
Supplemental Information 
 
Text S1 – Supplemental Experimental Procedures 
 
Fly Stocks and Feeding Protocol 
 
Fly stocks used were:  yw; Dmef2-Gal4 [1]; UAS-GFP-Atg8a [2] was recombined with Dmef2-Gal4; 
UAS-HRP-Lamp1 (gift of H. Kramer, University of Texas Southwestern Medical Center, Dallas, TX); 
UAS-Rheb (Bloomington #9688) [3]; CG6904[MI01490] GFP gene trap line [4] (Bloomington # 
34440).  The following RNAi lines were obtained from the DRSC/TriP DRSC/TRiP at Harvard Medical 
School (http://www.flyrnai.org/TRiP-HOME.html): Glycogen synthase (HMS01279); Tsc1 (JF01484); 
gigas (HM04083); white (HMS0004);  Atg1 (JF02273);  Atg2 (JF02786); Atg3 (HMS01348); Atg5 
(HMS01244); Atg6 (HMS01483); Atg9 (JF02891); Atg12 (HMS01153); Atg16/CG31033 (HMS01347); 
Atg18 (JF02898), and CG1347 (HMS01611). Additional RNAi lines were obtained from the NIG 
Japan: GlyS (6904R-2), GlyS (6904R-3), and GlyP (7254R-4); and GlyS (GD35137) from the VDRC.  
Unless otherwise noted, flies were reared at 25°C and fed with ‘standard’ food composed of 16.5 g/L 
yeast, 9.5 g/L soy fluor, 71 g/L cornmeal, 5.5 g/L agar, 5.5 g/L malt, 7.5% corn syrup, 0.4% propionic 
acid, and 1.3% Tegosept. 

Immunostaining and Antibodies 

After fixation in 4% formaldehyde, dissected tissues were washed in PBT and incubated overnight 
using the following antibodies: mouse anti-Poly-Ubiquitin, 1:300 (FK2; Enzo life sciences); mouse 
anti-glycogen, 1:100 [5]; mouse anti-ATP synthase subunit alpha, 1:300 (MS507, Mitosciences); rat 
anti-filamin, 1:1000 [6,7]. After incubation with primary antibodies, the samples were washed in PBT 
and incubated with Alexa-conjugated secondary antibodies (Molecular Probes, 1:1000) and/or Alexa 
635-conjugated phalloidin (1:1000) to visualize F-actin.  Nuclei were visualized by DAPI staining 
(1µg/ml).  Samples were washed in PBT and mounted in 1:1 glycerol/PBS and images were acquired 
with a Leica SP2 laser scanning confocal microscope. 
 
Image analysis 
 
For quantification of autophagy area, z-stacks at 40X of single larval longitudinal muscles were 
obtained by confocal microscopy.  ImageJ was used to produce a maximum intensity projection of the 
stack.  Thresholds on the GFP-Atg8 channel allowed for the elimination of background signal not 
beloning to any autophagosomal structure, and the area of the remaining signal was calculated to 
determine the autophagic area per muscle.  Five ventral longitudinal muscles from individual animals 
were analyzed for each genotype.  For quantitation of autophagic vesicle size and number single 
confocal sections were obtained at 63X at the level of the nucleus. ImageJ was used to count and 
measure the mean size of GFP-Atg8 and HRP-LAMP puncta in the region surrounding a single 
nucleus from the ventral longitudinal muscles of ten individual animals.  For all image analysis p-
values were calculated by Student’s t-test. 
 
Transmission Electron Microscopy 
 
For electron microscopy, Dmef2-Gal4/UAS-whitei or Dmef2-Gal4, UAS-GFP-Atg8 3rd instar larvae 
were first starved on low nutrient food for 6 hr + or – 2.5 mg/ml CQ.   Larvae were then dissected as 
for immunofluorescence, but fixed using 2% formaldehyde/2,5% gluteraldehyde in 0.1 sodium 
cacodylate buffer (pH 7.4) for 2 hr. After washes with cacodylate buffer, samples were treated with 
1% Osmiumtetroxide/1.5% Potassiumferrocyanide (in water) for 1 hr at room temperature. After 
washes with water samples were treated with 1% Uranyl acetate (in water) for 30 min. Dehydration 
was done with consecutive washes with 70%, 90% and 100% ethanol.  



Propyleneoxide infiltration was done for 1 hr and infiltration with Epon was performed o/n at 4⁰C. 
From here, samples were sectioned using a Reichert Ultracut. Sections were contrasted with uranyl 
acetate and lead citrate prior to image collection on a JEOL 1200EX 80kV electron microscope 
(Harvard Medical School EM Facility). 
 
