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In2situ Measurements of Single2stranded DNA Hybridization
and Cleavage by Quartz CrystalMicrobalance

ZHU Long2zhang, GAO Yu2xiang, SHEN He2bai3 ,

YANG Yong2tao, YUAN L ian2qun
(D ept. of Chem. , S hangha i N orm a l U niversity, Shangha i 200234, Ch ina)

Ab s trac t: The use of quartz crystal m icrobalance (QCM ) for in2situ monitoring the immobilization of single2
stranded DNA (oligo21) , marked with mercap tol group at 5′end, on the surface of gold2filled 7. 995 MHz AT2cut

quartz crystal by Au2S bond with self2assemble technique is reported. And then the hybridization of ssDNA with

the comp lementary 102mer ODN (oligo22) and 82mer ODN (oligo23) is described. Moreover, the QCM has been

emp loyed to analyze the DNA cleavage by cerium ( IV ) ions under moderate conditions. The results showed that

the QCM , which is capable of sensitive measurement, was able to in2situ investigate immobilization, hybridiza2
tion and cleavage of ssDNA. And the cerium ( IV ) ions had no cleavage for the double2stranded DNA, but it

could hydrolyze single2stranded DNA. So the hydrolytic cleavage of ssDNA at the specific site could be realized

by the p rotection of the hybridization.

Key wo rds: Quartz crystal m icrobalance, Q ligodeoxynucleotide, Hybridization, Hydrolytic cleavage
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Generally, the methods used for the detection of

DNA include radioisotope labels, polymerase chain

reaction ( PCR ) , electrophoresis and so on. Free of

using specific indicators, the quartz crystal m icrobal2
ance (QCM ) is p rom ising in biosensor app lications.

QCM is a new technique for the detection of the m i2
cro2change on the electrode surface. It has been one

of the effective means in the molecular biology and

m icrochem istry fields because of the advantages of

simp le, rap id and real2time monitoring, as well as

high sensitivity and specificity
[ 1～5 ]

. And what′s

more, the recognition and cleavage of specific se2
quence DNA were the important experimental tech2
nique for the molecular biology, genetics and medi2
cine

[ 6 ]
. So the immobilization, hybridization and the

hydrolytic cleavage of DNA can be monitored in situ

from QCM frequency change
[ 6～8 ]

. In this communi2
cation, we emp loyed QCM to investigate immobiliza2
tion, hybridization and the hydrolytic cleavage of ssD2
NA in situ.

One sensing configuration is dep icted in the fol2
lowing scheme.

　　
1　Exper im en ta l
1. 1　M a ter ia ls

O ligo21: HS2( CH2 ) 6 25′GGAGGCGAACGAT2
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ACGCATG23′, o ligo22: 5′2GTTCGCCTCC23′and oligo2
3 5′2CATGCGTA23′were supp lied by Shanghai Sangon

B iological Engineering Technology and Service Co. ,

L td. A ll the reagents were commercially available and

of analytical reagent grade. Twice distilled water was

used in all solutions.

Model400 time2resolved electrochem ical quartz

crystal m icrobalance ( EQCM , CH Instrument,

USA). The gold QCM surface was cleaned with the

fresh p iranha solution ( 30% H2 O2∶98% H2 SO4 =

1∶3[ 8～9 ] ) and rinsed with twice distilled water sever2
al times. After each modified step , the film was

rinsed with 10mmol·dm
- 3

Tris2HCl buffer ( pH =

7. 9) and twice distilled water. The mass change due

to DNA modified, hybridization or cleavage on the

surface of the QCM p late can be calculated the fre2
quency change. For the QCM in this study, a fre2
quency change of 1Hz corresponds to a mass increase

of 1. 34 ng. A ll the experimentswere put into p ractice

shielded in an operating box.

1. 2　 Imm ob iliza tion of ssD NA on

　　 QCM and Hybr id iza tion

The Au2electrode surface of the QCM p late is

functionalized by surface2assembly of the mercap tol

oligonucleotide. The surface was modified with 5 ×

10
- 6

mol·dm
- 3

oligo21 for 2 h.

