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ripheral glial cells resulted in a significant increase in repo and
wg transcript levels (Fig. 2 B, C).

Overexpressing Repo in peripheral glia resulted in an increase
in Wg protein levels at the NMJ (Fig. 2D,E,J). The opposite
effect, a reduction in Wg protein level at the NMJ, was also ob-
served in a hypomorphic repo allele, repo1, over another mutation
in the repo locus (repo1/repoPZ), as well as by downregulating
Repo in glia by RNAi (Fig. 2F–H,J). Combined with the ChIP and
quantitative PCR results, these data strongly suggest that Repo
regulates wg expression and raise the intriguing possibility that a
pool of NMJ Wg is derived from glial cells. Expressing Wg-RNAi
in neurons also led to a significant decrease in the intensity of the
endogenous Wg signal at the NMJ, which was comparable to that
observed in the hypomorphic wg1 allele (Fig. 2 I, J). This suggests
that NMJ Wg is derived from two sources, peripheral glia and
presynaptic motor neurons.

Subperineurial glia can deliver Wg to the NMJ
If glial Wg contributes directly to the NMJ Wg protein pool, then
glial-expressed Wg should be delivered to the NMJ. To test this
hypothesis, we expressed Wg-GFP in glia, using the pan-glial
driver repo-Gal4, and examined the localization of Wg-GFP at
the NMJ. Driving an mCD8-GFP reporter using repo-Gal4 re-
sulted in GFP-labeled glial membrane extensions that associated
with proximal regions of the NMJ, but, consistent with our pre-
vious observations (Fuentes-Medel et al., 2009), glial processes
did not deeply infiltrate the NMJ (Fig. 3A1,A2, arrowheads). In
contrast, expressing Wg-GFP with the repo-Gal4 driver led to
Wg-GFP signal localizing to all synaptic boutons of the NMJ,
both presynaptically and postsynaptically (Fig. 3F). Thus, glial-

expressed Wg-GFP can be found throughout the NMJ despite the
fact that glial membranes show only modest association with the
NMJ. This observation indicates that peripheral glia are indeed
able to deliver Wg to all synaptic boutons of the NMJ.

Peripheral glia can be subdivided into three categories: the
perineurial glia (PGs) reside on the surface of the nerve; beneath
these are the subperineurial glia (SPGs), which establish the
blood– brain barrier; and finally, wrapping glia (WPGs) are
found in the deepest region of the peripheral nerve, directly as-
sociating with axons of motor and sensory neurons (Stork et al.,
2008). Several strains that express Gal4 in each peripheral glial
subtype have been isolated (Stork et al., 2012), and we used these
to determine precisely which subsets of peripheral glia interact
with the NMJ and which were capable of delivering Wg-GFP to
synaptic boutons. SPGs labeled by driving mCD8-GFP with
rl82-Gal4 or moody-Gal4 (Schwabe et al., 2005) were found to
elaborate frequent membrane extensions that associated with
primarily proximal regions of the NMJ (Fig. 3B1–C2, arrow-
heads; note that the moody-Gal4 driver is also expressed in
tracheal cells along the body wall, Fig. 3C1,C2, arrow). As was
the case with repo-Gal4, expression of Wg-GFP using rl82- or
moody-Gal4 resulted in Wg-GFP localization surrounding all
synaptic boutons of the NMJ (Fig. 3G,H ). These data are con-
sistent with the notion that SPGs can release Wg to the NMJ.

Examination of PG-Gal4 (Awasaki et al., 2008), which ex-
presses Gal4 in PGs, revealed that membrane extension from
perineurial glia also reached the proximal region of the NMJ and
became associated with a few boutons (Fig. 3D1,D2, arrow-
heads). However, unlike with SPGs, driving Wg-GFP in PGs did
not result in Wg-GFP signal at the NMJ (Fig. 3I). Finally, we

