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Abstract

In order to understand how the brain functions, under normal as well as
pathological conditions, it is important to study the mechanisms underlying
information integration. Depending on the nature of an input arriving at
a synapse, different strategies may be used by the neuron to integrate and
respond to the input. Naturally, if a short train of high-frequency synaptic
input arrives, it may be beneficial for the neuron to be equipped with a fast
mechanism that is highly sensitive to inputs on a short time scale. If, on the
contrary, inputs arriving with low frequency are to be processed, it may be
necessary for the neuron to possess slow mechanisms of integration. For
example, in certain working memory tasks (e. g. delay-match-to-sample),
sensory inputs may arrive separated by silent intervals in the range of
seconds, and the subject should respond if the current input is identical
to the preceeding input. It has been suggested that single neurons, due to
intrinsic mechanisms outlasting the duration of input, may be able to perform
such calculations. In this work, I have studied a mechanism thought to be
particularly important in supporting the integration of low-frequency synaptic
inputs. It is mediated by a cascade of events that starts with activation of group
I metabotropic glutamate receptors (mGlu1/5), and ends with a membrane
depolarization caused by a current that is mediated by canonical transient
receptor potential (TRPC) ion channels. This current, denoted ITRPC, is the focus
of this thesis.

A specific objective of this thesis is to study the role of ITRPC in the integration
of synaptic inputs arriving at a low frequency, < 10 Hz. Our hypothesis is
that, in contrast to the well-studied, rapidly decaying AMPA and NMDA
currents, ITRPC is well-suited for supporting temporal summation of such
synaptic input. The reason for choosing this range of frequencies is that
neurons often communicate with signals (spikes) around 8 Hz, as shown by
single-unit recordings in behaving animals. This is true for several regions of
the brain, including the entorhinal cortex (EC) which is known to play a key
role in producing working memory function and enabling long-term memory
formation in the hippocampus.

Although there is strong evidence suggesting that ITRPC is important for
neuronal communication, I have not encountered a systematic study of how
this current contributes to synaptic integration. Since it is difficult to directly
measure the electrical activity in dendritic branches using experimental
techniques, I use computational modeling for this purpose. I implemented
the components necessary for studying ITRPC, including a detailed model
of extrasynaptic glutamate concentration, mGlu1/5 dynamics and the
TRPC channel itself. I tuned the model to replicate electrophysiological
in vitro data from pyramidal neurons of the rodent EC, provided by our
experimental collaborator. Since we were interested in the role of ITRPC in
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temporal summation, a specific aim was to study how its decay time constant
(τdecay) is affected by synaptic stimulus parameters.

The hypothesis described above is supported by our simulation results, as
we show that synaptic inputs arriving at frequencies as low as 3 - 4 Hz can be
effectively summed. We also show that τdecay increases with increasing stimulus
duration and frequency, and that it is linearly dependent on the maximal
glutamate concentration. Under some circumstances it was problematic
to directly measure τdecay, and we then used a pair-pulse paradigm to get an
indirect estimate of τdecay.

I am not aware of any computational model work taking into account the
synaptically evoked ITRPC current, prior to the current study, and believe that
it is the first of its kind. We suggest that ITRPC is important for slow synaptic
integration, not only in the EC, but in several cortical and subcortical regions
that contain mGlu1/5 and TRPC subunits, such as the prefrontal cortex. I will
argue that this is further supported by studies using pharmacological blockers
as well as studies on genetically modified animals.
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