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Abstract: We describe a platform for photoelectrophoretic transport and electronic hybridization of fluorescence-
labeled DNA oligonucleotides in a low conductivity electrolyte. At the core of the platform is a chemically
stabilized semiconductor photodiode or photoconductor surface coated with a streptagialiose permeation

layer. Micro-illumination of this surface generates photoelectrochemical currents that are used to electro-
phoretically transport and attach biotinylated DNA capture strands to arbitrarily selected locations. The same
process is then used to transport and electronically hybridize fluorescence-labeled DNA target strands to the
previously attached capture strands. Signal detection is accomplished either by a fluorescence scanner or a
CCD camera. This represents a flexible electronic DNA assay platform that does not rely on pre-patterned
microelectronic arrays.

Introduction simple electrodes for the manipulation or detection of DN

A distinct advantage of certain active micro-arrays lies in the
ability to manipulate DNA oligonucleotides, that is, to electro-
phoretically transport, concentrate, and electronically hybridize
them. We have reported previously on a number of active micro-
array systems on which we demonstrated single nucleotide
polymorphism (SNP) detectiof; 12 short tandem repeat dis-

anchor or synthesize oligonucleotides on an inert substrate.crimination (STRJ;® and even multiplex anchored amplification

Active micro-array systems, however, use these techniques not SPA)** These systems consist of microelectrode arrays (with
only for fabrication but also to implement microcircuits or ©F Without CMOS driving circuitry) that are coated with an

A growing number of micro-array based DNA oligonucleotide
analysis systems are finding their way into commercial and
academic laboratoriés: While all are designed to facilitate
multiplex DNA analysis, a variety of approaches (both passive
and active) have been taken to accomplish this. Passive micro-
array systems use microspottifi, or photolithograph¥’ to
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agarose permeation layer for DNA oligonucleotide attachment of 50 nm silicon onto oxide stripped (buffered HF) n-type single-crystal
(biotin/streptavidin). In contrast, this work explores the use of wafers with ohmic back contacts.

unpatterned, photoactive silicon substrates as a simplified plat- The following procedure for deposition of M®@s layers was
form for electrophoretic or rather photoelectrophoretic transport modified from the original procedure published by Kainthla et al.:
and electronic hybridization of DNA oligonucleotides. Thus, a Individual samples of single crystal silicon or single crystal silicon
light beam, instead of discrete individual microelectrodes, is c0ated with amorphous silicon with dimensions of about £ arere
used to generate electrochemical currents at specific locations cut from the respective wafers and sonicated in acetone followed by

. d . . d h al f'rinsing with 2-propanol and water. (Alternatively, larger samples can
Inorganic and organic semiconductors are the materials of g pre-scribed with a diamond scribe and broken into individual pieces

choice for the generation of photocurrents or photoelectro- after deposition of the Mi®; layer.) After drying, the samples were
chemical currents. Although there are a rich variety of semi- placed in plastic Petri dish&and treated with buffered HF (2 min) to
conductors suitable for solid state devices (solar cells, photo- strip the native oxide layer. Immediately after thorough rinsing with
diodes, photoconductors, etc.), only a limited number of these deionized water the sample surfaces were sensitized by exposure (2
are adequate for photoelectrochemical current formation. In min) to an aqueous solution containing 1 wt % Sn@ildrich) and 4
addition, there is no single low band-gap semiconductor or Vol % HCI. This step was followed by rinsing with 4 vol % HCl and
compound semiconductor material known that can withstand deionized water. The sensitized surfaces were then decorated with Pd
the corrosive environment present during photooxidation of islands by immersion (2 min) in an aqueous solution containing 1 vol

. . ) % HCI and 0.05 wt % PdGI(Aldrich). Traces of Sf were removed
15-18
water. Photooxidation of water, however, is the dominant . by soaking in 5% HCI for 5 min followed by rinsing with deionized

process at the positive electrode (anode) during electrophoresisyater. The deposition of the Mn(Oklayer was performed by adding

of negatively charged DNA in aqueous electrolytes. To over- 4 freshly prepared aqueous solution containing 0.25 MGIFD.1 M
come this instability, a number of research groups involved in NH,OH, and 0.03 M MnGl to the samples in the Petri dish. Upon
the field of photovoltaic technology have reported on the addition of the solution the Petri dishes were placed on a shaker table
stabilization of inorganic semiconductor photoanodes against for 10 min to allow vigorous stirring. A light brownish precipitate was
corrosion in water. Variable levels of stabilization were achieved observed to form within 3060 s. After completion of the deposition

by depos|t|0n Of protectlve Surface |ayers Such as noble re.aCti.On, the Samp|6§ were rinsed thOrOUghly with deiqnized water and
metals'920 metal oxide!~25 or conducting polymer& One dried in air. At this point, the sample surfaces have a slightly structured,

report by Kainthla et a#* demonstrated excellent long-term brown-grayish appearance. The thermal conversion of Mn{@i#)
- o o Mn,Oz; was accomplished by heating the samples on a heating block
stability of n-type silicon surfaces under conditions of water

