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Online Methods

Small molecule inhibitors. AKT modulators V111 (#14870) and SC79 (#14972) were from
Cayman Chemical. PHT-427 (#P3076) was obtained from LKT Laboratories. AZD5363
(#S8019), GSK2110183 (#S7521) GSK690693 (#S1113), Ipatasertib (#2808), MK-2206
(#S1078), Perifosine (#S1037) and Miransertib (#S8339) were from Selleckchem. Uprosertib
(#A-1504) was purchased from Active Biochem. Lapatinib (#SML2259) was purchased from

Sigma-Aldrich.

Cell culture and kinase inhibitor treatment. BT-474 cells were cultured in DMEM/Hams
F-12 (1:1) with 10 % FBS and 1 % antibiotic and antimycotic solution (Biochrom) at 37 °C
and 5 % CO> according to standard cell culture methods. Cell line authentication was
accomplished by short tandem repeat (STR) profiling (Multiplexion) 1. For kinase inhibitor
treatments, BT-474 cells were grown until a 70 % confluency was reached. 1 h prior to the
treatment, the medium was exchanged. Subsequently, fresh medium supplemented with
kinase inhibitor at the indicated concentration was added to the cells which were further

incubated at 37 °C for the indicated times.

Cell viability assay with alamarBlue reagent. 2 x 10* cells of BT-474 cells were seeded into
a 96-well microtiter plate in quadruplicate for each inhibitor and incubated at 37 °C and 5 %
COa. After 24 h, dilutions of the kinase inhibitors (10 uM, 3 uM, 1 uM, 300 nM, 100 nM, 30
nM, 10 nM, 3 nM, 1 nM) in medium were added to the cells. After a 72 h treatment,
alamarBlue reagent (Thermo Fisher Scientific) was added 1:10 to each well. The fluorescence
was quantified at Aexcitation = 544 nm and Aemission = 584 nm on the microplate reader FluoStar

Omega (BMG Labtech).



Protein concentration assay. The protein concentration in cell lysate was determined using
the Coomassie Plus Bradford (Thermo Fisher Scientific) assay according to the protocol of

the manufacturer.

Sample preparation for kinase selectivity profiling. For the analysis of kinase inhibitor
targets in BT-474 cells, kinobead y-pulldowns were performed as previously described 2.
Briefly, cells were lysed in 0.8 % NP40, 50 mM Tris-HCI pH 7.5, 5 % glycerol, 1.5 mM
MgClz, 150 mM NaCl, 1 mM NasVOs, 25 mM NaF, 1 mM DTT, protease inhibitors
(SigmaFast, Sigma) and phosphatase inhibitors. Designated AKT inhibitors were spiked into
1 mL of lysate, which was adjusted to 5 mg/mL protein, with increasing concentrations
(DMSO control, 3 nM, 10 nM, 30 nM, 100nM, 300nM, 1 uM, 3 pM, 10 uM and 30 uM) and
incubated for 45 min at 4°C. Afterwards, incubation with 35 pL settled kinobeads took place
for 30 min at 4 °C. In order to enable the determination of a correction factor for each protein
and to calculate apparent dissociation constants, a second kinobead pulldown (with fresh
beads) was performed on the unbound fraction of the DMSO control. Proteins bound to
kinobeads were eluted with LDS sample buffer (NUPAGE, Thermo Fisher Scientific)
containing 50 mM DTT and alkylated with 55 mM CAA. Kinobead pulldown eluates were
purified by short SDS-PAGE (ca. 1 cm; Thermo Fisher Scientific) and were subsequently
subjected to in-gel tryptic digestion according to standard procedures. After drying in a

centrifugal evaporator, the samples were stored at -20 °C until LC-MS/MS analysis.

