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Materials and Methods 
Cell culture and reagents 
All the cell lines used in this study were obtained from ATCC. The cells were maintained 
in DMEM medium supplemented with 10% fetal bovine serum, L glutamate, penicillin 
and streptomycin. ARS853 was obtained from Wellspring Biosciences, AZD8055 and 
gefitinib from AstraZeneca, while the other inhibitors were obtained from Selleckem. 
The concentration of ARS853 varied as indicated in the text. The other inhibitor were 
used at concentrations: gefitinib, 1μM; crizotinib, 1μM; MK2206, 2μM; PD172974, 
1μM; afatinib, 1μM; saracatinib, 1μM; BAY806946, 50 nM; trametinib, 50 nM; SCH984, 
500 nM and AZD8055, 500 nM.  

Cell viability and apoptotic assays 
Cells were grown in the presence or absence of inhibitor for various times. Viable cells 
were determined by using the ATP glow assay as described previously (34).  Apoptosis 
was determined by using staining with annexin V (Invitrogen) according to the 
manufacturer’s protocol. In brief, control or inhibitor-treated cells were harvested and 
washed in PBS and resuspended in 100 μL of annexin-binding buffer (10 mM HEPES, 
140 mM NaCl, and 2.5 mM CaCl2, pH 7.4), followed by addition of 5 μL annexin V and 
a 15 min incubation at room temperature. Propidium iodide staining was used as a ded 
cell indicator. After the incubation period 400 μL of annexin-binding buffer was added to 
the solution followed by FACS analysis. Caspase activity was measured by using the 
EnzChek caspase assay kit (Invitrogen, E13183), which utilizes Z-DEVD-AMC as a 
substrate. In brief, control or treated cells were harvested in PBS. The pellets were lysed 
in lysis buffer provided by the manufacturer. Lysates (50 μg) were loaded in triplicate 
wells of a 96-well plate and mixed with a substrate working solution and Z-DEVD-AMC 
substrate as directed by the manufacturer. The samples were incubated at room 
temperature for 30 min. Caspase activity was assessed by the change in fluorescence 
(excitation/emission ~342/441 nm) measured in a standard laboratory spectrophotometer.  

Proteins for in vitro analyses 
The desired HA tagged KRAS mutant constructs were expressed in HEK293 cells (2 μg 
of plasmid DNA per 60 mm dish). Transfections were performed by using the 
Lipofectomine 2000 reagent (Invitrogen) according to the manufacturer’s 
recommendations. After 24 hrs the cells were lysed and extracts (1-2 mg) were subjected 
to affinity purification with a HA-specific antibody resin (Sigma) for 3h or overnight for 
enzymatic assays or co-IP studies, respectively. The samples were then washed 3-6 times 
with NP40 lysis buffer. For enzymatic analysis the precipitated fraction was eluted from 
the resin by using a concentrated HA peptide (Sigma), according to the manufacturer’s 
protocol.  

RAS binding domain pull down 
These were performed as described previously (35), by using the RAS activation kit from 
Thermo Scientific (cat. #16117). Briefly, whole cell lysates were incubated with GST-
RBD and glutathione beads for 1h followed by three washes in NP40 lysis buffer and 
elution of pull down fraction with SDS PAGE loading dye. The samples were then 

2 



subjected to western blotting with a KRAS specific antibody. When HA-KRASG12C was 
exogenously expressed, immunoblotting pull down samples with a HA-specific antibody 
allowed the specific determination of the levels of mutant KRAS G12C allele in its GTP-
bound conformation.  

Nucleotide loading of KRAS variants and binding with ARS853 
Purified KRAS (1 μM) was incubated EDTA (10 mM) and GDP (1mM) or GTPγS 
(1mM) at room temperature for 1h followed by addition of MgCl2 (1 mM) to terminate 
the reaction. Then, ARS853 (1 μM) was then added and the mixture was incubated for 
another hour at room temperature as described in (8).  

