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Supporting Materials and Methods:

Cloning, mutagenesis and expression of recombinant AhSYMRK

The kinase domain of AhNSYMRK (residues 573-883) was PCR amplified from its full length
cDNA template (residues 1-926), using forward and reverse primers as listed in Table S2,
containing a EcoRI and Hindlll site, respectively. The amplified gene was then cloned into
pET28a vector (Kan, Novagen) to generate Hisg-tagged AhSYMRK-KD. Point mutations were
generated on this template using the QuikChange Site-Directed mutagenesis kit (Stratagene). The
list of primers used to generate the mutant ANSYMRK-KD clones are provided in Supporting
information (Table. S2). Recombinant AhSYMRK-Y670F-S757A construct was cloned in
pET28a vector with a C-terminal Flag-tag. Additionally, AhRSymRK-K625E was cloned in
pET32a (Amp, Novagen) to generate the N-terminal thioredoxin tagged Trx-K625E. Sequential
mutagenesis was adopted to generate the double mutants. First the AhRSYMRK-Y670F was
generated; the mutation was verified by sequencing and then a second round of mutagenesis was
performed on this template, using corresponding primers for S754A, S757A and T763A (as
listed in Table S2). The Hisg-tag fused kinase domain vector constructs of ANSYMRK-KD was
expressed for 4h in Escherichia coli strain BL21 (DE3) cells at 25°C with 0.5mM IPTG
induction. AASYMRK-Y670F-S757A was expressed as a Flag-tagged polypeptide, as we were

not able to purify it in a soluble fraction using Hiss-tagged vector system. The Flag-tagged

protein was also expressed under similar conditions as described. The expressed proteins were
affinity-purified using Ni-NTA Superflow resin (Qiagen) under non-denaturing conditions as per
manufacturer’s protocol. The native proteins were subsequently dialysed against 20mM HEPES
pH 7.4, ImM EDTA, 10% glycerol and stored in aliquots at -80°C. Protein concentrations were

determined using Bradford method (1). All the kinase domain constructs (containing residues
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573-883), expressed in pET28a, migrated in denaturing SDS-PAGE as 43 kDa polypeptides,

while Trx-K625E migrated as 55 kDa polypeptide.

In vitro Kinase assay

Autophosphorylation and Trx-K625E phosphorylation were performed as described previously
[16, 59, 60]. In general, for autophosphorylation 2-3ug of Hisg-AhSYMRK was incubated for 15
min in 40 mM HEPES pH 7.4 supplemented with 10mM Mg(OACc), and [y-*P]JATP (25uM,
3000 cpm/pmol) in a reaction volume of 25ul at 25°C. For trans-autophosphorylation, 2-3ug of
Trx-K625E was incubated with 2-3ug of Hisg-AhSYMRK-KDs (WT, Y670F, S754A, S757A,
Y670F-S754A) under similar reaction conditions (40 mM HEPES pH7.4, 10mM Mg(OAc), and

[y-2P]JATP (200p1M, 3000 cpm/pmol)).

In vitro phosphatase assays and rephosphorylation assay

Recombinant calf intestinal alkaline phosphatase (CIAP, Fermentas) was incubated with 10-15
ug of AhSYMRK-KDs (WT and indicated mutants) at 25°C in 200l reaction volume for 2h. For
rephosphorylation experiments, the phosphatase-treated kinase polypeptides were individually
affinity-purified using Ni-NTA Superflow resin (Qiagen) under non-denaturing conditions as per
manufacturer’s protocol. This was done to remove the phosphatase after the digestion. Dialysis
conditions and protein concentrations were estimated as described previously.
Rephosphorylation assays (both auto and MBP-substrate) with CIAP-treated polypeptides were

performed under similar conditions as described previously.
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9. Liquid chromatography-tandem mass spectrometry (LC-MS/MS) analysis

LC-MS/MS analyses of AhSYMRK polypeptides was performed using an Easy nLC 1000 liquid
chromatograph coupled to an ETD-equipped LTQ Orbitrap Elite mass spectrometer (Thermo
Scientific, www.thermoscientific.com). Sample preparation, data acquisition and analysis were
performed as described previously [15].