Sample preparation for TMT-DDA phosphoproteomic analysis and PRM assay. After
treatment with designated AKT inhibitors, BT-474 cells were washed twice with PBS and
lysed in 40 mM Tris-HCI pH 7.6, 8 M urea, EDTA-free protease inhibitor (Roche) and
phosphatase inhibitors (Roche). Lysate was centrifuged for 1 h at 21,000 x g and the

supernatant was subjected to further processing. 2 mg protein of BT-474 lysate was reduced
3



with 10 mM DTT for 40 min at 56 °C and alkylated with 25 mM CAA at room temperature in
the dark for 20 min. After dilution of the urea concentration from 6 M to 1.5 M with 40 mM
Tris-HCI pH 7.6, the proteins were digested in a 1:100 trypsin/substrate weight ratio for 4 h at
37 °C and 700 rpm. The second digestion step was performed overnight again in a 1:100
trypsin/substrate weight ratio in presence of 1 mM CaCl». Desalting of tryptic peptides was
performed on Sep-Pak C18 50 mg columns (Waters) as described elsewhere in 0.07 % TFA in
50 % ACN. P-peptides were enriched using Fe-IMAC as previously described 3. P-peptides
were further desalted by using 0.07 % TFA in 50 % ACN in the micro-column format (three
discs, @ 1.5 mm, C18 material, 3M Empore per micro-column were used) as described *.
After adding an equivalent of 500 fmol Pierce Retention Time Calibration Mixture (Thermo
Fisher Scientific) for each MS injection to each PRM sample, sample preparation for label-
free PRM assays was completed at this point. P-peptides for TMT-DDA analysis were labeled
using TMT 6-plex at a final concentration of 6.67 mM according to instructions provided by
the manufacturer. One TMT channel was used for each treatment condition (126 = control,
127 = AZD5363, 128 = GSK2110183, 129 = GSK690693, 130 = ipatasertib, 131 = MK-
2206). Subsequently, peptides were separated into six fractions using basic reversed-phase
fractionation in micro-column format (five discs, @ 1.5 mm, C18 material, 3M Empore per
micro-column were used) in 25 mM NHsCOOH (pH 10). Peptides were fractionated with
increasing ACN concentrations (5 %, 7.5 %, 10 %, 12.5 %, 15 %, 17.5 % and 50 % ACN).
The desalted flow-through was combined with the 17.5 % fraction and the 50 % fraction with
the 5 % fraction to give a total of six fractions. After drying in a centrifugal evaporator, the

samples were stored at -20 °C until LC-MS? analysis.

Peptide synthesis. Peptides were designed as 15-mers (11-mer for Crosstide) with Serine or
Alanine in the central position for wildtype or mutant, respectively, with a free N-terminal

amino group and a C—terminal amide group. The synthesis was performed by an automated
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peptide synthesizer (Intavis Bioanalytical Instruments AG) in 2 umol-scale by applying Fmoc

chemistry. Purity was analyzed by MALDI-TOF-MS on an UltrafleXtreme (Bruker).

In vitro AKT2 assay. Peptide pools were added to 20 mM HEPES-KOH pH 7.4, 5 mM
MgClz, 1 mM DTT and 2 mM ATP to reach an end concentration of 6 UM. The reaction was
started by supplementing 12.5 ng/ul recombinant active AKT2 (Jena Bioscience, #PR-333,)
and was incubated at 30 °C for different times (0, 5, 10, 30, 60, 120, 180 min). The reaction
was quenched by adding an equal volume of 1 % FA in ACN. After drying in a centrifugal

evaporator, the samples were stored at -20 °C until LC-MS/MS analysis.

LC-MS" measurements

Kinome. Nano-flow LC-MS/MS measurement of peptides in Kinobead eluates was
performed using a nanoLC-Ultra 1D+ (Eksigent) coupled to a LTQ Orbitrap Elite mass
spectrometer (Thermo Fisher Scientific). Peptides were desalted on a trap column (100 pm x
2 cm, packed in-house with Reprosil-Pur C18-AQ 5 um resin; Dr. Maisch) in 0.1 % FA at 5
pl/min and separated on an analytical column (75 um x 40 cm, packed in-house with
Reprosil-Pur C18-AQ, 3 um resin; Dr. Maisch) using a 100 min linear gradient from 4-32 %
solvent B (0.1 % formic acid, 5 % DMSO in ACN) in solvent Al (0.1 % formic acid, 5 %
DMSO in water) at a flow rate of 300 nL/min. The mass spectrometer was operated in data
dependent acquisition and positive ionization mode. MS1 spectra were acquired over a range
of 360-1300 m/z at a resolution of 30,000 (at m/z 400) in the orbitrap and an automatic gain
control (AGC) target value of 1x10°. Up to 15 peptide precursors were selected for
fragmentation by higher energy collision-induced dissociation (HCD; isolation width of 2 Th,
maximum injection time of 100 ms, AGC value of 2 x10°) using 30 % normalized collision

energy (NCE) and analyzed in the orbitrap (7,500 resolution).



