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Abstract

In this contribution we explore a new and simple approach for immobilizing enzymes like glucose oxidase on SU-8 surfaces to
develop a smart substrate integrated in microfluidics. SU-8 is a well known photoresist often used in microfluidic prototyping.
Immobilization of enzymes on such substance can open new possibilities in the microfabrication of enzyme biosensors and
bioreactors. To demonstrate the consistency of this approach, we describe the design, fabrication and the simple functionalization
of a microfluidic bioreactor employing smart SU-8 pillars for continuous amperometric measurement of glucose. The results
reveal the possibility of simply binding enzymes on SU-8 surface. Moreover, a significant improvement in the linear response
range is observed compared to the previous published amperometric microfluidic glucose sensors [1,2].

© 2010 Published by Elsevier Ltd. Open access under CC BY-NC-ND license.
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1. Motivation

In our previous work [3] we introduced a technique for binding PDMS to SU-8 by treating the former with an
oxygen-plasma and the latter with APS. The reasoning behind the treatment with APS was to bind any possible
unreacted epoxy groups in SU-8 with NH, from APS. The positive results prompted us to investigate this reaction
for other compounds. In the current research, we study the binding of free NH, groups of enzymes to SU-8 for
biosensing applications. In this paper, we present our novel method for binding GOx to SU-8. This simple
immobilization can be an alternative for enzyme entrapment in a crosslinked membrane.
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Nomenclature

GOx  glucose oxidase
APS 3-aminopropyltriethoxysilane
PBS  phosphate buffer saline

n number of experiments

2. Experimental

For evaluation of the technique, a microfluidic cartridge for detecting glucose, lactate and other analytes which
are detectable by specific relevant enzymes is designed and fabricated. The goal is to immobilize the enzymes
directly on SU-8 surface, without employing specific membranes for their stabilization. The schematic design is
shown in Fig. 1. The cartridge is created in SU-8 and PDMS on a glass substrate. It includes a flow-through
microchannel that directs the sample to a bioreactor and two platinum microelectrodes situated down-stream for
amperometric detection. The area of the working and pseudo-reference/counter electrodes are 3.2 mm? and 5.6 mm?
respectively. The enzyme is immobilized in the bioreactor including 84 SU-8 pillars in the area of 15.6 mm?”. The
diameter of the pillars is 240 um and their height is 75 um. Enzyme immobilization is done by simply dispensing of
5 ul of a solution made of 6 mg GOx and 250 pul Triton X-100 (3 g/l dilution) in 250 pl DI-water in the designated
section of the microchannel containing the pillars. Triton X-100 is a non-ionic surfactant for better wetting of the
hydrophobic SU-8 surface. After drying (~ 5 min), the structured PDMS layer was placed on top. The PDMS
microchannel has a width of 800 um and a height of 200 um. The cartridges were stored dry at 4 °C when not in
use.
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Fig. 1: Microfluidic cartridge design. (a) Top-view of the microfluidic cartridge (b) Cross-section of the microfluidic cartridge along AA”

Fig. 2.a is a SEM image of the SU-8 pillars inside the bioreactor. The pillars increase the surface area onto which
the enzyme can bind. The completed cartridge which is shown in Fig. 2.b was placed in a chip holder with fluidic
and electrical connections. GOx converts glucose and oxygen into gluconic acid and hydrogen peroxide. The
peroxide can be detected amperometrically.

Before measurements, the channel was washed with a continuous flow of PBS for 20 minutes to remove any
unbound enzyme. For characterization of the bioreactor, 3 similar cartridges were tested under the same conditions.
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The working electrode was polarized at 0.5 V versus the pseudo reference/counter electrode. Glucose solutions with
different concentrations were pumped into the cartridge with controlled flow-rates by means of a standard syringe
pump.

(a) (b)

Fig. 2: a) SEM photograph of the smart SU-8 pillars in the bioreactor b) Picture of the fabricated microfluidic cartridge

3. Results and discussions

A typical response of the working electrode when glucose was pumped through the bioreactor is shown in Fig.
3.a. By increasing the flow-rate of the sample, a decrease was observed in the sensitivity of the bioreactor. Fig. 3.b is
demonstrating that the sensitivity of the bioreactor is adjustable with the flow-rate of the sample. The sensitivity was
33 + 11 nA/mM among three tested bioreactors.

The linear response range of the bioreactor [Fig. 3] was approximately 10 mM which is 10 times more than the
previously reported microreactor with immobilized enzyme on glass beads [1], and 5 times more than the cartridge
in which GOx was immobilized in a membrane formed by crosslinking on top of the electrode [2]. Furthermore, the

presented effective immobilizing technique eliminates the application of toxic chemical products like glutaraldehyde
that is used frequently in enzymatic membranes.
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Fig. 3: a) Glucose bioreactor calibration curve at sample flow-rate of 50 pl/min, 8 days after functionalization of SU-8 pillars. The linear response
range was up to 10 mM b) Glucose bioreactor calibration curve at three different sample flow-rates 8 days after functionalization. By increasing
the flow-rate from 50 pl/min to 300 pl/min, the sensitivity decreased from 19.5 nA/mM to 4.9 nA/mM
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The calibration curves of the bioreactor during the first 49 days after functionalization are shown in Fig. 4 while
different glucose concentrations were pumped into the cartridge at constant flow-rate of 50 pl/min.
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Fig. 4: a) Glucose bioreactor calibration curve over time. The samples were pumped into the cartridge at constant flow-rate of 50 ul/min. b)
Sensitivity of the glucose bioreactor upon the linear response range over a period of 49 days

The graphs in Fig. 4 are presenting a considerable decrease in sensitivity of the bioreactors especially during the
first week. Further experiments are in progress to investigate whether this decrease is a result of natural degradation
of the enzyme or loss of stability in enzyme binding to the SU-8 surface.

4. Conclusions

A simple method for immobilizing GOx on a SU-8 surface is presented in this paper. This technique is employed
in a microfluidic cartridge to stabilize the enzyme on micro-scale SU-8 pillars forming a smart substrate acting as a
bioreactor for continuous measurement of glucose. The results of experiments demonstrate that non crosslinked
epoxy groups in SU-8 can easily bind to NH, groups of the enzyme, and the bioreactor was active for measuring
glucose concentration at least for 49 days after functionalization. The sensitivity of the bioreactor was 33 + 11
nA/mM (n=3), and the linear response range was close to 10 mM.
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