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Quantitative Interrogation of the Human Kinome Perturbed by
Two BRAF Inhibitors

Weili Miao®, Yinsheng Wang™ T
TDepartment of Chemistry, University of California, Riverside, California 92521-0403, United
States

Abstract

Oncogenic BRAF mutations contribute to the development of a number of cancers, and small-
molecule BRAF inhibitors have been approved by the Food and Drug Administration (FDA) for

anticancer therapy. In this study, we employed two targeted quantitative proteomics approaches for
monitoring separately the alterations in protein expression and ATP binding affinities of kinases in
cultured human melanoma cells elicited by two FDA-approved small-molecule BRAF inhibitors,

dabrafenib and vemurafenib. Our results showed that treatment with the two inhibitors led to
markedly different reprograming of the human kinome. Furthermore, we confirmed that
vemurafenib could compromise the ATP binding capacity of MAP2KS5 /n vitro and inhibit its
kinase activity in cells. Together, our targeted quantitative proteomic methods revealed profound
changes in expression levels of kinase proteins in cultured melanoma cells upon treatment with
clinically used BRAF inhibitors and led to the discovery of novel putative target kinases for these
inhibitors.
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INTRODUCTION

BRAF is a serine/threonine-protein kinase that is involved in the mitogen-activated protein
kinase (MAPK) signaling pathway that culminates in the activations of transcription factors
important for cell growth, proliferation, and survival.> Oncogenic BRAF mutations are
among the most frequently observed mutations in human cancer, especially melanoma.2 The
most common genotype is V60OE (valine to glutamic acid),3 with recent reports suggesting
that this mutation accounts for up to 90% of BRAF mutant melanoma.# Thus, small-
molecule BRAF inhibitors, including vemurafenib and dabrafenib, have been approved by
the Food and Drug Administration (FDA) for the treatment of metastatic melanomas
harboring the V600E mutant BRAF.>6 Although the response rate toward the inhibitors is
high, most patients relapse at 6-8 months after therapy.’

Appropriate applications of these BRAF inhibitors in cancer chemotherapy require the
knowledge about whether other kinases are also targeted by these inhibitors. The BRAF
inhibitors are designed to disrupt directly the ATP-binding capabilities of BRAF.8 However,
the ATP-binding domains are highly conserved in kinases;8° hence, compound selectivity is
an important issue in the development of new kinase inhibitors.1% Despite substantial efforts
in optimizing the structures of BRAF inhibitors for selective binding toward BRAF, the
inhibitors may also interact with the ATP binding pockets of other kinases.11-13 In addition,
cancer cells may respond to inhibitor treatment by altering the protein expression levels of
kinases.1# The knowledge about kinome reprogramming evoked by BRAF inhibitors and
about their off-targets is, therefore, important for understanding more thoroughly the
mechanisms through which these inhibitors confer therapeutic efficacy, side effects, and
resistance.

In this study, we applied two targeted quantitative proteomic approaches for monitoring
separately the changes in protein expression and ATP-binding affinities of ~80% of non-
redundant kinases in M14 cells,15-20 which carry the oncogenic V600E mutation,! upon
treatment with two FDA-approved BRAF inhibitors, dabrafenib and vemurafenib. Our
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results confirmed previously reported kinase targets for these inhibitors, uncovered many
novel putative targets, and revealed profound changes in expression levels of kinase proteins
in melanoma cells upon treatment with these BRAF inhibitors.

EXPERIMENTAL PROCEDURES

Cell Culture

WM-266-4 (ATCC), IGR-37 (obtained from Prof. Peter H. Duesberg),22 M14 (National
Cancer Institute) cells were cultured in Dulbecco’s modified eagle medium (DMEM). All
culture media were supplemented with 10% fetal bovine serum (Invitrogen, Carlsbad, CA)
and penicillin (100 1U/mL). The cells were incubated at 37 °C in a humidified atmosphere
containing 5% CO,. Approximately 2 x 107 cells were harvested, washed with ice-cold PBS
for three times, and lysed by incubating on ice for 30 min with CelLytic M (Sigma) cell lysis
reagent containing 1% protease inhibitor cocktail. The cell lysates were centrifuged at 9000g
at 4 °C for 30 min, and the resulting supernatants were collected. For SILAC experiments,23
M14 cells were cultured in a medium containing unlabeled lysine and arginine, or [13Cg,
15N,]-lysine and [*3Cg]-arginine for at least 2 weeks to promote complete incorporation of
the stable isotope-labeled amino acids.

