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Kinetic Control of Hybridization in Surface Scheme 1.0ligomer Nomenclature and Sequence
Immobilized DNA Monolayer Films Scheme 1: Oligomer nomenclature and sequence
Name Sequence
i o*
A. W. Peterson, R. J. Heaton, and R. Georgiadis 25thiol HSC6-AGA TCA GTG CGT CTG TAC TAG CAC A -3’
Boston, Massachusetts 02215 18high 3’- AC GCA GAC ATG ATC GTG T -5
Receied May 5, 2000 18low 3°- TCT AGT CAC GCA GAC ATG -5’
. _ o ’ 25mis 3’- TCT AGT CAC ACA GAC ATC ATC GTG T -5
The kinetics of DNA oligomer hybridization to form duplex 25contro 3 AGA TCA GTG CGT CTG TAC TAG CAC A -5°
DNA in which one strand is immobilized on a surface are crucial
to a wide range of research areas including work on DNA driven
assembly of nanoparticleand biosensor arrays,however, few All solutions were prepared using Nanopure (18Mesistance)
studies have measured the rate of hybridization for surface boundpurified water. NaCl was obtained from Fisher (A.C.S. grade);
oligomers by surface plasmon resonamedluorescencé;” or Tris, Tris HCI, and disodium ethylenediaminetetraacetic acid

other techniquesIn this communication we show that the kinetics (EDTA) were obtained from Sigma (Reagent grade). All custom

of hybridization are extremely sensitive not only to the degree of DNA oligomers were obtained from Synthegen (reverse phase
mismatch but also to the position of hybridization relative to the HPLC purification) and stored in 100 ng aliquots as a frozen solid

surface. The kinetic data are compared to thermal dehybridizationuntil used.

experiments performed for both surface immobilized duplexes  For the kinetics and melting experiments, salt solutions of 1.0

and for duplexes in homogeneous solution. M NaCl and 0.1 M NaCl were buffered with Tris EDTA (pH
Scheme 1 shows the thiol derivatized DNA probe (row 1) and 8.0, 10 mM Tris, and 1mM EDTA). Double-stranded dsDNA
underivatized DNA targets (rows-) used in this study. thiol, used for the fabrication of the immobilized dsDNA thiol

Note that the 18low and 18high targets are complementary to monolayer film, was prepared in 1.0 M NaCl (TE buffer) by
the 25thiol probe at the first 18 and last 18 base pairs, respectively.combining two single-stranded oligomers, 25thiol and 25comp,
These targets form duplexes with the 25 thiol probe which have at room temperature in a 1:1 stoichiometic ratio. UV absorbance
equivalent thermodynamic stability but differ in the position of of the mixture confirmed that duplex formation is essentially
hybridization. Two other targets, 25comp and 25mismatch, are immediate at room temperature.
identical except for the presence of two base pair mismatches at The monolayer dsDNA thiolate film was prepared by exposure
the 10th and 18th base pair of the strand, and will form duplexes ¢ freshly piranha cleaned gold toM dsDNA thiol in 1.0 M
with substantially different thermodynamic stability. The 25control Nacl TE buffer (pH 8.0) solution for 10 h. Heating produces a
target (same sequence as the probe) is entirely noncomplementarsspNA thiol film used as the substrate for all subsequent

To make quantitative comparisons, all kinetics experiments hypyridization experiments. Surface hybridization experiments were
were performed on the same immobilized ssDNA probe film. The performed by exposing the immobilized ssDNA thiolate (probe)
film is robust enough to survive a series of successive thermal fijjm to 1 uM solutions of the target DNA in 1.0 M NaCl (TE
dehybridization experiments while maintaining surface coverage pyffer) for at least 10 h. Dehybridization of the surface im-
and binding specificity. The ssDNA film has been characterized mgpilized dsDNA was achieved by heating in 0.1 M NaCl (TE
previously!*> Multiple runs of the same target were repeated pyffer) from 20 to 8C°C and then cooling to 26C at a rate of
intermittently throughout the series of hybridization experiments g 3 °C/min. Between runs, immobilized probe film was rinsed
as were the control experiments to test for nonspecific. adsorption.with both 1.0 M NaCl (TE buffer) and 0.1 M NaCl (TE buffer).

In these, the probe surface was exposed touM0solutions of All melting curves for homogeneous solutions of dsDNA were
the fully noncomplementary sequence (25control target) in 1.0 gptained from circular dichroism spectroscopy (Aviv Model
M NaCl (TE buffer) for several hours. No adsorption or 26DS) at similar heating rates and solution concentrations.
hybridization occurs. Kinetic Studies. Figure 1A shows a plot of the hybridization

The experimental setup of the two-color SPR apparatus and inetics for three different target oligomers (25comp, 18 high,
the procedures used for the measurements have been describeg,4 1g low) binding to the immobilized 25thiol probe. At 0.5 h,
previously91°Here, the gold substrate is evaporated directly o nypyridization efficiencies for the 25comp and 18high targets
onto a hemi-cylindrical SF-14 prisnm (= 1.79). The PTFE flow 16 the same when the SPR response is scaled to account for the
cellis attached to a programmable Neslab (RTE-111) water bath gitference in mass of the targets: the hybridization efficiency is
which varies the cell temperature from 20 to®D The solution 25—35% in both cases. However, the hybridization efficiency for
temperature is detected independently by a thermocouple in they,q 1gjo\y target is substantially suppressed relative to the response
cell and the temperature at the surface of the gold is confirmed ., 18high, a target with essentially equal molecular mass and,

using critical angle measuremerits. when hybridized to form a partial duplex with the 25thiol, identical
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values for the 18high and 18low targets are 10 andd Bower

