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Abstract

We have characterized the immobilization of thiol-modified oligomers on Au surfaces and subsequent hybridization with a perfectly
matched or single-base mismatched target using a quartz crystal microbalance (QCM) and fluorescence spectroscopy. The surface density
immobilized probe molecules and the hybridization efficiency depending on the type of buffer and salt concentration were investigated. We
observed some ambiguities in surface coverage deduced from QCMireeent and adopted a complertaan fluorescence displacement
method. Direct comparison of surface coverage deduced from frequency change in QCM measurement and determined by the fluorescen
exchange reaction revealed that QCM results are highly overestimated and the amount of overestimation strongly depends on the type
buffer and the structure of the film. Discrimination capability of the surface attached 15-mer probe was also examined using a single-
base mismatched target at various hybridization temperatures. Hybridization efficiency depending on the type of single base mismatch wa
investigated using surface plasmon resonance (SPR).

0 2004 Published by Elsevier Inc.

1. Introduction Therefore it is important to have a good understanding of
the key factors influencing the efficiency and selectivity of
There is explosive interest regarding the use of DNA- these molecular recognition events. Among many strategies
functionalized surfaces to detect complementary target DNA for immobilizing DNA probes on surfaces, thiol-modified
sequences in a complex DNA mixture by using the high DNA probes that are immobilized on Au surfaces through
specificity inherent in DNA base pairing. The applica- self-assembly have been employed by several researchers as
tions include genetic and infectious disease diagnostic de-a model system to obtain better physical insights into the
vices [1,2], miniaturized biosensor array8], and DNA-  apility of DNA monolayers to capte and discriminate com-

driven assembly of nanostructufés-7]. _ plementary and noncomplementary target sequences in free
The interaction between probes, surface-tethered single-go|ytion[8—13]

stranded DNA, and the complementary target DNA strands 14110y and co-workers estimated the surface coverage

in solution plays the most crucial role in these applications. o ¢yrface-bound DNA molecules and their structure under

various conditions using a number of surface analysis tech-
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the surface is passivated by MCH, it not only prevents non- the target DNA with liposomef21] or gold nanoparticles
specific adsorption of target DNA in solution, but also dis- [28,29]
places weakly adsorbed DNA strands on the substrate, leav- So far, there have been a few reports using thiolated
ing single-stranded probe DNA with a more extended con- DNA-modified surfaces to understand the relationship be-
formation and thus facilitating hybridization. tween surface coverage, structure, and hybridization effi-
In addition, a recent study reported an increase of hy- ciencies and thus to provide better physical insights into the
bridization efficiency as well as a higher surface density development of new DNA detection methods. However, key
when a mixed self-assembled monolayer (SAM) of HS-ss- factors influencing the probe density and hybridization effi-
DNA/alkanethiol was employed. The mixed SAM of HS-ss- ciency are still far from full elucidation.
DNA/alkanethiol were prepared by sequential adsorption of  Herein we described the experimental methods for char-
HS-ss-DNA on a freshly exposed gold surface that was pre-acterizing hybridization of thiol-modified 15-mer DNA
viously covered by short alkanethiols and later selectively probes with perfectly matched and single-base mismatched
desorbed from mixed length alkanethifilgl]. target molecules. Effects oh¢ type and concentration of
While most of the previous studies using surfaces teth- buffer on immobilized probe density and hybridization ef-
ered with thiol-modified oligonucleotide probes focused on ficiency were explored. We observed that there were some
hybridization with oligonucleotide targets, Huang et al. in- ambiguities in surface coverage deduced from QCM mea-
vestigated hybridization with much longer polynucleotide surements, depending on the type of buffer used. In order to
targets using atomic force microscopy (AFM) and a quartz quantitatively determine the surface coverage, we adopted a

crystal microbalance (QCML5]. new complementary fluorescence-based method. A direct
The morphology of self-assembled DNA films was also comparison of surface coverage deduced from frequency
investigated using scanning probe microscopy (SPN]. change and fluorescence measurement was made for the

