Supplementary Data.

Supplementary M ethods.

Cell lines and transfection. Human HelLa cells and C2C12 skeletal muscle cell®we
maintained in Dulbecco's Modified Eagle Medium (DMEGibco) supplemented with
10% Foetal Bovine Serum (FBS, Gibco), 1% Penicgtieptomycin and 2% Hepes.
Murine 1C9 myoblasts obtained from an immortomowsee allowed to proliferate in
DMEM, 10% FBS, 1% Penicillin/streptomycin and 2%utimine with 1/100y-
interferon at 33°C in 5% COCells were treated for various times with @g/ml
cytochalasin-D (Sigma), 10M nocodazole (Sigma), 1459/ml actinomycin D (Sigma),
50 uM staurosporine (MBL), 1M rapamycin (Calbiochem), 10 mM 3-methyladenine
(3MA) or 50 pM chloroquine (Sigma). Amino acid starvation wadupoed by
incubating the cells in Hank's Balanced Salt Solti(HBSS, Gibco) with 10%
dialyzed FBS, 2% Hepes and 1% Penicillin/streptamy€2C12 myoblasts were
infected with lentiviruses encoding scrambled RNAD®R siRNAs (siRNAL sequence
is GTGGATGGCTGGCTCATCA, and siRNA2 is AGTGTTGCAAC@AGAAT) as
previously described (Baumgartretral., 2007)

For transient transfection assays, cells were &ffyiplated onto a 100-mm cell plate
and transfected with Ag DNA using calcium and phosphate solutions. Aft8rh of
incubation at 37°C in 5% GOthe medium was removed and fresh DMEM was added
to the cells. Transfection efficiency was analybgdflow cytometric analysis of GFP
expression. Full-length DOR cDNA was PCR-amplifiadd cloned as previously
described (Baumgartnet al., 2007). The vector containing the GFP-LC3 cons$twas
kindly supplied by Dr. Sergio Lavandero (Univergidde Chile, Chile), and the vector
containing GFP (Green Fluorescent Protein) was igeav by Dr Joan Bertran
(Universitat de Barcelona, Spain). The GFP-GATEA®@struct was kindly provided by
Dr Zvulun Elazar’s group (Weizmann Institute of &uie, Israel). The LAMP1-GFP
plasmid was provided by Dr Lippinct-Schwatz (NIH,etBesda). His-LC3 was
constructed by In-Fusiof Dry-down PCR (Clontech, USA). DORmut plasmid was
generated by mutagenesis (L36A, I37A, 138A and LAQ@uickChange Site-Directed
Mutagenesis Kit, Stratagene).



Immunofluorescence assays. After specific treatments, cells were fixed in 4%
paraformaldehyde and washed twice with PBS. Immytioobemistry assays were
performed using anti-DOR (1/150) generated in @lotatory (Baumgartnegt al.,
2007), anti-LC3 (clone 5F10, Nanotools), anti-SC{BD Pharmingen) (marker of
splicing speckles), or anti-GFP antibodies (BD Rtiagen) (to detect GFP-LC3 or
GFP-GATE-16). Hoechst (1/2000) (Molecular Probesegon USA) was used to label
DNA. Cells were mounted in Mowiol (Sigma). Fat beslifrom feeding and wandering
third instar larvae were dissected in PBS, and thmubated for 10 s in 1uM
LysoTracker Red DND 99 (Molecular Probes), 1uM H=@B3342 in PBS. Fat bodies
were transferred to PBS on glass slides, coveratljramediately photographed live in
a Zeiss Axioplan fluorescent microscope. Prolifiemtand amino acid-starved HelLa
cells were incubated 1 h with 50 nM LysotrackeréBIDND-22 (Invitrogen) and then
fixed with 4% paraformaldehyde and washed twicd\RBS.

