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Abstract:   Microfluidic chips incorporating a semiporous glass filter were used to
electrokinetically concentrate proteins on-chip prior to injection and
electrophoretic analysis.  Signal enhancements of >100-fold could be achieved
for the microchip analysis of both native and SDS-denatured proteins using this
technique.

INTRODUCTION
A number of on-column or pre-column sample concentration techniques

have been developed to improve detection sensitivity in capillary electrophoresis
and electrochromatography, including field amplified sample injection [1], solid-
phase extraction [2], isotachophoretic preconcentration [3], and micellar sample
stacking and sweeping [4, 5].  Microfabricated chips used for electrophoretic
analyses are typically loaded with sample volumes of a few microcliters, whereas
less than a nanoliter is normally injected into the microchip separation column.
Preconcentration of the analyte in the injection volume can therefore provide a
significant increase in signal strength.

We have previously demonstrated >100-fold concentration of DNA on
microchips followed by size separation of the DNA fragments by capillary gel
electrophoresis (CGE) on the same chip [6, 7].  The concentration is achieved by
incorporating a semiporous barrier between two microchannels, which allows the
passage of buffer ions but traps electrophoretically migrating macromolecules.
The concentrated analytes are then injected into the separation column for
analysis.  This paper describes the application of this on-chip preconcentration
method to the analysis of proteins.  Signal enhancements of >100-fold were
achieved for the separation of SDS-denatured proteins in sieving media as well
as in the separation of native proteins in non-sieving media.  Variations in the
design of the on-chip concentrator have been explored to optimize microchip
performance.

EXPERIMENTAL
Materials and chemicals.  Fluorescein isothiocyanate (FITC)-conjugated

marker proteins for SDS-PAGE (Sigma) were used for preconcentration and size
separation in CE-SDS protein analysis buffers (Bio-Rad).  Preconcentration and
analysis in non-sieving media were performed in Tris-borate buffer, pH 8.2 or 8.9,
using fluorescent proteins (Molecular Probes) conjugated with approximately 3-6
moles of FITC per mole of protein .

Instrumentation.  Microchips were fabricated in glass as previously
described [6], using a spin-on layer of potassium silicate to bond a coverplate to



the substrate containing etched microchannels.  The silicate layer provides a
porous interface between the coverplate and substrate that allows buffer ion
migration between parallel channels separated by a few microns.  Channels were
typically 10-15 microns deep and 40-50 microns wide at half depth; channel
widths of up to approximately 220 microns were used in some chips.  Parallel
channels at the concentration region were separated by approximately 5 microns
at the interface (see Figure 1).  Channel walls were coated with linear
polydimethylacrylamide [8] for preconcentration and analysis in Tris-borate
buffer, in order to suppress electroosmotic flow.  Voltages for preconcentration
and electrophoresis steps were applied to sample and buffer reservoirs via Pt
electrodes.  Laser-induced fluorescence (LIF) detection was performed by
focusing an argon ion laser (488 nm) to a spot in the separation channel. The
signal was collected with a 20x objective, filtered spatially (1.0 mm pinhole) and
spectrally (488 nm notch and 540df10 bandpass filters), and detected using a
photomultiplier tube (Hamamatsu, R928) and low-noise current amplifier
(Stanford Research Systems, SR570).  Voltages and data acquisition were
computer-controlled using programs written in LabView.

RESULTS AND DISCUSSION
A microchip design for protein preconcentration and analysis is shown

schematically in Figure 1, with a top view image of the preconcentration region.
A schematic cross section of this region shows the porous silicate layer that
provides a filter (~5 micons wide) between adjacent channels.   In this design
negatively-charged proteins were concentrated in a 150-micron long region at the

Fig. 1.  Microchip design for preconcentration and analysis of proteins.



head of the separation channel by applying an electrical potential between the
sample reservoir and one of the side channel reservoirs.  Current is carried
through the filter by buffer ions while migrating proteins are trapped at the filter.
A voltage difference was then applied between the buffer and bottom waste
reservoirs to inject the concentrated sample into the separation channel for
analysis.  Samples were also injected without preconcentration by initially
applying an electrical potential between the sample and sample waste reservoirs.
In this case, the proteins migrate through the open channel without being trapped
at the filter and the same sample volume can be injected into the separation
channel for analysis and comparison with preconcentrated samples.

Figure 2 shows the effect of preconcentration time on the carbonic
anhydrase peak in CE-SDS analysis.  Both peak height and area increased

linearly up to approximately 400-fold.  Peak distortion and broadening severely
reduced peak height at longer concentration times, although the area continued
to increase.  The peak distortion may arise in part from protein adsorption to the
filter or diffusion of highly concentrated samples within the separation channel
during the preconcentration step.  An alternative chip design, in which
concentration is performed in a side channel, rather than directly in the
separation channel, is being developed to avoid these potential problems.

Consistent with the above results, the lower limit of detection for FITC-
labeled ricin in the CE-SDS system was decreased by approximately two orders
of magnitude by a 5-min preconcentration step.  Preliminary experiments also
indicate equal or greater signal enhancements for protein analyses in non-sieving
media.  These experiments provide a further example of the versatility of
microfabricated devices for integration of multiple steps in chemical analysis.

Fig. 2.  Effect of preconcentration time on carbonic anhydrase peak in CE-SDS
analysis.  Sample:  FITC-labeled marker protein for SDS-PAGE (m.w. 29,000;
Sigma); 100-fold dilution.  Separation: 2.0 cm; 300 V/cm.
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