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In-situ M easurements of Single-stranded DNA Hybridization
and Cleavage by Quartz Crystal M icrobalance

ZHU Long-zhang, GAO Yu-xiang, SHEN He-bai
YANG Yong-tao, YUAN L ian-qun
(Dept of Chen. , Shanghai Nomal University, Shanghai 200234, China)

Abstract The use of quartz crystal microbalance (QQM) for in-situ monitoring the immobilization of single-
stranded DNA (oligo-1) , markedwithmercaptol group at’5' end, on the surface of gold-filled 7 995 M HzA T-cut
quartz crystal by Au-S bond with slf-assamble technique is reported And then the hybridization of sDNA with
the complementary 10-mer ODN (oligp-2) and 8-mer ODN (oligo-3) is described Moreover, the QQM has been
enployed © analyze the DNA cleavage by cerium ( M) ions under moderate conditions The results showved that
the QQM, which is cgpable of snsitive measureament, was able © in-situ investigate immobilization, hybridiza-
tion and cleavage of sONA. And the cerium (V) ions had no cleavage for the double-stranded DNA, but it
could hydrolyze single-stranded DNA. S the hydrolytic cleavage of sDNA at the gecific site could be realized
by the protection of the hybridization
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Generally, the methods used for the detection of fran QCM frequency change[6 . In this communi-
DNA include radioitope labels polymerase chain cation, we enployed QOM 1 investigate immobiliza
reaction (PCR), electrophoresis and © on Free of tion, hybridization and the hydrolytic cleavage of sD-
using gecific indicators, the quartz crystal microbal- NA in situ
ance (QQM) ispromising in biosenor goplications One snsing configuration is depicted in the fol-
QQM isa newv technique for the detection of the mi- loving scheme
cro-change on the electrode surface It has been one |
of the effective means in the molecular biology and
microchanistry fields because of the advantages of
simple, rgpid and real-tme monitoring, as well as
high snsitivity and wecificity' *. And what s
more, the recognition and cleavage of fecific =
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quence DNA were the mportant experimental tech- 1 Exper mental
nique for the molecular biology, genetics and medi-
ciné®. S the immobilization, hybridization and the
hydrolytic cleavage of DNA can be monitored in situ

11 Materils
Oligp-1: HS(CH, )¢5 GGAGGCGAACGAT-

Received date 2004-02-23, accepted date 2004-06-17
* Towham corregpondence should be addressed, Tel: (86-21) 64322516, E-mail: shenhb@ shtu edu cn



1 ; Qav

ACGCATG-3, oligp-2: 5'-GTTCGCCTCC-3' and oligo-
3 5'-CATGCGTA -3were supplied by Shanghai Sangon
Biological Engineering Technology and Service Ca
Ltd All the reagentswere commercially available and
of analytical reagent grade Twice distilled water was
usd in all olutions

Modeld00 tme-relved electrochanical quartz
crystal microbalance ( EQGM, CH Instrument,
URA). The gold QQM surface was cleaned with the
fresh piranha lution ( 30% H,0, 98% H, 0, =
1 3* °") and rinsed with wice distilled water sever-
al tmes After each modified step, the film was
rinsed with 10mmol- dm™® TrisHCI buffer (pH =
7. 9) and wice digtilled water The mass change due
to DNA modified, hybridization or cleavage on the
arface of the QQM plate can be calculated the fre-
quency change For the QQM in this study, a fre
quency change of 1Hz corregponds to amass increase
of 1 34 ng All the epermentswere put into practice
shielded in an operating box

1 2 Immobilization of s NA on

QCM and Hybr idization

The Au-electrode surface of the QQM plate is
functionalized by surface-assambly of the merceptol
oligonucleotide The surface was modified with 5 x
10 ° mol- dn”® oligp-1 for 2 h

The twice hybridization experments were per-
fomed by injected oligo-2 and oligp-3 into the probe-
immobilized electrode, repectively And all the fre-
quency changeswere monitored as a function of tme

1 3 Hydrolytic Cleavages on QCM

The gontaneous cleavage was carried out with
adding the cleavage reagent (2mmol- dn”° (NH,),
. Ce(NO; ), was disolved in 10 mmol- dn”° Tris-
HCI slution, pH =7. 9) onto the probe-immobilized
electode The site-pecific cleavage was campleted
by putting the cleavage reagent onto the probe-immo-
bilized electrode which had the wice hybridizations
And the real-tme monitoring of the wo kinds of
cleavage was recorded

2 Realtsand D iscussion

2 1 Shgle-stranded DNA Immobilization
on QCM

The method of the single-stranded DNA immobi-
lization on the QQM was the slf-assamble manbrane
(SAM). The probe DNA was covalently bound to the
electrode aurface via the strong bond of Au-S and
fomed the steady and ordinal DNA membrané ',
Asis shown in Fig 1, the frequency decreased
- 80 Hz rapidly in the initial 800s due o the =lf-as
sambly of oligo-1 on the aurface of the QCM gold elec-
trode In the followving time the frequency went o the
fixed value - (80 £2) Hz The phenomenon sug
gests that oligp-1 has been modified onto the surface
of the gold electrode and the immobilized amount was
(107 £3) ng
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Fig 1 Frequency regpons on time for sDNA (5 %10 ® mol
- dn*) modified on QQV electrode (25 )
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Fig 2 Frequency repponse on time for the hybridization oligo-2

