amphiphilic ~ polymer, poly(ethylene  glycol)-chromophore-poly( g-caprolactone)  (PEG-c-PCL) ,was
successfully prepared by ring-opening polymerization using chromophore-endcapped PEG as the

13

macroinitiator. 'H- and " C nuclear magnetic resonance ('H and " C-NMR ), Fourier transform infrared
spectroscopy ( FTIR ) , gel permeation chromatography ( GPC) and ultraviolet-visible absorption ( UV-Vis)
were applied to study the structure and properties of PEG-c-PCL. Both the chromophore and PEG-c-PCL gave
similar UV-Vis spectra with a maximum absorption peak at about 371 nm. From the emission spectra, the
chromophore had an emission peak at about 427 nm,while PEG-c-PCL showed a 6 nm red-shift, attributable to
the influence of polymerization. The amphiphilic PEG-c-PCL could self-assemble into nanoparticles with a
diameter of about 160 nm,which was confirmed by transmission electron microscopy ( TEM) and dynamic light
scattering ( DLS) measurements. Importantly , the emission intensity of PEG-c-PCL increased by about 55 times
after self-assembly into nanoparticles, and the emission peak showed a 14 nm red-shift in the emission
spectrum. These phenomena could be attributed to the chromophore’ s rotation restriction and the increased
interactions after self-assembly. Finally, the self-assembled PEG-c-PCL nanoparticles were successfully used in
cell imaging,illustrating the potential application of this new kind of fluorescent polymer.

Keywords Fluorescent polymer, Green fluorescent protein, Self-assembly, Imaging