N A - . in high vacuum (106°to 107 Torr) to 250°C for 15 min. The samples
oxidation. The stabilizing layer in this case was 1@a that Wereg left overniéht to cool to ro)om temperature. P

was applied to the silicon surface by a simple solution-phase  pgimeation Layer and DNA Oligonucleotide SynthesisPrepara-
deposition process. tion and spin deposition of the streptavidin-loaded agarose permeation

Thus, our approach was to integrate (and modify) this process|ayer, as well as the synthesis of biotinylated and fluorescence-labeled
for surface stabilization of photoactive silicon substrates with DNA oligonucleotides have been described previodily.

a previously developed streptavidingarose permeation layeér Experimental Setup (Figure 1). A simple electrochemical cell was
and to demonstrate photoelectrophoretic transport and electronicconstructed by first attaching a stripe of conducting Cu tape to a glass
hybridization of DNA oligonucleotides. slide. The MnOs- and agarose-coated silicon sample was then mounted
onto the Cu tape using conducting silver paint (Ted Pella). The active
Experimental Section electrode area was defined by attacha2 mmthin piece of Teflon

sheet with a circular opening to the sample. The electrode area exposed

Silicon Substrate Preparation.N-type single-crystal silicon wafers g the light measured about 0.25 &nThe electrochemical cell was
of (100) and (111) orientation and resistivities ranging between 0.1 completed by placing a circular Pt auxiliary electrode and a Ag quasi-
and 0.9Q-cm and 14 Q-cm were received from various commercial  reference electrode above the sample surface. Sample illumination for
sources. The wafers were provided with an ohmic back contact by photoelectrophoretic transport and hybridization was accomplished by
deposition of either a 300 nm aluminum layer (thermal evaporation) 5 single-mode optical fiber (Thorlabs,:4n core, 125um cladding)
or a 50 nm platinum (sputter deposition) layer followed by thermal that was mounted on a motorized micromanipulator stage (Eppendorf
annealing. Annealing steps were performed under nitrogen atG00 5171) and couplecbta 8 mW 630 nmHeNe laser (Research Electro
for 1 h for aluminum layers and at 50 for 45 min for platinum  Qptics) that was attenuated by a filter wheel (New Focus). Photoelec-
layers. Amorphous silicon surfaces were obtained by sputter deposition yrgchemical stability measurements were performed by illuminating the

(14) Westin, L; Xu, X.; Miller, C.. Wang, L. Edman, C.; Nerenberg, whole sample area with a halogen light source (Bausch & Lomb).

M. Nature Biotechnol200Q 18, 199-204. Instrumentation. Electrochemical experiments were performed
(15) Gerischer, HElectrochem. Actd99Q 35, 1677-1699. either with a Pine AFRDES5 or an Autolab PGSTAT10 potentiostat
19%6)18Kusr2§r,3ﬂéé Wilisch, W. C. A.; Lewis, N. SCrit. Rev. Solid State system. Fluorescence signals were measured either on a high-resolution
(17) l\]ozik, A J.: Memming, RJ. Phys. Chem1996 100, 13061 Elztgrjescence scanner (Avalanche, Molecular Dynamics) or_onacoo_led
13078, camera (Princeton Instruments). Surface morphologies and film
(18) Lewis, N. S. InSemiconductor Electrode&inklea, H. O., Ed.; thickness were recorded with a commercial atomic force microscope

Elsevier: Amsterdam, 1988. (Nanoscope lll, Digital Instruments).

