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ABSTRACT

We report on a new technique to generate linear and non-linear pore-size poly-
acrylamide gradient gels in a microfluidic format. Diffusion of low viscosity poly-
mer precursor solutions and a two-step photopatterning process were used to define
the decreasing pore-sizes in polyacrylamide gels. We characterize the gradient gels
and assess the performance for on-chip protein sizing. Baseline resolution of six pro-
teins was demonstrated in 4 s using linear gradient gels.
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INTRODUCTION

For decades, gradient “slab gels’ have proven effective for high resolution pro-
tein sizing [1,2]. We present here development and characterization of on-chip poly-
acrylamide gradient gels for protein and DNA analysis. Using an in situ photopoly-
merization process to crosslink a diffusion-defined acrylamide concentration
gradient, we readily tune the slope of the resulting polyacrylamide pore-size gradient.
In this work, we detail: i) anovel fabrication method that combines multi-step photo-
lithography and well-controlled molecular diffusion and ii) characterization of the
gradient gels for two canonical cases: a short and along diffusion interval, relative to
the diffusivity of the acrylamide monomer. The on-chip gradient gels are relevant to
further extending the power of bioanalytical systems, particularly for translational in-
struments.

Pressure-driven channel-filling methods adapted from the macroscale (e.g., sy-
ringe pumps) are fraught with stringent fabrication demands when adapted to micro-
devices[3]. Difficulty in controlling precursor flow rates and filling times also leads
to low reproducibility in concentration profiles [4]. Here we build on an elegant gp-
proach for generating gradient gels that has been reported for capillaries and is based
on diffusion processes [5]. To define the gradient, we employ a “diffusion interval”
between seria introductions of two polyacrylamide precursor solutions. Original to
our work, we utilize two photopatterning steps to cross-link the diffusion-defined
acrylamide concentration profile which results in the pore-size gradient gel [6]. We
demonstrate use of the diffusion-based method for fabrication of decreasing pore-size
gels, analogous to standard gradient slab gels.
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EXPERIMENTAL

Figure 1 outlines the two-step process for fabricating gradient polyacrylamide
gels in standard quartz microfluidic chips. The protocol includes: i) fabrication of a
small pore-size polyacrylamide gel plug at the outlet of the separation channel via
photomasking and UV exposure (Figure 1A), ii) pressure-filling of a second different
composition acrylamide precursor solution into the loading channels (Figure 1B) and
iii) subsequent defined “diffusion interval” followed by iv) a 15-min flood UV expo-
sure step (Figure 1D). Electrophoresisis then performed using standard protocols.

A uv Polymefized ’ B Fillwith e Polymerized
K Q separation loading gel“,. separation
A gel \ precursor EU gel

P AN
Separation E \Separation
gel uv v gel
( ) precursor ( ) precursor
HEXPOSE

Load'"g Q Pore Q Imaging
9 \ /gradient / Detector
I \Separation | Separation channel z
gel E3.5%T,2.6%C
Flood UV expose: H10%T, 2.6%C

Figure 1. Photopatterning defines gradient in sieving gel pore-size. Sample (S),
sample waste (SW), buffer (B), and buffer waste (BW).

To demonstrate protein sizing, a fluorescently labeled molecular weight ladder
containing six species (from 20.1 kDato 205 kDa) was analyzed on the gradient gels.
Here we show results for two gel fabrication diffusion intervals: 0 min (?ty) and 120
min (?t150). Thetwo intervals were used to fabricate 3.5%T to 10%T (large to small
pore size) gradient gels. Proteins were prepared for sizing per manufacturer instruc-
tions. Epi-fluorescence imaging (1X-70, Olympus and CoolSnap HQ, Roper) with a
4x objective was employed to monitor protein migration along the separation axis.
Image analysis was performed using ImageJ software (NIH, Bethesda, MD).

RESULTSAND DISCUSSION

Results of the gradient profiles, as well as the baseline resolution difference be-
tween the two generated gradient gels, are presented in Figure 2. As expected, long-
er diffusion intervals (?t1,0) produce linear gradient gels. According to our analytical
model of non-steady state diffusion (not discussed here), we anticipate that an over-
night (15 h) diffusion interval would yield a linear polyacrylamide pore-size gradient
over 0.66 cm in separation length. Given that our 0.3 cm separation length is suffi-
cient to resolve protein species ranging from 20.1 to 116 kDa, we would expect the
molecular weight range of resolvable species to extend with double the separation
length.

Twelfth International Conference on Miniaturized Systems for Chemistry and Life Sciences
October 12 - 16, 2008, San Diego, California, USA

812



Mizo @ et Linear 2L ‘e | Non-
35 — 35 I'
Gradient inear
Gel Gradient
Gel
0 o
-
.
. -
11 - 11- N
' - -
E 2 .
- . = .
252 . 5 22 -
g ] £ .
15 £
= - = Tl
L. = ]
33 » 33 ST
' B A
» e "-
F) R Ao )
44 ¥ 44 2R Ao
' p 2R 2
0 1.25 35 0 1.25 35
Location (mm) Location (mm)

Figure 2. Protein mobility reflects (left) linearity and (right) non-linearity of gel
pore-size gradient. Linear gradient fabricated with 120 min interval, O min interval
was used for non-linear gradient. E = 298 V/cm.

CONCLUSIONS

We have successfully demonstrated protein sizing in short (0.3 cm) gradient gels.
Such efficient electrophoretic analysis in ultra-short separation lengths has notewor-
thy implications: mainly that low applied electric potentials are needed to achieve the
required electric field strength for protein separations. This property is especially
important for tranglation of the microanalytical system into clinical settings. The fab-
rication methods reported here is amenable to adaptation to non-sizing protein as-
says, as well as integration with upstream sample preparation steps and subsequent
downstream multi-dimensional assays.
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