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Fig. 1 Principle illustration of avidimr biotin system on immobilization and hybridization
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Fig. 2 SEB DNA probe immobilized on Au electrode by using an avidimr biotin interaction
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Process of immobilization and hybridization

Fig. 3 Immobilization of biotin labeled DNA probe and
hybridization

e —e: 169 hp. I:

m—m:  hiotinylated nucleotide; original

frequency : 2 : dispose : 3 : avidin ; 4 : biotin labeled DNA probe :

5: hybridization.
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3.2.2 fAWGEE: R 6 K10 MHz 4195 S 44,
¥ PCR ¥ 19 (12 E M) AL 1) SEB DNA 4T [k AE A
SR ds b, R 5 HAME ssDNA ZEAT 2448, H M
£8 43 BT 5 AL T JS PR HT AR M, 25 R R 1.

Table 1 Impedance shift of immobilization and hybridization
of SEB DNA probe by PCR

Impedance Golden electrode of erystal quartz

shift 1 2 3 4 5 6

A/ o 9. 187 10.653 10.106 9.233 11.024 9.241

AQo @ 9.276 10.989 10.436 9.624 11.243 9.684

* AQy: impedance shift due to immobilization by biotin labeled DNA

probe; A€ impedance shift due to DNA hybridization.

1€ 1 AT, JCPH U [ A0 AN 2 A8 ok F eh AT
A4y, SR ERRIC DNA H56F C A LE A DS R
a8 b, IFFEATIE R 28 10 R b R A A ROV
3.2.3 i 7 BB (SEM) RS R B
SRR R AR S AR BDG I A e IR A8, 1
SEM WS bR ISR, LARIT AR bR AT R
YHEFRILH DNA %EF, IF TAsehol. hE 4
P 5 AT %N, BT 5250 45 B ER S B A [

5.14 pm
Fig. 4 Surface appearance of the electrode after coated by
biotin labeled DNA probe by SEM

5. 14 pm
Fig. 5 Surface appearance of the electrode after DNA
hybridization by SEM
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Table 2 The consistency of immobilization process

af [HZ" s af THZ s

Immobilization

substance {inter group) (inter group) (in group) (in group)
169 bp ssDNA 128 4.21 121 4. 56
Biotinylated

123 6.21 119 8.45
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ssDNA, #Ef72vas, gk 3.

Table 3 The specificity of piezoelectric DNA sensor

fIHz

1 2 3
Original frequency 3 582 442 3 582231 3 583 968
Immobilized frequency 3582291 3582079 3 583 806
Hybridization frequency 3 582 289 3 582081 3 583 809

Golden electrode of crystal quartz

4 5 6 7 8
3581622 3581172 3580541 3582654 3580273
3581 469 3581271 3580381 3582100 3580110
3581471 3581268 3580379 3582102 3580111
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it

1

1 2 3 4 5 6 7 8
Reused numbers
Fig. 6 Reused numbers of the piezoelectric DNA sensor

o —e: |69 bhpssDNA: m—m: biotinylated nucleotide.

3.6 fREEER AR Bh ik

B B EFRICI 169 bp DNA A [ 4675 4 v
Bk, A1 0. 0.1 mg/L. 1 mg/L. 10 mg/L .
100 mg/ LAEANRIAR 5 1) B 4b ssDNA HEAT 44, 4
R 7.
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Fig. 7 Response curve on ssDNA concentration in
hybridization solution

y= 32.6x- 34.4: r= 0.9903.

HHPE 7 WIEN, AW NS BRI ) 2k 1k
KA.
3.7 HEMWENFNA KL

A2 43 H R PCR % BE A5 2428 V2R [ 4k
169 bp AW ZEHRIC DNA HEHBI/E & %38 1500 10
AN ARFE S EATRY I, KA PCR KT | BE A4S
PR RN I B A I L BH PR AR O 8RR, 2 Bk
BIvE (VLHHIX 2 BRI &A=k SEB 3L, JL
TRl 5 v v &5 SR A — B0y, Ui 169 bp [4EY)
FARIC DNA TREF 4% A4 1% 2% FH A1 3 DAL, I w47
M. MSEZ3E A %1, PCR Hikdll . R EH
DNA A& KSR B FE fh R TF 2 h 24 mT LLsg
o, (23 7 b JEwe 2R A fE el TR, 5
Ab, AR IS RS B AT PCR ¥k, (HE K
DNA 15 & 28 1 AL G BE A 22 AC A LR 8., R
DNA RIREER L TSP, LA
W o eAE VR . REUERMBE S ACH Y, B
— AR, LIS WT R B iz —, B
S DRRS: W0 £ % 1 7 1)
4 it it
4.1 ZEERRFHAER

AW FER I 3, 3= B A DA 8 1) 3 B A 6 R 1
TERRI S0y 7 AL RE )2, MR- AP FAE N
PRy 1 A, 3K [ A T VR A A RS
WFT P RS2 AL, AR Tk R iR A I G 5
o3 F 2 BRI T R R 75 VR BR L A 5 G 9 AR AR
I, H AR R MR, RN CREME R
Hr, SEIERCE 30 min, JEEUH, RS 4w
MO, BT EEIRBEIE A, WRR e R