TMT6 phosphoproteome. Nano-flow LC-MS® measurement of TMT-labeled p-peptides was
performed using a Dionex Ultimate3000 nano HPLC (Thermo Fisher Scientific) coupled to an
orbitrap Fusion mass spectrometer (Thermo Fisher Scientific). Peptides were desalted on a
trap column (Acclaim C18 PepMap100, 75 um i.d. x2 cm; Thermo Fisher Scientific) in 0.1 %
FA and separated on an analytical column (Acclaim C18 PepMap RSLC, 75 uM i.d. x15 cm;
Thermo Fisher Scientific) using a 120 min gradient from 3-25 % B (0.1 % FA, 5 % DMSO in
100 % ACN) in solution A (0.1 % FA, 5 % DMSO in water). The Fusion was operated in data
dependent acquisition and positive ionization mode. Full scan MS1 spectra were acquired
over a range of 300-1700 m/z at a resolution of 60,000 (AGC target value 4x10°, maximal
injection time 50 ms). Fragmentation was performed using CID at 40 % NCE and MS2
spectra acquisition (AGC target value 4 x10%, maximal injection time 60 ms) took place in the
ion trap. For TMT quantification an additional MS3 spectrum was acquired in the orbitrap
over an m/z range of 100-500 at 60,000 resolution for each peptide precursor. For this,
fragment ions were selected by multi-notch isolation, allowing a maximum of 10 notches and
an ion trap isolation width of 2 Da, and subsequently fragmented by HCD at 55 % NCE
(AGC target value 1 x10°, maximal injection time 120 ms).

In vitro kinase assay. Nano-flow LC-MS/MS measurement of peptides deriving from the in
vitro kinase assay was performed using a Dionex Ultimate3000 nano HPLC (Thermo Fisher
Scientific) coupled to an orbitrap Fusion Lumos mass spectrometer (Thermo Fisher
Scientific). Peptides were desalted on a trap column (100 um % 2 c¢m, packed in-house with
Reprosil-Pur C18-AQ 5 pum resin; Dr. Maisch) in 0.1 % FA and separated on an analytical
column (75 um x 40 cm, packed in-house with Reprosil-Pur C18-AQ, 3 um resin; Dr.
Maisch) using a 51 min two-step gradient from 4-15-27 % B (0.1 % FA, 5 % DMSO in 100
% ACN) in solution A (0.1 % FA, 5 % DMSO in water). The Fusion Lumos was operated in
data dependent acquisition and positive ionization mode. Full scan MS1 spectra were acquired

over a range of 360-1300 m/z at a resolution of 60,000 (AGC target value 5 x10% maximal
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injection time 50 ms). Fragmentation was performed using HCD at 30 % NCE (AGC target
value 5 x10%, maximal injection time 120 ms) in the orbitrap at 30,000 resolution.

PRM assay. Nano-flow LC-MS/MS measurement of peptides for generating a spectral library
and the PRM assay was performed using a Dionex Ultimate3000 nano HPLC (Thermo Fisher
Scientific) coupled to an orbitrap Fusion Lumos mass spectrometer (Thermo Fisher
Scientific). Peptides were desalted and separated as described for in vitro kinase assay
samples, except for a longer gradient of 110 min for the spectral library generation. The
Fusion Lumos was operated in data dependent acquisition and positive ionization mode. For
generating the spectral library, full scan MS1 spectra were acquired over a range of 360-

1300 m/z at a resolution of 60,000 (AGC target value 4 x10°, maximal injection time 50 ms).
Targeted MS2 scans were acquired over a range of 120-2000 m/z and fragmentation was
performed using HCD at 30 % NCE (AGC target value 1 x10° maximal injection time 50 ms)
in the orbitrap at 15,000 resolution by taking into account the mass list of p-peptides. For the
PRM assay, full scan MS1 spectra were acquired over a range of 360-1300 m/z at a resolution
of 15,000 (AGC target value 4 x10°, maximal injection time 50 ms). Targeted MS2 scans
were acquired over a range of 120-2000 m/z and fragmentation was performed using HCD at
30 % NCE (AGC target value 2e5, maximal injection time 100 ms) in the Orbitrap at 15,000

resolution by taking into account the final mass list of p-peptides (Table S5).

