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Abstract: We have characterized thiol-derivatized, single-stranded DNAI&(CH)e-CAC GAC GTT GTA AAA

CGA CGG CCA G-3 abbreviated HS-ssDNA) attached to gold via a sutfymld linkage using X-ray photoelectron
spectroscopy (XPS), ellipsometry, a#@-radiolabeling experiments. We found that hybridization of surface-bound
HS-ssDNA is dependent on surface coverage. The buffer concentration of the HS-ssDNA solution was found to
have a profound effect on surface coverage, with adsorption greatly reduced at low salt concentration. More precise
control over surface coverage was achieved by creating mixed monolayers of the thiol-derivatized probe and a spacer
thiol, mercaptohexanol (MCH), by way of a two-step method, where first the gold substrate is exposed to a micromolar
solution of HS-ssDNA, followed by exposure to a millimolar solution of MCH. A primary advantage of using this
two-step process to form HS-ssDNA/MCH mixed monolayers is that nonspecifically adsorbed DNA is largely removed
from the surface. Thus, the majority of surface-bound probes are accessible for specific hybridization with
complementary oligonucleotides and are able to discriminate between complementary and noncomplementary target
molecules. Moreover, the probe-modified surfaces were found to be stable, and hybridization reactions were found
to be completely reversible and specific in a series of experiments where duplex melting was examined.

Introduction structures of bound probes and the impact of the surface on
hybridization reactions. It is interesting to note that, in spite

of the tremendous potential held by these new DNA technolo-
gies, little has been done in the way of physical characterization

Surface-confined DNA probe arrays are important in the
development of novel DNA sequencing and gene mapping
technologies:** A typical array-based sensor consists of f the surface species. For example, the struetfwaction
single-stranded oligonucleotides of different sequences, called g ationships of the immobilized probes on the surface have not

probes, attached to a surface, with the identity and location of e examined in great detail, nor has the role of probe coverage
each surface-bound DNA probe known. Miniaturized probe hybridization efficiency been rigorously examined.

arrays have been fabricated containing up to 135000 probes In this paper, we describe the use of alkanethiol self-assembly

. o ) )
with specific sequences confined to areas oh335 um or methods to fabricate DNA probe-modified gold surfaces with

less? Thg array is exposed to a fluorescently labeled or radio- known and reproducible probe coverages that exhibit high
labeled single strand of DNA of unknown sequence, a target, hybridization activity. In our approach, we precisely control

E:al; p(ijr_wdst.or hybri?izes t?t(r:]oTplemgnttary grobesth thg ?rriy'dthe surface coverage of thiol-derivatized DNA on the surface
ybridization reactions ot the tagged strands are then detecte by forming mixed monolayers of the thiol-derivatized probe and

usi_ng a fluorescence or radioimaging teghnique, the array lo- a spacer thiol, 6-mercapto-1-hexanol (MCH). The spacer thiol
cations of the tagged strands are determined, and the SequUeNnclas carefully chosen to minimize nonspecific adsorption of

of the. unknown strand is deduced. ) ) single-stranded DNA. Other investigators have employed thiol-
While DNA array-based technologies hold great promise for gerjyatized, single-stranded DNA to study hybridization reac-

rapid and accurate sequence determination and diagnosis ofjons on surfaces; however, the effect of probe coverage on

genetic diseases, surprisingly little is known about the surface hybridization reactions was not examined in great dé#l14

In this report, the two-component DNA/MCH monolayers are
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pieces (ca. 1.% 1.5 cn? for XPS and ellipsometry, 0.8 1.3 cnf for T T T T
the radiolabeling experiments) and cleaned by sequential sonication
for 15 min each in dichloromethane, methanol, and Millipore deionized
waterl® The silicon pieces were dipped in 10% HF immediately before
Au film deposition. The Au thin films were prepared by thermal
evaporation of 200 nm of Au onto a 10 nm Cr adhesion layer. The
Au substrates were cleaned in piranha solution (70%®t30% HO,)
before exposure to the sample solution€AUTION: Piranha solution

can reactviolently with organic materials, and should be handled with
extreme caution. Piranha solution should not be stored in tightly sealed
containers]

