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Abstract
Previous studies of Drosophila flight muscle neuromuscular synapses have revealed their

tripartite architecture and established an attractive experimental model for genetic analysis

of glial function in synaptic transmission. Here we extend these findings by defining a new

Drosophila glial cell type, designated peripheral perisynaptic glia (PPG), which resides in

the periphery and interacts specifically with fine motor axon branches forming neuromuscu-

lar synapses. Identification and specific labeling of PPG was achieved through cell type-

specific RNAi-mediated knockdown (KD) of a glial marker, Glutamine Synthetase 2 (GS2).

In addition, comparison among different Drosophila neuromuscular synapse models from

adult and larval developmental stages indicated the presence of tripartite synapses on sev-

eral different muscle types in the adult. In contrast, PPG appear to be absent from larval

body wall neuromuscular synapses, which do not exhibit a tripartite architecture but rather

are imbedded in the muscle plasma membrane. Evolutionary conservation of tripartite syn-

apse architecture and peripheral perisynaptic glia in vertebrates and Drosophila suggests
ancient and conserved roles for glia-synapse interactions in synaptic transmission.

Introduction
A common synaptic architecture in vertebrates involves assembly of presynaptic and postsyn-
aptic elements with glial processes to form tripartite (three-part) synapses. Previous work has
established important roles for glia-synapse interactions in synaptic development and function
(reviewed in [1–3]). Studies of vertebrate neuromuscular synapses, for example, have shown
that specialized peripheral glia called Perisynaptic Schwann Cells (PSCs) contribute to tripar-
tite synapse structure and function [4–6]. Recent work on Drosophila neuromuscular synapses,
specifically those of the Dorsal Longitudinal Flight Muscles (DLM) in the adult, established the
presence of tripartite synapses and functional glia-synapse interactions in an invertebrate [7,
8]. Thus Drosophila offers a unique experimental model in which powerful genetic approaches
may be applied to the study of glutamatergic tripartite synapses which are accessible in
the periphery.

PLOSONE | DOI:10.1371/journal.pone.0129957 June 8, 2015 1 / 13

a11111

OPEN ACCESS

Citation: Strauss AL, Kawasaki F, Ordway RW
(2015) A Distinct Perisynaptic Glial Cell Type Forms
Tripartite Neuromuscular Synapses in the Drosophila
Adult. PLoS ONE 10(6): e0129957. doi:10.1371/
journal.pone.0129957

Academic Editor: Brian D. McCabe, Columbia
University, UNITED STATES

Received: November 10, 2014

Accepted: May 14, 2015

Published: June 8, 2015

Copyright: © 2015 Strauss et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are
credited.

Data Availability Statement: All relevant data are
within the paper and its Supporting Information files.

Funding: This work was supported by the National
Institutes of Health 1R01NS065983-01A1. The funder
had no role in study design, data collection and
analysis, decision to publish, or preparation of the
manuscript.

Competing Interests: The authors have declared
that no competing interests exist.

http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0129957&domain=pdf
http://creativecommons.org/licenses/by/4.0/


Despite this progress, the origin of glial cell processes which participate in tripartite DLM
neuromuscular synapses, and thus the potential for selective genetic manipulation of these glial
elements, has not been determined. Among several known types of peripheral glia in Drosophi-
la [9, 10], including those which ensheath peripheral axons, none has been implicated in glia-
synapse interactions. In the absence of a cell type-specific marker which labels perisynaptic
glial processes, it is not known whether a distinctive type of glial cell contributes to tripartite
neuromuscular synapses. Here we have utilized cell type-specific KD of a glial marker, GS2, as
a novel approach to identify and specifically label perisynaptic glia. Moreover, electrophysio-
logical studies of GS2 KD synapses extend previous genetic and functional analysis of GS2
[11], a Drosophila enzyme homologous to glial cytoplasmic Glutamine Synthetases implicated
in neural function [12]. The present study provides further characterization of Drosophila tri-
partite neuromuscular synapses by defining a new type of peripheral glial cell which provides
synaptic glial processes. In addition, this work establishes that glia-synapse interactions are a
common feature of several different neuromuscular synapses of the Drosophila adult.