It was observed that the film structure was significantly af- first time, to the best of our knowledge. The surface cov-
fected by a small change such as modifying the position of erage determined by fluorescence-based methods revealed
the thiol group from the Zend to the 3end of DNA[16]. that the surface density estimated by QCM measurements

The kinetic characteristics of the immobilization of the was highly overestimated and the amount of overestima-
thiol-modified DNA and subsequent hybridization with a tion strongly depended on the type of buffer as well as the
complementary oligonucleotide target have been studied us-structure of the film. We demonstrated that a fluorescence-
ing surface plasmon resonance (SPR) spectrosdapyi ol based surface-coverage-detection method can be useful as
It was found that the kinetics of self-assembly of thiol- a complementary technique to semiquantitative QCM mea-
modified ss-DNA has to take desorption and diffusion into surement. In addition, the tgrarature dependence on the
account, in addition to adsorption. It was also reported that amount of nonspecific adsorption during hybridization with
the rate of hybridization depends not only on the degree of a single-base mismatched target was investigated using
mismatch but also on the position at which the hybridization QCM. Finally, SPR was utilized to investigate the effect of
occurs along the immobilized probe straftig]. the type of mismatch on the hybridization efficiency.

The QCM method has been adopted by several groups
to detect the DNA hybridiation reaction because of its .
great sensitivity as a mass sen capable of measuring sub- 2 Materialsand methods
nanogram mass changes. It also has the great advantags ; Chemicals
of not requiring post-treatment of target samples, such as
fluorophore or radioisotope labeling, for detectj@0-27] Tris(hydroxymethyl)aminomethane hydrochloride (Tris-
Okahata et al. conducted a systematic study to compareHCI), ethylenediaminetetiacetic acid (EDTA), mercapto-
the kinetic parameters under various experimental condi- hexanol (HS(CH)sOH), 3-mercaptopropanol (MPA),
tions using 27-MHz QCM24]. Hook et al. monitored the ~ NaH,PQ,, and NaOH were purchased from Aldrich and
immobilization of PNA or DNA and studied the hybridiza- used as received. All oligonucleotides were purchased from
tion with DNA using a QCM dissipation monitoring tech- Genotech (Daejeon, Korea). Sequences are as giv&a-in
nique[27]. To employ QCM as a DNA hybridization sen- ble 1 The sequences were chosen because they are believed
sor, a number of studies reported techniques to enhanceo be a part of the iduronate-2-sulfate (IDS) coding region,
the sensitivity of QCM detection. QCM crystals of higher whose mutation is suspected to be one of the main causes of
frequency can increase the sensitivity even though a high-Hunter syndrome.
frequency ¢&~10-MHz) device may show unstable fre-
guency response when operated in aqueous solufijs 2.2. QCM crystals and instrumentation
The sensitivity could be also improved by increasing the hy-
bridization capacity using self-assembled DNA filfigl], The QCM crystals used were 10-MHz AT-cut crystals
multilayers of DNA films[22], or DNA dendrimerg26] as (International Crystal Manufacturing Co. Inc., OK). The
probe surfaces. Additionally, the hybridization signal could quartz crystal was mounted onto a QCM cell, made of
be amplified by increasing the total mass by derivatizing Teflon, and 30 ml of the buffer solution was introduced. The
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Sample inject

Table 1 —
Nomenclatures and sequences of oligonucleotides l

Name Sequence (50 3)

Probe HS(CH)g-5-GTTCTTCTCATCATC-3 SH-Oligonucleotide

F-Probe HS(CH)g-5'-GTTCTTCTCATCATC-3-Fluorescein

B-Probe 5-Biotin-GTTCTTCTCATCATC-3 =

TA-PM-Target 3 CAAGAAGAGTAGTAG-5 o

TT-SPM-Target ~ 3CAAGAAGTGTAGTAG-5 Quar disk

TG-SPM-Target 3CAAGAAGGGTAGTAG-5

TC-SPM-Target B3CAAGAAGCGTAGTAG-5 .
D-Target 3 GCAAGAA__ TAGTAGCA-5 Au electrode  Stirring

