b‘l'a_ prOtOCOI 6 Open Access

Published: Jul 05, 2025
[ ]

Live Cell Imaging to Monitor Axonal
Pruning in Drosophila Motor Neurons

Keyao Long®, Wanyue Xu”, Xun Miao, Su Wang* and Menglong Rui*

School of Life Science and Technology, the Key Laboratory of Developmental Genes and Human Disease, Southeast
University, Nanjing, China
*For correspondence: wangsu@seu.edu.cn; ruimenglong@seu.edu.cn

"Contributed equally to this work

Abstract

Over the lifespan of an individual, brain function requires adjustments in response to environmental changes and learning
experiences. During early development, neurons overproduce neurite branches, and neuronal pruning removes the
unnecessary neurite branches to make a more accurate neural circuit. Drosophila motoneurons prune their intermediate axon
bundles rather than the terminal neuromuscular junction (NMJ) by degeneration, which provides a unique advantage for
studying axon pruning. The pruning process of motor axon bundles can be directly analyzed by real-time imaging, and this
protocol provides a straightforward method for monitoring the developmental process of Drosophila motor neurons using
live cell imaging.

Key features

e  Long-range projecting axon bundles of Drosophila motor neurons extending from soma on the ventral nerve cord (VNC)
undergo degeneration rather than retraction during metamorphosis.

e The pruning process of motor axon bundles can be directly observed by real-time live-cell imaging.

e The complete clearance of axon bundles occurs approximately 22 h after pupal formation (22 h APF).

e Mushroom body (MB) y neuron axon pruning regulatory genes are conserved for motor neurons.
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Background

During the early stages of nervous system development, nerve branches and connections are excessively generated. This
includes a number of branches of axons and dendrites far greater than what is needed in an adult individual. Neural pruning
is the process by which unnecessary synaptic connections between neural cells are selectively eliminated during the
development of the nervous system [1,2]. This process occurs primarily in childhood and adolescence and is an essential
mechanism for the brain to efficiently and optimally function as it matures. It is worth noting that numerous
neurodevelopmental disorders, like autism spectrum disorder (ASD) and schizophrenia, are considered to be correlated with
aberrant neural pruning [3—7]. In autistic individuals, it was discovered that insufficient pruning of neuronal connections in
certain areas of the brain may lead to abnormal functioning of neural circuits. Conversely, excessive pruning is a possible
cause of schizophrenia [8]. By investigating the mechanisms of abnormal neural pruning, we can deeply explore the roots
of the pathogenesis of these disorders.
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During metamorphosis in the holometabolous insect Drosophila, early neurons undergo stereotypic pruning to re-establish
adult-specific neural circuits. One widely recognized type IV dendritic arborization (C4da) sensory neuron that perceives
pain in Drosophila undergoes dendrite-specific pruning during development [9—12]. In addition, the dendrites and axons of
the mushroom body (MB) y neuron in the central nervous system (CNS) of Drosophila are also known to undergo pruning
[13—15]. Although MB y neurons provide fundamental insights into the mechanisms of axonal pruning, they require fixed
tissue analysis and present imaging challenges in dense central brains. Here, we describe a novel method to monitor the
process of axonal pruning in Drosophila motor neurons. Using live-cell imaging, we found that axons in the middle part of
Drosophila motoneurons complete their pruning by degradation during development, while their terminal neuromuscular
junctions are pruned by retraction [16]. Thus, motor-neuron axon bundles project peripherally in a stereotyped array,
allowing for real-time live imaging, providing characteristic temporal windows and mechanistic properties (fragmentation
or degeneration), and supporting systematic genetic screening to find new regulators. On the other hand, the development
of Drosophila motor neurons as a model for axon pruning complements the MB y neuron system by offering a distinct
neuronal context, technical advantages, and functional readouts. Overall, the establishment of this method provides an ideal
platform for future investigations into the regulatory mechanisms of axon pruning.

Materials and reagents

Reagents

1. 20x PBS (Sangon Biotech, catalog number: B548117-0500)

Note: Prior to observation, pupae are washed repeatedly 3—4 times with PBS [500 mL of 20 x PBS stock solution is diluted
to 10 L with H>O to become 1x PBS; storage conditions: 25 °C (room temperature)] buffer to remove surface debris such
as adherent food.

