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Elimination of the excess synaptic contacts established in the early
stages of neuronal development is required to refine the function of
neuronal circuits. Here we investigate whether secreted protein
acidic and rich in cysteine (SPARC), a molecule produced by glial cells,
is involved in synapse removal. SPARC production peaks when inner-
vation of the rat superior cervical ganglion and the tail of Xenopus
tropicalis tadpoles are remodeled. The formation of new cholinergic
synapses in autaptic single-cell microcultures is inhibited by SPARC.
The effect resides in the C-terminal domain, which is also responsible
for triggering a concentration- and time-dependent disassembly of
stable cholinergic synapses. The loss of synaptic contacts is associ-
ated with the formation of retracted axon terminals containing mul-
tivesicular bodies and secondary lysosomes. The biological relevance
of in vitro results was supported by injecting the tail of Xenopus
tropicalis tadpoles with peptide 4.2, a 20-aa sequence derived from
SPARC that mimics full-length protein effects. Swimming was se-
verely impaired at ∼5 h after peptide application, caused by the
massive elimination of neuromuscular junctions and pruning of
axonal branches. Effects revert by 6 d after injection, as motor in-
nervation reforms. In conclusion, SPARC triggers a cell-autonomous
program of synapse elimination in cholinergic neurons that likely
occurs when protein production peaks during normal development.
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Synapse elimination is a fundamental process required for
refining the function of neuronal circuits. Although the mo-

lecular mechanisms involved are largely unknown, several lines
of evidence support a prominent role for glial cells. Glia engulf
synaptic debris in the Drosophila mushroom body during meta-
morphosis (1), and astrocytes, migroglia, and terminal Schwann
cells phagocytose retracted axon bulbs (2–5); however, whether
glial cells mediate only the last step of synapse remodeling, which
requires phagocytosis, or also participate in synaptic disassembly
and subsequent axon retraction, is unclear. Pathways involved in
synapse elimination include the classical complement cascade (6,
7) and increased lysosomal activity (8), but the definition of a
specific trigger remains elusive.
Given that glial cell-secreted molecules, such as thrombospondin,

hevin, and glypicans, favor the establishment of synaptic contacts in
the initial stages of synaptogenesis (9–11), we considered the pos-
sibility that a similar molecule participates in the initiation of syn-
apse elimination. Our candidate was secreted protein acidic and
rich in cysteine (SPARC), a matricellular protein released by as-
trocytes, microglia, and Schwann cells. SPARC production peaks
during the assembly of neuronal circuits and may be involved in
various developmental processes of the nervous system, such as
angiogenesis, neurogenesis, and neuronal migration (12). Previous
studies have suggested that SPARC plays a specific role in synaptic
development by (i) preventing recruitment of GluA1 and GluA2
AMPA receptor subunits (13), (ii) antagonizing the synaptogenic
action of hevin (10), and (iii) arresting cholinergic presynaptic ter-
minals to an immature stage (14). This evidence supports the role of
SPARC as an inhibitory cue of synapse development.

Based on its high degree of conservation among vertebrates,
we investigated the role of SPARC on synapse elimination in two
vertebrate structures: the rat superior cervical ganglion and the
tail of Xenopus tropicalis larvae. In both experimental systems,
SPARC production is maximal over the period during which
cholinergic innervation is refined. Using single-cell microcultures
(SCMs), which allow the investigation of cholinergic synapses
in vitro in the absence of glia (15), we show that SPARC triggers
an acute, concentration-dependent retraction of mature axon
terminals. The effect of SPARC on synapse disassembly is fur-
ther supported by the ability of a SPARC-derived peptide to
promote transient elimination of neuromuscular junctions in the
tails of living tadpoles.