(19) Menezes, S.; Heller, A.; Miller, Bl. Electrochem. S0d.98Q 127, Assay Procedure. A solution containing 50 nM of a DNA
1262&01;73' F-R F-Shea T. V.- Bard A.I Electroch S04.98 oligonucleotide in 50 mM of |-histidine (electrolyte) was pipetted into
135 8)28325%3.'_ - F.i Shea, T. V.; Bard, A.dI. Electrochem. S0d.984 the electrochemical cell. The single mode optical fiber (not illuminated)

(21) Osaka, T.; Ejiri, K.; Hirota, NJ. Electrochem. Socl984 131, was then placed above the sample surface and a constant electrochemi-
1571-1574. cal potential was applied to the cell (typically 8 V vs Ag/AgH).

(22) Nogami, G.Denki Kagakul982 50, 309-315. Transport and/or hybridization of the DNA oligonucleotides were

(23) Khan, S. U. M.; Akikusa, . Electrochem. S0d.998 145 89~ induced by illuminating the sample surface for& s with a light
93'(24) Kainthla, R. C.; Zelenay, B.; Bockris, J. O. M.Electrochem. Soc. power of 4-80uW. Between runs with different DNA oligonucleotides,

1986 133 248253, the cell was rinsed three times with 50 mivhistidine. At the end of

(25) Hodes, G.; Thompson, L.; DuBow, J.; RajeshwarJKAm. Chem. hybridization experiments, an additional rinse with 0.1 M phosphate
So0c.1983 105, 324-330.

(26) Noufi, R.; Frank, A. J.; Nozik, A. . Am. Chem. S0d.981, 103 (27) Samples with aluminum back contacts were attached to the Petri
1849. dishes with double-sided tape to prevent corrosion of the aluminum.
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Figure 2. Tapping mode AFM images of a MB; film deposited onto

single crystal n-type silicon. The film thickness of this sample is

approximately 270 nm with a medium roughness of 50 nm. (a) Low-
resolution image showing the oriented granular structure of thgyin
film. Arrows indicate larger precipitates on the surface. (b) High-
resolution surface plot of the same sample.

resolution. We also found that the electrodeposition of Pd seed
layers on silicon substrates was problematic in general, thus
leading to large variations in surface stabilization by s

mechanism of photoelectrochemical transport and hybridization of DNA films. For this reason, we decided to deposit the Pd seed layers
oligonucleotides. lllumination of the silicon surface creates electron chemically, rather than electrochemically. Procedures to ac-
(e7) and hole (i) pairs. In presence of an applied potential, these complish this are well-known and have been used for many
electron hole pairs generate a photoelectrochemical current that cause§ears to catalyze electroless plating of a variety of méfals.

electrophore_tlc tranqurt of DNA oligonucleotides to the illuminated In short, the surfaces to be plated are sensitized in a first
area. The oligonucleotides are then bound to the agarose layer through

a biotin/streptavidin interaction or through hybridization to a previously step by adsorption of Shions. In a second step, the®rions

deposited capture strand. The ¥ layer serves to protect the silicon
surface from oxidation. (His= histidine as a neutral zwitterion, His

are used to reduce Pdto metallic Pd, thereby producing a
submonolayer of Pd. This change in deposition of the Pd

= protonated histidine having a net positive charge, diamonds indicate monolayer allowed us also to omit the recommended but

biotin/streptavidin attachment, stars indicate fluorescent dye).

buffer pH 7.4 containing 1% sodium dodecyl sulfonate was performed
to reduce non-specific background.

undesirable stain-etch pretreatment that was part of the original
procedure by Kainthla et al.

A further modification involved the actual Mn(OHKjleposi-
tion step. It was observed that the use of 1.4 M/JOH leads

Bead transport experiments were performed with thoroughly washed to immediate precipitation of Mn(OH)and not to a gradual

1 um diameter carboxylated polystyrene beads (Bangs) in 50 mM
L-histidine.

Results and Discussion

I. Silicon Surface Preparation. The original procedure for
surface protection of n-type single-crystal silicon surfaces with
Mn,O;3 layers published by Kainthla et.#l involved a stain
etch pretreatment (HF:HNEGHCI) followed by electrochemical
deposition of a Pd monolayer and deposition of a Mn(9H)
precursor film from solution. The Mn(OH)film was then
converted into MpO3 by heating in high vacuum. Kainthla et
al. developed the Mi©D3 system for photovoltaic applications

formation of a light brown precipitate as described in the original
paper. This rapid precipitation was found to introduce further
irreproducible behavior that we were able to avoid by decreasing
the NH,OH concentration to 0.1 M. The resulting surfaces still
displayed a certain degree of visual inhomogeneity but had very
reproducible photoelectrochemical characteristics.