Database searching and data analysis.

Protein and peptide identification and quantification was performed using MaxQuant °
(version 1.5.6.5). If not stated otherwise, the MS data was searched against all human
canonical and isoform protein sequences as annotated in the Swissprot reference database
(42,095 entries, downloaded 14.11.2016) using the embedded search engine Andromeda ©.
Kinome. Carbamidomethylated cysteine was a fixed modification; and phosphorylation of

serine, threonine, and tyrosine, oxidation of methionine, and N-terminal protein acetylation
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were variable modifications. Trypsin/P was specified as the proteolytic enzyme and up to two
missed cleavage sites were allowed. Precursor and fragment ion tolerances were 4.5 ppm and
20 ppm, respectively. Label-free quantification ” and match-between-runs were enabled
within MaxQuant. Protein intensities were normalized to the respective DMSO control. IC50
and EC50 values were calculated by a four-parameter log-logistic regression using an internal
pipeline that utilizes the ‘drc’ 8 package in R. A K®P was computed by multiplying the
estimated EC50 with a protein-dependent correction factor that was limited to a maximum
value of 1. The correction factor for a protein is defined as the ratio of the amount of protein
captured from two consecutive pulldowns of the same DMSO control lysate ? and was set to
the average of correction factors across all experiments using the same lysate and beads.
TMT6 phosphoproteome. Carbamidomethylated cysteine was a fixed modification; and
phosphorylation of serine, threonine, and tyrosine, oxidation of methionine, and N-terminal
protein acetylation were variable modifications. Trypsin/P was specified as the proteolytic
enzyme and up to two missed cleavage sites were allowed. Precursor and fragment ion
tolerances were 5 ppm and 0.5 Da, respectively. MS3-based TMT quantification was enabled,
taking TMT correction factors as supplied by the manufacturer into account. Further
phosphorylation events on the respective underlying tryptic peptide were considered for the p-
site identifications (as indicated by a multiplicity greater than 1 in the Phospho
(STY)Sites.txt). Within one replicate, the sum of p-site intensities per TMT channel were
normalized to the average sum of intensities of all TMT channels. Subsequently, the average
intensities for each phosphorylation site per replicate was normalized to the average intensity
of the same phosphorylation site across all replicates. Data was further analyzed by Perseus
(version 1.5.5.3) °. Only p-sites which were identified and quantified in at least three out of
four replicates were considered for further analysis. Log» FC for each inhibitor against the
vehicle control were calculated per phosphorylation site and tested for significance using a t-

test (permutation-based FDR; randomizations = 250, FDR =5 %, sO = 0.1). Protein-protein
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interactions were analyzed using the String database ° (version 11.0) (combined score > 0.4)
and visualized in Cytoscape (version 3.4.0). Frequency sequence logos were generated using
WebLogo ** (available from http://weblogo.berkeley.edu/).

In vitro kinase assay. Peptide identification and quantification was performed by searching
the MS data against a database containing only sequences of the screened peptides.
Phosphorylation of serine and threonine, oxidation of methionine, and N-terminal protein
acetylation were set as variable modifications. Precursor and fragment ion tolerances were 4.5
ppm and 20 ppm, respectively. Peptide-spectrum-match intensities for each peptide were
summed, with the prerequisite that the peptide was identified in at least two out of three
replicates. Only those PSMs of p-peptides with a higher localization probability of the
intended p-site than another p-site were considered for summing up peptide intensity. The
intensity of each peptide across experiments was further normalized to the total peptide
intensity in each experiment.

PRM assay. In order to obtain the spectral library, respective raw files were searched in
MaxQuant with carbamidomethylated cysteine as a fixed modification; and phosphorylation
of serine, threonine, and tyrosine, oxidation of methionine, and N-terminal protein acetylation
as variable modifications. Trypsin/P was specified as the proteolytic enzyme and up to two
missed cleavage sites were allowed. Precursor and fragment ion tolerances were 10 ppm and
4.5 ppm, respectively. The PRM raw data files were imported into the Skyline software
package (version 4.1.0.11714) 2. Confident p-peptide identification was carried out based on
iRT information using spiked-in retention time peptides, matching relative transition
intensities between the PRM peak and the library MS2 spectrum (if available) and requiring
site determining ions for each phosphorylation site. For accurate p-peptide quantification,
low-quality or interfered transitions were discarded manually. Peaks were integrated using the
automatic peak finding function followed by the manual curation of all peak boundaries. By

calculating the sums of all transition areas associated with the p-peptide, quantification of
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each p-peptide was accomplished. Peak areas were normalized based on the total MS1
intensity across the experiments. Logz FC for each inhibitor against the vehicle control were
calculated per p-peptide. The median log2 FC of the 13 quantified p-peptides for each

inhibitor were computed to obtain a simple AKT perturbation score.

