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ABSTRACT

A microchip that performs an automated restriction
fragment analysis is demonstrated. The device mixes a DNA
sample with a restriction enzyme in a 0.7 nl reaction chamber
and after a digestion period injects the fragments onto a 67-mm
long capillary electrophoresis channel for sizing. Materials are
precisely manipulated under computer control within the
channel structure using electrokinetic transport. Digestion of
the plasmid pBR322 by the enzyme Hinf I and fragment
analysis are completed in 5 min using 30 amol of DNA and 2.8 x
10-3 units of enzyme per run.

INTRODUCTION

Important problems in biology and medicine will benefit
from the ability to perform automated, rapid, and precise
biochemical procedures on minute quantities of material in a
highly parallel fashion. There is promise that microfabricated
components can be integrated into a single device to solve a
complete chemical or biochemical procedures. Simple but
powerful examples of integrated devices for performing
chemical reactions and separations have been demonstrated
using monolithic devices [1-2]. The advantages of integrated
devices that perform chemistry and chemical analysis may be
quite similar to those realized by the microelectronics industry
through the integrated circuit. Potential advantages include low
cost, compact devices with high speed processing while
improving operational simplicity and reliability and the added
benefit of parallel architectures for solving large problems.
Moreover, integration of chemical processing and analysis

functions allows automated manipulation of samples and’

reagents at volumes orders of magnitude smaller than is feasible
manually or robotically.

Miniaturized devices that have been fabricated primarily
involve electrically driven separation techniques including
capillary electrophoresis [3-9], synchronized cyclic
electrophoresis [10], free-flow electrophoresis [11], open
channel electrochromatography [12], and capillary gel
electrophoresis [13-15]. Devices that integrate chemical
reactions with analysis include capillary electrophoresis with
pre- and post-separation derivatization [1, 16]. These devices
have exhibited the features mentioned above. Here, we
demonstrate a monolithic integrated device for performing a
biochemical analysis procedure.

EXPERIMENTAL SECTION

The microchips are fabricated from glass substrates using
standard photolithographic, wet chemical etching and bonding
techniques as previously described [8]. The microchip design is
depicted in Figure 1. The reaction chamber and separation
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column are 1 and 67 mm long, respectively, having a width at
half-depth of 60 pm and a depth of 12 pm; the reaction chamber
has a corresponding volume of 0.7 nl. The electroosmotic flow
is minimized by the covalent immobilization of linear
polyacrylamide.
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Figure 1. Schematic of a microchip
with an integrated pre-column reactor
(0.7 nl volume) and 67-mm serpentine
separation column.

Chip performance and separations are monitored using
laser induced fluorescence (LIF). The reaction buffer is 10 mM
Tris-acetate, 10 mM magnesium acetate, and 50 mM potassium
acetate. The reaction buffer is placed in the DNA, enzyme and
waste 1 reservoirs (Figure 1). The separation buffer is 9 mM
Tris-borate with 0.2 mM EDTA and 1% (w/v) hydroxyethyl
cellulose. The separation buffer is placed in the buffer and waste
2 reservoirs. The concentrations of the plasmid pBR322 and
enzyme Hinf I are 125 ng/pl and 4 units/pl, respectively. The
digestions and separations are performed at room temperature
(20°C).

RESULTS AND DISCUSSION

First, the DNA and enzyme are electrophoretically
migrated into the reaction chamber. A voltage is also applied to
the buffer reservoir to prevent the DNA and enzyme from
migrating onto the separation column. After the reaction
chamber is loaded and is at equilibrium, the digestion can be
_performed either dynamically with. the electric potentials still
applied to the chip or statically by removing all electric
potentials. To perform the fragment size analysis following
digestion, the products are introduced onto the separation
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column by applying a potential between the DNA and enzyme
reservoirs and the waste 2 reservoir with potentials at the buffer
and waste 1 reservoirs removed for a brief period of time, 1 to 10
s. To break off the injection plug and to perform the
electrophoretic separation, the potentials at the buffer and waste
1 reservoirs are reapplied. )

The fragments are resolved using 1.0% (w/v)
hydroxyethyl cellulose as the sieving medium. Figure 2 shows
an electropherogram of the restriction fragments of the plasmid
pBR322 following a 2 min digestion by the enzyme Hinf I. To
enable efficient on-column staining of the double-stranded DNA
after digestion but prior to interrogation, the intercalating dye,
TOTO-1 (1 pM), is placed in the waste 2 reservoir only and
migrates countercurrent to the DNA. As expected, the relative
intensity of the bands increases with increasing fragment size
because more intercalation sites exist in the larger fragments.
The unresolved 220/221-bp and 504/517-bp fragments have
higher intensities than adjacent single fragment peaks due to
the band overlap.
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Figure 2. Electropherogram of products from
the digestion of the plasmid pBR322 by the
enzyme Hinf 1. The separation field strength is
380 V/em, and the separation length is 67 mm.
- The numbers correspond to the fragment lengths
in base pairs.

The digestion times ranged from 9 to 189 s. The 9-s
reaction period corresponds to the transit time of the plasmid
through the reaction chamber and is the minimum reaction time.
For other reaction times, the voltage to the chip is removed to
allow digestion to occur. The intensity of the 1632-bp and
504/517-bp fragment peaks increases for reaction times from 9
s to 129 s (2 min dwell time plus 9 s transit time) by = 10 times,
but for a 189 s reaction period (3 min dwell time plus 9 s transit
time), no further increase in fragment yield is observed.
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