Fig. 1. Schematic diagram of thiol-guified oligonucleotides on QCM crys-
solution was agitated with a small magnetic stirrer through- tals and the experimental setup for QCM measurements of DNA immobi-
outthe measurement. The experimental setup allows temper_lization and hybridization. Only one face of the quartz disk is faced on the
atures in the range 15-6G. The QCM cell was designed ~ "9"1¢
so that only one gold-coated side of the quartz disk was o )
in contact with the solution. A detailed description is given followed by a deionized water rinse. Frequency response
elsewherd30]. was reset to zero after stabilization each time the liquid was

The measured frequency change in QCM experiments, €xchanged.
AF (Hz), is approximately related to the mass change by

adsorptionAm (g), on the quartz crystal by the Sauerbrey 2-4- Quantification of surface density and

hybridization efficiency

equation,
2F§Am Gold thin film was prepared on slide glasses3(2
AF =-— ’ 1) 3.8 cm) using the same method as was used to prepare the

i gold layer on QCM crystals was prepared. A 1-nm-thick
where Fp is the fundamental frequency of the QCM  agnesive layer of Cr was sputtered on glass surfaces, fol-
(10 MHz), A is the electrode area (0.2 énuq is the shear  |owed by sputtering of 500 nm of Au. A close examination
modulus of quartz (D47 x 10t dyncnt?), and pq is the using AFM study showed little difference between the pre-
density of quartz (2.648 g cnd). The frequency change of pared Au thin-film surface on glasses and QCM crystals.

1 Hz corresponds to a mass change of 0.883 ng. The surface of the gold thin film was cleaned with piranha
. o o solution and then rinsed several times with deionized wa-
2.3. Procedure of immobilization and hybridization ter. The method of quantification method of oligonucleotides

immobilized on gold surfaces followed that of a previous

The experimental scheme is as sketcheliign L Abare  report[31]. Fig. 2 summarizes the schematics of our ex-
Au electrode on a quartz crystal was cleaned with piranha so-perimental procedure. A fluorescence-attached DNA probe
lution (3:1 H,S04:30% HOy). (Note: This is a dangerous  (shown as the F-probe ifiable 3 immobilized on a gold
Cleaning solution and care mntuse taken in solution han- substrate was p|aced in 20 mM 3_mercapt0propano| in TE
dling.) After thorough rinsing with BO, the quartz crystal  puffer solution at room temperature for 20 h, which was
was mounted on the QCM cell, aqueous buffer solution was a sufficient concentration and time to reach the equilib-
introduced, and the temperature was set td@3nce asta-  rium of the replacement reaction of the adsorbed species
ble frequency baseline was established, probe solution withand 3-mercaptopropanol. The fluorescein-labeled oligonu-
a concentration of 0.58 uM in 1 M PBS (1 M NaPO; at cleotides desorbed from the gold surface were collected with
pH5.7) orin TE-1 M NaCl (10 mM Tris-HCI, 1 MM EDTA,  a washing solution and the fluorescent signal of the solution
1 M NaCl, pH 7.6) was injected and the frequency decreasewas measured and converted to surface coverage using the
was monitored until it reached an equilibrium value. The standard curve previously prepared. The fluorescence inten-
concentration of the probe solution was chosen based on thesity was measured at 520 nm using an FP 750 fluorometer
literature[11], which used 0.5-1 uM. Our preliminary ex-  (JASCO).
periments showed there was no significant difference when
we used 0.2-1 uM of the probe solution. To reduce nonspe-
cific adsorption of target DNA and enhance the degree of 3. Resultsand discussion
hybridization, 1 mM mercaptohexanol, HS(&BOH, was
introduced after the QCM cell was cleaned with buffer and 3.1. Direct monitoring of DNA immobilization
rinsed with deionized water. The QCM cell was filled with and hybridization
TE-1 M NacCl buffer and the target oligomer was injected
to be 0.58 uM; we then waited until a stable baseline was QCM was utilized for in situ monitoring and quantifica-
obtained. Finally this setup was rinsed with TE-1 M NaCl, tion of immobilized probe oligonucleotide on Au surface
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Fig. 2. Schematic diagram of quantification of surface coverage by displace-
ment of F-Probe adsorbed on Au surfaces using 3-mercaptopropanol.
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Fig. 3. Typical time dependence of frequency decrease of QCM upon in-
troduction of (A) 0.58 pM probe DNA in 1 M PBS, (B) 1 mM mercap-
tohexanol, (C) 0.58 puM target DNin TE-1 M NaCl. Arrows indicate

the time when the sample was injected. The second and third arrows in
(C) indicate the times when the buffer solution was introduced to wash out
nonspecifically adsorbed moleculesirhobilization and adsorption of mer-
captohexanol were done at 26 and the hybridization was done at38.