Western blots. Protein lysates were generated by either harvesting cells in urea (40 mM Tris-
HCI pH 7.6, 8 M urea) or RIPA lysis buffer (150 mM NaCl, 1 % IGEPAL CA-630, 0.5 %
Sodium deoxycholate, 0.1 % SDS in 50 mM Tris (pH8.0)), supplemented with protease
inhibitor (Merck Millipore or Sigma) and phosphatase inhibitor cocktail (Roche). Proteins
were separated by SDS-PAGE and electro-transferred onto PVDF membranes. Blots were
stored in Tris-buffered saline, supplemented with 0.05 % Tween (TBS-T) and 5 % non-fat
milk or 2 % BSA for 1 h at room temperature and then incubated with primary antibody
(diluted in TBS/0.05 % Tween, 5 % non-fat milk or BSA) overnight at 4 °C.

The following primary antibodies were used: B-Actin (1:1000, Santa Cruz Biotechnology,
#sc-47778), Phospho-AKT (Thr308) (1:1000, Cell Signaling Technology, #13038), Phospho-
AKT (Ser473) (1:1000, Cell Signaling Technology, #4060), AKT (1:1000, Cell Signaling
Technology, #9272), Phospho-ATG14 (Ser29) (1:1000, Cell Signaling Technology, #13155),
ATG14 (1:1000, Cell Signaling Technology, #5504), Phospho-BECN1 (Ser15) (1:500, Cell
Signaling Technology, #84966), Phospho-BECN1 (Ser295) (1:500, Phospho Solutions,
#p117-295), BECN1 (1:1000, Cell Signaling Technology, #3738), GAPDH (1:1000, Cell
Signaling Technology, #5174), LC3-B (1:1000, Cell Signaling Technology, #3868),
SQSTM1/p62 (1:1000, Cell Signaling Technology, #5114),

Phospho-ULKZ1 (Ser555) (1:1000, Cell Signaling Technology, #5869), Phospho-ULK1
(Ser757) (1:1000, Cell Signaling Technology, #14202), ULK1 (1:1000, Cell Signaling
Technology, #8054). Subsequently, blots were washed in TBS-T and probed with the

corresponding fluorophore-conjugated or horseradish peroxidase-conjugated secondary
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antibody for 3 h at room temperature. The immuno-reactive signals were detected either
directly by excitation of the respective fluorophore or by using ECL detection reagent
(Millipore). Acquisition and quantification of the band intensities were carried out with the
Odyssey (Licor) or ChemiDoc MP (BioRad) imaging systems and respective softwares.
Intensities of proteins were normalized to input ACTB and phosphorylated proteins were
normalized to the intensity of the respective total protein. Co-immunoprecipitated protein

intensity was normalized to the corresponding immunoprecipitated protein intensity.

LC3 autophagic flux assay. To determine the effect of MK-2206 on autophagic flux, BafAl
(Alfa Aesar, #J61835), a specific inhibitor of vacuolar H+-ATPases interfering with
lysosomal pH and thereby degradation of autophagosome cargo, was applied on BT-474 cells,
2 h prior lysis. The adequate concentration of BafAl was previously determined by titration
of BafAl onto BT-474 cells. For quantification of lipidated LC3B, the intensity of LC3B-1I

was always related to the signal intensity of the corresponding LC3B-I.

