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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 the indicated times with 100 nM AMG-510 (n = 17 cells per condition). 
Statistics: Ordinary two-way ANOVA. *p-value is comparison to 0 hour AMG-
510 time point, from left to right: WT: 5.7 × 10−6, 8.1 × 10−8, 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. 

Statistics: Ordinary two-way ANOVA. *p-values are comparison to scrambled 
siRNA, from left to right: 2.9 × 10−7, 5.4 × 10−6, 8.7 × 10−7, 4.3 × 10−6. (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 
golgi and PM markers (n = 3 experiments). Scale bar = 10 μm. Statistics: Ordinary 
two-way ANOVA. *p-values, from left to right: 3.4 × 10−4, 8.8 × 10−3, 8.8 × 10−8,  
8.7 × 10−4, 7.5 × 10−4, 2.3 × 10−3. Bars represent average from three biological 
replicates and error bars represent s.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 μm. (b,c) 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 μM 
biotin and either with 100 nM AMG-510 or DMSO. X-axis is log2ratio 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 μM biotin and either with DMSO or 100 nM AMG-510, and underwent PLA 
(n = 16 cells). 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 × 10−8,, 
0.033, 0.02, 5.1 × 10−4. (e) Raw FRET ratios of H358 cells transfected with either  
no siRNA or MVP siRNA and then Ras-LOCKR-S, followed by treatment with 

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: 7.1 × 10−3, 5.9 × 10−3, 6.9 × 10−3.  
(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, 
left to right: 7.1 × 10−4, 1.5 × 10−3. (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 = 3 experiments). Scale bar = 10 μm. (h) Cell growth curves of H358 (left) or MIA 
PaCa-2 (right) cells transfected either with no siRNA or MVP siRNA followed by 
treatment with 100 nM AMG-510 or DMSO (n = 3 experiments). (i) Representative 
images of colony formation assay of H358, MIA PaCa-2, or MEF transfected either 
with no 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, 
left to right: 5.1 × 10−4, 2.2 × 10−7, 8.7 × 10−4, 8.5 × 10−6. 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 
with 100 nM AMG-510 for 1 day, and either treated also with 500 μM biotin, 
treated either with 500 μM 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 μm. Statistics: Student’s 
two-way t-test. *p-values, left to right: 7.1 × 10−7, 6.1 × 10−6. (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. (c) 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 then imaged. Each dot represents a single cell where both measurements 
were done in fixed cells (n = 16 cells per condition, 64 cells in 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 with 100 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 0 hour AMG-510 
time point. *p-values are comparison to 0 hour time point, left to right: 3.3 × 10−6, 
4.1 × 10−6. (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 with 100 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: (e) PM: 5.1 × 10−6, 3.3 × 10−7, 8.1 × 10−6,  
5.6 × 10−5, ER: 8.1 × 10−8, 5.1 × 10−3, 7.7 × 10−4, (f) PM: 5.6 × 10−7, 5.6 × 10−6, 7.1 × 10−7,  
8.1 × 10−5, ER: 1.5 × 10−6, 0.018, 4.4 × 10−3, 0.019, Golgi: 6.1 × 10−5, 0.012, 7.3 × 10−5,  
5.3 × 10−3. For all, bars represent average and error bars represent s.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) 

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 cells in total per cell line). The same dataset in Extended Data Fig. 7c is 
shown in Extended Data Fig. 7a, b. Statistics: Student’s two-way t-test. *p-values, 
from left to right: 4.5 × 10−5, 5 × 10−7, 8.3 × 10−6, 5.6 × 10−6.
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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 for 24 h (n = 4 
experiments). Statistics: student’s two-way t-test. *p-values, left to right:  
6.4 × 10−3, 6.2 × 10−3, 5.7 × 10−5,6.6 × 10−6. (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 with 100 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) 5.1 × 10−3,  
6.3 × 10−7, 8 × 10−7, (c) 5.5 × 10−5, 4.8 × 10−6, 5.7 × 10−7. (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 = 3 experiments). Scale bar = 10 μm. (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 S17N11 (n = 20 cells per condition). Statistics: 
Ordinary two-way ANOVA. *p-values, left to right: 5.5 × 10−6, 8.1 × 10−10, 7.2 × 10−6,  
8.5 × 10−7, 9.1 × 10−11, 3.2 × 10−6. (f,g) Raw FRET ratios of H358 (f) or MIA PaCa-2  
(g) transfected with either mito-Ras-LOCKR-S WT, mito-Ras-LOCKR-S NC,  
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 0-hour time point, left to 
right: (f) 5.3 × 10−5, 6.1 × 10−6, 1.4 × 10−6, 0.044, 0.04 (g) 0.041, 3.3 × 10−3,−51.3 × 10−6, 
7.5 × 10−7. (h) Single-cell scatterplot comparing mito-Ras-LOCKR-S raw FRET ratio 
to pErk immunostaining 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 μm. (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.  
(j) 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 in j,k. Statistics: 
Student’s two-way t-test. *p-values, left to right: 0.015, 6 × 10−6. For all, bars 
represent average and error bars represent s.e.m. Shared datasets between:  
Fig. 5e/Extended Data Fig. 8b, Fig. 5f/Extended Data Fig. 8f.
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Extended Data Fig. 9 | RasONi treatment induces compensatory oncogenic 
signaling that is dependent on MVP. (a) Raw FRET ratios of MIA PaCa-2 cells 
transfected with subcellularly localized Ras-LOCKR-S and treated over time with 
100 nM RasONi (n = 15 cells per condition). Statistics: PM: CV at 0 hour = 12%,  
4 hour = 19%, 24 hour = 18%, 48 hour = 28%, 72 hour = 18%. ER: CV at 0 hour = 12%,  
4 hour = 5.2%, 24 hour = 8.6%, 48 hour = 10%, 72 hour = 19%. Golgi: CV at 0  
hour = 8.6%, 4 hour = 18%, 24 hour = 8.8%, 48 hour = 26%, 72 hour = 28%. Mito: 
CV at 0 hour = 13%, 4 hour = 8.1%, 24 hour = 6.8%, 48 hour = 8.1%, 72 hour = 15%. 
Ordinary two-way ANOVA. *p-values are comparison to 0 hour time point, from 
left to right: PM: 7.2 × 10−7, 6.5 × 10−6, 4.3 × 10−5, 2.1 × 10−5, Golgi: 7.2 × 10−3, 6 × 10−6, 
Mito: 0.035, 0.031, 0.027, 3.4 × 10−4. (b-c) Raw FRET ratios of H358 (b) or MIA 

PaCa-2 (c) cells transfected either with scrambled or MVP siRNA for 2 days, then 
subsequently transfected with golgi-Ras-LOCKR-S, and treated over time with 
100 nM RasONi (n = 15 cells per condition). Dataset in Extended Data Fig. 9b is the 
same as the one used in Fig. 6d. Statistics: Ordinary two-way ANOVA. *p-values  
are comparison to 0 hour time point, from left to right: (b) 0.042, 5.1 × 10−5,  
(c) 8.7 × 10−3, 2.9 × 10−5. (d) Raw emission ratios of H358 and MIA PaCa-2 cells 
transfected with cyto-PercevalHR and treated over time with 100 nM RasONi 
(n = 15 cells per condition). (e) H358 and MIA PaCa-2 cells were measured via 
commercial asays for glucose consumption and lactate release before or 72 hours 
after 100 nM RasONi addition (n = 4 experiments). Bars represent average from 
four biological replicates and error bars represent s.e.m.
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