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SHG i PO S B PR R I 3 AL 5T 4R T
7 R RIR FEOL R (FITC) 1 B K AR 5 [ AE 1 4
ARARA A, 40w HEH (BSA) Il H Sigma-
Aldrich 24 &) (USA) , — 35 & Sk — Wi (DCC)
4- " LML E (DMAP) g H Acros A H]. & & 4L
B4 (NaN, ) M AF B2 4 ( NaNO, ) 45 KL 5 Kz %5 51
B oy A mi A A aGR T

R G 22 % 45 S AT K 20
mL 5 22 W AN A NAR R 0.4 mm 17 3k B Y
30 mL {4, 95 2200 10 mL/h i o e,
25 kV, g 225 20 ~22C.

24 Ot RSB N FC-1000 AL % 4k T
(Spectronics , USA) , TR 100 W, H.0 i K h 254
nm , Y 8RB 5000 wW/cm”’.

21 4h 6 7% % B Nicolet 6700 # ( Thermo,
GWC,USA ) ff L 78 460 21 A O 38 AX G0 5% A b R
KBr A J5 07 B8 JE A K. 2 $ER R 32 em ™',
FUCHE 32 UK. AN SETE A B HE UV-2104 #9541
SOEEE T CHA) . BOE I R A B AL S
TCS SP2 CLSM ( Leica
Heidelberg GmbH , & [E ), #1 543 nm He/Ne 4t

Wit 36 Pk S 3% ('H-NMR) i Bruker AM300
% IR AL I £, %5570 S CDCL, DL DY R e
(TMS) 2y 3 ¥z

Wi JC 3R R B S B TR R SO
A ( Inductively Coupled Plasma Optical Emission
Spectrometer, ICP-OES ) Bt 47 Il 5 , M % Hij A A 5
HEAT R 7K ik b 2.

Leica Microsystems

o PR 4 - T A5 S 1 AR R R (X (FT-SPR)
M & % H SPR100 ## #t ( Thermo, GWC, USA) , {ii
F Nicolet 6700 # 2T 4b 5 i {¢ ( Thermo, GWC,
USA) g H AR i 2L ARG 8. A8 8@ v R/ 18
mm x18 mm,JEEF N 1 mm, 4 EEF 45 nm.
L2 MERXPR(AZ)HEK

ZZCHR 18] ik (R B 1 1 & %
(a)),7E 500 mL AR b fE X A B8 R 6.8 ¢
(0. 050 mol) #fi# T 100 mL 7 10% # R 1 /K %
W, B 3.8 ¢(0.055 mol) NaNO, & F 50 mL 7§
TR TE VKIS 250 J8 a5 Y < 328 30 i A
Xof g B8 R W IR, S8 0 BEHE RO 20 min. 4R
JE#F 3.9 ¢(0. 060 mol) NaN, & T 50 mL ZE1E K,
(] A 38 ek 3 R T - 28 T I A B W, A
JEIRAE T UKIR R 1 b FE R 24 he R 58 A
Ja i g WA AR R TLTE , FH 10% 4 BR 7K 1 Wi 58
IrUEVE BN ZE K e 2 pH e WY,
BUR T 1R I 7= W) B 2150 635 DL 22 45 4. 7
YT R ORAE
1.3 AEREUWHER

DAAS S 6 2 fi 00 T4 A R A U
A 5 14 T A 0 2 e O s 1 2R Wi P (LA -co-DHP) 4
o FEHE 8 BE AL 4 S R X & AR TP R B A B R
SYEE . BRSSOk (R R G
PELE (b)) Ry A6 T8 Y B BE R o i A P (LA-co-
DHP) 5 g(0.5 mmol) X & H KH IR 0.8 g(5
mmol ) 11 f) PO WK IH SO mL, B 73 8 1 28 58 4
B e WP E Tk, A DCC 1.0 g(5
mmol ) A1 DMAP 0.6 g(5 mmol) , 3 434 F , 5L b
24 hofig BN 2T R R S vk R, W dE
UUVE , B2 TR E 15 B AOLTR ARSI R &9,
WEGORAE . DU 7= W B9 £L AP G5 LU 2 454

