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Extended Data Fig. 4| AMG-510-mediated golgi-localized Ras activity is
through WT H/NRas. (a) Raw FRET ratios (Y/C) of golgi-Ras-LOCKR-S in H358
cells transfected with HRas and/or NRas siRNA and 2 days later subsequently
treated for theindicated times with100 nM AMG-510 (n =17 cells per condition).
Statistics: Ordinary two-way ANOVA. *p-value is comparison to O hour AMG-

510 time point, from left to right: WT: 5.7 X107, 8.1x 1078, HRas KD: 0.021, NRas
KD: 0.027. (b) Top: Representative immunoblot of H358 cells transfected with
scrambled, HRas, and/or NRas siRNA (n =3 experiments). Bottom: Densitometry
analysis with bars representing average and error bars representing s.e.m. for

all three siRNA replicates. Data are normalized to scrambled siRNA transfection.
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Statistics: Ordinary two-way ANOVA. *p-values are comparison to scrambled
SiRNA, fromleft toright:2.9x107,5.4 x107%,8.7x107, 4.3 x107°. (c) Top:
Representative epifluorescence images of H358 cells transfected with scrambled
or HRas + NRas siRNA and 2 days later subsequently immunostained for Ras,
giantin (golgi marker), and NaK ATPase (PM marker) (n=3 experiments). Bottom:
Co-localization analysis measuring co-localization of endogenous Ras with the
golgiand PM markers (n =3 experiments). Scale bar =10 um. Statistics: Ordinary
two-way ANOVA. *p-values, from left to right: 3.4 x10™*,8.8 x10,8.8 1078,
8.7x107*,7.5x107*,2.3x1073. Bars represent average from three biological
replicates and error bars represents.e.m.
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Extended Data Fig. 5| MVP facilitates AMG-510-dependent oncogenic
signaling and cell growth. (a) Top: Representative images from three biological
replicates of H358 or MIA PaCa-2 cells transfected with golgi-localized Ras-
LOCKR-PL and immunostained for giantin. Bottom: Co-localization analysis
between golgi-Ras-LOCKR-PL Key and giantin (n = 3 experiments). Scale bar

=10 pm. (b,¢) Volcano plots of MS results of H358 (b) or MIA PaCa-2 (c) cells
expressing localized Ras-LOCKR-PL and incubated for 24 hours with 500 pM
biotin and either with 100 nM AMG-510 or DMSO. X-axis is log,ratio of protein
intensities between cells treated with AMG-510 versus DMSO for 4 hours or for
24 hours. Y-axis is student’s two-way t-test p-value (see Methods). (d) MIA PaCa-2
or H358 cells were transfected with golgi-localized Ras-LOCKR-PL, incubated with
500 pM biotin and either with DMSO or 100 nM AMG-510, and underwent PLA
(n=16cells). The number of PLA puncta per cell are shown. Each dot represents a
single cell. Statistics: Student’s two-way t-test. *p-values, left to right: 8.7 x107%,,
0.033,0.02,5.1x10™*. (e) Raw FRET ratios of H358 cells transfected with either

no siRNA or MVP siRNA and then Ras-LOCKR-S, followed by treatment with

P\

&

100 nM AMG-510 or DMSO for 24 hours (n =17 cells per condition). Statistics:
Student’s two-way t-test. *p-values, left to right: 7.1x1073,5.9x1073,6.9 x 10>,