2. Glycerol, 90% (Sangon Biotech, catalog number: 56-81-5); store at room temperature

3. Silicone resin (DOW CORNING-High vacuum grease); store at room temperature

Note: An appropriate amount of silicone resin is squeezed around the perimeter of the slide with the sample in the center to
maintain a flexible gap between the slide and the coverslip to prevent the sample from being pressed and damaged.

4. OK6-Gal4 (Bloomington Stock Center, catalog number: BSC64199)

5. EcR-RNAI (Bloomington Stock Center, catalog number: BSC9327)

6. UAS-EcR-B1PN (Bloomington Stock Center, catalog number: BSC9452)

5. UAS-Ubal-RNAI (Tsinghua RNAi Stock Center, catalog number: THU2127)

6. UAS-mCD8-GFP (Su Wang; Southeast University, China)

Laboratory supplies

1. 200 and 1,250 pL pipette tips (Biosharp, catalog number: BS-RT)

2. 10 pL pipette tips (A-gen, catalog number: T-10-RS)

3. Glass culture dish (Normax, catalog number: 5058541)

4. 1.5 mL microcentrifuge tubes (Sangon Biotech, catalog number: F601620-0010)
5. Microscope slides (CITOTEST, catalog number: 1A5105)

6. Microscope cover glass (CITOTEST, catalog number: 10212432c)

Equipment

1. Pipettes (Eppendorf, model: Research® plus, catalog number: 3120000062) are used to clean the surface debris of
Drosophila pupae

2. Stereomicroscope (Motic, model: SMZ168) is used to observe, dissect, and isolate samples from the period after pupal
formation (APF)

3. Confocal laser scanning microscope (Carl Zeiss, model: LSM900) is used to image axon bundles in motor neurons

4. Anatomical forceps (Dumont, catalog number: 0209-5-PO) are used to dissect and isolate samples from the APF period
5. Anatomical scissors (RWD, catalog number: S11037-08) are used to assist in dissecting samples from the APF period
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Software and datasets

1. Image J (Fiji; https://imagej.net/software/fiji/)
2. Prism 9 (GraphPad Prism 9.0)

3. ZEN (2012 blue edition)

4. Adobe Photoshop (2018)

5. Adobe Illustrator (2024)

Procedure

Construction of fluorescently labeled motor neurons: With a P-element positioned upstream of the rapgap 1 gene, OK6-Gal4
is a Gal4 driver line that primarily drives transcription in Drosophila motor neurons [17]. By fusing the mouse CD8
transmembrane domain to GFP and putting it under UAS control, the transgenic responder construct known as UAS-mCD8-
GFP allows membrane-localized GFP expression anywhere Gal4 is present. We genomically integrate mCD8-GFP and
OK6-Gal4 in Drosophila by crossing them to consistently drive motor neuron-specific expression of membrane-tethered
GFP. The pruning process of motor neuron axons is specifically labeled and observed in real time at different stages of
Drosophila development using this method.

A. Collect embryos

1. At 25 °C, place approximately 10 male and 20 female Drosophila together in a transparent polystyrene (PS) fly tube
containing food at the bottom. The food should occupy approximately one-quarter of the tube's volume. Following mating,
the female flies deposit eggs within the fly tube.

2. After approximately 30 min, transfer adult fruit flies to a new transparent PS tube filled with food, keeping the original
mating tube. This means that embryos are collected within 30 min (Figure 1).
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Figure 1. Process of embryo collection
B. Collect Drosophila samples

1. Collect Drosophila at the white pupa (WP), 14 h after pupal formation (APF), 16 h APF, 18 h APF, and 22 h APF
developmental stages separately.

2. Wash samples with 1x PBS buffer 3—4 times and wipe clean with paper towels to remove debris like food that adheres to
the surface of the samples.
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C. Sample processing at the WP phase

1. Mount the WP with 90% glycerol in the center of the slide, surrounded by four small drops of silicone resin and covered
with a coverslip. This provides support between the coverslip and the slide to prevent damage to the sample (Figure 2).

