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ABSTRACT

The adsorption of end-thiolated single- and double-stranded DNA on gold sur-
faces has been studied with particular attention to the dependence of the adsorption
density on the DNA base pair length. Quantitative understanding of probe immobi-
lization and target binding is crucial for improving the performance of hybridiza-
tion-based sensors and microarrays.
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INTRODUCTION

Single-stranded DNA (ssDNA) grafting and its hybridization on planar gold sur-
faces has been studied qualitatively [1]. Using gold (Au)-thiol chemistry, we extend
the study of single-stranded oligonucleotides grafting on planar gold to dou-
ble-stranded DNA (dsDNA) binding, and further to the investigation of binding
events on nanoporous gold (np-Au) structures. Nanoporous gold [2] is a promising
material for high-density DNA microarrays and biomolecular sorting tools. Along
with our modelling work, the findings provide a platform for rational design of DNA
sensors and DNA microarrays with higher probe binding capacity and hence higher
sensitivity.

EXPERIMENTAL

In order to create the planar gold surface, glass plates were cleaned with piranha
solution, subsequently rinsed with deionized water and dried with N, gas flow. Holes
were punched out on a 300 pm-thick PDMS film. The PDMS layer and the glass
were treated in oxygen plasma, and permanently bonded together. The exposed glass
surface was sputter-coated with 6.5 nm-thick Cr and 30 nm-thick Au layers. The
plastic mask above the PDMS layer was peeled to create gold patterns encircled by
the punched PDMS layer (Fig. 1a).

A microfabrication protocol was developed to produce samples with highly re-
peatable pore morphology (Fig. 1b). An array of gold-silver (Aug4Ago¢) alloy spots
was photolithographically patterned on silicon wafers. The substrates were then
scored with a dicing saw to produce identical chips that contained a AuAg spot, but
not yet broken into individual pieces. The AuAg patterns were dealloyed in concen-
trated nitric acid (65%) for 10 min at 85°C followed by a deionized water rinse. Fi-
nally, the substrates were broken into individual pieces. The np-Au spot thickness
was measured to be 355+6 nm with a low-force stylus profilometer. The average
porosity was 35.1£2.4% and the average pore diameter (with circular pore assump-
tion) was 68+3 nm.
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Figure 1. Sample fabrication for: a) planar gold and b) nanoporous gold surface.
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Following the sample preparation, grafting experiments were carried out on pla-
nar gold and np-Au samples using both thiolated ssDNA and dsDNA solutions. The
effect of DNA strand length on grafting density was investigated by repeating the
experiment for various DNA probe lengths (10, 20, 30, 40 base pairs). In addition,
hybridization experiments were performed with the grafted ssDNA to demonstrate
accessibility of the grafted DNA strands for hybridization.

RESULTS AND DISCUSSION

Due to its inherent stiffness, adsorption of dSDNA leads to vertical ordering, and,
hence, to a length-dependent repulsion between the molecules. A corresponding de-
crease in adsorption density with increasing base pair length has been observed. The
effect is stronger than a simple Onsager-type excluded volume model of the vertical
ordering process would predict (Fig. 2).
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Figure 2. Free energy of adsorption predicted by an Onsager excluded volume the-
ory as a function of surface coverage and vertical ordering parameter (left). Pre-
dicted equilibrium surface coverage as a function of dsDNA chain length (solid line)
and experimental data (dots) (right).

The dependence on DNA chain length is even more accentuated on nanoporous
gold (Fig. 3). Our results indicate that for short chain lengths (< 10 bp), a three-fold
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enhancement in grafting density of dsDNA can be achieved over flat gold surfaces.
Similar enhancements in grafting density of ssDNA and hybridization density were
also observed. Generally, longer DNA reduced binding density. dsSDNA molecules
yielded a lower grafting density than ssDNA. While binding density on planar gold
decreased steadily with increasing DNA length, np-Au samples displayed an abrupt
drop above ten base pairs.
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Figure 3. Experimental results for planar Au and np-Au surfaces: (a) ssDNA and
dsDNA grafting densities; (b) ssDNA hybridization density.

CONCLUSIONS

The end-grafting and hybridization of oligonucleotides on both planar and
nanoporous gold surfaces were quantified by fluorescence. The nanoporous gold
substrate exhibits higher binding density for ssDNA and for short dsDNA. The chain
length dependence of the adsorption density is more accentuated than on flat Au.
These features make np-Au a promising material for use as high-capacity microar-
rays and biomolecular sorters.
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