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ABSTRACT

An integrated opto-electric biosensor is develofet uses an
optically transparent and electrically conductiveium tin oxide
(ITO) thin film coated on a slide glass substrateis biosensor can
simultaneously acquire the micro-impedance responaed
microscopic images of live celi: vitro under various toxic agent
stimuli. The dynamic response of live porcine puhay artery
endothelial cells (PPAECs) exposed to various doegtochalasin D
are comprehensively examined by monitoring the onigtpedance
characteristics at a specifiéfcequency and DICM images using the
opto-electric biosensor. The change in PPAEC mdggyo and
motility caused by cytochalasin D clearly illusesat the dose-
dependent actin filament disruption where opticahages are
correlated with the changes in the micro-electripédance.
INTRODUCTION
Micro-impedance sensing has a great deal of pateintiquantifying
cell physiology by monitoring cells cultured on dhgold electrodes
[1] Micro-impedance measurements however, are a&ithen and
complex function of both cell-cell and cell-substranteractions. Cell-
substrate interactions, for example, are mediayeihtegrin receptors
that are functionally linked to the actin cytoskete Biophysical cell-
substrate measurements have, therefore, beenatedebith widely
accepted biochemically established assays forayitoty [2].
Although micro-impedance measurements have prowenbe a
valuable tool in examining the response of a laygrip of cells to
various dose of cytochalasin D [3], this technigalene cannot
completely evaluate inter cellular interactions. drder to properly
examine cell-cell, and cell-substrate adhesionyaligechniques are
required.  Differential interference contrast magopy (DICM)
provides an excellent method for examining theserattions.

Both electrically conductive and optically transgar ITO bio-
electrodes [4] are combined with an integrated dynalive cell
imaging system. This system can therefore acqupdcal and
electrical measurements simultaneously, allowing ¢bservation of
cytochalasin D effects on live endothelial cell$.9pecific interest is
the morphological changes caused by the disrugti@ctin filaments
in the cytoskeleton. This biosensor is able totalsdly and optically
monitor the real-time and label free drug effectRIPEACs with high
temporal and spatial resolutions.

The actual effect of three actin-affecting drugsyt(€halasin D,
Latrunculin A, and Jasplakinolide) on cell motilithas been
quantitatively investigated using video-microscapbycancer cells [5].
The complicated phenomena of cell-substrate intierzs and/or cell-
cell interaction also represent attractive indicatfor studying cell
signaling and tumor cell inhibition. In tumor celfsr example, it is a
major challenge to inhibit the spreading from priynumor sites to
particular organs, which most likely create metsesa killing
approximately 90% of cancer patients.

The present paper presents a new study of morppalog motility of
PPAECs caused by cytochalasin D, which inhibits inact
polymerization, by using opto-electric biosensordlovang
simultaneous dynamic optical and electrical measargs.
EXPERIMENT

A. Microscopy DICM Sensor

Figure 1 shows a schematic illustration of the agitiand electrical
impedance measuring apparatus. An SR830 lock-inlifenpcircuit
generates a current through the ITO electrode amedsuores the
resulting electrode voltage. A data acquisition andlysis system was
implemented using LabVIEW. Cells were kept viableing an
incubator (WeatherStation, Olympus) that keeps tbmperature
(37°C), humidity, and C@(5%) levels constant. The imaging system
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consists of a long working distance objective lel6,71 inverted M199 (GibcoBRL) and 10 % fetal bovine serum (Hydpn

microscope with a polarizer, a DIC prism, a trantedi Nomarski supplemented with BME vitamins (Sigma), L-glutam{i@&bcoBRL),
prism, and an analyzer (IX2-AN) as well as a Hamamal4-bit penicillin and streptomycin (GibcoBRL), and BME ami acids
electron multiplier (EM) charged coupled device @@ligital camera (Sigma). Trypsin-EDTA (1X, GibcoBRL) was used tdatsh cells for
having both functions of a cooled and intensifiedBC Additionally, a passaging and electrode inoculation. Endothelidls cispended in
mechanical shutter is synchronized with the CCbriter to minimize M199 were inoculated directly onto a series ofikted ITO-SikN,
the effects of the light on cell growth [6]. DICNhages were taken microelectrodes that were not previously coatechveihy adhesion
simultaneously at 1.2 second time intervals withrregponding molecules such as fibronectin.
impedance measurents. PROPOSED PLANS
Halogen Lamp— ¢ Cytochalasin D is prepared at concentrations@d @M, 0.56uM,
Wochanical Shitfor— Humidifir T TTTTTTTEEEEEE 1.00uM, 1.78uM, and 3.16uM. First, the concentrations are added to
Chamber Counter Electrode each electrode well that contains confluenct erelzthcells. The
DIC Prism — "/ it disruption and dependence of actin filaments ono€halasin D is
Incubator C\:? T resolved electrically by measuring micro-impedawegiations and
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: optically by examining the dynamic cell morphologpd motility
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The dose effect of cytochalasin D on the dynamfosetl attachment
and spreading is then measured. Changes in celattachment,
motility, and morphology are subsequently measured.
CONCLUSION

An opto-electric biosensor, based on transpare@ ¢lectrodes, has
been successfully developed to simultaneously geowioth micro-
impedance and live cell imaging. This study spealfy demonstrates
that motility/impedance and cell-covered-area/ingred correlations
provide valuable information on the role of actytaskeleton on cell
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Fig. 1 Integrated optical and electrical system schematiancubato
keeps the cells viable for dynamic long time-lapsmasurements.

B. Electrical Impedance Sensor morphology and motility when exposed to cytochaldsi Thus the
Figure 2 shows a photograph (a) of an assemblealy aof five ITO biosensor has potential as an effeciivaitro pharmacological
transparent ITO electrodes with a top-view schemg). Arrays of quantification tool to comprehensively detect thte@s of various
five working ITO electrodes are fabricated with 50t diameter inflammatory agents for various live cells usingsitaneous real time
electrodes. Electrical impedance measurementseafermed using a impedance and optical imaging measurements.
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C. Cell Culture

Endothelial cells were isolated from porcine pulmugn arteries
obtained from a local abattoir. The endothelidisogere cultivated in
an incubator at 37C and 5 % CQ The cell culture media consisted of
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