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Figure 1. Topologically complex structures of PLS-associated aneural AChR clusters can be induced by different ECM proteins. (A) A schematic

diagram illustrating the location and morphological features of aneural AChR clusters found in the top versus bottom surface of cultured Xenopus

muscle cells. Maximal projection of confocal z-stack images was constructed from 11 frames with 3 mm z-interval. (B) Quantification on the presence of

top versus bottom aneural AChR clusters in muscle cells cultured on substratum coated with different ECM proteins or PDL. n = 300 cells in each

condition from 3 independent experiments. (C) Representative images showing several distinct morphological features of aneural AChR clusters

(scattered, plaque, perforated, and C-shaped), and the quantification showing the population of aneural AChR clusters with respective morphological

features in muscle cells cultured on different ECM substrates or PDL. n = 150 cells in each condition from 3 independent experiments. (D)

Representative images showing cortactin immunostaining of 2-d old Xenopus muscle cells to indicate the presence of PLSs at the perforated regions of

aneural AChR clusters. (E) Quantification on the percentage of aneural AChR clusters associated with cortactin enrichment in muscle cells cultured on

substratum coated with different ECM proteins or PDL. n = 150 cells in each condition from 3 independent experiments. Scale bars represent 10 mm.

Data are represented as mean ± SEM. One-way ANOVA with Dunnett’s multiple comparisons test, *, **, *** represent p�0.05, 0.01, and 0.001

respectively.
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Figure 1—figure supplement 1. Most aneural AChR clusters are gradually dispersed in cultured Xenopus muscle

cells over time. (A) Representative images showing the gradual topological changes of aneural AChR clusters

observed in cultured Xenopus muscle cells from day 2 to 6 in culture. (B) Quantification on the percentage of

aneural AChR clusters with different topological features over 6 days in culture. Aneural AChR clusters were first

located on day 2, and the same clusters were followed for 4 consecutive days to observe their topological

changes. n = 73 muscle cells from 3 independent experiments. (C) Quantification on different types of topological

transformation of aneural AChR clusters observed in the same group of muscle cells in B. Scale bar represents 10

mm. Data are represented as mean ± SEM.
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Figure 1—figure supplement 2. PLS core and cortex markers are present at ECM-induced AChR clusters in

Xenopus primary muscle cultures. (A) Representative images showing the localization of PLS core makers,

including F-actin, ADF/cofilin, and p34-Arc, at the center of perforations (arrows) within aneural AChR clusters in

muscle cells cultured on ECL-coated substrate. (B) Representative images showing the localization of PLS cortex

makers, including vinculin, talin, and paxillin at the edge of perforations (arrows) or the periphery (arrowheads) of

aneural AChR clusters. Scale bar represents 10 mm.
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Figure 2. MMP-mediated ECM degradation regulates topological remodeling of aneural AChR clusters. (A) Representative confocal z-stack images

showing the discrete and extensive degradation of fluorescent gelatin at the perforated regions within aneural AChR clusters. (B) Scatter plot analysis

showing a positive correlation between the fluorescent gelatin intensity in perforated AChR clusters (a) divided by that in another region of the same

cell (b) and the area of AChR-rich region (a) divided by that of the entire AChR clusters with perforations (a+p). R = 0.6458, p<0.0001. n = 84 from 3

independent experiments. (C–D) Representative images showing the degradation patterns of fluorescent gelatin (C) and laminin immunostaining (D) at

AChR clusters in cultured C2C12 myotubes and Xenopus primary muscle cells, respectively. (E) Representative images showing the inhibitory effects of

BB-94 or BB-2516 on fluorescent gelatin degradation. Dotted lines indicate the periphery of muscle cells. (F) Quantification on the extent of fluorescent

gelatin degradation at the perforated regions of AChR clusters in control and BB-94/BB-2516-treated muscle cells over the first 4 consecutive days in

culture. n > 280 muscle cells in each condition from 3 independent experiments. (G) Quantification on the effects of BB-94 or BB-2516 on the formation

of bottom AChR clusters in cultured Xenopus muscle cells. n = 150 muscle cells in each condition from 3 independent experiments. (H) Quantification

on the effects of BB-94 or BB-2516 on the stability of bottom AChR clusters in cultured Xenopus muscle cells. n = 166 (Control), 154 (BB-94), and 137

(BB-2516) muscle cells from 3 independent experiments. (I) Representative sets of time-lapse images showing the topological changes and fluorescence

intensity of AChR clusters in control (left panels) and BB-94-treated (right panels) muscle cells. 8-bit pseudo-color images highlight the difference in

