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ABSTRACT

Protein kinases are frequently dysregulated and/or mutated in cancer and represent essential
targets for therapy. Accurate quantification is essential, but current approaches are inadequate.
For breast cancer treatment for example, the identification and quantification of the protein
kinase ERBB?2 is critical for therapeutic decisions. While immunohistochemistry (IHC) is the
current clinical diagnostic approach, it is only semiquantitative. Mass spectrometry-based
proteomics offers more quantitative assays that, unlike IHC, can be used to accurately evaluate
hundreds of kinases simultaneously. The enrichment of less abundant kinase targets for
guantification, along with depletion of interfering proteins, improves sensitivity and thus
promotes more effective downstream analyses. Multiple kinase inhibitors were therefore
deployed as a capture matrix for kinase inhibitor pulldown (KiP) assays designed to profile the
human protein kinome as broadly as possible. Optimized assays were initially evaluated in 16
patient derived xenograft models (PDX) where KiP identified multiple differentially expressed
and biologically relevant kinases. From these analyses, an optimized single-shot parallel
reaction monitoring (PRM) method was developed to improve gquantitative fidelity. The PRM
KiP approach was then reapplied to low quantities of proteins typical of protein yields from core
needle biopsies of human cancers. The initial prototype targeting 100 kinases recapitulated
intrinsic subtyping of PDX models obtained from comprehensive proteomic and transcriptomic
profiling. Luminal and HER2 enriched OCT-frozen patient biopsies subsequently analyzed
through KiP-PRM also clustered by subtype. Finally, stable isotope labeled peptide standards

were developed to define a prototype clinical method.

INTRODUCTION

Protein and lipid kinases are enzymatic proteins that initiate and propagate signaling cascades
to drive a wide range of cancer-relevant biological functions [1]. Many cancers are driven by
aberrant kinase activity, and direct therapeutic inhibition of oncogenic kinases has proven to be
effective for patients where individual driving kinases can be diagnosed — often through the
presence of a genomic aberration [2, 3, 4]. The full scope of both regulation and downstream

consequences of dysregulated kinase abundance and activity is not fully understood. Extensive
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crosstalk and functional redundancies of kinase-dependent dynamic signaling processes
confounds therapeutic efficacy [5]. Consequently, while protein and lipid kinases inhibitors can
successfully promote response and progression-free survival, achieving overall survival
improvements has proved more challenging. The development of more effective kinome-based
strategies therefore requires the accurate quantification of the kinome more broadly in human
biopsy samples. Preclinical models can never cover the vast heterogeneity that exists in kinase

function across cancers or link kinase expression to clinical outcomes.

Mass spectrometry-based comprehensive proteomics typically requires enrichment and/or
prefractionation to effectively characterize low abundance kinases [6]. Deep-scale approaches
achieve this goal through multiplexing with isobaric tags and pre-fractionation [7]. However,
these approaches are cumbersome and impractical in a clinical setting where rapid data return
is critical. Many kinases are not present in high abundance and are therefore more difficult to
measure accurately. Furthermore, diagnostic clinical specimens present challenges in terms of
the protein vyields required for comprehensive kinome coverage. The development of

methodologies to enrich kinases present in clinical samples is therefore also a critical endeavor.

Current enrichment strategies involve either antibodies or a kinobead approach [8, 9].
Immobilized kinase inhibitors have already been used to quantify low abundance kinases [10].
These approaches can utilize inhibitors with high specificity or with a broad affinity [11, 12]. As
all type 1 kinase inhibitors are designed to bind the conserved ATP binding pocket domain of
their targets, they can be used as an inhibitor-based affinity matrix for kinase enrichment in
clinical samples. Extensive characterization of drug-kinase interactions has been performed with
kinobeads [13], and specific kinobeads have been used to maximize kinome coverage [14].
However, these approaches typically use milligram quantities (~5 mg) and their potential for

tumor subtyping, characterization and risk-stratification has not been extensively evaluated [15].

In this study we developed a kinase inhibitor pulldown assay (KiP) with clinically relevant
inhibitors that is optimized for microscaled quantities reflective of the yields of obtained from
biopsy samples. We establish the coverage and quantitative fidelity of the assay for kinases in a
single-shot discovery approach. From these data we optimize a one hundred kinase targeted
panel and determined the effectiveness of KiP in subtyping breast cancer patient derived

xerograph models and also two breast cancer patient sample cohorts.
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MATERIALS AND METHODS
Kinase inhibitors

Palbociclib, Crizotinib, GSK690693 and AZD4547 were purchased from Selleckchem.
Purvalanol B and CZC-8004 were purchased from Med Chem 101. Modified Afatininb,
FRAX597, Abemaciclib, and Axitinib (containing an amino side chain for coupling) were custom
synthesized by Med Chem 101.

Kinobeads preparation

Kinase inhibitors Palbociclib, Crizotinib, GSK690693, AZD4547, CZC-8004, Afatinib, FRAX597,
Abemaciclib and Axitinib were conjugated to ECH Sepharose 4B (GE Healthcare) via
carbodiimide coupling chemistry as previously described [16]. For conjugation of the nine drugs
with the reactive amine group, ECH Sepharose 4B (GE Healthcare) were used up to 2017,
when this reagent was discontinued by the manufacturer. We synthesized our own ECH
Sepharase 4B by conjugating 6-Aminohexanoic acid (Sigma) to cyanogen bromide (CNBr)-
activated Sepharose 4B (GE Healthcare) according to manufacturer’s recommendation. Briefly,
excess 6-Aminohexanoic acid was coupled to swollen CNBr-activated Sepharose 4B in 0.1M
NaHCO3, pH 8.3 and 500mM NaCl at 4°C overnight with rotation. Unreacted CNBr groups were
then inactivated by incubating the beads with 0.1M Tris-HCI pH 8.0 for 2 hours. The beads were
then washed with five cycles of alternating low pH buffer (0.1M sodium acetate, pH 4.0 with
500mM NacCl) and high pH buffer (0.1M Tris-HCI, pH 8.0 with 500mM NaCl). Conjugation of the
drugs to the “homemade” ECH Sepharose 4B were performed according to protocol described
by Duncan et al [16]. Briefly, the beads were conditioned by multiple washes with 50%
dimethyformamide/ethanol (DMF/EtOH). Each drug was dissolved in 50% DMF/EtOH and
added to the conditioned beads in the presence of 0.1M 1-ethyl-3-(3-
dimethylaminopropyl)carbodiimide (EDC) and allow to react overnight at 4°C with rotation. After
coupling, unreacted groups were inactivated with 0.1M EDC, 1M ethanolamine in 50%
DMF/EtOH for 1 hour at room temperature. Subsequently, beads were washed with 50%
DMF/EtOH and alternating washes of 0.1M Tris-HCI, pH 8.3 with 500mM NaCl and 0.1M
acetate, pH 4.0 with 500mM NaCl. Kinobeads were stored at in 20% ethanol at 40C in the dark.
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Kinase enrichment by kinobeads precipitation (KiP)