(f) Representative immunoblot of MIA PaCa-2 or H358 cells transfected with MVP
or scrambled siRNA for 2 days and subsequently treated with 100 nM AMG-510
for 24 hours (n = 3 experiments). Statistics: Student’s two-way t-test. *p-values,
lefttoright: 7.1x107,1.5x 107>, (g) Left: Representative images of H358 and MIA
PaCa-2 cells treated without or with 100 nM AMG-510 and immunostained for
MVP and giantin. Right: Colocalization analysis between giantin and MVP
(n=3experiments). Scale bar =10 pum. (h) Cell growth curves of H358 (left) or MIA
PaCa-2 (right) cells transfected either with no siRNA or MVP siRNA followed by
treatment with100 nM AMG-510 or DMSO (n = 3 experiments). (i) Representative
images of colony formation assay of H358, MIA PaCa-2, or MEF transfected either
withno siRNA or MVP siRNA followed by treatment either with DMSO or 100 nM
AMG-510 (n = 3 experiments). Statistics: Ordinary two-way ANOVA. *p-values,
lefttoright:5.1x10™,2.2x107,8.7x10™,8.5x10°. For all, bars or lines represent
average and error bars represent s.e.m.
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Extended Data Fig. 6 | See next page for caption.
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Extended Data Fig. 6 | MVP at the golgi-Ras signalosome typifies the AMG-
510-promoted signaling adaptive cell subpopulation. (a) Top: Representative
epifluorescence images from three biological replicates of H358 transfected
with either no or MVP siRNA and then golgi-localized Ras-LOCKR-PL, treated
with100 nM AMG-510 for 1 day, and either treated also with 500 uM biotin,
treated either with 500 pM biotin or DMSO. Cells then were fixed and subjected
to PLA using anti-MVP and anti-biotin. Bottom: Bar graph quantifying number
of PLA puncta per condition (n =14 cells). Scale bar =10 um. Statistics: Student’s
two-way t-test. *p-values, left to right: 7.1x 107, 6.1 x 107°. (b) Left: Representative
immunoblot of three biological replicates of H358 cells transfected with golgi-
Ras-LOCKR-PL, treated with either DMSO or 100 nM AMG-510 for 24 hours, and
then subjected to MVP pull down. Right: Bar graph quantifying the amount

of biotinylated MVP over total amount of MVP (n = 3 experiments). Statistics:
Student’s two-way t-test. *p-value: 0.011. (¢) Scatterplot comparing MVP
expression by immunostaining (y-axis) to golgi-Ras-LOCKR-S raw FRET ratios
(x-axis). MIA PaCa-2 or H358 cells were transfected with golgi-Ras-LOCKR-S,
treated either with DMSO or 100 nM AMG-510 for 24 hours, immunostained,

and thenimaged. Each dot represents a single cell where both measurements
were done in fixed cells (n =16 cells per condition, 64 cellsin total). (d) Raw FRET
ratios in H358 cells transfected either with scrambled or MVP siRNA and then
golgi-Ras-LOCKR-S, followed by subsequent treatment over time with100 nM
AMG-510 (n =17 cells per condition). The 0 and 72 hour dataset is also shown in
Fig. 3d. Statistics: Ordinary two-way ANOVA, comparison to O hour AMG-510
time point. *p-values are comparison to 0 hour time point, left to right: 3.3x107,
4.1x107°. (e,f) Raw FRET ratios of subcellularly localized Ras-LOCKR-S in either
H358 (e) or MIA PaCa-2 (f) cells transfected MVP siRNA prior to Ras-LOCKR-S
transfection, followed by treatment over time with100 nM AMG-510 (n=17

cells per condition). The H358 golgi datasets are the same as shown in Fig. 3d
and Extended Data Fig. 6d. Statistics: Ordinary two-way ANOVA. *p-values are
comparison to 0 hour point, left to right: () PM: 5.1x107%,3.3x107,8.1x107°®,
5.6x1075,ER:8.1x107%,5.1x1073,7.7x107*, (f) PM:5.6 x107,5.6 X107, 7.1x 107,
8.1x107,ER:1.5x107,0.018, 4.4 x 1073, 0.019, Golgi: 6.1x107,0.012,7.3 x1075,
5.3x107% For all, bars represent average and error bars represents.e.m.
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Extended Data Fig. 7| MVP co-localizations with Ras isoforms change during
AMG-510 inhibition. (a-c) H358 (a) or MIA PaCa-2 (b) cells transfected with
golgi-Ras-LOCKR-S and then treated with either DMSO or 100 nM AMG-510 for
24 hours were probed for MVP:Ras isoform co-localization via PLA. PLA puncta
per cell for MVP:Ras isoforms in H358 (a) and MIA PaCa-2 (b) cells. Bars represent
average from three biological replicates and error bars represent s.e.m. and (c)