Results
Maximum SPARC Production Is Associated with Periods of Cholinergic
Synapse Elimination. We investigated postnatal changes in SPARC
production in the rat superior cervical ganglion, where the protein
was concentrated around synaptic contacts (Fig. 1A). The highest
SPARC levels were found 0.68 ± 0.1 μm away from putative
presynaptic terminals (n = 23; Fig. 1B). Low protein amounts were
detected immediately after birth, when ganglionic innervation is
maximal (16). As development proceeded, SPARC levels in-
creased, reaching a peak at 1–3 wk of postnatal life (Fig. 1C and
Fig. S1). This time window coincides with the period of ganglionic
synapse elimination reported in rats (17) and hamsters (18).
SPARC production was again low in adults, suggesting that
maximal protein levels are relevant for refinement of cholinergic
innervation in sympathetic ganglia.
Given the high conservation of SPARC through metazoan

evolution (19), we considered the possibility that the observed
developmental changes in SPARC secretion could be important
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for the innervation of other cholinergic vertebrate structures as
well. The tails of Xenopus larvae offer an ideal window in which
to evaluate this possibility, because multiple neuromuscular junc-
tions are formed and eliminated following a stereotyped program
(20). In agreement with previous observations in X. laevis (21),
SPARC levels were minimal at the end of Xenopus tropicalis em-
bryogenesis, when tadpole swimming is exclusively driven by tail
movements [Nieuwkoop–Faber (NF) stage 40–52] (Fig. 1D and Fig.

S1). As development progressed, SPARC levels increased con-
stantly and reached a peak just before the climax of metamorphosis
(NF stage 59–60). At this stage, tadpoles switch to leg swim-
ming, tail resorption program starts (22), the primary motor
neuron pool controlling tail movements is eliminated, and the
secondary motor neuron pool begins to drive limb locomotion
(23). Along with our findings in rat superior cervical ganglion,
our observations support the idea that maximal SPARC pro-
duction occurs concomitantly with synapse elimination in cho-
linergic vertebrate structures.

SPARC Inhibits Formation of Cholinergic Synapses. We investigated
the direct involvement of SPARC on synapse elimination using
SCMs obtained from the rat superior cervical ganglion (15), which
allowed us to investigate fast cholinergic neurotransmission in the
absence of glia. Application of SPARC at 5–25 nM throughout the
entire period of synaptogenesis (Fig. 2A) decreased synaptic
responses in a concentration-dependent manner. Although the
characteristic onset of neurotransmission at ∼12 d in vitro was
unaffected, quantification of functional synapses from recorded
microcultures supports the idea that SPARC interfered with
their development. For example, exposure to 25 nM SPARC
caused a threefold decrease in the density of mature presynaptic
terminals (Fig. 2B), from 0.1 ± 0.04 bassoon puncta·μm2 (n = 14)
to 0.03 ± 0.005 bassoon puncta·μm2 (n = 6).
Full-length SPARC contains three distinct conserved domains

(Fig. 2C): NH2-terminal acidic domain, follistatin-like (FS) do-
main, and the C-terminal (EC) domain. To identify the protein
region responsible for synaptic effects, taking into account that
FS and EC domains mediate most SPARC actions, we used
peptide 2.1 (p2.1) and peptide 4.2 (p4.2), which derive from FS
and EC domains, respectively. Both peptidic sequences are ac-
tive on nonneuronal cells, showing comparable properties to the
full-length protein, such as disruption of focal adhesions (24). To
examine whether selected peptides were also acting on synapses,
we assessed their additive effect on recombinant SPARC. p2.1
and p4.2 were applied in combination with 5 nM SPARC, a
concentration that does not affect the amplitude of synaptic
responses, but arrests terminals at an immature stage (14). The
addition of 50 nM p2.1 and 5 nM SPARC did not change the
amplitude of excitatory postsynaptic currents (EPSCs; Fig. 2D);
however, synaptic responses were reduced when SPARC was
combined in a 1:10 ratio with p4.2. The effect was reminiscent of
that seen on 25 nM SPARC application (Fig. 2 B and D).
Actually, p4.2 retained SPARC actions, as shown by the re-

duction of EPSC amplitude at [p4.2]50 of ∼14 nM, almost
identical to the [SPARC]50 of ∼13 nM (Fig. 2E). Application of
p4.2 alone also caused a concentration-dependent decrease in
the density of mature presynaptic terminals (Fig. 2F). In con-
trast, p2.1 was completely ineffective. Taken together, our results
show that p4.2 is an active, inhibitory peptide of synaptogenesis,
displaying an analogous effect to full-length SPARC.