AChR intensity at the same aneural clusters over 96 hr with or without BB-94 treatment. (J) An individual value plot showing the percentage change in

the area of each aneural AChR clusters at different time-points between control and BB-94-treated cells. n = 43 (Control) and 38 (BB-94) muscle cells

from 3 independent experiments. Data are represented as mean ± SD. Scale bars represent 5 mm. Data are represented as mean ± SEM, unless

otherwise specified. Two-way ANOVA with Dunnett’s multiple comparisons test (F), one-way ANOVA with Dunnett’s multiple comparisons test (G and

H), two-way ANOVA with Sidak’s multiple comparisons test (J), *, ***, **** represent p�0.05, 0.001, and 0.0001 respectively.
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Figure 3. MT1-MMP activity precisely controls the extent of ECM degradation and AChR cluster formation. (A)

Representative images showing the spatial localization of endogenous MT1-MMP in perforations of aneural AChR

clusters (arrows) in fixed Xenopus muscle cultures. (B) Representative images showing the extent of fluorescent

gelatin degradation in area covered by MT1-MMP-mCherry-overexpressing (MT1-mCherry) muscle cells in the

presence or absence of MMP inhibitors BB-94 or BB-2516. 8-bit pseudo-color images highlight the relative

fluorescence intensity of AChR clusters in different conditions. (C) Quantification on the effects of MT1-MMP-

mCherry overexpression on the formation of AChR top and bottom clusters in response to BB-94 or BB-2516

treatment. n = 163 (Control), 123 (MT1-mCherry), 119 (MT1-mCherry + BB-94), and 62 (MT1-mCherry + BB-2516)

muscle cells from 4 independent experiments. (D) Quantification on the effects of MT1-MMP-mCherry

overexpression on the extent of fluorescent gelatin degradation and the intensity of aneural AChR clusters in

response to BB-94 or BB-2516 treatment. For gelatin intensity measurement: n = 30 (Control), 39 (MT1-mCherry),

33 (MT1-mCherry + BB-94), and 31 (MT1-mCherry + BB-2516) muscle cells from 3 independent experiments. For

AChR intensity measurement: n = 14 (Control), 19 (MT1-mCherry), 21 (MT1-mCherry + BB-94), and 16 (MT1-

mCherry + BB-2516) muscle cells from 3 independent experiments. Scale bars represent 10 mm. Data are

represented as mean ± SEM. One-way ANOVA with Dunnett’s multiple comparisons test (C), one-way ANOVA

with Turkey’s multiple comparisons test (D), *, **, **** represent p�0.05, 0.01, and 0.0001 respectively.

Chan et al. eLife 2020;9:e54379. DOI: https://doi.org/10.7554/eLife.54379 6 of 22

Research article Cell Biology Neuroscience

https://doi.org/10.7554/eLife.54379


Figure 4. Cortical microtubule capturing is mediated by EB1-/CLASP-dependent mechanisms at perforated AChR

clusters. (A) Representative TIRF images showing the density and speed of EB1-GFP comets in AChR cluster versus

Figure 4 continued on next page
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Figure 4 continued

and non-AChR regions between control and CLASP-MO muscle cells. The trajectories of EB1-GFP comets (purple

dots) were constructed from 7 frames in 18 s, and then color-coded to reflect their speed. Yellow dotted lines

indicate the location of AChR clusters. (B–C) Quantitative analyses showing the density (B) and speed (C) of EB1-

GFP comets in AChR cluster and non-AChR regions between control and CLASP-MO muscle cells. n = 16

(Control), and 13 (CLASP-MO) cells from 3 independent experiments. (D) Representative TIRF images showing the

differential perimembrane localization of EB1-GFP signals at aneural AChR clusters in control and CLASP-MO

muscle cells. Arrows and arrowheads indicate the spatial enrichment of EB1-GFP signals at AChR clusters. (E) Line

profiles showing the relative fluorescence intensities of AChR (red) and EB1-GFP (green) signals along the dotted

lines indicated in merge image in panel D. The perforated region was defined by a cutoff intensity (55%) of the

maximum, and the EB1 peaks were marked based on the line profiles. (F) Representative sets of time-lapse

images showing the fluorescence recovery of EB1-GFP signals after photobleaching the region of aneural AChR

clusters (dotted rectangle) in control and CLASP-MO muscle cells. Arrows and arrowheads indicate the spatial

recovery of EB1-GFP signals in control and CLASP-MO muscle cells, respectively. (G–H) Quantification showing the

FRAP curves (G) and the calculated recovery half time (H) of EB1-GFP signals in control versus CLASP-MO muscle

cells. n = 18 (Control) and 14 (CLASP-MO) cells from 4 independent experiments. Scale bars represent 10 mm.

