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Scheme 1 Fluorescence enhancement of GFP chromophore

through polymeric self-assembly

1 SLIEER4Y

1.1 ks a8
1.1 35

AR ZE@ WM =2, sr b ali, v [5 BE 2
A AT bt iR 2 |, S AR O S i s 4- R RO
HmE , Al gl rp [ B2 2 B AT 1 i R 2 W),
1 5 PP 0 TR P IR, 0 B 4, S 8 ok /K 25 1
PR Al 5 A 5 Jook W BE R TC K B, A3 b 4k, v
Pz 25 A2 P g a7 20 ), B8 T 3 S e 5 TS K ik
FRB, 3 Ml v ) B2 2 4 B iR 0 |, R
o IRAREAR 43 B 4l BT R T A W SR B
Ab PR S 5 4 —EE I E (M, =2000) , 74 4%
o B W5 0 ) R ORI B K S i 21 -2-
FENBER (97% ) \2-F M L BE(98% ) \N,N,N',
N' N"-H I W 2,3 = 12 (98% ), B JR i 3% 95
O] HEA ] HE R R R (99% ) 1 &
BE LT W i £ R #h (97 % ) , V4 A 3 B 4E R 3 40
A AT 5 H A 3R X Sk o I B 2 AR
Zilwiz3n e ACIINE RS U AR
1.1.2 {ug%

K% 1 3 I 3 1% X MERCURY  plus 400 ( 3¢ [H
Varian N &) ) , 5K B 5 @ 7% GPC Series 200 ( 35 [F
Perkin Elmer 2\ & ), 8 B 0f 45 # 21 4b 5% §i% 1%
Spectrum 100 ( 35 [E Perkin Elmer /A ] ) , i 5 1 T
BT JEM-2010 ( H AL TR & 4t) , PCS 442K
Bi BE 4y ¥ AL Zetasizer Nano S ( g Malvern 2%
") EAh-AT I 43 6 Ot 3 Lambda 20 ( Perkin
Elmer 23 1)) , 286061 1S 50B 5 6 8 % % 641
G it (Perkin Elmer A ®]) , iEHr 4% (MWCO =
1000 g/mol, |- i SR H 20 A ), 40 15 57 4
# (3 [ Corning 24 Wl ) , B b5 {X EIx800 ( 3£
BioTek 22 %)) , i 240 M2 4L BD LSRFortessa ( 38
BD 7% w) ) AR 520 % B DMI6000B ( % [5]
Leica Y H] ).

1.2 48RS FHNER

GFP AL A By & ok & A, % T Jr i &
BLH 3 P, 4 0l J& Erlenmeyer & 4% N R V.
Koevenagel #i & 3% Al 2, 3-3F i w3, Ho
Erlenmeyer Z 4% N fif i /& — Fh &8 L il £ GFP &
o A S A AR T s, T 2, 3-30 0 3k 2 i
ARk N )T M — AT OB R R A S T
P AR LR A R 2, 3R Rk A T
7 A A o 1

$1.28 g JlERHL S 1.23 ¢ WAMRER T 10
mL ZE 1R 2 (14 T /K HY Pt v 2 0 SO 24 he B 2K
JE it BT, S8R SR IR VER BR KA, TR
140.97 g # (o [ . 77 51.0% .

'"H-NMR (400 MHz, DMSO-d,, 298 K, §):
10.08 (s, 1H, ArOH), 8.07 ~8.05 (d, 2H,
Ar), 6.86 (s, I1H, CH), 6.83 ~6.80 (d, 2H,
Ar), 4.94 (s, 1H, OH), 3.60 ~3.49 (m, 4H,
CH,CH,), 2.34 (s, 3H, CH,).

"C-NMR (100 MHz, DMSO-d,, 298 K, &) :
170.6, 163.2, 160.2, 136.8, 134.7, 126.0,
116.4,59.5, 43.5, 16.3.

HRMS: m/z [ C, H, N, 0, ] i % {4
246. 1004, [ C,H N,0,] " 5255 1H . 247. 1083.

FTIR ( KBr): 3152, 1707, 1641, 1599,
1514, 1450, 1414, 1365, 1284, 1171, 1143,
1065, 920, 833, 766, 600 F1487 cm ™.

