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Figure S1
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Figure S2
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Figure S3
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Figure S4
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Figure S5
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Figure S6
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Figure S1. Starvation induces dissociation of the ULK1-AMPK complex in HEK293T cells.
HEK293T cells stably overexpressing myc-ULK1 were starved with EBSS for the times
indicated and lysates incubated with the indicated antibodies. Lysates and immunoprecipitates
were analyzed by western blot with the antibodies indicated. Western blot signals were
quantified and analyzed as described for Figure 3. The result shown is representative of 4

independent experiments.

Figure S2. AMPK is activated in very early and in late stages of starvation. (A, B) COS7 cells or
(C) MEFs were subjected to complete starvation with EBSS for the times indicated. Note that the
shortest starvation time in (C) is 2.5 min. AMPK activation was assessed by western blot for
phosphorylation of Thr172 (pAMPK). In panels (A) and (C), the unstarved control cells were

subjected to a mock treatment with fresh media for the shortest starvation time.

Figure S3. AMPK-deficient MEFs display reduced ULKI protein levels. Quantitation of
western blot signals for endogenous ULK1 and actin under basal conditions in 12 independent
experiments analyzing these two proteins in total cell lysates. For a representative experiment, cf.
Fig. 6D, lanes 1 and 3 in the western blot analysis of the lysates. In each sample, the ULKI1
signal was normalized to the actin signal. The graph shows the mean ULK 1/actin ratios from the
12 experiments relative to the mean ULK1/actin ratio in wild-type cells. Error bars indicate

standard errors of the mean. Statistical significance was determined by paired T-test.

Figure S4. S555 and T659 are AMPK-dependent YWHAZ binding sites in ULK1. (A) 2DG-

treatment and GST-YWHAZ pulldown as described in Fig. 6D were performed on quadruple-



mutants of myc-tagged ULK1 in which the AMPK-site detected by mass spectrometry, S637,
was mutated along with three out of the four candidate Y WHAZ-binding sites examined in Fig.
6F; consequently, each mutant would contain only one site for potential phosphorylation by
AMPK and YWHAZ-binding. These quadruple mutants were stably overexpressed in COS7
cells and, following treatment with 25 mM 2DG for 0 or 15 min, pulled down from the cell
lysates with GST-YWHAZ. GST served as a negative control. Western blot analysis was
performed with the antibodies indicated. (B) Quantitation of the experiment described in (A).
Western blot signals were detected on a LI-COR Odyssey infrared scanner and quantified. The
bar graph shows mean fold-change in YWHAZ-binding to each ULK1-mutant obtained in five
independent repetitions of the experiment. Error bars indicate standard errors of the mean, the
dotted line indicates the baseline association at 0 min 2DG, which was set to “1”. ** indicates p

<0.01 in a one-sample t-test comparing the mean to “1”.

Figure SS5. Loss of AMPK delays starvation-induced degradation of SQSTMI1. (A) Wild-type
MEFs or MEFs lacking the genes for both PRKAA isoforms (PRKAAI”,PRKAA2") were
starved with EBSS for the times indicated and cell lysates were analyzed by western blot with
the antibodies indicated. (B) Quantitation of six independent repetitions of the experiment
described in (A). SQSTM signals were normalized to corresponding Tubulin signals. The graph
shows the mean SQSTM 1/tubulin ratios (“SQSTMI1-level”) from the 6 experiments relative to
the mean SQSTM 1/tubulin ratio under basal conditions (“0 h EBSS”) of the same cell type. (C)
Experiments similar to the experiment described in (A), but cells were starved with EBSS for 3
h, i.e. for the same time as in the experiments to analyze ATG9-localization (cf. Fig. 8). The

experiment in the left panel was conducted in wild-type and PRKAAI”,PRKAA2”~ MEFs, the