Data are represented as mean ± SEM. Student’s t-test, *, **, *** represent p�0.05, 0.01, and 0.001 respectively. n.

s.: non-significant.
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Figure 4—figure supplement 1. Immunostaining demonstrates the localization of endogenous EB1 in cultured

Xenopus muscle cells. Representative images showing the localization patterns of endogenous EB1 proteins in

fixed muscle cells. For clarity, two regions (AChR and non-AChR) were shown in the 2X magnified views. Similar to

the localization of EB1-GFP, endogenous EB1 comets (arrows) were highly enriched in the perforated sites in

AChR cluster region. Scale bar represents 10 mm.
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Figure 4—figure supplement 2. Endogenous CLASP protein level is effectively reduced by specific antisense

morpholino oligonucleotides. Western blot analysis showing the reduced endogenous CLASP protein level in

Xenopus embryos injected with CLASP-MO. b-actin was used as a loading control.
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Figure 5. Intracellular trafficking of MT1-MMP is directed to PLS-associated AChR clusters. (A) Representative

images showing the intracellular trafficking of MT1-MMP vesicles in a cultured muscle cell expressing both MT1-

MMP-mCherry (MT1-mCherry) and EB1-GFP. The time-lapse series of two regions (i and ii) outlined in the merge

image showed (i) the search-and-capture of MT1-mCherry vesicles (arrows) by an EB1-GFP comet (arrowheads);

and (ii) the bidirectional movement of MT1-mCherry vesicles (arrows) along the microtubules (arrowheads). (B)

Kymographs showing the spatiotemporal correlation between MT1-mCherry and EB1-GFP signals along K1 and

K2 lines indicated in the merge image. The maximal projection of MT1-mCherry and EB1-GFP signals was

constructed from 40 frames in a 40 s time-lapse series. Arrows indicate the examples of lateral displacement of

initially stationary MT1-mCherry vesicles after EB1-GFP comets had passed through. (C) Representative TIRF-FRAP

images showing the local capturing of MT1-mCherry vesicles at AChR clusters. After photobleaching, the recovery

of MT1-mCherry signals and their trajectories in two regions of interest indicate (i) MT1-mCherry vesicles (arrows)

were transported to and captured at the perforation of AChR clusters; and (ii) two groups of MT1-mCherry vesicles

(red and green arrows) were transported to and captured at the same site of AChR cluster periphery over a period

of 120 s. (D) Kymographs showing the spatiotemporal capture of MT1-mCherry vesicles at AChR clusters. Two

kymographs were constructed from 120 time-lapse images along K3 and K4 lines, as indicated in the merge image

(top panels in C). Arrowheads and arrows indicate the sites of MT1-mCherry capture at the perforated and

peripheral regions of AChR clusters, respectively. Scale bars represent 10 mm, unless stated otherwise.
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Figure 5—figure supplement 1. Immunostaining demonstrates the vesicular localization of endogenous MT1-

MMP in cultured Xenopus muscle cells. Representative images showing the localization of some endogenous

MT1-MMP signals at the vesicular compartment (arrows), as visualized by vesicle-associated membrane protein 1

(VAMP1). For clarity, two regions were shown in the 2X magnified view. Scale bar represents 10 mm.
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Figure 6. Spatial delivery of surface MT1-MMP regulates AChR cluster formation and remodeling. (A) Representative images showing the effects on

aneural AChR clustering in cultured muscle cells over-expressing different levels of MT1-MMP-pHluorin (MT1-pHluorin). Arrows indicate the spatial

localization of MT1-pHluroin at perforated regions of AChR clusters. (B) Quantification on the effects on aneural AChR cluster formation in cultured

muscle cells with different levels of MT1-pHluorin over-expression. Cultured muscle cells with average MT1-pHluorin intensity above the cutoff value

of >500 (arbitrary unit) were classified as high expression. n = 150 (Control), 32 (Low MT1-pHluorin level), and 15 (High MT1-pHluorin level) muscle cells

from 3 independent experiments. (C) Representative sets of images showing the change in MT1-pHluorin fluorescence intensity in response to a

