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Figure S1, related to Figure 3. A. Activation inhibition analysis of Erl®* in the presence of
inhibitor 2 or SB203580. The samples were run on a gel caélstRtiosTag-acrylamide to
separate phospho-isoforms, and the blot was preftadabbita-pp-Erk2 (Santa Cruz
Biotechnology) and mouseHiss (Abm). B. Activation inhibition analysis of pa8n the
presence of inhibitot or SB203580. The samples were run on a gel calstRiiosTag-
acrylamide to separate phospho-isoforms, and thtenl@s probed with rabbit-pp-p38: (Cell
Signaling) and mouse-Hiss (Abm).
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Figure S2, related to Figure 5. A. Superimposed structures®bound Erk85? (gray and
yellow) and Src bound to an analoguedmagenta) (PDB ID: 4DGG). The residues which
form a salt bridge in the active conformation aeresented in stick form. B. Superimposed
structures o8-bound Erk2%? (gray with helixaC in blue and C-terminal extension in yellow)
and cyclin-bound Cdk2 (helixC in orange and cyclin in green) (PDB ID: 1FIN).
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Figure S3, related to Figure 7. A. Increase in catalytic activity of DUSP6 uporddidn of

either Erk2 wild-type or inhibitor-sensitive mutanThe substrate used was 4-
methylumbelliferyl phosphate (4-MUP). Backgroundtaction was performed using samples
without kinase or DUSP6. B. Inhibition of Erk2-matid DUSP6 activation. Ligan@s3, or
SB203580 were titrated into unphosphorylated Erk&-type or inhibitor-sensitive mutants.
DUSP6 was then added to the reaction, followedugsate 4-MUP. The phosphatase reaction
was followed by fluorescence. The data were theto f curve, using zero inhibitor (DMSO) as
the minimum possible level of inhibition and no Ew&ks the maximum. The BQvalues for
ligand2 were determined to be 230 + 10 nM and 200 + 10for\2 against Erk2°! and Erk2%?



respectively. Partial inhibition (~30%) was obseffer ligand3. C. Kinetics of the
DUSP6/Erk®>! complex with different inhibitors. K4-MUP] values were determined to be
670 = 70 uM and 890 £ 100 uM for the apo @dgound complexes, respectively. D. Structural
alignment of Erk2 in the DFG-in (green, PDB ID: IleRand DFG-out (cyan, PDB ID: 415H)
conformations with residues forming the substratelihg domain shown as sticks in yellow and
salmon, respectively. Error bars represent stanelaiod of the mean (SEM) for three replicate
measurements.

SUPPLEMENTAL TABLES

A.
1 2 SB302580

Ki (M) 6.4+1.6 <2 28+7

ECo(NM) 7.4+0.9  30+20 >10000
B.

2 SB203580 3
Ki(nM)  ECg (nM) Ki(nM)  ECs(nM)  Ki(nM)  ECs (nM)

Erk2VT >10000 5000+800  >10000 >10000 >10000 390 + 40
Erk®St  4.7+0.3 42 + 4 98+1.1 <30 N/D N/D
Erk2PS? <2 N/D <2 N/D 133+ 6 840 + 30

Table S1, related to Figure 3. A. Enzymatic inhibition (K) and activation inhibition (Efg) of
p38& using the ligands shown in Figure 2B.Wlues forl and2 were reported earli¢rECso
values forl and SB203580 were determined by the present au#soa confirmation of data
originally reported elsewhefeB. Enzymatic inhibition (K and activation inhibition (E£) of
Erk2"T, Erk2®!, and Erk2? by inhibitors2, 3, and SB203580. /alues for2 were previously
reported: Anhibition of only 30% at saturating inhibitor camtrations. As ligan8 does not
inhibit Erk2"T (K; >10,000 nM), the E& value shown is due to direct inhibition of MEK2.
Because inhibitoB more potently inhibits the phosphorylation of EY® activation loop (EG
= 390 nM) compared to Erk%?s activation loop (E = 840 nM), the observed inhibitory
effect is most likely due to direct inhibition of K2 rather than through this inhibitor’s
interaction with the drug-sensitized Erk2 mutanDNhot determined.

