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R AR H R B R i [ 5 biotin 1Y & ) Ze an &1 1
JN.E e BROSCHR [21] @9 5 vk i #% 51 &) SH
(CH,),, 00C (CH, ),Br. ¥+ 4 A (0.5 cm x 0.5
em) Fl QCM Jth Jr = A & A 2 7K R BUE K 1 7K i
W (LB &K BUEK =5:1:1 (&),
75°C R IEYE S min, SR J5 MR 7K B 2 B3 Bk 5
RAWT B 5] A& H L S mol/L 1 & BEWS WK

CuCl,, Bipyridy, S\
Ascorbic acid

S
HS(CH,), OCOC(CH;),Br

DSC, TEA

FRE VeI B 4 R QCM U F i Hop =R T
A% 24 h IR )5 CEE U O AT

$ 1.3 ¢ HEMA Bk 12.5 mg 2,2 -BE kg
11 mLCuCl, ¥ (0.04 mol/L) il AF| 5 mL H
MRS L 25 B 5 K IC 8 B I VA L AR
T EAT R, 10 min 5 HITES A TEA 1 mL HTIR I
PRV W (0. 04 mol/L) , Ak S 18 % I 20 min. i fR
S I SNV WO AL B T 5] R R Y 4 e A QCM
SRR ETEM D, BB B ALCE T 4
J AT QCM 88 7 Y 3 5 4% L, %l R R A 10,
30,60 1 180 min. 5 J5 I 25 88 F /K iE Ve Ha AL T
PHEMA )4 F A1 QCM ts & 1 ( Au-PHEMA) |
SR TE WY B R IR i BOT A AR T

$0.256 ¢ DSC #1 0.1 ¢ = Z 1Z ¥ T 20 mL
TeK NG, ¥ Au-PHEMA 35230 Hodr, &= 36 F
7 6 h, 4R J5 HIJE K S 5 Bk, /W T 6 DSC
G J5 B9 Au-PHEMA it A %] 1 mg/mL # biotin-
NH, ZBEEEWh, 2 R0 24 h, [ 58 B ] B
B UL, AT, 4845 PHEMA-biotin f& M () 3 i
( Au-PHEMA -biotin) . % J5 ¥ Au-PHEMA -biotin =
LT 0. 1 mg/mL #(EG),NH, Z. B0 2 h 44
S INE ) 5 B Tt V. e % 1 i e A1 0 A7 T

Biotin hydrazide

Au Au-PHEMA

Au-PHEMA-biotin

Fig. 1 ~ Schematic illustrating the processes of surface modification
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[\ At &, 2R 05 # b ic 5 R brid 9 8 11 I
FeE A A 1249 19 B AT IR &, F A Nal-
PBS Sy (R BURD 78 5 711 K o 2 BFF 1 2 R T X
EEBER D, ER TEERE 3 h FEE ARG
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F1 FITC-BSA ¥ ] % 0. 1 mg/mL f) PBS ¥,
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FEA) C—H 45 4R 3h W Y0 51729 em ™' Ak i 2
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CO—O fHZ4E RS Wi ;1168 em ' &bl O—C—
C H) 2%k R 1o 45 % 3h W i i, 1080 em ™' A1 1026
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Fig. 2 Grazing angle IR spectrum recorded for PHEMA -

modified surface
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Fig. 3 '"®I-protein adsorption from buffer (3 h exposure)
on PHEMA-modified and unmodified gold surfaces ( mean

+ SD, n = 3)
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Ja AR PP R 3R AR A BUR R AR E T TR
PHEMA #4321, B 1 A b 5 1) 1929 41 il 2
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R —E R 5 A E By MR AR OGN AT
A1 5T W R ) R T A A A

P ¢ T

4] : A .;{&200 um

Sb, FRTH B A A K R AR R R B BHLAT T 40
B R R AEAE . i LA g 2R AT LU B
# Y Au-PHEMA J2&—MAR &5 (4 £ W) 45 1k R i, L
AR 9 A2 18 R (9 R 4 A7 R 3 S A

Fig. 4 Cell adhesion on PHEMA-modified (second row) and unmodified (first row) gold surfaces: (a, d) 1929, (b, e) EC, (¢, f) LO02