sequential switching of various culture media with different pH levels. Arrows indicate the spatial localization of MT1-pHluroin signals in the perforated

region of AChR clusters. 8-bit pseudo-color images highlight the change in the relative intensity of MT1-pHluorin. (D) Representative sets of time-lapse

images showing the extent of AChR cluster remodeling in muscle cells with different MT1-pHluorin expression levels. 8-bit pseudo-color images in the

insets highlight the change in the relative intensity of AChR clusters. The percentage values indicate the relative fluorescence intensity of AChR clusters

after 24 hr. (E) A scatter plot analysis showing the correlation between MT1-pHluorin intensity and the percentage change in AChR intensity over 24 hr

in cells with different MT1-pHluorin expression levels. The black line indicates a linear correlation. R = �0.7188, p=0.0056. n = 13 from 3 independent

experiments. (F) Representative TIRF-FRAP images showing the surface insertion of MT1-pHluorin at AChR clusters in cultured muscle cells. Arrows and

arrowheads indicate the spatial insertion of MT1-pHluorin at the perforation and periphery of AChR clusters, respectively. (G) Kymographs showing the

spatiotemporal insertion of MT1-pHluorin at AChR clusters. Two kymographs were constructed from 180 time-lapse images along the lines of K1 and

K2, as indicated in the merge image (left panel). Arrows indicate some newly inserted MT1-pHluorin that were relatively stable, while arrowheads

indicate that some were dispersed shortly after surface insertion. (H) Quantification on the number of events of MT1-pHluorin surface insertion per unit

area (mm2) of aneural AChR clusters over the entire time-lapse duration. n = 10 (Control) and 10 (CLASP-MO) muscle cells from 3 independent

experiments. Scale bars represent 10 mm, unless otherwise specified. Data are represented as mean ± SEM. One-way ANOVA with Bonferroni’s multiple

comparisons test (B), Student’s t-test (H), **, *** represent p�0.01 and 0.001 respectively. n.s.: non-significant.
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Figure 7. Pharmacological inhibition of MMP activity suppresses the assembly of synaptic AChR clusters and the disassembly of aneural AChR clusters.

(A) Representative images showing the focal degradation of fluorescent gelatin and the formation of nerve-induced AChR clusters along the trails of

nerve-muscle contacts (arrows) in control co-cultures, but not in co-cultures treated with MMP inhibitors. To better show the degree of colocalization,

merge images were created by overlaying the binary images of AChR and fluorescent gelatin channels after thresholding. Arrowheads in the magnified

inset indicate the spatial colocalization between synaptic AChR clusters and gelatin degradation (with only red signals). (B) Quantification on the effects

of MMP inhibitors on fluorescent gelatin degradation and nerve-induced AChR clustering. n = 30 (Control), 32 (BB-94), and 38 (BB-2516) nerve-muscle

pairs from 4 independent experiments. (C) Quantification on the degree of colocalization between synaptic AChR clusters and gelatin degradation in

nerve-muscle contacts. n = 26 (Control), 36 (BB-94), and 36 (BB-2516) nerve-muscle pairs from 4 independent experiments. Data are represented as

mean ± SD. (D) Representative time-lapse images showing the effects of MMP inhibitors on the dispersal of aneural AChR clusters upon agrin bead

stimulation. 8-bit pseudo-color images highlight the change in fluorescence intensity of aneural AChR clusters over 24 hr in different conditions. (E) A

schematic diagram illustrating the preparation of endogenous agrin tracks on ECL-coated substratum for inducing synaptic AChR clustering in cultured

muscle cells. (F) Representative images showing the inhibitory effects of MMP inhibitors on synaptic AChR clustering induced by endogenous agrin

tracks. The location of agrin tracks was visualized by agrin immunostaining and then confirmed if neurites were not found in the phase contrast images.

