Supplemental Figure 1: Structures of SMAPs .
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Supplemental Figure 2: SMAPs decrease cell viability and induce apoptosis in KRAS mutant lung cancer cells. A, Cell proliferation assay (CyQuant)
in A549, H441, H358, H23, and CALU-1 treated with 20uM SMAP for 24 hours. B, Annexin V staining of lung cancer cell lines treated with SMAP
(20uM), ZVAD (100uM), and combination of ZVAD with SMAP for 24 hours. C, Clonogenic assay of KRAS mutant cell lines (A549, H441, H358, H23,
CALU-1) treated with 10uM SMAP for three weeks. D, Western blots for cleaved PARP, pERK, and ERK normalized to GAPDH in KRAS mutant cell
lines treated with 20uM of SMAP for 24 hours. Data are means * SD of three experiments. *P < 0.05, **P < 0.01, ***P < 0.001 by Student’s t test.
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Supplemental Figure 3: SMAPs decrease cell viability, induce apoptosis, and inhibits downstream signaling in KRAS mutant lung cancer cells. A,
Cell proliferation assay in A549, H441, H358, H23, and CALU-1 treated with 20uM SMAP?2 for 24 hours. B, Annexin V staining of lung cancer cell lines
treated with SMAP2 (20uM), ZVAD (100uM), and combination of ZVAD with SMAP2 for 24 hours. C, Clonogenic assay of KRAS mutant cell lines
(A549, H441, H358, H23, CALU-1) treated with 10uM SMAP2 for three weeks. D, Western blots for cleaved PARP, pERK, and ERK normalized to
GAPDH in KRAS mutant cell lines treated with 20puM of SMAP2 for 24 hours. Data are means + SEM of three experiments. *P < 0.05, **P < 0.01, ***P
< 0.001 by Student’s ¢ test.
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Supplemental Figure 4: A, Western blots for p-ERK, ERK, and GAPDH in H358 xenograft treated with SMAP. B, Western blots for p-ERK, ERK, and
GAPDH in A549, H441, H358 xenograft models treated with SMAP2. C, Western blot for anti-SV40 T antigen, pERK, ERK, and GAPDH in H358