2.3 PHEMA (g5 E B E % Au-PHEMA-biotin
R EH N avidin 1488 B 00

PHEMA JZ (1% J5 B2 % 2 11 HE Fe JF % 57 P 2 1
JoT W B BB B AR 3 A A L R
AR5 W VR KB 25 77 A — 5 IS R R I, 7E 3%
3, JE e A A 3R A BN N T ) A T A [ R Y
PHEMA (4018 5 ) , 3f 1) 12K 3 352 5 [ € biotin , K¢
HANFEE PHEMA JZ 11 biotin 4k i 5 FITC-
avidin A1 EAE L, Fr 3645 19 92 615 S 45 R 6
i~ fE4i 4 L % 16 nm JE 1) PHEMA -biotin 3%
T JL-F- R A BIE A 2 6 05 5, X 22 h T
454 1Y avidin + 43 523 4 R T, KL POLAE Tl
o 5 5 RE B A B 1 O AR R VK. POLTE
SN 16 nm F| 49 nm I B B A E G X ]
A8t P79 LA, — o T PHEMA JRE B2 1) 184
T, G A g T M B CHE s B 22 8, AT [ E
biotin 195, 3 hn , X 1 4 JE 1) PHEMA -biotin &
s {2 T RE % BE 2 (0 45 5 FITC-aviding —J& i T
PHEMA J& J& (4 388 hn i iy 45 4 04 FITC-avidin & 2
S AR, AT AR AR B 1 30 4 1 98 K Y & A=
49 nm LUFPOGAF 5 00 BE il TR A, X 2 o &
T ) PHEMA JZHE % 80% , S BUEE A REIZ A
FIRAWIZ N, LR G L2 IR

AR avidin (19454 1 C JCH 5.
e 5 M HSA W R S50 tn &l 6 fF R, 4 il J&
JFZ i) PHEMA -biotin FIf & i 1) 3% 11 5 A& & 1 1 4=
FETE AH L, BIRE 5 A AL HE R R AR T B O R )
B, it 5L R 184 o, 2 1 O O B ke S R R
[ HA . 3k L A A% b 3R T Y A MR L JRE R AE 49
nm DL b LA AR Pt R BE TR O 49 nm 1)
PHEMA -biotin & 4ffi 2 T i#f — 25 WF 5% HoAG U M .
70

60

50

40
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Fig. 5 PHEMA thickness versus polymerization time
(mean = SD, n = 3)

2.4 Au-PHEMA -biotin 3 T [ 4 ¥ 4 T 14 Bg
FIF QCM-D 5 {iF Jr #4 # (1) 3% i PHEMA-
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Fig. 6 ' I-HSA adsorption on gold and PHEMA-biotin

surfaces with varied PHEMA thickness ( triangle) and mean
intensity of the color produced by FITC-avidin that adsorbed on
these surfaces ( square)

Inserts are images of surfaces taken under blue light after FITC-
avidin adsorption and the mean intensity of color was obtained by

analyzing these images using Image J. (mean = SD, n = 3)

biotin 43P R I A5 38 ] T4 4% ity g
QCM-D F AWM 15 1y 2 % = B4 M KA fb AF Fl
FEHLIN TR 4k AD, AF 5 %57 B () J2 32 1 A0 I o
KT AD 32 S 3 TE A R R AR A %R
e, g 3R T BT AR B A A R AD ERIRCA
FERA AL, I AF B S 3R T 0 8 1 5 R
FAOG, BT LAJE F Sauerbrey J5 #4555t 2R 11 BT )
B TR B . B T TR SR BCHE Y QCM R
AR EXS avidin A 2 2 (WM, AF {6} - 36 Hz
(212 ng/em®) 3 3 B f AR5 5 W BT S 3K
(), M4 T PHEMA LUJS , %t avidin (% W% B #% 52

- .
AL
- . s 4
5 100 pm b 100 pm © -_ o ._11(!Uum
d 100 pm o 100 pm T

2T, IR R Y] Au-PHEMA A LU 250 HE R
A S R AR 1 B B GE Sk PHEMA BE 4% biotin L)
J& , ARG R R PEE A5 A T avidin, AF B
S -36 Hz (212 ng/cm’) |, T [F) 45 ¥k B ) BSA 7£
R IL T A K AEARAT R M, 58 uE W T
Au-PHEMA -biotin Z [ A] A7EHE R B R R H
J5T W B 0 T B AT s R R OF 45 A B AR SR R
avidin.