@) ‘Q_ 1) NaNO, . < > COOH
H;N COOH 2) NaN; N3 - CH; O
cit o
(b) : DCC SO e
N3 O ———
0 0/><\0)’ =5 <:> COOH L AP/ THF 0 0 O0_ O
Hzcl ?Hz x
OH OH
P(LA-co-DAP)
P(LA-co-DHP)
N; N3
Scheme 1 The syntheses of 4-azidobenzoic acid (a) and photoreactive copolymer P(LA-co-DAP) (b)

1.4 SEHBHLENERSYAE
A 1S g SEER B Y P(LA-co-DAP)

M2 F RS Y P (LA-co-DHP) # f T 10 mL 5
U5, IAS L PR, 805 & 23 KR 7. 4% 1Y
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W, 10 18 50 T ) B 25 22 W, HEAT v TR L 95 22
TEREBSBE Sk 1S em &b, BB 7 W B 97 22 21 4k, o)
SR A R R A Y A R G Y
A
1.5 HFmiFEAZEB(BSA)BRHEIRIE

1.5 mg Fam B 2L R (FITC) ¥ T 10
mL Bk 2 £ 22 th g (1000 mL 2 wfifg vh & NaHCO,
7.56 g, Na,CO, 1.06 g,NaCl 7.36 g,pH 9.0) Hr,
#4200 mg(0.003 mmol) 4= Ifil. 3& H & H ( BSA) I
fRAE 1.5 mL =Rz K, IR AR 1 i 244
T A FITC B, 2 i T 8GO 2 he 2
NS R K R PBS ZE i (pH 7. 4) vhid
Br3 K, BRERRNL FITC, K5 ¥ VR T4, 4°C fifk
55 1.
1.6 FITC-BSA 5R & T HMRMEE

A RGBS W 3R T IR A4 s

K1 R, & A7 R TR Y & A R A 200 Uk P
BCA R FEE M P R (B 1 (a) ), AR E B S
RN A R R I B E Z ORI
FW, 5 AR E R kA R AR AR T
RIEB M TR E MR IEM R EY T L (E 1
(b)) . # FITC-BSA %5 T PBS & iy v i il J 5
mg/mL IEW (pH 7. 4) , 73 5l A CHBER G W4
Az ARG W4 3 7 A FITC-BSA ¥
L REGC IR 5 min J5 B B R AV R R R
T 254 nm FAMEATF BGF 2 min, SR )5 ] PBS %
WG VRIS UKW 2T 4 3% T8 A U0 S 4R 1 B e
FEBE R 2% T — % T I, s B 0 B A A 4 3
R, SR 5 PO I 5 £ W RO WL 42 . 3 7 i &4F
#i: 2% FITC-BSA 3B [ 5 AN 25 25 510 JE i 3145
() £F 2V S X IR, SR A7 [ RE 1 L 5%

a) N:
@ 4 -
huv, 254 nm H
-N, Insertion
COOH COOH COOH
N3
(b)

Fig. 1 (a) The reaction mechanism of 4-azidobenzoic acid photo-activation and nucleophilic

insertation; (b) Schematic illustration of protein immobilization to the photoactive copolymer

1.7 FHHBEMN mPEG &K

mPEG 1195 3 1k /& 5% I W0 25 2 0 56 B, S
RN EE 2,645 (a) PEG FREEM G 1L, 78
20 mL (%) THF rfin A 433 5 2000 ) mPEG
1.0 g (0.5 mmol) Fi 54 H B2 X} fif§ 3 % i ( NPC)
0. 15 g(0.75 mmol) , FEA- L% , SR 5 & T 0°C
KM 0.1 mL = Z i (TEA) , vk &R 10
he SN 45 RIS 3 U R L IR VR TR £ Tk TP R, o
UEICER , O TR, BLS T AL (b) Sk Ok
a0 e OR3P, R B L S e R R h 3. 18 ¢
(0. 028 mol) % T 10% NaHCO, /K¥%# 50 mL
A 25 mL 2Bk, 7850 i . 78 0°C vKis F iR
W 3.5 mL A R R BE (0.025 mol) , 1 h,
SRIGHCE 10°C S B 48 h. 2N 45 5 45 1R id $:

TEZK F C Tk 1Y 53 5 T Ak AT UL K i B D0TE , BIR
FORFAR P 1) 5 e 2 i Cysteamine-Z , 3o U8 W 4R,
OBV, A T . (¢) mPEG-NPC A3

