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Mechanisms of neurotransmitter release at retinal ribbon synapses

Dr. Heidelberger has mentored numerous high school and undergraduates students during her career.  Over the past four years, she has trained four undergraduate summer research students, one of whom returned for a second summer and is currently preparing a first-author manuscript based upon his results.  The research in Dr. Heidelberger’s laboratory seeks to understand the mechanisms of chemical neurotransmission at the level of synaptic vesicle dynamics.   To this end, biophysical approaches including time-resolved membrane capacitance measurements and fluorescence measurements of presynaptic calcium are used in combination with computational approaches and molecular tools.  A current focus of the laboratory is to define the contributions of the different, physiologicially-characterized pools of synaptic vesicles to the pattern and strength of synaptic signaling at retinal ribbon synapses.  Summer undergraduates in the laboratory will participate in one of the following computational projects:

Project 1)   Physical arrangement of synaptic vesicle pools.  The exocytotic response in retinal ribbon synapses has several kinetic components that are thought to represent specific vesicle pools.  A current debate is whether these pools are arranged serially, such that the exocytotic release of neurotransmitter occurs exclusively from one pool or whether the pools are arranged in a parallel manner, such that vesicles in more than one pool can directly undergo exocytosis.  This project will draw upon our knowledge of these pools, their depletion and refilling kinetics, and the calcium-dependence of release and refilling, to develop and test the merits of a serial versus parallel arrangement of vesicle pools that lead towards exocytosis. 

Project 2) Contributions of synaptic vesicle dynamics to phasic and sustained release. Retinal ribbon synapses are unusual in that they not only release neurotransmitter in a rapid, phasic burst similar to conventional synapses, but they also have the remarkable ability to release neurotransmitter continuously in a slower, sustained manner that is graded with stimulus intensity.  We are interested in learning how the calcium-dependence of pool refilling influences the ability to maintain release in the face of a sustained stimulus.  Drawing upon information obtained from our physiological studies, this project will examine the role of calcium and synaptic vesicle dynamics on both the phasic and sustained phases of neurotransmitter release.