Wash WP with 1xPBS Mount the WP with 90% glycerol

Covered with a coverslip Surrounded by four small drops of silicone resin

Figure 2. Process of sample processing at the white pupa (WP) phase
D. Sample processing at the APF stage

Note: The handling of samples during the APF period is more complicated than the WP stage due to the requirement of
removing the pupal cases from their surfaces as well as taking the easily breakable samples out from their interiors.

1. First, wash the APF pupae and dry with a paper towel. Adhere the double-sided tape on the slide and place APF pupae on
the double-sided tape with the dorsal surface facing upward.

2. Open the pupal case of the head by making an incision with pointed forceps. Insert the tip of the forceps into the incision
and carefully cut along the body axis laterally up to about one-third of the entire body with an anatomical scissor. This
process needs to be carefully affixed to the pupal case manipulation in order to prevent the dissecting tool from touching the
internal samples. Unfold the incised case and adhere it to the double-sided tape in order to expose the cream-colored APF-
stage Drosophila inside.

3. Switching to blunt-tipped forceps, carefully clamp the internal APF-stage Drosophila. At this time, attention needs to be
paid to the strength to prevent squeezing the sample out.

4. Place the APF-stage Drosophila on a slide and process it following the steps mentioned in Section C. The entire
experimental flow of the APF phase is shown in Figure 3.
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Figure 3. Process of sample processing at the after-pupal-formation (APF) phase
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E. Live-cell imaging

1. Live imaging of different developmental stages of Drosophila is performed with a laser-scanning confocal microscope.
2. GFP-labeled motor neurons can be found in the field of view. The dendrites and somas of motor neurons are situated in
the ventral nerve cord (VNC), and the long axonal bundles extend from the somas in a lateral direction, finally arriving at
the surface of the muscle to form the terminal neuromuscular junction.

3. Select the axon bundles between the soma and the neuromuscular junction to be photographed and record the pruning of
the axons at different developmental stages (Figure 4).

4. Observe the process of axon degradation at different stages to identify the key time points at which axons begin to prune
and when they are fully pruned.

Central nervous system

Muscles

Motor Neuron Axon Bundle

101

White Prepupae 14h APF 16h APF 18h APF 22h APF

—

Figure 4. Schematic diagram of axon bundle pruning in Drosophila motor neurons. The upper part of this figure reveals
the morphology and distribution of a Drosophila motoneuron, with the soma situated at the surface of the ventral nerve cord
(VNC), extending long axon bundles, and terminating in contact with the muscle to form the neuromuscular junction (NMJ).
The red dotted box reveals the region we examined. The bottom portion of this figure shows that the axon bundles of motor
neurons undergo pruning at different stages of development in Drosophila.
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Data analysis

The results of the pruning of intermediate axons of motor neurons at different developmental stages show that at
approximately 14 h APF, the axons start to show discontinuous segmental structures, followed by an almost complete axonal
clearance at approximately 22 h APF (Figure 5). Remarkably, 22 h APF can be used as a key time point for subsequent
observation and screening of regulators of axonal pruning, similar to 16 h APF, which is commonly utilized as a time point
for identifying the regulatory mechanisms of dendritic pruning in C4da neurons [18]. Also, using this model, we found that
knockdown of Ubal and EcR-B1, as well as overexpression of dominant-negative EcR-B1PN (two classical modulators of
neural pruning), in motor neurons, result in consistent axonal pruning defects (Figure 6).

OK6:mCD8-GFP

s

- ﬁ"

18 h APF

Figure 5. Drosophila motor neuron axon bundles undergo pruning during development. (A-D) Representative
confocal live images of the development of mCDS8-GFP-labeled motor neurons at WP (A), 14 h APF (B), 18 h APF (C),
and 22 h APF (D), showing that Drosophila motor neuron axon bundles experience pruning processes during development.

Scale bar, 200 pm.