The twice hybridization experiments were per2
formed by injected oligo22 and oligo23 into the p robe2
immobilized electrode, respectively. And all the fre2
quency changes were monitored as a function of time.

1. 3　Hydrolytic C leavages on QCM

The spontaneous cleavage was carried out with

adding the cleavage reagent ( 2mmol·dm
- 3 (NH4 ) 2

·Ce (NO3 ) 6 was dissolved in 10 mmol·dm
- 3

Tris2
HCl solution, pH = 7. 9 ) onto the p robe2immobilized

electrode. The site2specific cleavage was comp leted

by putting the cleavage reagent onto the p robe2immo2
bilized electrode which had the twice hybridizations.

And the real2time monitoring of the two kinds of

cleavage was recorded.

2　Results and D iscussion

2. 1　S ingle2stranded D NA Imm ob iliza tion

　　 on QCM

The method of the single2stranded DNA immobi2
lization on the QCM was the self2assemble membrane

( SAM ). The p robe DNA was covalently bound to the

electrode surface via the strong bond of Au2S and

formed the steady and ordinal DNA2membrane
[ 10, 11 ]

.

A s is shown in Fig. 1, the frequency decreased to

- 80 Hz rap idly in the initial 800 s due to the self2as2
sembly of oligo21 on the surface of the QCM gold elec2
trode. In the following time the frequency went to the

fixed value - ( 80 ±2 ) Hz. The phenomenon sug2
gests that oligo21 has been modified onto the surface

of the gold electrode and the immobilized amount was

(107 ±3) ng.

Fig. 1　Frequency response on time for ssDNA (5 ×10 - 6 mol

·dm - 3 ) modified on QCM electrode (25 ℃)

Fig. 2　Frequency response on time for the hybridization oligo22
(Curve ABC) and oligo23 (Curve BCD ) respective with

ssDNA modified on QCM electrode (30 ℃)
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2. 2　D NA Hybr id iza tion

The Curve ABC in Fig. 2 shows the QCM fre2
quency response on time for the hybridization of oligo2
1 with oligo22. W hen the oligo22 was injected, the

frequency decreased with time and saturated atΔf =

(43 ±2) Hz within 3 000 s. That is, the (57 ±3) ng

oligo22 had connected to the surface of the QCM gold

electrode. And the result indicates that the hybridiza2
tion between the oligo22 and the oligo21 was comp le2
ted.

It was reported that cerium ( IV ) could not hy2
drolyze the double2stranded DNA, but it had an effec2
tive cleavage for the single2stranded DNA [ 12, 13 ] . So

the hybridization between the oligo21 and the oligo23
was carried out in order to realize the site2specific

cleavage of the oligo21 by cerium ( IV ). The Curve

BCD in Fig. 2 is the QCM frequency response on time

for the hybridization of oligo21 with oligo23. The hy2
bridization was confirmed by the decrease in the fre2
quency at -Δf = (20 ±2) Hz, that is, the mass of

the gold electrode increased to 26 ±3 ng. This indica2
ted that the oligo23 had effectively connected to the

QCM by hybridization with oligo21, so the site2specif2
ic cleavage was ensured.

2. 3　Hydrolytic C leavage of D NA by

　　 Cer ium ( IV)

The electrophoresis was operated for the cleavage

of oligo21 by the cerium ( IV ) ions after 24 h and the

result demonstrated that the cerium ( IV ) ions sponta2
neously cleaved the oligo21 and many small fragments

were p roduced. Meanwhile, the cleavage reaction of

the twice2hybridized oligo21 by cerium ( IV ) ions un2
der the same conditions was testified with electropho2
resis and the outcome indicated that the oligo21 was

selectively hydrolyzed to tree fragments, that is, the

twice2hybridized oligo21 was site2specific cleaved by

cerium ( IV) ions.

