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We are exploring the use extracellular fluorescent indicators to measure analy-
tes in the microdomains between adjacent cells in tissues. Our primary initial
goal is to measure changes in Hþ activity in the intercellular space of xenograft
tumor models before and after drug treatment. It is thought that acidification in
the core of tumors protects these cancers from the primarily, weak base, che-
motherapeutic drugs. We are comparing the use of functionalized nanoparticles
and expressible indicators as putative extracellular sensors. Functionalized,
fluorescein-labeled nanoparticles were constructed that enable the particles to
adhere to the surface of schwannoma cells. However, preliminary work with
the nanoparticles showed toxic side effects, at least over a period of days.
We have also been exploring the use of expressible membrane bound Hþ indi-
cators, glycosylphosphatidylinositol (GPI)-anchored GFP mutants. A problem
with these indicators is that they localize to the plasma membrane and also the
entire exocytotic pathway. In vitro testing of the indicators was accomplished
by aggregating single cells into clusters (artificial tumors) using dielectropho-
resis (DEP) and agarose molds. Preliminary results indicated that nanoparticles
could be trapped within artificial tumors using DEP as long as electric fields are
applied. Long term (7 days) intercellular pH sensing was achieved in vitro us-
ing GPI-GFP expressing schwannoma cells in an artificial tumor crafted with
an agarose mold. While we are currently exploring the use of sensors to mea-
sure changes in pH in the intercellular space, we are also investigating the de-
velopment and testing of other sensors to detect analytes such as ATP, Cl-, Naþ,
and Kþ. This will provide valuable information regarding cellular defenses
against chemotherapeutic drugs and mechanisms of therapeutic drug action.
This project was funded by the NIH:NCRR as a national research resource
[P41 RR001395]
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In vivo, there is an intimate connection between certain cellular processes and
the physical nature of the surrounding environment. Specifically, it has been
theorized that changes in the physical properties of the extra-cellular environ-
ment within the vasculature influence cellular migration which can influence
such processes as angiogenesis and occlusive vascular disease.
In order to observe and quantify the compliance directed migration of both vas-
cular smooth muscle cells and fibroblasts, we employed both polyacrylamide
substrates, in which the tensile modulus could be tuned to specific values,
and novel computer imaging software which automatically tracked cellular
movement in less then ideal optical imaging conditions.
Although both durotaxis and durokinesis have been previously observed in
large population studies, our application of computer vision software allowed
for a high throughput analysis of individual cells in real time. This method
not only standardized the data collection but also enabled us to observe and
quantify changes in speed, angular deviation, acceleration and deceleration
within a single cell’s migration track as a function of substrate stiffness and
in the presences of a compliance gradient. This detailed analysis will serve
to refine our understanding of cells respond to the physical stimuli presented
in the environment.
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The ability to monitor physical parameters of cell growth dynamics on an in-
creasingly sensitive scale is of great interest. Nonlinear rotation of cell-coated

magnetic microspheres is an ex-
citing new technique for rapid
cell detection and measurement.
Previous explorations of this
approach primarily involved
bacteria and other prokaryotes,
but new methods demonstrate
it is possible to extend this
model to the world of eukary-
otes, specifically simple yeasts.
In this experiment, Saccharo-
myces cerevisiae cells were
coated in biotin and covalently
linked to a streptavidin-coated magnetic microsphere. With their cell mem-
branes bound to the sphere, the unit was rotated asynchronously in a magnetic
field. As the cells grow, the viscous drag experienced by the cell-bearing micro-
sphere increases, counteracting the magnetic driving force, yielding a steady
overall increase in rotational period. The rotation rate is actively monitored
by specialized computer software using the voltage output of a laser and pho-
todiode.
Current data reinforces the success of dynamic asynchronous rotation as a valid
means for rapid and sensitive growth detection. In the future it is believed this
technique may be further extended to the study of increasingly complex organ-
isms, including mammalian cells.
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Optical Refractometry Technique (ORT) has been used to characterize un-
known substances, check the concentration of known substances, and also de-
termine the sugar content of a given liquid. It involves the determination of
a medium’s refractive index, which is a measure of the speed of light in the me-
dium. The technique is based on the principle that the speed of light in a given
medium is a reflection of its absorption and emission characteristics. The speed
of light also depends on the physical state, composition, and molecular struc-
ture of the medium. By comparing the optical properties of pure drinks with
those of drinks tainted with foreign agents, the level of contamination can be
detected. This work examines the feasibility of using ORT to detect the con-
tamination Gatorade drink with antifreeze, which has already led to a number
of deaths. The results will enhance the development of instrumentation and
methodology for continuous monitoring and detection of possible contamina-
tion.
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Electric cell-substrate impedance sensing (ECIS) has been used to monitor cell
behavior in tissue culture and has proven to be very sensitive to cell morpho-
logical changes and cell motility. In this method, cells are cultured on small
gold electrodes carrying weak AC signals. The impedance of these electrodes
changes dramatically when cells attach and spread on their surface, because the
cell membranes restrict the current flow. In addition, cell motion may reveal
itself as a fluctuation in the measured impedance, which is always associated
with living cells and persists even when the cells grow into a confluent layer.
The impedance fluctuation is attributed to incessant changes in the size of
the cell-substrate space as cells persistently rearrange their cell-substrate adhe-
sion sites. The magnitude of this sort of vertical motion detected by ECIS is of
the order of nanometers and referred to as micromotion. Here, we applied ECIS
to evaluate dose-dependent responses of NIH 3T3 cells exposed to cytochalasin
B, cadmium chloride, and H-7 dihydrochloride, a protein kinase C inhibitor. To
detect the alternation of cell micromotion in response to cytotoxic challenge,
time-series impedance fluctuations of cell-covered electrodes were monitored
and the values of power spectrum, variance, and variance of the increment
were calculated to verify the difference. While a dose-dependent relationship
for each chemical was generally observed from the overall resistance of the
cell monolayer, the analysis of impedance fluctuations distinguished cytocha-
lasin B, cadmium chloride, and H-7 dihydrochloride levels as low as 0.1, 10,
and 1 micromole respectively. The analytical methods used in this study can
serve as a model approach for ECIS and other electrochemical impedance bio-
sensors to investigate various aspects of cellular responses to toxins in general.
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Bioprinting is a computer-controlled procedure for building three-dimensional
tissue constructs via layer-by-layer delivery of cells and supportive hydrogels.
To describe the post-printing self-assembly of multicellular structures, we per-
formed computer simulations that incorporate a basic principle of developmen-
tal biology, the differential adhesion hypothesis (DAH). DAH states that cell
motility combined with differences in the adhesive properties of different
cell types yields tissue conformations with the largest number of strong bonds
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