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Fig 5: Peak to peak Calcium trajectory  (from trace in Figure 4) Fig 6: Peak to peak current voltage trajectory  (from trace in Figure 4)

Modeling di�erent currents that are commonly found in the Central 
Nervous System yields a surprising result: noise in certain currents
contributes much more to overall �ring variability than others.  
Particularly, persistent Sodium (as described by Magistretti and
Alonso) stands out as having the biggest in�uence on neuronal �ring
variability (Figure 1).  This is at least in part due to its higher open 
probability at lower voltages (Figure 2).  In addition, slow inactivation
of persistent sodium channels lead to complex e�ects on voltage 
dynamics. 

Our models give new insight into how Calcium can play a role in mitigating the e�ects of intrinsic channel 
stochasticity.  In Figure 3, the blue marks represent a stochastic Hodgkin-Huxley neuron, over di�erent fast 
Sodium and delayed recti�er Potassium channel densities.  As expected, the neuron �res tonically over 
various frequencies, but notice that the intrinsic variability in the channels limits how steadily the neuron 
can �re at di�erent frequencies. Thus, while the neuron can �re steadily at fast frequencies, the intrinsic 
channel noise limits the regularity of �ring at lower frequencies.  However, when we add voltage-gated 
calcium channels and calcium-dependent potassium channels),  �ring can occur with low variability at low
frequencies that were impossible with only Hodgkin Huxley channels. 

Fig 3: A stochastic Hodgkin Huxley Neuron (blue) is 
limited in how regularly it can �re at low frequencies,
but with Calcium dynamics (red) the range is expanded

Fig 4: Sample of a regularly �ring neuron with Calcium Dynamics

Leaner Mutation: Stochastic Variability
The “leaner” mutation reduces P/Q channel activation
(Wakamori et al. 1998),  leading to high intrinsic
�ring variability.  This is consistent with our hypothesis 
that calcium entry through P/Q channels, through 
direct and indirect mechanisms, works to suppress 
variability, but further testing is necessary.  Below, 
experimental and modeled subthreshold �uctuations 
and corresponding interspike interval variability. 
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Fig 2: Theoretical Standard Deviation of Currents in Voltage Clamp

Fig 7: Experimental Membrane Potential Fluctuations and 
Interspike Interval Variability

Fig 8: Computational Model Membrane Potential Fluctuations
and Interspike Interval Variability
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