For each KiP pulldown, 20 ug-200 ug of lysates were mixed with 10 uL of kinobeads that have
been previously equilibrated in lysis buffer for 1 hour at 4°C with rotation. Kinobeads and its
bound proteins were pulled down by centrifugation at 600x g for 30 seconds, the supernatant
containing unbound proteins were aspirated. The beads were briefly washed with then
successively washed two-times with 400uL buffer containing 50mM HEPES (pH 7.5), 600mM
NaCl, 1ImM EDTA, 1mM EGTA with 0.5% Triton X-100 and twice the same buffer without Triton
X-100 followed by two washes with MS-grade water. After the final centrifugation, all the excess
liquid was aspirated off and resuspended in 30 uL of 100 mM NH4;HCO; and heated at 65°C for
10 min. 2.5 ug of trypsin was then directly added to the beads and bicarbonate mixture and
digested overnight at 37°C. To remove the remaining detergent prior to MS analysis, the
digested peptide mixture was processed using the HiIPPR Detergent Romoval Kit (Thermo)

according to manufacturer’s directions and dried by speed-vac prior to MS analysis.
Cell lines

Human melanoma cell lines SK-MEL-5 and MALME-3M were provided by Dr. Elizabeth Grimm
(MD Anderson Cancer Center) and human leukemia cell line HL-60 and human prostate cancer
cell line PC-3 were provided by Dr. Margaret Goodell and Dr. Jianming Xu (Baylor College of
Medicine), respectively. Breast cancer cell lines T-47D and BT-474 were obtained from the
American Type Culture Collection (Rockville, MD) and WHIM12 cell line was extracted from
WHIM12 PDX tumor (Cell Rep, 2013, 24055055). SK-MEL-5 and MALME-3M cell lines were
maintained in DMEM medium supplemented with 10% fetal bovine serum (FBS, Sigma-Aldrich,
F2442) and HL-60, PC-3, and T-47D cells were cultured in RPMI-1640 supplemented with 10%
FBS. BT-474 cells were cultured in DMEM/F12 medium supplemented with 5% FBS and 5
pg/ml insulin. WHIM12 cells were cultured in Ham's F-12 medium containing 5% FBS with
antibiotic and supplements (50 ng/mL sodium selenite, 50 pyg/mL 3,3’,5-triiodo-L-thyronine, 5
hg/mL transferrin, 5 mM ethanolamine, 1 ug/mL hydrocortisone, 5 pg/mL insulin, 10 ng/mL

Epidermal growth factor, and 2 mM L-glutamine).
PDX tumor and cell lysates preparation

Frozen PDX tumors were cryopulverized with a Covaris CP02 Pulverizer and resuspended in
lysis buffer containing 50mM HEPES (pH 7.5), 0.5% Triton X-100, 150mM NaCl, 1mM EDTA,
1mM EGTA, 1X protease inhibitor cocktail (Roche), 10mM NaF, 2.5mM NazVO, and 1% each of

phosphatase inhibitor cocktails 2 and 3 (Sigma) and set on ice for 10 minutes prior to
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sonication. Cell lysates were sonicated in a Covaris S220 sonicator for 2 minutes at 4°C with
settings at 100 peak power, 10 duty factor and 500 cycles/burst. Cell lysates were clarified by
centrifugation at 100,000x g for 30 minutes at 4°C with a Beckman Optima Ultracentrifuge.

Protein concentration were determined by Bradford assay (Bio-Rad).

For cell extracts, the cell lines were grown to approximately 80% confluency and harvested by
scraping in cold PBS. The cell pellets were resuspended in lysis buffer and processed in the

same way as the PDX tumor samples.
Mass Spectrometry
Parallel Reaction Monitoring (PRM)

Digested peptides were analyzed by Orbitrap Fusion Lumos mass spectrometer coupled with
EASY-nLC™ 1200 system (Thermo Fisher Scientific) for PRM. One fourth of peptides from KiP
was loaded to a trap column (150 um x 2 cm, particle size 1.9 um) with a max pressure of 280
bar using Solvent A (0.1% formic acid in water), then separated on a silica microcolumn (150
pm x5 cm, particle size, 1.9 um) with a gradient of 5-28% mobile phase B (90% acetonitrile and
0.1% formic acid) at a flow rate of 750 nl/min for 75 min. Both data-dependent acquisition (DDA)
and PRM mode were used in parallel. For DDA scan, a precursor scan was performed in the
Orbitrap by scanning m/z 300-1200 with a resolution of 120,000 at 200 m/z. The most 20
intense ions were isolated by Quadrupole with a 2 m/z window and fragmented by higher
energy collisional dissociation (HCD) with normalized collision energy of 32% and detected by
ion trap with rapid scan rate. Automatic gain control targets were 5x10° ions with a maximum
injection time of 50 ms for precursor scans and 10* with a maximum injection time of 50 ms for
MS2 scans. Dynamic exclusion time was 20 seconds (+7 ppm). For PRM scan, pre-selected
peptides were isolated by quadrupole followed by higher energy collisional dissociation (HCD)
with normalized collision energy of 30% and product ions (MS2) were scanned by Orbitrap with
a resolution of 30,000. Scan windows were set to 4 min for each peptide. For relative
guantification, the raw spectrum file was searched with Mascot, and resulting mgf output was
imported to Skyline with raw spectrum. Six strongest product ions were used to calculate
peptide area. For accurate guantification, all AUC ranges were manually adjusted, and non-
specific product ion was excluded. The sum of the area of product ions for each peptide was
used to quantify each protein. Protein levels were median normalized, and log transformed for

further analysis.