M PBER R 5 NPC 3G 461 mPEG 7] LR
2o W5 L K RN, ¥ Cysteamine-Z {1 7E
mPEG {3 52 55 b BAKHERAE 2K 0.45 ¢ mPEG-
NPC( £y 0.2 mmol) 5 0.015 g Cysteamine-Z( Z K
0.5 mmol) ¥ % T THF v, it A TEA 0.1 mL,
70°C | Wi 24 h. & Bk U B 45 2] 7 ¥ mPEG-
Cysteamine-Z , .25 T 4. (d) 5 5 Bt & §*, mPEG-
Cysteamine-Z (¥ Jlit £ 47 & HI IR Ak &0k 52 3L Y.
mPEG-Cysteamine-Z 3§ T = Ji £ 2 (0. 04 g/mL)
o, R AR A 2 T AL R Y Cysteamine-Z B
IR 4 1510 33% 1 HBr (0 il R 1 0, FH /e
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3 WA, BB OC B+ S 1.5 h. S I 58 I
Ja , ad i CEEUTRE eV A R B PUS 89

40C TN E= T4 24 h B145 2 5 AL 7= ¥ mPEG-
SH. & WHE N 47% .

(a) o NO,
2
H;C 4 O\/%OH S

TEA/THF, 0°C

0
®)

c1)l\o/\© 0
N SH HZN\/\SJ\O

oSS

H,N

10% NaHCOs/ether, 0~10°C

(©)

o NO,
[ ] N
H3C’€ O\/to)l\o

TEA
THF, 70°C

(@

O
HZN\/\SJ\O/\Q

H3C/€O\/>?O)(J)\N/\/S\”/O\/©

H
O

mc’éovjﬁoiN/\/s\"/OV@

H

HBr/TFA
0°C

Scheme 2 Synthesis of thiol-mPEG

O
3C’<Ovjn\0)kg/\/s}{

(a) The hydroxyl group of mPEG was activated by NPC; (b) Thiol group of cysteamine was

protected by benzoxycarbonyl; (c¢) Coupling reaction; (d) Deprotection of the thiol group

1.8 mPEG $ 8 5% FEMIREHE

A X &R AR R 0.2 g MO0. 1 g mPEG
(M, = 5000) 3t 5] % f# T 10 mL DMSO 5], L
DMSO ¥ 51 2 2 b, 7 VA W00 58 P65 7 ik K
254 nm By EESMT R — B HE— 2 #E AT O B
B, 43 7 B BN ) 9 1.5,10,20 30,40 ,50,60 |

s+~

OH NH
———
hv, 254 nm

(6] OH
e \é/\o §

mPEG(5000)

120,180 min B URE , I %E Sz 7 3¢ 4 55 AP 6 1 A2 Ak
(ERL

B AE DMSO gl 1K, SR 5 12 28 1 K
HOERT 2 K, BR 25 R SO A X B AR B R, BB
Yve vr T8 X B EIEH RS mPEG (49O IR 5 15
B a7 1A 3 f .

o(\/\ 09\/\
/ 0( <\r m OH

HO™ ~O

Scheme 3 The photoactivated coupling reaction of 4-azidobenzoic acid and mPEG

1.9 PEG BAKESHERXFRHY KN

K mPEG-SH i i )i ¥k & 2 1 mmol [ 7K ¥
B, 2B K AR O 75 5 R LR, K mPEG-
SH W IE A FT-SPR A i it b, iff mPEG-SH i
i SRR G R AT A 415,24 h )5 AWK
THUE, M2 21 %< A 4 ISR T A mPEG-SH (% FT-
SPR Wi A5 , LA & mPEG-SH J2 75 8 2 4 %
T 45 F2 1T

¥ mPEG-SH &4 1) 42 B2 A 28 FHR B %t
B AATIRA THE 3 (1 mmol/L) i SR J5 15 %
I ¥R, B B s T, 4 R b —
EXERAPRS T KBeRhE T hOoEKHR
254 nm WYEAMT R LABEOGIR 5 ~ 8 em AU IR 5 R
54 10 min, SR )58 & IR A THF iR e
L) PREL o3 1T THE b K05 ] THE #2818
KRG Ve 4 . N, W, 4R A5 O SR AL i /Y
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PEG i (AZ-mPEG-SH) .
1.10 FT-SPR &N B 4H% PEG RREHNEH
R HHE A