The DNA used in this study was synthesized by standard phos-
phoramidite chemistry and was generously provided by Joel Hoskins
(National Institutes of Health, Bethesda, MD). The thiolated single-
stranded DNA, abbreviated HS-ssDNA, is a 25-base oligonucleotide
with the following sequence: '5HS-(CH,)s-CAC GAC GTT GTA
AAA CGA CGG CCA G-3. The complementary single-stranded
DNA, abbreviated ssDNA-C, is a 25-mer with the following se-
guence: 5CTG GCC GTC GTT TTA CAA CGT CGT G-3 The 2.4x105 4
non-complementary control has the same sequence as the immobilized
probe without the HS-(Chs- attachment at the' ®nd. The mercap-
tohexanol was generously donated by Professor Cary Miller at the
University of Maryland, College Park, MD.

The HS-ssDNA surfaces were prepared by placing piranha-cleaned
Au in 1.0 M KHyPO, buffer solutions of DNA (pH 3.8), unless
otherwise stated. Mixed monolayer surfaces containing HS-ssDNA 2.3x105 T T T T
and MCH were prepared by immersing the clean gold substrate in a 410 405 400 395 390
1.0uM solution of HS-ssDNA for a specific amount of time, followed Binding Energy (eV)
by a 1 hexposure of the sample to an aqueous solution of 1.0 mM ) o .
MCH. Before analysis or hybridization, each sample was rinsed Figure 1. XPS N 1s spectra of thiol-derivatized and non-thiol-
thoroughly with deionized water. derivatized ssDNA before (solid lines) and after (triangles) exposure

Hybridization activity of the HS-ssDNA immobilized on gold was to MCH. Posttre_atmeqt w_ith MCH results in displacement of nearly
determined usingP radiolabeling. Complementary and noncomple- all of the non-thiol-derivatized DNA, but only a small amount of the
mentary DNA oligonucleotides were radiolabeled witR® using T4 surface-bound HS-ssDNA.
polynucleotide kinase ang 32P ATP (3000 Ci/mmole) from New
England Nuclear (Boston, MA¥. Hybridization was performed at 24 ~ DNA exhibit no XPS-detectable nitrogen; we therefore conclude
°C for 90 min inTE —1 M NaCl (10 mMTris—HCI, 1 mM EDTA, that any observed N 1s signal originates exclusively from the
1 M NaCl). After hybridization, samples were rinsed in 1 mL of TE nitrogen-containing purine and pyrimidine bases of DNA.
eight times, ten seconds each rinse. Samples were air-dried beforeFyrthermore, the relative amounts of adsorbed DNA for different
imaging. Hybridization of the surface-bound probe with its complement samples can be determined by comparison of N 1s peak areas.
was monitored by obtaining radmumages with t.he Fuji Bio-Imaging The XPS N 1s data for HS-ssDNA and the ssDNA are shown
Analyzer Model BAS 2000 The spatial resolution of this imaging . . . S
instrument is 10Qem. in F|gure 1. The N 1s peak area of the non-thiol-derivatized

NA is approximately 50 to 60% of that measured for adsorbed

XPS spectra were obtained with the surface analysis system describe S .
inref 15. An Al anode operated at 240 W was used to generate X-rays. S-ssDNA, indicating that more ssDNA is adsorbed when the

A hemispherical analyzer was operated at a band pass energy of 1088SDNA molecule is derivatized with the thiol functionality. The
eV, with the entrance aperture aligned with the surface normal. higher intensity of the N 1s signal for HS-ssDNA is evidence