Co-Immunoprecipitation of BECN1. BT-474 cells were lysed using ColP-buffer containing
20 mM Tris-HCI pH 8.0, 100 mM NaCl, 1 mM EDTA, 0.5% IGEPAL CA-630
complemented with protease inhibitor cocktail (Sigma) and phosphatase inhibitor (Roche).
The lysate was incubated on an overhead shaker for 20 min at 4 °C. 1.2 mg of protein extract
was supplemented with 2.5 ug BECNL1 antibody overnight at 4 °C, while rotating. 20 pl of
BSA-cleared Protein G Dynabeads (Invitrogen, 100-03D) were added to the lysate—antibody
mix followed by 3 h incubation at 4 °C, while rotating. The beads were washed 3 times with
cold PBS. Protein-antibody complexes were eluted by boiling for 5 min at 95 °C in 60 pL
Laemmli loading buffer. 15 pg of the cell lysates or 5 pl of the immunoprecipitates were

separated by SDS-PAGE and visualized by Western Blotting.
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Analysis of ATG14 oligomerization. The PBS-washed cell pellet was incubated with 75 uM
disuccinimidyl subernate (DSS, Thermo Fisher Scientific, 21655) or corresponding vehicle
(DMSO) in PBS. Crosslinking was performed for 30 min at room temperature and subsequent
incubation for 2 h at 4 °C, while rotating. After washing with cold PBS, crosslinking was
quenched in cold TBS (pH 7.0) for 20 min at 4 °C. For detection of ATG14 oligomerization,
lysates were analyzed by capillary electrophoresis on Wes™ (ProteinSimple) using the 60-

440 kDa cartridges.
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Supporting Figures

Figure S1: Chemical structures of the analyzed AKT inhibitors.

The chemical structures of (A) AZD5363, (B) GSK2110183, (C) GSK690693, (D) Ipatasertib
and (E) MK-2206 are displayed.
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Figure S2: Cell viability assays of BT-474 cells in response to AKT inhibitors.

The drug concentration necessary to reduce cell viability by 50% (IC50) is highlighted by a
dashed line. Data represent N = 3 independent biological replicates.
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Figure S4: Kinobead target profile of GSK2110183.

Dose-dependent binding curves of GSK2110183 for all kinase and non-kinase targets
identified by kinobeads. The EC50 value is highlighted for each interaction. Data are from a
single kinobead experiment.
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Figure S5: Kinobead target profile of GSK690693.

Dose-dependent binding curves of GSK690693 for all kinase and non-kinase targets identified
by kinobeads. The EC50 value is highlighted for each interaction. Data are from a single
kinobead experiment.
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Figure S6: Kinobead target profile of Ipatasertib.

Dose-dependent binding curves of Ipatasertib for all kinase and non-kinase targets identified

by kinobeads. The EC50 value is highlighted for each interaction. Data are from a single
kinobead experiment.
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Dose-dependent binding curves of MK-2206 for all kinase and non-kinase targets identified
by kinobeads. The EC50 value is highlighted for each interaction. Data are from a single

kinobead experiment.
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Figure S8: Target deconvolution of the AKT inhibitors AZD5363, GSK2110183,
GSK690693, Ipatasertib and MK-2206 using kinobeads.

(A) Apparent binding constants (Kq¢) of target proteins and AKT inhibitors. Each dot
represents a protein and AKT1 and AKT2 are highlighted in orange. The number of targets
for each drug is indicated at the top. (B) Venn diagram showing the overlap of the targets of
the five AKT inhibitors. AKT1 and AKT2 are the only two targets shared by all five inhibitors.
(C) Dose-response binding curves of all inhibitors of AKT1 (left panel) and AKT2 (right
panel). Data are from a single kinobead experiment.
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Figure S9: FECH is a target of GSK690693 and MK-2206.

Dose-dependent kinobead-based binding curves of GSK690693 and MK-2206 for FECH.
Data are from a single kinobead experiment.
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Figure S10: Evaluation of the data quality of the phosphoproteomic dataset.

(A) Histogram of the coefficients of variation of p-site intensities among the control
experiments. The median is highlighted by a dashed line. (B)-(E) Volcano plots showing the
extent and statistical significance of regulation of p-site intensities by GSK2110183 (B),
GSK690693 (C), Ipatasertib (D) and MK-2206 (E). Significantly regulated p-sites are marked
in orange. Known phosphorylated AKT pathway members (GSK3B-Ser®, FOX03-Ser?,
AKT1S1-Thr?* RICTOR-Thr!'® and IRS1-Ser?’) are highlighted in blue. Data represent N
= 3-4 independent biological replicates. Statistical analyses were performed using T-tests

(FDR = 0.05, 50 = 0.1).
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Figure S11: Annotated MS/MS spectra of phosphorylated (A) AKT2-Thr*! and (B)
AKT2-Ser*8 peptide.