and subsequent hybridization with target molecukég. 3
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Fig. 4. Frequency changes responding to the addition of 0.58 uM probe
oligonucleotides in 1 M PBS (downiangles), 0.2 M PBS (up triangles),
0.01 M PBS (squares), and DI water (circles).

face coverage based on frequency drop was done using three
independent experimental data.

In Fig. 3A, the concentration of the probe DNA (Probe)
was 0.58 uM in 1 M PBS and a frequency drop of 80 Hz was
observed. Assuming the Sauerbrey equation and a sensitiv-
ity of 0.883 ng’Hz, the surface coverage was calculated to be
4.7 x 1013 moleg/cm?. The first drop of frequency occurs as
the adsorption of thiol-attached probe DNA begins, followed
by slow rearrangement, which has been also observed previ-
ously and reported as a characteristic of thiol adsorption on
gold surface$32].

In Fig. 3B, the frequency decrease responding to the ad-
dition of 1 mM mercaptohexanol, HS(GhOH, is shown.
Mercaptohexanol was used because it is known that it can
impede nonspecific adsorption of target DNA and enhance
the hybridization reactiof8,33]. Additional adsorption of
mercaptohexanol gave a frequency drop of as much as 8 Hz,
which corresponds to an additional adsorbed masslok3
10 moleg/cn?. Levicky et al. reported that hybridization
efficiency was less than 10% without the postadsorption of
mercaptohexan@l1]. Our preliminary experiments showed
that hybridization efficiency was increased up to 30% by us-
ing postadsorption of mercaptohexanol.

Fig. 3Cshows the frequency response when 0.58-uM tar-
get oligomer solution in TE-1 M NaCl was introduced. The
last two arrows denote the time when TE-1 M NaCl buffer
was injected to rinse out nonspecifically adsorbed mole-
cules. After rinsing with buffer twice, the frequency drop
was stabilized at about 25 Hz. Assuming the Sauerbrey equa-
tion, additional mass increase wa$ k 102 moleg/cnm?
and therefore it is estimated that 31% of probe molecules
participated in the hybridization.

In order to investigate the effects of ionic strength on

shows a typical time course of frequency change upon thethe immobilized probe density, frequency drop upon injec-

introduction of 0.58 uM probe DNAKig. 3A), 1 mM mer-
captohexanolKig. 3B), and 0.58 uM target DNAKig. 30.

tion of probe solution at various concentrations of phosphate
solution was measured. As shownkhig. 4, the frequency

Arrows in the figure indicate the times when the sample and drop due to probe immobilization gradually increased as
rinsing buffer solutions were injected. CV% in frequency the concentration of phosphate solution increased. By sim-
drop in QCM measurements was about 10-15% depend-ple estimation from frequency drop, the surface density of
ing on the conditionsFig. 3 is a typical example of the  the probe DNA was # x 103 moleg/cn? (~frequency
time course of the reaction and the calculation of the sur- drop of 80 Hz) when 1.0 M PBS was used, while it was



48

0-

I 4o
-
S

-804

0 3000 6000 9000

time (sec)
Fig. 5. Frequency responses upon addition of 0.58 uM probe oligonu-
cleotides in 1 M PBS (squares) and TE-1 M NaCl (circles).

