Using virtual synapses to study
synaptic integration in sympathetic ganglia

Paul H.M. Kullmann
John P. Horn

Dept. of Neurobiology

University of Pittsburgh School of Medicine

Sympathetic Ganglia:

medulla <€ 1 suprathreshold synapse - primary
(1°) synapse

< n subthreshold synapses - secondary
(2°) synapses

ganglionic

reganglionic
pregang neurons

neurons

# of 2° synapses: bullfrog B neuron: n=1%o4
rat SCG: G
human: n~50




1 —

20 |l I 1
preganglionic input
mean rate (fpre):
4 spikes/synapse

Synaptic Gain
= output/input
=7/4=175

mean rate (fpre): output
4 spikes/synapse 7 spikes

Predictions:
Synaptic gain increases with number of 2° synapses
Synaptic gain increases with strength of 2° synapses

Muscarinic excitation increases gain by strengthening
2° synapses




Experimental approach:

- perforated patch clamp recordings from dissociated B-type
sympathetic neurons from bullfrog paravertebral ganglia 9 and 10

- virtual nicotinic synapses implemented by a dynamic clamp:

Isyn = gsyn * (Vm — Erev)

gsyn=A * (_e't / Trise + e't / Tfall)

Tiise = 1 MS
Tpop) = O MS

Erev=0mV

threshold- gsyn

AP-threshold

dynamic-clamp software available at:
http://hornlab.neurobio.pitt.edu
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Synaptic strength and muscarinic modulation regulate gain
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P 4 * gKM [Leak = gLeak * (Vm — Erev)
oS cuiine gLeak = const

T~ 4gleak

Erev=0mV
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Conclusions:
- amplification increases with number of weak synapses and
strength of weak synapses

- strength of weak synapses is increased by muscarinic
inhibition of M-current

- concomitant increase in gleak acts synergistically

- sympathetic ganglia can act as variable amplifiers
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