Ellipsometric data were obtained on a Rudolph Research ellipsometerthat the strong thietgold interaction drives the adsorption of
(model 43603-200E) equipped with a Hile lasef® The angle of HS-ssDNA to higher coverages, compared to the non-thiolated
incidence was 70from the surface normal, the beam spot size was DNA. There is a significant amount of DNA adsorption for
approximately 2 mrf) and the refractive indexyj of the adsorbed  the nonderivatized oligonucleotide, however, suggesting that
thiolated DNA was assumed to be 1.45. Thickness values were gspNA will interact with and adsorb on the surface when no
obtained by averaging three measurements per sample. thiol group is present. It is interesting to note that the
nonderivatized DNA is adsorbed strongly on the surface; it is
not removed by extensive rinsing with buffer or water, or heating
Ideally, the thiol-derivatized DNA molecules interact with the gold surface to 75C. On the basis of the presence of the
the surface exclusively through the sulfur atom of the thiol non-thiol-derivatized DNA on the surface, the possibility of
group. It is possible, however, that the nitrogen-containing interaction of purine and pyrimidine bases with gold surfaces
nucleotide side chains interact directly with the surface. To cannot be ruled out. We speculate that the nucleotide side
determine whether HS-ssDNA is adsorbed “specifically” through chains play a role in the adsorption of DNA, and at least initially,
the sulfur atom or “nonspecifically” through the nucleotide the nucleotide side chains may be interacting directly with the
bases, or some other functionality of the DNA, XPS data from surface. That is, the molecule may adsorb on the surface first
the thiol-derivatized DNA (HS-ssDNA) and the non-thiol through the nitrogen-containing bases, and then may reorganize
derivatized DNA (ssDNA) were obtained and compared. We on the surface, with the thiol group becoming the primary or
have found that the presence of the N 1s peak in the XPS datamost important point of attachment.
is a reliable indication that DNA is adsorbed on the surface. Ellipsometry was used to determine an equivalent thickness
Bare gold samples exposed to buffer solutions containing no for the HS-ssDNA film on gold. In calculating thickness values,
a simple model is assumed of uniform film thickness and

(16) Certain commercial products and instruments are identified to refractive index § = 1.45). Ellipsometry on the HS-ssSDNA
adequately specify the experimental procedure. In no case does such, ' :

identification imply endorsement by the National Institute of Standards and 1IIM in air gives a HS-ssDNA film thickness of 33 2 A.
Technology. If the DNA 25-mer molecules were adsorbed on the gold
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through the thiol functionality and stretched to full length, we 5.9x108 v T y T T T y T
would expect an equivalent film thickness of greater than 160 . N 1
A,17 approximately 5 times the measured value. Because the | HS-ssDNAin 1.0 MKH, PO, S

ellipsometric data give a HS-ssDNA film thickness of ap-
proximately 20% of the expected maximum thickness, we
conclude that the HS-ssDNA monolayer is not a tightly packed 5.8x10%
monolayer, and that the DNA chains are not oriented perpen-
dicular to the surface.

As a means of measuring how strongly bound the HS-ssDNA
and non-thiolated ssDNA molecules are to the surface, a series
of displacement experiments were designed where both HS-
ssDNA and ssDNA surfaces were exposed to an aqueous
solution of 1 mM mercaptohexanol (MCH) for 1 h. The XPS
N 1s data obtained after posttreatment with MCH for both HS-
ssDNA and ssDNA samples are shown in the scatter plots in
Figure 1, along with the XPS data obtained before MCH
exposure. Itis apparent that both HS-ssDNA and non-thiolated
ssDNA coverages are altered by posttreatment with MCH. The
N 1s peak obtained from the HS-ssDNA sample is slightly less
intense than that observed before exposure to MCH, indicating
that a small amount of HS-ssDNA has been removed or
displaced from the surface. A more dramatic difference between
the “before” and “after” XPS data for the non-thiolated ssSDNA
is observed. Nearly complete displacement of the non-thiolated Lo
DNA occurs after exposure to MCH. The significance of these Binding Energy (eV)
experiments is 3-fold. First, it is clear that the HS-ssDNA Figure 2. XPS N 1s data obtained from 1:M HS-ssDNA in pure
molecule is adsorbed through the sulfur atom, as the HS-ssDNAwater and in 1.0 M KHPO,. No HS-ssDNA adsorbs on the surface
is not displaced by MCH posttreatment, in contrast to what was from an agueous solution of HS-ssDNA when no buffer is present.
observed for the non-thiolated ssDNA. Second, posttreatment
with MCH results in removal of nonspecifically bound, single-
stranded DNA. Third, we infer that the majority of the HS- 1.0 u
ssDNA molecules are anchored to the surface through the sulfur u
group. In effect, the HS-ssDNA molecules are raised off the
surface by MCH posttreatment to a surface conformation where
they are bound solely by the sulfur atom.