(Curve ABC) and oligp-3 (Curve BCD) regective with
sONA modified on QQM electrode (30 )
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2 2 DNA Hybridization

The Curve ABC in Fig 2 shows the QQM fre-
quency regponse on time for the hybridization of oligo-
1 with oligp-2 W hen the oligo-2 was injected, the
frequency decreased with time and saturated atA f =
(43 £2) Hzwithin 3 000s That is, the (57 £3) ng
oligo-2 had connected to the surface of the QGM old
electode And the reault indicates that the hybridiza-
tion betveen the oligp-2 and the oligo-1 was comple-
ted

Itwas reported that cerium ( M) could not hy-
drolyze the double-stranded DNA , but it had an effec-
tive cleavage for the single-stranded DNA™™. S
the hybridization betveen the oligp-1 and the oligo-3
was carried out in order  realize the site-gecific
The Curve
BCD in Fig 2 istheQQM frequency reponse on time
for the hybridization of oligo-1 with oligp-3 The hy-
bridization was confimed by the decrease in the fre-
quency at -Af= (20+2) Hz, thatis the massof
the gold electrode increased 10 26 3 ng This indica-
ted that the oligp-3 had effectively connected o the
QQM by hybridization with oligp-1, 2 the site-pecif-
ic cleavage was ensured
2 3 Hydrolytic Cleavage of DNA by

Cerium ( IV)

The electrophoresiswas operated for the cleavage
of oligp-1 by the cerium (V) ions after 24 h and the
result demonstrated that the cerium ( V) ions onta
neously cleaved the oligp-1 and many snall fragnents
were produced M earwhile, the cleavage reaction of
the wice-hybridized oligo-1 by cerium ( M) ions un-
der the same conditionswas testified with electropho-
resis and the outcame indicated that the oligo-1 was
<slectively hydrolyzed to tree fragnents, that is the
tvice-hybridized oligo-1 was site-gecific cleaved by
cerium (V) ions

cleavage of the oligo-1 by cerium (V).

Figure 3 is the frequency reponse on time for
the cleavage of DNA by cerium (V) ions The curve
1 represents the frequency change with tme for the
gontaneous cleavage of oligp-1  The curve 2 is the
corregponding frequency o time for the site-pecific

401

Fig 3 Frequency repponse on time for the gontaneous cleav-

age (curve 1), the site-gecific cleavage (curve 2)

(30 )
cleavage of oligp-1 It can be sen that the frequency
changes of the o curves are accordant And the fre-
guency decreased rgpidly initially, then sowly in-
creaed 0 a stable valuewithin about 24 h  The phe-
namena were ascribed to the linkage of the cerium
(V) ionsont the oligo-1 and the hydmlysisof oligo-
1 by the cerium ( M) ionswhich had been linked to
it The cleavage of DNA by cerium ( V) ions be
longed o the hydmlytic cleavagd™ ™. The possble
mechanisn was as follovs At around pH =7. 3, the
cerium ( V) ionswere prone o produce the metal hy-
droxide complex via the hydrolysis, and the hydroxide
ion( - OH) attacked the phoghodiester linkages At
the same time, the ceriun (V) ionsfomed the coor-
dinaborwith the phogphodiester linkages The hydrol-
ysis reaction was accelerated by the acidic catalysis
fran the water molecule bonded © the cerium ( V)
ions Furthemore, the cerium (V) ions made the
negative intemediate which cane from the hydrolysis
reaction of DNA stablewith the electrostatic function
Consequently, the acid-base catalysis and the electro-
static function promoted the hydmwlysis of the s
guence-stranded DNA

él, 13,14]

under moderate condi-
tion

Camparing curve 1 with curve 2, the larger fre-
quency change in curvel ( - 33 Hz) than in curve 2
was charged upon the more cleavable sites (the sites
of the phophodiester linkages) of the gpontaneous

cleavage than the site-gecific cleavage The more



1 ; Qav

cleavable sites, the more cerium ( V) ionswere con-
nected o the oligo-1, the decrease of the frequency
was bigger and the cleavable function was more
quick So the gontaneous cleavage was amost com-
pleted within about 16 h(A f =53 Hz) and the site-
pecific cleavage pent20 h A =35 Hz). The effi-
ciencies of the gontaneous cleavage and the site-pe-
cific cleavagewere 66% and 64%, regectively. And
the possible reaons that caused the lower efficiencies
than the ideal state (100%) were the mutual steric-
block of the DNA chainswhich made it more difficult
for cerium (V) ions o cambine to the phogphodiester
linkages of oligp-1 However, the efficiency of the
gontaneous cleavage and the 9ecific cleavage are
both high corregpondingly.

3 Conclusion

The expermental results demonstrated that sin-
gle-stranded DNA is mmobilized on the aurface of the
ld electrode of the quartz crystal microbalance
(Qav) by the Au-S bond and al® hybridized effi-
ciently with the complementary DNA chains And
what smore, the single-stranded DNA can be hydro-
lyzed at the goontaneous site or Pecific site by the
rare-earth metal cerium ( M) under moderate condi-
tions
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