Raw Golgi Ras-LOCKR-S FRET Ratio (Y/C)

correlation between golgi-Ras-LOCKR-S raw FRET ratios and PLA puncta
(anti-MVP, anti-KRas, anti-HRas, anti-NRas) per cell (n = 14 cells per condition,

n =42 cellsin total per cellline). The same dataset in Extended Data Fig. 7cis
shownin Extended Data Fig. 7a, b. Statistics: Student’s two-way t-test. *p-values,
from left to right: 4.5x1075,5x107,8.3x107%,5.6 X107,
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Extended Data Fig. 8| MVP is necessary for metabolic changes during
AMG-510 treatment. (a) Glucose consumption and lactate release in untreated
H358 and MIA PaCa-2 cells or treated with 100 nM AMG-510 for24 h(n=4
experiments). Statistics: student’s two-way t-test. *p-values, left to right:
6.4x107%,6.2x1073,5.7x107%,6.6 x107°. (b,c) Raw emission ratios of H358 (b)

or MIA PaCa-2 (c) cells transfected with either scrambled or MVP siRNA and

then cyto-PercevalHR, followed by treating with100 nM AMG-510 for the time
indicated (n =14 cells per condition). Statistics: Ordinary two-way ANOVA.
*p-values are comparison to 0-hour time point, left to right: (b) 5.1x1073,
6.3x107,8x107,(c)5.5%107,4.8 x107,5.7 x10™". (d) Top: Representative image
of H358 cells transfected with mito-Ras-LOCKR-S and immunostained for Hsp60.
Bottom: Co-localization analysis between mito-Ras-LOCKR-S Key and Hsp60
(n=3experiments). Scale bar =10 pm. (e) Raw FRET ratios of H358 and MIA
PaCa-2 cells transfected with mito-Ras-LOCKR-S and either transfected with
nothing else, KRas4A G12V or S17N" (n = 20 cells per condition). Statistics:
Ordinary two-way ANOVA. *p-values, left to right: 5.5x107,8.1x107°,7.2x10°,
8.5x107,9.1x10™,3.2x107°. (f,g) Raw FRET ratios of H358 (f) or MIA PaCa-2

(g) transfected with either mito-Ras-LOCKR-S WT, mito-Ras-LOCKR-SNC,

or MVP siRNA and then mito-Ras-LOCKR-S WT, followed by 100 nM

AMG-510 treatment for the times indicated (n = 14 cells per condition). Statistics:
Ordinary two-way ANOVA. *p-values are comparison to O-hour time point, left to
right: () 5.3x107%,6.1x107%,1.4 x10°%, 0.044, 0.04 (g) 0.041,3.3x10-3,°1.3x10°¢,
7.5x107. (h) Single-cell scatterplot comparing mito-Ras-LOCKR-S raw FRET ratio
to pErkimmunostaining fluorescence in H358 cells treated with 100 nM AMG-
510, fixed, immunostained, and imaged. (n = 14 cells). (i) Left: Representative
images of H358 or MIA PaCa-2 cells treated with or without 100 nM AMG-510 and
immunostained for MVP and Hsp60. Right: Co-localization analysis between
MVP and Hsp60 (n =3 experiments). Scale bar =10 pm. (j, k) H358 or MIA

PaCa-2 cells transfected with scrambled siRNA or MVP siRNA and subsequently
transfected with Cyto-PercevalHR, treated with 100 nM AMG-510, fixed
underwent PLA analysis (anti-pan-Ras, anti-VDAC1), and then imaged.

(§) Quantifications of MVP:VDAC1 PLA per cell. (k) Single-cell scatterplot
comparing cyto-PercevalHR emission ratios and Ras:VDAC1 PLA puncta per

cell (n =14 cells per condition). The same datasets were used inj,k. Statistics:
Student’s two-way t-test. *p-values, left to right: 0.015, 6 107, For all, bars
represent average and error bars represent s.e.m. Shared datasets between:

