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Replication of a DNA Microarray

Haohao Lin, Li Sun, and Richard M. Crooks*
Department of Chemistry, Texas A&M Uarsity, P.O. Box 30012, College Station, Texas 77842-3012

Received March 24, 2005; E-mail: crooks@tamu.edu

Here we report a method for efficient replication of DNA  Scheme 1

microarrays. As shown in Scheme 1, the approach comprises three _mug_
steps. First, a master DNA microarray consisting of single-stranded Senara
DNA (ssDNA) elements is exposed to a solution containing the ; —-——n

biotin-functionalized complement of each array element. Following

" . . ipe . T biotin-st t idi [ master ]
hybridization, a replica surface modified with streptavidin is brought b:ﬁd'fﬁ; reptaviein masEr
. . . T .. (2} Contact and
into contact with the master. This results in linking of the biotin- Recycle SU,faoe Reaction
functionalized complement with the replica surface. Next, the replica <s-DNA

. Hybndnzahcn ;

is separated from the master, and some or all of the complementary

strands are transferred to the replica surface. The resulting m m
complementary DNA microarray now contains position-coded

sequences that mirror the information contained on the master DNA trenches are visible as a dark grid pattern (280 on center and
microarray. Finally, ssDNA on the master can be rehybridized and 30 um wide) in Figure 1B.

the procedure repeated to produce additional replicas. This concept The replica was manually separated from the master, and then
was previously used by Gaub and co-workemgho used it to the fluorescence intensity from both surfaces was measured and
construct a programmable force senser. compared to those of the master prior to transfer (Figure 1A).

Two general methods are in use for fabricating DNA microar- Following contact of the two surfaces, DNA transfer from the
rays: in situ synthesis and ex situ spottifgln situ synthesis ~ master (Figure 1C) to the replica (Figure 1B) is observed as a
integrates photolithography and solid-phase oligonucleotide (oligo) decrease in fluorescence on the master surface and a corresponding
synthesi$. This method has the advantages of small feature size increase in fluorescence on the replica surface. Figure 1D shows
(~8 um/array element) and design flexibifitigut is limited to oligos fluorescence intensity profiles (obtained by averaging all the line
having a maximum length of 60 base pairs (bp§)The second profiles between the dashed white lines) in the other three frames
approach for fabricating microarrays is ex situ spotting of presyn- Of Figure 1. The pulse-shaped features in these profiles arise from
thesized oligod.Spotting is normally implemented by printing with the presence of the recessed trenches in the replica. Two facts can
DNA-coated pins or microfabricated nozzfeklt can be used to be deduced from the profiles. First, there is conservation of the
prepare array elements haviag0 bps, but serial printing is still
required because the number of pins or nozzles is usually smaller A
than the array siz&In addition, spot sizes are large (7500um)
compared to in situ fabrication methot©ther ex situ methods
for patterning presynthesized oligos include microfluidic delivery,
microcontact printing,and dip-pen nanolithograpHy.

The data in Figure 1 provides experimental verification for the
viability of the process illustrated in Scheme 1. The master was
prepared by reacting &-amine-modified oligo (38-mer) with a
glass slide coated with aN-hydroxysuccinimide-functionalized
polymer!! Attachment of the oligo to the slide was confirmed by
observing the fluorescence resulting from hybridization of the
complement modified at the’ @nd with fluorescein and at thé 5
end with biotin (Figure 1A). When the slide was exposed to
noncomplementary fluorescein-labeled ssDNA, no fluorescence was
observed (data not shown). .

Next, the replica surface was prepared by reacting maleimide- Pixel Number
modified streptavidin with thiol-modified poly(dimethylsiloxane)  Figure 1. Fluorescence micrographs showing the transfer of fluorescein-
(PDMS}) (detailed information about the experimental procedures labeled DNA strands from a master slide to a replica surface (PDMS): (A)

the master slide modified with probe DNA hybridized to the complement
are provided in the Supporting Information). The replica was then (modified with fluorescein and biotin) before transfer, (B) the PDMS replica

brought into contact with the master for 10 min at a pressure of jfter transfer, (C) the master slide after transfer, and (D) averaged intensity
1.4 N/cn? in a pH 7.0 solution containing 60 mM sodium citrate  profiles from frames A, B, and C. Each profile was obtained by averaging

and 600 mM NaCl at 22 2 °C. To facilitate contact between the  all line profiles between the two white dashed lines and dividing the result

s - y the integration time. The image integration time was 10 s for frames A
master and the replica it was necessary to provide a means to dra"%e)md C and 30 s for frame B. The gray scale for all three images is from 0

the solution away from the interface, and thereforexh@-deep to 4100 counts. The transfer involves conformal contact and subsequent
recessed trenches were fabricated in the replica sutfabese separation of the master and replica (Scheme 1).
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bind their complement. Control experiments (Supporting Informa-
tion, Figure S2) indicate that no hybridization occurs when the
replicas are exposed to fluorescently labeled, noncomplementary
ssDNA. Third, the amount of DNA transferred decreases with each
successive array replication. Specifically, the net fluorescence
intensities arising from the first, second, and third replicas are
respectively 16, 14, and 11 counts/s. These values were determined
from the averaged intensity profiles shown in Figure 2D by
T T subtracting the intensity at the center of a trench from the intensity

