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Encoding studies assume steretyped AP

A

Waiting for conductances to reach
equilibrium produces stereotyped AP

A
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Naturalistic input (bombardment of
EPSPs) gives different AP shapes
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Harsch & Robinson (2000)

AP shape important in neuronal
biophysics

1. K* channels: activity-dependent broadening
(Geiger & Jonas, 2000)

2. Na* channels: activity-dependent lowering

(Geiger & Jonas, 2000; Grussman €t al., 1979; Wang and Kaczmar ek,
1998).

. AP shapes influence EPSPs

(Sabatini and Regehr, 1997; Qian and Saggau, 1999; Stewart and
Foehring, 2001; Stuart et al., 2001; Geiger and Jonas, 2000; Brody and
Y ue, 2000; Prakriya and Mennerick, 2000; He et al., 2002; M eeks and

Mennerick, 2004).
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4. AP shapes interact with incoming EPSPs

Hausser et al. (2001)

AP shapes encode features of the
stimulus to participate in neuronal codes
(for local processing)
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Experiments in cortical slices

‘Naturalistic’ stimulation by conductance
Injection (dynamic-clamp)

Current injection

I PA + I stimulation (t)

Conductance injection

dv
CE = =7 T gstimulation (t)(V (t) - Erev)
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1(t) =g()[V(1) - E]

1 (t) = D awpa (DIV (1) = Epypal + Goasa (DIV (1) = Egagal +

Jnupa (D) _
17k exp(—kV (D) [V (t) = Exvioal

gty => g 9 =glexp(~t-t)/1, ~exp(~{t-t)/7,]
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Summary of experimental protocol

Prep: Slices of rat occipital cortex
(13-23-d-old Wistar rats)

Block of intrinsic synaptic conductances
(CNQX, APV, bicuculine)

Electrophys: Whole-cell 4-6 MQ,
conductance injection of (modulated-)
Poisson EPSPs

Temperature: 21-23° (n=32), 34° (n=24)
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Under ‘naturalistic’ stimulation there
IS AP shape variability
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Time scale for encoding <50 ms
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Independent of layer and synaptic
conductance cocktail
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Reliable AP shapes in repetition experiments
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Spike times have low correlation to stimulus
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What could the AP shape be used for?
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Conclusions
Action potentials (in these experiments):

. Are not stereotyped (not new)

. They carry information about the synaptic
conductance amplitude 50ms of
previous stimulation

. This information has low noise

. This information is not in the ISIs

. Biophysical evidence (from other labs)
suggests it may participate in networks,
but we do not know yet (future work)

. More for future: /n vivo
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