Immunofluorescence microscopy of cells was perfarwih a Leica TCS SP5 (Leica
Lasertechnik GmbH, Manheim, Germany) confocal scanmicroscope adapted to an
inverted LEICA DMI 6000CS microscope to the seqisnacquisition of multiple
cellular staining. Samples were scanned using aL@&®z objective (oil) and a zoom
ranging from 1 to 3.5 to analyze intracellular teg using the software LAS AF from
LEICA. The fluorochromes used (DAPI, GFP and Alétaer 561) were excited with
the 405 (UV), 488 and 561 laser lines respectivetyavoid bleed-through effects (i.e
crosstalk of different fluorescence emission) irulole or triple staining experiments,
each dye was scanned independently. Moreover, weomigrated that the green
channel does not emit in the red channel by doamasate acquisitions, and exciting in
one wavelength (green 488nm) and acquiring imagese higher one (red 561nm).
The projection format was 512x512 or 1024x1024.desawere acquired from 10 to 20
optical sections depending on the cell type analyEggures were assembled from the
TIFF and LIF files using open software ImageJ (autiWayne Rasband, National
Institute of Mental Health, Bethesda, Maryland, JSAThe percentage of cells with
GFP-LC3-positive or endogenous LC3 positive pumctsttuctures was obtained by
counting 100 positive cells in each working coratiti of 4 independent experiments
and results were expressed as the mean + standard e

Image analysis was evaluated using PDM which isPiteeluct of the Differences from
the Means: PDM = (red intensity- mean red intens{green intensity — mean green

intensity) (Li et al., 2004), it is calculated amormalized for each pixel of an image and



expresses the degree of colocalization of two $sgwih a value varying from -1 to +1.
-1 represents maximal exclusion, negative valugwess asynchronous localization,
positive values express synchronous localizationc(ocalization) and +1 expresses
maximal colocalization. PDM images and Pearsoresfictents (Manders et al., 1993)
were calculated using Image J “ICA plugin” (Tony liZs, McMaster University,
Ontario) after having defined and removed the bemkgd noise from the original
pictures (N=10). On the images (Figure 2), non calizing pixels (negative values of
PDM) are represented with a blue intensity gradwehtle colocalizing values are
shown with a gradient of yellow. For clarity, pigsehat have values below average in
both channels are excluded (they give otherwisesitipe PDM). Images in figures are
projections of PDM images calculated in each pldue. each experimental condition,
Pearson's coefficients (Manders et al., 1993) eaported in supplementary data. To
achieve a qualitative 3D vision of protein co-lozation, we used the IMARIS 6.1.0
software (BitplangZurich, Switzerland). In many fields of researabrrelation analysis
with the Pearson coefficient gives values rangimgnf 1 to -1. When evaluated from

fluorescent images, a value close to 1 indicatiéshie co-localization.

Yeast two-hybrid cloning. A human adult skeletal muscle cDNA library (Ineigen)
was screened by the yeast two-hybrid assay toigsight into potential physical and/or
functional partners of DOR. The DNA binding domdBD) of GAL4 (aa 1-147) is
enclosed in the pGBKT7 vector, which encodes th@T'lgene for detection in yeast.
The activation domain (AD) of GAL4 (aa 768-881)eisclosed in the pADT7 vector,
which encodes the LEU2 gene for detection in yefssta bait for screening with yeast
GAL4 two-hybrid system Matchmaker 3 (Clontech ®), hunt®DR protein sequence
was subcloned in the pGBKT7 vector in-frame withe tbDNA BD of GALA4.
Furthermore, selected regions of the protein wése aubcloned to obtain a more
detailed map of the interactions between DOR andcheuproteins. The regions
selected were the N-terminal half (positions 1-1@0)1 C-terminal half of the protein
(positions 120-220). DOR-pGBKT7 was co-transforméith the entire library enclosed
in pACT2 in yeast strain PJ69-4A (Jamatsal., 1996), and then plated onto selective
150-mm plates (TRP negative, 25mM 3-AT (3-amin@,14-triazole)). The clones were
then left to grow for 10 days and more than 50etowere obtained. Of these, 250
were randomly selected on the basis of their capamigrow under selective pressure.