Differential scanning fluorimetry 
This was performed with the dye kit provided by Invitrogen (cat. # 4461146), exactly as 
described by the manufacturer. The KRAS samples prepared above were added to 
thermal shift buffer, fluorescent dye and water and aliquots were placed in the wells of a 
394-well plate. The plate was centrifuged at 1000 rpm for 1 min and then loaded into a 
ViiA7 real time PCR system to perform a melt curve experiment. The temperature was 
set to escalate on a continuous mode from 25O to 99O at a rate of 1.6O/s and the 
florescence determined by the ROX reporter with excitation and emission wavelengths of 
580±10 and 623±14 respectively. The data were then exported into prism, where the 
fluorescence signal was plotted as a function of temperature.  

In vitro hydrolysis reaction 
KRAS proteins, prepared as described above, were eluted in hydrolysis buffer (HEPES 
pH 7.5, 40 mM, NaCl, 100 mM, MgCl2, 10 mM, DTT, 1 mM, EDTA 2 mM) and mixed 
with GTP (100 mM) followed by incubation at 37O for 8h, as described previously (18). 
The released inorganic phosphate was measured by the Cytophos reagent 
(Cytoskeleton, cat. # BK054) according to the manufacturer recommendations.  

KRASG12C-ARS853 cellular interaction 
HEK293 cells expressing various KRAS mutants were treated with compound as 
indicated. Proteins were extracted using a buffer containing 9M urea, 10 mM DTT and 50 
mM ammonium bicarbonate, pH 8, heated to 65°C for 15 min and alkylated using 50 mM 
iodoacetamide at 37 °C for 30 min. The samples were desalted by gel filtration in Zeba™ 
spin desalting plates (Thermo#89807) followed by addition of sequencing-grade trypsin 
to a concentration of 10 µg/ml, and incubation for one hour at 37°C. Heavy isotopic 
standards (25 fmol) of the KRASG12C target peptide and KRAS normalization peptide 
were added to the samples followed by desalting in Strata-X polymeric reverse phase 
plates (Phenomenex #8E-S100-AGB). LC-MS/MS analysis was performed in a Q 
Exactive™ quadrupole orbitrap mass spectrometer (Thermo Scientific) under standard 
condition. The amount of KRASG12C bound by the drug was determined by the ratio of 
the modified G12C peptide to that of the heavy isotopic standards.  

KRAS-SOS interaction 
This was modified from a previously described protocol (24). HA-tagged KRAS 
variants were immunoprecipitated with anti HA resin from 1.5 mg of whole cell 
lysates as 
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described above. After the final wash, the samples were mixed with recombinant SOS 
catalytic domain (Cytoskeleton) in binding buffer (20 mM Tris pH7.5, 50 mM NaCl, 1 
mM dithiothreitol, 5 mM EDTA and 1%Triton X-100) and incubated for 1 hr at 4O. The 
samples were then centrifuged at 6,000 rpm, washed several times in binding buffer and 
KRAS-SOS complexes were eluted in SDS-PAGE loading buffer.  

SOS knockdown 
Short interfering RNAs targeting SOS1 were obtained from Dharmacon (cat. # L005194), 
as a pool of four SOS1-specific siRNAs. Cells were transfected with scrambled or SOS1 
targeting siRNA pools by using the RNAi reagent (Invitrogen), as directed by the 
manufacturer.  

Synthesis of ARS853 
ARS853 or 1-(3-(4-((4-chloro-2-hydroxy-5-(1-methylcyclopropyl)xphenyl)glycyl) 
piperazin-1-yl)azetidin-1-yl)prop-2-en-1-one was synthesized by Lian-Sheng Li and 
colleagues at Wellspring Biosciences as first published by Patricelli et al. (11). Synthesis 
details are repeated here for the reader's convenience. 

Acetyl chloride was added to a mixture of methyl 5-amino-2-chloro-4-methoxybenzoate, 
Et3N and DCM at room temperature and stirred for 12h. The mixture was then 
partitioned in dichloromethane and water, and the organic layer was washed with 
NaHCO3 and brine, dried over anhydrous Na2SO4 and concentrated in vacuo. The 
residue was purified by flash column chromatography on silica gel (ethyl 
acetate:petroleum ether 1:1) to generate methyl 5-acetamido-2-chloro-4-
methoxybenzoate. 

