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Abstract
This paper presents the development of a generic microfluidic system toward portable

biochemical detection.  Microfluidic and electrochemical detection devices such as’
microvalves, flow sensors, biofilters, and immunosensors have been successfully developed
and characterized in this work. A magnetic bio-bead approach has been adopted for both
sampling and manipulating target biological molecules. The microfluidic and
electrochemical immunosensing experiment results obtained from this work have shown that
the biochemical sensing capability of the complete microfluidic subsystem is suitable for
portable biochemical detection of bio-molecules.
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1. Introduction

In the past few years, a large number of microfluidic prototype devices and systems
have been developed, specifically for biochemical warfare detection systems and portable
diagnostic applications [1-2]. The BioMEMS team at the University of Cincinnati has been
working on the development of a remotely accessible generic microfluidic system for
biochemical and biomedical analysis, based on the concepts of both surface-mountable
microfluidic motherboards and electrochemical detection techniques [1]. The limited goal of
this work is to develop a generic MEMS-based microfluidic system and to apply the fluidic
system to detect micro-organisms in liquid samples. Figure 1 illustrates the schematic
diagram of a generic microfluidic system for biochemical detection using a magnetic bio-
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Figure 1. Schcmalicmﬁiagram of a generic Figure 2. Surface-mounting of the fabricated
microfluidic system for biochemical detection. microfluidic devices on a microfluidic subsystem.
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bead approach for both sampling and manipulating the
target bio-molecules [3]. The analytical concept is based
on an electrochemical immunoassay [4].

To realize the generic microfluidic system in this
work, several new BioMEMS components have been
explored for both microfluidic components such as valves,
pumps, and flow sensors and for biochemical cells such as
biofilters and biosensors.  This paper describes the
preliminary experimental results obtained from the realized
BioMEMS microfluidic devices and biochemical cells,
toward realizing a full electrochemical immunoassay-based
remote biochemical sensor system.

2. Microfluidic Systems

To realize the generic microfluidic subsystem,
microfluidic and electrochemical detection devices such as
microvalves [5], flow sensors [6], biofilters [3], and
immunosensors [4] have been successfully fabricated and
surface-mounted using a fluoropolymer bonding technique
[7] on a microfluidic motherboard, which consists of
microchannels and electrical interfaces to construct the
generic microfluidic subsystem. The basic structural
concepts of the fluidic interconnection and the realized
generic microfluidic subsystem with all the microfluidic
and immunosensing components are shown in Figure 2.
The components have also been individually characterized
and the results are shown in Figure 3.

3. Biochemical Detection Schemes

The assay being developed to detect target bio-
molecule is a magnetic bead-based sandwich enzyme
immunoassay through electrochemical detection using
interdigitated electrode arrays (IDA) [4]. As described in
Figure 4, the beads are coated with streptavidin and
primary antibody is attached via labeled biotin. This
general attachment chemistry makes the immunoassay
easily extendible to any binding protein which is biotin
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Figure 3. Characteristics of
BioMEMS components.

labeled. The analyte is captured by a primary antibody on beads immobilized in the biofilter.
The biofilter holds the beads in place magnetically while the sample is passing through the
reactor. After the sampling step, a secondary antibody with enzyme label is added to form
the sandwich. The beads are then released for transfer to a sensing chamber in which they are
again trapped by a magnetic field and then, in the sensing chamber the enzyme substrate is
added and the product is generated by redox cycling. After a period, the final quantification
step is accomplished by electrochemical detection of the product as shown in Figure 5.

4. Results and Discussion

The assembled prototype system has been tested by flowing biofluids through the
microchannels, for both flow monitoring and biosensing capability, which are believed as the

most essential two functions of the system.
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Figure 4. Conceptual illustration of bio- K& L
sampling procedure: (a) injection of magnetic Figure 5. (a) Integration of the biofilter with
beads; (b) separation and holding of beads; (¢) detection components for electrochemical
flowing samples; (d) immobilization of target detection using enzyme as a label and (b)
antigen; and (e) release to biosensor. Detection principle of IDA and redox cycling

For reliable results from the immunosensor, it is necessary to ensure that reagents
flowing sequentially across the immunosensor, do not come in contact with each other at all.
When the solutions change, reagents in dead volumes “contaminate” the following reagent
and eventually drop the sensitivity, requiring that the two reagents be separated by sufficient
amount of buffer to ensure that no “contamination” of the reagents takes place. We have
developed a technique using both the flow sensor and immunosensor to overcome this
problem. To characterize the volume of rinsing fluid required the system is injected with DI
water followed by an aliquot of PAPP solution which is a substrate for the immunoassay
under development for this work. Figure 6 shows the measured output voltage of the liquid
as a function of time, as the solution changes from DI water to PAPP solution then to DI
water, at a flow rate of 50 pl/min. The time taken to restore the voltage allows us to calculate
the amount of rinsing buffer required, ensuring complete separation of the reagents.
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Figure 6. Output of the immunosensor as a function of time. The time taken to reach the original
voltage is indicative of the rinsing volume required.

The immunosensor has been also tested in the PC controlled meso-system, which is
operated by commercially available microvalves and micropump. The microfabricated
sensing chamber, which has a biofilter and an electrochemical immunosensor is connected to
the valves and reservoirs to perform a magnetic bead-based sandwich immunoassay and the
characteristics are shown in Figure 7. To ensure that the results of component evaluation on
the meso-system will be valid on the microsystem, the cross-section of the tubes used in the
meso-system has been kept similar to the cross-section of the microfluidic channels in the
BioMEMS system.

5. Conclusions
The generic microfluidic subsystems toward portable bio/chemical detection have
been developed and characterized for both microfluidic and electrochemical immunosensing
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aspects. Using the developed microfluidic devices which are surface-mounted on a
microfluidic motherboard with electrochemical immunosensors, the microfluidic
characterization technique has enabled us to understand and overcome the effects of
dilution/mixing and dead volume in the microfluidic subsystems. Successful magnetic bead-
based immunoassay results in the PC controlled meso-system have also been attained with
the microfabricated biofilters and electrochemical immunosensors. Based on the results
achieved from this work, a microprocessor controllable generic microfluidic subsystem for
portable biochemical detection of bio-molecules has been realized as shown in Figure 8 and
the system is now under characterization.
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