Control and H358 ST xenograft model. Each lane corresponds to different animal.
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Supplemental Figure 5: Mouse body weights over period of three to four weeks in A, H358 xenograft B, KRAS PDX C, A549 xenograft model D,
H441 xenograft model E, H358 xenograft model F, KRAS*? transgenic mouse model. Data are means + SEM.
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Supplemental Figure 6: SMAPs promote tumor growth inhibition and inhibits MAPK signaling in vivo in xenograft models. A, 1x107 H358 cells were
subcutaneously injected into nude mice and grew to an average of 100 mm?®. Mice were treated with vehicle control (n=10), combination of 6mg/kg
MK2206 and 24mg/kg AZD6244 (n=9), or 100mg/kg SMAP2 (n=9) BID for four weeks. Tumor volume over course of treatment. . B, Tumors were
evaluated by sacrificing the mice two hours after final treatment. Representative TUNEL staining (Scale bar: 50pM) and pERK IHC (Scale bar: 20uM)
of treated-tumors. C, Quantification of the TUNEL positivity in tumors treated. D, Quantification of the pERK level in the xenograft tumors as performed
by immunoblotting and densitometry. E, 5x10° A549 cells were subcutaneously injected into nude mice and grew to an average of 100 mm?®. Mice
were treated with vehicle control (n=6), combination of 6mg/kg MK2206 and 24mg/kg AZD6244 (n=8), or 100mg/kg SMAP2 (n=8) BID for four weeks.
Tumor volume over course of treatment. F, Tumors were evaluated by sacrificing the mice two hours after final treatment. Representative TUNEL
staining (Scale bar: 50pM) and pERK IHC (Scale bar: 20uM) of treated-tumors. G, Quantification of the TUNEL positivity in tumors treated. H, Quanti-
fication of the pERK levels in the xenograft tumors as performed by immunoblotting and densitometry. I, 5x10° H441 cells were subcutaneously
injected into nude mice and allowed to grow to an average of 100 mm?. Mice were treated with vehicle control (n=10), combination of 6mg/kg MK2206
and 24mg/kg AZD6244 (n=9), or 100mg/kg SMAP2 (n=10) BID for our weeks. Tumor volume over course of treatment. J, Tumors were evaluated by
sacrificing the mice two hours after final treatment. Representative TUNEL staining (Scale bar: 50uM) and pERK IHC (Scale bar: 20uM) of treated-tu-
mors. K, Quantification of the TUNEL positivity in tumors treated. L, Quantification of the pERK levels in the xenograft tumors as performed by
immunoblotting and densitometry. Data are means + SEM *P < 0.05, **P < 0.01, ***P < 0.001 by Student’s t test.
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Supplemental Figure 7: Equilibrium dialysis for SMAP binding. A, Saturation curve for [3H]-SMAP. PP2A-Aa subunit was titrated with increasing
concentration of drug to determine the Kd and binding max of [3H]-SMAP. Values corrected for background and plotted against drug concentration.
B, Competition of SMAPs with [3H]-SMAP. Pre-incubation of the Aa subunit with [3H]-SMAP was followed by subsequent addition of increasing
amounts of different SMAPs (0.5, 2.5 and 5 pM) to test the ability to reduce the amount of drug bound.. The specific binding is plotted, determined by
subtracting the residual binding at the highest concentration of SMAP2. These results show that different SMAPs can compete the interaction of
[3H]-SMAP with PP2A.Data are means + SD for triplicate experiments.
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Supplemental Figure 8: MS/MS spectrum of tryptic peptide 184-AAASKLGEFAKVLELDNVK-202 photo cross-linked to a drug compound TRC-453
that contains a photoactivatable nitrene (C23H22CIN302S). The triply protonated ion (m/z 814.41) was selected as a precursor. The b- and y- ions
labeled as b*n and y*n ions, respectively, have a TRC-453 tag (439.11 Da) attached.
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Supplemental Figure 9: Nano- LC-MS analysis of tryptic digest of PP2A and its cross-linked product to TRC-453 drug compound that contains
photoactivabale nitrene.A, Selected ion chromatogram of the triply protonated ion (m/z 814.41) of the tryptic peptide 184-AAASKLGEFAKVLELDN-
VK-202 photo cross-linked to a TRC-453 derived from PAL (+drug/+UV), the negative control (-drug/-UV) and the positive control (+drug/-UV) experi-
ments. B, Isotopic distribution of the 3+ and 4+ -charged ions of the tryptic peptide 184-202 photo cross-linked to TRC-453 drug.
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Supplemental Figure 10: Assay of PP2A with peptide substrate. A) and C) PP2A AC dimer and B) and D) recombinant AB56C trimer assembled