Figure 3. Subperineurial glial membranes invade the NMJ and secrete Wg. A1–E2, Confocal images of third instar NMJs in preparations double labeled with anti-HRP and anti-GFP upon
expressing mCD8-GFP in glial cell subtypes using repo-Gal4 (all glia; A1, A2), rl82-Gal4 (subperineurial glia; B1, B2), moody-Gal4 (subperineurial glia; C1, C2), PG-Gal4 (perineurial glia; D1, D2), and
Nrv2-Gal4 (wrapping glia; E1, E2). F–J, Confocal images of NMJ branches labeled with anti-HRP and anti-GFP in larvae expressing Wg-GFP in subsets of glia using repo-Gal4 (F ), rl82-Gal4 (G),
moody-Gal4 (H ), PG-Gal4 (I ), and Nrv2-Gal4 (J ). Scale bar: (in J ) A1–J, 5 �m. Arrowheads represent extent of glial membrane infiltration into the NMJ, while arrow denotes tracheal cells (tr). N,
nerve.
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examined the distribution of WPG membranes by driving
mCD8-GFP with Nrv2-Gal4 (Sun et al., 1999). Although bright
mCD8-GFP signal was observed in the segmental nerves (Fig.
3E1), we never observed GFP positive membrane extensions as-
sociated with the NMJ (Fig. 3E2). In addition, Wg-GFP was not
present at the NMJ when expressed with Nrv2-Gal4 (Fig. 3J).
Together, these results provide compelling evidence that both
SPGs and PGs, but not WPGs, extend membranes that interact
with the NMJ. Furthermore, they suggest that SPG cells are
uniquely specialized among the peripheral nerve glial subtypes to
serve as a source of glia-derived Wg at the NMJ.

Subperineurial glia function is required for normal glutamate
receptor cluster formation
The finding that SPG cells can deliver Wg to the NMJ raised the
possibility that glia are responsible for some of the structural and
functional abnormalities observed upon interfering with Wnt
signaling at the NMJ (Packard et al., 2002; Ataman et al., 2006).
Consistent with this view, repo1, repo1/repoPZ, or expression of

Repo-RNAi in glia with the SPG driver rl82-Gal4 resulted in an
increase in the size of GluRIIA clusters (Fig. 4A–D). Although
there were also significant changes in mean GluRIIA intensity
across genotypes (Fig. 4D), these changes were relatively small.
Thus, most likely, the increase in GluRIIA cluster size is corre-
lated with an increase in GluRIIA number and is not simply the
result of diluting the same number of GluRIIA receptors across a
larger volume.

In contrast to Wnt signaling mutants, repo mutants or glial
expression of Repo-RNAi did not change NMJ size, as deter-
mined by labeling body wall muscle preparations with anti-HRP
antibodies and counting the number of synaptic boutons at the
third instar larval stage (Fig. 4E–H).

To determine whether the above phenotype in GluRIIA clus-
tering was due to Wg function in SPGs, we examined NMJ size
and organization of GluRIIA clusters upon selective downregu-
lation of Wg in SPGs. Unlike the wg1 hypomorph, or expression
of Wg-RNAi in neurons with C380-Gal4, in which a small but
significant decrease in bouton number was observed (Fig.

Figure 4. Subperineurial glia are required for normal GluRIIA distribution. A–C, Confocal images of third instar NMJ branches in preparations double labeled with anti-GluRIIA in wild type (A,
arrow denotes GluRIIA cluster), repo 1 mutants (B), and upon expressing Repo-RNAi RNA in SPGs (C). D, Quantifications of GluRIIA volume divided by bouton volume and mean GluRIIA signal intensity
in each of the indicated genotypes normalized to wild type. E–G, Confocal images of third instar larval NMJ arbors labeled with anti-HRP in wild type (E), repo 1 mutants (F ), and upon expressing
Repo-RNAi RNA in SPGs (G). H, Quantification of total bouton number for each of the indicated genotypes. Gray and black bars indicate experiments performed at 29 and 25°C, respectively. Error bars
represent SEM. *p � 0.05; ***p � 0.001. Scale bar: (in C) A–C, 2 �m; E–G, 18 �m. The numbers of arbors quantified for GluRIIA parameters are as follows: 25°C, wild type, 10; repo1, 10;
repo1/repoPZ, 10; 29°C, wild type, 32; rl82-Gal4/� (driver control), 10; UAS-Repo-RNAi/� (Repo-RNAi control), 10; and rl82-Gal4	Repo-RNAi (Repo-RNAi-glia), 10. The numbers of samples for
total bouton number are as follows: 25°C, wild type, 42; repo1, 23; repo1/repoPZ, 14; 29°C, wild type, 166; driver control, 15; Repo-RNAi control, 19; and Repo-RNAi-glia, 18.
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