The role of buffer concentration (in this case, ¥#0,) and
its influence on adsorption of HS-ssDNA on gold were also
explored. Shown in Figure 2 are XPS data obtained from
samples immersed in 1M HS-ssDNA solutions, prepared
either in pure water or in 1.0 M KHPO, buffer. For the HS-
ssDNA solution prepared in pure water, essentially no N 1s
peak is observed, indicating that HS-ssDNA dissolved in water
does not adsorb on gold. In contrast, a relatively intense N 1s
peak is observed when a sample is exposed to aNl.8olution
of HS-ssDNA prepared in 1.0 M KO, buffer. To explore
further the role of buffer concentration on adsorption of HS- ' . . ' .
ssDNA, XPS data from a series of samples exposed ta!¥.0 0.0 0.2 0.4 0.6 0.8 1.0
HS-ssDNA solutions prepared in different concentrations of [KH PO ]
KH2PQO, buffer were obtained. The normalized N 1s peak areas z 4
obtained from this series of samples are plotted as a function Figure 3. Normalized XPS N 1s peak areas plotted as a function of
of KH,PO, concentration in Figure 3. The XPS N 1s peak area Puffer concentration of the 1,0M HS-ssDNA solution.
for buffer concentrations of 2. 1074to 1.0 M KH,PQ, grows
5-fold as the buffer concentration is increased, evidence that
the buffer concentration plays a critical role in adsorption of
DNA. The data suggest that maximum HS-ssDNA coverage
is achieved when the KiPO, concentration is greater than 0.4
M. The importance of ionic strength in determining surface
coverage of DNA is not surprising, given that HS-ssDNA is a
negatively charged molecule with 25 ionizable phosphate
groups. We postulate that intermolecular electrostatic repulsion
between neighboring strands of DNA is minimized under the
high ionic strength conditions, as the charged strands are bette
electrostatically shielded, thus allowing higher surface coverages

5.7x10% -
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Hybridization activity of the sample with the highest HS-
ssDNA coverage was investigated by exposing the sample to
its radiolabeled complement. No signal from the radiolabel was
measured, indicating that hybridization did not occur. We
conclude that hybridization on this surface is inhibited due to
steric and electrostatic factors. The complement cannot access
the surface-bound HS-ssDNA, as the molecules on the surface
are too tightly packed. In addition, the dense packing of these
charged phosphate groups likely electrostatically inhibits the
,approach and binding of the similarly charged complement.
To allow hybridization, a strategy was adopted to vary the

of HS-sSDNA coverage of surface-bound, single-stranded DNA by the forma-
' tion of a two-component monolayer consisting of HS-ssDNA
(17) Peterlinz, K. A.; Georgiadis, R. M.; Herne, T. M.; Tarlov, M.JJ and a spacer thiol molecule, MCH. Schematics of the pure HS-

Am. Chem. Sod 997 119 3401-3402. ssDNA surface and the two-component surface are shown in
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exposure time to HS-ssDNA. The amount of HS-ssDNA on the surface
Figure 4. Schematic of (A) HS-ssDNA on Au and (B) both HS-ssDNA ~ can be controlled by varying the exposure time.

and MCH adsorbed on gold. . o
Table 1. Data Obtained from Radioimages of HS-ssDNA/MCH