Preparation of the Desthiobiotinylated Nucleotide Affinity Probe, and Desthiobiotin
Labeling of ATP-Binding Proteins

The desthiobiotinylated nucleotide affinity probes were synthesized following previously
published procedures.24:25 Approximately 2 x 107 cells were harvested, washed for three
times with ice-cold PBS, and lysed in a 1 mL lysis buffer, which contained 0.7% CHAPS, 50
mM HEPES (pH 7.4), 0.5 mM EDTA, 100 mM NaCl, and 10 gL (1:100) protease inhibitor
cocktail on ice for 30 min. The cell lysates were centrifuged at 16000g at 4 °C for 30 min,
and the supernatants were collected. Endogenous nucleotides in the resultant protein extract
were removed by gel filtration using a NAP-5 column (Amersham Biosciences). Cell lysates
were subsequently eluted into a buffer containing 50 mM HEPES (pH 7.4), 75 mM NaCl,
and 5% glycerol. The amounts of proteins in the lysates were quantified using Quick Start
Bradford Protein Assay (Bio-Rad). Prior to the labeling reaction, MgCl,, MnCl,, and CaCl,
were added to the concentrated cell lysate until their final concentrations reached 50, 5, and
5 mM, respectively.

Tryptic Digestion of Protein Lysates

Cell lysates were washed with 8 M urea for protein denaturation, and dithiothreitol and
iodoacetamide for cysteine reduction and alkylation, respectively. The proteins were
subsequently digested with modified MS-grade trypsin (Pierce) at an enzyme/substrate ratio
of 1:100 in 50 mM NH4HCOg3 (pH 8.5) at 37 °C overnight. The resulting peptide mixture
was dried in a Speed-vac, desalted with OMIX C18 pipet tips (Agilent Technologies), and
analyzed by LC-MS and MS/MS on a Q Exactive Plus quadrupole-Orbitrap or a TSQ
Vantage triple-quadrupole mass spectrometer (Thermo Fisher Scientific).
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Sample Preparation, Multiple-Reaction Monitoring (MRM) and Parallel-Reaction Monitoring
(PRM) Analyses

For assessing the alterations in ATP binding affinities of kinases in cultured cells induced by
kinase inhibitors, we treated M14 cells with 100 nM dabrafenib or vemurafenib for 24 h.
The cells were subsequently harvested by centrifugation and lysed, following the
aforementioned procedures. The removal of endogenous nucleotides from protein lysate,
labeling with desthiobiotin-conjugated ATP-affinity probe, tryptic digestion, and affinity
purification of desthiobiotin-labeled peptides were conducted following the previously
described procedures.18 The resultant peptide mixture was subjected to LC-MS/MS analysis
on a TSQ Vantage triple-quadrupole mass spectrometer, where the instrument was operated
in the scheduled MRM mode and coupled with an Easy-nLC Il system. The peptides were
separated using a 130 min linear gradient of 2-35% acetonitrile in 0.1% formic acid and the
flow rate was 230 nL/min. The spray voltage was 1.9 kV. Q1 and Q3 resolutions were 0.7
Da and the cycle time was 5 s.

To assess how vemurafenib modulates the ATP binding affinities of kinases in cell lysate, we
removed endogenous nucleotides from the whole-cell protein lysate of M14 cells, and
treated the resultant lysate (1 mg/mL) with 100 nM vemurafenib (or DMSO control) at room
temperature for 2 h prior to labeling with desthiobiotin-conjugated ATP-affinity probe. The
samples were then processed and subjected to LC—-MRM analysis in the same way as
described above.

To examine the differential expression of protein kinases in inhibitor-treated cells, we
conducted both forward and reverse SILAC labeling experiments. In this context, the lysates
of light-labeled, inhibitor-treated cells and heavy-labeled, mock-treated (with DMSO) cells
were combined at 1:1 ratio (by mass) in the forward SILAC experiments, whereas the
reverse SILAC experiments were performed in the opposite way. The whole-cell protein
lysates were subsequently digested following the above-described procedures, and the
resulting peptides were analyzed on a Q Exactive Plus quadrupole-Orbitrap mass
spectrometer in the scheduled PRM mode. The mass spectrometer was coupled with an
EASY-nLC 1200 system, and the samples were automatically loaded onto a 4 cm trapping
column (150 gm i.d.) packed with ReproSil-Pur 120 C18-AQ resin (5 gm in particle size and
120 A in pore size, Dr. Maisch GmbH HPLC) at 3 zA_/min. The trapping column was
coupled to a 20 cm fused silica analytical column (PicoTip Emitter, New Objective, 75 um
i.d.) packed with ReproSil-Pur 120 C18-AQ resin (3 zm in particle size and 120 A in pore
size, Dr. Maisch GmbH HPLC). The peptides were then separated using a 140 min linear
gradient of 9-38% acetonitrile in 0.1% formic acid and at a flow rate of 300 nL/min. The
spray voltage was 1.8 kV.