9.3 x 10 moleg/cnm? (~frequency drop of 16 Hz) when
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Table 2
Comparison of the surface densityeasured by QCM and fluorescence-
based method

Immobilization ~ QCM:Af (Hz)  Probe densityx 1012 mole/cm?)
buffer QCM Fluorescence
TE-1 M NaCl 36 20 43

1M PBS 80 466 4.0

0.2 M PBS 51 29 12

0.01 M PBS 16 B 0.3

DI water 6 35 01

on gold nanoparticles. This technique is based on the dis-
placement of fluorescence-tagged probe molecules by small
alkanethiol molecules, 3-mercaptopropanol (MPA). The de-

tailed experimental technique is described in the Experimen-
tal section. Direct measurement of the fluorescent intensity

0.01 M PBS was used. The increase of surface density of fluoropore tethered on metal surfaces was not accurate be-
at higher concentrations of phosphate solution can be ex-cause of the fluorescence quenching effect.

plained by the decrease ofeetrostatic repulsion between
anionic DNA chains.

Probe densities estimated from QCM measurements and
fluorescence-based methods were compard@dlote 2 The

The surface coverage of close-packed ss-DNA strandsdata were the average of three independent measurements.

can be simply estimated as610%2 to 9 x 103 moleg/cn?

Increase of the surface density as the salt concentration was

from the assumption of 0.6 to 0.7 nm of cross-sectional ra- increased is not surprising. However, in contrast to the QCM
dius of each ss-DNA chaifl0]. This simple calculation  measurements, fluorescenceasurements showed that the

tends to be overestimated, since it does not take into ac-surface densities did not depend on the type of buffer,
count the electrostatic repulsion and steric hindrance ef- TE-1 M NaCl or 1 M PBS. Moreover, the surface coverage

fects of the surrounding counterions and hydrating water measured by the QCM technique was highly overestimated.
molecules. Surface density of thiol-modified ss-DNA on Au  The surface density estimated by QCM frequency change
surface varies with measurement techniques as well as thayas about 5 times larger than the density measured by the

immobilization conditions and the length of the oligonu-
cleotides. Nonetheless, the measured probe density of 4
10" moleg/cn? when 1 M PBS was used seems to be
highly overestimated comped to the estimated maximum
of 6 x 1013 to 9 x 10'® moleg/cn?.

Frequency drops upon DNA probe immobilization when
two different types of buffer were used are compared in
Fig. 5. When TE-1 M NaCl instead of 1 M PBS was used,
the frequency drop was only 36 Hz, compared to 80 HZ for

1.0 M PBS. Furthermore, the adsorption was much slower.

fluorescence-based method for TE-1 M NaCl and 10 times
larger for 1 M PBS.

The overestimation of the QCM experiments were also
reported using X-ray photoelectron spectroscopy with poly-
electrolytes with different charge densj84]. The overesti-
mation of the adsorbed mass from QCM measurements was
a factor of 4.4 higher than that measured using XPS for low-
charged polyelectrolytes, while it was about the same for
highly charged polyelectrolytes. This is possibly due to the
difference in the structure of the adsorbed layer. If the ad-

We expected to obtain similaesults from two different  sorbed layer has a conformation such that structure is more
types of buffers because the iomitrengths of the buffers are  extended and nonrigid, the overestimation could be higher
similar. This nonintuitive result led us to the next topic, the because of the contribution from the hydrodynamically cou-
quantification of surface coverage using fluorescence mea-pled buffer within the layer.
surements, described 8ection 3.2 Based on our experimental observations, the overesti-
mation was higher for the PBS buffer. One possible cause
for the overestimation could be that the difference in pH
(pH 5.7 for PBS, pH 7.6 for TE) could produce conforma-
tional differences in adsorbed probes even though the salt
As discussed irSection 3.1 QCM measurement sug- concentrationwas high, 1 M. Atlow pH, the adsorbed probes
gested about two times larger probe density when 1 M PBS could be more balanced in charge and apparently could have
instead of TE-1 M NaCl was used as an immobilization more extended and less rigid conformation. In addition, the
buffer. The salt concentration and other experimental con- viscoelastic properties of the adsorbed layer due to the con-
ditions were similar. In order to dissolve this ambiguity, we formational differences of the layer and also due to the dif-
adopted a separate surface coverage measurementtechniquierences in densities or viscosities of the buffer could bring
a fluorescence-based method originally suggested by De-about the differences in overestimation. Investigation of con-
mers et al.[31] for thiol-modified oligomers immobilized  formation and viscoelastic properties using a surface forces