22 h APF
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Figure 6. Ubal and EcR-B1 are involved in regulating axon bundle pruning in motor neurons. (A-D) Representative
confocal live images of the development of mCD8-GFP-labeled motor neurons of control RNAi (A), ubal RNAi (B), EcR-
BI RNAI (C), and O/E EcR-BIPN (D) at 22 h APF. (E) Quantification of total length of unpruned motor axon bundles at 22
h APF. O/E represent as overexpress. Data are presented as mean = SEM. One-way ANOVA with Bonferroni’s test was
applied to determine statistical significance. ****p < 0.0001. Scale bars, 200 um.

Quantification and analysis of axon pruning

After capturing the axon bundles via confocal laser scanning microscopy, images of intermediate axon bundles of motor
neurons at different developmental stages and of various genotypes are exported to TIF format using Zen software. The TIF
images are then converted to black and white using Adobe Photoshop to bring out the morphology of the axons; then,
processed images are finalized in Adobe Illustrator for publication. For statistical analysis, we can use Image J (Fiji) software
to open the TIF image, select Set measurements in the menu bar under Analyze, and check the box Bounding rectangle. Next,
go back to the open image, use Segmented line to draw the lines along the unpruned axons, and calculate the length of the
corresponding axon using the shortcut Ctrl+M. One-way ANOVA with Bonferroni test is applied to determine significance
when multiple groups are present. Error bars in all graphs represent SEM. Statistical significance is defined as ****p <
0.0001, ***p <0.001, **p < 0.01, *p <0.05, and ns, not significant. Importantly, we can utilize this platform to screen genes
and environmental factors involved in axon pruning in different genetic and toxicological contexts.

Validation of protocol

This protocol has been used and validated in the following research article:

e Xuetal. [16]. Establishment of a novel axon pruning model of Drosophila motor neuron. Biol Open (Figures 2 and 5).
By using confocal microscopy to image motor neurons marked with mCD8-GFP driven by OK6-Gal4, the authors observed
axon bundle degeneration in Drosophila motor neurons during metamorphosis. This study first shows that axon pruning
occurs through degeneration, not retraction (see Figure 2 from [16]).

Through the application of RNA interference (RNAi) and dominant-negative techniques to selectively suppress the
expression or function of Babo (TGF-f receptor), EcCR-B1 (ecdysone receptor B1 subtype), Bsk (JNK homolog), and Ubal
(Ubiquitin-activating enzyme 1) in motor neurons, the authors observed defects in axon pruning. These findings suggest that

Cite as: Long, K. et al. (2025). Live Cell Imaging to Monitor Axonal Pruning in Drosophila Motor Neurons. Bio- 9
protocol 15(13): ¢5367 DOI: 10.21769/BioProtoc.5367




bio-protocol Published: Jul 05, 2025

TGF-p signaling, ecdysone signaling, JNK signaling, and the ubiquitin-proteasome system are critical for motor axon
pruning in motor neurons (see Figure 5 from [16]).

General notes and troubleshooting

1. Prior to live-cell imaging of motor neurons, the debris adhering to the pupal surface needs to be washed off with PBS to
prevent these substances from appearing as autofluorescence that affects image quality during imaging.

2. When dissecting samples from the AFP period, it is necessary to make an incision in the head with pointed forceps and
then use pointed forceps assisted with anatomical scissors to cut along the body axis from the lateral side of the body. This
process needs to be carefully affixed to the pupal case manipulation in order to prevent the dissecting tool from touching the
internal samples. After completing the incision of the pupal case, the internal APF-stage Drosophila needs to be taken out
by switching to blunt-tipped forceps.

3. After dissecting and taking out the APF-stage Drosophila to the middle of the slide, the sample should be surrounded by
drops of silicone resin. This step adds a flexible gap between the coverslip and slide to prevent damage to the sample due to
pressure.

4. A small amount of 90% glycerol is added to the middle of the coverslip, in contact with the sample, and spread over a
small area before adding the coverslip. Due to the small amount of glycerol added and the spreading, air bubbles will not be
generated.

5. When taking live images of the WP stage, do not select Drosophila that have just pupated. They can, however, be within
half an hour of pupation, to prevent interference with image quality due to movement of the organism during laser confocal
photography.
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