DNA containing BD and AD regions from 230 clonesswaolated using a yeast



miniprep assay and only 220 clones were succegshdbrporated into KC8 bacterial

cells. Plasmids from library clones were then isaafrom the yeast and recovered
using a standard bacterial minipreps. The DNA oletdi was subjected to specific
restriction analysis in order to excise the presems from the carrying vector. Once
classified by length (small clones were discardeitte remaining clones were
subsequently identified by sequencing. GenBank Botbpean Molecular Biology

Laboratory databases were screened for similarese@s by using the GCG program
FASTA.

Pull-down, immunoprecipitation and Western blot assays. HelLa cells were
transfected as previously described with His-DORI &FP-GATE16 or GFP-LC3
alone or in combination. As a negative control grocells were transfected with DOR
without the His-tag and processed in the same wahea other groups. Cells were then
incubated in DMEM (basal state) or in HBSS (amiea sstarvation) for 1 h at 37°C
and 5% CQ. After washing two times with PBS, extranucleasates were obtained by
incubating with lysis buffer for 1 h at 4°C. In pHel, Ni-NTA agarose beads (Qiagen)
(Ros-Baroet al., 2001) were equilibrated with lysis buffer for 1dt 4°C. After
centrifugation at 10,000 g for 10 min at 4°C, the supernatant of each fract@s
mixed with Ni-NTA beads and these were incubateeraght at 4°C. Fractions were
then centrifuged at 10,000 ¢ for 10 min at 4°C and then washed twice with the
washing buffer. To elute the immunoprecipitate clampNi-NTA beads were washed
with 45 ul of elution buffer and then centrifuged at 16,00@ for 10 min at 4°C.
Fractions were prepared with Laemmli sample buéférwith DTT, boiled at 95°C for 5
min and then loaded on 10% SDS-PAGE.

Immunoprecipitation assays were performed in C2@iyotubes under basal or
starvation (HBSS for 20 min) conditions. Endogent@3 was immunoprecipitated
with anti-LC3 monoclonal antibody (MBL) together tvi Protein-G Sepharose®
(Sigma). Samples were incubated overnight with slysiuffer at 4°C. After
centrifugation at 2,000 x g for 3 min at 4°C, frans were washed 3 times with lysis
buffer. To elute the immunoprecipitates, pelletseviwaded with 2511 of Laemmli
sample buffer x 4 with DTT, boiled at 95°C for 5rimeentrifuged for 1 min at 13,000 x
g and then loaded on 15% SDS-PAGE.

Western blotting was performed using a monoclonaibady against GFP (BD
Pharmigen), and polyclonal antibodies directedregdiC3 (MBL) or DOR proteins.



Middle-long half-life protein degradation assay. Degradation of long-lived proteins
was measured following a standard method (Ogienenal., 1996). After 48 h of
transfection, cells were labelled for 24 h wittuCi/ml L-(**C) valine (Amersham
CFB75). Hela cells were rinsed with PBS, and intetbdor 4 h in either complete
growth medium or in HBSS containing 10 mM Hepes aogplemented with cold
valine (10 mM) in both cases. Scramble and siRNRC L2 cells were also rinsed with
PBS, and incubated for 4 h in either complete gnowedium or in DMEM containing
10 mM 3MA and supplemented with cold valine (10 m&8)mentioned for HeLa cells.
At 1 h, 2.5 h and 4 h of incubation, 5@0of the medium were withdrawn. At the end of
the incubation time, cells were scrapped with pD@e-cold PBS and transferred to an
Eppendorf tube. Each fraction was precipitated GPoltrichloroacetic acid (TCA) for
30 min at 4°C and then centrifuged at 100@ Xor 20 min at 4°C. Pellets were
resuspended with 2Q@) NaOH 0.2 N 0.4% deoxycholate. Each fraction wasnted in

4 ml of scintillation liquid (Ecolite™). The perceye of protein degradation was
estimated as previously described (Vargasl., 1989) from the ratio of the TCA-
soluble radioactivity released to the medium atdiierent chase times and the TCA-
precipitable radioactivity present in the cellstla¢ start of the chase (Fuertesal.,
2003). Radioactivity released in the non-solubleATftaction of the medium was

negligible.