Peptide Synthesis
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Peptides were purchased from Thermo Scientific Custom Peptide synthesis service and
Vivitide. The peptides were purified to >95% purity by HPLC. Peptide mass was confirmed by
mass spectral analysis and original concentration/net peptide content were determined by
amino acid analysis. The peptides were dissolved in 20% acetonitrile/water and stored at -80C.
A heavy peptide mixture stock was prepared by mixing an equimolar amount of each peptide
with the concentration at 1 uM or 100 nM in 20% acetonitrile and 0.1% formic acid and it was
diluted 10 times to make the final peptide mixture. Final peptide mixture was aliquoted to avoid

multiple freeze/thaw and stored at -80C until use.
SureQuant

All SureQuant analysis was performed with Orbitrap Exploris 480 mass spectrometer (Thermo
Scientific) coupled with Evosep One liquid chromatography system. Peptides were separated

with 8 cm C18 column (EV-1109) using 30 samples per day method from Evesep One (44min
gradient).

Survey MS analysis

Mixture of heavy peptides were separated with 8 cm C18 column (EV1109) using 30 samples
per day method and the Exploris was operated in data dependent acquisition (DDA) mode with
an inclusion list. Full scan spectra (300-1500 m/z, 120000 resolution) were detected by the
orbitrap analyzer with automatic gain control targets of 300% and maximum injection time of 50
ms. For every full scan, up to 70 ions were subsequently isolated if the m/z was within +/- 10
ppm of targets on the inclusion list and reached an intensity threshold of 1e°. lons were
collected with a maximum injection time of 10 ms, normalized AGC target 1000% and
fragmented by HDC with collision energy 27% and detected with 150-1700 m/z and resolution
7500.

SureQuant analysis

Custom SureQuant acquisition template was built according to Thermo’s guidance and
previously described method [17]. Full scan spectra were collected with 300-1500 m/z, AGC
target 300%, maximum IT 50 ms, resolution 120000. Peptide matching the m/z within +/- 3 ppm
on the inclusion list were isolated (isolation window 1 m/z), fragmented (HCD collision energy
27%) and detected (150-1700 m/z, resolution 7500, AGC target 1000%, maximum IT 10 ms). A
product ion trigger filter next performs pseudo-spectral matching, only triggering a MS2 event of

the endogenous, target peptide at the defined mass offset if n>= 4 product ions are detected
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from the defined list. When triggered, light peptide MS2 scan was performed as follows:
resolution 60000, 150-1700 m/z, AGC target 1000%, maximum IT 116 ms.

RESULTS
A combination of single-drug kinase inhibitors efficiently enrich the kinome.

Nine different inhibitors (9KiP) were selected to maximize the coverage of kinases relevant for
breast cancer: Palbociclib (CDK4/6 inhibitor), Crizotinib (c-MET and AXL inhibitor), CZC-8004
(non-specific tyrosine kinase inhibitor), Axitinib (VEGFR and PDGFR inhibitor), GSK690693
(AKT inhibitor), AZzD4547 (FGFR and VEGF inhibitor), Afatinib (EGFR and ERBB2 inhibitor),
Abemaciclib (CDK4/6 inhibitor), and FRAX597 (PAK inhibitor) (Figure 1A). Kinobeads were
synthesized by coupling kinase inhibitors to ECH-sepharose beads via an amide bond (-C-N-).
For this coupling reaction, the kinase inhibitor must contain a primary or secondary reactive
amine (-NH; and -NH, respectively) that can be covalently linked to the carboxyl group of the
ECH-sepharose beads using EDC (1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride) as the reactive intermediate. As Afatinib, Abemaciclib, FRAX597 and Axitinib do
not have the necessary amine reactive group, we modified these drugs to add a reactive group
by adding a short C3 linker. In the case of Afatinib, an irreversible inhibitor of EGFR, we made
an additional modification where the ethylene bond that reacts with Cys797 of EGFR was
changed to an ethane bond. Removing the reactive ethylene bond on Afatinib derivative
increases the ability of this drug to capture EGFR family members, including HER2, and other
RTKs.

We aimed to establish a microscaled kinase enrichment protocol that can ultimately be applied
to diagnostic samples with limited material such as frozen tumor biopsies. There are two
general approaches to enriching the kinome on immobilized inhibitor beads: large-scale column-
based MIB (Multiplexed Kinase Inhibitor Beads) protocols that require milligram input scales and
unpacked “batch” bead pulldowns such as those used by Kuster’'s laboratory in 500ug scale.
Since biopsies offer 20-100ug of protein for native protein lysates and clinical applications
demand fast turnaround, we have focused exclusively on evaluating low input protocols. Our
microscale KiP protocol greatly reduces the sample requirements for protein lysates to sub 50ug

levels and can be completed in 2 days (Figure 1B).
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Characterization of single-drug kinase inhibitor pulldown beads (sKIPs) for kinome

enrichment

A distinct spectrum of kinases was identified with each kinobead (Figure 1 C). To evaluate the
immobilized inhibitors in capturing intended target kinases and additional off-target
polypharmacology, we tested each individual kinobead-inhibitor using cell lysates. Because no
individual cell type expresses every kinase in the genome, we used published RNA sequence
data to identify six cell lines (6Ref) that together express a comprehensive array of protein
kinases. Using 100ug of 6Ref lysate, each kinobead pulldown was performed in technical
triplicates. For the eight substrate-specific kinase inhibitors (excluding the pan tyrosine kinase
inhibitor CZC-8004), each were found to capture one or more of their intended targets, with
exception of ERBB2, likely due to low levels of expression. ERBB2 capture was confirmed by
adding the ERBB2-overexpressing BT-474 cell line to form the 7Ref mix used in all later
protocol optimization experiments. In addition to protein kinases, we also detected significant
number of metabolite and lipid kinases, attributed to the conservation of the ATP-binding
domain. A high degree of reproducibility by label-free quantification was observed within each
kinobead, with Pearson R values exceeding 0.9, underscoring the contribution of multiplexing

drugs to maximum kinome enrichment (Supplementary Figure 1 A).

