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Extended Data Fig. 3| Development of Ras-LOCKR-PL. a, b, Split ContactID-
based LOCKR proximity labelers were tested using similar architecture to
lucCageRBD. Schematicinaand datashowninb. Different grafting positions of
the smaller bit of ContactID on the latch using Rosetta-based GraftSwitchMover
(see Methods) and different linker lengths between larger bit of ContactID and
Key were tested in293T cells transfected with Flag-tagged Cage, Myc-tagged Key,
fulllength ContactID (FL CID), and HA-tagged RBD (receptor binding domain

of SARS-CoV-2 spike protein) with 5x nuclear exclusion sequence. After 16 h of
500 uM biotin incubation, these cells were subsequently western blotted for

the transfected proteins and biotinylation via streptavidin (n = 4 biologically
independent experiments per condition). ¢, d, 293T cells were transfected with
Split TurbolD (split site TurbolD”7*)-based LOCKR Cages, Keys, or Keys with
Cages, which were coexpressed with or without RBD, and biotinylation levels
were probed following lysis. Biotinylation levels of cells expressing full length
TurbolD (FL TID) are also shown. Different placements of the split TurbolD and
linker lengths between split TurboID and Cage/Key were tested with the Ras-
LOCKR-PL candidate that led to the highest increase in biotinylation upon RBD
expression boxed in green and optimized further (n = 4 biologically independent
experiments per condition). Statistics: **p = 0.0058. Schematicin c and data
shownind. e-j, Testing of Ras-LOCKR-PL candidates was done via western

blotting of CIAR-PM-299 cells incubated with 250 nM A115 (labeled A) or 100 ng/
mL EGF (labeled E) and 500 M biotin for either 16 hour (g-i),1h (j, left), or3h (j,
right) (n =4 biologically independent experiments per condition). RasBD was
grafted onto the latch using GraftSwitchMover (f, shows structure predictions)
and tested for increases in biotinylation after Ras activation by A115 (FL = full
length TurbolD) (n = 4 biologically independent experiments per condition). The
highest dynamic range Ras-LOCKR-PL candidates are boxed in green (g) and were
further optimized by either weakening latch:cage interaction by mutating latch
(h) or weakening key:cage interaction by mutating the Key (2 different Cages
tested for left and right) (i) (n = 4 biologically independent experiments per
condition). Statistics for g from left to right: *p = 0.032, *p = 0.025. C-terminal Key
truncations were also tested to weaken key:cage interaction (i) (n = 4 biologically
independent experiments per condition). Statistics for i from left to right:
*p=0.042,*p = 0.015, *p = 0.032, *p = 0.044, *p = 0.017, *p = 0.023, *p = 0.027.

The highest dynamic range Ras-LOCKR-PL candidates boxed in green (i) were
tested in CIAR-PM-293 cells treated for shorter times with A115 or EGF (j) (n=4
biologically independent experiments per condition). Statistics for j from left
toright:*p =0.021, *p = 0.036, *p = 0.048, *p = 0.018. See Supplementary Table

2 for domain structures and sequences. Bar graphs represent mean +s.e.m. All
statistics are derived from a two-way student t-test.
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Extended Data Fig. 4 | Characterization of Ras-LOCKR-PL. a-c, Representative
western blots of CIAR-PM-293 cells treated with 500 pM biotin with or without
250 nM A115 (labeled ‘A’) for 16 h. (a) Negative controls (Myc-tagged Key or
Flag-tagged Cage only), positive control (TurbolD-CRaf), and Ras-LOCKR-PL
tested designs (Key+Cage) were expressed, and treated with DMSO or with A115.
Celllysates were subjected to a streptavidin pulldown (PD) and the amount

of Ras eluted from the streptavidin PD over the amount of Ras from whole cell
lysate (WCL) was quantified (n = 5 biologically independent experiments per
condition). (b) Optimized Ras-LOCKR-PL co-expressed with various HA-tagged
Ras mutants/effectors or Rap effector (CalDAG-GEFI) (n = 3 biologically
independent experiments per condition). (¢) Localized Ras-LOCKR-PLs were
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tested for Al15-induced biotinylation in CIAR-PM-293 cells (representative of