Transmission electron microscopy. Untreated and amino acid-starved DOR-
transfected HelLa cells were cultured for two daydcramble and siRNA1 C2C12 cells
were cultured as myoblasts. Cells were then waslvediimes with phosphate buffer
0.1 M at room temperature. For fixation, cells wareubated in 2.5% glutaraldehyde
solution at room temperature for 70 min. Followipgst-fixation in 1% osmium
tetroxide and 0.8% K3Fe(CN)6 in 0.1 M phosphatddrudt 4°C for 135 min, they were
washed with highly pure water and samples were kegptnight in 0.1 M phosphate
buffer. Fed or starved larvae were dissected in RBB& their anterior halves were
inverted. The inverted carcasses were fixed ovhatrag) 4°C in 2% paraformaldehyde,
4% glutaraldehyde, 2% sucrose in 100 mM phosphateeband post-fixed in 2%
paraformaldehyde in 100 mM phosphate overnight°at #Afterwards samples were
dehydrated at 4°C under shaking in graded solutbbasetone (50%, 70% and 90%) in



highly pure water. Samples were then graduallytiafed with Eponate 12 Resin (TED
PELLA 18010) and polymerization of the resin wasgassed for 48 h at 60°C. Thin
sections (50-nm) were cut using a Leica EM UC6d¢aeVienna) and mounted on bare
200-mesh copper grids. Sections were stained wahyli acetate 2% for 30 min, then
washed with highly pure water and finally incubated5 min with lead citrate and air
dried. Sample sections were viewed on an FEI CMifidhsmission electron

microscope.

Drosophila strains and transgenic lines. w1118; P{GD5124}v41186;
P{GD5124}v41183/TM6; v105330 and tubulin-Gal4 werebtained from the
Bloomington stock center (http:/fly.bio.indianagdand from the Vienna Drosophila
RNAI Center (VDRC). Eggs were collected on standspple juice agar plates at 25°C.
Upon hatching, 40 first instar larvae were transf@éto a vial containing fresh fly food
supplemented with yeast paste. Feeding and warngrir instar larvae were used for
RNA extraction, lysotracker staining and EM expets.

RNA extraction and QRT-PCR. RNA from five wild-type and RNAI third instar
larvae was extracted using TRIzol reagent (Invirdg RNA was reverse-transcribed
with the SuperScript RTIII kit (Invitrogen). PCRsewme performed using the
StepOnePlus real-time PCR machine (Applied Biosgsjeand the ABI SYBR green

reagents. All measurements were normalized to rp49.



L egends to supplementary figures.

Supplementary Figure 1. DOR shows a short half-life and itsexpression is

enhanced by proteasomal inhibitors.

Panel A. DOR-transfected Hela cells were incutbdte a range of times with 100
pug/ml of cycloheximide. Thereafter, cell extractsrevebtained and Western blot assays
were performed by using anti-DOR and giactin antibodies. Values of DOR protein
abundance are expressed as percentage of basaltiale 0).

Panels B and C. DOR-transfected HeLa cells or 1@Sche cells were incubated for 1
h in the presence of 20 mg/ml MG-132 (a 26S prateasinhibitor). Thereafter, lysates
were obtained and Western blot assays were pertbbyaising anti-DOR and arfii-
actin antibodies. DOR protein abundance is expdeasea percentage of control values,

* indicates a significant difference, P<0.05.

Supplementary Figure 2. DOR moves out of the nucleus in response to cellular
stress.