Results
The DLM neuromuscular synapse preparation (Fig 1A) includes six DLMmuscle fibers inner-
vated by five motor axons [13, 14] which exit the CNS within the Posterior Dorsal Mesothorac-
ic Nerve (PDMN). Main branches of the PDMN project to the surface of the DLMs as
indicated by neuronal and glial markers (Fig 1B) and motor axons branch extensively over the
muscle surface in close association with glia (Fig 1C–1E). Fine terminal axon branches make
synaptic contacts on the muscle (Fig 1C) and interact with glial processes (Fig 1D and 1E) to
form tripartite neuromuscular synapses (Fig 1F–1H, S1 Fig and [7]). However, the cellular or-
ganization of glia at DLM neuromuscular synapses has not been defined. Although cell type-
specific genetic approaches provide the potential for in vivo analysis of glial function, the use of
glial molecular markers, such as GS2 [15–17] and the glutamate transporter, dEAAT1 [18],
cannot distinguish whether synaptic glial processes are contributed by a distinct cell type. Fur-
ther analysis took advantage of the GAL4-UAS system [19] to generate a cell type-specific
marker which labels perisynaptic glia.

In initial studies, different "driver" transgenic lines, which express the yeast GAL4 transcrip-
tion factor in a cell type-specific manner, were crossed to flies carrying a transgene for expres-
sion of membrane-targeted GFP under the control of a GAL4-responsive Upstream Activation
Sequence (UAS-mCD8-GFP). A screen of previously established glial GAL4 driver lines identi-
fied none that selectively labeled a distinct glial cell type in proximity to synapses. However,
several lines which express in peripheral glia failed to mark synaptic glial processes labeled by
GS2. One example ismoody-GAL4 [20] which drives expression in subperineurial glial cells, a
subtype of glia that forms the blood-brain barrier in peripheral nerves [21, 22]. Using this
GAL4 driver, GFP expression is not observed in glial processes associated with neuromuscular
synapses (Fig 2) and thus subperineurial and perisynaptic glia represent distinct cell types.
These findings suggested that specific labeling of perisynaptic glia might be accomplished by
using RNAi to restrict expression of a glial marker to this cell type. As described in the follow-
ing text, this was achieved by selective KD of Gs2 inmoody-positive subperineurial glia which
do not contribute to tripartite synapses.

No transgenic lines were available for RNAi-mediated KD of Gs2 and so UAS lines for ex-
pression of a Gs2-RNAi transgene were generated. Expression of the Gs2-RNAi transgene
using a pan-glial driver, repo-GAL4 [23], resulted in marked KD of Gs2 as assessed by Western
and immunocytochemistry. Westerns were carried out using an antibody which was generated
against sheep Glutamine Synthetase and is referred to here as anti-GS2. The ability of this
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Fig 1. Organization of tripartite DLM neuromuscular synapses. (A) A lateral view of the dissected thorax
showing a stack of six DLM fibers (numbered). Each fiber is innervated by a motor axon projecting from the
thoracic ganglion (TG) through the Posterior Dorsal Mesothoracic Nerve (PDMN). (B) Confocal
immunofluorescence image showing the distribution of PDMN branches (blue) and associated glia (red) over
the surface of a DLM stack. Anti-HRP labels the neuronal plasmamembrane and anti-GS2 labels glia. (C-H)
Confocal immunofluorescence images of DLM neuromuscular synapses. Triple labeling with anti-HRP, anti-
GS2 and anti-SYNAPTOTAGMIN (SYT, a synaptic vesicle marker). Fine terminal axon branches make
synaptic contacts on the muscle (C,F) in association with glial processes (D,G) to form tripartite
neuromuscular synapses (E,H).