The kinobeads collectively cover a large spectrum of the human kinome (Figure 1 D). In addition
to tyrosine kinase (TK) and tyrosine kinase-like (TKL) families, which are direct inhibitor targets,
we observed kinases across all other families including Casein Kinase 1 (CK1) family, the
serine/threonine kinase STE family, CMGC, AGC, Calmodulin/Calcium regulated kinases
(CAMK), and some members of the Atypical Protein Kinase family. All kinobeads enrich kinases
across more than one family (Supplemental Figure 1 B). While many kinases are overlapping
between multiple kinobeads, each kinobead has a unique subset of kinases it can enrich
(Supplemental Figure 1C). Importantly, most of the targetable kinases with a clinically approved
drug (T-clin) or with a pre-clinical tool compound (T-chem) by the NIH llluminating the
Druggable Genome (IDG) Consortium, are well represented. This highlights the potential of our
kinome profiling approach to uncover unexpected therapeutic avenues where immediate

application or repurposing can be indicated based on clinical sample profiling.
Microscaled KiP efficiently enriches the kinome

To further investigate the feasibility of microscaling the assay to protein yields typical of core

biopsy specimens, we performed kinome pulldowns across a range of protein inputs with the
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9KiP reagent and the 7Ref lysate. For assessment of assay linearity in low-microscale samples,
10 uL 9KiP beads were used with increasing amounts of 7Ref lysate (0, 12.5, 25, 50, 100, and
200 pg) (Figure 2 A). More than 220 kinases were identified at the lowest level of 12.5 ug lysate,
increasing to ~300 kinases with 50 ug of input (Figure 2 B). Increasing input did not further
increase the number of kinases observed, but total ion current and the total intensity of kinases
detected increased linearly (Supplementary Figure 2 A). 50 ug of protein lysate is sufficient input
for the MS-based detection of the expressed kinome after KiP enrichment. The total amount of
bound kinases, evaluated here as total iBAQ value, scaled linearly across all levels of input,
suggesting that 10 uL of our 9KiP cocktail is not saturated with kinome from up to 200 ug of
lysate, and the KiP assay has a good linear range for kinome recovery for low microgram
protein samples. The linear relationship to protein input holds true for most identified kinases,
including ERBB2 (Supplemental Figure 2 A). Quantification of some highly abundant kinases,
including CDK4 and PRKDC, begins to saturate at 50 ug lysate (Supplemental Figure 2 B-E).
These data underscore the importance of characterizing individual kinase response curves

should accurate quantification be needed in more stringent clinical setting.

To determine the binding percentage and capacity of KiP, pulldowns were repeated with
supernatants containing unbound proteins from preceding KiP enrichments (Figure 2 A). 10uL
of 9KIiP beads were used with 50ug and 100ug amounts of 7Ref lysate, and their supernatants
were subjected to two subsequent rounds of KiP enrichment with new beads. In each round,
kinases decrease modestly by number of identifications but dramatically by level (Figure 2C).
With 50ug of lysate, 84% of kinases are identified after the first depletion, and 59% of kinases
after the second. The first depletion input recovers 28% of the original kinase abundance, and
the second depletion less than 10%. These trends were similar for 100ug, however more
kinases were observed overall as total levels were higher than those observed for 50ug. The
total kinases observed, linear range and binding percentage are sufficient to reliably utilize the
pulldown to quantify kinases. The data dependent acquisition schemes utilized for these
experiments are stochastically less quantitative for lower abundance kinases. To increase
guantitative metrics, we optimized a parallel reaction monitoring (PRM) assay with targets

identified in our pulldown assays.
PRM assay development and parameters

KiP-PRM vyields sensitive, accurate and precise measurements of kinases. To improve the
sensitivity, accuracy, and precision of the assay, we designed PRM assays with representative

peptides across 54 druggable kinases and 46 kinases found to be differentially expressed in
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previous profiling experiments of breast cancer patient derived xerograph models for a total of
100 kinases. Initially, five to seven peptides were chosen empirically based on their
performance in a collection of all experiments from our laboratories (>7000 experiments,
Supplemental Figure 3A) and filtered by being unique-to-human, unique-to-gene and
representative of all gene-specific isoforms, when possible. We tested linear responses of these
peptides on dilutions of the same KiP lysate and identified 2-4 peptides by best response curve

and peptide peak shapes (Supplemental Figure 3B).

Kinases are quantified by PRM with equal or greater precision than when quantified by DDA.
KiP experiments for 7Ref lysate were performed across 4 different concentrations (12.5 ug to
100 ug) in technical duplicates, and samples were run on the mass spectrometer with a 75 min
label-free hybrid DDA/PRM method including >200 PRM targeted peptides with 5-minute
retention time windows. All proteins show very strong correlation to input levels from PRM
guantification, regardless of their relative abundance (Figure 3A). In contrast, while DDA
achieved good correlation for the most abundant kinases, measurements deteriorated for lower-
level proteins. For example, both DDA and PRM show consistent quantification for ERBB2, the
16th most abundant kinase in intensity (Figure 3B). However, the less abundant CDK6 kinase
was not consistent by DDA, whereas its levels by PRM followed input levels accurately. Poor
correlation for less abundant kinases by DDA is partly due to lack of peptide identification;
however Pearson correlation coefficients are better from PRM than from DDA even when
samples without identifications are excluded from analysis (Figure 3B). This suggests that PRM
guantification with verified peptides markedly improves quantification accuracy of enriched

kinases, particularly those of lower abundance.
PDX subtyping with KiP-PRM

KiP-PRM classifies and subtypes breast cancer xenografts in concordance with comprehensive
molecular profiling. We applied KiP to 16 breast cancer xenografts previously generated and
characterized by deep transcriptome, proteome, and phosphoproteome sequencing [18]. We
previously demonstated that these models are relatively stable across passages and thus are a
representative set of breast cancer subtypes [19]. 50 ug of protein lysate from PDX tumors was
used for KiP enrichment, and all experiments were performed in technical duplicates. One third
of peptides post KiP enrichment were analyzed using a DDA/PRM hybrid method, and a total of
91 kinases were quantified by PRM. Hierarchical clustering using kinases measured by PRM
separates tumors into groups corresponding primarily to basal and luminal PAM50 subtypes
(Figure 4). The two HER2-expressing tumors (WHIMS 8 & 35) fall into the two different main
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clusters, suggesting substantial kinase differences between the models. Nevertheless, both
tumors have the highest expression of ERBB2 across the cohort, as expected. Lastly, the
claudin-low tumor WHIM12 clusters near, but distinct from the basal subgroup. This is
consistent with the consensus that claudin-low tumors can be related to basal subtypes [20] and

with a recent finding that most claudin-low tumors have a basal-like intrinsic subtype [21].