Monolayers Exposed t&#P-Radiolabeled Complement

Figure 4, parts A and B. Before exposure to MCH, we speculate — — - -
that the HS-ssDNA molecules interact with the surface through timein — time in P-radiolabeled

- i i b

both the nitrogen-containing nucleotide bases and the sulfur sample HS(;?SNA '(\Amcl:r']_; (égairt':;é% (molgc’:lflbés/cr?)
atom of the thiol group. After exposure to MCH, we predict bare A 00 00 6836.83 3.1 6.0.03)x 107
that the HS-ssDNA molecules are adsorbed on the surface " ¢ Y ' : 1 60.03)x 10

. > 1 0.0 60 648 2.9 &0.4)x 10

through the sulfur atoms, and the nucleotide bases do not interacty 025 60 77328 3.5 (£0.1)x 101
with the surface. MCH was selected as the spacer thiol for 3 1.0 60 4018: 64 1.8 (-0.03) x 102
three reasons. First, it was determined by XPS that nonspecific 4 5.0 60 881894 4.0 ¢-0.04) x 10
binding of DNA on a SAM of MCH does not occur. Thatis, 2 10.0 60 7064: 84 3.2 (£0.04)x 1012
if we form a pure MCH monolayer, DNA will not adsorb on 8 32.5 60 762787 3.4 (:0.04)x 1012
. 7 60.0 60 849192 3.8 (£0.04)x 10
the hydroxy-terminated surface of the MCH monolaffer. g 120.0 60 1262% 112 5.7 (£0.05)x 10%2
Second, MCH is soluble in aqueous solutions. Third, the g9 240.0 60 11418 107 5.2 ¢-0.04) x 102
6-carbon chain of MCH is the same length as the methylene 10 1313.0 60 976499 4.4 ¢0.04) x 10%?

group spacer in HS.'SSDNA’. and is not long enough to interfere 2The intensity is obtained by totaling the number of counts in a

with the hybridization reactions of surface-bound DNA. circle of area 0.11 cfn® Calculated by comparing the number of
Mixed HS-ssDNA/MCH monolayers of varyving coverage photostimulated luminescence counts measured on the gold substrates

Y ying g b : ;

were formed by a two-step process. First, clean bare gold was!© @ radioimage chta'ned 01; a Sp0t|35P radiolabeled DNA of known

immersed in a 1.tM HS-ssDNA solution in 1.0 M KHPO, concentration® MCH control sample.

for a specific amount of time (referred to here as “exposure

time”), followed by rinsing with water. Second, the HS-ssSDNA-

treated surface was placed in a solution of 1.0 mM MCH - e
. . . and a pure MCH monolayer to solutions containing #fe-
dissolved in pure water for 1 h. A series of HS-ssDNA/MCH radiolabeled complement. The bare gold and pure MCH

;urfaces were prepared_ by the above method_, with eXposuresamples serve as controls which monitor nonspecific adsorption
times ranging from 1 min to 21.9 h. The relative amount of

HS-ssDNA on the surface was determined by measuring theOf the radiolabeled target. In addition, a second set of identically

. repared surfaces was exposed to a different radiolabeled oligo-
XPSN 1s _peak areas. The normalized N 1s_peak areas plo_ttecﬁucleotide that was not complementary to the surface-bound
as a function of time in the HS-ssDNA solution are shown in

Fiqure 5. The N 1 K intensity incr with ex re tim probe. This set of samples was used to measure nonspecific
. non ific hybridization between mismatch ligonucleotides.
the surface and the exposure time. The amount of HS-ssDNA onspecific hybridization betwee smatched oligonucleotides

i h . £ 240 mi ith furth Hybridization or adsorption of thé?P-radiolabeled comple-
appears 1o réach a maximum at 244 min, With Turther €xposure .o o+ 1, 4s-ssDNA-coated substrates and the control samples
resulting in little additional adsorption. This result is qualita-

ivel istent with th | p tion kineti b d appeared to be uniform in the radioimages. That s, bare patches
uvely ;:on5|s|en Wi € monolayer (irma lon mtEEIi(':S ObServed o clumping of the radiolabeled oligonucleotides on the surface
In surface plasmon resonance Spectroscopic studies. was not observed down to a level of 1@0n, the lateral