Methylmagnesium bromide was added to a solution of methyl 5-acetamido-2-chloro-4-
methoxybenzoate in THF under Argon at - 40oC. The mixture was stirred for 2h while 
allowed to warm to room temperature. The reaction mixture was poured into ice-cooled 
NH4Cl solution, and extracted with ethyl acetate. The combined organic layer was 
washed with water and brine, dried over anhydrous Na2SO4 and concentrated in vacuo to 
yield N-(4-Chloro-5-(2-hydroxypropan-2-yl)-2-methoxyphenyl)acetamide. 

SOCl2 was added to a solution of N-(4-chloro-5-(2-hydroxypropan-2-yl)-2-
methoxyphenyl) acetamide  in DCM at - 5oC. The mixture was warmed to room 
temperature, and stirred for 2 h. The reaction mixture was concentrated and the residue 
was purified by flash column chromatography on silica gel to produce N-(4-Chloro-2-
methoxy-5-(prop-1-en-2-yl)phenyl)acetamide. 

CH2I2 and Et2Zn were added to a solution of N-(4-chloro-2-methoxy-5-(prop-1-en-2-
yl)phenyl)acetamide in toluene at 0oC. The mixture was kept at 0oC for 30 min, and then 
stirred at room temperature for 16 h. The reaction mixture was quenched by stirring in 
NH4Cl solution for 15 min. The mixture was concentrated in vacuo to remove toluene 
and the resulting mixture was extracted with dichloromethane. The organic layer was 
washed with water and brine, dried over anhydrous Na2SO4, and concentrated in vacuo 
to generate N-(4-Chloro-2-methoxy-5-(1-methylcyclopropyl)phenyl)acetamide. 

A mixture of N-(4-chloro-2-methoxy-5-(1-methylcyclopropyl)phenyl)acetamide, KOH, 
ethanol and water was stirred at reflux for 12 h. The reaction mixture was extracted with 
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ethyl acetate. The combined organic layer was washed with water and brine, dried over 
anhydrous Na2SO4, filtered, concentrated in vacuo and then purified by flash column 
chromatography on silica gel (ethyl acetate:petroleum ether  20:1) to establish 4-chloro-
2-methoxy-5-(1-methylcyclopropyl)aniline. 

AcOH and ethyl glyoxalate were added to a solution of 4-chloro-2-methoxy-5-(1-
methylcyclopropyl)aniline in MeOH at room temperature followed by stirring at room 
temperature for 2 h.  Sodium cyanoborohydride was added followed by stirring at 50°C 
for 16 h. After cooling to room temperature, the mixture was partitioned in ethyl acetate 
and water. The organic layer was dried over MgSO4, filtered, and concentrated in vacuo 
to produce ethyl 2-((4-chloro-2-methoxy-5-(1-methylcyclopropyl)phenyl)amino)acetate:. 

LiOH.H2O was added to a solution of ethyl 2-((4-chloro-2-methoxy-5-(1-
methylcyclopropyl) phenyl)amino)acetate in THF and water and stirred at room 
temperature for 2 h. The mixture was washed with ethyl acetate/petroleum ether. The 
aqueous layer was acidified with aqueous HCl to adjust pH to 3-4 and extracted with 
ethyl acetate. The organic layer was dried over MgSO4, filtered and concentrated in 
vacuo to yield 2-((4-Chloro-2-methoxy-5-(1-methylcyclopropyl)phenyl)amino)acetic 
acid. 

BOP and DIEA were added to a solution of 2-((4-chloro-2-methoxy-5-(1-
methylcyclopropyl)phenyl)amino)acetic acid and tert-butyl 3-(piperazin-1-yl)azetidine-1-
carboxylate in DMF and stirred at room temperature for 1 h. The mixture was partitioned 
in ethyl acetate and water and the organic layer was washed with brine, dried over 
MgSO4, filtered and concentrated in vacuo to generate tert-Butyl 3-(4-(2-((4-chloro-2-
methoxy-5-(1-methylcyclopropyl)phenyl)amino)acetyl)pi-perazin-1-yl)azetidine-1-
carboxylate. 