To approximate the statistical power of the KiP-PRM assay, we performed two-sample t-tests
between the basal and luminal subtypes (grouping luminal A and B together) for all proteins that
were quantified by the assay as well as for analytes from the previously published iTRAQ
protein, iTRAQ phosphoprotein, and RNASeq datasets [18]. The mean value in each technical
replicate was used for calculation for the KiP-PRM data. From the KiP data, using the
uncorrected p-value threshold of 0.05, 36 kinases are significantly differentially expressed
between PDX models. 13 Kinases are upregulated in basal models, and 23 kinases are
upregulated in luminal. As expected, EGFR is enriched in basal PDXs, and known luminal
BRCA associated kinases RET and IGF1R are elevated in luminal PDXs.

KiP differentially quantifies more subtype specific kinases (36 kinases) than iTRAQ proteome
profiling (24 kinases). This additional quantification fidelity likely arises from enrichment and
increased precision due to PRM targeting: most significant kinases in the KiP-PRM data have
similar directionality in the proteome and phosphoproteome dataset. Further, KiP-PRM
measurements correlate well across the majority of proteins with a median Pearson correlation
above 0.5 for both protein-based measurements - in contrast the correlation with RNASeq which

exhibits a bimodal distribution and a lower median Pearson correlation of 0.23.

RNA-sequencing identifies a similar number of subtype-specific kinases (35) that poorly overlap
with those found to be significant in proteomic profiling or KiP. The distribution of significant
kinases from the RNA-seq data is uneven with 32 being basal specific kinases while only 3 are
upregulated in luminal tumors. Interestingly, when examining all proteins identified through KiP-
DDA, many RNA related proteins appear upregulated in basal BRCA. These results are
consistent with previous comparisons between RNA and protein expression levels [22]. While
there is substantial overlap with previous data with regard to subtype-specific proteins, KiP PRM
illuminates additional kinases that differ between subtypes not necessarily exhibited from
previous omics analyses. This reflects the enrichment and precise quantification afforded by
KiP-PRM.
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Patient sample subtyping with KiP-PRM

Given the subtyping of PDX tumors achieved using KiP, we pursued the analysis of clinical
samples obtained from previously studied cohorts: Luminal subtype from Preoperative Letrozole
(POL) clinical trial [23], and ERBB2+ samples from the Discovery protocol 1 (DP1;
NCT01850628) study. Approximately 50-100 ug of lysate obtained from OCT-frozen blocks was
used for each enrichment, and one-third to one-half of the post-enrichment protein pool was
used for analysis. The majority of samples analyzed have previous RNAseq results, from which
stromal scores, immune scores and their combination: Cibersort, xCell and ESTIMATE scores
were derived [24]. These metrics inform of the quality and purity of the tumor sample and the
microenvironment of the tumor. In total, 16 luminal and 21 ERBB2+ (HER2) samples were
analyzed [Figure 5]. K-means clustering of the samples yielded 3 subgroups: one Luminal and
two HER2 groups. Resistant and sensitive samples tend to group together within subtypes, and
ESTIMATE scores were highest in HER2 cluster 3.

HER?2 is significantly elevated in the HER2 cohort (p-value = 8E-10 Welch's t-test) with a 53.89-
fold change as compared to the luminal cohort. DDR2, FGFR1, JAK3, MAP4K4 and CSNK2A1
are also elevated in the HER2 cohort, with DDR2 being the best delineator of the two subtypes
with a p-value of 7E-18 and 188.64 fold change versus luminal. Conversely, CDK4, CDK5 and
PIK3CA were significantly elevated in the Luminal cohort (p-value < 1E6 Welch's t-test). These
findings are consistent with previous ER+ and HER2+ breast cancer studies and our
observations with PDX models. Overall KiP-PRM succeeded in clustering breast cancer patient

samples into clinical subtypes using 100 ug of lysate or less.
IS-PRM subtyping with KiP

Encouraged by the effective subtyping of patient samples with KiP, we decided to pursue a
clinically applicable absolute quantification approach. To maximize clinical efficacy of our KiP
approach, we developed an Internal Standard Triggered-Parallel Reaction Monitoring (IS-PRM)
assay using 106 heavy peptides identified from our PRM studies. We removed the hybrid
component of the PRM method and shortened the gradient to 44 minutes, resulting in
throughput of 30 injections a day. Lysates used in the previous PDX-PRM analysis were
combined with either 10fmol (98 peptides) or 100fmol (8 peptides) of stable isotope labeled
peptides. All results were manually validated using Skyline. To establish the quantitative
parameters of this approach, we ran a mixture of Luminal PDX samples in 18 replicates. We

achieved an average coefficient of variance (CV) of 9.28% (2.2%-27.2%) for 80 peptides
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(Supplemental figure 3). IS-PRM KiP recapitulates the clustering observed in the KiP-PRM data.
Luminal and basal PDX models cluster together [Figure 6]. Further, Luminal A, Luminal B and

HER?2 subtypes clustering is comparable with that observed in the PRM dataset.

DISCUSSION

The kinase inhibitor pulldown assay is a robust, reproducible and clinically relevant approach
tosuccessfully enrich and quantify the majority of the kinome.. The current inhibitor combination
used in our pulldown yielded over 300 distinct kinases, and it is likely that additional kinases of
interest can be identified through further assay development. Should a novel inhibitor target a
kinase that is not binding to the current KiP assay, that novel inhibitor may be immobilized and
added as an additional component to the matrix. During the development of this method, we
attempted multiple different inhibitor combinations and found no detriment to identification
capacity with additional inhibitors. Thus, KiP is modular and additional inhibitors may be added.
This capability may even extend beyond kinases and into other low-abundance and biologically

relevant targets.

To our knowledge, this study presents the first classification of breast cancer PDX and patient
samples solely on kinase abundances. While the patient sets are from vastly different cohorts,
and thus expected to have analytical differences, KiP identified kinases with an extreme
dynamic range afforded by relatively clean, and abundant spectra due to enrichment. This is
most obvious in the IS-PRM dataset where subtype defining kinases are orders of magnitude
differentially expressed between samples. In contrast, isobaric labeling approaches failed to
identify kinases as differentially expressed as consistently PRM did. With the experimental
design of this study, it is impossible to know what the ‘base truth’ is for differences in kinase
expression between samples, and thus KiP may have yielded false positives. However, given
the well-established phenotypic and pathological differences between luminal and basal breast

cancer, there is potential utility in any differentially identified target.