To assess the optimal coverage for hybridization, a series of jeso|ution of the imaging plate. The pure MCH sample, sample
surfaces with varying HS-ssDNA coverages were exposed 10 1 jj Taple 1, had very little of the radiolabeled target molecule

separate hybridization solutions containing the radiolabeled poyng to it. This result is consistent with our XPS studies, in
complement for 90 min, and then rinsed with TE buffer. \hjch we found that HS-ssDNA and the non-thiol-derivatized
(18) Herne, T. M.; Tarlov, M. J. We have determined, using XPS and DNA will not adsork_) _on MCH.SA.MS' In contrast, the bare
P radiolabeling techniques, that ssDNA molecules will not adsorb on MCH gold substrate exhibited a significant amount of adsorbed
SAMs (unpublished results). radiolabeled complement. This is not surprising, given that we

Summarized in Table 1 are results from this set of experiments,
along with results obtained from exposing a bare gold substrate
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have observed nonspecific adsorption of non-thiol-derivatized ment. Hybridization occurred as expected, as indicated by the
oligonucleotides on gold using XPS (see Figure 1). For the presence of radioactivity from the hybridized complement on
HS-ssDNA/MCH-coated surfaces, hybridization was evidenced the surface in radioimages we obtained. The samples were then
by the binding of the radiolabeled probe to the substrate. As placed in TE buffer solution and heated to°T0) a temperature
the HS-ssDNA coverage increases, the amount of radiolabeledwell aboveT,. Nearly all of the radiolabeled complement is
probe on the surface is observed to increase, reach a maximumremoved from the surface after the sample is heated ttC70
and then decrease. The greatest number of hybridization eventsndicating melting of the duplexes. These two samples were
occurs on sample 8, which corresponds to an exposure time ofthen re-exposed to either the complementary or the noncomple-
120 min. At higher HS-ssDNA coverages (exposure times mentary radiolabeled probes. It was clear from the radioimages
>120 min), we observe a decrease in the number of hybridiza- we obtained that the complementary ssDNA-C hybridized with
tion events. We attribute the decrease in the number of duplexesthe surface-bound HS-ssDNA (not shown). Furthermore, there
formed on the surface for higher coverage samples (samples 9vas no measurable duplex formation or nonspecific binding of
and 10) to steric and electrostatic hindrances arising from the the radiolabeled noncomplement to the second substrate. There
more tightly packed DNA monolayer, as described earlier. are two reasons for exposing the HS-ssDNA-coated surface to