The cellular distribution of DOR is modulated Ioyhibitors of the cytoskeletal
network, by inhibitors of transcription or by chasgn the phosphorylation state of the
cell. Transiently transfected HelLa cells were iratebl for 1 h with disruptors of actin
(Cytochalasin D) or microtubule (Nocodazole) netygoor with transcription inhibitors
(Actinomycin D). Transfected HelLa cells and 1C9 tmgsts were incubated with an
inhibitor of protein kinases (5@M staurosporine for 1 h). Control (untreated) or
inhibitor-treated cells were fixed with 4% parafa@isehyde and the intracellular
localization of DOR was determined by indirect immotiluorescence (red). Nuclei were
labelled with Hoechst and detected in blue. Spatyfcontrol of the effect on DOR re-
localization after drug treatment was assessedaiyiisg of the nuclear protein, SC-35

(marker of splicing speckles) (stained in greecal& bars, 1j0m.

Supplementary Figure 3. Effects of amino acid starvation, chloroquine and 3MA
on the cellular localization of DOR protein.

Panel A. Image analysis on the DOR intracellulatridution in HeLa cells subjected
to activation of autophagy. HelLa cells were tramiye transfected with DOR and
incubated for 1 h with DMEM (Basal), Hank’s Baladc&alt Solution (HBSS)



(Starvation), or with 50uM chloroquine, or 10 mM 3MA. DOR intracellular
localization was analyzed by indirect immunoflu@essce. See details in legend to
Figure 1.

Panel B: Image analysis on the cellular distributmf endogenous DOR in C2C12
muscle cells. C2C12 myoblasts were incubated fam0at 37°C with DMEM (Basal)
or HBSS (Starvation). DOR intracellular localizatiovas analyzed by indirect
immunofluorescence.

Panels C. Image analysis on the DOR intracellulstridution in HeLa cells subjected
to activation of autophagy and its reversal. Heklisovere transiently transfected with
DOR and incubated for 1 h with DMEM (Basal) or HB&®arvation). Cells were then
incubated with normal DMEM medium for 1 additiorredur (starvation + GM). DOR
intracellular localization was analyzed by indireotnunofluorescence.

Cellular localization of DOR was analyzed in 10@damly chosen transfected HelLa
cells or C2C12 cells in each experiment. Cells weagéegorized as having DOR
exclusively located in the cytosol or also in nusle Data are meanSEM of 4

independent experiments.

Supplementary Figure 4. Effects of amino acid starvation, chloroquine and
rapamycin on the cellular localization of DOR and L C3 proteins.

Analysis on the intracellular distribution of DOR GFP-LC3 in HelLa cells subjected
to activation of autophagy. HelLa cells were traniyetransfected with DOR and GFP-
LC3 and incubated for 1 h with DMEM (Basal), HBSStgrvation), 50uM
chloroquine, or 2uM rapamycin. Intracellular localization of DOR afP-LC3 was
analyzed by immunofluorescence. Cellular local@atiof DOR or GFP-LC3 was
analyzed in 100 randomly chosen transfected Hella iceeach experiment. Cells were
categorized as having DOR or GFP-LC3 exclusivebated in the cytosol or also in
nucleus. Data are meai$EM of 4 independent experiments. Image anaigsisated

a substantial co-localization of DOR and GFP-LC8t@ins in starvation (Pearson
coefficient of co-localization was 0.82+0.10 (mestahdard deviation), in starvation
plus chloroquine (Pearson coefficient was 0.85&)).ar in the presence of rapamycin

(Pearson coefficient was 0.81+0.08).



Supplementary Figure 5. DOR interactswith LC3 and with GATE-16.

Panel A. Pull-down assays: His-DOR interacts withPA.C3 under basal or amino
acid-starved conditions. HelLa cells were transjemthnsfected with the His-DOR
plasmid alone or in combination with the GFP-LC3stouct and incubated under basal
conditions or subjected to amino acid starvatianlft. Cells were also transfected with
the DOR plasmid. Lysates were subjected to pullsdovith Ni-NTA beads. Western
blot assays were done by using specific antibodiescted against DOR and GFP
(GFP-LC3).