Dotted lines outline the periphery of muscle cells. (G) Quantification on the effects of MMP inhibitors on synaptic AChR clustering induced by

endogenous agrin tracks. n = 30 (Control), 27 (BB-94), and 22 (BB-2516) muscle cells from 3 independent experiments. Scale bars represent 10 mm. Data

are represented as mean ± SEM, unless otherwise specified. One-way ANOVA with Dunnett’s multiple comparisons test, *, **, *** represent p�0.05,

0.01, and 0.001 respectively.
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Figure 7—figure supplement 1. Agrin bead-induced AChR clustering is not affected by MMP inhibitors. (A) An

individual value plot showing the percentage change in the area of each aneural AChR clusters at different time-

points upon agrin bead stimulation. n = 18 (Control), 22 (BB-94), 20 (BB-2516) muscle cells from 3 independent

experiments. (B) Representative sets of time-lapse images showing the gradual increase in the size and intensity of

agrin bead-induced AChR clusters in the same muscle cells shown in Figure 7D. Asterisks indicate the bead-

muscle contacts in the phase contrast images. (C) Quantification on the mean intensity of agrin bead-induced

AChR clusters at different time-points in response to BB-94 or BB-2516 treatment. n = 18 (Control), 22 (BB-94), 20

(BB-2516) muscle cells from 3 independent experiments. Scale bar represents 10 mm. Data are represented as

mean ± SD (A) or mean ± SEM (C). Two-way ANOVA with Dunnett’s multiple comparisons test (A) and two-way

ANOVA with Turkey’s multiple comparisons test (C), *, **, *** and **** represent � 0.05, 0.01, 0.001 and 0.0001

respectively.
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Figure 7—figure supplement 2. Endogenous localization of MT1-MMP at aneural AChR clusters is elevated by

agrin treatment. (A) Representative images showing the increased signals of endogenous MT1-MMP at the

perforated regions of aneural AChR clusters after 8 hr agrin stimulation. (B) Quantification on the time-dependent

increase in the localization of MT1-MMP signals at aneural AChR clusters in cultured muscle cells upon agrin

treatment. n = 67 (Control, 4 hr), 92 (Agrin, 4 hr), 118 (Control, 8 hr), and 93 (Agrin, 8 hr) muscle cells from 3

independent experiments. Scale bar represents 10 mm. Data are represented as mean ± SEM. Student’s t-test, **,

*** represent p�0.01 and 0.001 respectively.
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Figure 8. Postsynaptic MT1-MMP is required for nerve-induced AChR clustering. (A) Representative images

showing the localization of pre-existing and newly inserted AChR clusters at nerve-muscle contacts (arrows) in

control co-cultures (WT (M)) and in the chimeric co-cultures of wild-type neurons and muscle cells with control

morpholino (Control MO (M)), MT1-MMP-MO (MT1-MO (M)), or MT1-MMP-mCherry and MT1-MMP-MO (MT1-

mCherry + MT1-MO (M)) muscles. Fluorescent dextran indicates the muscle cells derived from MO-injected

embryos. 8-bit pseudo-color images highlight the relative fluorescence intensity of pre-existing and newly inserted

AChR signals. (B) Quantification on the percentage of nerve-muscle contacts with AChR clusters in control nerve-

muscle co-cultures and in different chimeric co-cultures. n = 127 (WT), 120 (Control MO), 146 (MT1-MO), or 34

(MT1-mCherry + MT1-MO) nerve-muscle pairs from 3 independent experiments. (C) Quantification on the intensity

of pre-existing AChR signals per unit length of nerve-muscle contacts in control co-cultures and in different

chimeric co-cultures. n = 29 (WT), 30 (Control MO), 32 (MT1-MO), or 23 (MT1-mCherry + MT1-MO) nerve-muscle

pairs from 4 independent experiments. (D) Quantification on the intensity of newly inserted AChR signals per unit

length of nerve-muscle contacts in control co-cultures and in different chimeric co-cultures. n = 24 (WT), 23

(Control MO), 25 (MT1-MO), or 19 (MT1-mCherry + MT1-MO) nerve-muscle pairs from 3 independent

experiments. Scale bar represents 10 mm. Data are represented as mean ± SEM. One-way ANOVA with Sidak’s

multiple comparisons test, *, **, *** represent p�0.05, 0.01, and 0.001 respectively. n.s.: non-significant.
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Figure 8—figure supplement 1. Endogenous MT1-MMP protein level is effectively reduced by specific antisense

morpholino oligonucleotides. Western blot analysis showing the reduced endogenous MT1-MMP protein level in