B BE R 0.2 mg/mL i BSA JKIE W E A FT-
SPR B it , 43 513 5 BSA £ mPEG-SH J AZ-
mPEG-SH [ £H 2% 3% I8 1Y W BT 37 1ot 3ot 2

2 GRS

2.1 REMRGRERWHIIMEE

Xof s R R A S A AL B R R N,
AR AR AL, R RN R A AR S Y
WK 89. 8% . £LAM G v, X 22 B R H R (&1 2
(a))7F 3461 cm ' F1 3364 em ™' Ab Ay 4 Ik 4 T 2k
HBL T 2107 em ™" kb B B UL A R AE I, 2 B 45 2
T4-BEEPR(E 2(b)) . B HEIRIEREY
P(LA-co-DHP) (& 2 (¢)) &L )5, #2130 cm ™
b 1) B FURRAE U L IESE T B 28 B2 Ml 3 R AL 46 A
KERAEERTI ARG 38 T A CEERE
Y P(LA-co-DAP) (1 2(d) ). SERHT R G Y
P(LA-co-DHP) H1—OH & &K 5.52% ", & i ik
RO 2% ¥ & FAW RRIER G R A WS
Pl R R ARAE D EA 756 EL AR A H B U R R A
Xt F—OH ({3 % H 28.5% .
2.2 RWANRBEOARSEXFESYTENLR
{0:53

PR R G (7 AZ ML P(LA-co-DAP) il

a) 4-aminobenzonic acid

b)

4-azidobenzonic acid

1681
¢) P(LA-co-DHP) 2107 1602

d) P(LA-co-DAP)

2130

1 1 1 1 1 1
3000 2500 2000 1500 1000 500

Wavenumber (cm™)

1
4000 3500

Fig. 2 FTIR spectra of (a) 4-aminobenzoic acid, (b) 4-
azidobenzoic acid, (¢) P ( LA-co-DHP) and (d) P (LA-co-
DAP)

RLMBHI Y P(LA-co-DHP) ) £F 2 i fin 5¢ 't &
FE UG, 730 AT 7O IR AR B 5L 5, [ 3 45
RATUARE RN F 2, A AZ RN =ARE
W AT e IR (K 3 (1 -a) ) i 2 skt 520 (&
3(1-b)) , #E AR FOLAE S, Ul B & A B 18
W B A A AE R A WU ER B AR A PO AR
T IR T SRS W 2 TN R S R R ) P S
RBEVE I L. HEAF AZ N 0 R A W45 4 7
BE ' S B 25 1F T T AR LT A B 4 (0,585 (1A
3C 1 -b)), T 280 MR BN Ji il A 4 50 4 8 5
(B 3( T -a)). X FR WX B R K M2 %

Fig. 3 CLSM observation of FITC-BSA immobilization on the photoactive fibers
Row I was for the photoactive fibers of P(LA-co-DAP) ; II was for the blank control of non-photoactive fiber of P( LA-co-DHP) ; Column a

was for the UV irradiation test and b was for the negative control in darkness.
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SRR IS 7 AR T IS PR A AR 25 5 00 98
AR TC A FE 1A A 6 TE £ 2 % 1, 1 s R B A
P FEAR 5, B RUOR IR RS MG R e — T
2.3 mPEG HELFUHWERSRIE

& 4(A) 7] W, mPEG 43 F ] NPC i {1k LA
5, H-NMR 7F 6 = 7.37 ~7.42 b {30 T K 30 1
AU FT-IR 35 (18] 4 (B) ) v 55 J e 1% W i B 4k
REAG, 37 BE T 1769 om ™' (i B 5L W% i i, 2 1
mPEG 7)1 1) i 5 5L © g NPC L A1 iy 1 1k

b+ b’

c
o 2 Ja
1 1 1 1 1 1 1
8 7 6 5 4 3 2
8
mPEG
m n q[ 'Vli

mPEG-NPC

1769 cm™!