It is clear from the hybridization experiments that the optimal the noncomplementary probes. First, if the increase in tem-
surface coverage for maximizing the number of hybridization perature has resulted in desorption of HS-ssDNA or MCH from
events is that obtained for the 120 min HS-ssDNA exposure the surface during the melting experiment, the radiolabeled non-
sample. For this work, we define the hybridization efficiency complement may adsorb nonspecifically to the now bare spots
as the percentage of surface-bound probes undergoing hybrid-on the gold surface. In this scenario, the resulting image will
ization with the radiolabeled target. The coverage of surface- be “hotter”, i.e. have more probe attached to the surface, than
bound probes in a similarly prepared HS-ssDNA/MCH mixed was observed for the sample exposed to noncomplementary
monolayer before hybridization was measured by SPR to be DNA before the melt experiment. Second, we want to confirm
5.2 0.8) x 102 molecules/crhl? To estimate the hybridiza-  that the surface-bound HS-ssDNA has not lost its specificity,
tion efficiency on this surface, a known volume and concentra- and can still discriminate between complementary and noncom-
tion of radiolabeled DNA was spotted on filter paper and plementary sequences. We thus conclude that the HS-ssDNA/
exposed to the imaging plate, from which the numbe??Bf MCH system exhibits adequate temperature stability and good
labeled molecules/radioactive count was obtained. This numberreversibility and selectivity for surface hybridization reactions.
was then used to determine the number of radioactive target
molecules/cri that are either hybridized or adsorbed on the
surface. For sample 8, we calculate that 5£0.05) x 102 In summary, we have shown that thiol-derivatized, single-
molecules/crhof the 32P radiolabeled probe are present on the stranded DNA probes on gold surfaces are capable of hybridiza-
surface. The hybridization efficiency of the HS-ssDNA/MCH tion with complementary DNA. From these experiments, we
monolayer on sample 8 is then estimated to be ca. 100%. Inconclude that controlling the surface coverage of DNA is an
surface plasmon resonance (SPR) spectroscopic studies of thénportant factor in maximizing hybridization efficiency. We
HS-ssDNA/MCH two-component monolayers, hybridization have found that precise control over probe surface coverage can
efficiencies as high as 60% are reporte® The different be achieved by creating mixed monolayers. Perhaps an even
hybridization efficiencies calculated here and in the SPR work more important finding is that the DNA components in the
are most likely a result of slight differences in sample prepara- mixed monolayers formed by our method are adsorbed on the
tion.2® We note that the hybridization efficiency values obtained surface primarily through the sulfur group, with few if any of
for the HS-ssDNA/MCH two component monolayer are much the surface bound probes nonspecifically adsorbed on the
higher than have been reported for other surface-bound DNA surface. We believe that this attribute is responsible for the
systems. For example, for the two surface-bound probes high hybridization efficiencies observed for the HS-ssDNA/
(ACTG)s and Go on silica substrates, Lee et al. report that only MCH system. Other factors that may effect hybridization
3.3% and 7.7% of the immobilized probes, respectively, are efficiency, such as the length of the methylene spacer between
available for hybridizatiof. Maskos and Southern reported the thiol group and the DNA, are currently being studied. The
hybridization yields of 4 to 13% for oligonucleotides chemically effect of surface immobilization of the duplex dn, is also
bound to glass beadsFinally, we add that a negligible amount  being examined. The high hybridization efficiency measured
of the noncomplementar$?P-radiolabeled target adsorbed on for single-stranded DNA attached to gold with this mixed
the control set of identically prepared HS-ssDNA/MCH samples. monolayer strategy is evidence that thiglold self-assembly

We have also investigated the melting behavior of the surface- methods may hold promise in constructing multicomponent
bound duplexes and the reversibility of hybridization at the DNA arrays.
surface. DNA duplexes separate into single-stranded DNA, or
unzip, at temperatures aboVg, the melt transition temperature.
Upon heating the surface-bound duplex abdyg we expect
the duplex to melt, and the radiolabeled complement to diffuse
from the surface, leaving behind the surface-bound HS-ssDNA.
The original probe-covered surface should then be regenerated . . 8 .
and capable of hybridizing with complementary DNA again. Res_earch,_ ROCkV'”?’ MD) for his expert assistance in the
For the 25-mer used in these studies, we estimate a solTion radiolabeling experiments. We would also like to thank Dr.
of 51°C.2° Two surfaces were prepared that had been exposedStanley .Abramovyltz of the Advanced Technology Program ‘."‘t
to HS-ssDNA for 1 h, followed 1 h of posttreatment in MCH. the National Institute of Standards and Technology for his
Both surfaces were then exposed to the radiolabeled comple-S“pport'

- - - JA9719586
(19) The samples in the SPR experiment were prepared by forming the
HS-ssDNA monolayer on gold over a period of 8 h, followed by a 14 (20) From: Meinkoth, J.; Wahl, GAnal. Biochem1984 138 267—
h exposure to kM MCH. The longer posttreatment in MCH may resultin ~ 284.T, = 81.5+ 16.6(log (N&)) + 0.41(% G+ C) — 0.61 (% formamide
a less-than-optimized coverage of HS-ssDNA. present)- 500L, whereL = the length of the shortest chain in the duplex.

Conclusion
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