Materials for mass spectrometry analysis

Formic acid (ACS reagent grade) and acetonitrile (HPLC grade) were obtained from Sigma-
Aldrich (www.sigmaaldrich.com). A High-Q 103S water purification system (www.high-g.com)
was used to distill and purify water. The remaining reagents and chemicals were purchased from
Sigma-Aldrich-Fluka (www.sigmaaldrich.com) or Thermo Fisher Scientific
(www.thermofisher.com).

Sample preparation: Protein digestion and phosphopeptide enrichment

Gel bands were subjected to in-gel tryptic digestion with sequencing-grade modified trypsin was
from Promega (www.promega.com) and peptide extraction was done (2). Extracted peptides
were stored at -20°C till further analysis was performed. The peptides were either directly
analyzed by LC/MS/MS or were subjected to phosphopeptide enrichment using immobilized
metal affinity chromatography (IMAC) and TiO, affinity chromatography and subsequently
analyzed by LC/MS/MS. For IMAC enrichment, peptides were resolubilized in 2% acetic acid,
next applied onto 75 ul Fe-NTA agarose slurry packed within a fritted pipette tip and then
washed with 100 pl of 2% acetic acid (3). This is followed by a more stringent wash with 100 pl
of 74/25/1 100mM sodium chloride/acetonitrile/acetic acid (v/v/v), followed by a wash with 100
ul of water. Retained peptides were eluted with 200 pl of 5% ammonium hydroxide, then

immediately acidified to pH 3 with formic acid. The eluted peptides were dried using vacuum
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centrifugation and solubilized in 0.1% formic acid for LC/MS/MS analysis. The flow-through
portions of the IMAC step (unbound and wash fractions) were then enriched using the TiO2
SpinTips Sample Prep Kit (Protea, proteabio.com), for additional phosphopeptides. As per
manufacturer’s instructions, 2 mg of TiO2 material was used per sample and was washed twice
with wash solution 1 (100 pl per wash). Peptides were then applied onto the TiO, column,
washed twice with 100 pl of wash solution land then twice with 100 pl of wash solution 2.
Peptides retained on the column were eluted with the elution solution provided. Both eluted and
unbound peptides were acidified with formic acid to pH 3, dried using vacuum centrifugation,
and finally resuspended in 0.1% formic acid for LC/MS/MS analysis. Therefore, three
“fractions” for each sample were prepared and analyzed by LC/MS/MS: IMAC elution, TiO,
elution, TiO; flow-through.

LC-MS/MS data acquisition and analysis

Enriched peptide samples were injected onto a PepMap C18 Sum trapping column (Thermo
Scientific), followed by separation by in-line gradient elution, onto a 75 um id x 15 cm New
Objective (www.newobjective.com) Self-Pack PicoFrit capillary packed with 1.7 pum BEH C18
stationary phase (Waters Corporation, www.waters.com). A linear gradient was employed for
peptide separation, which was accomplished from 5 to 40% mobile phase B for over 40 min at a
300ul/min flow rate; mobile phase A was 0.1% formic acid in 2% acetonitrile while mobile
phase B was 0.1% formic acid in acetonitrile.

The Orbitrap Elite mass spectrometer was operated in data-dependent mode. Ten most intense
precursors were chosen for subsequent fragmentation using the following fragmentation
techniques: collision-induced dissociation (CID), higher-energy collisional dissociation (HCD)

or electron transfer dissociation (ETD). The precursor scan (m/z 400-2000) resolution was set to
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60,000 at m/z 400 with a target value of 1x106 ions. The following conditions were set for
normalized collision energy: 35% for CID and 30% for HCD. To facilitate data acquisition using
HCD, the MS/MS scans were collected in the Orbitrap with a target value of 6x104 ions, while
using CID or ETD, the MS/MS scans were captured in the linear ion trap with a target value of
5000. For ETD, in addition to setting the reaction time to 50ms, supplemental activation using
CID was implemented. The ion of polycyclodimethylsiloxane (m/z 445.120025) was used for
internal mass calibration. Monoisotopic precursor selection was set up and precursors with either
a charge state of +1 or unknown charge were excluded. Additionally, fragmented precursor
masses were excluded from further analysis for 60s.