doi:10.1371/journal.pone.0129957.g001

Fig 2. moody-GAL4 drives expression in nerve-associated glia forming the blood-brain barrier but not perisynaptic glial processes. Confocal
immunofluorescence and native GFP fluorescence images of DLM neuromuscular synapses. Expression of membrane-associated GFP (mCD8-GFP) using
themoody-GAL4 driver is restricted to nerve-associated glia, in contrast to the pattern of GS2 which includes perisynaptic glial processes.

doi:10.1371/journal.pone.0129957.g002
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antibody to detect Drosophila GS2 [24] was further confirmed through transgenic expression
of a GFP-GS2 fusion protein (Fig 3A). Western analysis of flies in which a UAS-Gs2-RNAi
transgene was expressed using the pan-glial repo-GAL4 driver indicated that glial-specific KD
of Gs2 produced a marked reduction in GS2 levels in head homogenates (Fig 3B). Consistent
with this observation, parallel immunocytochemical analysis confirmed KD of Gs2 in glial pro-
cesses at DLM neuromuscular synapses (Fig 3C–3L). Notably, flies were viable after pan-glial
KD of Gs2 and exhibited no obvious impairment in motor behavior. Furthermore, initial

Fig 3. Efficient GS2 KD by RNAi. (A) Western analysis of head homogenates from wild-type (WT) flies and
those expressing a UAS-EGFP-Gs2 transgene (EGFP-GS2) under the control of the pan-glial driver, repo-
GAL4. Specific detection of GS2 was confirmed using anti-GS2 and anti-GFP antibodies. Anti-GS2
recognized both endogenous GS2 and the larger EGFP-GS2 fusion protein. (B) Western analysis of WT flies
and those expressing a UAS-GS2-RNAi transgene under the control of repo-GAL4. Glial-specific KD of GS2
produced a marked reduction in GS2 detected in head homogenates. (C-L) Confocal immunofluorescence
images showing glial expression of GS2 at DLM neuromuscular synapses (C-G) and a marked reduction
after glial-specific KD of GS2 (H-L).

doi:10.1371/journal.pone.0129957.g003
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studies of DLM neuromuscular synaptic function indicated that both the initial excitatory post-
synaptic current (EPSC) amplitude and the EPSC amplitude after 60 seconds of 20 Hz train
stimulation were similar to the corresponding wild-type values (S2 Fig). In light of the marked
reduction in GS2 levels after KD, and the fact that Gs2 appears to encode the only cytoplasmic
Glutamine Synthetase in Drosophila [15], these observations indicate this enzyme is not re-
quired in glia to support the basic functional properties of DLM neuromuscular synapses. Fu-
ture studies will address whether GS2 is necessary to sustain glutamate release during more
prolonged periods of synaptic activity as indicated in recent studies of Glutamine Synthetase at
mammalian synapses [25].

On the basis of the preceding studies, efforts to develop a specific marker for perisynaptic
glia were pursued through cell type-specific KD of Gs2 using themoody-GAL4 driver. This ap-
proach was effective in that the GS2 signal was largely eliminated from the nerve trunk and
major branches but remained in glia cells which participate in tripartite synapses (Fig 4A–4D).
These studies reveal that perisynaptic glial processes are provided by a subset of glial cells with
distinctive properties. Note that their cell bodies are located in the periphery in proximity to
terminal branches of the motor axons (Fig 4D). At the point where fine motor axon branches
project from the nerve to form synaptic contacts on the muscle, perisynaptic glial processes ex-
tend to and selectively interact with synapses (Fig 4D). Finally, these studies reveal a spatial dis-
tribution of perisynaptic glia over the muscle surface indicating that each occupies a distinct
territory and contacts local synapses (Fig 4E–4G). Although these perisynaptic glial cells
share several molecular markers with other glia, including the pan-glial nuclear protein, REPO