In this study Orbitrap instruments, DDA and PRM/IS-PRM were exclusively used with KiP. The
benefits of KiP enrichment are mass-spectrometer universal, and other available platforms with
triple quadrupole and time-of-flight detectors will also have empirically improved quantification of
kinases. Additionally, data independent acquisition techniques will similarly benefit as spectra
will inherently be less convoluted. Similar benefits are observed with antibody-based
enrichment. A critical step towards non-antibody-based enrichment in a clinical setting is

extensive validation.
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A major challenge in the clinical implementation of KiP is the need for native lysate. Effective
binding of kinases to inhibitors required kinases to not be denatured or cross-linked. Current
methods of extracting proteins from FFPE blocks use heat, xylene and/or detergents. These
methods are not compatible with KiP. Flash frozen and OCT-embedded samples are viable
alternatives, yet their clinical implementation is not widespread. An efficient protocol for accrual

and banking of these samples is necessary for further progress.
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FIGURE LEGENDS

Figure 1. The kinase inhibitor pulldown assay

(A) Structure of 9 Kinase inhibitors used for KiP. For afatinib, axitinib, AZD4547, and
FRAX597, a C3 Linker (yellow line) is added for conjugation. The amine group for
conjugation is marked with an asterisk (*).

(B) Workflow for the kinase inhibitor pulldown assay. Native protein lysates are incubated
with kinase inhibitor-conjugated beads for 1 hour, and non-specific bound proteins are
washed with high salt containing buffers. Inhibitor-bound kinases are digested with
trypsin overnight, and digested peptides are cleaned with a detergent-removal kit and
analyzed by mass spectrometry using a hybrid DDA/PRM mode.

(C) Clustering of protein kinases enriched by individual inhibitors. Single inhibitor bead
pulldown was carried out in triplicates for the 6 reference cell line mixture (6REF).
Hierarchical clustering analysis of kinases in these experiments clearly shows that each
kinase inhibitor pulls down distinct pool of kinases. Kinase classification by illuminating
the Druggable Genome (IDG) is marked with different colors.

(D) The Kinome tree with identified kinases highlighted. Colors represents IDG
classifications, and the size of the circle represents number of inhibitors that can pull
down that kinase.

Figure 2. Linearity and binding efficiency of KiP

(A) Schematic for KiP with different input amounts and serial depletion. KiP was performed
with increasing amounts of 7REF lysate. For the depletion experiments, KiP was
repeated twice with the supernatant from 50ug and 100ug KiP experiments.

(B) Number of kinases identified and kinase abundance from different input experiments.
Kinase numbers are plotted in green and abundance is plotted in blue.

(C) Number of kinases identified and kinase abundance from depletion experiments. Kinase
numbers are plotted in green and abundance is plotted in blue.

Figure 3. Quantification of kinases by DDA and PRM

(A) KiP experiments for 7REF cells were performed at 4 different concentrations (from 12.5
Mg to 100 pg), and samples were run on the mass spectrometer using hybrid mode
(DDA/PRM). Although both DDA and PRM produce good correlations for many kinases,
PRM dramatically improves quantification for lower abundance kinases.

(B) ERBB2, CDK4, CDK6, and AKT2 quantifications are plotted as representative examples.

Figure 4. KiP classifies 16 WHIM PDX tumors according to their intrinsic subtype

Kinases from 16 breast cancer xenografts were enriched by KiP, and druggable kinases and
subtype-specific kinases were quantified by PRM. 50 ug of protein from PDX tumors was used,
and all experiments were performed in duplicates. Clustering analysis of kinases distinguishes
basal subtype samples from luminal subtype samples, and claudin-low samples are separated
from all other samples. A basal specific kinase, EGFR is enriched in basal PDXs, and luminal
specific kinases, RET and IGF1R, are enriched in luminal PDXs. KIP is able to capture most of
subtype-specific kinases identified in previous RNA-sequencing or proteome profiling studies
(Huang, K.-I. et al. Proteogenomic integration reveals therapeutic targets in breast cancer
xenografts. Nat. Commun. 8, 14864 doi: 10.1038/ncomms14864 (2017)).
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Figure 5. KiP clusters breast cancer patient samples by subtype by quantifying kinases

KiP-PRM clusters breast cancer patient samples by intrinsic subtype, identifies subgroups within
subtypes, and partially clusters resistant patients within subtype. 37 patient samples from a HER2+
cohort and a luminal cohort were processed with the KIP assay and analyzed by PRM. HER?2 is
highly enriched in the HER2+ cohort, and luminal associated kinases such as CDK4 were elevated
in the Luminal cohort.

Figure 6. Prototype clinical implementation with IS-PRM for 16 PDX KiP samples

Heavy isotope labeled triggered acquisition of KiP enriched kinases in combination with an
evosep and Exploris 480 as a prototype clinical assay. Nearly identical clustering observed in
the PRM method was obtained.

Fig S1. KiP with single inhibitor beads (sKiP)

(A) Repeatability

KiPs by 3 different technicians are reproducible.
(B) Kinase family identified by sKiP
(C) Kinome Tree by sKiP

Fig S2. KiP with different input experiment

KiP was carried out with different amounts of lysate (Figure 2A) and quantified kinase levels are
plotted (A). (B-E) ABL1, ERBB2, CDK4 and PRKDC quantification was plotted as representative
examples.

Fig S3. gPick

(A) Example of qPick from iISPEC database

All the information of identified peptides for each kinase in iISPEC database are presented by
gPick. It includes peptide sequence, mass, gene product number for the peptide, miscleavage,
PSMs for each modification, PSMs for each charge, best ion score, average retention time, etc.
Peptides were ranked by experimental PSM counts and top 3 to 6 peptides were selected for
PRM runs. However, peptides are possibly excluded if they fall into following categories; More
than 10% of PSMs has modification (2) A peptide has miscleavage in it (3) Many PSMs of that
peptide are part of miscleaved peptides (4) Sequence is shared with other gene product (5) bad
ion score (< 20).