Proteome Discoverer version 1.3 (Thermo Scientific) was used to process the raw data files. The
resultant MS2 files were used for database searching against a custom forward and reverse
Escherichia coli UniProt database (www.uniprot.org) appended with the wild type and mutant
sequences of AhSYMRK-KD, using the following parameters: precursor ion mass tolerance of
10 ppm; product ion mass tolerances of 0.6 Da for CID and ETD and 20 mmu for HCD; a
maximum number of missed cleavages of 2; with a fixed carbamidomethylation of Cys residues
and variable modifications being oxidation on Met and phosphorylation on Ser, Thr, and Tyr.
The integrated Percolator node was employed to filter the searched results, using a FDR <5%.
The integrated phosphoRS node was used to calculate phosphorylation site probabilities and pRS
score, while the Peak Area node was used to extract the peak areas for each peptide. The
cumulative peak area for each peptide were calculated by summing up the peak areas obtained
across all injections for a given sample, and subsequently used for relative quantitation (4).
Coefficient of variation (CV) values was calculated to be 12% for wild type and gatekeeper

mutants. This simply implied that the abundance of each sample (wild-type or mutant) was
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relatively the same, ensuring that the quantification of each peptide was accurate. To be
considered for relative quantitation, a given affected phosphopeptide (as listed in Fig 2A) had to
have a phosphoRS score of >60%. Normalization was done for a particular phosphopeptide
against the most abundant affected phosphopeptide in WT (pS754) using the following:

XIWTx754, Where X is the intensity of an affected phosphopeptide across all conditions and
WTx75y4 is the intensity for the phosphopeptide pS754 in WT. The relative quantitation data can

be found in supporting information (Table. S1).
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Table. S1: List of affected phosphopeptides of AhRSYMRK and its gatekeeper (Y670) mutants as detected and quantitated by LFQMS (data re-
analyzed from Saha et al., 2016).

Summed Abundance®

Phosphosites Phosphopeptide*® WT Y670T Y670F Y670A Y670E
pS631 628 SATPSTQGTR 636 2546170 515100 26710 0
pS754 747 YAPQEGDpPSNVSLEVR 761 2858000000 1918100000
pS757 747 YAPQEGDSNVpPSLEVR 761 264892000 268250000 12603940000 | 9800600000 | 4385735000
pT763 762 GpTAGYLDPEYYTTQQLSEK 780 2661960000 2996790000 | 354276000 387140000 | 1476100
pY766 762 GTAGpYLDPEYYTTQQLSEK 780 435250000 293630000

pT763, pY771 | 762 GpTAGYLDPEpYYTTQQLSEK 780 897100 562300

pT763, pY772 | 762 GpTAGYLDPEYpYTTQQLSEK 780 116397100 0

pT763, pT773 | 762 GpTAGYLDPEYYpTTQQLSEK 780 248170000 80846000

pY766, pT773 | 762 GTAGPYLDPEYYpTTQQLSEK 780 28160000 17950000

pY772,pT773 | 762 GTAGYLDPEYpYpTTQQLSEK 780 44760000 6578700
pT773 762 GTAGYLDPEYYpTTQQLSEK 780 2651230000 1782740000 | 512850000 362860000 | 736500
pS810 807 NEWpSLVEWAK 816 415460000 386877000 71342000 33531000 473200