Figure 2 shows two tapping mode atomic force images of a
typical MnpOs surface at 5am and 5um full scale. The surface
has a granular structure with an average grain size of ap-
proximately 2um and a mean roughness of 50 nm (with a small
number of larger precipitates). The grains exhibit a preferred
orientation probably caused by fluid flow during solution

where long-term stability and high current densities are desired. deposition of the Mn(OH) precursor film. Film thicknesses

However, we were interested in a platform with good short- Obtained from step height measurements ranged from 250 to
term stability that supports high current densities and provides 350 nm, which is at least a factor of 10 more than the thickness

insufficient control over the thickness of the Pd seed layer would ™ (2g) paunovic, M.; Schiesinger, Mrundamentals of Electrochemical
produce excessive lateral conductivity and, consequently, poorDeposition Wiley: New York, 1998; pp 133166.
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Figure 3. Current-voltage characteristics of M@®;-coated n-type silicon electrodes measured in 50 rAhiktidine solutions. The 10 consecutive
cyclic voltammograms acquired in the dark (*) and under illumination were measured (a) before and (b) after deposition of the streptavidin

agarose permeation layer. The scan rate was 100 mV/sec. (Electrochemical potentials were not compensated for ohmic potential drops across the
low conductivity electrolyte.)

Table 1. Four-Point Probe Resistance Data

deposition rate of Mn(OH) that is caused by the lower

concentration of NEOH used in our procedure. resistance  thickness  resistivity
II. Photoelectrochemical Behavior.Previous work on mi- sample M<) (nm) (€-cm)

croelectrode arragd2has shown that 50 m\thistidine in water glass/a-Si 0.4-0.02 50+ 5 9+0.7

is an ideal electrolyte for DNA oligonucleotide transport and ~ 9lass/a-Si/Pd 0.20.03 50+ 5 5+0.8

electronic hybridization. Its low conductivity<(L0O xS/cm) glass/a-Si/Pd/MiD;  054+0.15 35055 (754 22)

allows for efficient electrophoretic transport of oligonucleotides
at low current densities. More importantly-histidine actively
promotes hybridization of oligonucleotides during electronic
assays by buffering the acidic conditions present at the micro-
electrode and by reducing the repulsion between complementary ; -

2. L . on the lateral electrical conductivity of the Pd andJ@glayers.
DNA strands after acquiring a net positive chafd€&igure 1: ty Adglay

. c | Il oh | hemical Minority carrier or hole diffusion within the semiconductor
insert) onsequently, all photoelectrochemical measurementsg, hqirate can be reduced to a few micrometers by using highly
were performed in solutions of 50 mihistidine.

. . o doped silicor?? however, this comes at the expense of higher
Typical cyclic voltammogramg_of MiOs-coated silicon __dark currents. Minimal minority carrier diffusion lengths can
electrodes before and after deposition of the agarose permeation s pe achieved by using amorphous silicon (a-Si) coatings or
layer are shown in Figure 3a and 3b, respectively. The two g pstrates

sequences of consecutive scans show thapQdrcoatings The contributions of a-Si, Pd, and M, to the lateral

deposited with our modified procedure stabilize the silicon .qnqyctivity were determined by four-point probe measurements
surface against photocorrosion. That is, after an initial decreaseperformed on thin films that were deposited on glass slides
of about 5-20%, photocurrents are stable for hours of continu- (Table 1). The a-Si and Pd layer had a moderate dark

ous operation¥12 h). The initial loss is probably due to rapid conductivity (5-10 Q-cm), whereas the Mi®s film was found
passivation of unprotected electrode areas such as pinholes. Darl, pe essentially insulating. (The literature value for room-
current levels are typically 2650 times smaller than photo-  (emperature resistivity of dry, crystalline Mbs is 16-100
currents but tend to increase after deposition of the agaroseqy_cm) 2 |n light of the cyclic voltammograms recorded (Figure
permeation layer. MiDs-coated thin film amorphous silicon 3 it myst be assumed that the My film is porous or exhibits
electrodes displayed very similar cyclic voltammograms com- jycreased conductivity in the presence of water.