p4.2 Triggers Cell-Autonomous Elimination of Cholinergic Synapses.
To assay the activity of SPARC on fully functional synapses, we
transiently incubated SCMs once in vitro development was com-
pleted (Fig. 3A) with SPARC-derived p2.1 (lacking synaptogenic
effects) or p4.2 (inhibitor of synaptogenesis). Application of
50 nM p4.2 reduced the amplitude of synaptic currents by fourfold
(Fig. 3B). To confirm that the decrease in synaptic currents could
be attributed to a lower number of operative synapses, we stained
recorded neurons for the active zone marker bassoon (Fig. 3C).
On average, the number of functional presynaptic terminals·μm−2

was reduced from 0.12 ± 0.04 (n = 14) to 0.04 ± 0.01 (n = 21).
Neither neurotransmission nor the number of synaptic contacts
was affected when p2.1 was applied. The effects of 50 nM p4.2
were significant only when the incubation time was 24–48 h; for
shorter periods (i.e., 4–6 h), it was necessary to increase [p4.2] up

Fig. 1. Variations in SPARC production during refinement of cholinergic in-
nervation in two different vertebrate structures. (A) Section of a rat superior
cervical ganglion at postnatal day 20 showing SPARC accumulates around pu-
tative presynaptic terminals labeled with VAMP2 (arrows). (B) Plot profile
of VAMP2 and SPARC fluorescence intensities measured from the dotted line
shown in A). (C) Relative SPARC expression in the rat superior cervical ganglion
at the indicated postnatal days. (D) Relative changes in SPARC levels in the tails
of X. tropicalis during normal development. The relationship of Nieuwkoop–
Faber stages to days postfertilization is indicated. Images show the char-
acteristic morphology of tadpoles at the stages of embryogenesis (Emb),
premetamorphosis (PreM), prometamorphosis (ProM), metamorphosis cli-
max, and postmetamorphosis (PostM). Data in C and D are mean ± SEM.
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to 200 nM to obtain reductions in synaptic currents and pre-
synaptic terminal density. The decrease in EPSC amplitude was
concentration-dependent (Fig. 3D) and occurred with a half-time
of ∼4 h (Fig. S2). Considering the minimal synapse formation in
mature cultures (14), this time course of inhibition supported the
idea that existing contacts were being disassembled. The effect of
p4.2 was blocked when applied in combination with jasplakinolide,
a drug that stabilizes actin filaments but remained unaltered in the
presence of tetrodotoxin (TTX; Fig. 3D). Therefore, the p4.2-
triggered loss of synaptic contacts was activity-independent and
presumably involved disruption of the actin cytoskeleton.
To visualize how the morphology of mature synapses was af-

fected by acute application (6 h) of SPARC peptides, we inspected
some of the recorded microcultures by electron microscopy.
Control presynaptic terminals showed prominent active zones and

numerous cytoplasmic vesicles (Fig. 3E). Exposure to 200 nM p4.2
increased the number of endocytic shapes and invaginations in the
vicinity of active zones more than threefold (Fig. 3F and Fig. S3).
Hallmarks of endocytosis were increased at the postsynaptic level
as well (Fig. 3G). In some synapses, characteristic cup-shaped
membrane invaginations, which were absent from controls, be-
came evident when presynaptic and postsynaptic omega-shapes
occurred simultaneously (Fig. 3 H and I and Fig. S3). Tightly
coupled presynaptic and postsynaptic invaginations, together with
the increase in endocytic shapes, suggested that synaptic contacts
were detaching.
Further evidence favoring the onset of a program of synapse

