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This research involves the development of numerous microfab-
ricated sorting cytometer architectures for genetic screening of
complex phenotypes in biological cells. Our various approaches
combine the ability to observe and isolate individual mutant cells
within surveyed populations. In this work we merge benefits of
both microscopy and flow-assisted cell sorting (FACS) to offer
unique capabilities in a single platform. Biologists will leverage
these new affordances to isolate cells on the basis of observed
dynamic and/or intracellular responses, enabling novel avenues
for population screening;

Our most recent approach to image-based sorting, which comple-
ments our earlier work, utilizes a microfabricated array of PDMS
microwell structures positioned in the floor of a microfluidic flow
chamber (Figure 1) [1-2]. These microwells capture and hold cells
in place for microscopy-based imaging, and can be optimized to
trap single cells. After inspecting the array using microscopy to
determine cells of interest, we apply radiation pressure from an

A Figure 1: Microwell-based optical sorting. (A) Schematic
sort based on fluorescence localization (nucleus vs. cytoplasm).
Laser levitates target cells into the flow stream for downstream
collection. (B) Section of well array. We remove a membrane-
stained cell from a population of purely nuclear-stained cells. We
used an argon laser here; we now use IR-beams to mitigate cell-
damage concerns.
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infrared (IR) laser diode to levitate target cells out of the wells and
into a flow stream. Released cells can be collected downstream
for further analysis. The interconnect-free architecture scales eas-
ily; we have presently implemented trap arrays containing more
than 10,000 sites.

Manipulating live cells, irrespective of the technique, will certain-
ly have some effect on cellular behavior and physiology. It is im-
perative that we understand the effects of our sorting techniques
(both optical and electrical) on cellular physiology over a range
of operating conditions for two main reasons: (1) to determine
whether there are any gross effects (such as viability and changes
in proliferation), and (2) to determine whether there are more
subtle effects that alter complex phenotypes of interest. To this
end we are designing a microfabricated device to perform electri-
cal and optical “dose responses” to determine optimal regions of
operation and using fluorescence-based stress reporter cell lines
as sensors of physiological state (Figure 2).

A Figure 2: Sensing physiological state. (A) Green fluorescent
protein (GFP) based stress reporter cell line which shows
significant increase in fluorescence intensity, compared to
control (B) after a 30-minute heat shock at 44°C and a 14-
hour recovery at 37°C. Such a live cell sensor will allow us to
perform fluorescence-based cell health assays on thousands of
cells. Scale bars 20 um.
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