3.2. Quantification of surface coverage and
hybridization efficiency
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Table 3
Hybridization efficiency measured by fluorescence-based method
Immobilization buffer Probe density Hybridization buffer Hybridized DNA density Hybridization efficiency (%)
(x10'2 moleg/cn?) (x 102 moleg/cm?)
TE-1 M NaCl 43 TE-1 M NaCl 26 60
1MPBS 40 1MPBS 31 75
TE-1 M NaCl 26 65
TE-0.2 M NaCl 11 28
TE-0.01 M NaCl ® 13
DI water a1 3
51— T T . .
0-
a
(\Té‘ 4 LB g -104
29 B
2 g 34 + 1 -20-
[0
Q8 30
g2 2 - b
u‘%) 5 : 0 2000 4000
S R " . Time(s)
2,
o4 @m J Fig. 7. Frequency responses when petliy matched target (circles) and
single-base mismatched target (squares) were introduced. Temperature was
0 10 20 30 40 50 at 38°C.
Surface density from Af ) o
(x 10% molecules/cm?) In conclusion, quantitative measurement of surface den-

sity was accomplished as we introduced fluorescent-based
Fig‘. 6. Surface density measured by fluorescence-based method vs thablisplacement technique. In situ monitoring of the surface re-
estimated from frequency drop of QCM measurements. For ss-DNA mole- action was possible using QCM measurements, while quan-

cules (squares), the surface coggrastimated from frequency change was titati inf ti the final " b
more than 10 times overestimated for 1 M PBS buffer (closed squares). The ‘ative Information on the final surface coverage was ob-

overestimation was smaller for TE-~1 M NaCl buffer (open squares). For hy- tained using a complementafluorescence displacement
bridized DNA (circles), the overestimation was less than for single-stranded technique.
DNA. Hybridization buffers were TE-1 M NacCl (open circles) and 1 M PBS

(closed circle). Dashed line indicates that the surface densities measured bya 3. QCM study of hybridization with single-base
two independent methods are the same. The overestimation of QCM mea- .
mismatched target

surement was smaller for the double-stranded DNA.

In order to investigate the possibility of nonspecific ad-

. . o sorption, hybridization experiments with single-base mis-
apparatus as we did previou$83] or QCM study with dis- matched targets (TC-SPM-target Fable ) were con-
sipation factor analysis would be more useful to study this ducted. The melting temperaturBy, of probes hybridized
phenomena. with a perfectly matched sequence was predicted to be

Fluorescent displacement measurement was once moresgo s using the nearest-neighbor mof&5]. The Ty of the
utilized to quantitate the hybridation efficiency. Hybridized oligomer hybridized with a single-base mismatched target
double-stranded DNA tethered on an Au surface was re- (TC-SPM) was 48C. As shown irFig. 7, there was hardly
plgced by MPA and the fluorescent concenFration of the so- any change when the single-base mismatched target was in-
lution was measured. Thesults are summarized lable 3 troduced, while 25 Hz of frequency drop was observed when
As one can expect, the hybridization efficiency was strongly the perfectly matched target was used. The hybridization was
affected by the salt concentration and little by the type of the ggne at 38C.
buffer. _ ~ One can expect that the amount of hybridization would

Fig. 6 shows the comparison of surface coverage estl- increase as the hybridization temperature decreased, while
mated by a fluorescence-based method and by direct deducthe selectivity with which the probe can discriminate per-
tion from the frequency drop in QCM measurements. Itis fectly matched and single-base mismatched sequences
worthwhile to note that the overestimation was smaller for would decrease due to increased nonspecific hybridization.
double-stranded DNA than for single-stranded probe DNA. In order to decide the optimum hybridization temperature
This may imply that the structure of double-stranded DNA at which the hybridization signal is large enough to detect
film is more rigid and therefore less water is bound com- while the discrimimtion capability is not lost, we conducted
pared to relatively flexible and bulky single-stranded DNA. a series of hybridization experiments at various tempera-
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ture's. The 'result is shown iRig. 8 The nonspecific hy- 0 80 160 240 320 400
bridization increased under the hybridization temperature at Time (sec)
38°C, whereas the amount of hybridization did not decrease
significantly above 38C. Fig. 9. Hybridization kinetics with perfectly matched target (Panel A:
TA-PM-target) and single-base-pair mismatched target (Panel B: TT—
3.4. SPR study of hybridization with various kinds of SPM-target) were compared. A slower dissociation constant was observed
single-base mismatched target for the perfectly matched target. A sample of 45 pl of target solution with a