elimination was the formation of large endosomal structures. Only
6% (n = 49) of control presynaptic terminals showed large
endocytic compartments at rest. However, on acute exposure to
200 nM p4.2, multivesicular bodies were observed in 53% of ter-
minals inspected (n = 40; Fig. 3J). Large endosomes were formed
in a cell-autonomous manner and occurred in different shapes and
sizes, all containing diverse axonal material (Fig. S3). Concomitant
with the formation of multivesicular bodies, lysosomal activity was
enhanced. Lysosomes increased in size by 30% (Fig. 4A) and were
observed in 28% (n = 40) of presynaptic terminals. Putative sec-
ondary lysosomes were found in terminals showing a normal
morphology and terminals resembling retracting axon tips (Fig. 4
B–D and Fig. S3). Incubation of SCMs with LysoTracker red
showed that the density of these acidic compartments was essen-
tially unaffected by exposure to any of the SPARC peptides;
however, differences in size were obvious (Fig. S4). Acute expo-
sure to p4.2 increased the perimeter of lysosomes by twofold,
reinforcing electron microscopy data and suggesting that p4.2 in-
duces the transition from primary to secondary lysosomes. To-
gether, the optical and electron microscopy data describe an
in vitro phenotype resembling some aspects of the developmental
elimination of synaptic inputs in the mouse neuromuscular junc-
tion, characterized by increased lysosomal activity (8).

p4.2 Triggers Elimination of Neuromuscular Junctions in Vivo. We
used X. tropicalis tadpoles to investigate the relevance of a SPARC-
mediated program of synapse elimination in vivo. SPARC secre-
tion is developmentally regulated in the tadpole tail, such that the
lowest protein levels are found during embryogenesis and pre-
metamorphosis (Fig. 1D). In the developmental period at NF stage
48–54 (25), limbs are not present and swimming is controlled ex-
clusively by tail beats, which occur at ∼3 Hz (Fig. 5A). The char-
acteristic motor behavior of tadpoles alternating continuous
swimming with idle times (Movie S1) was unaffected after micro-
injection at the somite level of 300 pmol of p2.1, but was impaired
when the same amount of p4.2 was applied (Fig. 5B andMovie S2).
Effect was evident at 5 h after injection, when peptide was dis-
tributed homogenously throughout the tail (Fig. S5). During this
acute phase, tails were completely straight (Fig. 5A), inducing a
characteristic resting side position in some animals. Tadpoles in-
jected with p4.2 had swimming periods of just a few seconds. They
appeared fatigued and rapidly returned to an inactive state, likely
reflecting the inability to recruit all tail muscles (Movie S2). The
average swimming speed of 2.6 ± 0.22 mm·s−1 seen in p2.1-injected
tadpoles (n = 80) was decreased to 1.6 ± 0.19 mm·s−1 in those
injected with p4.2 (n = 80; P = 0.0016) (Fig. 5C).
Motor deficits did not alter normal development, and tadpoles

progressed to the stage of prometamorphosis. Growth was un-
affected because virtual paralysis was restricted to a time window of
48 h after peptide injection (Fig. 5B). The lack of motor move-
ments controlled at the spinal cord level contrasted with apparently
normal buccal pumping and heartbeat, 71 ± 5 pumps·min−1 (n =
13) and 112 ± 6 beats·min−1 (n = 12), similar to previously reported
values (26). The normal autonomic functions suggest that rostral
portions of central nervous system connectivity were not targeted
by peptide injections. The correct processing of mechanosensitive

