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Multiple aspects of neuronal signaling in the brain are largely determined by the

precise localization of ion channels in the neuronal plasma membrane.
There are numerous ion channels in the brain, each serving distinct roles. In neuronal
cells, Ca®* influx through voltage-gated calcium channels (VGCC) are responsible for
triggering plethora of subcellular responses such as exocytosis, plasticity, gene
transcription etc. Despite these crucial roles, our fundamental understandihg of the
precise ultrastructural localization of VGCC lags behind that of other ion channels.
Therefore, in order to obtain a more thorough understanding of the function(s) of VGCC
in individual neurons and neuronal connections, it is important to know its precise
localization in the brain.

To gain insight into subcellular distribution of VGCC, a number of studies have
used techniques such as in situ hybridization, electrophysiological recordings and optical
imaging. However, the technical limitations of these methods cannot provide a
straightforward answer to the precise subcellular localization of VGCC. An obvious
solution to this problem is to study VGCC localization at electron microscope (EM) level
by means of subunit specific VGCC antibodies.

Appreciating the usefulness of EM techniques in revealing the neuronal
distribution of VGCC, I have been using preembedding immunogold labeling technique
in combination with serial section EM to study VGCC localization in the mouse brain. To
this end, I have studied the subcellular distribution of the a.1G subunit of T-type VGCC
(Parajuli et al., J Comp Neurol. 4362-4374; 2010), R-type VGCC (Parajuli et al,,
manuscript under revision), Ca,1.2 VGCC (ongoing) and Beta subunits of VGCC
(ongoing). In addition, I have also revealed the differential distribution of
hyperpolarization cyclic nucleotide activated channel subunit 2 and 4 (HCN2 and HCN4)
and their colocalization with a1G subunit of T-type VGCC in the thalamus (Parajuli et al.,
manuscript in preparation). This thesis will focus on RTCC (Ca,2.3) and TTCC (Ca,3.1)
localization results in the brain. The results from other VGCC subunits will be reported
elsewhere after completion of respective studies. |

"The T-type calcium channel localization (TTCC) study (Parajuli et al., J] Comp
Neurol. 4362-4374; 2010) was the first to give a definitive picture on the localization of
alG subunit of TTCC. Previous electrophysiological and computational studies have
suggested that in order to achieve appropriate thalamic oscillations TCC must non-
uniformly distributed along the somatodendritic axis of thalamic neurons. However, by
extensive 3D reconstruction of immunogold labeled dendrites and somata, I revealed that
TTCC are uniformly distributed along the somatodendritic neuronal compartments of
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thalamic neurons. This immediately provokes an idea that non-uniform distribution of
TTCC may not be a prerequisite for achieving thalamic oscillations.

In the Cay2.3 subunit of R-type calcium channel (RTCC) localization study, the
author have made following interesting observations:
1. RTCCs are expressed ubiquitously in the brain with higher levels in the hippocampus,
striatum, amygdala, cortex, interpeduncular nucleus than other regions.
2. RTCCs are expressed predominantly pfesynaptic in the interpeduncular nucleus but
predominantly postsynaptic in other regions.
3. RTCCs found in dendritic shafts and spines showed a higher density compared to’'
somata in CA1 of the hippocampus.
4. Individual spine heads of the CAl of the hippocampus contained 0 - 16 Ca,2.3
particles in adult mouse and 0 — 19 Ca,2.3 particles in postnatal day 20 rat, which is
consistent with the number of RTCCs reported previously (Sabatini and Svoboda, 2000).
5. The number of RTCCs in the CA1 of the hippocampus spine is positively correlated to
the spine head volume.
6. The number of RTCCs is highly variable among individual spines in the CA1 of the
hippocampus. ,
7. The average density of RTCCs in spine has no correlation to the density in the parent
dendrite in the CA1 of the hippocampus.

On a technical note, most of the immunogold quantification data found in the
literature is obtained from single section analysis of ultrathin sections. This method has
several technical pitfalls and introduces a large quantification bias. However, in his study,
He partially reconstruct a neuron and perform immunogold quantification in various -
membrane compartments of a neuron. This method is rather laborious and time
consuming, but the quantification results are more reliable than that obtained from single
section study.

In summary, my study provides detailed insight and fundamental knowledge of
VGCC localization in the neurons.
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