from purified recombinant subunits were assayed for phosphatase activity using the ProFluor Ser/Thr R110 substrate system. The PP2A were
assayed over a range of 0 to 100 ng to demonstrate a linear response range and 15 ng of AC and 10 ng AB56C were used to test for effects of
compounds that were included at the indicated final concentrations (0.1 to 20 pM). Activities are plotted as the percent change to control. TRC-766 is
an inactive compound, SMAP is the lead compound. A),B) The R110 phosphopeptide reactions show dose-dependent increase in phosphatase
activity, C),D) compared to no change in reaction with the control AMC substrate peptide. Assays were completed in triplicate with calculation of the
mean and SE, shown by the error bars. *P < 0.05, **P < 0.01, ***P < 0.001.
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Supplemental Figure 11: Mutations at the drug-binding site of PP2A decrease sensitivity to SMAPs. Al Real-time PCR analysis validates the overex-
pression of PP2A-Aa in the isogenic H358 cell lines. BCMTT assay over five days shows that the different isogenic cell lines overexpressing PP2A-A
a preserve their cell growth potential at a comparable level to the parental cell line (EGFP control). CI Phosphatase activity assay of PP2A-AC contain-
ing PP2A-Aa wt or mutations at the putative drug-binding site. Assay buffer was 50 mM MOPS, pH 7.5, 100 mM NacCl, 0.1% 2-ME, 10 mM MgSO4
and 1 mM MnCI2. DiFMUP (6,8-Difluoro-4-Methylumbelliferyl Phosphate) was added to a final concentration of 100 upM to 1 nM PP2A at 25 °C and
activity was calculated from fluorescence measured at 358/455 nm with plate reader. DI Pull down of regulatory subunit B56 shows that the different
mutants PP2A-Aa retain their ability to form holoenzymes. El Western blot analysis confirms the overexpression of V5-tagged wild type and mutant
PP2A- Aa at a translational level. F, The densitometry results depict the averages of three independent experiments + SD. *P < 0.05, **P < 0.01, ***P
< 0.001 by Student's t test.
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Supplemental Figure 12: SMAPs activate the protein phosphatase PP2A in tumors. Male nude mice were subcutaneously injected (1x107 cells per
injection) in the right flank with the different isogenic cell lines (control WT, putative drug binding mutant E197K, and putative drug binding mutant
L198V). Once the tumors reached a volume of 100 mm?, the mice were randomly enrolled with vehicle control (n=8 for WT, n=8 for E197K, n=9 for
L198V), combination of 6mg/kg MK2206 and 24mg/kg AZD6244 (n=9 for WT, n=9 for E197K, n=9 for L198V), or 5mg/kg SMAP (n=9 for WT, n=8 for
E197K, n=8 for 198V) BID for four weeks. A, Mouse tumor volume for control WT expressing H358 xenograft over course of treatment. Tumor volume
over course of treatment. B, Tumors were evaluated by sacrificing the mice two hours after final treatment. Representative TUNEL staining and pERK
IHC of treated-tumors. Scale bar: 20uM. C, Quantification of the TUNEL positivity in tumors treated. D, Quantification of the pERK levels in the
xenograft tumors as performed by immunoblotting and densitometry. E, Mouse tumor volume for drug binding mutant E197K expressing H358
xenograft over course of treatment. Tumor volume over course of treatment. F, Tumors were evaluated by sacrificing the mice two hours after final
treatment. Representative TUNEL staining and pERK IHC of treated-tumors. Scale bar: 20uM. G, Quantification of the TUNEL positivity in tumors
treated. H, Quantification of the pERK levels in the xenograft tumors as performed by immunoblotting and densitometry. I, Mouse tumor volume for
drug binding mutant L198V expressing H358 xenograft over course of treatment. Tumor volume over course of treatment. J, Tumors were evaluated
by sacrificing the mice two hours after final treatment. Representative TUNEL staining and pERK IHC of treated-tumors. Scale bar: 20pM. K, Quantifi-
cation of the TUNEL positivity in tumors treated. L, Quantification of the pERK levels in the xenograft tumors as performed by immunoblotting and
densitometry. Data are means + SEM. *P < 0.05, **P < 0.01, **P < 0.001 by Student’s f test.
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Supplemental Figure 13: Western blots for pERK, ERK, and GAPDH in A, control EGFP B, putative drug binding mutant K194R C, control WT D,
putative drug binding mutant E197K and E, putative drug bindng mutant L198V expressing H358 xenograft treated with vehicle control, combination
of MK2206 (6mg/kg) and AZD6244 (24mg/kg), or SMAP (5mg/kg). Each lane corresponds to different animal.