Fig. 2. Identification and mapping of the functional SPARC region inhib-
iting synaptic development. (A) Schematic diagram of the experimental
procedure used to investigate the inhibitory role of SPARC throughout the
whole period of synapse formation and maturation. The time course of
in vitro synaptic development is indicated. (B) Effect of SPARC on evoked
autaptic currents and the density of presynaptic terminals, visualized as
bassoon puncta. (C) Amino acid sequence and location of p2.1 and p4.2 in
the full-length protein. (D) Average EPSC of neurons developed in the
presence of 5 nM SPARC (n = 24), 5 nM SPARC + 50 nM p2.1 (n = 8), and 5 nM
SPARC + 50 nM p4.2 (n = 29). (E) Relative decay in EPSC amplitude as a
function of SPARC or p4.2. Sigmoidal fits of averaged data (from 6–24 in-
dependent observations) revealed [SPARC]50 and [p4.2]50 of 13 nM and 14 nM,
respectively. The absence of inhibition by 50 nM p2.1 (n = 6) is also indicated.
(F) Summary of SPARC-derived peptides on the density of bassoon puncta
(control, n = 14; 5 nM SPARC, n = 10; 25 nM SPARC, n = 6; 50 nM p2.1, n = 5;
10 nM p4.2, n = 12; 25 nM p4.2, n = 7; 50 nM p4.2, n = 17; 100 nM p4.2, n = 6).
All averages are presented as mean ± SEM. *P < 0.01; **P < 0.001.
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stimuli activating lateral line and trigeminal receptors (27) re-
inforces this view, because occasional collisions among tadpoles or
external mechanical stimuli always activated a response driven by
tail swim. Thus, the normal hindbrain-mediated responses indicate
that p4.2 injections at the tail level were restricted to spinal cord
connectivity, without affecting upper neuronal structures.
Peptides were completely cleared from tadpole tails by 24–48 h

after injection (Fig. S5). Spontaneous tail oscillations became
evident at 3 d after p4.2 injection. Characteristic tail flickering
reappeared for short periods, and inactivity time was decreased
(Movie S3); however, swimming was not spontaneous and was
evoked only by mechanical stimuli. At 6 d after injection, tad-
poles exhibited the characteristic motility associated with their
developmental stage (Fig. 5D and Movie S4).
We investigated the nature of motor deficits observed after p4.2

injection by staining tadpole tails for acetylated tubulin and syn-
aptophysin to label axonal tracts and presynaptic terminals, re-
spectively. Motor axons emanating from the spinal cord branched
along the tail, forming numerous neuromuscular junctions (Fig.
5E), likely polyinnervating muscle fibers (28). The characteristic
distribution of neuromuscular synapses was unaffected by in-
jection of p2.1 peptide; however, connectivity was completely al-
tered in tadpoles showing severely impaired swimming behavior
after p4.2 injection. Most of the tail neuromuscular junctions were
absent, and the average thickness of axon branches (measured as
the FWHM from line profiles) was increased from 1.8 ± 0.05 μm
(n = 580) to 3.2 ± 0.05 μm (n = 212; P < 0.001), suggesting a
pruning process (Fig. 5E and Fig. S6). Elimination of axons was
noted on confocal and light-sheet microscopy, and putative re-
traction bulbs were observed (Movies S5 and S6). Improvement in
swimming ability occurred when neuromuscular junctions re-
formed by 6 d after p4.2 injection (Fig. 5E) and thin axon branches
(average FWHM, 1.8 ± 0.2 μm; n = 51) became evident again
(Fig. S6 and Movie S7).