B
4000 3500 3000 2500 2000 1500 1000
Wavenumber (cm ™)

500

Fig. 4 '"H-NMR (A) and FTIR (B) of the NPC-activated

mPEG

MELMMHEAATRYFERAY S, 5
mPEG-NPC #E17BEME fL 46 & , 2R J5 7 HBr Fil TFA
YER T B2 Z 34490, 13 20 5 3k i) mPEG. i F
Ui e B BN, e LR 4T H-NMR Al FTIR 6 U,
FKATTR A ICP-OES J7 il € T S JuR AW iy
HE A 0.7% AR mPEG 584 Fi L4k, W S (1
WEEN1.5% , H 4 2 mPEG 1Y 3 5 & i i
RHg47% .

2.4 mPEG $£ Kt FEFMRHEM

I ot S A RS G BURIR B I B A M S
mPEG #4750 B R SR (75 B8 3) 50 Hif
W 58 AR IR WU TE 272 nm b, WO BE IR F 1. 78.
BT mPEG A7 48 AW, DA otk 325 1) 55 210 W i
AHRE B XS AR WL 471 vh B A H AR R Y
YR R . B A G IR N B 8] ZE 4,272 nm 4b
F G I St R B, 3R I S R A B A, B OR
TR B W A (K S). R

2.0 =
272 nm 0 min
1 min
5 min
bl 10 min
s 20 min
1 5 z
£ 30 min
= 1.0 40 min
& 50 min
< 60 min
0.5 70 min
80 min
0
L L I L
260 280 300 320 340
Wavelength (nm)
Fig. 5 Absorbance decrease during the reaction of 4-
azidobenzoic acid with mPEG under 254 nm irradiation

'"H-NMREE F7E 86 = 6.9 Fl 7.6 &b H 90 24 35 ik
(1 6) , T8 B 42 b 32 W] T 2R R R A i 8 k1 R
F| mPEG 73 1% [

R 1V W BN 2 A FRATTIE AT T LA BB
RO e s JE 5 4 2 ) /9 RF ik A B VR DR
mPEG-SH 4 3¢ 5| 4 R M, K 57 iR — 2
X & A AW R, 5 =R 5N I Uk R O
X &R AR T mPEG-SH JLF /& .5
2 AR R, RO AR mPEG-SH (1) 3% I i 47, X
DLBRER 5 I 2 AT AR DA B N 7 ) 0 4 R R A
T, HCR T — AR IR 10 SRAE J7 35— HE A -
F A B T AR LR (FT-SPR) Kk W] & A K W R
5 mPEG-SH () e )i, BV il i il 8 mPEG-SH & i
W 56 2 11 5T Y BE T Y R Ak ke S A A BB R N Y Kk
A BT e T ] FT-SPR J5 v 7 19 1 25 H BSA
TEM A R .mPEG-SH [ 20 %% i 3 11 DA . AZ (&
i Y mPEG-SH fi5 3 T 1) W B il < i ok e i 2k
283k — > W B - LA BA , BR 4 3R T I AR £ BSA
(Kl 7(a), 1M mPEG-SH Ji5 3% T (1) W B £ AR /s (]
7(c¢)), EATHy FT-SPR ma [ {53 5y 83 il 2
em ™ AR A 25 51 S B T 3R R 2 M AR IR
FHBTAE T, B T 3R 4R & 0 1 5 B 55 KO 50K
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Solvent

! ! ! 1 1 1 I 1 1 ! !
807876747270 6.8 6.6 6462 6.0

HO{ ™SO0~

2 | . |
b I |O£/\ ‘:\ 0’)\/\ o
0 :\r "0
’ Solvent NH
Ph Ph
A A
1 1 1 1 1 1 1 1 1 1 1
8078 7674727068 66 64 62 6.0 HO™ =0
\ 9 ]
1 1 1 1 1
8 6 4 2 0

Fig. 6 "H-NMR spectra of mPEG (a) and AZ-mPEG(b)

Gy F A RE FT, UL R R 20 R 1Y) 1 T 2 )
Mg hfe Iy, — M 8 1 T 4 F Jo ik 0 AR D
Bt 38 4R 2 0 3k — R 1 il 8 A 2R ) IR A AT AT
& FRIR I B SCRIN . mPEG-SH 5 2 18 FH % & A
RS, W 7(b) Bz, FT-SPR i [ {42
N33 em ™ A TR 4 AT mPEG-SH it 2 7). 3%
AR £k U5 4% F X & 20K B R X mPEG-SH. i ) &
. s B 3 TR, TR S AR AR R Y R
PE BRI E I A PEG 85 A BR R T I, X
0 T PEG #5148 1 BT FHHT DI AE : COOH 5] A
Y P B NH, 8B A0 5] 1, AR
SIS T X2 A5 E K XA AR X s
HA R T8 B A M RE. BT LA, FT-SPR i 48 75 1Y
2 101 W B I B A 38 AR GE B T X B UK WO AE
mPEG-SH 5 2% I 1) 45 %018 4, th 36 J2: 136, 76 [ A
ZUETWRAET AER 3 B i AR 8 5 50