A mixture of tert-butyl 3-(4-(2-((4-chloro-2-methoxy-5-(1-methylcyclopropyl)phenyl) 
amino)acetyl)piperazin-1-yl)azetidine-1-car-boxylate in HCl-MeOH was stirred at room 
temperature for 1 h. It was then concentrated in vacuo and the product was mixed for 5 
min with Et3N in DCM followed by addition of DMF and acryloyl chloride. The mixture 
was stirred at room temperature for 1 h, poured into water and then extracted with 
MeOH/DCM. The organic layer was washed with brine, dried over Na2SO4, 
concentrated and purified by flash column chromatography on silica gel 
(DCM:MeOH:NH3.H2O 50:1:0.1 to 20:1:0.2) to generate 1-(3-(4-(2-((4-Chloro-2-
hydroxy-5-(1-methylcyclopropyl)phenyl)amino)acetyl)piperazin-1-yl)azetidin-1-yl)prop-
2-en-1-one (ARS-853). 
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Fig. S1. 
ARS853 is an allele-specific inhibitor of KRASG12C. (A) The structure of ARS853 and 
those of previously reported cmpd 6 and cmpd 12.  (B) H358 cells treated as shown were 
evaluated by western blotting to determine the effect on ERK signaling. (C) KRASG12C 
mutant (H358, H23), KRASG12S (A549) or KRASWT (HEK293) cell lines were treated 
with increasing concentrations of ARS853 to determine the effect on the signaling 
intermediates shown. (D) HEK293 cells were stably transfected with HA-tagged KRAS 
constructs followed by treatment with ARS853 (10 μM) for 5h. Cell extracts were 
subjected to a RBD pull-down assay followed by immunoblotting with HA or KRAS-
specific antibodies to determine the levels of GTP-bound exogenous KRASG12C (anti-
HA) or endogenous KRASWT (anti-KRAS, lower band). (E) HEK293 cells stably 
expressing WT, G12C or G12V mutant KRAS were treated and evaluated as in D. In 
addition they were subjected to an immunoprecipitation reaction with a HA-specific 
antibody followed by immunoblotting for BRAF to determine the effect on KRAS-BRAF 
interaction. The effect on ERK phosphorylation is also shown. 
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Fig. S2 
ARS853 inhibits proliferation in several KRASG12C mutant lung cancer cells. The 
indicated cell lines were grown in the presence or absence of ARS853 (10 µM). The 
number of viable cells was determined using the ATP glow assay (n = 3, mean and s.e.m 
is shown). A549 cells harbor a KRASG12S mutation, HEK293 cells harbor KRASWT 