Discussion
Matricellular proteins, such as SPARC, are maximally produced
during a restricted time window of normal development (29). We
have shown that in vertebrate cholinergic structures, SPARC
levels peak when connectivity is refined (Fig. 1). By acting through
a peptidic sequence located in its EC domain (Fig. 2), SPARC
triggers disassembly of presynaptic and postsynaptic terminals
(Fig. 3), setting the onset of a neuronal, cell-autonomous program
of synapse elimination. As synaptic contacts retract, multivesicular

Fig. 4. SPARC p4.2 activates the formation of secondary lysosomes in ma-
ture presynaptic terminals. (A) Lysosomes of neurons treated for 6 h with
200 nM p4.2 (n = 49) are larger than those found after acute exposure to
200 nM p2.1 (n = 40). (B) A secondary lysosome located in a presynaptic
terminal treated with p4.2 (arrow). (C) A secondary lysosome formed by
fusion to a multivesicular body. (D) A lysosome found in a retracting axon
terminal. Averages are presented as mean ± SEM. **P < 0.001.

Fig. 3. SPARC p4.2 triggers the disassembly of mature cholinergic synapses.
(A) Experimental protocol used to investigate the role of SPARC-derived
peptides on the activity of stable autapses. (B) Average EPSCs of mature
neurons acutely exposed to p2.1 (n = 8) or p4.2 (n = 33). (C) p4.2 decreased
the number of functional presynaptic terminals measured as bassoon
puncta. (D) The amplitude of postsynaptic responses decreased as a function
of p4.2. Exposure to p2.1 did not modify EPSC amplitude. All peptides were
incubated for 4–6 h before recording. Note that the effect of p4.2 was
inhibited by jasplakinolide, but remained unchanged when firing of action
potentials was blocked by TTX (200 nM p2.1, n = 13; 50 nM p4.2, n = 18;
100 nM p4.2, n = 6; 200 nM p4.2, n = 16, 1 μM jasplakinolide, n = 11; 1 μM
jasplakinolide + 200 nM p4.2, n = 12; 20 nM TTX, n = 6; 20 nM TTX + 200 nM
p4.2, n = 8). (E) Image of a control presynaptic terminal from a recorded
autaptic neuron (Inset). (F) Image from a presynaptic terminal acutely
treated with p4.2. Arrows indicate membrane invaginations near an active
zone. (G–J) Images from four different synapses treated with p4.2. Note the
presence of presynaptic and postsynaptic endocytic profiles (arrows). (J) A
presynaptic terminal containing a multivesicular body (asterisk). All averages
are presented as mean ± SEM. *P < 0.01; **P < 0.001.
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bodies are generated and digested by lysosomes (Fig. 4), driving
the loss of functional innervation (Fig. 5).
Our results support a fundamental role for the secretory activity

of glial cells during refinement of neuronal circuit connectivity.
Along with favoring the establishment of synaptic contacts by re-
leasing synaptogenic factors, such as thrombospondin, glypicans,
and hevin (9–11), glia, through SPARC secretion, also can inhibit
formation and consolidation of synaptic contacts. Based on pre-
viously reported and current in vitro evidence, the effects are
concentration-dependent and range from arresting maturation of
presynaptic terminals (14) to eliminating these terminals. However,
the effective SPARC concentration in a biologically relevant con-
text, and thus its specific inhibitory action, would be determined by
at least three factors: (i) the quantity and location of secretory
events in glial processes relative to synapses (14); (ii) the presence
of competitive antagonists, such as hevin (10); and (iii) cleavage by
matrix metalloproteases. Exposure of full-length SPARC to colla-
genase-3, gelatinase A, gelatinase B, and matrilysin releases a 91-aa
peptide containing p4.2 (30). In light of our results, such a fragment
could mimic the synaptic actions of SPARC and thus increase the
effective protein concentration in the extracellular space.
The onset of a program of synapse elimination triggered by