(B) Representative examples of PRM peptide selection

KiP experiment was performed with different amount of inputs and samples ran on mass
spectrometry with PRM method to choose best PRM peptides. We took following categories into
consideration. (1) Peak shapes — peaks need to be symmetrical and narrow (2) response — sum
of peak areas should be proportional to input level (3) interference — there should be no other
non-specific peaks. We chose the peptides which meet these categories and generated the final
list of PRM peptides for kinases. For example, peptide IHWDLSTER for ADCK1 has non-
specific peaks around although peptide response looks good. On the other hand, peptide
LTIPILYVK for GSK3A shows bad response whereas peak shape is good and there is no non-
specific band. Therefore, these peptides had not been selected as final PRM peptides.


https://doi.org/10.1101/2022.10.13.511593

bioRxiv preprint doi: https://doi.org/10.1101/2022.10.13.511593; this version posted October 14, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

FIGURES


https://doi.org/10.1101/2022.10.13.511593

A.

e

B.
o wer $ ) REAGENT:
@’W“L@C(( - \Q\ sKIP — single inhibitor bead
a"‘;emacicnb O 9KIP - 9 inhibitor bead cocktail
: CZC-8004
. SRS OO 4
T TRl oy Senl LYSATE:
afatinib ‘ QE o 50-100ug lysate
) v FRAX597
. g 3 S
eyt Sy PROTOCOL:
axitinib C& o 1-hour batch binding
" GSKE93693 quick washes
. W@J’/h E) ) in-solution digest/clean-up
- La'e Jl/\'jN\NWN; N/ ocng
AZD4547 'S L
s "’“I";\C . palbociclib MS:
o eCr 75-minute DDA/PRM hybrid
" crizotinib Mascot/gpGrouper/Skyline
) D.
[a]
'_
0]
©IL czC AZD AXI FRX CRI AFA PAL ABE GSK IDG TDL
E - i M Tbio
] _— — = o = Tchem
— = — Il Teiin Bead Count
- B— W Tdark .
E :___—-:-___ —m FunCats
| | = T_:- Kl-L
— — — = M Ki-M
[ . B K-P
= — KI-X
S
- — e ——— logs, IBAQ
= -___= - —— 8
I = Is
= s e - >
- 0

i

. |I||
Hil

!

I,

}

;

|

;

ILI
|

||.'I|
1

;
X,

p
;

PAK2
KIT
FLT4
|FFGFR1
PDGFRB
~FGFR2

i

| i'fi

2
©
O
c
3
[y
!
| |
I

i

0 A ) SR Y U (RS


https://doi.org/10.1101/2022.10.13.511593

Total Abundance of Kinases
Total Abundance of Kinases (x1e10)

N O @ © S N O
-~ ~ ©o o o o
1

3e+10
2e+10
1e+10
0e+00

‘ Abundance

° Count

®

o
= Jmu dns
s l L dns
] oSk
+|+Nu dns
- 1 l# dng

200

150

50 100
Dilution (in micrograms of input)

o L
W o W o T T T T T “
I I = o o o o o o
Xl o ] o [Ip]
saseuly| Jo Juno9 |ejol . N N - -
($) Saskeuly Jo Junoj |eyol
( )

speaq mau + z# juejeusadng | —2== ==

speaq Mau + |# Juejeusadng Alm.! m.vm.ﬂ@
\ \
S i

w =) |RE=) =) ==
- - L) L)

[ o o o)) (o)) (o)) o

) 3 =1 =1 =1 = 3

- o o To) o o o

= — N T} o o

(a) ~ N

. Noill31daa

Input (ug)

100

50



https://doi.org/10.1101/2022.10.13.511593

CSNK2A1
PDXK

PIK3CD

o

O

g U

00 .686088028.88

8808008

o _oo

1e+05 4

2e+05

B S

[ e et e

0.5+

matrix_1 PearsonR
B @ DDA
0.5 @ PRM

0
matrix_2
' 1

0.5

0

ERBB2 DDA EREB2 PRM
R=098 p=1.1e-05 8 A-0.98 p- 2805
/
.
.
4e+08 e
2z e,” z
2 . Z
2 ‘ 2
~ 2e+08-] 0 -0
,
0e+00
0 25 50 75 100 @ 26 50 5 100
Input (ng) Input {ug)
CDK4 DDA CDK4 PRM
= = A-1p-13e08
R=-000 p=098 ] /'
9e+08-] 4e+07
- 3e+07
2 i z
7 6e+08 2
2 Z 2e+07
3e+08
__________ [0} 1e+07
]
@]
oer00{ O 02100
0 25 50 75 100 0 50 5 100
Input (ug) Inpaul {ug)
CDKé DDA CDK& PRM
1.0e+07 A-1p-1c07 ’
.
-
7.5e+06 L7
.
> -
‘@ ke
§ 5.00406 L7
= ]
254061
0.0e+00 |
I A S SR SR
0 25 50 75 100 0 26 50 5 100
Input (ug) Input {ug)
AKT2 DDA AKT2 PRM
R=083 p=0.38 o R=094 p=1.1a8-08 z
3e+06 | I
- s
< s
- O ”,
4e+06 e .
= e’ - 20406
2 z
2 2
2 2
£ £ ’
2406
12406 (M
b4
-
0e+00 0e+00
T T T T T T T T T T
0 25 50 75 100 0 25 50 75 100
Input (ug) Inpul {ug)


https://doi.org/10.1101/2022.10.13.511593

. —> —» —> :
1. Luminal/Basal 2. KIPA 2. DDA Discovery 3. Differential
16 PDX Proteomics Analysis

R R R A N

AN AN T AN QAN AN ANT" AN T ONT" QAOANINNT " AONT" AN AN AONNT N
N N U N T I R N N Y (N (Y N N U (N A U N NN NN (NN N N RO N DN (NN N NN
<tT<TOO0MMOOMNMN’LOLOOOOOITITOOMMOOANNTITOOANN
AN < FTAIANAN NN O OO OO0 MMOO T OO T

S R R

JT I T T T T T T T T T T T T T T T T T T T T T T T T T TTTTT

S2222222222I2222332323232332322322
- B NN PAM50

GSK3A
WEE1
MAP2K2
TYK2
FGFR1
FGFR4
FGFR3
IGF1R
STK16
NEK9
RET
MAPK3
TAOK2
MTOR
AKT2
PAK2
GAK
ABL1

BMPR1B
CSNK2B
B MST1R
ACVR1B
ERBB2
SLK
PHKA2
| N ERBB4
AKT1
ADCK1
. CSNK1A1
DDR1
I PTK6
MAP3K5
| EEERZ
B | INSR
RPS6KA5
CDK5
BRAF
AGK
- JAKY
I ATR
TRRAP
PRKDC
MASTL
EPHB3
N DAPK2
RAF1
CDK4
CDK11B
PIK3CA

oRxiv preprint doi: https://doi.org/10.1101/2022.10.13.511593; this version posted October 14, 2022. The copyright holder for this preprint |RAK1
(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. ABL2