Data collection?

Space group P1

Unit cell dimensions a=46.09 A, b=57.63A, 6800 A
a = 86.57° = 88.98°yy = 81.05°

Wavelength (A) 0.97950

Resolution (A) 67.88 — 2.20 (2.32 — 2.20)

Unique reflections 27949 (4179)

Rpim 0.099 (0462)

Mean li6(1) 4.2 (1.5)

Completeness 79.8 (82.1)



Multiplicity 1.8 (1.8)
Wilson B-factor (X) 35

Refinement

Resolution (A) 2.20
Reflections (working set) 26534
Reflections (test set) 1399
Rwork/ Rfree 0.221 / 0.253
Protein atoms 5512
Inhibitor atoms 64

Water molecules 83

Other atoms 0

A: 8-13, 14-24, 25-34, 35-59, 60-74, 75-91,
92-97, 98-107, 108-158, 159-173, 174-187,
188-198, 199-205, 206-223, 224-274, 275-
311, 312-328, 329-338, 339-346, 347-356

TLS groups B: 8-34, 35-59, 60-75, 76-92, 93-97, 98-116,
117-122, 123-168, 169-174, 187-198, 199-
204, 205-215, 216-248, 249-261, 262-272,
273-285, 286-310, 311-328, 329-339, 340-
356

RMSD bond length ()  0.006

RMSD bond angles (°) 1.031

Ramachandran statistics

In prefered regions 94.6%
In allowed regions 4.2%
Outliers 1.2%

&/alues in parentheses are for highest resolutiefi sh
Table S2, related to Figure 5. Data collection and structure refinement summary

ECso (M)
1 2 3 SB302580
Erk2VT N/D >10000 >10000 >10000
Erk2°%2 N/D <20 (45%) 72 +6 (-41%) < 20 (-21%)
p3&u 25 + 7 (76%) N/D N/D 190 + 40 (-46%)

Table S3, related to Figure 6. Phosphatase inhibition of Erk2 and p3#ing the ligands shown
in Figure 2B. Values in parentheses indicate avephgteau levels. N/D: not determined.

SUPPLEMENTAL METHODS

Small molecule synthesis



General procedures. Kinases foiin vitro experiments were expressed and purified as
described. SB203580vas purchased from LC Laboratories. Ligafitiand2* were made as
described. All other reagents were purchased fremneercial suppliers and used without
further purification.

Synthesis of ligand 3. Unless otherwise noted, all reagents were obtdnmoad commercial
suppliers and used without further purification. RMpectra were obtained on a Bruker AV-300
or -301 instrument at room temperature. Chemiciftissire reported in ppm and coupling
constants in Hz. Mass spectra were obtained omkeBEsquire lon Trap instrument.

o

Br

6-br omo-8-methylquinolin-2(1H)-one was made as describéd.

2-(benzyloxy)-6-bromo-8-methylquinoline: 6-bromo-8-methylquinolin-2{)-one (200 mg,
0.84 mmol), benzyl bromide (836 mg, 4.80 mmol), &gdCO; (323 mg, 1.17 mmol) dissolved
in dichloromethane (5 mL) were stirred at room temagure for 2 d. The reaction was then
filtered through a bed of celite-545 powder thasweashed with ethyl acetate (10 mL). The
crude reaction mixture was subjected to flash clatography using an EtOAc/hexanes solvent
gradient.'H NMR (300 MHz, CDC}) 6 7.86 (d,J = 8.7 Hz, 1H), 7.70 (d] = 2.1 Hz, 1H), 7.59 —
7.50 (m, 3H), 7.42 —7.29 (m, 3H), 6.95 J& 8.9 Hz, 1H), 5.55 (s, 2H), 2.68 (s, 3H); MS m/z
(C17H14BrNO) calc’'d = 327.0, observed: [M+HB28.4, 330.2 (Br doublet).



