Morphological examination of the relationship between
astrocyte-like glia and neuronal synapses in Drosophila
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Introduction:

Results:

The brain is composed of two types of cells: neurons and glial
cells, the latter just entering detailed scientific scrutiny and
exploration. Glia have been observed in both invertebrates and
vertebrates to play critical roles in neural development and
interact with neurons in multiple aspects of mature function
(Gibson et al., 2001). Studies about how glia respond to and
modulate neuronal activity deepen our understanding of this
complicated relationship.
Drosophila melanogaster, the fruit fly, has a powerful set of
molecular genetic tools which offers an opportunity to explore
neuron-glia communication and morphology in detail.
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Figure 1: A. Lateral view of the D. melanogaster central nervous system,
comprised of two brain lobes and a ventral nerve cord (VNC). B. Coronal
view of the ventral nerve cord showing neuropil core surrounded by cell
bodies of neurons and glial cells. (Ito et al., 1995)
Figure 3: Looper
neurons arborize in
both the sensory and
motor regions of the
VNC neuropil.
Skeleton of the Looper
neuron (yellow) with
pre-motor synapses in
red. Boxed area
indicates distalmost,
synapse-rich area that
was reconstructed.

Figure 2: A. Electron micrograph showing a tripartite synapse in the rat hippocampus.
The glial process, colored blue, ensheathes the perisynaptic area. (Witcher and Harris, 2007)
B. Schematic representation of a tripartite synapse. (Eroglu and Barres, 2010)
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We want to determine whether tripartite synapses appear in invertebrate central neuropils. The term “tripartite synapse”
implies both a structural neuron-glia relationship and a functional neuron-glia interaction (Figure 2).
In Drosophila VNC, we have identified a set of pre-motor neurons (Looper neurons) that have been optogenetically
targeted to activate in response to light. Electrophysiological experiments done by S. MacNamee have shown that
activation of Looper neurons elicits an electrochemical response in glia.
Further, changes in the function of a glial glutamate transporter affects Looper neuron activity, supporting the
conclusion that Looper-glia interactions are bidirectional.
These physiological data provide strong evidence that Drosophila synapses function similarly to vertebrate tripartite
synapses. We now ask whether the spatial relationship between glia and Looper synapses is structurally similar to
vertebrate tripartite synapses.
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We have fully reconstructed the distalmost, synapse-rich region of a Looper neuron, its pre-synaptic sites, and the
surrounding glial processes.

Methods:
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Figure 7: A. Reconstruction of a portion of the Looper neurite (grey), surrounding glial processes (purple), and presynaptic sites represented with a heat
map. The heat map signifies the shortest distance between a presynaptic site and an astrocytic process. Red signifies a shortest distance of around 0 mm;
yellow, 0.5 mm; and blue, 1 mm. B. Side profile of semi-transparent Looper neurite with presynaptic sites labeled with same heat map. C. Highmagnification example of a presynaptic site (arrow) with a shortest distance of around 0 mm. D. High-magnification example of a presynaptic site (arrow)
with a shortest distance of around 1 mm. E. Histogram showing the distribution of shortest-distance measurements. All scale bars are 1 mm. Heat map key
in A applies to A – D.

Summary:
We observed no ensheathment and only infrequent direct contact between Looper presynaptic sites and
glial processes; both are common structural motifs observed in vertebrate tripartite synapses.
526 images, ~ 26 µm

Figure 4: We used a portion of data from the CATMAID dataset to reconstruct the distalmost,
synapse-rich region of a Looper neuron, its presynaptic sites, and surrounding glial processes.

A segment of the 3rd-instar Drosophila VNC was serially sectioned into 50-nm thick slices, imaged with an electron
microscope, and a volumetric dataset was generated in the CATMAID user environment. We imported a total of 526
images from this dataset, edited and cropped them in ImageJ, and imported them as a series into the computer program
Reconstruct. The 3-D reconstruction was optimized for visualization in Amira v5.6. Screenshots of reconstructions were
edited in Adobe Photoshop Elements v9.0 and Corel Draw 12.
Top View

Side View

We found that every Looper presynaptic site was within 1 µm of a glial process. Many, however, were
further from a glial process than generally observed in mammalian cortex and hippocampus (Medvedev
et al., 2014).

The results from our physiological experiments (reported elsewhere) have shown that neurons and glia
in the Drosophila VNC have bidirectional communication even though most synapses in Drosophila
are not in direct contact with glial processes.
Taken together, the Looper-glial system in Drosophila holds both structural and functional similarities
with the vertebrate tripartite synapse. These findings have further established Drosophila as an
efficacious model in which to study neuron-glia communication at the synapse.

Figure 5: Principles of object tracing and 3-D rendering schematic. If multiple circles are traced and stacked on top
of each other, the 3-D rendering would produce a cylinder. If a bar was traced on the last image, it would appear at
the top of the cylinder.

Looper neuron processes, its associated presynaptic sites, and all glial processes within the 3D volume were traced and
reconstructed in a 3D Boissonnat surface model. A total of 68 presynaptic sites were reconstructed. The shortest distance
between each presynaptic site and its closest astrocyte process was measured. Through Amira 5.6, a colorimetric heatmap was applied to visualize the shortest distance within a presynaptic site and across presynaptic sites.
Figure 6: One
sample image of
the Looper data
set with the
Looper neurite
(blue), synapses
(orange), and
astrocyte-like glia
(purple) traces.
Vesicles (yellow)
are circled, to aid
in synapse
identification.
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