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MONTE CARLO MODEL OF BACKGROUND GLUTAMATE SPILLOVER IN THE
HIPPOCAMPUS

J.P.Kinney*; T.M.Bartol; T.J.Sejnowski
HHMI, Salk Inst. for Biological Studies, La Jolla, CA, USA

The goal of this study was to explore the activation of extrasynaptic AMPA and NMDA receptors by
diffusion of glutamate in extracellular space following fast excitatory synaptic release. Conclusive results from
analytical models are hampered by the difficulty of integrating information about the time course of glutamate
concentration profiles in the synaptic cleft with diffusion profiles in the complex geometry of the neuropil.
Furthermore, experimental measurements of critical model parameters are difficult to obtain, such as the fine
structure of 3-D morphology of the neuropil on the sub-micron scale. We have used MCell, a Monte Carlo
simulator of molecular signaling, to study the release of hippocampal glutamate and diffusion in 3-D
geometrical reconstructions of the neuropil. Our simplified 3-D model contains repeating motifs with the
appropriate design and spacing to replicate experimentally measured values for hippocampal tortuosity. The
model simulates, on the microsecond time scale, the random walk of every glutamate molecule in a synapse
after vesicular release. We have focused on the effects of background glutamate concentrations on the levels
of receptor activation due to spillover.
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I I d . I \/ Results Figure 6. Spatial extent of glutamate spillover . Starting with zero initial background glutamate Figure 8. Glutamate release at the test synapse . Synapse 4 in Figure 2 was arbitrarily chosen as
. IltI'O UCthn - o . concentration, vesicles were released one at a time from the cleft center of each of the four synapses  the measurement synapse with active AMPA and NMDA receptors. To establish a baseline
The goal of this project is to construct a simplified realistic 3D model of the hippocampal neuropil and use it in a F.lgure 5. Distribution of AMPA and NMDA states at st.eady-state. The distribution of receptor stat.es seen in the in the motif shown in Figure 2. Motif asymmetry causes variation in mean radial diffusion response, vesicular release at synapse 4 was simulated with vesicles of size 3000 and 5000 with 100
Monte Carlo computer simulation of synaptic neurotransmitter release to characterize the effect of biophysical figures below are based on 180 measurements taken with 0.5 M background glutamate. concentration. For both displacement of glutamate from the point of release among the four synapses following synaptic = Hz bursts of 1, 3, and 6 releases. The time course of receptors in the open state are plotted below.
parameters of hippocampal neuropil on glutamate spillover. This parameter space will have three dimensions and AMPA ?nd NMDA, CO0 represented the unbound state and O the open state. Receptor kinetic models are shown release. The minimum radial diffusion distance of ~0.21 pum reflects the absence of glutamate The excitatory postsynaptic current in the last figure below was calculated by assuming a constant
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