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Cryo-electron tomography (cryo-ET) is well suited for high-resolution studies of large or pleomorphic samples
that have been natively preserved by plunge-freezing. This is especially true for cellular cryo-electron
tomography, where organelles and the macromolecules within cells can be studied in situ [1]. However, one
current challenge in sample preparation for cellular cryo-ET is properly growing adherent cells directly on
electron microscopy (EM) grids that are amenable for cryo-ET data acquisition. Primary neuronal cultures are
a particular example of this issue. Primary neurons and their mechanistics of organelle transport, synaptic
function, and neurodegenerative diseases have been studied by cryo-ET [2-4]. In particular, a unique challenge
in working with primary neurons is the long neurites that emanate from the cell body, which grow extensively
across the grid and grid bars and hinder cryo-ET data collection [5]. Combined with the difficulties in obtaining
and culturing primary neurons, it is important to maximize the number of grid squares with neurons for data
collection.

Recently, maskless photopatterning has been introduced as a way to define placement of adherent cells onto
EM grids. A passivation layer of polyethylene glycol is applied on top of EM grids while ablating specific
areas of the grid square away by a UV laser with a photoactivator for site-specific deposition of proteins to
promote cellular adhesion. Such photopatterning technique have been used for cellular cryo-ET for a variety
of cell types, including HeLa and MDCKII cells [6, 7]. Here, we report the use of maskless photopatterning
for improved spatial positioning and growth of primary neurons derived from Drosophila melanogaster larvae
on EM grids [8]. By using transgenic Drosophila larvae that expresses pan-neuronal GFP-tagged neurons with
Alexa Fluor 350-conjugated concanavalin A as the extracellular matrix protein, we were able to monitor and
track neuronal growth over several days on photopatterned EM grids by fluorescence microscopy. The neurons
were well positioned on the patterns with neurites that grew out and extended within the patterns over several
days. Plunge-freezing these grids and examination by cryo-EM showcased clear defined cellular density that
correlated with what was observed by fluorescence microscopy. Compared with unpatterned grids, on
patterned grids it was found to be easier to locate neurites and neuronal periphery that were amenable for tilt
series data collection.

Reconstruction of these tomograms revealed macromolecules and organelles that have been similarly observed
in tomograms of mouse neurites, including spatially-restricted mitochondria, flared microtubules, pleomorphic
linkers, and dense core vesicles [4, 9-10]. Interestingly, free-floating ribosomes were also observed within
these neurites, which presents opportunities for the Drosophila larval neuron to be used as a potential model
for structural studies for ribosomes in situ. Combined with the genetic toolbox that the Drosophila
melanogaster has available, many opportunities for high-resolution in situ studies using Drosophila neurons
are possible [11]. Future work would extend the technological capabilities of maskless photopatterning for
different neuronal cryo-ET studies, with the patterning making a direct contribution. For example, patterns can
be designed with specific ECMs on the EM grid so that the neurons can form synaptic connections within the
patterns, similar to past studies that were performed on glass [12]. We also hope to extend the use of
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photopatterning to primary mouse neurons, where specific cellular regions can be confined on the grid squares
for cryo-ET data collection.
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Figure 1. Figure 1. (A) Pattern that was designed for maskless photopatterning to culture drosophila
melanogaster neurons. The pattern was designed to have an ‘X’ shape while having a small square in the
middle. (B) Light microscopy image of gold Quantifoil 200 mesh R 2/1 grids that was patterned with the design
from (A). The ECM that was deposited after patterning was concanavalin A that was conjugated with Alexa
Fluor™ 350, which emits blue fluorescence.
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Figure 2. Figure 2. (A) Light microscopy image of GFP-tagged primary neurons from Drosophila
melanogaster larvae, grown for three days on the patterned grids. Green: Neurons, Blue: Photopattern. (B)
Cryo-EM grid montage of the same grid in (A) after plunge-freezing. Yellow circle shows the same grid square.
(C) Magnified cryo-EM square montage of the yellow circle in (A) and (B) maps. (D) Magnified view of the
red circle in (C), where a tilt series was collected on the center neurite marked by the same circle. (E) 25 nm
thick slice of a low-pass filtered tomogram reconstructed from the tilt series that was acquired from the red
circle in (C) and (D). Various organelles and macromolecules can be observed, including vesicles (black
asterisk), the endoplasmic reticulum (green asterisk), ribosomes (white asterisk), and the mitochondria (orange
asterisk).
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