Figure 3 is the frequency response on time for

the cleavage of DNA by cerium ( IV ) ions. The curve

1 rep resents the frequency change with time for the

spontaneous cleavage of oligo21. The curve 2 is the

corresponding frequency to time for the site2specific

　Fig. 3　Frequency response on time for the spontaneous cleav2
age ( curve 1) , the site2specific cleavage ( curve 2)

(30 ℃)

cleavage of oligo21. It can be seen that the frequency

changes of the two curves are accordant. And the fre2
quency decreased rap idly initially, then slowly in2
creased to a stable value within about 24 h. The phe2
nomena were ascribed to the linkage of the cerium

( IV ) ions onto the oligo21 and the hydrolysis of oligo2
1 by the cerium ( IV ) ions which had been linked to

it. The cleavage of DNA by cerium ( IV ) ions be2
longed to the hydrolytic cleavage

[ 13, 14 ]
. The possible

mechanism was as follows. A t around pH = 7. 3, the

cerium ( IV) ions were p rone to p roduce the metal hy2
droxide comp lex via the hydrolysis, and the hydroxide

ion ( - OH) attacked the phosphodiester linkages. A t

the same time, the cerium ( IV) ions formed the coor2
dinator with the phosphodiester linkages. The hydrol2
ysis reaction was accelerated by the acidic catalysis

from the water molecule bonded to the cerium ( IV )

ions. Furthermore, the cerium ( IV ) ions made the

negative intermediate which came from the hydrolysis

reaction of DNA stable with the electrostatic function.

Consequently, the acid2base catalysis and the electro2
static function p romoted the hydrolysis of the se2
quence2stranded DNA under moderate condi2
tions[ 1, 13, 14 ] .

Comparing curve 1 with curve 2, the larger fre2
quency change in curve1 ( - 33 Hz) than in curve 2

was charged upon the more cleavable sites ( the sites

of the phosphodiester linkages) of the spontaneous

cleavage than the site2specific cleavage. The more
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cleavable sites, the more cerium ( IV) ions were con2
nected to the oligo21, the decrease of the frequency

was bigger and the cleavable function was more

quick. So the spontaneous cleavage was almost com2
p leted within about 16 h (Δf = 53 Hz) and the site2
specific cleavage spent 20 h (Δf = 35 Hz). The effi2
ciencies of the spontaneous cleavage and the site2spe2
cific cleavage were 66% and 64% , respectively. And

the possible reasons that caused the lower efficiencies

than the ideal state ( 100% ) were the mutual steric2
block of the DNA chains which made it more difficult

for cerium ( IV) ions to combine to the phosphodiester

linkages of oligo21. However, the efficiency of the

spontaneous cleavage and the specific cleavage are

both high correspondingly.

3　Conclusion
The experimental results demonstrated that sin2

gle2stranded DNA is immobilized on the surface of the

gold electrode of the quartz crystal m icrobalance

(QCM ) by the Au2S bond and also hybridized effi2
ciently with the comp lementary DNA chains. And

what′s more, the single2stranded DNA can be hydro2
lyzed at the spontaneous site or specific site by the

rare2earth metal cerium ( IV ) under moderate condi2
tions.
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杂交及切断过程的 QCM实时检测研究

朱龙章 , 高玉香 , 沈鹤柏 3 , 杨永桃 , 袁联群
(上海师范大学 生命与环境科学学院 化学系 上海 200234)

摘要 :　采用自组装技术 ,将 5′端标记有巯基的 20 - merODN (oligo21)以金 2硫键形式牢固结合在 7. 995MHz的

AT -切石英晶体的镀金表面 ,然后由石英晶体微天平实时检测了与碱基序列互补的 102mer ODN (oligo22)和 82
mer ODN (oligo23)的杂交 ,同时还研究了稀土金属铈离子在温和条件下对 DNA的水解切断作用.结果表明 :应用

QCM方法可能实时检测 DNA的固定和杂交 , Ce ( IV )能随机切断单链 DNA;但不能切断杂交形成的双链 DNA,

因此可利用杂交保护的方法对单链 DNA实行定位切断.

关键词 : 　石英晶体微天平 ;单链脱氧核糖核酸 ;杂交 ;水解切断
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