1.3 RZ_EH-ERERGEBRPEREREY
(PEG-b-PMMA ) 9 %I &
1.3.1 ROZWERF5IEF M H

120 g B R HIE(PEG, M, =2000) %
T 100 mL HIZ% T 145 C ALk BR K, Br 25 KK o
T HE A 130 mL Bk 9 S e L K 2.3
mL BRAK B = W, FEVKH T o2 A 2 mL ) 2-
TR-2-H BN R, 28 T 2 =R, O 24 h R
300 FEVARL R0k TR 0 V2 VAR R A M v T AR UK
VU, HITCOK B R A T, e 45, 76 VK & Tk BT TE
35 CEZ T, A3 19.2 ¢ (A BEK 7R
95% .

'"H-NMR (400 MHz, CDCl,, 298 K, §):
4.30 ~4.28 (t, 2H, CH,CH,0CO), 3.80 ~3.42
(m, ca. 180H, CH, CH, 0), 3.35 (s, 3H,
OCH,), 1.91 (s, 6H, C(CH,),).

"C-NMR (100 MHz, CDCl,, 298 K, §):
72.1, 70.7, 69.5, 68.9, 65.3, 59.2, 55.9,
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R i - N e R INU B TSR oo
AN,N,N' N N FE A 258 = v T 10
b i R TR R ol R 3 RS I AR K
AR, B Al HE 3 Wk, 218 Rl AR R i B E
80 CJ i 2 ~3 h, M A Ve VR % 1k S 7. Y &k g
i S, 3k v P AR 2 BT AT B 25 TR AR A ik 4
J& T UK B ILE 35 C B T 515 3 A [
1x.
1.4 FEHEFRMR

T — 7 5 110 A= 0 14T DU 21K g V2 VR B A €5 1 R
AW IR A 10 0wk e I A, DN S HE 56 A W AT R
P K 6. B A @ AR EE N 0.3 mg/mL
B WIHE R 5 meg/mL Y Y I I VR, T8 — 5 L
51) SRS VR T 1) K v 2 2 i b KR, T G 56 4
W AN 5 & . 4% I 38 3k 3B B i O =B & U AR
WK g, P 0 G 5% A W s R 9 O R S BUI) —
mi RO 2 26 1 AR ORI DY Rk g ) E A 9
P AR AL
1.5 @RIt SRAEmsEAREE

BE R — B w D0 0% 0 BE 40 - A 7L R 98 MCF-7
20 R A7 A R P DA L =X 4 P 43 T DL B 4
AR

7 240 Jf 35 PRI 3 b SR MCF-7 48 i 4% i
8000 4fl it/ FL 1 %5 B 432 F E1] 96 FL &% 77 A v Ky 3%
24 h, SR 5 40 R 15 3R W ) 2R A W/ e 6 At A
Y AR B AN TR e BE AV, R AL T A R AR R
W 250 pL,4kZE0E 24 h ZJ5 R FLINA 20 pL (¥
5 mg/mL MTT PBS {F¥. 4 h ZJ5 , HBE W A% /0
b 2 85 5 AL A B R A5 B ) TR B T 200
pL DMSO Hr. 58 2o fifg b5 A I 5 554> 35 9% L AE 490
nm A (1) 58 AT 3R B B AN [ VAR B R O Ak L S
F14) 248 A7 3% L 191

fE 9 2 o Bk, S MCF-7 410 i i R
450000/ fL 9 %% FE 4l 7E 6 FLAR IS FE 24 h, SR )5
N0 8 SR R TR I A AL 2R R e R R AL P R
i VR BE 2928 0. 25 mg/mL. A i 5 20 i 43 510 5
30 min,1 h,3 h j5, ] PBS BE& 400, FH 30 wl &Y
Ji9% T XoF 240 P 3E A7 38 4k, SR 5 #E BD 2 W] i 2 40
TTEA X 40 3547 5347

FEAN ML S S 5 b, et MCF-7 48 i 4% 1
10000/ L 1) %5 B 4% F A5 i & A 44 M 3% 55 I8 R 1Y
24 FLAR G35 24 h SR AR EE S 0.5 mg/mL [

BRI, E 3 h J5 K dn s 1 PBS VUeik, £
RHBEBERBEEZFETH A, £ Leica
DMI6000B ] %% ' I ft e T i 17 WL4%.

