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increases in [Ca”]i, and then, AA activates PPARa, which enhances Ca”-reg-
ulated exocytosis in antral mucous cells. A novel autocrine mechanism medi-
ated via PPARa maintains Ca”-regulated exocytosis of the antral mucous cells
of guinea pig.
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Glucose homeostasis is maintained by small clusters of hormone secreting cells
in the pancreas: the pancreatic islets. Insulin secreting B-cells make for 90% of
each islet and secrete insulin in a tightly regulated manner.

Scattered observations in the literature report that B-cells express the required
machinery to synthesize and secrete dopamine. Other lines of evidence show
that dopamine inhibits glucose stimulated insulin secretion (GSIS) in vitro,
and the effect is mediated by the D2 isoform of the dopamine receptor. Yet,
there is no evidence of dopaminergic neurons innervating pancreatic islets,
and therefore, the biological relevance of such sensitivity is not clear.

We test the hypothesis that pancreatic islets produce dopamine from circulating
precursor L-dopa and that the resulting dopamine is released as an autocrine in-
hibitory signal to regulate insulin secretion. We use microfluidic devices to
maintain isolated intact islets viable during imaging experiments: we monitor
islet metabolic activity by imaging of NAD(P)H autofluorescence with two
photon excitation and we measure intracellular [Ca*"]; oscillations by confocal
microscopy. Our data from wild type and transgenic mice lacking D2 dopamine
receptor support the hypothesis that dopamine is an autocrine regulator of
GSIS. The results show that metabolic activity is not affected by dopamine.
On the contrary, [Ca®"]; oscillation frequency is reduced by both dopamine
and L-dopa, suggesting that D2 receptor activation affects GSIS downstream
of glucose metabolism.

This finding provides a new target for drug development in the treatment of di-
abetes and could help understanding the reported increased risk of developing
type 2 diabetes by patients treated with antipsychotic drugs.
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Changes in cellular cholesterol level affect transmitter release but the role of
cholesterol in the fusion machinery is not well understood. Using carbon fiber
amperometry, we examined whether changes in cellular cholesterol level has
any direct effect on the release of catecholamines from individual chromaffin
granules. To avoid any possible effect of cholesterol perturbation on ion chan-
nels, exocytosis was stimulated directly via whole-cell dialysis of a Ca*"-buff-
ered solution. Cellular cholesterol level was either reduced by ~30% (via a cho-
lesterol synthesis inhibitor and extracellular application of a cholesterol
extractor) or increased by ~3 fold (via loading of cholesterol). Changes in cel-
lular cholesterol level did not affect the rate of exocytosis, the quantal size or
the kinetic parameters of the main amperometric spikes (which reflect the rapid
release during and after the rapid dilation of the fusion pore). In contrast, cho-
lesterol perturbation affected the amperometric foot signals (which reflect the
catecholamine leakage via a semi-stable fusion pore). Reduction of cellular
cholesterol destabilized the fusion pore while it was flickering (resulting in a de-
crease in the proportion of “‘stand-alone foot” signal) and before the onset of
rapid dilation (resulting in a shortening of the foot signal). Elevation in cellular
cholesterol level had opposite effects, suggesting that cholesterol elevation in-
creased the stability of the semi-stable fusion pores. Acute extraction of choles-
terol from the cytosolic side of the plasma membrane (via whole-cell dialysis of
a cholesterol extractor) also shortened the foot signal and reduced the propor-
tion of “‘stand-alone-foot™ signals. However, acute extracellular application of
cholesterol or its extractor did not affect the amperometric signals. We suggest
that cholesterol on the cytosolic leaflet of the vesicular membranes constrained
the fusion pores of chromaffin granules before the onset of rapid dilation.
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We are developing microfabricated devices consisting of arrays of electro-
chemical electrodes in order to increase the throughput of single-cell measure-