3 biologicallyindependent experiments). d, Representative epifluorescence
images from 3 biologically independent experiments of EKAR4% localized

to PM (N-terminus of Lyn)* or Golgi (N-terminus of eNOS)* transfected

into 293T cells, which were immunostained for their respective localization
markers. e, 293T cells transfected with localized EKAR4 and either with or
without Ras-LOCKR-PL also localized to same region. Normalized FRET ratio
changes over time of these cells stimulated with 100 ng/mL EGF (n =12 cells per
condition). Solid lines indicate representative average timecourse with error bars
representing standard error mean (s.e.m.). Bar graphs represent mean + s.e.m.
**p < 0.0L, *p < 0.05, unpaired two-tailed Student’s t-test. Scale bar =10 ym.
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Extended Data Fig. 5| Ras-LOCKR tools identify the Ras activity and
environment inside EML4-Alk granules. a, Raw FRET ratios of Beas2B cells
transfected with Ras-LOCKR-S or NC sensor tethered to EML4-Alk variant1(v1)/
variant 3 (v3) full length or with trimerization domain deleted (ATD) (n =29
cells per condition). Statistics: p-values from left to right: 5.6 X107, 0.0045,
0.0082,6.7x1072,1.3x10™. b, Representative epifluorescence images from

3 biologically independent experiments of Beas2B cells transfected with V5-
tagged TurbolD or Myc-tagged Ras-LOCKR-PL tethered to EML4-Alk v1/v3 and
immunostained for respective tags. ¢, Domain structures of constructs used.

d, Representative epifluorescence images from 3 biologically independent
experiments of Beas2B (WT lung) transfected with EML4-Alk variant 3 (v3), full
length V5-tagged TurbolD tethered to GFP nanobody (GFPnb), or Myc-tagged
Ras-LOCKR-PL tethered to GFPnb and immunostained for respective tags and
biotinylation via fluorescent dye-conjugated streptavidin. e, Volcano plot

of mass spectrometry results of Beas2B cells expressing either GFPnb-Ras-
LOCKR-PL and EML4-Alk-v1or GFPnb-Ras-LOCKR-PL alone, and incubated for
indicated durations with 500 uM biotin. Plotted differences compare enrichment
from GFPnb-Ras-LOCKR-PL and EML4-Alk-v1 coexpressing cells against cells
expressing GFPnb-Ras-LOCKR-PL alone. P-values derived from two-way student
t-test. f, From MS data, hits were filtered based on selective labeling within
EML4-Alk vl-expressing cells (more than 2-fold change (log,(fold change) > 1)),
passing a statistical cutoff (p-value cutoff of 0.5 (-log,,p-value - 1.3)) for either the

3 hor16hdatasets, are signaling proteins as identified in gene ontology analysis,
and abundant proteins (proteins related to the proteasome and ribosome) were
excluded. Several hits from this dataset were validated by immunostaining in
Beas2B cells expressing YFP-tagged EML4-Alk v1. The co-localized column (right-
most) indicates whether that hit was co-localized with EML4-Alk vl granules (yes),
not co-localized (no), or not tested (----). For the 14-3-3 proteins (YWHAB/E/G/Z),
the co-localization validation is from a14-3-3 antibody which has an epitope that
targets all these 14-3-3 variants. Heat maps (colored by log,fold change) display
the signaling-related proteins detected in EML4-Alk v1-expressing Beas2B cells.
Blue arrows are proteins expected to be enriched in EML4-Alk vl granules, red
arrows are proteins expected to be excluded from EML4-Alk vl granules, black
arrows are new hits that were verified later on to be sequestered in EML4-Alk
granules, and gray arrows are known interactors (based on STRING databases) of
the validated proteins. g, Volcano plot of mass spectrometry results of EML4-Alk
vl-expressing Beas2B cells co-expressing either GFPnb-Ras-LOCKR-PL (right)

or Ras-LOCKR-PL (left) and treated for indicated durations with 500 uM biotin.
P-values derived from two-way student t-test. h, Hits identified in first set of MS
experiments (e-f) were identified in the second set of MS experiments (g), and the
log,(fold change) from the second set of MS experiments are listed and colored in
the heatmap shown. MS data is documented in Supplementary Table 3 (P-values
derived from two-way student t-test). Bar graphs represent mean + s.e.m.