D _A_,U:ilﬂ},_ at the center of a square pad. These values are smaller than the
intensity measured from fluorescently labeled ssSDNA immediately
]:20 caunle S after transfer from the master60 counts/s, Figure 1B), which
. |8 may suggest that some of the ssDNA transferred to the replicas is
g . not fully active toward hybridization. Additional experimentation
= is needed to clarify this point.
] Several issues important to the development of a practical

Pixsl Number replication technology have not been addressed in this preliminary
Figure 2. Fluorescence micrographs demonstrating the durability of the report. First, the master surface displays only a single DNA
replication process. Nonfluorescent ssSDNA (38 mers) was transferred from sequence, and the spot size is largd 6 mm). Replication using

the master to three replicas. Next, each replica was hybridized to the ) dified with diff il
fluorescein-labeled complement. Fluorescence micrographs of the first, master microarrays modified with many different sequences sti

second, and third replicas prepared from a single master are shown in frameg€mains to be demonstrated. Second, the replica spot-size(
A, B, and C. For all micrographs, the integration time was 60 s, and the um, frames A-C in Figure 2) is large compared to that of a
gray scale is from 0 to 4100 counts. Frame D shows averaged fluorescencecommercial DNA chip (8m). However, we believe this can be

intensity profiles from frames A, B, and C. Each profile was obtained by . -
averaging all line profiles between the two dashed white lines. The amount reduced by a factor of 10 or so. Additional experiments presently

of hybridized complement on each replica can be quantified using the net Underway in our lab will address these two important issues.
fluorescence intensity determined from an averaged intensity profile (as . . .
shown for the intensity profile for frame A) by subtracting the intensity at ~ Acknowledgment. Financial support from the Texas Institute
the center of a trench from the intensity at the center of a square pad. Thefor Intelligent Bio-Nano Materials and Structures for Aerospace
net fluorescence intensities arising from the first, second, and third replicas Vehicles, funded by NASA Cooperative Agreement No. NCC-1-
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fluorescence signal: the sum of the fluorescence intensities for tion used to carry out this work was provided by the Materials
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master prior to transfer (profile A). Second, orh20% of the DNA ] ] ) ) )
originally present on the master is transferred to the replica surface; SuPporting Information Available: - Information about the chemi-
that is, the fluorescence intensity from the master is four times CalS and materials used in this study and about the control experiments
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of the complementary DNA strands (Supporting Information, Figure 2003 301, 367—370.
S1), and therefore we conclude that the effects of nonspecific (2) Blank, K.; Mai, T.; Gilbert, I.; Schiffmann, S.; Rankl, J.; Zivin, R.;
transfer are below the detection limit of the measurement system. E?gﬁggﬁlsgh’aﬂfﬂﬁ.;Tc';’afé’,'ﬂﬁfacgﬁaﬁeﬁgﬂa.FU.QB.%I%% M.
Note, too, that proper separation of the master and replica requires 100, 11356-11360.
that the force necessary to separate biotin and streptavidin be larger (3) Lipshutz, R- J.. Fodor, S. P. A Gingeras, T. R.; Lockhar, Dial. Genet.

. . ) 1999 21, 20-24.
than the force required to separate the DNA duplex into its  (4) Pirrung, M. C.Angew. Chem., Int. E®002 41, 1276-1289.

References

component strands. (5) Lomba(di, SPharmaGenomic2004 September25—31.
Figure 2 provides information about the durability of the  © gggﬁ:ﬂ?_é%3g’2§%§§;;g’l_Peek' J.; Lewy, S.; Haselton, FARal.

replication process. In this experiment, nonfluorescent ssSDNA was  (7) Okamoto, T.; Suzuki, T.; Yamamoto, Nat. Biotechnol200Q 18, 438

trqnsferred to each of threg replica surfaces from 'Fhe same mqster g Lan'ge‘ S. A Benes, V.: Kern, D. P.: Horber, J. K. H.: Bernardadal.

using the procedure shown in Scheme 1. The resulting three replicas Chem.2004 76, 1641-1647.

(Figure 2A is a replica surface after the first transfer, and frames (9 é&?’l”' J.; Goodrich, T. T.; Corn, R. Mwnal. Chem2001, 73, 5525~

B and C of Figure 2 correspond to the second and third replications, (1q) Demérs{ L. M.; Ginger, D. S.: Park, S.-J.; Li, Z.; Chung, S.-W.; Mirkin,

respectively) were then imaged after hybridization with fluorescently 1) (Sl-h_A- Scll?engPZOéJZ 29|_6 31836_&838]? baan cok Kranich
H : Ippy, R.; Sendera, I. J.; Lockner, R.; Palaniappan, C.; Kaysser-Kranicn,

!abeled, comp_lement_ary s§DNA. This experlment demt_)nstrates three T.. Waits, G.: Alsobrook, JBMC Genomic€004 5. 61.

important points. First, it shows that multiple replicas can be (12) Liu, D.; Perdue, R. K.; Sun, L.; Crooks, R. Nlangmuir 2004 20,

prepared from a single master. Second, it confirms that the replicas ~ 5905-5910.

are functional; that is, they are able to specifically recognize and JA051914U

J. AM. CHEM. SOC. = VOL. 127, NO. 32, 2005 11211



