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Banerjee, Piu

Title Study of Spontaneous Activity in the Peripheral Structure of

Developing Mouse Somatosensory System

Spontaneous activity is the activity that occurs without any external
sensory input. During the early postnatal period, the nascent sensory cortices
exhibit correlated spontaneous activity, which is believed to be crucial for
the establishment of precise and mature neural circuits following the
Hebbian principles of plasticity. In the mouse somatosensory system, our
lab’s previous study revealed that during the first postnatal week, the layer 4
excitatory neurons in the somatosensory cortex (barrel cortex) show
spontaneous activity where neurons within the same barrel fire together,
thereby giving a patchwork-like appearance. Little is known about where
this spontaneous activity originates from. Based on studies by our lab, I
hypothesized that the trigeminal ganglion (TG), which harbors the cell
bodies of the sensory neurons innervating the whisker-pad, is the source of
the patchwork-type spontaneous activity observed in postnatal day 5 (P5)
mouse barrel cortex. Alongside the developing barrel cortex, the mouse
visual and auditory cortices also exhibit spontaneous activity during the
early postnatal period, which is known to originate from their respective
peripheral structures- the retina and cochlea, which exhibit spontaneous
activity themselves. However, to my knowledge, no study had uncovered
whether the peripheral neurons of the developing somatosensory system fire
spontaneously.

To elucidate this, I established an ex vivo system to perform calcium



imaging in neonatal TG using the Avi/-Cre:GCaMP6s mouse, which expresses
the calcium indicator GCaMP6s in the peripheral sensory neurons.
Additionally, I generated and characterized a bacterial artificial chromosome
transgenic mouse line that expresses the red fluorescent protein (RFP) in the
nuclei of TG neurons (Avil-nlsRFP mouse). Using this mouse, I saw the
distribution of sensory neurons in the TG. To identify the region in TG that
has neurons innervating the whisker pad, I placed Dil crystals in different
whisker rows and saw subsequent dye localization. Consistent with previous
findings, I observed there to be a whisker-row dependent topography in the
TG, and could thereby identify the whisker-innervating region. I then
performed ex vivo calcium imaging in the whisker-innervating region of TG
isolated from P5 Avil-Cre:GCaMP6s mouse and discovered clear spontanecous
activity.

Majority of neurons fired infrequently and did not exhibit obvious
oscillatory calcium transients. There was no noticeable pattern among most
active neurons. However, a small percentage (1.9%) of neuronal pairs
showed high correlation (>0.5), and the median distance between the
correlated neuronal pairs was significantly less than that between the non-
correlated neuronal pairs. To compare spontaneous activity in TG across
different stages of development, alongside the P4-P6 stage, I also performed
calcium imaging in PO-P1, P14-P16, and adult (>P60) TG. I observed clear
spontaneous activity during the first two postnatal weeks, however, it was
mostly diminished in adult TG. This indicated that spontaneous activity in
TG is likely a hallmark of the early postnatal period. The peripheral sensory
neurons are classified based on their soma-diameter into small-diameter
(SD) (<20 um), medium-diameter (MD) (20-25 um), and large-diameter (LD)

neurons (>25 um). In the neonatal TG, >90% neurons had SD-MD, and <10%



neurons had LD. To decipher if the spontaneously firing neurons in TG have
a sub-type specificity, I measured the diameter of the spontaneously firing
cells and found that >80% of these have MD-LD, which is a characteristic of
the mechanosensory neurons. Therefore, spontaneously firing neurons in P4-
P6 TG seem to exhibit sub-type specificity.

Lastly, to elucidate the mechanism of spontaneous activity in P4-P6
TG, I performed RNA-Sequencing of P5 and P15 TGs. Based on high
absolute expression in these two stages, and literature survey, I selected
P2RX3 as a candidate gene. I generated its global knockout mouse, which
however, showed clear spontaneous activity in the P4-P6 TG. Parallelly, I
tested the broad pharmacological inhibitors of glutamatergic, purinergic,
GABAergic, cholinergic, and glycinergic receptors ex vivo. None of these
had any obvious effects in perturbing the spontaneous activity in TG,
suggesting that the activity might be generated in a cell-intrinsic manner.
Next, I chelated the extracellular calcium using EGTA and found that it
almost completely blocked the spontaneous activity ex vivo, indicating that
extracellular calcium is crucial for the generation of spontaneous activity in
P4-P6 TG.

In conclusion, this study provides the first evidence of the occurrence
of spontaneous activity in the peripheral structures of the developing
somatosensory system. Spontaneous activity in TG is observed during the
first two postnatal weeks, and majorly diminishes by adulthood. Spontaneous
activity in P4-P6 TG displays a neuronal sub-type specificity, and is majorly
blocked by chelation of extracellular calcium. These findings will help
further our understanding of the role of spontaneous activity in the

development and establishment of precise and mature sensory circuits.
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