****p < 0.0001, *p < 0.01, ordinary two-way ANOVA. Scale bars =10 uym.
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probed protein. (bottom) Colocalization analysis (n = 3 biologically independent
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Extended Data Fig. 7| SAM68 regulates Ras signaling inside EML4-Alk
granules. a, Representative immunoblot from 3 biologically independent
experiments of Beas2B cells transfected with V5-tagged EML4-Alk v1 full length or
with trimerization domain deleted (ATD), subjected to V5 immunoprecipitation,
and probed for SAM68. The EML4-Alk pulldowns and whole cell lysate levels are
the same as Extended Data Fig. 6b. b, List of inhibitors used, their abbreviations,
and their target. ¢, Representative immunoblot from 3 biologically independent
experiments of Beas2B cells treated with 1 uM YB-0158 for 1 h, underwent Samé68
immunoprecipitation for some of the sample, and probed for Samé68 and Grb2.
Top: Sam68 immunoprecipitation. Bottom: whole cell lysate. d, H3122 or H2228
cellswere treated with 1 uM YB-0158 for 24 h and probed for Alk (EML4-Alk) and
SAM68. Top: Representative immunoblot. Bottom: densitometry analysis (n=3
experiments). e, (top) Representative immunoblot of Beas2B, H3122, and H2228
cells treated for 1 h with varying concentration of Ceritinib (InM-1uM) and YB-
0158 (InM-1uM). (bottom) Relative phosphorylated Erk over total Erk quantified
(n=3experiments per condition). Statistics for e from left to right: ***p =7.3
x1075,**p = 0.00072, **p = 0.0043, **p = 0.0047, two-way student t-test. f,
Representativeimmunoblot from 3 biologically independent experiments

of H3122 and H2228 cells treated for 1 h with either constant concentration of
YB-0158 (200 nM) and a range of concentrations of Ceritinib (InM-1uM) (left) or
aconstant concentration of Ceritinib (200 nM) and a range of concentrations

of YB-0158 (InM-1uM) (right). g, Cell counts of Beas2B, H3122, H2228 cell lines

incubated for 1week with varying concentrations of inhibitors to Alk and/or
SAM68 (n =3 experiments per condition), or DMSO. h, (left) Normalized to
minimum FRET ratio time-courses of Beas2B cells transfected with Ras-LOCKR-S
localized to EML4-Alk v3 and incubated with 1 M of inhibitors (n =10 cells per
condition). Puncta and diffuse regions were analyzed separately. Normalized to
minimum FRET ratios are calculated by normalizing the data set to the condition
withthe largest decrease in FRET ratios (Ce +Y in both cases) where O represents
the lowest FRET ratio out of the entire data set. (right) Raw FRET ratios of
punctaand diffuse EML4-Alk regions after Alk inhibition for 1 h (n=21cells per
condition). Statistics: puncta: ***p = 1.5 x 107%, diffuse: **p = 0.0025. i, Average
raw FRET ratios in the punctate regions of Beas2B cells expressing Ras-LOCKR-S
WT or NC sensor fused to EML4-Alk v1. Cells were treated with either DMSO or
1uMYB-0158 for1h (n=29 cells per condition). Statistics: v1: ***p =1.7 x 102, v3:
**p = 6.8 x 107, j, Representative epifluorescence images from 3 biologically
independent experiments of Beas2B cells expressing YFP-tagged EML4-Alk v1,
GFPnb-Ras-LOCKR-S Key, and Cage. CFP channel is shown indicating localization
of Ras-LOCKR-S Key. These cells were incubated with 1M YB-0158 and 1uM
Ceritinib for1 h.Solid lines in g indicate IC;, fit with points representing average
normalized cell count. Solid lines in hindicate representative average time with
error bars representing standard error mean (s.e.m.). Bar graphs represent
mean +s.e.m.***p <0.0001, *p < 0.01 ordinary two-way ANOVA comparing to
cellstreated with DMSO. Scale bars =10 um.
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Data collection  Epiluorescence images were captured through NIS Elements 5.30 software. Some brightfield images were captured on ZOE Fluorescent Cell
Imager.