experiment in the right panel in wild-type and ULKI”" MEFs stably overexpressing an empty
vector or myc-tagged wild type ULK1 or the mutants indicated: 2A — S555A-T659A, 3A -
S555A-S637A-T659A, 6A — S467A-S494A-TS5T4A-S555A-S637A-T659A, K46A — kinase
dead. (D-G) Quantitative western blot analysis of SQSTM 1-levels under (D, E) basal conditions
(“0 h EBSS™) or (F, G) upon 3 h of EBSS starvation in (D, F) wild-type and PRKAAI"",PRKAA2"
" MEFs or (E, G) wild-type and ULKI”~ MEFs stably overexpressing an empty vector or myc-
tagged ULK1-constructs as in (C). The SQSTMI-level is defined as the ratio of the SQSTMI1
signal to the corresponding signal of a loading control (actin or tubulin). (D) Mean of the
SQSTMI1-levels determined in 19 independent experiments (including the experiments shown in
[A and C]) relative to the mean SQSTMI1-level in wild-type MEFs. (E) Mean of the SQSTM1-
levels determined in 8 independent experiments (including the experiment shown in [C]) relative
to the mean SQSTM1-level in wild-type MEFs expressing an empty vector. (F, G) Mean of the
SQSTMI1-levels from 4 independent experiments each (including the experiments shown in [C])
relative to the mean SQSTM 1-level of the same cell type under basal conditions (not shown).

In (B, D-F), error bars indicate standard errors of the mean. Statistical significance was
determined by paired T-test, with * indicating a nominal p-value < 0.05 and ** indicating a
nominal p-value < 0.01. For reasons of clarity, nonsignificant nominal p-values > 0.05 were
omitted. In (E, G), the dashed-dotted horizontal line indicates the mean relative SQSTMI1-level

of WT+V, the dotted line the mean of ULKI™"+V and the dashed line the mean of ULKI” +wt.

Figure S6. Analysis of ATG9A protein levels in MEFs. (A) Validation of the ATG9 antibody
used in these studies in mouse cells. NIH3T3 cells were transfected with 50 nM siRNA targeting

murine ATG9A (ON-TARGETplus SMARTpool, Thermo Fisher Scientific, L-043531-01-0005)



or control siRNA (ON-TARGETplus nontargeting pool D-001810-10-05) for 72 h. Cells were
lysed with modified RIPA and western blot analysis was performed with the antibodies
indicated. The asterisk denotes specific band recognized by the anti-ATG9 antibody. (B) and (C)
western blot analysis was performed as in (A) on cell lysates from (B) littermate matched AMPK
wild-type and PRKAAI”";PRKAA2”~ (DKO) MEFs or (C) littermate matched ULK1 wild-type
and ULKI” MEFs. Western blot signals for ATG9A were quantified and normalized to the
respective actin signal. Numbers below the panels indicate ATG9A/actin ratios relative to the
respective wild-type control. The experiments shown are representative for three independent

experiments each.