Generation of transgenic flies 
 
For Gateway cloning, GlyS was amplified from cDNA clone LD46952 using the following PCR 
Primers: (Forward) 5’-CACCATGAATCGTCGCTTTTCG-3’; (Reverse, C-tagged constructs) 5’-
CTTAATCCCGAATTCCTTGAG-3’; (Reverse, N-tagged constructs) 5’-CTACCCAATCCCCAATTCC-
3’. 
 
qPCR: 
 
For each genotype muscles from 10 3rd instar animals were dissected off of the cuticle and RNA was 
prepared with Trizol (Invitrogen), followed by purification with the RNeasy kit (Qiagen). 
Complementary DNA (cDNA) was synthesized with the iScript cDNA Synthesis kit (Bio-Rad), and 
quantitative RT-PCR was performed with the iQ SYBR Green Supermix (Bio-Rad). Rp49 was used as 
normalization reference. Relative quantitation of mRNA expression was calculated using the 
comparative CT method. The primers used were as follows: rp49, 5'-ATCGGTTACGGATCGAACAA-
3' (forward) and 5'-GACAATCTCCTTGCGCTTCT-3' (reverse); GlyS, 5’-
TCGCTTTTCGAGAGTGGAGTC-3’ (forward) and 5’ ATATGCCTTCGACCGGATCAC-3’ (reverse); 
GlyP, 5’-ATGGCTATGGCATCCGTTATG-3’ (forward) and 5’-CATGGCAAACACCCTTTGGG-3’ 
(reverse); Atg1, 5’-CTAAAGCCGTCGTCCAATGT-3’ (forward) and 5’-
GAACAGCATGCTCCGGTATT-3’ (reverse). 
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Figure S1 
Autophagy genes are required for the formation of autophagosomes in CQ-treated larvae. (A–
L) Longitudinal muscles from third instar larvae, expressing GFP–Atg8 under control of the Dmef2–
Gal4 driver. (A) white RNAi control larvae, starved on low-nutrient food for 6 h+2.5 mg/ml chloroquine 
(CQ), accumulate large GFP-labeled autophagosomes. (B–C) Atg1 RNAi completely blocks 
autophagosome formation in starved (B) and starved +CQ (C) animals. (D) Atg5 RNAi, (E) Atg12 
RNAi, (F) Atg2 RNAi, (G) Atg9 RNAi, (H) Atg16 RNAi, (I) Atg3 RNAi, (J) Atg6 RNAi, (K) Atg18 RNAi, 
and (L) CG1347 RNAi all block autophagosome formation due to starvation +CQ treatment. 
doi:10.1371/journal.pbio.1001708.s001 
(TIF) 



 

 
 
Figure S2. 
CQ-induced autophagy does not target mitochondria, filamin, or ubiquitin-labeled 
aggregates. (A–C) Dmef2–Gal4, UAS–GFP–Atg8 animals were starved on low-nutrient food for 6 h 
+2.5 mg/ml CQ, then dissected and assayed for GFP localization. (A) There was no colocalization 
between GFP–Atg8-labeled vesicles (green) and mitochondria detected by antimitochondrial 
membrane ATP synthase (red). (B) There was no colocalization between GFP–Atg8-labeled vesicles 
(green) and the sarcomeric protein filamin (red). (C) The majority of GFP–Atg8-labeled vesicles 
(green) did not colocalize with ubiquitin (red), although we did occasionally observe some overlap 
(arrows). 
doi:10.1371/journal.pbio.1001708.s002 
(TIF) 



 
 
Figure S3. 
Quantification of RNAi knockdown. GlyS, GlyP, and Atg1 mRNA expression levels in the third 
instar larval muscle were analyzed by quantitative RT-PCR (see Text S1). UAS–RNAi lines were 
crossed to Dmef2–Gal4. mRNA levels from knockdowns were normalized to UAS–white 
RNAi controls. Error bars indicate the SEM. 
doi:10.1371/journal.pbio.1001708.s003 
(TIF) 



 
 
Figure S4. 
Glycogen accumulation in W609A mutant. UAS–Venus–GlyS(WT or W609A mutant)/+;Dmef2–
Gal4/+ larvae were fed on high-nutrient food, then immunostained with antiglycogen antibody (red) 
and DAPI (blue). Glycogen accumulates in muscles overexpressing WT GlyS (A) and in muscles 
overexpressing GlyS (W609A). 
doi:10.1371/journal.pbio.1001708.s004 
(TIF) 
 
 


