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With current technological advancements in cryo-electron tomography, researchers have expanded their
projects in the past few years to investigate new specimens. Neuroscience in particular has greatly
benefited from cryo-ET since studies first began nearly 15 years ago [1]. By culturing primary neurons
onto EM grids for plunge-freezing, localization of subcellular regions and neuronal proteins can be
investigated at nanometer-resolution. Such studies, when combined with cryo-CLEM, cryo FIB-SEM, and
sub-tomogram averaging, have advanced our understanding of synapses, neurodegeneration, and axonal
transport [2-4]. However, all cryo-ET studies using primary cultured neurons have been derived from
embryonic mice or rats. Many more discoveries in neuroscience can be made by cryo-ET if we diversify
our model selection. One potential model is Drosophila melanogaster, also known as the common fruit
fly, which researchers have used to make substantial contributions to the field of neuroscience for the last
100 years. Such discoveries involving fruit flies include cloning the first reported voltage-dependent
potassium channel and identifying pathways in growth cone guidance and neuronal migration [5].
However, to translate these studies to the ultrastructural level, a new method is needed to obtain well-
preserved, near-native neuronal samples from the fruit fly.

Here, we present a new primary neuronal culturing platform on EM grids, larval brains from the fruit fly
[6]. Fruit flies are a suitable model organism in that they are simple and inexpensive to maintain, have a
large number of offspring in a short time interval, have well annotated genomics and proteomics, and are
easy to genetically manipulate. Neuron cell biology is also greatly conserved in flies and vertebrate
neurons, allowing translatable inferences to be made to vertebrate models while studying fly neurons.
With concanavalin A as the optimal extracellular matrix (ECM) for grid-coating and good culturing
technique, we found that fruit fly larval neurons were well-adhered and dispersed when grown on carbon-
coated gold EM grids. Through pan-neuronally expressed GFP, we can visualize neuron specific tissue by
with fluorescent microscopy and cryo-CLEM [7]. We show well-extended neurites were formed for each
neuron adhered to the grid after only 2-3 days in vitro. We determined that single-sided blotting from the
backside during plunge-freezing produced grids where neurons were well preserved in vitreous ice with
thin neurites that can be imaged by cryo-EM. Cryo-EM images of these neurites show linear microtubule
structures and organelle transport, making fruit fly neurons potentially suitable for ultrastructural studies
of microtubules and axonal transport. Because of their rapid growth rate, fruit fly neurons can be a
potential model for cryo-ET studies where high-throughput is required.

The genetic tool box in flies makes manipulation and visualization of a specific neuron or a group of
neurons possible. Taking advantage of this, future work in flies could look at different neuron types of
interest, for instance, a motor neuron versus a sensory neuron [8]. Maskless photopatterning, in
combination with concanavalin A for ECM deposition, will also be used for neuronal placement at a
spatially confined region to increase throughput of cryo-ET and correlative imaging workflows [9]. This
will ensure that neurons from fruit fly larvae can be used cryo-ET studies with optimized versatility, cost-
effectiveness, and throughput [10].
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Figure 1. Figure 1. (A) Light microscopy images of cultured fruit fly neurons on gold Quantifoil 200
mesh R 2/1 grids, imaged after three days. The neurons were cultured from isolated brains from 3rd instar
larvae that express a transgenic membrane marker mCD4::GFP under the pan-neuronal driver elav. (B)
Fruit fly neurons stained for ELAV (green) and by horse-radish peroxidase (red), with overlapping
fluorescent signals appearing as yellow.

Figure 2. Figure 2. Cryo-EM images of vitrified fruit fly neurons. (A) Low-magnification image of frozen
neuron, where the neurites are well-preserved (white box). (B) High-magnification image of neurite from
(A). Cytoskeletal features and membranes are well-visualized, which indicates good preservation. Scale
bar is 25 pm for (A) and 500 nm for (B).
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