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GEL ELECTROPHORESIS IN POLYDIMETHYLSILOXANE
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Abstract

This paper reports progress towards DNA purification
in a microfabricated device. In order to achieve the
lab-on-a-chip, components — microchannel, micromixer,
microfilter, and electrophoresis module are fabricated using
polymeric material polydimethylsiloxane (PDMS) for fast
prototyping. The microchannel is injected with agarose gel,
which acts as a sieve for bio-samples. To expedite the
electrophoretic process during differentiating DNA and
impurities as they pass through the gel, a bipolar junction
transistor high-voltage device is fabricated. Results show
that fluorescent micro-spheres (0.9um in diameter) are
successfully separated from single strand DNA, which are
collected in the micro-channel outlet.

Keywords: DNA purification, PDMS, electrophoresis,
agarose gel.

1. INTRODUCTION

The purpose of nucleic acid assay is to detect
predetermined nucleic acid sequences in biological fluid
samples. Nucleic acid probe assays have been applied
in biotechnology and medicine, e.g. detection of
pathogens in foods and genetic diagnostics on human
subjects [1]. The nucleic acid probe assays typically
include polymerase chain reaction (PCR) to amplify
copies of DNA to a detectable level. PCR requires a
relatively pure DNA sample in aqueous solution, which
is free of inhibitor during the process. For this reason,

the extraction and purification of nucleic acid from
biological samples are the critical steps. However,
these  complex  chemical  processes  without
miniaturization are most difficult and time consuming.
MEMS technology, based on semiconductor processes,
provides a platform to integrate nucleic acid assays
within a microfluidic device.

A DNA extraction and purification (E&P) device
has been designed [2]. The prototype is composed of
three components: micromixer, microfilter, DNA E&P
module.

extracted from living cells, for PCR amplification.

The goal of this work is to prepare DNA,
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2. DESIGN AND FABRICATION

Layout of the microfluidic chip is shown in Fig. 1.
Micromixer is designed for mixing E-Coli samples with
lysis buffer, which can disrupt the cell wall in
preparation for extracting chromosome DNA. After
the microfilter, most debris of cell would be blocked,
which ensure extraction of purest DNA molecules
possible.

The fabrication process for the micro-device is as
follows [2].
high resolution (4,000dpi) transparencies to be used as
masks in photolithography. Soft lithographic technique

The designed patterns were printed on

is used for printing and molding using elastomeric
stamps [3]. This has become a method of choice for
fabricating  microstructures  for  biological and
The whole design cycle,
once established, is about 24 hours, and costs very

microfluidics applications [4].

minimal.

To achieve deep channel structure, negative
photoresist SU-8 100 (MicroChem Corporation, Newton,
MA) is adopted to fabricate the master.

Cured PDMS is bounded on glass after oxygen
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Fig. 1 (a) Flow chart of the microfluidic system
for DNA E&P chip. (b) The diagram
presents the concept that is “samples in
and DNA out”. As shown in (c), the
proposed microfluidic system consists of
two layers of microstructure

plasma treatment about 20 ~ 60 second. For instant
bonding, it is found that low RF power and short
treatment time are best.

To disturb the laminar-like flow thus enhancing
mixing, a simple passive micromixer, Fig. 2, is used.
Results are found to be adequate, although in further
effort optimization is being studied.

Agarose gel, concentration at 1% (w/v) was used to
serve as molecular sieve, which blocks huge molecules
(= 200nm) from passing through. The gel was injected
into the middle channel between two reservoirs. The
inlet reservoir received mixture of DNA, proteins, and
other organelles.  Only smaller negative charged
molecules (<150 ~ 200nm) could pass through the gel
under an electric field. Therefore, the downstream
reservoir would contain DNA and smallest molecules.
In general gels with a pore size from 150nm at 1% (w/v)
to 500nm at 0.16% are used, and pore diameter up to
800 nm is achievable at 0.075%. The surface of PDMS
is essentially hydrophobic which prevents agarose gel
Figure 4(a), agarose
solution was of course carefully introduced into the
injection port between inlet and outlet to fill the
TAE buffer is also injected
into the inlet and outlet ports.

solution into the microchannel.

microchannel with gel.

(@

Fig.2 (a) Micro mixer used in the preliminary
design. (b) The scale of the microchannels
is 500 in width and 1007 in height

(@)
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Fig.3 (a) The electric circuit of the high DC
voltage. (b) Photograph of the portable

high DC voltage, low-power power supply
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Thus, before injection of gel, oxygen plasma is
used to treat the surface being hydrophilic. A high
voltage power supply with a transformer and a BJT
(Bipolar Junction Transistor), Fig. 3, was built to shorter
the times for the electrophoresis process [6].

3. RESULTS AND DISCUSSIONS

To prove that the DNA E&P module could extract
DNA and filter out other big molecules, fluorescent
microspheres (Duke Scientific Corp.) and single strand
DNA (ssDNA), a primer used in genomic sequences
analysis, are both placed in the inlet reservoir prior to
the gel entrance. The microspheres are activated at
542nm with maximum emission near 612nm (red).
The nominal diameter of these spheres is 0.9uum, which
is bigger than the gel pore size of 0.15um. During the
electrophoresis, they migrate toward anode, the same
direction as DNA.

The Fluorescence of the ssDNA, is activated at
494nm and maximum emission is near 530nm. These
DNA molecules are small (20bp ssDNA is about 6nm in
length), which makes differentiation between noise and
fluorescence difficult. To increase the intensity of
fluorescent DNA, a 100um wide (40um depth and
40mm length) was fabricated.

Figure 4(b) shows the results of electrophoresis in
the 100um wide channel.
adsorbed on the interface between buffer and gel, while
the fluorescent ssDNA, emitting green fluorescence,
pass through the 1% (w/v) gel at a field strength of
250V/em. Figure 4(c) and 4(d) show the change of
intensity of fluorescent DNA more clearly in the

The 0.9um microspheres are

microchannels — as more DNA molecules gather in
outlet the fluorescent intensity increases.

4. CONCLUDING REMARKS

This work has designed, fabricated, and tasted the
sieve of a DNA purification module via 1% (w/v)
agarose gel.

Augmented by an in-house high voltage device, we
demonstrated the separation of single strand DNA from
the mixture of single strand DNA and fluorescent
microspheres using agarose gel electrophoresis. The
success suggests progress toward a potentially low-cost
device that can extract DNA from more mixture of
bio-solution.

Progress is underway to separate red blood cells,
white blood cells, and blood plasma for rapid blood
analysis.
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Fig.4 (a) A 100um wide microchannel was
fabricated by PDMS molding method.
The channel length is 40mm long, 100um
width, and 40um depth. (b) Photograph
shows fluorescent of ssDNA and
microspheres mixture. The microspheres
were adsorbed by agarose gel after
electrophoresis. As more DNA molecules
gather in outlet, the fluorescent intensity
increases near detection area IL
Photographs (c) and (d) show the increase
of fluorescent at the outlet
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