concentration of 100, 50, 25, or 12.5 fyipl from top to bottom lines, re-

. . . . spectively, was introduced on the SA-5 chip immobilized with probe DNA.
A Biacore 3000 instrument (Biacore AB) was utilized proken lines are for fitted data for the analysis of the kinetic constant.

to investigate the hybridization efficiency, depending on the
type of base pair mismatch. SA-5 sensor chips (research
. . .., Table4
grade, precoated with approximately 4000 RU streptavidin) gpp binding Kinetics data
and HBS buffer (10 mM HEPES pH 7.4, 0.15 M NacCl,
3.4 mM EDTA, 0.005% Surfactant P20) were purchased '29°ts Ka (1/Ms) Ka (1/9) Ka (/M) x 109
from Biacore AB. The SA chip has four independent fluid TA-PM 754 000236 82
. . . C TG-SPM 1200 595 20

channels (FC). The detglled optical configuration is shown +_gp\ 1290 ©208 62
elsewherd36]. All experiments were done at 3€ and the
flow rate was 30 yimin. The HBS buffer was adjusted to
have 0.5 M NaCl and used as a running buffer. Fig. 9shows the real-time monitoring data for hybridiza-

The bare chip was first washed three times with a 1 M tion with perfectly matched target (Panel A: TA—-PM-target)
NaCl+ 50 mM NaOH solution before each experiment to and single-base mismatched target (Panel B: TT-SPM-
remove any residual noncovalently bound streptavidin. For target). For kinetic analysis, experiments with different tar-
probe immobilization, 30 pl of probe solution with a con- get concentration were done. The kinetic constants were
centration of 100 fmolul was introduced to FC2 of the evaluated and are summarized Table 4 As expected,
sensor chip surface. We used the bare chip surfaces, strepthe binding amount at equilitum is higher when a higher
tavidin (FC1), as a reference to calibrate any nonspecific concentration of target wastioduced. Binding affinity for
bindings. A signal change of 581 RU was monitored for im- perfect matched hybridization (T-A binding) was about five
mobilized probes. Since 1000 RU (Resonance Unit) corre-times higher than that of T-T mismatched binding and
sponds to approximately 1 pgn? and the area of the fluid 15 times higher for T-G mismatched binding. For other
channel is 1.2 mf) the adsorbed amount is about 0.7 ng, kinds of mismatches, T-C and deletion mutations, the bind-
corresponding to 149 fmol. When we repeated the experi- ing amount were too small to evaluate kinetic data.
ments, the CV% of the adsorbed amount (RU) was less than  In Fig. 10 the binding data with different mutation types
0.5%. Meanwhile, the maximum adsorbed amount, 707 RU, were compared. As expected, the perfectly matched target,
was obtained when we introduced 330 pl of probe solution, T-A, showed the highest binding affinity; -G and T-T
which corresponded to 182 fmol 9102 moleg/cn?. mismatch showed some binding affinities, while T-C and

After probe immobilization was done, 45 pl of the run- deletion mutation showed smallest binding affinity. This ten-
ning buffer was introduced to wash out the nonspecific dency may be due to the stability of the mismatched du-
binding. For each hybridizatioexperiment, 45 pl of each  plexes and SPR is sensitive enough to distinguish these types
target solution with concentrations of 100, 50, 25, and of single-base mismatched duplexes. The results shown in
12.5 fmol/ul, respectively, was injected and then 45 pl of Fig. 10is very consistent with the prediction from the near-
running buffer was flowed to rinse possible nonspecific bind- est neighbors model. The melting temperature predicted by
ings. the nearest neighbor model was 58, 53, 50, anéiCi&r
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