Normalized Abundance®
WT Y670T Y670F Y670A Y670E

pS631 628 SATpPSTQGTR 636 0.000890892 | 0.00018023 | 9.35E-06 0 0
pS754 747 YAPQEGDpPSNVSLEVR 761 1 0.67113366 | O 0 0
pS757 747 YAPQEGDSNVpPSLEVR 761 0.092684395 | 0.09385934 | 4.410056 3.429181 1.534547
pT763 762 GpTAGYLDPEYYTTQQLSEK 780 0.931406578 | 1.04856193 | 0.123959 0.135458 0.000516
pY766 762 GTAGpYLDPEYYTTQQLSEK 780 0.152291812 | 0.10273968 | O 0 0

pT763, pY771 | 762 GpTAGYLDPEpYYTTQQLSEK 780 0.000313891 | 0.00019675 |0 0 0

pT763, pY772 | 762 GpTAGYLDPEYpYTTQQLSEK 780 0.040726767 |0 0 0 0

pT763, pT773 | 762 GpTAGYLDPEYYpTTQQLSEK 780 0.08683345 0.02828761 |0 0 0

pY766, pT773 | 762 GTAGPYLDPEYYpTTQQLSEK 780 0.009853044 | 0.00628062 |0 0 0

pY772,pT773 | 762 GTAGYLDPEYpYpTTQQLSEK 780 0.015661302 | 0.00230185 |0 0 0
pT773 762 GTAGYLDPEYYpTTQQLSEK 780 0.927652204 | 0.62377187 | 0.179444 0.126963 0.000258
pS810 807 NEWpSLVEWAK 816 0.14536739 0.13536634 | 0.024962 0.011732 0.000166

®For a phosphopeptide to be considered, it had to have a phospho RS score of >60% in at least one sample.
PResidues indicated in 'bold" within the phosphopeptides listed above are the sites represented in Figure 2B.
‘For Summed abundance: Blank cells= not detected; 0= detected, but not measurable.
YNormalization was done against the most abundant affected phosphopeptide in WT (pS754) using the equation x/WTX7s4, Where X is the intensity of an

affected phosphopeptide across all conditions and WTXs,4 is the intensity for the phosphopeptide pS754 in WT.
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Table.S2: List of Primers used for mutagenesis*.

Primer Sequence (5’—3")

S631A Fwd CAGCCACGGCGACTCAG

S631A Rev CTGAGTCGCCGTGGCTG

S754A Fwd GAAGGAGACGCTAATGTTTC

S754A Rev GAAACATTAGCGTCTCCTTC

S757A Fwd GACAGTAATGTTGCACTTGAAGTAAG

S757A Rev CTTACTTCAAGTGCAACATTACTGTC

T773A Fwd GTAAGAGGAGCTGCGGGCTATT

T773A Rev AATAGCCCGCAGCTCCTCTTAC

S810A Fwd CGAAATGAGTGGGCCTTGGTTGAATGGG

S810A Rev CCCATTCAACCAAGGCCCACTCATTTCG
AhSYMRK-KD fwd CCGGAATTCAGCAAAGATGATTTCTTC
AhSYMRK-KD rev GCCGCCCAAGCTTCATGTACTCAGATGCATT

*Primer sequences of K625E, Y670F, T763A, Y766F, Y771F and Y772F are available in Samaddar et
al., 2013. Primer sequence of Y670E is available in Paul et al., 2014 (5). Primer sequences of Y670T and
Y670A are available in Saha et al., 2016.

Table.S3: Phosphorylation sites of respective protein kinases included in sequence alignment
(represented in Fig. 5).

Protein kinases Citation
HsSRC (6)
HsLCK @)