The linear predictor of empirical RT from iRT26 for targeted kinase peptides was determined
by the linear regression of RT vs iRT of tryptic peptides of BSA obtained for the
chromatography setup prior to the analysis of kinase peptides.16:27.28 This RT-iRT linear
relationship was redetermined in every eight LC-PRM runs by injecting another BSA tryptic
digestion mixture. The targeted precursor ions were monitored in eight separate injections
for each sample in scheduled PRM mode with an 8 min retention time window. The
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precursor ions of tryptic peptides from kinase proteins were isolated and collisionally
activated in the HCD cell at a collision energy of 27.

All raw data acquired from LC-MRM and LC-PRM analyses were processed using Skyline
(version 3.5)2? for the generation of extracted-ion chromatograms and for peak integration.
The targeted peptides were first manually checked to ensure the overlaid chromatographic
profiles of multiple fragment ions derived from light and heavy forms of the same peptide.
The data were then analyzed to confirm that the distribution of the relative intensities of
multiple transitions for the same precursor ion is correlated with the theoretical distribution
in the kinome MS/MS spectral library. The sum of peak areas from all transitions of light or
from heavy forms of peptides was used for quantification.

Western Blot

WM-266-4, IGR-37, M14 cells were cultured in a 6-well plate and the cells were lysed at
40-50% confluency following the above-described procedures. For Western blot analysis of
p-ERKS, the cells were treated with 100 ng/mL FGF21 (Sigma-Aldrich) for 20 min and then
harvested for cell lysis. The concentrations of proteins in the resulting lysates were
determined by using the Bradford Assay (Bio-Rad), and 10 /g protein lysate was denatured
by boiling in Laemmli loading buffer and resolved by SDS-PAGE. The proteins were
subsequently transferred onto a nitrocellulose membrane at 4 °C overnight. The resulting
membrane was blocked with PBS-T (PBS with 0.1% Tween 20) containing 5% milk (Bio-
Rad) at 4 °C for 6 h. The membrane was then incubated with primary antibody at 4 °C
overnight and subsequently with secondary antibody at room temperature for 1 h. After the
membrane was thoroughly washed with PBS-T, the HRP signal was detected with Pierce
ECL Western Blotting Substrate (Thermo).

Antibodies recognizing human AK1 (Santa Cruz Biotechnology, sc-165981, 1:1000
dilution), ARAF (Santa Cruz Biotechnology, sc-166771, 1:4000 dilution), BRAF (Santa
Cruz Biotechnology, sc-5284, 1:4000 dilution), CHK1 (Cell Signaling Technology, 2360S,
1:2000 dilution), EGFR (Santa Cruz Biotechnology, sc-03, with a 1:10000 dilution), ERK5
(Santa Cruz Biotechnology, sc-393405, with a 1:1000 dilution), p-ERK5 (T218/Y 220, Santa
Cruz Biotechnology, sc-135761, with a 1:1000 dilution), IGF2R (Santa Cruz Biotechnology,
sc-14408, 1:1000 dilution), JAK3 (Thermo Fishier Scientific, AHO1572, 1:1000 dilution),
MAP3KS5 (a.k.a. ASK1, Santa Cruz Biotechnology, sc-5294, 1:2000 dilution), MAP2K5
(a.k.a. MEKS, Santa Cruz Biotechnology, sc-365198, 1:2000 dilution), MAP3K3 (a.k.a.
MEKKS, Santa Cruz Biotechnology, sc-136260, 1:1000 dilution), MEK1 (Santa Cruz
Biotechnology, sc-6250, 1:2000 dilution), p-MEK1 (Santa Cruz Biotechnology, sc-136542,
1:1000 dilution), mTOR (Cell Signaling Technology, 2972S, 1:1000 dilution), and STK26
(Abcam, ab52491, 1:20000 dilution) were employed as primary antibodies. Horseradish
peroxidase-conjugated antirabbit 1gG, IRDye 680LT Goat anti-Mouse 1gG and donkey
antigoat 1gG-HRP (Santa Cruz Biotechnology, sc-2020, 1:10000 dilution) were used as
secondary antibodies. Membranes were also probed with g-actin antibody (Cell Signaling
#4967, 1:10000 dilution) to confirm equal protein loading.
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RESULTS AND DISCUSSION

Profound Alterations in Kinase Protein Expression in M14 Human Melanoma Cells upon
Treatment with BRAF Inhibitors

We employed our recently reported scheduled LC-PRM analysis!® together with metabolic
labeling using SILAC (Figure 1a)23 to assess the reprogramming of the human kinome in
M14 cells induced by two BRAF inhibitors. The M14 cells were chosen because they carry
the frequently observed BRAF V600E mutation.?!