Fig 4. GS2 KD inmoody-positive subperineurial glia reveals selective labeling of perisynaptic glial cells.Confocal immunofluorescence images of
DLM neuromuscular synapses as described in Fig 1. In contrast to the distribution of GS2 observed in wild-type (A, B), GS2 was restricted to perisynaptic glia
followingGs2-RNAi KD using themoody-GAL4 driver (C,D). (E-G) The spatial distribution of perisynaptic glial cells over the muscle surface indicates that
each occupies a distinct territory in which it makes contacts with local synapses.

doi:10.1371/journal.pone.0129957.g004
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(S3 Fig), they are distinct from three types of peripheral glia characterized previously [9, 10] as
assessed using cell type-specific GAL4 driver lines. In addition to studies ofmoody-positive
subperineurial glia (Fig 2), wrapping and perineurial glia were marked using the nrv2-GAL4
[26, 27] and c527-GAL4 [28] drivers, respectively. Likemoody-GAL4, both of these drivers
marked glia in the peripheral nerve but neither labeled perisynaptic glia (Fig 5). These findings
indicate that tripartite synapses are formed by a distinct type of perisynaptic glial cell which we
designate peripheral perisynaptic glia (PPG).

To examine the extent to which PPGs and a tripartite architecture are general features of
Drosophila neuromuscular synapses, similar approaches were used to examine other neuro-
muscular synapses present at the larval and adult stages. The larval body wall neuromuscular
synapse has been an important and widely used model for genetic analysis of synapse develop-
ment and function [29–31]. Notably, this synapse differs from that of the adult DLM with re-
gard to both its functional [32] and morphological properties [33]. Distinctive morphological
features of the larval neuromuscular synapse include large presynaptic boutons which contain
a densely packed array of presynaptic active zones and are embedded within an elaborate in-
folding of the muscle plasma membrane called the subsynaptic reticulum (SSR) [34]. Consis-
tent with previous work [35], immunocytochemical analysis of larval neuromuscular synapses
indicated that the GS2 marker labels glia which are associated with non-synaptic regions of
motor axons but do not extend to fine axon branches forming synapses (Fig 6A). KD of Gs2 in
subperineurial glia usingmoody-GAL4 largely eliminated the GS2 signal at larval neuromuscu-
lar synapses and did not reveal the presence of a perisynaptic glial cell type (Fig 6B).

Fig 5. Perisynaptic glial cells are distinct from previously characterized wrapping and perineurial glia. Confocal immunofluorescence and native GFP
fluorescence images of DLM neuromuscular synapses. Expression of membrane-associated GFP (mCD8-GFP) using drivers specific for wrapping (nrv2-
GAL4, A-D) or perineurial (c527-Gal4, E-H) glia are restricted to the nerve trunk and major branches, in contrast to the pattern of GS2 which includes
perisynaptic glial processes.

doi:10.1371/journal.pone.0129957.g005
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Finally, a broader examination of adult neuromuscular synapses indicated the tripartite ar-
chitecture of the DLM synapse is shared with those of two adult muscle types which are mor-
phologically and functionally distinct from the DLMs: the coxal muscles (Fig 7A–7C) and the
tergotrochanteral muscles (TTM) (Fig 7D–7F). Moreover, the organization of cell interactions
associated with these different tripartite neuromuscular synapses exhibits interesting similari-
ties as well as distinctive features. All three types exhibit a high degree of synaptic coverage by
PPG processes (Fig 8), suggesting a critical role for tripartite synapse architecture at adult

Fig 6. Absence of perisynaptic glia at larval body wall neuromuscular synapses. Confocal
immunofluorescence images of larval neuromuscular synapses as described in Fig 1 (A) In WT, GS2 is
associated with non-synaptic regions of motor axons but does not extend to fine axon branches which form
synapses. (B)Gs2-RNAi KD usingmoody-GAL4 largely eliminated the GS2 signal at larval neuromuscular
synapses and did not reveal the presence of a perisynaptic glial cell type.

doi:10.1371/journal.pone.0129957.g006

Fig 7. Tripartite interaction of perisynaptic glial processes with pre- and postsynaptic elements is a shared feature of several different adult
neuromuscular synapses. Confocal immunofluorescence images of neuromuscular synapses as described in Fig 1. Fine terminal axon branches making
synaptic contacts on coxal muscles in the leg (A-C) and the tergotrochanteral muscle (TTM) in the thorax (D-F) exhibit close association with glial processes
as observed at DLM neuromuscular synapses.