Au-PHEMA J& 7535 H] T4 G2 4= .8 i i s
B FE IR TR M e 5 1T 9 LRI, FITC-
avidin 75 2 Fh 32 10 W B A 25 L & 8 (a) ~8(c)
fieon , HA avidin A& 4 19 2% ] R AR 58 A Sf
WHAF S, BB M5, i R i avidin 8 35
ML A, iR QCM 25 R IR A4 RS

10

o
Protein / 5

~10r0.1 mg/mL)‘fﬂé}
—_ ol
N —20} !
= &%
5 30t %
—401- —o— Autavidin

—a— Au-PHEMA+avidin

=50 —o— Au-PHEMA-biotin+avidin
~60 . —*— Au-PHEMA-biotin+BSA
0 50 100 150 200
Time (s)

Fig. 7 QCM frequency shift of avidin ( hollow) and BSA

(solid) onto various surfaces

100 pm

Fig. 8 Images of Au (a,d), Au-PHEMA (b,e) and Au-PHEMA-biotin (c¢,f) surfaces taken under blue light after incubated in FITC-

avidin solution (first row) and FITC-BSA solution (second row)
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biotin &1 11t 2 T XF avidin (14 W% B 42 AH 24 , {H &b
25 M4 R R HIE R 8RBT 5O fE S (& 8
(a)),iX F 2 JE i 1 B H W e 4 308 1) FITC-
avidin, Hi3¢ 63 A FITC 143 58 3T 4 26 1 1 9 14
K, 1M biotin &1 i) 2 18 B 747 85 1) PHEMA 2
W 2 ' 3 AT Bl 1 9 1T DA T 3B e T Ok T KL A8
Fi 4 R R W FITC-BSA J5 WA 2655 (K 8
(d)), [F]#f & i 2 6 VK 5 300, i 78 PHEMA
A1 PHEMA -biotin i 1) 2 11 M8 28 AS 31| ¢ ) (& 8
(e) 8(f)) ML+ PHEMA R 47 1) HF 7 o sk 4
TEAMNEAER: 5 TR 8. 2O bR IE R B
W B 25 SR R B T BT il #5 1) Au-PHEMA -biotin 38 [
AT AR HE AR 5 5 2 1 TR B [ A 8 R
BS54 HARER (K avidin, S22 3ZF&M T 0
FEMRARIE F 1 A A% SR I =, b 3 HH 1 22
JebRic K .

3 &

A SCH 3 AGET ATRP [ 5 ¥ 0% PHEMA f&
WidE 4 2R, X HAEWE R T RE MBS, O
FIFH PHEMA () %5 5L 2K 3 [ 5 biotin, LA biotin X
avidin 1Y 1 51 Ky B 5% B85 80, BF 58 T O [6] IR BE Y
PHEMA X} 454 avidin i 520, DA K% 180 1E A A4
PR I BB 0 AT A7 B 1 S5 RA DL R At i 2R B
g5 R W, PHEMA &40 () & 21 B A RIS
PERE. i o 2 R A B S TS R E W
PHEMA -biotin & ffii ff) 2% Ifii , [F] £ %' 1 A5 ic HSA
W% B DL % B M FITC-avidin % [ 45 5 25 07,
PHEMA J&JF7E 49 nm L\ A} %) biotin {1k 3 T fE
eIk B A PR P M L. Z R I AE N A QCM 5
R I 4 SR I B AT R I M g L AE R TR
A% I LA R e SRS %) A s v 4l rh o AR B 1Y
o FH i 5.
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POLY (2-HYDROXYETHYL METHACRYLATE) MODIFIED
GOLD SURFACES AS BIO-DETECTION SUBSTRATES

LI Dan'?, WANG Shasha'?, ZHENG Jun'?, CHEN Hong’

("' School of Materials Science and Engineering, Wuhan University of Technology, Wuhan 430070)
(* College of Chemistry, Chemical Engineering and Materials Science, Soochow University, Suzhou 215123)

Abstract Poly(2-hydroxyethyl methacrylate) (PHEMA) was grafted from initiator-immobilized gold surfaces
via activator generated by electron transfer atom transfer radical polymerization ( AGET ATRP) to repel
nonspecific protein adsorption and immobilize biotin for specific avidin binding. The surface polymerization of
HEMA was demonstrated by FTIR and contact angle measurements. The bioinertness of the PHEMA -modified
surfaces was systematically studied. '” I-labeled protein ( Fg, HSA and Lys) adsorption experiments showed
that modification with PHEMA could decrease nonspecific protein adsorption by 82% at least. Cell adhesion
results indicated that the Au-PHEMA surface could, to a great extent, resist the adhesion of 1.929,1.02 and
endothelium cell (EC). 1929 showed slight adhesion while 1.02 and EC could not adhere at all. PHEMA -biotin
modified surfaces with varied PHEMA thickness were prepared with different reaction time, and all these
surfaces showed good nonspecific protein-repellant property. In the specific FITC-avidin adsorption
experiments, the fluorescence was undetectable when the thickness of PHEMA was below 16 nm due to
fluorescence quenching. The fluorescence increased with the thickness between 16 nm and 49 nm. The best
signal-to-noise ratio was obtained when the thickness was above 49 nm. The optimized PHEMA-biotin surface
performed quite well in the QCM and fluorescence bio-detections and showed potential applications as a
substrate of biochip.
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