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Summary

Neurons in the brain respond to input by generating action potentials: fast fluctuations
of the electrical potential over the membrane of the cell. The focus of this thesis is
on ‘spikes’, single action potentials, and ‘bursts’, groups of action potentials with short
inter-spike intervals, followed by periods of relative quiescence. The main question in this
thesis is about the meaning of these bursts: what can they tell us about the input? What
do they code for and and how is this code influenced by the background activity of the
network the neurons are in? These questions were investigated in two areas of the brain:
the CA3 of the hippocampus and the thalamus. We used different techniques to answer
these questions: analytical tools from information theory, as well as the more mechanistic
approach of biophysics. Moreover, we compared the theoretical models with experimental
results.

The first half of this thesis focuses on the CA3 of the hippocampus. In chapter 2, we
use a model pyramidal cell that responds to input with either a spike or a burst. This
pyramidal cell sends its output to a model interneuron, that in its turn inhibits the pyra-
midal cell. In addition to this inhibition, the pyramidal cell receives noisy input. This
enables us to describe which features in the input this small network is sensitive to, by
using the techniques described in appendix B. By changing the characteristics of the
inhibitory connection, for example, the strength, type (slow dendritic of fast somatic),
short-term plasticity and size of the delay, we could investigate how these characteristics
influence the coding of this network. In chapter 3, we perform a similar analysis, but
this time on a network in which the interneuron and pyramidal cell are connected in a
feed-forward loop instead of a feedback loop. We conclude from these two chapters that
inhibition can change the behaviour of the pyramidal cell from a slow bursting to a fast
spiking regime. This regime change is accompanied by changes in several other coding
properties of the network, such as which features in the input the pyramidal cell responds
to and the reliability of the output. The timing of inhibition is crucial: slow dendritic
feedback inhibition is the most effective in inducing the regime change. Synaptic delay,
short-term plasticity, and a fast somatic - rather than a slow dendritic - synapse all result
in making the synapse less effective in causing the regime change. Feed-forward inhibition
is less effective than feedback inhibition in making the transition between bursting and
spiking regimes. On the other hand, the output of a pyramidal cell is more versatile when
it receives feed-forward inhibition than if it receives feedback inhibition, so feed-forward
inhibition enriches the output repertoire of the pyramidal cell.



Summary

The second half of this thesis is about thalamocortical relay (TCR) cells. In chapter
4, we use both experiments and simulations to investigate bursting in these cells. Even
though CA3 pyramidal cells and TCR cells both show bursting behaviour, the mecha-
nism behind TCR bursts is very different from the mechanism behind pyramidal bursts.
In TCR cells bursts are generated by a special calcium current with a low activation
threshold, the T-type calcium current, whereas in pyramidal cells they are generated by
a ‘ping-pong effect’ between the soma and the dendrite. This difference in mechanism
means that bursts in TCR cells respond to different input features than bursts in pyra-
midal cells. It was long thought that the burst mode of firing in TCR cells was only
an indicator of slow-wave sleep and pathological conditions, latterly a variety of theo-
ries about the function of bursts in these cells have been put forward. We found that
bursts are rare, but highly informative. They phase-lock to, and transfer information at,
low frequencies and they respond to integration rather than fluctuations, whereas single
spikes transfer information in higher frequency bands and are more selective for fluctua-
tions. TCR cells shift from a bursting to a spiking regime when the mean input current
increases from hyperpolarizing to depolarizing, which causes the cell to respond faster
and be more selective for fluctuations.

In chapter 5, we focus on the change in reliability of the output that accompanies the
regime change in TCR cells. We use different methods to quantify the reliability of the
output and show that the reliability as measured by these methods depends on the input-
output relation of the neuron. This means that in assessing changes in reliability, one
has to correct for this input-output relation. We show that in TCR cells the reliability
of single spikes increases with the shift from a bursting to a spiking regime, as expected
from the input-output relation. However, the reliability of bursts also increases, even
though one would expect it to decrease on the basis of the input-output relation. This is
probably caused by a slow adaptation mechanism that is active in the bursting regime,
which influences the output frequency.

We conclude that the biophysical properties of neurons and networks influence the neural
code: the input-features a cell responds to, depend on the biophysics of the cell. Pyrami-
dal cells code for other features than TCR cells. However, coding limitations could also
be a reason for a cell to adapt its biophysical properties, as shown in chapter 5.

The research presented in this thesis was mainly conducted on the single cell and small
network level. It is important to test the results in larger and more realistic networks.
However, to construct a more realistic model network, it would be important to know the
properties of such a network, especially since we found timing to be so crucial. Often we
lack the data to be able to do this.
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