alleles and the rest of the cell lines harbor a KRASG12C mutation. 
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Fig. S3 
Inhibition of effector signaling by ARS853 occurs progressively over time. The 
indicated KRASG12C cell lines were treated with ARS853 (10 µM) over the times shown 
to determine the effect on ERK and AKT signaling intermediates. Note the progressive 
inhibition of CRAF phosphorylation at S338, a site reported to be a marker of 
RAS-dependent RAF activation (36). This correlates with the changes in KRAS-GTP 
observed in Fig. 2a. The reactivation of ERK or RSK phosphorylation that occurs 
over time in some cell lines is likely due to compensatory changes in feedback factors. 
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Fig. S4 
ARS853 interacts preferentially with GDP-bound KRASG12C. (A) Recombinant 
KRAS proteins were loaded with GDP or GTPγS followed by an RBD:PD assay to 
determine the effect of nucleotide loading on the level of active KRAS. (B, C) The 
indicated KRAS variants loaded with GDP were reacted with ARS853 and subjected to 
differential scanning fluorimetry to determine the effect of ARS853 on the thermal 
denaturation of KRAS (n=4, mean +/- s.e.m.). 
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Fig. S5 
Impairing the GTPase activity of KRASG12C attenuates the effect of ARS853. (A) 
Schematic of KRAS mutations found in cancer patients including those used to disrupt or 
modulate the nucleotide cycle of KRASG12C. The data were obtained from the ‘cBioportal 
for cancer genomics’ database. (B) H358 cells expressing the constructs shown were 
treated with ARS853 for 5h and evaluated by the RBD:PD assay to determine the effect 
on GTP-bound KRASG12C. (C) The crystal structure of the HRAS A59G mutant (PDB 
1lf0) superimposed to the GDP- (PDB 4q21) or GTP- (PDB 4p21) bound structures of 
HRASWT. Arrows designate the displacement of Q61 from the γ-phosphate in the A59G 
mutant. On the top are shown the orientations of the catalytic Q61 residue in wild type 
(WT) RAS bound to GTP or GDP as well as its orientation in the A59G mutant bound to 
GTP. The role of Q61 is to coordinate the water molecule involved in the nucleophilic 
attack of the γ phosphate of GTP. (D) HEK293 cells were transfected with the indicated 
constructs and analyzed as in C. A representative of two independent experiments is 
shown. 
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Fig. S6 
KRASG12C inhibition depends on nucleotide exchange activity. (A) The crystal 
structure of nucleotide-free HRAS in complex with SOS (PDB 1bkd). The switch II 
residue Y64, makes a key hydrophobic interaction with the catalytic (cat) core of SOS. 
The Y64A mutant has decreased GTPase activity and impaired interaction with SOCcat. 
The switch I residues Y32 and Y40 are involved in a polar interaction with SOS. 
Mutations at these residues, i.e. Y32S and Y40A, respectively decrease or increase 
nucleotide exchange by RAS. Mutations in the two additional residues shown, i.e. N116H 
and A146V, increase the nucleotide exchange of RAS. (B) The KRAS mutants were 
expressed in HEK293 cells, affinity purified with an anti-HA antibody and then subjected 
to a GTPase reaction as in Fig. 3B (n=3, mean +/- s.e.m.). (C) The KRAS constructs 
were expressed in HEK293 cells and immunoprecipitation with an anti-HA antibody, 
followed by a binding assay with purified SOScat. A representative of two independent 
experiments is shown. (D) HEK293 cells expressing the indicated constructs were treated 
with ARS853 for 5h and evaluated to determine the effect on the levels of mutant KRAS-
GTP. A representative of three independent experiments is shown. (E) Recombinant 
KRASG12C was subjected to a nucleotide exchange reaction in the presence of SOS as 
indicated. (F, G) H358 (F) or HEK293 (G) cells expressing the indicated mutants were 
assayed as in D. 

11 
 



 
 

 

Fig. S7 
Nucleotide exchange activity impedes inhibition of KRASG12C by ARS853. (A) Serum 
deprived KRASG12C mutant cells were treated with ARS853 with or without EGF to 
determine the effect on the level of GTP-bound KRAS. (B, C) H358 (B) or H2122 (C) 
cells were treated as shown to determine if EGFR inhibition affects the timing of 
KRASG12C inhibition by ARS853. (D) The indicated cells were transfected with control 
or SOS1-specific siRNAs. Four days later they were treated with ARS853 to determine 
the effect on the inhibition of KRASG12C. (E) HA-tagged KRASG12C was expressed at a 
low level in PC9 lung cancer cells (EGFRΔex19). Transfected cells were treated with 
ARS853 in the presence or absence of the EGFR inhibitor gefitinib. The levels of active 
KRASG12C-GTP were determined as above. (F) KRASG12C-mutant Calu1 (heterozygous) 
and H2122 (homozygous) cells were treated with ARS853 in the presence or absence of 
gefitinib (1 μM) and analyzed to determine the effect on KRAS-GTP and ERK signaling.  
(G, H) H358 cells were pre-treated with inhibitors of ERK (SCH984), AKT (MK2206) 
or mTOR (AZD8055) kinases followed by treatment with ARS853 to determine the 
effect on CRAF and MEK phosphorylation. The phosphorylation of RSK, AKT, and 
4EBP indicates effective inhibition of ERK, AKT, or mTOR, respectively. (I) H2122 
cells were treated with increasing concentrations of ARS853 (μM), alone or combination 
with gefitinib. Cell extracts were subjected to a caspase activation assay. 
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