pared to single-crystal silicon electrodes. However, the amor- g first substrate studied for DNA transport was ADg
phous silicon electrodes exhibited better performance in pho- protected single-crystal silicon % Q-cm resistivity) coated

toelectrophoresis experiments, as will be discussed below. ity 4 Jayer of streptavidiragarose. The DNA oligonucleotides
M. Photoelectro_phoretlc Transport and Hybridization _of (capture probe sequence C1, Table 2) were both biotinylated
DNA Oligonucleotides.The ability to photoelectrophoretically  and fluorescence-labeled (BTR 493/503 nm). lllumination of
transport DNA oI!gonucIeotldes to specific Iocatlon§ On an the electrode surface with 480 «W for 15-120 s at an applied
agarose-coated silicon substrate depends on the ratio betweeRotential of 1.5 V resulted in easily detectable fluorescent spots.
photocurrent and dark current as well as on the degree of lateralgge spots did not wash off during rinsing as compared to
diffusion of the photocurrent. Thus, a large dark current leads on_piotinylated oligonucleotides, demonstrating that the bioti-
to reduced contrast between illuminated and non-illuminated py|ateq oligonucleotides were not only photoelectrophoretically

areas and eventually leads to a reduced signal-to-backgroundyansported to the illuminated locations but also bound to the
ratio during fluorescence detection. Lateral diffusion of the pho- streptavidin present in the agarose.

tocurrent on the other hand, reduces the spatial resolution that :
is otherwise limited by the spot size of the illumination source. _(29) Rosenbluth, M. L.; Lewis, N. S]. Am. Chem. Socl986 108,

In gen.eral, dark current levels can be minimizeq py careful " (30) Handbook of Chemistry and Physi@RC Press: Boca Raton, 1995;
preparation of the semiconductor surface (avoiding large p 12/105.

numbers of surface traps) and by working with a semiconductor
with moderate to low conductivit$? Photocurrent diffusion
depends on the minority carrier diffusion length within the
semiconductor depletion zone and, specifically for this platform,
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Table 2. Sequences of DNA Oligonucleotides

name sequence

c1 5-Bio-GAGAGCACATGAG(*)C?

C2 (ATA5) 5-GATGAGCAGTTCTACGTGG-Bid

T1 5-TGATACGGTG(493)TCTCGACTCATGTGCTCTC
T2 (RCA5) B-(493)CCACGTAGAACTGCTATC

a * = NH; or fluorescent dye? bio = Biotin. ©493: fluorescent
dye with 493 nm absorption and 503 nm emission.

50 um

b)

I (nA)

30 60 90 120
time (sec)

Figure 4. (a) Image of an array of fluorescent spots that was produced
by photoelectrophoretic transport and bietstreptavidin mediated
immobilization of fluorescence-labeled DNA oligonucleotides on a
streptavidin-agarose and Mi®s-coated amorphous silicon electrode.
Individual spots were illuminated fcb s at alight intensity of 4uW

(630 nm) and an applied electrochemical potential of 1.5 V. (b)
Photocurrent transient recorded during formation of the array.

However, large variations in spot size and fluorescence

J. Am. Chem. Soc., Vol. 122, No. 36, 3606

a)

b)

150 um

Figure 5. Electronic DNA hybridization. (a) Schematic illustration of
the process used for photoelectrophoretic transport and electronic
hybridization of fluorescence-labeled DNA oligonucleotides (C1, C2
= capture oligonucleotides; T1, T2 target oligonucleotides). (b)
Fluorescence image of two sets of two spots with capture strands C1
and C2 after electronic hybridization with fluorescence-labeled target
strands T1 and T2. Fluorescence signals are only observed at the two
locations with complementary capture and target strands. Oligonucle-
otides were deposited by illuminating individual spots witlkW at

an applied potential of 1.5 V. Illlumination times were 15 s for capture
strands and 10 s for target strands.

transient recorded during formation of the array of the fluores-
cent oligonucleotide spots. As can be seen, stability and
reproducibility of the photocurrents recorded at different loca-
tions is excellent. Furthermore, the relatively low light levels
and short illumination times sufficient to immobilize fluorescence-

