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Supplementary Figure S1. M67L has gain-of-function for cell growth and downstream 
signaling, despite binding less efficiently to endogenous RAF.  (A) K-RAS association with 
endogenous RAF.  The transfected GST and GST-tagged K-RAS in H1299 cells were pulled–down 
by glutathione (top).  The endogenous C-RAF (middle) or B-RAF (bottom) bound with 
transfected GST-tagged K-RAS are shown in the same blots.  (B) Soft agar anchorage-
independent growth of SW620 cells and downstream signaling.  Stable clones of SW620 cells 
expressing vector or K-RAS were seeded in soft agar and grown for three weeks.  Colonies were 
quantified after staining (top).  Colonies (> 0.3mm) in triplicate dishes are plotted as mean + SD 
(p < 0.05, one tail test).  Representative microscopic views of colonies and the stained colonies 
in the dishes are shown (bottom).  The SW620 cells were analyzed for RAS and CDC42 
activation and for ERK and JNK activities (bottom).  The total input of each protein is shown. (C) 
G418 colony growth of H358 cells stably expressing K-RAS.  Colonies grown in G418 selected 
media were stained and those > 1 mm were counted to plot the graph mean + SD (p <0.05, one 
tail test) (top).  The stained dishes are shown below the graph.  K-RAS protein expression along 
with the RAC, RHO, and CDC42 activation from the mass culture were evaluated (bottom).                                                                                                           
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Supplementary Figure S2. Enriched gene signature and enrichment plots from GSEA. 
Phenotype enrichment datasets from M67L stable clones were identified by statistical 
significance (p < 0.05 and false discovery rate < 0.25).  The pathways with enriched genes for 
M67L stable clones include (A) CYCLIN_D1_UP (https://www.gsea-
msigdb.org/gsea/msigdb/cards/CYCLIN_D1_UP.V1_UP); (B) 
Singh_KRAS_dependency_signiture (https://www.gsea-
msigdb.org/gsea/msigdb/geneset_page.jsp?geneSetName=SINGH_KRAS_DEPENDENCY_SIG
NATURE); and c Genes upregulated in primary keratinocytes from RB1 skin-specific knockout 
mice in GSEA oncological signature dataset https://www.gsea-
msigdb.org/gsea/msigdb/cards/RB_DN.V1_UP)                                                                                                                

 
 
 
 
 
 
 

                                                                                                                   
 

A B 

C 

P = 0.002, FDR = 0.073 
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P = 0.002, FDR = 0.02 
9 genes enriched 

P = 0.018, FDR = 0.182 
31 genes are enriched 
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Supplementary Figure S3.  RAPGEF6 contributes to RAP1 activation, which increases 
ERK activity.  (A) K-RAS mediated mTOR phosphorylation.  Cell extracts from transfected 
H1299 cells were analyzed by immunoblotting with phospho-mTOR (S2448), ACTIN, mTOR, 
and DDK antibodies as shown.  (B) Schematic representation of RAS effectors. Plasmids 
encoding GST-fusion proteins were within the red boxes with marked codons fused with GST in 
frame from the listed RAF effectors in the diagram.  (C) Purified GST fusion proteins from 
transfected 293TT cells.  Plasmids encoding GST-fusion proteins were transiently transfected 
into 293TT cells with K-RAS knocking-down (left).  The expressed proteins were purified and 
validated in stained gels (right).  GST-B-RAF-RBD was used in Figure 1B, and GST-p110a-
RBD and GST-RA (RAPGEF6) were used for K-RAS pull-down assays as described.  (D)  
RAPGEF6 is responsible for RAP1 activation by K-RAS.  Cell extracts from K-RAS transfected 
H1299 cells with or without RAPGEF6 siRNA knock-down were pulled down by RALGDS 
followed by anti-RAP1 immunoblot.  The expression of K-RAS, RAP1, RAPGEF6, and ACTIN 



are shown. (E) ERK activation by transfected WT or Q63L RAP1. Extracts from H1299 cells co-
transfected with HA-ERK and the RAP1-AU5 set were immunoprecipitated with HA followed 
by an ERK in vitro kinase assay using MBP as substrate.  Cell extracts were analyzed by anti-
phospho-ERK (left).  The ERK in vitro kinase activity was assayed using added MBP as 
substrate (right).  (F) M67L is not recognized by RAS antibody Y13-259, unlike the other 
mutants or the wild type.  GST or GST-K-RAS in transiently transfected H1299 cells were pull-
down and followed by anti-Y12-259 blot (top).  The membrane was re-immunoblotted with anti-
GST (bottom). 
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Supplementary Figure S4. (A) Stress fiber formation in K-RAS expressing H1703 NSCLC 
cells.  H1703 cells were transiently transfected with GFP or DDK-tagged K-RAS wild-type or 
mutant as indicated on the left side.  Green fluorescence identifies transfected cells; nuclei were 
stained with DAPI (blue), and actin fibers were visualized with phalloidin (red). Representative 
images and the proportion of similar morphological cells out of the total counted cells are shown.  
(B) Extracts from H1703 cells transiently transfected with wild type and K-RAS mutant 
expression vectors or the K-RAS mutant set were subjected to RHO activation assay. The 
endogenous RHOA and the expression of transfected K-RAS proteins are shown. 