Phosphorylated at Predicted
Site Oh 05h 2h Sequence kinase Other studies reporting the site
S317 X X SHLASPPSLGEMPQL  PKC«
S403 ESHGRTPSPSPTCSS  GSK3p
S411 X PSPTCSSsPSPSGRP  GSK3p
ERK1
S450 X RIEQNLQOsSPTQQQTA p38  (Daub, Olsen et al. 2008; Dephoure,
Zhou et al. 2008; Brill, Xiong et al.
2009; Oppermann, Gnad et al. 2009;
Shang, Chen et al. 2011)
S477 X PLGFGRAsSPsPPsHT ERK1 (Daub, Olsen et al. 2008)
S479 GFGRASPsPPSHTDG CDC2 (Daub, Olsen et al. 2008; Dorsey, Rose
CDK5 et al. 2009; Shang, Chen et al. 2011)
S494 X AMLARKLsSLGGGRPY  AMPK
AKT
PKA
PKCs
PKCu
14-3-3
S521 X X PSWSRVPsPQGADVR (Dorsey, Rose et al. 2009)
S532 X ADVRVGRsPRPGSSV ~ CDK5 (Shang, Chen et al. 2011)(starvation-
induced)
S543 X GSSVPEHSPRTTGLG CDC2
CDK5
S555 X GLGCRLHsAPNLSDF  AMPK Egan et al, (AMPK-induced)
14-3-3 (Dephoure, Zhou et al. 2008; Pan,
Gnad et al. 2008; Egan, Shackelford et
al. 2011; Shang, Chen et al. 2011)
S614 X X PDFLQRSPLPPILGS
S622 X X PLPPILGsSPTKAGPS CDC2 (Daub, Olsen et al. 2008; Dephoure,
CDK5 Zhou et al. 2008; Trinidad,
Thalhammer et al. 2008; Brill, Xiong et
al. 2009; Chen, Yang et al. 2009;
Dorsey, Rose et al. 2009; Shang, Chen
et al. 2011)Shang et a (starvation-
induced)!
T624 X PPILGsPtKAGPSED (Brill, Xiong et al. 2009)
T635 PSFDFPKtPSSQONLL CDK5
S637 X FDFPKTPsSQNLLTL AMPK (Cantin, Yi et al. 2008; Dephoure, Zhou
et al. 2008; Pan, Gnad et al. 2008;
Chen, Yang et al. 2009), Egan et al
(Phenformin-induced)
T659 X X MTPPRNRtLPDLSEA AKT
AMPK
14-3-3
S693 X GPFGRSFSTSRITDL AKT
14-3-3
T694 X PFGRSFStSRITDLL
S695 X FGRSFSTsSRITDLLL
S715 X X SDSGSTDsLQKPMEI CK1
S718 X SDSGSTDsLQEKPME CKA1
S747 X ARGGGASSPAPVVET (Beausoleil, Villen et al. 2006)
T754 X SPAPVVFtVGSPPSG
S757 X X PVVFTVGsPPsGATP (Beausoleil, Villen et al. 2006; Dorsey,
Rose et al. 2009)
T763 X GSPPSGAtPPQSTRT CDK5 (Beausoleil, Villen et al. 2006)

GSK3p




S774 X STRTRMFSVGSSSSL AKT  (Shang, Chen et al. 2011)

CamK2
PKCo
14-3-3
S777 X TRMFSVGSSSSLGSTS
S780 X X X FSVGSSSSLGSTGSS PKCa
S1043 X X LCIERRLSALLSGVY  AMPK (Dorsey, Rose et al. 2009)
PKA

Table S1. Phosphorylation sites on ULK1 identified by LC/MS/MS in this study under nutrient-
rich and starvation conditions. Myc-ULK1 was stably overexpressed in MEFs, isolated from cells
subjected to either 0 h, 0.5 h or 2 h of EBSS-starvation, and analyszed by tandem mass spectrometry.
Conditions under which a site was detected are marked with “x”. The sequences surrounding the
detected sites are shown, with the phosphorylated Serine or Threonine highlighted in bold font, lower
case. Kinases potentially phosphorylating these sites and binding sites for the regulatory protein 14-3-
3 were predicted by Scansite. Also included are references to previous studies that identified some of
the sites listed. Note: In the study by Egan et al., Phenformin-treatment was used to activate AMPK. In
the study by Shang et al., SILAG was performed on ULK1 isolated from fed or EBSS-starved cells.
Sites that showed higher phosphorylation upon starvation are denoted “starvation induced in this
table. Also, Shang et al. number the sites according to their position in the human ULK1-protein
sequence. This table gives the corresponding sequence postion in murine ULK1.

Phosphorylated at

w wE®E
S2-268EQ Predicted
Site W W N~ Sequence kinase Other studies reporting the site
S450 x X X RIEQNLQOsSPTQQQTA p38 (Daub, Olsen et al. 2008; Dephoure,
Zhou et al. 2008; Brill, Xiong et al.
2009; Dorsey, Rose et al. 2009;
Oppermann, Gnad et al. 2009)
S460 QQQTARSSAIRRSGS
S494 x X X AMLARKLSLGGGRPY AMPK
AKT
PKA
PKC&
PKCu
14-3-3
S532 X X ADVRVGRsSPRPGSSV CDK5 (Shang, Chen et al. 2011)
(starvation-induced)
S537 X GRSPRPGSSVPEHSP
S543 x X X GSSVPEHSPRTTGLG CDC2
CDK5
S637 x X X FDFPKTPsSQNLLTL AMPK (Cantin, Yi et al. 2008; Dephoure,