100
— (A) Bare Au surface
~ 80F
i
S 60
3
g —(B) AZ-modified
% 40 - mPEG-SH surface
£
s 201
—(C) mPEG-SH surface
0+
0 10 20 30 40 50
Time (min)

Fig. 7 Comparison of BSA adsorption on bare Au surface (a), AZ-
modified mPEG-SH surface (b) and mPEG-SH surface (c)

X HLWE SR A R S H AN 2 i 5
AR FOR G SR 58 PEG (¥ 25 (1 5T BT 2 RE , 10
S i RN T IR B AT RE M, 4] i COOH.
4 PEG 77 T4 b BR T i B8 3 A0 B AT AT ol 3l W 3
SCE A AT B N K A PR T B A 2 A R AR TR X
4, FRE SR F AR R B T BE AL PR S8 B R 15 460 2 0 il
1 BRSBTS SCAE 35 R [ AR 2%
PR TR N &R KT RS RA LM
ORI N TR o0 o o G DN S 8- S G @ A ]
R AR R T RA SR EA R
AR R e RO B e R R Rk A, ] DL gk — 2D A
PEG 73785 b5 A B B Dh e 5 W 8 A= 91 00 7,
YU 2 AN 5 T W

3 &g

ARICA T I bR IE 7 T X3 S AJ R H R,
FEoRe HAR I 2 7] B i 2R &4 P (LA-co-DHP) il 5
LB A T S B AT A R R R AW
P(LA-co-DAP) ,7E AR GBS T 5 min W4 H
TR B R G FR . M EARAEREGY
T PR AN B 1 vk O B A R R S
FI A 000 A3 T 458 R S 6% B 1, AT L R K b
R S 0 s [

M T PEG 4314 |- B o & S A 4 A AT o] 7]
J R FE A R e PEG 88 b kT (b 24 8 1 51 A )
FiE 5 AT A IRIE. A SCR M T O SE AbRact iy vk
O3 AV WA AR ST R S A ET R
PEG Jz )i , 7£ PEG %% Bt | 5] A PhCOOH I fig
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PEG MODIFICATION AND PROTEIN CONJUGATION BY VIRTUE OF
4-AZIDOBENZOIC ACID AS A PHOTOAFFINITY MOLECULE

WEI Jizheng'?>, YANG Lixin', HU Xiuli', HUANG Yubin', CHEN Xuesi', JING Xiabin'
(' State Key Laboratory of Polymer Physics and Chemistry, Changchun Institute of Applied Chemistry
Chinese Academy of Sciences, Changchun 130022)
(* Graduate School of the Chinese Academy of Sciences, Beijing 100049 )

Abstract A photoaffinity labeling molecule ,4-azidobenzoic acid,was synthesized and introduced into P( LA-
co-DHP) to form a photoactive copolymer P( LA-co-DAP). Tests showed that proteins could be immobilized on
the polymer fibers of P( LA-co-DAP) within 5 min through a photoaffinity reaction. This suggested potential
applications of photoaffinity coupling in protein immobilization and protein detection. Furthermore ,PEG and 4-
azidobenzoic acid were reacted in solution under UV irradiation to achieve the modification on PEG chains. The
PEG molecules assembled on gold surface were reacted also with 4-azidobenzoic acid under UV irradiation.
BSA adsorption test by FT-SPR showed that the 4-azidobenzoic acid moieties were successfully attached to the
PEG segments so that the protein adsorption ability of the PEG surface was changed. In this way, functional
groups like —PhCOOH were introduced onto PEG chains in a convenient and quick manner. This would offer a
new method to achieve the modification of the polymers lacking of functional groups.

Keywords Photoaffinity labeling, Photoactive polymer, Protein immobilization, PEG modification