Prog. Biochem. Biophys. 2002; 29 (3)

4.2 PCR =)o 4{k o) @R

FER AR ER B, R Alifk i 1) PCR =44 4k
ORI, ARG i PCR =4 & 4%
PR, R R Ak, 2 U S A TR
%, pH {54 AF, Wik, FEALEIRA KL, PCR
fef 28 a4k G AR A .
4.3 (REESEF R R

K25 PCR 9™ ¥4 M) F bRl 45 5 vk DNA £8%F
KPR LA ar, YRR SRR RS
SEMUBEARL B o ok i, R %5 2R & W 3% % (SE)
(LA R L DA S BLANR B, Oy AR 1)
B Lk, XA EW RS A B 4 R
U, SERGAER T IX k.
4.4 FEMFEEVMEZRGH DNA RETEE X FE

A BB BRI T % I A A IR R e R rp —
KB, WRENEENHEARZ —. UAENY)
BB A AA W PR L TR 2 IR A A B I U B VAN i
sea¥E 4y R RS, A5 A E R A
JEE.TREE SRR AR R A S,
¥ R P9 SO RS R R AT P HE B AR G5 R, A1
VR IR 88 — BV, g HL, SR & A4 £ 4
IGC 4 ssDNA, L A7 %8 i 1R VR0 R B, X nT fig
LR M- % R REPRAL AT R0 2248 2% ) AT K.
A, BAS H A7 ReE g A A A, R TR
DNA a5, N H] BAS 7T L3 & A= Y040 i
A R [ S %

2 % X W

U AR R E S RE N Al e e i st
JiE, 1990, 17 (1): 27~ 29
Li C W. Prog Biochem Biophy, 1990, 17 (1): 27~ 29

2 Rickert J. Brecht A, Copel W. QCM operation in liquids:
constant  sensitivity  during  formation of extended protein
multilayers by affinity. Anal Chem, 1997, 69 (7): 1441 ~
1448

3 Masson M, Yun K, Haruyama T, et al. Quartz ecrystal
microbalance bioaffinity sensor for biotin.  Anal Chem, 1995, 67
(13): 2212~ 2215

4 Hagiwara H, Nagasawa T, Lodhiet M. Affinity chromatographic
purification of bovine lung endothelin receptor using biotinylated
endothelin and avidir- agarose. ] Chromatogr, 1992, 597: 331~
334

5  Chen L, Martin B, Rechnitz G A. Microtiter plate binding assay
for choliergic compounds utilizing the nicotinic acetylcholine
receptor. Anal Chem, 1992, 64 (23): 3018~ 3023

6 Vaknin D, AlsNielsen M, Losche M. Recognition processes al a
functionalized lipid surface observed with molecular resolution.
Biophys J. 1991, 60: 1545~ 1552

7 Y, R, BOEEEERNAI SEB B, f TR B
ek, 2000, 34 (5): 303~ 305



2002; 29 (3) S5 MYEER Prog. Biochem. Biophys. + 459 -

Gao Z X, Chao F H. Journal of Prenventive Medicine, 2000, 34 solvated, tethered macromolecules. Anal Chem, 1998, 70
(5): 303~ 305 (14): 2876~ 2880

8  Yoshio O, Kenichi N, Yukio S, et al. Kinetic studies of 10 Sauverbrey G. Use of quartz vibrator for weighing thin films on a
sequence specific binding of GCN4 BZIP peptides to DNA strands microbalance. 7 Phys, 1959, 155 206~ 209
immobilized on a 27 MHz quartz ecrystal microbalance. 1 fnaE e, S s, ABWhdn) DNA SEEH M SEB JEAL hig
Biochemistry, 1998, 37 (16): 5666~ 5672 PEERr s Ae i, 1999, 22 (5): 281~ 283

9 Newton C F. Richard D C, Zhang P, et al. QCM response to Gao Z X, Chao F H. Chinese Journal of Medical Laboratory

Sciences, 1999, 22 (5): 281~ 283

The Studies on Biotin-avidin Indirect Conjugated Technology
for Piezoelectric DNA Sensor

o F A . b ~ ~ ~ - ~ -
GAO ZhrXian , CHAO FuHuan, WANG Hong Yong, FANG Yan-Jun, NING Bao-An
( Institute of Hygiene and Environmental Medicine, Academy of Military Medieal Seience, Tianjin 300050, China)

PAN Har Feng, ZHU Hur Zhong

( Department of Precision Instruments and Mechanology, Tsinghua University, Beijing 100084, China)

Abstract A piezoelectric DNA sensor based on self-assembled monolayer technology was developed. In the
experiment, 3, 3'-dithiopropionic acid was applied to immobilize DNA, 1-ethy}3-[ 3-( dimethylamino) propyl]
carbodiimide ( EDC) and N-hydroxysuccinimide (NHS) can coat avidin on gold electrode, and then avidin can
combine to different segment ( 25 mer biotinylated oligonuleotide and 169 bp biotinylated DNA probe by PCR)
nucleotide on gold electrode surface. The consistency and speciality of the piezoelectric DNA sensor adopted

above immobilization method was well. The sensor can be reused by electrode regeneration.

Key words piezoelectric DNA sensor, biotirr avidin system, self assembled monolayers
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