HsIGF1R (8,9)
HsFGFR1 (10)
HsP385 (9,11)
HsERK1 (9)
HsCDK1 (12)
HsPKA (13)
HsAKT1 (14-16)
HsPKG1 (9,17)
HsCAMK1 (9, 18)
HsCAMK4 (19)
HsIKKp (20, 21)
HsAurora A (9, 22, 23)
HsMEK1 (24)
HsHPK1 (25, 26)
HsMLK1 (27)
HsZAK (28)
HsTAK1 (29, 30)
HsIRAK4 (31)
AtBRI1 (32, 33)
AtBAK1 (34)
MtLYK3 (35)
AtBIK1 (36, 37)
LiSYMRK (38)
AhSYMRK (39, 40)
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Fig S1: MALDI-TOF analysis of intact recombinant AhRSYMRK and the mutant Kkinases.
Deconvoluted mass spectra in the range of m/z 30,000-50,000 have been shown for the following intact
polypeptides. The corresponding molecular weights have also been indicated. The dotted line represents
the mass for ANSYMRK-WT protein and reflects the shift of spectral peaks for the mutants in different
states of auto activation. A, AhSYMRK-WT and gatekeeper mutants (Y670T/F/A/E) and K625E; B,
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Fig S2: Superimposition of kinase activation segments: Overlay of ribbon structures of kinases chosen
from Fig. 5 showing the positions of phosphorylation sites on the activation segments. Kinases with
phosphorylation at sites DFG +7 to +11 are indicated in green [LCK- PDB ID: 3LCK (41), IGF1R- PDB
ID: 1K3A (8)]; kinases with phosphorylation sites at APE —7 to —12 are indicated in pink (those
interacting with basic Arg) and in cyan (those who do not interact with Arg) [PKA- PDB ID: 1ATP (42),
Aur A- PDB ID: 10L5 (43), IRAK4- PDB ID: 208Y (44), BRI1- PDB ID: 5LPV (45) and BAK1- PDB
ID: 3UIM (46)]; phosphorylation sites in TxxY motif are indicated in violet (for Tyr kinases, LCK and
IGF1R, respective Pro residues are indicated in blue).
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Fig S4: Differential in vitro autophosphorylation activities of phosphatase treated AhSYMRK
polypeptides. (A) Autoradiograph showing in vitro autophosphorylation activities of AhRSYMRK WT and

mutants polypeptides analysed in SDS-PAGE (A) and in Native-PAGE (B).
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Fig S5: Kinetic characteristics of phosphatase-treated AhSYMRK polypeptides. (A) Michaelis-
Menten kinetics of CIAP-treated ANSYMRK-WT and mutants were determined for autophosphorylation
by plotting initial velocity (pmol.min-1) against varied ATP concentration (M) as indicated in the x-axis,
the error bars represent standard error of the mean (n = 3). (B) Similar kinetics of CIAP-treated
AhRSYMRK-WT and mutant proteins were determined for substrate phosphorylation at a fixed MBP
concentration, the error bars represent standard error of the mean (n = 3). Previously determined kinetics
of CIAP-untreated AhSYMRK polypeptides were used as reference.
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Table-S4: Steady-state kinetic parameters of wild-type CIAP-treated AhSYMRK and its mutant

polypeptides.
Autophosphorylation K (LM) Vmax (PMol/min) Keat (Min™) Keat/Km (M min’
WT-CIAP 98.53 £ 18.04 0.550 + 0.036 0.02200 £ 0.0014 223
Y670T-CIAP 94.24 +19.99 0.347 £ 0.026 0.01390 £ 0.0010 147
Y670F-CIAP 86.80 0.009 0.00039 4
S754A-CIAP 78.47 0.015 0.00061 8
S757A-CIAP 70.11 + 16.69 0.501 + 0.039 0.02006 £+ 0.0016 286
Y670F-S754A-CIAP 58.80 0.026 0.00104 18
Y670F-S757A-CIAP 48.36 0.021 0.00082 17 i
Shoumhonation Ko (M) Vo (pmolimin) kg (min)  Soa/m (M7
WT-CIAP 36.49 + 4.07 2.1010 £ 0.0678 0.08404 + 0.0027 2303
Y670T-CIAP 4257 £6.12 0.9301 + 0.0399 0.03720 £ 0.0016 874
Y670F-CIAP 69.24 0.1303 0.0052 75
S754A-CIAP 33.22 0.1080 0.0043 130
S757A-CIAP 33.08 +4.55 1.6260 + 0.0634 0.06504 + 0.0025 1966

Y670F-S754A-CIAP 34.34 0.1166 0.0046 135

Y670F-S757A-CIAP 37.76 £ 5.30 0.1141 £ 0.0047 0.00456 £ 0.0002 121
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