Computer modeling of macaque rod bipolar cells 
The ultimate goal of these experiments is to describe the effects of histamine released from retinopetal axons on the light responses of rod bipolar cells, but it is not feasible to do these experiments at the present time.  Instead, the effects of increasing the delayed rectifier component of the voltage gated potassium current will be predicted using a minimal model of macaque rod bipolar cell based on a previous study of salamander bipolar cells (Mao et al., 1998).  Simulations will be performed on a personal computer with the Simulator for Neural Networks and Action Potentials (SNNAP) version 8.1 (Ziv et al. 1994; http://nba.uth.tmc.edu/snnap/).  The delayed rectifier in the model will be described by a standard, Hodgkin-Huxley type equation in which generalized Boltzmann-type equations define the voltage- and time- dependent activation and inactivation.  The records of outward currents from macaque rod bipolar cells will be averaged, and these traces will be fitted to generate values for the parameters.  The model bipolar cell will also have two ohmic leak currents, one selective for potassium and the other unselective.  These will be used to adjust the dark membrane resistance to 1.5 MΩ and the resting membrane potential to -46 mV, the average measured values.  The membrane capacitance will be 4 pF.

The input to the model bipolar cell will be from a simplified model rod spherule without active conductances.  Its light responses will be based on light induced currents recorded with perforated patch electrodes from dark adapted macaque rod bipolar cells at a holding potential of -70 mV in a slice preparation.  The stimuli were 10 ms flashes ranging from 0.15 to 20 Rh*/rod, near threshold to saturating.  The model rod spherule will make excitatory synapses onto the model rod bipolar cell, and the synaptic currents will have a reversal potential of 0 mV.  The synaptic conductance will be adjusted so that the input resistance of the model bipolar cell at the peak of a maximal light response will be 100 MΩ and the voltage responses will be 35 mV.  These data were provided by Dr. Fred Rieke, and the methods used to collect them were similar to those described previously for cone bipolar cells (Dunn et al., 2007).  When histamine enhances the delayed rectifier by 20%, the model bipolar cell is expected to hyperpolarize by 5 mV, and the light responses are expected to be smaller and more transient.
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The output of the model bipolar cells will be studied in a second series of experiments in which voltage dependent calcium currents will be added.  Primate bipolar cell axons have a sustained Ca++ current mediated by an L-type Ca++ channel (Han et al., 2000), and some also have a T-type Ca++channel (Ohkuma et al., 2007).  These are expected to resemble the more completely characterized channels in rod bipolar cells of rodents.  The T-type channels will activate at relatively hyperpolarized membrane potentials, -60 to -70 mV, and inactivate rapidly.  The L-type channels will activate at more depolarized potentials, -50 to -40 mV, and inactivate slowly (de la Villa et al., 1998; Satoh et al., 1998; Protti and Llano, 1998; Pan 2000, 2001).  Histamine is expected to produce decreases in both spontaneous and light evoked Ca++ currents.
�


Synaptic currents (black traces) produced by 10 ms light flashes of increasing intensity in a dark adapted macaque rod bipolar cell were recorded at a holding potential of -70 mV using perforated patch electrodes.  Of the 8 light intensities used, ranging from below threshold to saturating, 3 are illustrated here: 0.30, 1.2 and 4.8 Rh*/rod. These data were fitted (red traces) and will be the input to the model rod spherule.