doi:10.1371/journal.pone.0129957.g007

Peripheral Perisynaptic Glia in Drosophila

PLOS ONE | DOI:10.1371/journal.pone.0129957 June 8, 2015 7 / 13



neuromuscular synapses. However, clear differences were observed in the interactions of tri-
partite synapses with tracheal vessels mediating gas exchange. As reported previously [7], tri-
partite DLM neuromuscular synapses contact fine tracheal vessels which are present within a
dense network of trachea distributed throughout the muscle (Fig 8C and 8D). In contrast, the
more restricted distribution of trachea in coxal muscles resembles that of neuronal and glial
processes and all three elements are in close association (Fig 8G and 8H). TTM synapses exhib-
it a third variation in which tracheal vessels provide less coverage of synapses and associate pri-
marily with major nerve branches (Fig 8K and 8L). Taken together, the preceding findings
reveal a predominant tripartite morphology as well as distinctive spatial organizations among
neuromuscular synapses in the Drosophila adult.

Discussion
The results reported here identify a new type of peripheral glial cell in Drosophila, named PPG,
and demonstrate that a distinct perisynaptic glial cell type contributes to tripartite neuromus-
cular synapses of the adult. A genetic approach distinguished PPG from other peripheral glia
on the basis of their unique combination of glial molecular markers as well as the peripheral lo-
cation of their cell bodies and their characteristic morphological interactions at neuromuscular

Fig 8. Spacial organization of cell interactions at different adult neuromuscular synapses. Confocal immunofluorescence images of neuromuscular
synapses on DLM (A-D), coxal muscles (E-H) and TTM (I-L) as described in Fig 1. GS2 was restricted to PPG followingGs2-RNAi KD using themoody-
GAL4 driver. (D,H,L) Three dimensional model of tripartite synapse organization including interactions with tracheal vessels (generated with the Software
package, Imaris).

doi:10.1371/journal.pone.0129957.g008
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synapses. Identification of PPG further defines the cellular organization of tripartite neuromus-
cular synapses in Drosophila and enhances this experimental model for genetic analysis of syn-
apse-glia interactions.

Identification of Drosophila PPG invites comparison to peripheral glia contributing to verte-
brate tripartite neuromuscular synapses. These are referred to as Perisynaptic Schwann Cells
(PSCs) and have been characterized most extensively at neuromuscular synapses of the frog
and mouse [4, 6]. For both PSCs and PPGs, the cell body is located peripherally in proximity to
neuromuscular synapses and each cell occupies a distinct territory on the muscle surface ([36]
and Fig 4E–4G). Furthermore, the processes of both cell types interact specifically with fine
branches of motor axons which make synaptic contacts on the muscle. Finally, both PSC and
PPG exhibit synaptic activity-induced calcium transients [5, 7]. One key difference between
PSCs and PPGs is that the former contributes to cholinergic and the latter to glutamatergic
neuromuscular synapses. Accordingly, PPG express GS2 and other conserved markers of tri-
partite glutamatergic synapses, including glutamate transporters which contribute to synaptic
function [7]. Thus analysis of PPG function in Drosophila represents a unique experimental
model in which the molecular mechanisms of glial function in glutamatergic synaptic trans-
mission may be investigated through genetic analysis at accessible peripheral synapses.

