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Cellular Structures
Molecular Locations
Mass Action Rate Constants

MCell & DReAMM

Build models and use Monte Carlo SSL algorithms to couple
Brownian Dynamics diffusion with binding, unbinding,
conformational changes,...

Molecular Diffusion
Molecular Mechanisms
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Counter-intuitive
Insights from Monte
Carlo Simulations
of Synaptic
Transmission
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The Biological Challenge...

“[R]esults to date show a dizzying array of signaling systems
acting within and between cells. ... In such settings, intuition can
be inadequate, often giving incomplete or incorrect predictions. ...
In the face of such complexity, computational tools must be
employed as a tool for understanding.” Fraser & Harland, Cell
100:41 (2000).

Requires: Stochastic methods applied to 3-D reaction-
diffusion and cells-as-machines problems - largely
embryonic due to the scope of necessary software
development and computational scale.




|Microphysio|ogical (Spatially Realistic) Modeling Pipeline
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| Where are the bottlenecks?

Skipping over ...

«Brownian Dynamics Random Walk
(Grid-free)

*Monte Carlo Probabilities for:
Unimolecular Transitions
Bimolecular Associations

*Numerical Accuracy

"I think you should be more *Run-time Optimizations

explicit here in step two."
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| Neuromuscular Physiology |
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Impedance Mismatch, Quantal Analysis & Variability?

W
£




Junctional Folds Decrease mepc Amplitude

Fold Fold
spacing depth Peak current

Planar NMJ Model

Testing Prediction for Untreated mepc t,:
Simultaneous Broadband EC and VC Recordings
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pm wm nA
No folds 0 7.36 = 0.09
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Skipping over ...
«Parameter Fitting for NMJs:
Untreated; AChE Inhibited;

AChE Inhibited + AChR Blockade

«Predicted Untreated mepc t,

mepc t, and ACh Exocytosis
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Temperature Sensitivity of mepcs is Mostly Governed by
Offsetting Effects on Channel Gating
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Synaptic Pathophysiology in a Novel Form of
Slow Channel Congenital Myasthenic Syndrome (SCCMS)

Patient followed from birth:
* Progressive weakness and impaired neuromuscular

transmission without early degenerative endplate changes
typically associated with SCCMS

Prolonged, low amplitude synaptic currents at early and late
stages

Atypical, initially mild (focal) ultrastructural changes
progressed over time

Novel C-to-T substitution in exon 8 of the dsubunit of AChR:
serine to phenylalanine mutation in the second
transmembrane domain (M2) that lines the ion channel

AChR numbers not significantly reduced

PSC’s Biomedical Supercomputing Initiative — An NIH Resource Center

Synaptic Pathophysiology in a Novel Form of
Slow Channel Congenital Myasthenic Syndrome (SCCMS)
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Synaptic Pathophysiology in a Novel Form of
Slow Channel Congenital Myasthenic Syndrome (SCCMS)

« Typical of SCCMS, mutant neurotransmitter receptors showed
dramatically slowed deactivation (ion channel closing rate)

* However, simulations of synaptic signals predicted an
additional novel slowing of receptor activation (ion channel
opening rate)

« Based on model predictions, opening rate was measured and
found to be decreased - likely explains unique early course of
disease in this patient

PSC’s Biomedical Supercomputing Initiative — An NIH Resource Center
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Spatio-Temporal Correlations and
Synaptic Noise
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Spatio-Temporal Correlations and Synaptic Noise
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Spatio-Temporal Correlations and Synaptic Noise Synaptic topology & current variability
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| Neuromuscular Physiology |
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Simulate Presynaptic Calcium Dynamics ‘

& Neurotransmitter Release...
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Simulate Presynaptic
Calcium Dynamics &
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SNARE complex

SNARE complex
location of "fusion pore”

~ Chapman E.R.(2002) Nature Rev. Mol. Bio. 3:498-508
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If binding sites are subdivided into
groups of five, then 40 are necessary
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with 3 groups of 2 required for fusion.
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