104 A 25 comp | B 25 comp ” than T, for the 25comp target, respectively, consistent with the
o expected lower stability of the partial duplexes relative to the
> 4 Qg%%;%% full complementary 25-mer duplex. W|th|n.the error in the
o &5 measurementi{4 °C), theT,, for surface melting of the 18low
3 é“% is the same as that for the 18high target case.
b 2 a The effect of mismatch can also be seen in the SPR surface
£ N & %[ﬁwn dehybridization experiments which show tHat for the 25mis
2 ) target is at least 8 deg lower thdp, for the 25comp target (the
2 ik 25 mismatchH fully complementary sequence) in agreement with theoretical
% | 8 predictions and with the solution phase results.
P : _: Discussion and ConclusionsWe find that the kinetics of

‘ hybridization are sensitive to the thermodynamic stability of the

1

00 01 02 08 04 05 00 01 02 03 04 05 duplex (presence of base pair mismatches) as well as to the
position at which hybridization occurs along the immobilized
strand. The first result is not surprising. To understand the latter
Figure 1. (A) Comparison of hybridization kinetics for the 25thiol  result we consider both thermodynamic and kinetic aspects of
immobilized probe film as a function of target oligomer length and binding surface hybridization reactions. We have found that surface bound
location. Data are shown for probe oligomers 25comp (circles), 18high duplexes are generally less stable than the same species in homo-
(squares), and 18low (triangles) foruM ssDNA in 1.0 M NacCl (TE geneous solution, as shown by the depressed melting temperature
buffer). The data, relative coverage calculated from analysis of full SPR gphserved in SPR melting experimeftThis may be due to
angular reflectance curves, are averaged for multiple runs and are shownyeqyced availability of binding sites and/or differences in the
here for the first 0.5 h. (B) Comparison of hybridization kinetics on the ¢4 tion dielectric constant, ionic strength, or pH relative to bulk
same probe film for target oligomers 25comp (circles) and 25mismatch o), iion_ |t is possible that this reduction in duplex stability is
(Zﬁﬂﬁ‘relss)'hi’gf;erlgIgwthgn36|§g\rﬁs‘§zgﬁgreefpé(’:t?\};?; OA'?tse’r ir;d ho.zhfeor most pronounced' for the first few base pajrs of the' immo.bilized
relative coverage for the 18low probe oligomer reaches the same Ievelgglplexk.on,? pO.SS|bee eé(plallﬁtlon f%r the d_lfference |nt18h|gh aT‘d
as for the 18high (not shown). ow kinetics is based on thermodynamic arguments assuming
that the duplex formed by the 18low target is more destabilized.
However, this explanation is not consistent with the SPR thermal
melting experiments which show no difference in thermodynamic
stability for these two surface immobilized partial duplex&s (
values within error£4 °C) nor with fact that similar coverages
are observed for these two probes at long tintesQ h).

The more likely explanation is based on kinetic arguments.
The current view of duplex formation for short oligonucleotides
is nucleation followed by helix zippintf. The same pathway is
accessible for the surface-immobilized DNA, except that only one
end of the probe DNA is easily available to form the initial
nucleation site for hybridization. For the case of 18low target,
the first 6 base pairs on the end of the 25thiol probe DNA are
noncomplementary to any other span of 6 consecutive base pairs
of the target sequence. Thus, for the probe to hybridize at the
purface, it must first penetrate further into the DNA film compared
with the 18high target. Although the surface coverage of the
immobilized ssDNA probe is relatively low (less than about 20%

Time (hours) Time (hours)

value as that for 18high although the process takes abotut40
h (not shown).

A comparison between the 25comp and 25mismatch hybridiza-
tion kinetics is shown in Figure 1B. The large difference in the
kinetics of hybridization reflects the difference in the thermal
stability due to the presence of base pair mismatches in the
25mismatch oligomer.

Solution Phase Dehybridization Measurement.Solution
phase dehybridization experiments measured by circular dichroism
spectroscopy were conducted on both unfunctionalized dsDNA
duplexes and on duplexes in which one of the oligomers is
functionalized with Gthiol covalently attached at thé position.

We find that the melting transition temperaturg,, for the
thiolated dsDNA is suppressed by a few degrees4(2C)
compared to the nonthiolated duplex of the same sequence an
length. Regardless of the presence of thiol functionality, our

measurements show that the valuesTgffor the two partial
duplexes (18high or 18low target hybridized to probe) are identical of th_at calculate_d fora m°”°'ayef of clos_e-_packeq dsDNA at the
maximum packing density for duplexes), it is possible that lateral

in homogeneous solution. Theoretical predictions place the value. . ’ L
of T forg both partial duplexes at 10 ol? TZ lower I?hanTm of interactions with nearby probe DNA molecules affect the kinetics.

the fully complementary 25mer duplex, depending on which The effect of surface coverage will be explored in fu.ture. work.
algorithm is used? We have used SPR spectroscopy to follow the kinetics and

Surface Dehybridization MeasurementsIn previous work, melting of DNA oligomers immobilized in monolayer films and
we have demonstrated that surface dehybridization of monolayershow that the kinetics of hybridization are very sensitive not only
dsDNA films can be measured by temperature-dependent in-situt0 the presence of base pair mismatches but also to the location
SPR spectroscopyand that the value oT,, for immobilized at which the hybridization occurs along the immobilized strand.
duplexes is suppressed relative to that in free soluion. In this study,
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