Our findings indicate that a tripartite morphology involving direct glia-synapse interactions
is common among several glutamatergic neuromuscular synapses of the Drosophila adult. In
contrast, these interactions are absent at body wall neuromuscular synapses of the larva. This
observation is interesting in light of the distinctive functional properties of larval body wall and
adult DLM neuromuscular synapses [32] and their different developmental and functional
roles in the organism. Synapse-glia interactions may support the refined functional properties
of mature synapses in the adult, which participate in relatively complex physiological processes
such as flight and adult motor activity. In contrast, larval body wall neuromuscular synapses
support simpler functions such as crawling and feeding during a period of remarkably rapid
development and growth. It is of interest to consider whether the distinctive morphology of lar-
val body wall neuromuscular synapses, which are imbedded in the muscle SSR, may provide
glial-like support for these synapses through a different mechanism. As more information
emerges about the direct interactions of glia and synapses in the Drosophila CNS, it may not be
surprising to find tripartite synaptic morphologies at both the adult and larval stages.

Finally, the presence of a common tripartite architecture among several Drosophila adult
neuromuscular synapses suggests it is of widespread importance in motor function. With re-
gard to the evolution of glia [37], it is of interest to note that tripartite synapses [7] and periph-
eral perisynaptic glia were either present in a common ancestor of arthropods and vertebrates
or rather emerged independently by convergent evolution. Future studies of other invertebrate
synapses are expected to further define this evolutionary relationship and the extent to which a
tripartite morphology is a shared feature of synapses throughout the animal kingdom.

Materials and Methods

Drosophila strains
Themoody-GAL4 and c527-GAL4 driver transgenic lines were kindly provided by Dr. Marc
Freeman (University of Massachusetts Medical School, Worcester, MA) and Dr. Christian
Klämbt (Institute of Neurobiology, University of Münster, Germany), respectively. Flies ob-
tained from the Bloomington Stock Center included the repo-GAL4 driver (stock #7415), the
nrv2-GAL4 driver (stock #6797) and the UAS-mCD8-GFP (stock #32186) transgenic lines.
The UAS-EGFP-Gs2 and UAS-Gs2-RNAi transgenic lines were generated in this study (see
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UAS-transgenic lines). Wild-type flies were Canton S. Stocks and crosses were cultured on a
conventional cornmeal-molasses-yeast medium at 20–22°C.

UAS-transgenic lines were generated for expression of EGFP-GS2, in which EGFP is fused
to the GS2 N-terminus, as well as a dsRNA “hairpin” for RNAi KD of GS2 (Gs2-RNAi). To
generate the UAS-EGFP-Gs2 transgene, the Gs2 ORF was amplified from a cDNA clone (clone
ID: GH03580; GenBank accession number: BT099804) obtained from the Drosophila Geno-
mics Research Center. A construct encoding EGFP-Gs2 was cloned into the Not I and Kpn I
sites of the P element transformation vector, pUAST [19]. To generate the UAS-Gs2-RNAi
transgene, two identical PCR products corresponding to the initial 828bp of the Gs2 ORF were
cloned into the pGEM-WIZ vector [38] as inverted repeats in a head-to-head orientation. The
resulting construct was excised with Bgl II and Xba I and shuttled into pUAST. Transgenic flies
were generated as described previously [39].

Western blotting and immunocytochemistry were carried out essentially as described previ-
ously ([40] and [33], respectively). Western blotting was performed with the following primary
antibodies (listed with dilution, source): Mouse monoclonal anti-Glutamine Synthetase Clone
GS-6 (referred to here as anti-GS2) (1:1,000, Millipore, Darmstadt, Germany, # MAB302), rab-
bit anti-GFP (1:1,000, Life Technologies, Grand Island, NY, #A6455) and mouse monoclonal
anti-acetylated Tubulin Clone 6-11B-1 (1:2,000,000, Sigma, St. Louis, MO, #T6793). Immuno-
cytochemistry was performed with the following primary antibodies: Alexa 647-conjugated
goat anti-Horseradish Peroxidase (HRP) (1:200, Jackson Immunoresearch Laboratories, West
Grove, PA, #123-605-021), rabbit anti-Synaptotagmin (SYT) (1:5,000, generously provided by
Dr. Noreen Reist, Colorado State University, Fort Collins, CO), rabbit anti-Drosophila Excit-
atory Amino Acid Transporter 1 (dEAAT1) (1:2,000, generously provided by Dr. Serge Bir-
man, Developmental Biology Institute of Marseille, France), mouse monoclonal anti-REPO
Clone 8D12 (1:20, Developmental Studies Hybridoma Bank, Iowa City, IA) and anti-GS2
(1:500). These studies employed Alexa Fluor secondary antibodies (1:200, Life Technologies,
Grand Island, NY) and trachea were visualized by autofluorescence using excitation with a 405
nm laser. Immunocytochemical studies of GFP typically involved imaging native GFP fluores-
cence. However, in the case of the c527-GAL4 driver which produced relatively weak expres-
sion, a rabbit anti-GFP antibody was used to enhance the signal (1:1000, Life Technologies,
Grand Island, NY, #A6455).