ments of quantal exocytosis from neuroendocrine cells and to develop technol-
ogy that allows simultaneous electrochemical detection and fluorescence
imaging of single fusion events. One component of this effort is to develop
on-chip methods for stimulating exocytosis from select cell population on
the chip. Here we describe our efforts to use the same electrode to electrically
stimulate the adjacent cell and subsequently measure exocytosis using amper-
ometry. Voltage pulses were applied to planar electrodes while recording the
membrane potential of an adjacent cell using a patch clamp pipette in cur-
rent-clamp mode. We found that the threshold for eliciting action potentials
is typically between 2.0 and 3.0 V for cells that are well adhered to Au elec-
trodes (2.23 + 0.49 V, 0.2 ms pulse, n=20 cells). Trains of stimuli, however,
often lead to electroporation of the cell membrane, therefore we turned our at-
tention to designing stimuli to promote efficient cell electropermeabilization to
trigger exocytosis upon Ca>* influx from Ca**-buffered bath solutions. The
amplifier was modified to allow it to transiently pass large currents to enable
electroporation, yet record pA amperometric currents with low noise. We found
that trains of voltage pulses of 5-8 V of 0.2-0.5 ms duration can reliably elicit
Ca*"-dependent exocytosis lasting for tens of seconds, presumably by eliciting
electroporation of the cell membrane. Preliminary experiments with transparent
electrodes and the fluorescent Ca®* indicator fura-4F demonstrate a rise in in-
tracellular Ca®>" concentration ([Ca®*];) upon electrical stimulation. Experi-
ments are in progress to determine if this method allows one to clamp
[Ca®"]; to the Ca>" level of the buffered bath solution.

Supported by NIH grant NS048826.
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Exocytosis from the rod photoreceptor is stimulated by submicromolar calcium
and exhibits an unusually shallow dependence on presynaptic calcium. This
weak cooperativity may contribute to the linear relationship between calcium
influx and release at photoreceptor synapses and contrasts with release at other
ribbon and conventional synapses, which exhibit a fourth or fifth-order calcium
dependence. To provide a quantitative description of the photoreceptor calcium
sensor for exocytosis, we tested a family of conventional and allosteric compu-
tational models describing the final calcium-binding steps leading to exocyto-
sis. Simulations were fit to two measures of release, evoked by flash-photolysis
of caged calcium: exocytotic capacitance changes from individual rods and
post-synaptic currents of second-order neurons. The best simulations supported
the occupancy of only two calcium binding sites on the rod sensor rather than
the typical four or five. For most models, the on-rates for calcium binding and
maximal fusion rate were comparable to those of other neurons. However, the
off-rates for calcium unbinding were unexpectedly slow. In addition to contrib-
uting to the high-affinity of the photoreceptor calcium sensor, slow calcium un-
binding may support the fusion of vesicles located at a distance from calcium
channels, perhaps located higher up the synaptic ribbon or away from the rib-
bon. In addition, partial sensor occupancy due to slow unbinding may further
contribute to the linearization at this first synapse in vision.
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Reliable synaptic vesicle exocytosis in primary hippocampal neurons depends
on the number and availability of release-competent vesicles, their recharging
with neurotransmitters and the kinetics of exo- endocytosis. We have analyzed
the correlations between several exocytotic kinetic parameters by measuring
FM-styryl dyes (FM 1-43, FM 4-64 and FM 5-95) discharge from electrically
stimulated synapses: initial fluorescence, relative fluorescence loss, half-decay
time and number of neighbors of each synapse. All terminals were maximally
loaded and subsequently destained by three different stimulations, using 1200
action potentials (APs) at frequency of 40 Hz for loading and 600 APs at 30 Hz,
20 Hz and 10 Hz for destaining, respectively. Nerve terminals that contain more
dye and thus more vesicles released styryl dyes slower compared to synapses
that contain fewer vesicles. Furthermore, vesicle-rich synapses exhibited
a lesser relative fluorescence loss than those with fewer vesicles. Interestingly,
synapses with more neighbors matched these with high initial fluorescence .
Computer model simulations revealed that the results of the exocytosis param-
eter measurements were not compromised by statistical and system-specific ap-
praisal artifacts. The results of this study show that exocytosis is qualitatively
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