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A novel method for creating and interrogating dSDNA micro- Figure 1. (A) Disulfide-modified double-stranded 26-mer containing the
arrays suitable for screening protein:dsDNA interactions is recognition sequence (in bold) specific 8coR1. X-ray crystallography
described. Our strategy combines the ease of self-assemblegredicts the lengths of 8.8 and 4.4 nm for the intact and cleaved
monolayer technology with the ability of the atomic force oligonucleotides in their B-conformatidhrespectively. Each 26-mer was
microscope (AFM) to detect changes in surface topography at alabeled with fluorescein (F*) at thé-&nd for use in optical verification
subnanometer length scale. The methodology involves the directof sequence specific cleavage. The “T” on end of théh®l-modified
deposition of double-stranded oligonucleotides (Figure 1A) oligonucleotide was the “dummy base” used to make tha@ification.
synthesized by exploiting the high efficiency of off-chip phos- (B_) Conceptualized topographic change after exposure of dsDNA
phoramidite chemistry to (1) contain asymmetrically substituted Microarray toEcoR1.
disulfide functionalitiewhich direct their self-assembly onto gold
in a single step,(2) include a recognition sequence specific to a patterned surface to a dsDNA solutioand coats the exposed
given restriction enzyme, (3) position the recognition sequence regions of gold with a mixed monolayer through cleavage of the
within the duplex such that enzymatic cleavage results in a disulfide linkagé?® attached to both duplex strands (Figure 1A).
topographic change readily detectable by AFM (Figure 1B), and Step 5 exchanges a portion of immobilized dsDNA with a short
(4) contain a fluorescent tagositioned above the recognition ~ chain alkanethiol (i.e., HO(CBSH, (MCH))? This step reduces
sequence to optically verify cleavage. The as-assembled arraysluplex density, a key factor in increasing enzymatic accessibility
are further modified by exchange with a short chain fiab to specific recognition sequences within individual addresses (see
decrease duplex density. Taken together, these steps form arpelow)®
adlayer in which the spatial orientation and packing density of  Figures 2 and 3 present in situ AFM topographic images and
dsDNA are well suited to function as microarrays for protein cross-sectional plots that demonstrate the diagnostic capability
screening. of our strategy. Figure 2A shows an image for an array comprised

We have adopted a five-step microarray fabrication process of double-stranded 26-mers containing a recognition sequence
that draws on concepts presented in our reports on height-basedpecific for the enzym&coR1 (Figure 1A). The 8.8 1.5 nm
immunoassaysand on modifications to a strategy for the self- (n=5) difference in height between grid and square regions agrees
assembly of ssDNA onto goRiBriefly, step 1 forms a thiol- with the X-ray crystallographic prediction of 8.8 nm for a double-
derived (CR(CF.,)7(CH,),SH) fluorinated monolayer on gold  stranded 26-mer in its B-conformatidhThis result demonstrates
which serves, after photopatterning, as an internal reference plandhat our approach effectively immobilizes dsDNA with its strands
for the detection of topographic changes; its low surface free extending along the surface normal.
energy also minimizes nonspecific adsorptibrStep 2 is the Figure 2B shows an image for an array after digestion with
photopatterning process whereby a metallic grid (hole size: 7.5 EcaR11? Importantly, the difference in height between dsDNA
um, grid size: 5.Qum) acts as a mask. Irradiation of the sample addresses and the reference adlayer has decreased+00483
converts the thiolate to oxygenated forms of sulfur that are rinsed nm (h=14). This difference is consistent with the prediction based
off the gold surface with most organic solvefiStep 3 removes  on the position of the recognition sequence (Figure 1) and agrees
the oxygenated adlayer by rinsing with ethanol to expose square-with the topographic difference found after the self-assembly of
shaped regions on the underlying gold. Step 4 exposes thethe products produced from off-chip solution digestion. The lack
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Figure 2. In situ AFM topographic images (8dm x 80um) of a dsDNA Figure 3. In situ AFM topographic images (§0m x 80um) of a dsDNA
microarray containing the recognition sequence specifi€fmR1. The microarray containing the recognition sequence specific (in bold) for
images were collected before (A) and after (B) digestion VétnR1. Hadll (5'-GGG AAA GGG AGG CCC AAA GGG AAA GG-3). The
The cross-sectional contours below each image reflect the average ofimages were collected before (A) and after (B) digestion VE@OR1.
the individual scan lines contained in the area of a single row of the See Figure 2 caption for further details.
array. The in situ images were obtained in 10 mM THAM (pH 7.4) at a
scan rate of 1 Hz. amenable to mass production. Second, our double-stranded oligo-
nucleotide sequences are prepared off-chip by using conventional

of a detectable optical signal from the fluorescein tag after on- phosphoramidite chemistry and, as a consequence, potentially have
chip digestion also confirms enzymatic cleavage of the target higher fidelities than those synthesized on-chip using light-directed
sequencé® We note that digestions of microarrays wicoR1 chemistries>1¢ The use of AFM also potentially increases the
prior to exchange with MCH proved unsuccessful. This finding amount of information obtained from screening by extending the
argues that duplex density is critical for enzymatic access to the conventional two-dimensional read-out of fluorescence imaging
recognition sequence. to three dimensions. By quantifying the topographic data, it may

Figure 3 presents images acquired for an array comprised of be possible to determine whether cleavage is highly specific (i.e.,
double-stranded 26-mers containing the recognition sequencetargets a specific recognition sequence) or nonspecific (i.e.,
specific for the restriction enzynidadll. The heights before (8.9  exhibits star activity). Topographic increases, on the other hand,
nm= 1.5 nm =5)) and after (8.3 nra- 1.4 nm 6=5)) exposure could be used to discriminate against nonspecific adsorption.
to EcoR1 are effectively indistinguishable. There was also no Experiments that explore issues of array density, digestion time
detectable change in the intensity of the fluorescence pdftern. minimization, and the fabrication of smaller, uniquely modified
Both sets of data are diagnostic of the absence of the sequenc@ddresses, are currently underway.
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