Voltage-clamp recording of EPSCs at DLM neuromuscular synapses was carried out essen-
tially as described previously [41]. Microsoft (Seattle, WA) Excel was utilized to analyze nu-
merical data and generate graphs. Data values are presented as mean ± SEM. Statistical
significance was determined using the two-tailed Student's t test and significance was assigned
to comparisons for which p� 0.05.

Supporting Information
S1 Fig. Tripartite morphology of DLM neuromuscular synapses. Confocal immunofluores-
cence images of DLM neuromuscular synapses. (A) Anti-HRP labels the neuronal plasma
membrane and anti-DPAK labels postsynaptic densities closely apposed to presynaptic active
zones. (B) Anti-GS2 labels glial processes and (C) reveals their close association with axons
and synapses. Note that synaptic contacts with the postsynaptic membrane are not covered by
glial processes.
(TIF)

S2 Fig. Synaptic transmission at DLM neuromuscular synapses is preserved after pan-glial
KD of GS2. Two-electrode voltage-clamp recordings of synaptic currents from DLM neuro-
muscular synapses. (A) Scaled and superimposed single EPSCs indicate similar EPSC
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waveforms at wild-type (WT) and Gs2-RNAi KD synapses. For the Gs2-RNAi KD, the pan-
glial repo-GAL4 driver was used to express the UAS-Gs2-RNAi transgene. The initial EPSC
amplitudes for WT and GS2-RNAi KD were 1.88 ± 0.15 μA (n = 4) and 1.71 ± 0.18 μA (n = 4),
respectively, and were not significantly different (p = 0.28). (B) Gs2-RNAi KD synapses exhibit
wild-type short-term depression during sustained train stimulation at 20 Hz. Peak EPSC am-
plitudes were normalized to the initial amplitude and plotted as a function of stimulus number.
After 60 seconds of train stimulation, the EPSC amplitudes for WT and Gs2-RNAi KD were re-
duced to 26.0 ± 4.56% (n = 4) and 33.0 ± 2.46% (n = 4), respectively. These values were not
significantly different (p = 0.07), although there may be slightly less synaptic depression at
Gs2-RNAi KD synapses. Error bars represent the S.E.M.
(TIF)

S3 Fig. PPG express the pan-glial nuclear marker, REPO. Confocal immunofluorescence and
native GFP fluorescence images of DLM neuromuscular synapses. Experiments to examine
REPO expression in PPG using the available mouse monoclonal anti-REPO antibody could
not utilize the mouse monoclonal anti-GS2 antibody to selectively label PPG as in Fig 4. Rather,
an alternative strategy employedmoody-GAL4 to drive mCD8-GFP expression and mark en-
sheathing subperineurial glia as in Fig 2. After labeling with the rabbit polyclonal anti-dEAAT1
antibody, PPG can be distinguished as those glia expressing dEAAT1 but not GFP (A-C). La-
beling with the anti-REPO antibody was imaged in the same channel with autofluorescence
from the tracheal system (D-F, trachea, REPO). Anti-REPO marked the nuclei of ensheathing
glia (arrowheads) as well as PPG (arrow). Note that these results are consistent with loss of
GS2 signal in PPG after GS2 KD using the repo-Gal4 driver (Fig 3C–3L).
(TIF)
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