
INTRODUCTION
The Neuron Doctrine, proposed by Santiago Ramon y Cajal,
dominates neuroscience today. It describes the nervous
system as composed of discrete anatomical and functional
units neurons. The Reticular Theory, a competing view of
neuroscience supported by Camillo Golgi, viewed the nervous
system as a giant syncytium of interconnected cells. We now
know that neurons are often electrically coupled to each other
by gap junctions, which allow for the transmission of sub
threshold currents and molecules. Electrical coupling can form
networks between specific types of neurons. Gap Junctions
also form connections between neurons and glia. Electrical
coupling between neurons through gap junctions can change
those neuron’s response properties. In the mammalian cortex,
inhibitory neurons are more frequently coupled electrically than
excitatory neurons. Hubel and Wiesel (1962) demonstrated
orientation selective cells in the cat primary visual cortex (V1),
where inhibitory neurons are thought to sharpen a neuron's
orientation tuning. Therefore, understanding how inhibition
affects orientation tuning, it is important to determine the spatial
distribution of gap junctions across V1.
Here we present preliminary immunohistochemical data
showing the laminar distribution of connexin36 gap junctions in
the mouse primary visual cortex among parvalbumin positive
inhibitory neurons. Companion simulations indicate that the
distribution of gap junctions is important for the sharpening of
the orientation tuning curve mediated by intracortical inhibition.
We anticipate this study to lay the groundwork for studies on
whether gap junctions are important in the temporal evolution of
orientation tuning curves. Furthermore, our approach
demonstrates how to include the effect of gap junctions into
quantitative models of the visual system.
METHODS
Perfusion: Mice were anesthetized with chlorohydrate. The
abdominal cavity was exposed, 1% PBS (30 ml) injected into
the left ventricle, and an incision made in the right atrium.
Paraformaldehyde (30 ml; 4%) was injected into the left
ventricle. The mouse brain was removed and allowed to fix
overnight in a paraformaldehyde solution.
Immunohistochemistry: The animals were perfused with 4%
paraformaldehyde, and their brains were postfixed in 30%
sucrose. Cryostat sections (1530 μm) were washed
extensively in 0.1 M phosphate buffer (PB), blocked in 3%
donkey serum for 3 hours at room temperature, and incubated
in a cocktail of primary antibodies prepared in 0.1 M PB with 1%
donkey serum and 1% Triton at 4°C for 1–3 days. The primary
antibodies are rabbit polyclonal antiConnexion36 antibody (2
μg/ml, Invitrogen), mouse monoclonal antiParvalbumin
antibody (2 μg/ml Swant, Switzerland) to label GABAergic
neurons. In addition, DAPI was used to label cell nuclei. The
secondary antibodies with conjugated fluorophores are: donkey
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DISCUSSION
The results show a relatively homogeneous distribution of
Cx36 within each layer of the mouse visual cortex, but the
various layers have distinctly different Cx36 densities: layers
23 and 6 appear to have the highest densities, in agreement
with the distribution of parvalbumin cells in the cortex.
Our simulations suggest that the amplitude of response to the
optimal orientation does not depend on gap junction
conductance, but the width of the orientation tuning function is
inversly relatred to that conductance.
Further studies will be required to validate these results.
Future electrophysiological and twophoton studies of
orientation tuning with a Cx36 blocker would help to
determine the role of gap junctions on cortical function.
CONCLUSIONS
1. Putative Cx36 distribution is homogeneous within cortical
layers but not between layers.
2. Changing the connectivity pattern of the inhibitory neurons
does not change significantly the width or the amplitude of the
orientation tuning function.
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Figure 1: A. Colocalization of Cx36neural gap junctionsstained in green
and parvalbumin inhibitory neurons in red.The scale bar is 50um B.Parvalbumin
neuron. C. 1000 μm x 1000 μm slice of the mouse visual cortex, with
parvalubmin in red, DAPI in blue, rotated so the surface of the cortex is
parallel with the xaxis of the image. The scale bar is 50 μm.

Figure2: Relative density of Cx36 in the mouse visual cortex (from Figure1C).
Warmer colors indicate a higher density of Cx36. Each pixel is 10 μm x10 μm
block of the cortex. The red trace on the right is relative density per row of
cortex. The red trace below the image is the relative density in each column
of the cortical image.
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Figure 4: A.Simulated effect of gap junction conductance on simple cell
V1 orientation tuning. Low gap junction conductance (black) allows for
less orientation selectivity than that with high (blue, 60% max) gap
junction conductance. B.Network topology of model. Broadly tuned
inhibitory neurons form electrical synapses among themselves and
project to an excitatory cell with a more narrow response function.
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Figure3: A. Orientation tuning curve for an excitatory neuron
receiving inhibition from cortical interneurons that form electrical
synapses randomly among themselves. B.Orientation tuning curve for
an excitatory neuron receiving inhibition from cortical interneurons
that form electrical synapses only with their immediately adjacent
neighbors.
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Figure 5: How gap junctions work
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