Panel B. Pull-down assays: His-LC3 interacts witO®under basal or amino acid-
starved conditions. HelLa cells were transientlydfacted with the His-LC3 plasmid
alone or in combination with the DOR construct amcubated under basal conditions
or subjected to amino acid starvation for 1 h. £e#re also transfected with myc-LC3.
Lysates were subjected to pull-down with Ni-NTA deaWestern blot assays were
done by using specific antibodies directed agdd@3R and LC3 (His-LC3).

Panel C. Immunoprecipitation assay: endogenous D#Racts with endogenous LCS3.
C2C12 cells were incubated under basal conditionssubjected to amino acid
starvation for 20 minutes. Lysates were subjectedinimunoprecipitation with
monoclonal antibody against LC3 and Protein-G Segd®a or with an irrelevant
antibody (lane C1). The anti-LC3 antibody and thetéin-G Sepharose were also
processed in the absence of cell lysate (lane W2stern blot assays were done by
using specific antibodies directed against DOR [aD8.

Panel D. Yeast two-hybrid analysis. Full lengthPP@®OR), the N-terminal region (1-
120), and the C-terminal region (120-220) were etbrin pGBKT7 and then co-
transformed with GATE-16 cloned in pACT2. Clonesgvgrown in plates and selected
as described in Material and Methods. +++: indieat&ximal growth, + indicates mild
growth, and — indicates no growth.

Panel E. Pull-down assays: His-DOR interacts witFPG&GATE-16. HelLa cells were
transiently transfected with the His-DOR plasmidr& or in combination with the
GFP-GATE-16 and incubated under basal conditionssulsjected to amino acid
starvation for 1 h. Lysates were subjected td-ghovn with Ni-NTA beads. Western
blot assays were done by using specific antibodiescted against DOR and GFP
(GFP-GATE-16). A negative control consisting indtess from HelLa cells transfected
with DOR without the His-tag was included.



Panel F. Starvation re-localizes DOR and GATE-bénfthe nucleus to the cytoplasm.
Confocal images of HelLa cells transiently trangfdcvith DOR and GFP-GATE-16.
DOR is shown in red and GFP-GATEL16 in green. Basdls were incubated with
DMEM. Autophagy was activated by incubating thdsc@&r 1 h in HBSS (Starvation).
Cells were also incubated with HBSS containingitdchloroquine. Scale bars, 1n.
Panel G. Co-localization between DOR and GFP-GAT&1i® between DOR and GFP-
LC3 during starvation was qualitatively determinieg using the program IMARIS
(Pearson coefficient was 0.819). The co-localizatietween the two signals is shown

in yellow.

Supplementary Figure 6. Effects of a mutation in the NES motif of DOR protein.
Panel A. Cellular distribution of a mutant form DOR (L36A/I37A/I38A/L40A) and
GFP-LC3 in transiently transfected HelLa cells ireteld with DMEM (control), with
Hank’s Balanced Salt Solution (HBSS) (Starvatiahhj, or with 2uM rapamycin (3
h). Cells were fixed with 4% paraformaldehyde ahd intracellular localization of
DOR was determined by indirect immunofluorescemed)( Nuclei were labelled with
Hoechst and detected in blue. Scale bamgn0

Panel B. Mutant (L36A/I37A/I38A/L40A) DOR over-exgssion does not enhance
autophagosome formation. GFP-LC3-positive vacuaiee counted in 100 transfected
HelLa cells (either transfected with GFP-LC3 andreglevant protein (TR1) or with
GFP-LC3 and mutant DOR) in 3 independent experimeht indicates significant
effects of starvation, P<0.00%;indicates significant effects caused by overexgioes
of DOR mutant, P<0.001.
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