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In this paper, we describe a method for directly transferring the
product of a biological surface reaction from a primary reactant
surface to a secondary product surface. Our approach, which is
related to an array-replication method reported previously By?us,
Stellacci®~> and other$,is illustrated in Scheme 1. First, single-
strand DNA (ssDNA), modified with a reactive amine group on
the B end, is spotted onto an epoxy-modified glass surface
(complete experimental details are provided in the Supporting
Information). This results in immobilization of the DNA template
on the reactant surface. Second, biotinylated primer oligonucleotides

are hybridized to the ssDNA template. Third, the primers are _ | Rasctant awface bofore transfer
extended via a T4 polymerase reactiénfourth, a streptavidin- "g il

coated poly(dimethylsiloxane) (PDMS) monolith is brought into 2% ;':‘-’a:’:j:";‘f;"i"":‘srn IE
contact with the reactant surfat@This results in binding of the 3 | UUVUVVVUYY
reaction product (the extended DNA complement) to the PDMS =

product surface via biotin/streptavidin interaction. Finally, the Em "';d'j:‘:';”;“;";”':"’:'_‘n
reactant and product surfaces are mechanically separated from one E e UUUYLYLUY e

another, resulting in transfer of the product of the polymerase "0 s0 100 150 200 250
reaction to the PDMS surface. We show later that the product Pixel Number

surface is able to selectively bind its complementary DNA and that figyre 1. Fluorescence micrographs demonstrating extension of primers
a single reactant surface can be used multiple times to generateand transfer of the extended primers. (a) Fluorescence micrograph obtained
isolated product. Importantly, spatial registration is maintained from areactant surface after a polymerase reaction incorporated Cy3-dCTP
between the reactant and product surfaces. into the extended primers. (b) Fluorescence micrograph obtained from the
reactant surface after transfer of the extended primers. (c) Fluorescence
micrograph obtained from the product surface after transfer of the extended
primers. (d) Fluorescence intensity profiles obtained along the dotted lines
shown in (a)-(c). Integration time was 100 ms. Gray scales are 16-000
Primer 42 000 counts for (a) and (b), and 25006 000 counts for (c).
annealing
—
Extension
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Scheme 1
ssDNA

Fluorescent . . .
dye annealing of the primer, but before addition of Cy3-dCTP and

primer extension (Supporting Information, Figure Sla). Likewise,
no fluorescence was observed when the primer-annealed reactant
Contact with surface was exposed to all reactants (including Cy3-dCTP) except
l product surface for the T4 DNA polymerase and then rinsed with buffer (Figure

d c S1b). This indicates no detectable level of nonspecific adsorption

Product surface | Product surface

Streptavidin of the dye.
"~ Biotin Parts b and c of Figure 1 are fluorescence micrographs of the
] reactant and product surface, respectively, after transfer of the
Separation extended primer. The dark regions on the reactant surface (Figure

and transfer . .
1b) correspond to DNA incorporating Cy3-dCTP that was trans-
ferred to the product surface, and the light regions in Figure 1c

Figure 1 demonstrates ssDNA immobilization onto the reactant correspond to the transferred DNA on the product surface. The
surface, primer annealing and extension, and product transfer.checkerboard pattern results from drainage canalgif20n center,
Specifically, Figure 1a is a fluorescence micrograph obtained after 10 um wide, and 3um deep) on the product surface (Supporting
immobilizing the 38-base ssDNA template onto an epoxy-modified Information, Figure S2). These canals are necessary for successful
glass surface, annealing the primer to the template, and thenDNA transfer, because they provide a means for buffer solution
extending the primer. In this case, the polymerase reaction mixture trapped between the reactant and product surfaces to estape.
included dye-labeled deoxycytidine triphosphate (Cy3-dCTP), and Figure 1d shows fluorescence intensity profiles obtained along the
therefore the extended primer is fluorescent (Scheme 1). Control dotted lines in Figure ac. The average intensity difference
experiments indicated that no fluorescence could be detected frombetween the bright and dark regions on the reactant surface ((6.8
the reactant surface after immobilization of the template and + 0.2) x 10° counts, Figure 1b) is very close to that on the product
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carried out using the same reactant surface. Figure 2d provides line
scans corresponding to the three micrographs. These show that the
average modulation in fluorescence is 184010, 920+ 50, and
1190+ 190 for the first, second, and third transfers, respectively.
A duplicate of this experiment was carried out using a different
reactant surface, and in that case there was more variation among
the first (1070+ 90), second (1098 110), and third (636t 50)
replicates (Supporting Information, Figure S4). Second, when this
experiment was carried out in the absence of internal spacers
between the template oligonucleotide and the surface (18-atom
hexa-ethyleneglycol spacers repeated five times: i§pa&grated

o DNA Technologies, Coralville, IA), no detectable hybridization of
» the fluorescently labeled complement was observed. This is likely
- TSI Y a consequence of steric hindrance between the T4 polymerase and
- E 2nd transfer the glass surface, which results in incomplete primer extension.
o E| mmmaRaANAAA . . .
2UVVIVUVUUUUL Third, Figure 2 clearly shows that the transferred reaction product
» - Ist transfer is functional, because it hybridizes to its fluorescent complement.
LOX S There are two important conclusions resulting from this study.
. o W w WY YW W W W ) X
: ) . . . . . First, very small amounts of reaction products can be transferred
g d ©o s 10 150 200 250 from the reactant surface to the product surface. Here, we
Pixel Number demonstrated transfer 6f10-14 mol of DNA oligonucleotides;°
e but there is no technological barrier for reducing this to as few as
EEIREREEEEE ~10*mol3 Second, the spatial relationship between reactant and
Probe @ @ @ @ product surfaces is preserved with micrometer-scale resolution after
—_— transfer, and it seems likely that this could be reduced still fuher.
Extension Transfer . . .
This approach is demonstrated for a DNA polymerase reaction,
v but it should be useful for other chemical and biological reactions,

Figure 2. Fluorescence micrographs demonstrating multiple transfers of Applications to high-throughput screening and separation of
extended primers from a single reactant surface. (a) Fluorescence micrograph

obtained from a product surface after primer extension, transfer of the V€'Y Small amounts of reaction products from a complex milieu
extended primers, and hybridization of a fluorescent probe complementary are easily envisioned.

o the extended primer (but not to the primer itself). (b) Same as (a), but  »¢ho\ledgment. Financial support for this work was provided
after a second round of primer extension, transfer, and hybridization. (c) '

Same as (a), but after a third round of primer extension, transfer, and PY the U.S. Department of Energy, Office of Basic Energy Sciences
hybridization. (d) Fluorescence intensity profiles obtained along the dotted (Contract No. DE-FG02-01ER15247). We acknowledge the Robert
white lines shown in (a}(c). (e) Scheme showing the experimental approach - A. Welch Foundation and SPRING for support of the facilities used
used to obtain the data in (a}d). The star symbols represent the fluorescent to carry out this project. We also thank Prof. Andrew Ellington

dye. The integration time was 1000 ms. The gray scale is-25800 counts . . . . .
for (a)—(c). The fluorophore attached to the probe oligonucleotide was FAM (The University of Texas at Austin), Dr. Haohao Lin (3M Austin

(fluorescein). Center), and Dr. Li Sun (Pine Research Instrumentation) for
enlightening discussions.

surface ((6.0 0.4) x 10° counts, Figure 1c), indicating little net Supporting Information Available: Information about the chemi-

loss of extended primers during transfer. cals and materials, experimental procedures, and the control experiments

Figure 2 shows that multiple primer-extension reactions and described in the text. This material is available free of charge via the
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