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Supplemental Data 

 
Figure S1, Related to Figure 1.  
Generation and characterization of strip-myc flies  (A) Strategy of generation of strip-myc flies.  A 7x-Myc tag was 
inserted at the 3’ end of strip coding region by using CRISPR/Cas9 technology. Two blue lines indicate the positions of 
the shRNA recognition sequences. (B) Confirmation of the strip-myc line by western blotting.  Lysates of 0–21 h after 
egg laying embryos of w1118 and strip-myc/ TM6B, Tb lines were immunoblotted.  (C) Negative control for anti-Myc 
antibody.  y w larvae were immunostained with anti-myc antibody (green). We observed a small amount of 
non-specific signal from the anti-Myc antibody.  HRP is labelled in magenta.  (D) Negative control for 2nd antibody.  
Dissected strip-myc larvae were incubated with only 2nd antibody (green).  HRP is labelled in magenta. Scale bars: 2.5 
µm 
 



 
Figure S2, Related to Figure 2.  
(A) Motor neuron specific strip knockdown by a TRiP shRNA line also caused the satellite bouton phenotype.  
Representative image of NMJ of strip-knockdown motor neurons (TRiP RNAi line: HMS01134) stained with anti-HRP 
antibody.  Scale bar: 10 µm.  (B) The number of satellite bouton was quantified.  A unpaired t-test with Welch’s 
correction was performed. ***p < 0.001. (C) The satellite bouton phenotype of strip knockdown was rescued by 
simultaneous expression of a strip transgene that is resistant to shRNAs against strip. Unpaired t-test with Welch 



correction. ***p < 0.001. (D) Motor neuron specific strip knockdown did not affect the total bouton number.  The 
number of total boutons of muscles 6/7 in A2 segment was quantified. Unpaired t-test with Welch correction.  n.s.: not 
significant.  (E) Motor neuron specific strip knockdown did not affect the muscle size.  The area of muscle 6/7 was 
quantified.  Unpaired t-test with Welch correction. (F) Knockdown of other components of the STRIPAK complex 
(mts and Cka) in motor neurons phenocopied the knockdown of strip. The simultaneous knockdown of strip and 
mts/Cka did not enhance the phenotype of the single knockdown of strip probably because the function of STRIPAK is 
almost lost when strip is knocked down. Error bars represent s.e.m. 
 
 



 
Figure S3, Related to Figure 3. 
(A) Strip negatively regulates Wts in a cell autonomous manner.  The number of satellite bouton is quantified.  
Kruskal-Wallis test with Dunn’s multiple comparison test.  ***p < 0.001, n.s.: not significant.  (B–F) Strip-Hpo 
pathway regulates satellite bouton formation independent of Yki activity.  (B) The number of satellite bouton is 
quantified.  Kruskal-Wallis test with Dunn’s multiple comparison test.  n.s.: not significant. (C) Expression of mutant 
form of yki (yki3SA) did not affect the number of satellite boutons. Unpaired t-test with Welch correction. n.s.: not 
significant  (D–G) Representative images of a single optical section of ventral nerve cords.  Both microRNA ban and 



diap1 are downstream targets of Yki. The GFP-ban sensor inversely reports ban levels by virtue of a ban recognition 
sequence in the 3´UTR of a GFP-expressing transgene. The diap1-GFP4.3 gene, containing a 4.3-kb diap1 genomic 
fragment from +1.37 kb to +5.68 kb, drove GFP expression in patterns similar to those of the endogenous diap1 gene. 
We investigated the activity of Yki in the ventral nerve cord, where cell bodies of motor neurons reside. Most of the 
ELAV-positive cells around the midline of the ventral nerve cords were also OK6-Gal4 positive. (D and E) GFP-ban 
sensor and ELAV are shown in green and magenta, respectively.  Each channel is shown in grey below.  (F and G) 
diap1-GFP and ELAV are shown in green and magenta.  Control (D and F) and motor neuron specific strip 
knockdown (E and G).  Dotted circles indicate cell bodies of ELAV-positive motor neurons, most of which are also 
OK6-Gal4 positive.  Scale bars: 25 µm 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Figure S4, Related to Figure 4.  
Actin organization is altered when strip is knocked down.  Representative images of wild type (A) and 
strip-knockdown (B) motor neurons expressing GFP-moe.  Arrowheads in (B) indicate high-intensity puncta of 
GFP-moe in satellite boutons.  Scale bar: 10 µm. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table S1. Genotypes list, Related to all Figures 
Figure Abbreviation Genotype 
1A, S1C y w y w 
1C, 1D, S1D strip-myc y w;; strip-myc (/TM6B, Tb) 
2A, 2C, 2E, 2G–I OK6 +/(y w or Y); OK6-Gal4/+ 
2B, 2D, 2F, 2G–I OK6>sh-strip#9-5 +/(y w or Y); OK6-Gal4/UAS-shRNA-strip#9-5 
2I, 3A OK6>sh-strip#9-5, hpo42-47 +/(y w or Y); OK6-Gal4, hpo42-47/ UAS-shRNA-strip#9-5 
2I, 3B OK6, hpo42-47/+ +/(y w or Y); OK6-Gal4, hpo42-47/+ 
3C OK6>hpo +/(y w or Y); OK6-Gal4/+; UAS-hpo/+ 
3D OK6>hpo-kinase-dead +/(y w or Y); OK6-Gal4/+; UAS-FLAG-hpoK71R/+ 
3E OK6>sh-strip#9-5, wtslatsX1 +/(y w or Y); OK6-Gal4/UAS-shRNA-strip#9-5;  