The results from the PRM-based targeted proteomic method yielded quantitative results for
302 and 289 unique kinases in M14 cells treated with dabrafenib and vemurafenib,
respectively (Table S1). The same retention time and a dot product (dotp) value greater than
0.7 were shown for all PRM transitions (4-6 transitions) used in kinase peptide
quantification (Figure $1).30 In addition, forward and reverse SILAC labeling experiments
yielded consistent trends for the quantified kinases (Figure 1b,c, Table S1) and the average
relative standard deviation for kinase protein quantification was 13.3% (Table S1). We
further validated, by using Western blot analyses, the expression levels of 11 quantified
kinases (nTOR, IGF2R, JAK3, CHK1, AK1, STK26, ARAF, BRAF, MAP2K1, MAP3K3,
and MAP3KS5) in M14 cells with or without dabrafenib or vemurafenib treatment. The
results demonstrated that the PRM method afforded robust quantifications of the protein
expression levels of kinases (Figure 2).

While both dabrafenib and vemurafenib were intended to target the V600E and V600K
mutants of BRAF, treatment of M14 melanoma cells with these two inhibitors led to
markedly different reprograming of the human kinome (Figures 3 and 4a). Specifically,
treatment with 100 nM dabrafenib led to the up- and down-regulations of 27 and 42 kinases,
respectively (Figure 3a), whereas the corresponding treatment with vemurafenib resulted in
the up- and down-regulations of 58 and 5 kinases, respectively (Figure 3b).

To explore further the attenuated expression of a large number of kinase proteins induced by
dabrafenib, we performed a time-dependent experiment, where we treated M14 cells with
100 nM dabrafenib for shorter durations (i.e., 4 and 12 h) and examined, using the
aforementioned LC-PRM method, the protein expression levels of kinases at these two time
points. Our result showed that many kinases exhibited augmented protein expression at 4 h
following dabrafenib treatment and some kinases started to display diminished expression
after 12 h (Figure S2, Table S1), suggesting that the decreased expression of most kinases
occurred after 12 h of dabrafenib exposure (Figure S2, Table S1).

Alterations in ATP Binding Affinities of Kinases Elicited by BRAF Inhibitors

We further examined the changes in ATP binding affinities of kinases in cultured human
cells following treatment with these BRAF inhibitors. Labeling with isotope-coded ATP
affinity probes, in conjunction with LC-MS/MS analysis in the MRM mode, was found to
afford a high-throughput and highly sensitive assessment about the ATP binding affinities of
kinases in cultured human cells (Figure $3).1%:16 In this respect, the ratio for a kinase (in
inhibitor-treated over DMSO-treated cells) obtained from labeling with ATP affinity probe
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and LC-MRM is influenced by both the protein expression level and the ATP binding
affinity of the kinase.3!

We next applied the MRM-based method to assess the perturbations in ATP binding
affinities of kinases (Figure S3) upon treatment with the two FDA-approved small-molecule
BRAF inhibitors. We found that the ATP binding affinities of 38 and 9 kinases in M14 cells
were attenuated following exposure to dabrafenib and vemurafenib, respectively (ratio
<0.67, Table S1, Figures S4). In particular, our results confirmed BRAF as a target kinase
for both dabrafenib and vemurafenib (Figure 4b,c, Table S1). In addition, ARAF, which was
previously identified as a direct target of dabrafenib,11:32 was detected with the ATP binding
affinity being attenuated by more than 40% (Figure 4b, Figure S4, and Table S1). In keeping
with previous findings,33-34 we observed that vemurafenib exposure resulted in reduced ATP
binding affinities of ARAF, BRAF, and ZAK (Figure S4, Table S1). Our capability in
identifying previously reported target kinases for these BRAF inhibitors underscored that
our quantitative proteomic strategy is effective in uncovering potential kinase targets for
small-molecule kinase inhibitors.