Scan properties of the MS/MS spectrum and respective scores of the MaxQuant search are
shown on the right. The annotated MS/MS spectrum with the highest Andromeda score each
was chosen to be displayed.
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Figure S12: Coverage of known and novel AKT pathway members at the protein and p-
peptide level and selected examples of drug-regulated p-sites.

(A) Venn diagrams showing p-proteins (left) and p-sites (right) quantified in all four
biological replicates as well as the subsets of the drug-regulated known and novel AKT
pathway members. (B) LC-MS? quantification of phosphorylated known AKT pathway
members GSK3B-Ser®, FOX03-Ser?>, AKT1S1-Thr?*, RICTOR-Thr!'*® and IRS1-Ser?® p-
in response to AKT inhibitor treatment. (C) Immunoblots showing GSK3B-Ser®, GSK3B,
AKT1S1-Thr?*, AKT1S1 and GAPDH levels in response to treatment with the five AKT
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inhibitors. (D) LC-MS? quantification of phosphorylated novel AKT pathway members
CEP170-Ser®®?, CEP170-Ser®”®, CEP170-Ser!®°, C6ORF132-Ser®”’/Thr% C60RF132-
Ser®3 FAM83H-Serl%? C60RF132-Ser®® and C60RF132-Ser®° in response to AKT
inhibitor treatment. Data represent N = 3-4 independent biological replicates. Statistical
analyses were performed using T-tests (FDR = 0.05, s = 0.1). Error bars represent SD. * P <
0.05, ** P <0.01, *** P <0.001.
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Figure S13: Correlation of p-peptide quantification obtained by TMT-labeling followed
by Data Dependent Acquisition of MS data (DDA) vs parallel reaction monitoring
(PRM).

Scatter plot of log. FC of the 13 p-peptides, which were covered both in the TMT-DDA and
PRM datasets. Data points are colored according to which AKT inhibitor was used in the
experiment. Linear regression is indicated by a solid line and the Pearson correlation
coefficient is shown. The identity line is shown with a dotted line. Data represent N = 3-4
biologically independent experiments. Both types of quantification give broadly similar
results, but the TMT data yields consistently lower FCs which can be explained by the so-
called ‘ratio compression effect’ of TMT labeling which is cause by the co-isolation of
precursor ions for fragmentation and which cannot be entirely avoided even in LC-MS3

experiments.
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472 Ser & Thr p-sites with AKT motif
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Figure S14: Occurrence of the AKT motif in the phosphoproteomic dataset.

Sequence logo plots showing the amino acid frequency around the 10,831 Ser and Thr p-sites
of the complete phosphoproteomic dataset (left) and the subset of 472 p-sites bearing the
AKT motif (right). Data represent N = 3-4 biologically independent experiments.
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Figure S15: In-vitro kinase assays to confirm novel AKT2 substrates.

Normalized peptide intensities of non-phosphorylated and phosphorylated peptides
representing AFF4-Ser8%®, AIRD5B-Ser?%, FRYL-Thr'%°, IRS1-Ser?”®, LATS1-Ser*%,
PLEC-Ser*3¢ POF1B-Ser®®, TDRD3-Ser*®®, ZBTB1-Ser*!!, ZCCHC6-Ser'®2, ZFC3H1-
Serl%® ZNF106-Ser®®! and ZNF185-Ser® after 0, 5, 10, 30, 60, 120 or 180 min incubation in
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recombinant AKT2 kinase. Data represent N = 3 independent experiments. Error bars
represent SD.
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Figure S16: AKT inhibition-induced autophagy.

(A) Immunoblots quantifying levels of ATG4 in its monomeric or oligomeric state in
response to MK-2206 treatment. (B) Immunoblots showing LC3B-I, -1l and ACTB levels in
response to titration of BafAl. (C) Immunoblots showing p62, LC3B-I, -1 and GAPDH
levels in response to treatment with MK-2206, lapatinib or a combination thereof.
Quantification of the LC3B-II-to-LC3B-I ratio normalized to the DMSO control is shown

below. Data represent N = 3. Statistical analyses were performed using T-tests. Error bars
represent SD. * P <0.05, ** P <0.01, *** P <0.001.
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