2 H#RE5iTR

S EEsFHE&ES5RIE

K 2,3- BRI A BT AR A,
IR 2 BN AR A A A A .6 = 8.07 ~8.05
1 6.83 ~6.80 S A I 1Y HEAF 1,6 = 10. 08 F1 4. 94
A3 %o oy Iy R B RN BEFR 3,6 = 6. 86 M hf C = CH
RS Al S F it E S TR A [CLH,
N,0; ]: 246. 1004, H 4 ¥ i3 (1) 1E & 0§
[C,HsN,0, ] " 247. 1083, 51 HAEMI & . fE£L5b
S, 3152 em ™" X 7 B R RN I R 3 %) W 45 IR
51,1707 em ™' X C = O B{H 45 35,1641 cm ™!
SR C =N § 4 4R 35,1599 cm ™' %R C= C f#Y
AEPRSN, 1514 cm ™' XF R 28 BR A4 B 20 4R 3. KRG
FTiG LT AN G S g 45 R K W], AR R T GFP
A F
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Scheme 2 Synthesis of GFP chromophore

2.2 PEG-b-PMMA {94l FK1E

BRI R & R H E (PEG) Fil 2-1-2-
PR L D TR R B 0 5 D T R R G Y R )
FalkH,SRJGTE N,N,N',N' ,N"- T f 3~ 2,
BE = e FSLAC A B AE TR, DA RSB R
Ko+ 5l kRG] & NG IRH B0 R 7% 5% A
HER G, &M E R BER S Y PEG-b-PMMA
R EE 3 Frs.

ML S o 2, FATT I 6] — Kok 751 & &
BT 4 FORFE 2 F & 0 P i BR AW AR B R
WL RS S H 1142 em ™I 0 Sk YR T
PEG B C—O—C fh 45 #E 8, i 1730 F12952 cm ™'
W2 AT g D) 0 T PMIMAAL i i A0 A 068 R FRY 56
x5 PRAp 4 iz 30 oA, DA% R S5 b Al LUE
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Scheme 3 Preparation of PEG-6-PMMA
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PEG By 43 fiF 6 43 % 7 F 6 = 3.35 £ 3.61, i
PMMA 1 5 fif W& 7 F 6 = 0.82,0.99,1.79 A
3.57. AHN A Bk O L — L UE I AT E AT
PEG-b-PMMA it Bt 5 & 4. i o & i 5 3
FESh A B> FHE(M,) 2920 1.0 x 10, 5 GPC 4%
H0.9 x L0 MW A . 740 3 AL A% jE 330
TEA GPC 5Nk 1 iR, H GPC EE A 1
JE7R. LLAN BEREF GPC 45 B E ], 1 & T
HmEBERAY.

Table 1 Molecular weight of PEG-5-PMMA measured by NMR
(M) and GPC

A B C D
M x 107* 1.0 1.1 1.3 2.6
M, x 10°* 0.9 1.5 1.8 2.1
M, x 107" 1.3 1.7 2.4 2.7
M,/M, 1.46 1.18 1.31 1.28
DC BA
8 9 10

Elution time (min)

Fig. 1  Gel permeation chromatography ( GPC) curves of

PEG-b-PMMA

2.3 &M NTE LR

A3 50 SO 8 AT T IO R g S A R £ AT R 2R
B W 0% U 0k g 5 R, T JEC 5 A 2 ISCRR 7 D' e S
PO 58 A W e A B Y AE 371 nm (G 2 (a),
2(b) FroR) AR TR, ARG WG E A1

458 SN T 450 nm oA BB . AR (0 Y
BRI EAE 428 nm , A S5 W) s e Kk B
A% T8 nm(ME 2(c), 2(d) ). EHK
R ATV Sl AR LN S PSP T ey
Yregfe e (A @M 0.3 mg/mL, A S mg/mlL)
A5 38 0 A= P A AR HE AR 75 2848 I A, T
ol Y W A (0 R FT LA R DAL T ¢ D' AR
(DGR

Normalized data (a.u.)

300 350 400 450 500 550 600
Wavelength (nm)

Fig. 2 UV-Vis spectra of the chromophore (a) and

chromophore/polymer ( b ), and fluorescence emission
spectra of the chromophore (¢) and chromophore/polymer
(d) in THF
Ao =371 nm

B S, FRATTAR A1 2 €0 08 6 88 Y AOBHLER 8
H A8 ] 5 OR R 43 1 & 19 PEG-b-PMMA [ 40 %5
AR T, IR IR R HOG 2 GE. 6 2 FIlE 3 45 i
TSGR MR R, N A B D RS W0y
KA B W GG, A i B 2 B K 2 AR WL
KR RS o 78 i 3 K. &1 4 2 90Kk 19 TEM
B, N RT LU 90 oK1 1 RO e —
B B CHUS 5 2% PDI e —3L.