[A] 2-(benzyloxy)-8-methyl-6-(4,4,5,5-tetramethyl-1,3,2-dioxabor olan-2-yl)quinoline: This
was made as describfgdor the synthesis of “4¢”) using 2-(benzyloxy)séemo-8-methyl-1,2-
dihydroquinoline (23 mg, 0.07 mmol) as the halitietsng material. The product was further
purified by flash chromatography (0 — 90% EtOAc:Hék NMR (300 MHz, CDC}) 6 8.09 (s,
1H), 7.98 (dJ = 8.9 Hz, 1H), 7.89 (s, 1H), 7.54 @z 7.4 Hz, 2H), 7.46-7.24 (m, 3H), 6.92 (,
= 8.7 Hz, 1H), 5.57 (s, 2H), 2.71 (s, 3H), 1.381&); MS m/z (GsH26BNO3) calc’'d = 375.2,
observed: [M+H] 376.6 and [M+N&]398.5.

[B] 3-iodo-1-isopropyl-1H-pyrazolo[3,4-d]pyrimidin-4-amine was made as describgd.

[3] 3-(2-(benzyloxy)-8-methylquinolin-6-yl)-1-isopropyl-1H-pyrazol o[ 3,4-d] pyrimidin-4-
amine: This was made as descriiétiGeneral Suzuki coupling procedure” with RP-HPLC)
usingA (12 mg, 0.032 mmol) an8 (9.7 mg, 0.032 mmol) as boronic ester and halide,



respectively, for a yield of 3.46 mg (25%)H NMR (300 MHz, CDCJ) & 8.24 (s, 1H), 8.05 (d
= 8.8 Hz, 1H), 7.83 (s, 1H), 7.75 (s, 1H), 7.56)¢, 7.2 Hz, 2H), 7.47 — 7.32 (m, 3H), 7.07 {d,
= 8.8 Hz, 1H), 6.31 (s, 1H), 5.61 (s, 2H), 5.29.£25(m, 1H), 2.80 (s, 3H), 1.66 (@= 6.8 Hz,
6H); MS m/z (GsH24N6O) calc’d = 424.2, observed: [M+H}25.3.
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Cloning and expression
MAPKsand MEKs. All MAPKs and MEKSs used foin vitro assays were expressed and
purified as described previously.

eGFP-tagged kinases. The expression vector pcDNA-eGFP (#13031) was nbthihrough
Addgene. A cassette containing an Sspl site, lirdked ligation-independent cloning sites was
inserted after the eGFP gene using site-directedgenesid.An Sspl site found elsewhere in
the vector was removed by site-directed mutagen€besfinal vector was named pcEGFP-LIC.
Genes coding ErRY" and Erk2°* were cloned into this vector using the ligatiodependent
cloning procedure described by Donnelly €t al.

DUSP6. Human DUSP6 (Addgene) was cloned into pMCSG7 (Vhriadly) and expressed and
purified with the same protocol used for kinases.

DUSP10. Human DUSP10 (Open Biosystems) was cloned into [rEACand expressed using
the 1-Step Humam Vitro Protein Expression Kit (Pierce) according to trenofacturer’s
instructions.

Crystallography

Erk2°>?was prepared as described previoddjnase was incubated with inhibit8r(final 1

mM in 5% DMSO) for 30 min at room temperature apdtdfuged before setting up
crystallization trials. Sparse-matrix screens WizlalvV (Emerald Biosciences) were used to find
a condition that yielded plate crystals (0.1 M CH&$9.5, 30% PEG 3000) in five days, and
crystals were harvested directly from the sparseixnplate. Diffraction images were collected
at SSRL beamline 12-2 and processed using Mdsfird the CCP4 program sutfeThe initial
structural model was found by molecular replacefersing PDB entry 3QYW and then
subjected to alternating rounds of automated amialaefinement using REFMAC5and
Coot!® respectively. The final structure was depositethenProtein Data Bank under accession
code 4N4S.
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