Table:

Hepatocyte Clearance
[m, h] (L/hr/kg)

PXR Activation @ 3 uM
(% Rifampin)

Mouse PK (Dose, AUC, F%)

SMAP

1.10, 0.41

12%

60 mg/kg, 57 hr-ug/mL, 94%

Supplementary Table 1. Mouse pharmacokinetic data for SMAP

Control SMAP
600mg/kg
Albumin 3.1+£0.10 2.8+0.16
(g/dL)
Total Protein 5.2+ 0.08 4.7+0.18
(g/dL)
Total Bilirubin 0.12 + 0.04 0.05 £ 0.06
(mg/dL)
Creatinine 0.10 £ 0.05 0.06 = 0.06
(mg/dL)
ALT (U/L) 109 £ 179 80175
AST (U/L) 100 £ 54 82 + 23
Glucose 149+ 7.7 169 + 25
(mg/dL)
Cholesterol 133+ 14 123+ 20
(mg/dL)
SDH (U/L) 38+ 13 40 + 12
Male CD-1 Mice (N=6 per group) were dosed once daily PO
at the indicated dosages for seven days. Shown are mean
* standard deviations.
* No statistically significant difference was found between
the control and SMAP treatment

Supplementary Table 2. Comparison of the effects of SMAPs on selected clinical chemistry parameters
in male mice. In a 7-day mouse study using SMAPs with doses up to 600mg/kg once daily, there were no
noticeable changes in behavior, food consumption or body weight gain. There were no gross findings

noted at necropsy. Histologically, there were no microscopic findings noticed in the liver and the
associated clinical chemistry profile showed no changes in total protein (both albumin and globulin
fractions), bilirubin, creatinine, glucose, cholesterol, ALT, AST and SDH.




Dose SMAP
(mg/kg) Cmax AUCo-24
(ng/ml) (ng*hr/ml)
15 1,500 17,000
60 5,300 55,000
75 6,900 126,000
150 9,100 156,000
300 11,000 203,000
600 9,100 177,000

(note, C24 remained high for compound at the highest dosages)

Supplementary Table 3. Mouse plasma exposure after single oral doses. Single dose pharmacokinetic
study was run in mice to estimate systemic exposure in pharmacology and toxicology studies. Dose
dependent exposures were seen after oral dosing as a solution in PEG400:EtOH:VitE-TPGS (85/5/10 v/v).



Peptide Sequence, Modified Protection | Protection Protection
Ao subunit Residues factor, factor, factor,
Kwi/KLi-smap | Kwt/KLismarz | Kwi/KLi-smap3

[11-16] YPIAVL Y11 5.1 5.8 7.3
[30-39] NSIKKLSTIA K33 & K34 11.8 10 10
[52-57] LPFLTD F54 5.4 4.1 3.4
[80-85] VGGPEY Y85 6.6 7.0 7.2
[80-95] VGGPEYVHCLLPPLES H87 2.6 4.2 2.9
C88 1.8 1.7 1.4

P91 1.7 2.7 2.0

[80-96] VGGPEYVHCLLPPLESL Y85 6.8 6.9 7.3
H87 2.4 4.4 3.1

C88 1.8 1.8 1.7

P91 & L93 2.1 2.3 2.1

[113-124] RAISHEHSPSDL H117 2.3 0.7 1.4
P121 2.9 2.9 2.8

[127-140] HFVPLVKRLAGGDW H127 2.7 3.0 4.2
[134-144] RLAGGDWFTSR W140 2.3 3.8 4.0
[141-151] FTSRTSACGLF F141 3.9 25 2.7
C148 1.8 2.4 1.6

[169-189] | YFRNLCSDDTPMVRRAAASKL M180 6.0 2.1 2.0
[170-186] FRNLCSDDTPMVRRAAA M180 6.8 2.0 2.0
[192-198] FAKVLEL K194 17.3 14.6 11.7
E197 23.3 22.4 16

L198 17.6 5.5 3.9

[198-209] LDNVKSEIIPMF K202 0.9 1.0 0.9
M208 2.8 1.3 25

F209 1.1 1.1 1.1

[199-209] DNVKSEIIPMF M208 3.3 1.7 2.7
F209 0.9 1.0 1.2

[213-222] ASDEQDSVRL E216 22.3 7.5 7.0
[231-240] IAQLLPQEDL E238 4.3 4.3 3.6
[243-248] LVMPTL M245 3.5 2.1 4.1
[246-256] PTLRQAAEDKS E253 & K255 14.2 12.6 7.3
[262-267] MVADKF M262 4.9 2.8 3.4
[267-272] FTELQK F267 7.9 7.8 4.6
K272 7.0 6.6 7.0