Xenopus embryos injected with MT1-MMP-MO. a-tubulin was used as a loading control.
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Figure 9. Postsynaptic MT1-MMP is required for the recruitment of aneural AChR clusters to the assembly of

synaptic AChR clusters. (A) A schematic diagram illustrating the use of laser-based photobleaching approach to

differentially identify the contribution of aneural AChR clusters and diffuse AChRs for the assembly of nerve-

induced synaptic AChR clusters. (B) Representative images showing the differential contribution of aneural AChR

clusters and diffuse AChRs to nerve-induced synaptic AChR clusters in control co-cultures (WT) and in the chimeric

co-cultures of wild-type neurons and muscle cells with control MO or MT1-MMP MO. Yellow boxes (right panels)

indicate the region of photobleaching. White boxes show a magnified view of nerve-muscle contacts in 1-d old co-

cultures. Dotted lines highlight the periphery of muscle cells. Fluorescent dextran signals in the insets indicate the

muscle cells with microinjected MO. 8-bit pseudo-color images highlight the relative fluorescence intensity of

AChR signals. Arrows indicate synaptic AChR clusters at nerve-muscle contact sites. Arrowheads indicate the

original location of aneural AChR clusters. (C) Quantification on the intensity of AChR signals at the nerve-muscle

contacts in control co-cultures and in chimeric co-cultures either with or without photobleaching. The control

groups without photobleaching indicate the contribution from aneural AChR clusters + diffuse AChRs, n = 15

(WT), 9 (Control MO), and 9 (MT1-MMP MO) nerve-muscle pairs from 3 independent experiments. The

Figure 9 continued on next page
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Figure 9 continued

experimental groups with photobleaching of aneural AChR clusters indicate the contribution from diffuse AChRs

only, n = 23 (WT), 13 (Control MO), and 8 (MT1-MMP MO) nerve-muscle pairs from 3 independent experiments.

Scale bars represent 10 mm. Data are represented as mean ± SEM. Two-way ANOVA with Sidak’s multiple

comparison test, *, ** represent p�0.05 and 0.01 respectively.
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Figure 10. MT1-MMP is a regulator of NMJ development in vivo. (A) Representative confocal images showing the localization of endogenous MT1-

MMP at perforations of synaptic AChR clusters (arrows, top panels) in longitudinal cryosections of adult rat soleus muscles. The specificity of MT1-MMP

antibody was verified by pre-incubating anti-MT1-MMP primary antibody with recombinant human MT1-MMP protein (rhMT1-MMP, bottom panels).

Neurofilament (NF) was used as a neuronal marker. (B) Representative confocal images showing the postsynaptic localization of MT1-MMP at NMJs as

demonstrated by the surgical denervation experiment. Staining of AChR, MT1-MMP, and presynaptic marker (NF and synaptophysin (Syn)) was

performed using cross sections from adult rat soleus muscles either without (top panels) or with sciatic nerve cut after 4 days (bottom panels). (C)

Representative confocal images showing aneural versus synaptic AChR clusters in whole-mount diaphragms from wild-type (WT) control and MT1-

MMP-/- mice at E13.5 (left panels) and E18.5 (right panels). Whole-mount tissues were stained for AChR and NF. The superimposed 3D reconstruction

images were generated by z-stack images using Imaris. Synaptic AChR clusters (yellow) were identified when signals of AChR and NF overlapped with

each other, whereas other AChR signals (red) represent aneural AChR clusters. (D–G) Quantification on the density of aneural (D) versus synaptic (E)

AChR clusters, the width of end-plate bands (F), and the length of axonal branches (G) in diaphragm muscles between wild-type and MT1-MMP-/-

mouse embryos at E13.5 and E18.5. n = 4 (E13.5, WT) and 5 (E13.5, MT1-MMP-/-), 5 (E18.5, WT), and 3 (E18.5, MT1-MMP-/-) embryos from three

independent experiments. Scale bars represent 10 mm (A) or 100 mm (C). Data are represented as mean ± SEM. Two-way ANOVA with Sidak’s multiple

comparison test (D and E), Student’s t-test (F and G), *, **, *** represent p�0.05, 0.01, and 0.001 respectively. n.s.: non-significant.
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Figure 11. Working model on site-directed vesicular trafficking and surface delivery of MT1-MMP to regulate

AChR cluster formation and remodeling. (A) Schematic diagram showing the proposed mechanisms underlying

site-directed MT1-MMP trafficking and surface insertion for the regulation of focal ECM degradation and the

recruitment of ECM-induced bottom aneural AChR clusters to nerve-induced synaptic clusters at developing

NMJs. (B) Logical flow diagram proposing key events in the mechanistic role of ECM-induced PLS assembly in

MT1-MMP trafficking and surface insertion, and the functional role of MT1-MMP-mediated ECM degradation in

postsynaptic development. The relevant data presented in the main figures that support each of the individual

proposed events are highlighted in red.
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