Fig. Se/Extended Data Fig. 8b, Fig. 5f/Extended Data Fig. 8f.
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Extended Data Fig. 9 | RasONi treatment induces compensatory oncogenic PaCa-2 (c) cells transfected either with scrambled or MVP siRNA for 2 days, then
signaling that is dependent on MVP. (a) Raw FRET ratios of MIA PaCa-2 cells subsequently transfected with golgi-Ras-LOCKR-S, and treated over time with
transfected with subcellularly localized Ras-LOCKR-S and treated over time with 100 nM RasONi (n =15 cells per condition). Dataset in Extended Data Fig. 9b is the
100 nM RasONi (n =15 cells per condition). Statistics: PM: CV at 0 hour =12%, same as the one used in Fig. 6d. Statistics: Ordinary two-way ANOVA. *p-values
4 hour=19%, 24 hour =18%, 48 hour = 28%, 72 hour =18%. ER: CV at 0 hour =12%, are comparison to 0 hour time point, from left to right: (b) 0.042,5.1x107,
4 hour=5.2%,24 hour =8.6%, 48 hour =10%, 72 hour =19%. Golgi: CV at 0 () 8.7x1073,2.9 x107°. (d) Raw emission ratios of H358 and MIA PaCa-2 cells
hour =8.6%, 4 hour=18%, 24 hour = 8.8%, 48 hour =26%, 72 hour = 28%. Mito: transfected with cyto-PercevalHR and treated over time with 100 nM RasONi
CVat 0 hour=13%, 4 hour =8.1%, 24 hour = 6.8%, 48 hour =8.1%, 72 hour =15%. (n=15cells per condition). (e) H358 and MIA PaCa-2 cells were measured via
Ordinary two-way ANOVA. *p-values are comparison to O hour time point, from commercial asays for glucose consumption and lactate release before or 72 hours
lefttoright: PM: 7.2x107,6.5x107,4.3x107%,2.1x 107, Golgi: 7.2x1073,6 x107®, after 100 nM RasONi addition (n =4 experiments). Bars represent average from
Mito: 0.035,0.031, 0.027,3.4 x10™*. (b-c) Raw FRET ratios of H358 (b) or MIA four biological replicates and error bars represent s.e.m.
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Statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.

Confirmed
IZ The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement
X| A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

< The statistical test(s) used AND whether they are one- or two-sided
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested
A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
Give P values as exact values whenever suitable.

X

For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

X ][]

Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

OXX O O XX OOOS
X [0

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection  Epiluorescence images were captured through NIS Elements 5.30 software.

Data analysis For analyzing raw mass spectrometry data, MaxQuant/Andromeda version 1.5.2.8 was used. Further statistical analysis of mass spectrometry
data was processed using Perseus software package v1.5.6.0. Fiji 2.13.1 was used to analyze epifluorescence images. Data was analyzed and
graphed on GraphPad Prism 8.

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.

Data

Policy information about availability of data
All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy
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Panther database was further used to cluster mass spectrometry hits. The data that support the findings of this study are available from Figshare (https://




figshare.com/articles/dataset/Combined_Data_for_Zhang JZ et al_Nature_Chemical_Biology/25836802). Proteomic raw data is available on PRIDE (https://
massive.ucsd.edu/ProteoSAFe/dataset.jsp?accession=MSV000093478).

Human research participants

Policy information about studies involving human research participants and Sex and Gender in Research.

Reporting on sex and gender N/A

Population characteristics N/A
Recruitment N/A
Ethics oversight N/A

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Field-specific reporting
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Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size All experiments were done in at least triplicate. The sample size is chosen based on sufficiency for statistical analysis for calculating assay
specificity and sensitivity.

Data exclusions  No sample was excluded from data analysis.
Replication The results were successfully replicated using different cell line stocks and on different days.

Randomization Beyond expression of transfected plasmids, sample allocation for experimental groups was random. No further randomization was performed
as this is not a treatment/response study. Regardless of covariation, the conclusions are the same.

Blinding Data collection was not blinded as sample treatment and collection requires prior knowledge of the experiment. Data was first processed in
blinded mode, followed by sample/control assighment.

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.

Materials & experimental systems Methods

n/a | Involved in the study n/a | Involved in the study
[]IPX Antibodies XI|[] chip-seq

] Eukaryotic cell lines XI|[] Flow cytometry

|Z |:| Palaeontology and archaeology |Z |:| MRI-based neuroimaging
|Z |:| Animals and other organisms

|Z |:| Clinical data

X |:| Dual use research of concern

Antibodies

Antibodies used Ms anti-Erk CST 9107 1:1000
Rb anti-phospho-Erk CST 9101 1:2000
Ms anti-Akt CST 2920 1:1000
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Rb anti-phospho-Akt (S473) CST 9271 1:1000