Aside from discovering that those kinases exhibited reduced ATP binding affinities upon
inhibitor treatment, we were able to detect 18 kinases displaying augmented binding
affinities toward ATP upon treatments with dabrafenib or vemurafenib (i.e., with ratio
greater than 1.5. Figure S4, Table S1). Among these kinases, CRAF is known to be activated
by dabrafenib via a paradoxical pathway through the drug-mediated inhibition of one
protomer of BRAF in the BRAF-CRAF heterodimer.34

Vemurafenib Suppresses the ATP-Binding Affinity of MAP2K5

In addition to ARAF, BRAF, and ZAK (Figure 4 and Figure S4), our results showed that
vemurafenib treatment led to the diminished ATP binding affinities of several other kinases,
including MAP2K5 (Figure 5a—c). In this vein, the inhibition of MAP2K5 by vemurafenib is
even more pronounced than that of BRAF (Figure 5a), and similar inhibition of MAP2K5
was previously observed for PLX-4720, another BRAF inhibitor and a structural analogue of
vemurafenib.3® In agreement with the proteomic data, results from Western blot analysis
showed that treatment of WM-266—-4, IGR-37 and M14 cells with vemurafenib led to a
marked diminution in the kinase activity of MAP2KS5 (as reflected by reduced p-ERKD5),
albeit with no appreciable change in protein expression level of MAP2KS5 (Figure 5b,c, and
Figure S5). However, the proliferation of the M14 cells was not inhibited upon treatment
with up to 1 M BI1X-02188, a small-molecule inhibitor for MAP2KS5 (Figure S6). Thus,
inhibition of MAP2KS5 does not constitute a major mechanism for the cytotoxic effects of
vemurafenib in BRAF-V600E mutant melanoma cells.

For comparison, we also examined the changes in ATP binding affinities of kinases in the
whole-cell lysate of M14 cells upon treatment with vemurafenib (Figure S7). We were able
to quantify 268 kinases, among which 7 exhibited reduced ATP binding affinities after 100
nM vemurafenib treatment (Figure S8, Table S2). Among these kinases, ARAF, ZAK, and
MAP2KS5 exhibited markedly lower ATP binding affinities in the lysate treated with
vemurafenib (Figure 5d,e and Figure S8). In addition, the /n vitro assay with the use of cell
lysate provides information about other kinases exhibiting lower ATP binding affinities upon
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treatment with 100 nM vemurafenib, including SRC (Figure 5f), IP6K1, FER, and PRPSL1,
whereas these four kinases did not display reduced ATP binding affinities in the above cell-
based experiments. On the other hand, AK6, ABR, BRAF, CHUK, FGFR3, and PEAK1
displayed reduced ATP binding affinities in cellular experiments; however, all of them
except CHUK1 were not detected in the /n7 vitro assay. The failure to detect these five
kinases could be attributed to the lack of stability of these kinases, where the /n vitro
experiment involved a 2-h incubation of the lysate with vemurafenib prior to ATP affinity
probe labeling. The differences in vemurafenib-elicited variations in ATP binding affinities,
as revealed from the /in cellulo and in vitro assays, could arise from the presence of transient
and unstable protein-protein interactions that may modulate the kinase’s capability in
binding to ATP.

CONCLUSIONS

In this study, we employed two targeted proteomic approaches to explore the alterations in
protein expression and ATP binding affinity of kinases in cultured human cells upon
treatment with two FDA-approved BRAF inhibitors. We were able to quantify the
perturbations in protein expression levels and ATP binding affinities of approximately 300
kinases in BRAF V600E-carrying M14 human melanoma cells upon exposure to each
BRAF inhibitor by employing LC—-PRM analysis of the tryptic digestion mixture of whole
cell lysate and ATP-affinity probe pull-down coupled with LC-MRM analysis, respectively.
We observed that, whereas treatment with vemurafenib stimulated the expression of a large
number of kinases, exposure to dabrafenib led to diminished protein expression of a large
number of kinases. In addition, the ATP binding affinity of MAP2KS5 is inhibited by
vemurafenib in both /n cellulo and in vitro experiments, suggesting MAP2KS is a novel
binding target for vemurafenib. Consistent with the results obtained from quantitative
proteomic analyses, Western blot analysis revealed that exposure of M14 cells to
vemurafenib led to diminished phosphorylation of ERKS.