wtslatsX1, FRT82B/+ 
3F OK6>wts +/(y w or Y); OK6-Gal4/+; UAS-wts13c /+ 
4A OK6>sh-strip#9A UAS-shRNA-strip#9A/+; OK6-Gal4/+ (female) 
4B OK6>sh-strip#9A, enaS187A UAS-shRNA-strip#9A/+; OK6-Gal4/UAS-enaS187A 

(female) 
4C OK6>sh-strip#9A, enaS187D UAS-shRNA-strip#9A/+; OK6-Gal4/UAS-enaS187D 

(female) 
4E OK6>sh-enaTRiP.HMS01953 +/(y v or Y); OK6-Gal4/+; UAS-shRNA-ena TRiP.HMS01953 
4F OK6>ena +/(y v or Y); OK6-Gal4/+; UAS-ena/+ 
S2A OK6>sh-stripTRiP.HMS01134 +/(y v or Y); OK6-Gal4/+; 

UAS-shRNA-stripTRiP.HMS01134, y+, v+ 
S2C OK6>sh-strip#9A, sh-strip#6+9 UAS-shRNA-strip#9A /+; 

OK6-Gal4/UAS-shRNA-strip#6+9 (female) 
S2C OK6>sh-strip#9A, sh-strip#6+9, 

stripresistant#2 
UAS-shRNA-strip#9A /+; 
OK6-Gal4/UAS-shRNA-strip#6+9,UAS-resistant-strip#2 

(female) 
S2F OK6>mtsTRiP.JF02805 +/(y w or Y); OK6-Gal4/+; UAS-mtsTRiP.JF02805/+ 
S2F OK6>CkaTRiP.HM05138 +/(y w or Y); OK6-Gal4/+; UAS-CkaTRiP.HM05138/+ 
S2F OK6> sh-strip#9-5, 

mtsTRiP.JF02805 
+/(y w or Y); OK6-Gal4/ UAS-shRNA-strip#9-5; 
UAS-mtsTRiP.JF02805/+ 

S2F OK6> sh-strip#9-5, 
CkaTRiP.HM05138 

+/(y w or Y); OK6-Gal4/ UAS-shRNA-strip#9-5; 
UAS-CkaTRiP. HM05138/+ 

S3A OK6>mitoGFP y w/ (+ or Y); OK6-Gal4, UAS-mitoGFP/+ 
S3A OK6>sh-strip#9A, mitoGFP UAS-sh-strip#9A/(+ or Y); OK6-Gal4, UAS-mitoGFP/+ 
S3A OK6>sh-strip#9A, mitoGFP, 

wtsTRiP.JF02741 
UAS-sh-strip#9A/(y v or Y); OK6-Gal4, 
UAS-mitoGFP/+; UAS-wtsTRiP.JF02741/+ 

S3B OK6>sh-strip#9-5, yki +/(y w or Y); OK6-Gal4/ sh-strip#9-5; UAS-yki/+ 
S3C OK6>yki3SA +/(y w or Y); OK6-Gal4/+; 

UAS-yki3SA(ykiS111A.S168A.S250A.V5)/+ 
S3D OK6-Gal4, GFP-ban sensor +/(y w or Y); OK6-Gal4/+; GFP-nuclearban/+ 
S3E OK6>sh-strip#9-5, GFP-ban 

sensor 
+/(y w or Y); OK6-Gal4/ UAS-sh-strip#9-5; 
GFP-nuclearban/+ 

S3F OK6-Gal4, diap1-GFP4.3 +/(y w or Y); OK6-Gal4/+; diap1-GFP4.3/+ 
S3G OK6>sh-strip#9-5, 

diap1-GFP4.3 
+/(y w or Y); OK6-Gal4/ UAS-sh-strip#9-5; 
diap1-GFP4.3/+ 

S4A elav>GFP-moe elav-Gal4/+; GFP-moe/+ (female) 
S4A elav>GFP-moe, sh-strip#9A elav-Gal4/UAS-shRNA-strip#9A; GFP-moe/+ (female) 

 



Supplemental Experimental Procedures, Related to Experimental Procedures. 
 