[271-279] QKAVGPEIT P276 11.2 6.8 7.9
[271-290] QKAVGPEITKTDLVPAFQNL K280 5.6 5.8 55
L283 2.7 7.6 4.7

P285 4.9 9.1 5.6

[291-308] MKDCEAEVRAAASHKVKE M291 4.0 1.4 2.3
[316-323] DCRENVIM M323 8.2 1.8 2.0
[324-332] TQILPCIKE C329 9.9 3.5 1.5
[333-345] LVSDANQHVKSAL N338 & Q339 4.9 3.0 1.7
[346-353] ASVIMGLS M350 7.3 3.1 2.6
[357-369] GKDNTIEHLLPLF K358 8.0 4.1 3.2
P367 6.3 6.9 8.0
[359-374] DNTIEHLLPLFLAQLK 1362 9.0 11.7 10.3
H364 2.6 2.2 2.8

L366 10.8 3.3 3.4




P367 8.2 7.3 7.7
K374 11.8 5.3 5.1

[362-370] IEHLLPLFL H364 2.1 2.4 2.9
L366 9.5 3.2 3.3

P367 6.4 7.0 8.2

[364-370] HLLPLFL H364 2.3 2.3 3.0
L366 8.1 2.9 3.4

[370-382] LAQLKDECPEVRL K374 13.9 5.0 5.3
E376 5.0 1.8 2.5

C377 1.4 15 1.1

[371-382] AQLKDECPEVRL K374 13.7 55 6.3
E376 5.1 1.9 2.9

c377 1.7 1.4 0.9

[389-396] DCVNEVIG C390 4.3 1.8 16
[397-405] IRQLSQSLL 1397 11 3.2 3.0
[411-417] LAEDAKW K416 3.9 2.1 2.1
[411-421] LAEDAKWRVRL K416 4.0 2.2 1.9
w417 3.9 0.9 1.0

L421 1.4 1.3 1.4

[426-430] YMPLL Y426 1.9 2.0 1.9
[461-476] AATSNLKKLVEKFGKE K467 & K468 26.3 7.1 6.1
[477-488] WAHATIIPKVLA W477 47 2.8 3.0
H479 15 2.4 3.2

[481-488] TIIPKVLA P484 13.2 8.9 8.1
K485 15.5 9.1 10.5

L487 7.1 7.0 6.4

[488-502] AMSGDPNYLHRMTTL M489 2.4 2.0 1.8
[489-502] MSGDPNYLHRMTTL M489 2.7 2.2 2.4
M499 1.6 0.8 0.7

[516-526] ITTKHMLPTVL K519 5.6 6.6 6.3
H520 5.8 5.0 5.8

M521 2.8 1.0 1.2

[539-551] NVAKSLQKIGPIL K546 52 3.7 5.3
P549 8.2 6.5 6.1
1550 6.8 10.3 10.5

[539-556] NVAKSLQKIGPILDNSTL P549 9.4 7.1 6.8
1550 7.1 13.3 12.0

D552 3.7 6.2 45

[557-564] QSEVKPIL K561 8.6 7.0 6.4
P562 13.1 3.8 2.3
[564-574] LEKLTQDQDVD K566 14.7 16.7 20.8
[565-577] EKLTQDQDVDVKY Q571 13.0 5.7 55
V573 & Y577 38.5 13.5 12.0

[567-576] LTQDQDVDVK L567 1.2 45 2.9
Q571 18.3 6.2 5.9

V573 29.8 10.0 7.5

Supplementary Table 4: Changes in modification rates for the oxidation of specific probes (protection
factors) in the A-subunit of PP2A-AC in response to SMAP, SMAP2, and SMAP3 binding to PP2A-AC.