Data analysis Rosettascripts was used for initial design of Ras-LOCKR proteins. 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. Panther
database was further used to cluster mass spectrometry hits. Fiji 2.13.1 was used to analyze epifluorescence images. Data was analyzed and
graphed on GraphPad Prism 8.
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The data that support the findings of this study are available from Figshare (https://figshare.com/projects/
Computationally_designed_sensors_detect_Ras_activity_and_signaling_effectors_at_subcellular_resolution/186933)50. Proteomic raw data is available on PRIDE
(https://massive.ucsd.edu/ProteoSAFe/dataset.jsp ?task=66ee1bb3919049f0a7465bb199e2e324). All accession codes have been provided for the paper.
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Sample size All experiments were done in at least triplicate. The sample size is chosen based on sufficiency for statistical analysis for calculating assay
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Replication The results were successfully replicated using different cell line stocks and on different days. For in vitro experiments, the results were
successfully replicated using different batches of pure proteins on different days.

Randomization  Beyond expression of transfected plasmids, selection of cells for fluorescent images was randomized. No further randomization was
performed as this is not a treatment/response study.
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Antibodies

Antibodies used Antibody dilution factors are listed in Supplementary Table 4.
Rb anti-Alk CST 3633
Ms anti-Erk CST 9107
Rb anti-phospho-Erk CST 9101
Ms anti-Akt CST 2920
Rb anti-phospho-Akt (S473) CST 9271
Rb anti-GAPDH CST 5174
Ms anti-Vinculin Sigma-Aldrich V9131
Ms anti-Myc Tag CST 2276
Ms anti-Flag Tag Sigma-Aldrich A8592
Rb anti-V5 Tag CST 13202
Ms anti-V5 Tag CST 80076
Ms anti-CD3e Ancell 144-020
Ms anti-CD28 Ancell 177-020
Rb anti-E cadherin Abcam ab40772
Ms anti-Giantin Abcam ab37266
Rb anti-Bcl-xI CST 2764
Ms anti-Bcl-xI Abcam ab77571
Rb anti-pan Ras CST 91054
Rb anti-HA Tag CST 3724
Rb anti-GFP CST 2555
Rb anti-RhoGDI CST 2564
Ms anti-SAM68 Santa Cruz Biotechnology sc-514468
Rb anti-SAM68 CST 33210
Rb anti-YWHAG Abcam ab155050
Rb anti-MARCKS CST 5607
Ms anti-Grb2 Abcam ab281846
Rb anti-Grb2 Abcam ab32037
680 RD anti-Ms LICOR 26-68071
680 RD anti-Rb LICOR 926-68070
800 CW anti-Ms LICOR 926-32210
800 CW anti-Rb LICOR 926-32211
AF488 anti-Ms Thermo Fisher A11029
AF568 anti-Rb Thermo Fisher A11036
AF488 anti-Rb Thermo Fisher A11034
AF750 anti-Ms Thermo Fisher A21037

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 primary 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 antibodies Rb anti-E cadherin Abcam ab40772, Ms anti-Giantin Abcam ab37266, Ms anti-Grb2 Abcam ab281846 were
validated in KO cells.
Ms anti-SAM68 Santa Cruz Biotechnology sc-514468 was validated in siRNA KD cells.

Eukaryotic cell lines

Policy information about cell lines and Sex and Gender in Research

Cell line source(s) MEF KRas4A NCI RPZ26187
MEF KRas4B NCI RPZ25854
MEF HRas NCI RP200024
MEF NRas NCI RPZ26379
MEF WT ATCC CRL-2991
HEK293T ATCC CRL-3216
HEK293F ATCC CRL-1573
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HEK293-FlpIn TRex Invitrogen R78007
Hela ATCC CCL-2

Beas2B ATCC CRL-9609

Jurkat ATCC TIB-152

H3122 Gift from R. Bayliss lab

H2228 Gift from R. Bayliss lab

Authentication Cell lines were authenticated by provider.
MEF cells were sequenced and validated for KO via immunoblotting.
All ATCC cell lines have undergone STR profiling.
H3122 and H2228 (by ATCC) cells 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.

Commonly misidentified lines  None in this study.
(See ICLAC register)
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