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Development of On-chip Biopolymer Membranes

The miniaturization of analysis systems has been motivated by enhancing ana-
lytical performance, decreasing reagent consumption, providing the potential of running
multiple tests in parallel, and integrating multiple functions such as sample handling,
analysis and detection on a single device [1,2]. This field has grown rapidly since its debut
around 1975 evolving to what is called now micro total analysis systems or lab-on-a-chip.

Atypical on chip system would be capable of controlling fluid transport (injection,
pumping, valves), in addition to performing its functions such as separation (diffusion
based, size, field flow, laser trap), purification and analysis (chromatography, electro-
phoresis, isoelectric focusing), sensing (chemical, biological, flow, viscosity), and/or
detection (fluorescence, electrochemical, etc.). Other systems have been developed for
more specific biological applications such as protein separation, PCR, DNA separation
and sequencing, and clinical diagnostics [3].

In many of these systems, sample purification or pre-concentration is required to
enhance the device sensitivity and specificity. Sample purification strategies have focused
mainly on using chromatography or electrophoretic separations. While these methods
have enabled the use of
highly sensitive detectors
that are capable of quanti-
fying extremely low solute
concentrations without
fear of contamination,
they are not sufficient for
use with a highly complex
mixture such as biologi-
cal fluids that require an
intermediate separation
step. Membrane sepa- Figure 1: Images of cellulose membranes. (a) an SEM
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ficient method for simple |- ' '
size- and charge-based
purification in the lab-
on-a-chip environment. e e o ) e e o
PreViOUSIy1 fiItration has Figure 3 Figure 5: Shows control of the molecular weight cut-off
b e e n e | th e r pe rfo rm e d (MWCO) for different casting conditions
prior to sample loading or through the use of commercial membranes adhered to the
substrate [1,4]. These membranes cannot be patterned to micron resolution and the
adhesion process might be incompatible with fabrication processes, or may introduce
contaminants. Our group’s main objectives are to integrate filtration onto microfluid-
ics devices in a way that is compatible with existing microfabrication processes, and
to develop a methodology for changing the membrane’s chemistry and rejection
characteristics to be suitable for a wide range of biological applications. We are in-
vestigating the use of polymer membranes, mainly cellulose acetate and collagen.

Silicon wafers were coated on both sides with a thin layer of low stress
silicon nitride, the top (polished side) was patterned with a two dimensional array of
squares ranging in size from 2mm by 2mm to 8mm by 8mm, and etched using reactive
ion etching (RIE). The bottom was patterned with 1mm by 1mm squares, etched using

Figure2: Experimental set-up showing the Si wafer with
the CA membrane sandwiched between the PDMS
i idic pieces.

Figure 3: Results for the flux versus molecular weight.
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The NBTC begins its second five years as a Science and Technology Center of the National Science
Foundation. We are building on our strengths and extending our reach in the areas of research,
education and knowledge transfer, based upon achievements in our first five years. Our Center has
pioneered the field of Nanobiotechnology and has attracted substantial interest internationally, as we
continue to be a leader in this exciting field.. This success is based on effective collaborations among
life scientists, physical scientists and engineers to create an array of micro- and nanofabricated devices
to address biological systems on the subcellular and molecular levels. Integral to that process is the
training of students and postdoctoral associates who go forward to advance the field in other venues.

These next five years will be an important transitional period as we plan for and move toward a vibrant
future beyond the ten years of the NSF-STC program. NBTC research, to create new classes of tools
that can elucidate biology at fundamental scales, will increasingly take these new technologies to appli-
cations that impact a wide range of life processes. This will be facilitated by knowledge transfer and by
building relationships with other groups in industry, academia and government. Facilities are being cre-
ated in Duffield Hall that provide essential technical support as well as an environment that nourishes
interdisciplinary interactions. A continuing crucial aspect of our growth is communication throughout the
Center and beyond, particularly engaging the minds of the next generation with a vision of an exciting
scientific field that extends well into the future.
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RIE followed by KOH etch through the entire wafer thickness to expose the top nitride layer. Polymer solution was spin cast
onto the wafer (top side) using variable speed and time conditions, followed by quenching in a non-solvent solution for pore
formation.