Rb anti-GAPDH CST 5174 1:1000

Ms anti-Vinculin Sigma-Aldrich V9131 1:1000

Ms anti-Myc Tag CST 2276 1:1000

Ms anti-Flag Tag Sigma-Aldrich A8592 1:1000

Rb anti-E cadherin Abcam ab40772 1:1000

Rb anti-Sec61B Abcam ab15576 1:1000

Ms anti-Giantin Abcam ab37266 1:1000

Rb anti-pan Ras Millipore 05-1072 1:1000

Rb anti-HA Tag CST 3724 1:1000

Rb anti-GFP CST 2555 1:1000

Rb anti-PAPOLG Thermo Fisher PA5-41901 1:1000

Rb anti-MVP Novus NBP1-33560 1:1000

Ms anti-MVP Fisher Scientific MS664P1ABX 1:1000

Rb anti-VDAC1 Abcam ab15895 1:1000

Rb anti-pan VDAC Alomone Labs AVC-001 1:1000

Rb anti-Shp2 CST 3397S 1:1000

Ms anti-EGFR Abcam ab30 1:1000

Rb anti-FGFR3 CST 4574S 1:1000

Gt anti-Biotin Vector Labs SP-3000-1 1:1000

Rb anti-Biotin Abcam ab53494 1:1000

Ms anti-Biotin Abcam ab201341 1:1000

Rb anti-KRas Millipore OP24 1:1000

Ms anti-HRas Proteintech 18295-1-AP 1:1000

Rb anti-NRas Santa Cruz Biotechnology SC- 1:100031

Rb anti-Hsp60 CST 12165S 1:1000

Ms anti-Hsp60 Abcam ab59457 1:1000

Duolink® In Situ PLA® Probe Anti-Goat PLUS Millipore Sigma DU0O92003 1:200
Duolink® In Situ PLA® Probe Anti-Goat MINUS Millipore Sigma DUQ92006 1:200
Duolink® In Situ PLA® Probe Anti-Rabbit PLUS Millipore Sigma DU092002 1:200
Duolink® In Situ PLA® Probe Anti-Rabbit MINUS Millipore Sigma DUQ92005 1:200
Duolink® In Situ PLA® Probe Anti-Mouse PLUS Millipore Sigma DU092001 1:200
Duolink® In Situ PLA® Probe Anti-Mouse MINUS Millipore Sigma DUO92004 1:200
680 RD anti-Ms LICOR 26-68071 1:10000

680 RD anti-Rb LICOR 926-68070 1:10000

800 CW anti-Ms LICOR 926-32210 1:10000

800 CW anti-Rb LICOR 926-32211 1:10000

AF488 anti-Ms Thermo Fisher A11029 1:200

AF568 anti-Rb Thermo Fisher A11036 1:200

AF488 anti-Rb Thermo Fisher A11034 1:200

AF750 anti-Ms Thermo Fisher A21037 1:200
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Validation Validation of all antibodies are provided on manufacturer's websites for specific application (immunostaining, immunoblotting). All of
these antibodies have been used in previous literature as well. Example data is shown on manufacturer's website (e.g. target protein
KO).
For all CST primary antibodies listed here, antibodies are validated in gene KO cells siRNA KD cells, heterzygous KO cells, different cell
lines, and in other antibody applications such as competitive ELISA, peptide dot blots, peptide blocking, or protein arrays.
For all Sigma-Aldrich, Thermo Fisher, Vector Labs, Proteintech, and Millipore antibodies listed here, antibodies underwent enhanced
validation efforts which include validation in gene KO cells, gene overexpression cells, and orthogonal assays (e.g. RNAseq
correlation, Immunocapture-MS).
Abcam and Novus antibodies were validated in KO cells.
Santa Cruz Biotechnology and Alomone Labs antibodies were validated in siRNA KD cells.

Eukaryotic cell lines

Policy information about cell lines and Sex and Gender in Research

Cell line source(s) Lemo21(DE3) NEB C2528)J
MIA PaCa-2 ATCC CRL-1420
H358 ATCC CRL-5807
MEF WT NCI
SW1573 ATCC CRL-2170

Authentication Cell lines were authenticated by provider.
MEF cells were sequenced.
All ATCC cell lines have undergone STR profiling.

Mycoplasma contamination All cell lines were tested every 2 months for mycoplasma contamination via PCR test. None of these cell lines were positive
for mycoplasma.
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Commonly misidentified lines  None in this study.
(See ICLAC register)






