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Cell Simulations using MCell
1. Realistic 3D Geometry

2. Random Walk Diffusion

3. Stochastic Reaction Kinetics

MCell Model Building Pipeline

CellBlender - Model Design

MDL CellBlender - Visualization

MCell Model of Vesicle Release in Frog NMJ
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Abstract
MCell (Monte Carlo Cell) is a simulation tool for modeling reaction- 
diffusion systems in arbitrary 3D spaces, usually on the nm-µm scale 
(subcellular-cellular). Here we describe the application of MCell to 
structure-function studies in the frog neuromuscular junction (NMJ).

Excess-Calcium-Binding-Site Model

Our MCell model of the frog NMJ active zone is composed of :
  - 3D meshes generated via CellBlender based on experimental averages
  - Molecular components: voltage gated Ca2+ channels (VGCCs), Ca2+ ions, Ca2+ buffer, 
     Ca2+ sensors sites (synaptotagmin) on the bottom of synaptic vesicles 
  - Ca2+ flux through VGCC and Ca2+ binding kinetics to buffer and synaptotagmin 

Using experimental constraints (average number of released
vesicles per action potential and active zone, 4th order
calcium release relationship,  release latency distribution) we 
developed an MCell model of vesicle release at the frog NMJ
active zone. Our excess-calcium-binding-site model [2] accurately 
predicts the calcium binding stoichiometry and dynamics that 
underlie neurotransmitter release.  Our model revealed that 20-40 
independent calcium binding sites on synaptic vesicles, only a 
fraction of which need to bind calcium to trigger fusion, are 
sufficient to predict physiological release.

However, our model fails to properly account for facilitation during
multiple stimuli.
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Facilitation via Persistent Binding Sites 
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Schematic View of Persistent Binding Model
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Biochemical studies have suggested that synaptotagmin
lipid interactions are vital to vesicle fusion. Thus, we 
extended our previous model to include a persistent binding step which 
assumes the existence of a longer lived synaptotagmin-lipid state.  The persistent model 
properly reproduces facilitation while still fulfilling all experimental constraints.

Facilitation via Two-Binding-Site Model

Our two-site model assumes two types of Ca2+ binding sites involved in vesicle release: 
synaptotagmin mainly for mediating vesicle fusion and a second type of calcium binding 
site (Y site) with higher calcium affinity responsible for facilitation.
 
Using MCell modeling we find that such a two-binding-site model properly exhibits
facilitation and allows us to predict the number and kinetics of the Y binding sites. 
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Conclusions
1. Our MCell excess-calcium-binding-site model accurately predicts the calcium binding 
    stoichiometry and dynamics that underlie neurotransmitter release.
2. We have successfully developed two extensions to our excess-calcium-binding-site model
    which properly predict synaptic faciliation (persistent-binding and two-site model)
3. In the future we plan to extend our model to the mammalian NMJ.            
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