SPARC also depends on the expression of a specific neuronal
receptor. A possible candidate is the integrin α5β1 complex, which

binds p4.2 (31) and is expressed in Xenopus neuromuscular active
zones (32). In nonneuronal cells, interaction of SPARC with β1
integrin complexes linked to cytoskeletal proteins, such as talin
and actin, mediates the loss of focal adhesions (24, 31, 33). In vitro
results using jasplakinolide suggest an analogous mechanism in
synapses, through which depolymerization of synaptic F-actin cy-
toskeleton may lead to disruption of active zones and disorgani-
zation of synaptic vesicle pools (34, 35). The resulting presynaptic
endosomal structures could be digested within neurons; however,
it is possible that in vivo activation of same program would ulti-
mately involve phagocytosis by glial cells, i.e., axosome shedding
(2). Alternatively, SPARC could cause the pruning of axonal
branches through protein–protein interactions with the cytoskeleton.
Some evidence supports protein internalization via clathrin-mediated
endocytosis (36), which could allow interaction with cytoskeletal
elements, such as α-tubulin (37). Whether this interaction leads to the
elimination of microtubules is unknown; however, an action of
SPARC requiring its internalization is also supported by the results
with jasplakinolide, given that stabilization of the actin cyto-
skeleton disrupts receptor-mediated endocytosis (38).
Although the action of p4.2 remained unaffected when

neuronal activity was silenced with TTX, we cannot rule out a
relationship between SPARC’s effect and neuronal firing pat-
terns. For example, changes in synaptic activity could drive the

Fig. 5. SPARC p4.2 induces retraction of motor neuron axons and impairs tadpole swimming. (A) Images from tadpole tails showing how the characteristic ∼3-Hz tail
beat is blocked by local injection with p4.2 but is unaffected by p2.1. (B) Swimming activity integrated over 30 s. Motor behavior is transiently affected by p4.2, shown
by tracking movements of four different tadpoles (squares) at three consecutive time points: 5 h, 3 d, and 6 d. Swimming is unaffected by p2.1 (Movies S1–S4).
(C) Distribution and mean average speed (mean ± SEM; P < 0.01) of tadpoles at 5 h after injection with p2.1 (n = 80) or p4.2 (n = 80). (D) Same as C but at 6 d after
injection with p2.1 (n = 76) or p4.2 (n = 78; P = 0.16). (E) Staining of X. tropicalis tadpole tails for acetylated tubulin and synaptophysin to indicate the location of axons
and presynaptic terminals, respectively. Note how neuromuscular junctions virtually disappear at 5 h after p4.2 injection but become evident within 6 d.
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heterogeneous distribution of putative SPARC receptors, by al-
tering the expression of particular integrin-β1 complexes (39) or
affecting clathrin-mediated endocytosis (40). In this way, subsets
of synapses would be at greater or lesser risk of being eliminated.
This scenario could be relevant for neuromuscular junctions,
because SPARC is distributed throughout the endomysium (41)
(Fig. S7). The capacity of glial cells to sense neuronal activity
during development should be taken into account as well (42).
Terminal Schwann cells compete for perysinaptic space during
development (43) and are capable of deciphering between weak
and strong inputs by differentially increasing their free [Ca2+]
(44). Thus, changes in glial free [Ca2+] could affect protein se-
cretion from glia, either by promoting exocytosis or by altering
transcriptional control.
Taken together, our results prompt us to consider SPARC as a

trigger for cholinergic synapse elimination. Along with consti-
tutively engulfing axonal debris (3, 43), glial cells release SPARC
in a timely manner to determine the fate of synaptic contacts.

Materials and Methods
All animal procedures were approved by the Department of Environment
at Generalitat de Catalunya. Procedures for establishing SCMs from

superior cervical ganglion neurons and correlative electrophysiology and
optical or electron microscopy have been described elsewhere (14, 15).
Detailed protocols for experiments involving SCMs, maintenance of the
X. tropicalis colony, injections of SPARC- derived peptides at the so-
mite level, analysis of tadpole swimming, quantification of SPARC levels,
and whole-mount immunohistochemistry are provided in SI Materials
and Methods.

For statistical analysis, the unpaired Student t test was used to evaluate dif-
ferences between two experimental groups. Comparisons among three or more
groups was performed using one-way ANOVA, followed by the Bonferroni post
hoc test.
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