The results from the present study, together with our recent work on imatinib,1® demonstrate
that the two quantitative proteomic methods constitute powerful approaches for revealing, at
the proteome-wide scale, the alterations in protein expression and ATP binding affinities of
kinases. In this regard, it is also worth discussing the limitations of the study. In particular,
our quantitative proteomic experiments for ATP binding affinity assessment were conducted
by using a single concentration of the ATP acyl nucleotide probe (i.e., 100 4/M) and BRAF
inhibitor (i.e., 100 nM). Our underlying assumption is that, under such conditions, the ATP
acyl nucleotide probe would compete directly with BRAF inhibitors for binding to ATP
binding pocket of kinases. On the grounds that the concentrations of kinases in cells can
vary by several orders of magnitude, this assumption may not be valid for some kinases
whose expression levels far exceed 100 nM. Thus, it will be important to examine, in the
future, how the ATP affinity probe labeling efficiencies can be altered with the use of
different concentrations of kinase inhibitors.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

PRM-based targeted proteomic approaches for interrogating the human kinome. ()
Experimental strategy for PRM-based targeted proteomic approaches. (b) A scatter plot
displaying the correlation between the ratios obtained from forward and reverse SILAC
labeling experiments in M14 cells with or without dabrafenib treatment. (¢) A Venn diagram
showing the overlap between quantified kinases from the forward and reverse SILAC
labeling experiments in M14 cells with or without dabrafenib treatment.
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Figure2.

Western blot analyses for validating the protein expression levels of kinases in M14 cells
with or without dabrafenib/vemurafenib treatment. (a) Images from Western blot analyses of
the expression levels of representative kinases in M14 cells with or without dabrafenib or
vemurafenib treatment. The quantification results for the ratios of kinase proteins in
dabrafenib- and vemurafenib-treated cells over control untreated cells are shown in panels b
and c, respectively. The data represent the mean + S.D. of the quantification results (n7= 3).
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Figure 3.
Alterations in expression levels of kinase proteins in M14 cells after treatment with two

small-molecule BRAF inhibitors, dabrafenib (a) and vemurafenib (b). The cells were treated
with 100 nM inhibitor for 24 h. Displayed are the ratios of expression of kinase proteins in
BRAF inhibitor-treated over mock (DMSO)-treated M14 cells, where the X-axis was plotted
in logyg scale. The data represent the average ratios obtained from two forward and two
reverse SILAC labeling experiments for dabrafenib treatment and two forward and one
reverse SILAC labeling experiments for vemurafenib treatment. The red and blue bars
designate those kinases that were up- and down-regulated, respectively, by at least 1.5-fold

upon the inhibitor treatment (Table S1).
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Figure 4.
PRM- and MRM-based targeted proteomic approaches for interrogating the perturbations in

protein expression and ATP binding affinity of kinases induced by kinase inhibitor
treatment. (a) A scatter plot showing the absence of apparent correlation of alterations in
kinase protein expression triggered by dabrafenib and vemurafenib treatments. (b,c) Scatter
plots showing the lack of correlation between the ratios of kinases in dabrafenib (b) and
vemurafenib (c)-treated over control DMSO-treated cells obtained from the PRM and MRM
methods. (d) Venn diagrams depicting the overlaps of the number of kinases that were
quantified by the PRM- and MRM-based kinome profiling methods for cellular samples
obtained from treatments with dabrafenib and vemurafenib. (e) Western blot for examining
the expression and phosphorylation level of MEK1 protein. (f) MRM traces for a BRAF
peptide modulated by vemurafenib treatment. (g) Quantitative comparison of ATP-binding
affinity and activity of BRAF obtained from PRM and Western blot analyses, respectively.
The data represent the mean + S.D. of the quantification results (7= 3).
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Figure5.
Vemurafenib binds MAP2KS5. (a) MRM traces for tryptic peptides of MAP2K5 in M14 cells

with or without vemurafenib treatment. (b) Western blot for monitoring the expression levels
of MAP2KS5 and ERKS, and the phosphorylation level of ERKS. (c) Quantitative
comparison of ratios of protein expression and activity of MAP2K5 obtained from Western
blot analyses, and ATP-binding affinity obtained from MRM analyses. The data represent
the mean + S.D. of the quantification results (7= 3). (d) The Venn diagram showing the
overlap between the cell-based and /in vitro kinome profiling by vemurafenib treatment. ()
A scatter plot displaying the correlation between the ratios (vemurafenib treat/control)
obtained from /in cellulo (in M14 cells) and /n vitro (M14 cell lysate) experiments,
respectively. (f) MRM traces of MAP2K5 and SRC obtained from in vitro kinome profiling
assay.
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