The resulting wafer had polymer membrane bridging across the 1mm by 1 mm holes supported by the porous
(2mm by 2mm to 8mm by 8mm square holes) nitride layer. SEM pictures for the membrane (top view and inside structure)
are shown in Figure 1. The rejection characteristics of assembled membrane filtration devices were determined by passing
single- and multi-component solutions across the membrane in a tangential flow mode, the microfluidics were cast in PDMS
and assembled as shown in Figure 2.

The results for the membrane cast from a 25% cellulose acetate (CA) dissolved in N,N-dimethylacetamide (DMAc)
(w/v, CA/IDMACc) showed a decrease in flux with an increase in molecular weight to a cut-off (MWCO) of 350 Da as shown in
Figure 3. We found that the non-monotonic decrease in flux was due to the secondary effects; molecules with higher solubil-
ity, that were neutral or negatively charged had less resistance passing through the membrane, while less soluble molecules
confronted a higher resistance, thus decreasing their flux, and positively charged molecules adhered to the membrane
(Figured). The secondary effects played a role only for the molecules smaller than the MWCO; a highly soluble and neutral
molecule such as phenol red salt (MW=376.34) did not pass through, confirming the MWCO of 350 Da for this membrane.

We were capable of modifying the rejection characteristics in very fine steps by changing the polymer concentration
and/or quenching bath temperature to form two additional membranes with MWCOs of 300Da and 700Da (Figure 5). We
also controlled the rate at which molecules pass through the membrane by changing its thickness due to altering the casting
speed and time, while keeping the same rejection characteristics [5].

This work provides a novel capability to integrate filtration onto a chip using standard processes without contaminants,
control the rejection characteristics, and the flow rate. Such a technology is highly desirable and can be adapted as a front
end to many systems to study cell signaling or to carry out DNA purification from whole blood for PCR, our group is actively
pursuing both of these applications.
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A graduate level course in nanobiotechnology continues to attract students from around the world.
The course, which is videoconferenced live to five locations spanning from Dublin, Ireland to Portland,
Oregon, is once again off to a strong start. With over 130 students representing engineering, life sci-
ences, and physical sciences, the course places students in teams to design a nanobiotechnological
solution to a biological problem. The challenges of working at the nanoscale are compounded by the
challenges of working with fellow students who speak different languages based on their disciplines.
When asked a basic question, ‘what is a control’, engineers respond with ‘exerting influence over some-
thing’ while biologists write ‘a variable that is held constant in an experiment’. Overcoming these chal-
lenges in a team based environment provides students with a real experience in the challenges facing
scientists and engineers who work in the field of nanobiotechnology.
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Nanobiotechnology course spans the globe

What began as an experiment to keep girls engaged in science has
become a fad at three rural schools in Central New York. Tri-Sci
Club for girls started as a science club program for girls in grades
7 and 8 at Groton, Spencer Van Etten, and Newark Valley schools.
With their teachers as coaches and scientists from Cornell as men-
tors, girls participate in hands-on science activities every month at
their schools. Members also take field trips to science museums,
nature centers, and local science companies. The club started in - "
2000 with 49 members, and enroliment has increased every year f
to the current membership of 132 girls. The popularity of the club Experimenting with floating
continues to increase at each school, and many of those who have mirrors at the Sciencenter
‘graduated’ from middle school have asked to continue being in-
volved as they progress through high school.
Why are these girls so excited to be involved in the club? “I like doing labs...it'’s better than doing
book work,” said one student from Groton. The overwhelming answer was simply “I like science.”
What does this mean for girls in science? If the program is hands-on and fosters interaction
between girls, they show up in droves. It couldn’t be any simpler than that.
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