Table 2 DLS data of PEG-6-PMMA nanoparticles

A B C D
d (nm) 85.8 95.3 146.4 173.2
PDI 0. 162 0.172 0.122 0. 096

Bl S Ak 2k (a) g Az (5 PT35I 1k g %
WD K GG 1, A B (C.D Sy A W) A (0 A
LA BTG PR 1 B R AT LU i B
2l ) A O AT 95 BE AR RAIG, TP T L 220w ad i
A BT A 10 T 5 ' 3 G i, ARE L A 21 D
3 5938 56 B R 1 42,45,68 F1 76 i, HA BT
BRI LLR MR U, 3 2 A R 2 40 T 4 48 Kok 1
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Fig. 3 The size distribution of PEG-b-PMMA

nanoparticles determined by DLS

LI B EH e e A, P R B R
AW B R AR T G G B PMMA & B A 36
YA K TORL BT 7K P 38 5, 28 3G SR 0N B A B

VSRR PN AR B I T R U G A SR N i b Y 11
SEA FRATAR M T 20 2 I R 2 AT ] b P A 5 Y
B TERE. N 6 vl LU 1, BT HLE A7
TE AR 1 BB PE B, PRI 28 0 58 B2 L8] S
FAXSALES — 28, 53 4b , FRATHIAS 18] L 451 64 7K i g &
W, Be i T — &R 8 A A AR PEG-b-PMMA ) 41
B, IR LT B 7 BoR. Bl A AL
L B REARS , G KR B B0, A €0 P 5 R

Fig. 4 TEM images of the PEG-b-PMMA nanoparticles

600
D
5 400F
\g‘/ C
Z B
=
i A
2 20
—
=¥
a
0

400 450 500 550 600 650
Wavelength (nm)

Fig. 5 Fluorescence emission spectra of chromophore in
THF (a) and chromophore encapsulated in PEG-b-PMMA

nanoparticles

2.4 @pEH R EBmS TR EMESG
3 A o [ F PEG-b-PMMA 1) 41 %% 4
B B 19 e PERE , 2 B8 GFP 72 41 i A= 4 2% J7 T
(o 0 Y, FR AT HLHEAT T 40 B B AR A 5T
e, MTT 5k oR i T R AW 4 i &
PELNE 8 k. Zat 24 h BE , BN 7E 670 pe/

260
240
220
200

—~ 180

160

140

120

PL intensity (a.u

400 450 500 550 600 650
Wavelength (nm)

Fig. 6 Fluorescence emission spectra of chromophore in
THF (a) and chromophore encapsulated in PEG-5-PMMA

nanoparticles without any further treatment

mL Y& T MCF-7 40 g if 47 29 80% 47 16 5, i3t
W] PEG-b-PMMA HA B i 240 Jifo 7, I el LA
FH T 240 A A5

IR KT HE 8 AT R0 KR 5 23 0 #E AT T 40 i
AT, W9 . Ze A7 P 43 5] A= 1 P
AR BRI g MCF-7 A0 A7 12 0. 5,1,3 h J= 41 i e
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140 350F Blank 350F Blank
3001 300F
120 = 250F - 2501 Mean =224
§ 200F § 2001
—~ © 1501 o 150}
;‘E 100 100 100}
& 50t 50t
z %0 ol o oL, . ..
g o 10> 10° 10* 10° 10> 10° 10* 10°
2 Alexa fluor 350-A Alexa fluor 350-A
= 40 250 GFP fluorophore 3001 Assembled NPs
=9
0.5h 250l 0.5h
0 200 Mean = 308
= = 200f
= 150F =
0 3 3 150}
L L L L O 100f o
400 450 500 550 600 650 100}
Wavelength (nm) 50, 50r
] " . L 0 Lo L .
SRS R R GRS S G
Fig. 7 Fluorescence emission spectra of self-assembly lg)lexa] (f)]uorl 250_120 lglexzoﬂuolr(;SO-lli)
solution with different volume ratio of H, O/THF (from 1 to GFP fluorophore 2(5)8: ssembled NPs
: 150F 1h L 1h
5.30/70, 50/50, 70/30, 83/17, 95/5) :?3(5)8_ Mean = 346
£100 £ 250t
2 2200
I S 5 S
100 1(5)(0) r
% oM i PP
80+ /Z Zk 10° 10° 10* 10° 10 10° 10° 10°
S ? ? é7 Alexa fluor 350-A Alexa fluor 350-A
§ 300+ GFP fluorophore 4001 ssembled NPs
< 60r 250k 3h 350F 3h
E 300r Mean = 350
2wl Rl ER 1
= S a0k S 150t
= 100
3 50} 19
20+ oL SHy L
10° 10° 10* 10° 10° 10° 10" 10
0 Alexa fluor 350-A Alexa fluor 350-A
0 30 70 110 220 330 670
Concentration (ug/mL) Fig. 9 Flow cytometry histogram profiles of the chromophore