Zhou et al. 2008; Pan, Gnad et al.
2008; Chen, Yang et al. 2009;
Egan, Shackelford et al. 2011),
Egan et al (Phenformin-induced)
S638 X DFPKTPSsQNLLTLL (Wissing, Jansch et al. 2007;
Dephoure, Zhou et al. 2008)

T653 X ARQGVVMtPPRNRTL CDC2
CDK5

T659 X MTPPRNRtLPDLSEA AKT
AMPK
14-3-3

Table S2. Phosphorylation sites on ULK1 identified by LC/MS/MS in this study upon EBSS-
starvation and AMPK-activation. Myc-ULK1 was stably overexpressed in COS7-cells, isolated
following treatment with EBSS for 2.5 min or with 25 mM 2DG for 15 min to activate AMPK, and
analysed by tandem mass spectrometry. Some of the detected sites were also identified with



prolonged EBSS-treatment (0.5 h, 2 h; cf. Table S1). Conditions under which a site was detected are
marked with “x”. The sequences surrounding the detected sites are shown, with the phosphorylated
Serine or Threonine highlighted in bold font, lower case. Kinases potentially phosphorylating these
sites and binding sites for the regulatory protein 14-3-3 were predicted by Scansite. Also included are

references to previous studies that identified some of the sites listed (cf. also legend to Table S1)

Site Sequence Predicted kinase Studies reporting the site

S87 DFQEMANSVYLVMEY (Dorsey, Rose et al. 2009)

S195 MAPEVIMsQHYDGKA (Dorsey, Rose et al. 2009)

S224 GKAPFQAsSPQDLRL (Dorsey, Rose et al. 2009)

S341 AAGFLQGSRDSGGSS PKCd (Dorsey, Rose et al. 2009), Shang et al
S405 HGRIPSPsPTCSSSP GSK3p Shang et al., 2011 (starvation-induced)
T456 QSPTQQQtARSSAIR (Dephoure, Zhou et al. 2008)

S465 RSSAIRRSGSTTPLG (Beausoleil, Villen et al. 2006)

S467 SAIRRSGSTTPLGFG AMPK,PKCS9, 14-3-3 (Beausoleil, Villen et al. 2006; Dephoure,
Zhou et al. 2008; Dorsey, Rose et al. 2009)

T468 AIRRSGStTPLGFGR (Brill, Xiong et al. 2009), Shang et al

S469 IRRSGSTsPLGFGRA ERK1 (Beausoleil, Villen et al. 2006; Dephoure,
Zhou et al. 2008; Brill, Xiong et al. 2009;
Dorsey, Rose et al. 2009), Shang et al

S405 HGRTPSPsSPTCSSSP GSK3p Shang et al., 2011

S504 GGRPYTPsSPQVGTIPP Shang et al., 2011

S482 RASPSPPsHTDGAML (Dorsey, Rose et al. 2009)

S760 FTVGSPPsGATPPQS (Beausoleil, Villen et al. 2006)
T574 PKLPKPPtDPLGATQ Egan et al., (Phenformin-induced)
S867 EIAALKGSASEAAGG (Dorsey, Rose et al. 2009)

S913 KVAELLSsGLQTAID (Dorsey, Rose et al. 2009)

S1047 RRLSALLsSGVYA (Dorsey, Rose et al. 2009)

Table S3. Additional phosphorylation sites on ULK1 identified in previous studies. The
sequences surrounding the detected sites are shown, with the phosphorylated Serine or Threonine
highlighted in bold font, lower case. Kinases potentially phosphorylating these sites and binding sites

for the regulatory protein 14-3-3 were predicted by Scansite. Cf. also legend to table S1.
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