Fly strains 
Flies were raised on standard media at 25°C, and the following flies were used in this study: 
UAS-shRNA-stripTRiP.HMS01134 (target sequences: 5′-CACGCACGAGGACGAAATCAA-3′), 
UAS-shRNA-wtsTRiP.JF02741, UAS-shRNA-enaTRiP.HMS01953, UAS-ena.His6, UAS-GFP-moe, UAS-mtsTRiP.JF02805, 
UAS-CkaTRiP.HM05138, UAS-yki-3SA (from the Bloomington Drosophila stock center), hpo42-47 (Wu et al., 2003), UAS-hpo 
(Wu et al., 2003), UAS-yki (Huang et al., 2005), OK6-Gal4 (Aberle et al., 2002), UAS-FLAG-kinase-dead-hpoK71R (Jin 
et al., 2012), UAS-wts13c (Sansores-Garcia et al., 2011), wtslatsX1 (Xu et al., 1995), GFP-nuclear-ban (Brennecke et al., 
2003), diap1-GFP4.3 (Zhang et al., 2008), UAS-EnaS187A and UAS-EnaS187D (Lucas et al., 2013).   

UAS-shRNA-strip#6+9 used in the rescue experiment (Figure S2C) is the identical line with 
UAS-shRNA-strip that was designed and validated in previous report (Sakuma et al., 2014). In this study, new two 
transgenic fly lines (UAS-shRNA-strip#9-5 and UAS-shRNA-strip#9A) were generated from the same construct 
(pUAST-sh-strip-9) that were inserted at different genomic loci. The site targeted by sh-strip-9 is 5′
-CGGCCACAGCTACTGATATACT-3′. The transgenic flies were generated by BestGene Inc. For 
UAS-resistant-strip#2, 1) the 20th nucleotide of the shRNA-strip-9 target site was altered from A to T and 2) 
shRNA-strip-6 target site was altered from 5′-ATGGCTTGGAAACAGAAAAATA-3′ to 5′
-ATGGCATGGAAGCAAAAGAACA-3′. 

A strip-myc allele was generated in this study. As shown in Figure S1A, the c-Myc tag was inserted at the 
3´ end of the strip coding region by using Cas9 triggered homologous recombination. We injected two guide RNA 
vectors and a donor vector in the vasa-Cas9 fly line. DNA fragments for guide RNAs (5′
-GGCTATGGAAACAACGGTGGCGG– 3 ', 5 ' –GCTAGTTCGAAAACGACACTTGG-3′were subcloned in BbsI 
digested U6b-sgRNA-short (Ren et al., 2013) (a kind gift from N. Perrimon). The 5' homology arm 
(strip-PB:1661-2783) tagged with 7x-Myc sequences and the 3' homology arm (PCR amplification using the following 
primers: 5′-AAGAGCACTAGTAAAGCGAGCCCTTGAAACGGATCGCGGC-3′ and 5′
-TTATGCATGGAGATCCCCGATGTCACGGGCTACTTCGAGC-3′) were subcloned into the NotI and BglII sites 
of the pHD-DsRed-attP vector (Gratz et al., 2014), respectively. Detailed DNA sequences are available upon request. 
Each DsRed-positive transformant was isogenized and confirmed by genomic PCR and sequencing. 
 