(left) and nanoparticles (right)
Fig. 8 Cell viability of MCF-7 cells against PEG-b-PMMA after

cultured with different concentrations (mean = S.D., n=35)

Fig. 10 Fluorescence microscopic images of MCF-7 cells incubated with PEG-b-PMMA/ chromophore nanoparticles (a, b) and chromophore

(¢, d)
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VAT 55 BUI) 5 10 9% e 1 R T 40 75 240 K T ks

i O o 25 0 O T 36 7 4 B0 25 06 96 5 B 1 9 R O S | A S 3 2k
10 433040 th T 4USE R A KR T FIAE (o BTG S P 0 B 3 A 0 AT AL A )

) MCF-7 2 §fo 52 ' W i 8 I’ . NI v el LUR

2 R PR KR 7 1 A 4l S B A B 1 5
BT, X B A % A= €8 11 DO A AH . B 28 615 5
o A B A BE A8 B eSS , T 2GR R 55,
9 R G AR 1 B SR . — B 0 A4 T Bl
TEWIE M PEG-b-PMMA 44Kk +p , A= 6 19 A
FH T 7% 52 2% K R, BT T 1 7 48 oK kE - HL AT A
5 1 ¢ MR RE T LA T A 40 A%

T GFP Ao A 1 %2 0%, K FL 0 40 i Al 5.
LLAN Bt i GPC S E S T & s Y i &
¥, 62 M RE 19 R AEUE B T X 4 4 58 6 R B R Ot
(49 BT , T 200 A5 000 35 F T L . T
FEHREW A B AT AT FEE B T
VAR PE B AR & M RS R A A
A 2 A B A 0 P R AT AR R %) IO TR 5t
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FLUORESCENCE ENHANCEMENT OF GFP CHROMOPHORE
THROUGH POLYMERIC SELF-ASSEMBLY

Guo-jian Wan i Zhu, Hong-ping Deng, Da-li Wang, Xin-yuan Zhu, De-yue Yan
| ) ’ g-ping ) g, y ’ y
(School of Chemistry and Chemical Engineering, Shanghai Jiao Tong University, Shanghai 200240)

Abstract The fluorescence enhancement of green fluorescence protein ( GFP) chromophore was realized
through the self-assembly of amphiphilic block polymer and GFP chromophore. GFP chromophore and a series
of amphiphilic poly ( ethylene glycol)-b-poly ( methyl methacrylate) ( PEG-b-PMMA ) with different PMMA
lengths were synthesized. 'H and " C nuclear magnetic resonance ('H and "> C-NMR) , high-resolution mass
spectroscopy ( HRMS ) , Fourier transform infrared spectroscopy ( FTIR ), gel permeation chromatography
(GPC) , ultraviolet-visible absorption ( UV-Vis) and fluorescent spectroscopy were applied to study the
structure and properties of chromophore and polymers. The maximum UV-Vis absorption peak and fluorescent
emission peak were at about 371 nm and 428 nm,respectively. After the self-assembly of PEG-6-PMMA with
chromophore, the UV-Vis absorption of chromophore disappeared while the fluorescent emission intensity
increased markedly with a red-shift of 70 nm, which could be attributed to the chromophore’s rotation
restriction in polymeric nanoparticles. The size and shape of nanoparticles were measured by dynamic light
scattering ( DLS) and transmission electron microscopy ( TEM ). Benefiting from the appropriate size and good
fluorescent property ,these PEG-b-PMMA/chromophore nanoparticles were used in cell imaging successfully.

Keywords Green fluorescent protein, Chromophore, Amphiphilic polymer, Self-assembly, Imaging



