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Specific methods:

Na+ channels
Na+ channel model: We have previously developed a model of the neuronal Na+ channel subtype NaV1.1, which we use here as shown in Figure S1 [1]. The Markov formulation of NaV1.1 INa is itself an extension of earlier modeling efforts by Horn and Vandenberg, Aldrich and Clancy and Rudy [2,3,4,5].  The NaV1.1 framework is a Markov model of fourteen coupled states that can reasonably recapitulate both dynamic and steady-state current properties [1]. This model is consistent with reported measurements of neuronal Na+ channel NaV1.1 encoded by gene SCN1A [6]. 

T-type Ca2+ channels
T-type Ca2+ channel expression in CA3:  Previous studies have suggested that T-type channels are abundantly expressed in hippocampal CA3 pyramidal neurons [7,8] and a recent study showed that all three subtypes (CaV3.1, CaV3.2 and CaV3.3) are expressed [9]. 
T-type Ca2+ channel kinetics:  The T-type Ca2+ channel subtype kinetics is shown in Figure S2.  Simulated currents are shown as lines and experimental data from Chemin et al. [10] as symbols.  Figure S2A shows the activation constructed by normalizing the peak current after depolarization from a holding potential of -110 mV to a range of potentials (-90 mV to -10 mV) to the largest peak current, and inactivation obtained by stepping the membrane potential to -30 mV from a holding potential ranging from -110 to -30 mV. The simulated properties of the three subtypes agree well with experimentally observed behavior: Both steady-state activation and inactivation curves of CaV3.3 subtype were shifted towards positive voltages, compared to the CaV3.1 and CaV3.2 subtypes.  Figure S2B is the time course of recovery from inactivation obtained using two -30 mV test potentials. Peak currents elicited by the second pulse after the variable recovery period is normalized to the peak current during first pulse. Although the difference between the activation and inactivation kinetics for subtypes CaV3.1 and CaV3.2 are not significant as shown in Figure S2A, the recovery from inactivation for CaV3.1 is noticeably distinct from that of CaV3.2. 


Figure S2C illustrates the macroscopic currents elicited by a 100 ms test pulse to -25 mV (CaV3.3) or -35 mV (CaV3.1 and CaV3.2) from a holding potential of -110 mV. In the CaV3.1 and CaV3.2 channels, depolarization to -35 mV from a holding potential of -110 mV results in large macroscopic currents that fully inactivate and nearly decay to the zero current level. In contrast, CaV3.3 current is marked by slower activation onset and decay as shown in Figure S2C. Finally, an action potential voltage clamp waveform was imposed to evaluate the time course of the three subtypes under conditions of changing voltage as might be observed during the action potential. Figure S2D showed the normalized current for the three subunits during an action potential clamp. From steady state at a holding potential of -76 mV, simulated cells were gradually depolarized to 35 mV followed by gradual repolarization to -76 mV. Three subtypes displayed distinct behavior during a single AP waveform. CaV3.1 and CaV3.2 produced large and slowly inactivating currents. In contrast, CaV3.3 produced a faster inactivating current. 

FAST-SLOW ANALYSIS

Fast-slow analysis was used to investigate the bursting mechanism in a reduced single-compartment (soma) CA3 model. See details in Methods. The fast-slow analysis for CaV3.2 and CaV3.3 is shown in Figure S3 and Figure S4, respectively.
MOdel Parameters

Na+ channels

Macroscopic current density is computed by   
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Where GNa is the maximum membrane conductance density, PO is the sum of all channel open probabilities, V is the membrane potential, and ENa is the reversal potential. Transition rates are shown in Table S1. 

T-type Ca2+ channels

To characterize the T-type Ca2+ channels, we re-fit kinetic models of three subtypes [10]. Using the Hodgkin-Huxley formalism, the change of gating variables with time (e.g., x) can be determined by solving the differential equation
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where x( is the steady-state value and (x is the time constant. 
The steady-state activation and inactivation were modeled with Boltzmann equation:
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where V is the membrane potential, V1/2 is the voltage of half (in)activation, and k is the slope factor. T-type Ca2+ current was calculated using Goldman-Hodgkin-Katz (GHK) constant-field equation:
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where 
[image: image5.wmf] is the maximum conductance, PCa is the permeability, z is the valence of Ca2+ (z=2), F is Faraday constant, R is the gas constant, T is the temperature, [Ca2+]i and [Ca2+]o are the intracellular and extracellular concentrations of Ca2+, respectively. Model parameters for T-type Ca2+ channels as well as all other channels in Hodgkin-Huxley formalism are shown in Table S2.
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