Immunostaining 
Larvae were dissected in phosphate-buffered saline (PBS), fixed with 4% paraformaldehyde (wt/vol) in PBS for 20 min, 
and subsequently blocked in 0.3% Triton X-100 (vol/vol) in phosphate-buffer saline (PBST) with 5% normal goat 
serum (vol/vol) for 60 min. Primary antibody incubation was carried out in PBST with 5% normal goat serum (vol/vol) 
overnight at 4°C. Secondary antibody incubation was carried out in PBST with 5% normal goat serum (vol/vol) for 3 h 
at room temperature (RT). The following primary antibodies were used: anti-Strip (rat, 1:100) (Sakuma et al., 2014), 
anti-HRP (rabbit, 1:1000, Jackson ImmunoResearch 323-005-021), anti-Dlg (mouse, 1:1000, DSHB 4F3), anti-Spectrin 
(mouse, 1:50, DSHB 3A9), anti-ELAV (rat, 1:50, DSHB 7E8A10), anti-myc (mouse, 1:500, Invitrogen, 46-0603), 
anti-GFP (rat, 1:500, Nacalai Tesque Inc., 04404-26) and anti-GFP (rabbit, 1:500, MBL 598) antibodies. The Alexa 
Fluor 488 conjugated anti-HRP antibody (Goat, 1:300, Jackson ImmunoResearch, 123-545-021) was used for specific 
HRP staining experiments.  We used the following secondary antibodies (all from Jackson Immuno Research, all are 
used at 1:1000): Alexa Fluor 488 conjugated goat anti-rat IgG, Alexa Fluor 488 conjugated goat anti-mouse IgG, Alexa 
Fluor 488 conjugated goat anti-rabbit IgG, Cy3 conjugated goat anti-rabbit IgG, Cy3 conjugated goat anti-mouse IgG, 
and Cy5 conjugated goat anti-mouse IgG. 
 
Image acquisition and analysis 
For all experiments other than muscle area measurement, images were obtained using TCS-SP8 confocal laser scanning 
confocal microscopy (Leica) with a HCX PL APO 63X/1.40-0.60 Oil CS lens (Leica, 506188). For muscle 



measurement, images were acquired with a HC PL APO 10X/0.40 CS lens (Leica, 506285). For Figures 1 and S1, a 
single section was obtained. For other figures, images of NMJs at muscle 6/7 of the A2 segment were acquired every 
0.29 µm. Genotypes stained with anti-HRP antibody were blinded prior to bouton counting to avoid experimental bias. 
To further account for experimental bias, different investigators performed the experiments and conducted the bouton 
counting.   
 
Immunoprecipitation and immunoblotting 
The Gal4-actin promoter and desired UAS construct (UAS-FLAG-dmst, a kind gift from J. Jiang) were co-transfected 
using Effectene Transfection Reagent (Qiagen). Drosophila S2 cells were plated at a density of 6.0 × 106 cells in a 
60-mm dish and transfection was performed according to the manufacturer’s protocol. Cells were collected 48 h after 
transfection and sonicated in lysis buffer (25 mM Tris-HCl, pH 7.9, 10 mM NaCl, 2 mM EDTA, 0.5% TritonX-100, 10 
mM DTT, and 1X cOmplete (cocktail of protease inhibitors, Roche) and incubated with anti-Strip antibody (rat, 1:100) 
or control IgG for 1 h. Protein G agarose (Roche) was added, and immunoprecipitation was performed according to the 
manufacturer’s protocol. Western blotting was performed according to standard techniques. The following antibodies 
were used: anti-Strip (rabbit, 1:200), anti-Strip (rat, 1:50) (Sakuma et al., 2014), anti-phospho-Mst1 (we call this 
antibody as anti-phospho-Hpo in this paper, rabbit, 1:1000, cell signalling 3861), and anti-Hpo (Jin et al., 2012) (rabbit, 
1:1000, a kind gift from L. Zhang) antibodies. 
 
dsRNA generation and treatment 
700–900 bp gene-specific sequences with a T7 RNA polymerase sequence at both ends were amplified by PCR, and in 
vitro transcription was performed using the T7 RiboMAX Express RNAi System (Promega) according to the 
manufacturer’s protocol. For control dsRNA, primer sequences were used to amplify the sequence from the bacterial 
cloning plasmid pBluescript SK (Rogers and Rogers, 2008) and primer sequences of strip dsRNA were previously 
described (Sakuma et al., 2014). Cells (1.0 × 106) were cultured in a 35-mm dish and 30 µg dsRNA was applied every 
two days for 8 days. 
 
Electrophysiology 
Electrophysiology was performed on late third-instar larvae of wild type and motor neuron specific strip knockdown. 
Filleted larvae were washed in HL3 saline containing 1.8 mM Ca2+ before recording. Recording electrodes were 
heat-pulled glass capillaries with resistances between 10 and 40 MΩ, filled with 3 M KCl. mEJPs and eEJPs were 
recorded in the bridge mode using an amplifier (AxoClamp-2B; Axon Instruments). The low pass filter was set at 1 kHz 
on the amplifier. Recordings were performed on muscle 6 in abdominal segments 2 and 3. Only those muscles with a 
resting membrane potential	 less than –60 mV throughout the recording were considered. Spontaneous events were 
recorded in the presence of 10 μM tetrodotoxin for 3 min, and these mEJP traces were analyzed by hand using the 
pClamp 9.2 software (Axon Instruments).  
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