intensity were observed for experiments run under identical labeled DNA oligonucleotides on amorphous silicon electrodes
conditions, and in some cases, no fluorescent signal was detectednake it possible to use other fluorescent dyes with absorption
at all even though substantial photocurrents were generatedmaximums at higher wavelengths (e.g., BTR 588/616 or BTR
Since there was no clear correlation between photocurrents and30/650). This was not possible under the conditions applied
detected fluorescence levels, it was suspected that the surfacefor single-crystal silicon electrodes where severe photobleaching
exhibited variable degrees of photocurrent spreading, preventingwas observed for these dyes. At this point, it is unclear if the
the detection of localized fluorescence signals. For this reason,superior performance of the amorphous silicon samples is due
silicon substrates with lower resistance and substrates withto a reduction of the minority carrier diffusion length or rather
amorphous silicon coatings were investigated. to an improvement in the interface between the,Gmlayer
While a decrease in resistance (0.1 and Q-@m) did not and the underlying substrate. The remaining non-uniformities
seem to enhance the reproducibility of DNA oligonucleotide may be attributed to inhomogeneity within the ¥a layer that
binding, much improved results were obtained with amorphous could affect the local transport or binding efficiency of DNA
silicon coated electrodes. On these surfaces, fluorescent spotsligonucleotides.
were reproducibly generated at any location on a given chip In addition to photoelectrophoretic transport, electronic
with signal-to-background ratios greater than 100. For example, hybridization was investigated. In electronic hybridization one
Figure 4a shows an array of fluorescent oligonucleotide spots set of unlabeled oligonucleotides (capture strands) are first
that was produced by successive illumination of nine individual targeted to specific locations and anchotedl.second set of

locations on a streptavidiragarose and Mi®s-coated amor-

fluorescence-labeled oligonucleotides (target strands) is then

phous silicon sample. Overall, there was still some degree of targeted to the same locations and actively hybridized to the

non-uniformity in spot size (25% SD fwhm) and intensity (40%
SD ), however, the mean spot size of 28 (fwhm) compared
well with the area illuminated by the optical fiber of ap-
proximately 30um. (N.B. the laser light emerges as an un-
collimated beam from the 4m diameter fiber optic core and
expands rapidly with distance). Figure 4b shows the current

capture strands. In the example shown, two sets of biotinylated
DNA capture probes (sequences C1 and C2, Table 2) were
successively transported and anchored to four different locations
on a streptavidinragarose and Mi®Ds-coated amorphous silicon
substrate, as outlined in Figure 5a. Two fluorescence-labeled
target strands (sequences T1 and T2) were then each transported
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IV. Photoelectrophoretic Transport of Beads. As an
expansion of the above methodology, we also performed
photoelectrophoretic transport using negatively charged poly-
styrene beads on M@s-coated single-crystal silicon samples
(1—4 Q-cm). Figure 6 shows an example of localized bead
aggregation induced by application of a scanned potential
under illumination with the optical fiber. The diameter of the

iy bead cluster is only slightly larger than the illuminated spot
100 um size of about Z_Qcm (no agarose), indicating _minimal photo-
current spreading on this sample. The applied potential was
scanned rather than kept constant because it was observed that
Figure 6. Microphotograph of photoelectrophoretic bead accumulation the heads adhered to the surface unless the potential was
on a MnOs-coated n-type single-crystal silicon electrode. The ac- periodically lowered to 0 V. By slowly changing the position
cumulated 1um beads appear as a dark spot next to the tip of the of the optical fiber, beads can also be transported across the

single mode optical fiber in the right half of the picture. Accumulation f Potentially. thi b ful f - itioni
was performed by illuminating with 8aW for 1 min and scanning surtace. Fotentially, this may be usetul for micropositioning

the applied potential between 0 and 0.6 V (200 mV/sec). applitcs?ltions performed in agueous or non-agueous environ-
ments3

to a location with complementary capture probes and a location ~qnclusions

with non-complementary capture probes and were electronically . .

hybridized. This step produced two clearly detectable fluores- W€ have shown that M@s-stabilized n-type silicon photo-
cence signals at the two locations with matching sequences€lectrodes coated with a streptavigiagarose permeation layer
(Figure 5b). The average value (multiple experiments) for the constitute a simple platform for rapid manipulation of DNA
ratio between signal and non-specific background was close to®ligonucleotides by photodirected electrophoretic transport. In
10. however. the standard deviation was more than 60%. Thisaddition, specific electronic hybridization between arbitrarily
high value is expected since it derives from the product of the Pre-positioned capture oligonucleotides and phototransported
standard deviations of both the capture and target strandCOMPlementary oligonucleotides has been demonstrated. We
deposition steps. Nevertheless, the signal to non-specificN@ve also shown that the same platform can be used for

background ratios were sufficient to allow easy discrimination accumulation or transport of micrometer-sized objects, for
between the matching and non-matching DNA sequences. example, polystyrene beads, a technique that might ultimately

Although additional optimization of the silicon substrate P& €mployed in micropositioning or object sorting tasks.
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