SRPK1
N AURKB
RPS6KA1
- CAMK1D
AURKA
CSNK2A2
MAP4K4
PRKD3
DAPK3
DDR2
EGFR
PRKX
MLKL
| LYN
PRKCA
EPHA2
RPS6KA3
FYN
PIK3CD
AXL
B EPHB2
MET
FLT4
YES1
I SRC
MAP4K2
MAP4K5
I MAP2K1
CLK3
= = CONKOAT
| N ] CDK6
MAP2K3
BTK
HCK
PDGFRA
CSF1R
PDXK

CP (T D r T T P e T e 9 T
i

ST e T T O A A

(1 A [T T

KIP PRM

= XXX RXRXR

X X

X XX XRXRX

ITRAQ PROF

pho

I TRAQ Phos
RNASeq

X X X X

X X X X X

4. PRM-DDA
Hybrid Method
zscore PAMS0
W4 P Basal

2 Claudin-low

0 HER2-E

—2 I LumA
! —4 LumB
pValue & < (.05
ili<i)

A


https://doi.org/10.1101/2022.10.13.511593

bioRxiy

=)
L/

3. PRM-DDA

Hybrid Method

]_

1ol

"n

1 W

“n
"

.

n ;II :

o

EI
r
H

iy

I_I_|

. o8

21

The ¢
0 reuse allowed

=
7]
<
@
o
@
()
=

i P[] T

for this preprint
or/funder. All rights ri i

L

i
i
==
i

)

U

ﬁ
B

g

P

811-2-B

BCN1368-1-B
BCN1331-1-B
BCN1371-1-B
BCN1326-1-B
BCN1326-3-B
BCN1326-2-B
BCN1359-1-B
BCN1325-1-B
BCN1358-1-B
BCN1303-1-B
BCN1367-2-B[
BCN1367-1-B
BCN1371-2-B
BCN1300-1-B
BCN1300-2-B
BCN1335-1-B
BCN1357-2-B
BCN1357-1-B
BCN1365-1-B
BCN1369-1-B
BCN1369-2-B
307-2-B
307-1-B
125-1-B
125-2-B
826-1-B
125-3-B
834-1-B
402-1-B
808-1-B
808-2-B
811-1-B

[
. . - TumorPurity

ol

-

118-1-B

Response
Cohort
ESTIMATEScore

CS_Absolute.score
ImmuneScore

B StromaScore
MicroenvScore

Il NEK9
RPS6KA3
MAP4K4
FGFR4
CSNK2B
SYK
IRAK1
EPHB3
CLK3
CDK6
PIK3CD
FLT4
DDR2
FGFR1
MET
JAK3
EGFR
AKT1
MAP2K3
MST1R
- IDH1
CSF1R
EPHA2
HCK
TGFBR2
FYN
EPHB2
PDGFRA
ATR
TEK
MAP3K5
" PRKCA
PRKD3
JAK2
PRKX
MLKL
BTK
CAMK1D 1

AKT?2
PIK3CA
IGF1R

~ CSNK2A2
ADCK1
CSNK1A1
CDK5

W CDK4
DDR1
PDGFRB
AURKA

. AURKB
SRPK1

MAP2K1
BRD2
BRD3
WEE1
ACVR1B
INSR
STK16
SLK
MTOR
ABL1
ABL2
GSK3A
BRD4
ERBB4

ERBB2
FASN
MAPK3
RAF1
IDH2
ACLY
. MAP2K2
MAP4K5
I RPS6KA1
RET
LYN
DAPK3
TRIM28
AGK
PRKDC
TRRAP
CDK11B
TYKZ2
JAK1
YES1
SRC
FGFR2
GAK
TAOK2
PHKAZ2
MAP4K2
PAK2
FRK
PDXK

Zscore

!4
2
0

Response

B LowerProlif
B o
M ypCR

Cohort

B HER2
B Luminal

-2
-4

ESTIMATEScore
4000

3000
2000
1000
0
-1000

Tumor Purity (%)

I100

80
CS Absolute score

]
]
60
40

I 0.6
0
0.1
Microenv Score

Immune Score
0.4
0.2
Stroma Score
I 0.15
0.05
0
0.8
I 0.6
0.4

0.2
0

507-1-B
807-1-B
802-1-B


https://doi.org/10.1101/2022.10.13.511593

R I
®
1. Luminal/Basal 2. KIPA 3. SIL-Peptides 4. |S-PRM

16 PDX

rn, e L
T

5T L
CORHRECE .

H

i
BEEN  Subtype

S MET
MLKL

MAP4K4
FYN
R EPHA2
LYN
PRKCA
TGFBR2
MAP2K3
CDKG6
AXL
PDGFRB
EPHB2
DDR2
DAPK3
MAP4KS
AURKA

f

RPS6KA3

SRPK1
ah Zscore

KIT

PRKX 4
AURKB 2
EGFR

PIK3CD
BTK 0
SYK

PRKDC -2
EPHB3

CDK4 —4
SRC

YES1

MASTL

DK Subtype
FOFR2 W Basal
PIK3CA CLOW

wanakz - [ HERZ2E

AKT2
TRIM28 . LumA
STK16 . LumB

MAP2K2

L IGF1R
r GSK3A
JAK1
_ n . _ _ . MAP3KS5
bioRNMiv preprint doi: https://doi.org/10.1101/2022.10.13.511593; this version posted October 14, 2022. The copyright holder for this preprint RPSGKA1
mﬂich was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. |NSR

AKT1
TYK2
WEE1

‘ FGFR1
. I FGFR4
FGFR3
TAOK2
NEK9

r B

RPS6KAS5
MST1R
] RET

BRAF
CDK5
ERBB2
DDR1
FRK
TEK
MAP2K1
JAK3
PKMYT1
- PHKA2
ABL1
MTOR
MAPK3
PIK3CB



https://doi.org/10.1101/2022.10.13.511593

ABE

TK
TKL
STE

CMGC
CK1

CAMK

Kinase Class

AGC
Aty pical

Cther

-
N W

ABE

-0.059
n=33

0.09 | 0.049

0.43 | 0.49

n=34 | n=33 | n=65 | n=59

0.037
n=31

0.20 | 0.083

n=32 | n=29 | n=60

-0.038
n=28

0.13 | 0.034

0.27 | 0.37

n=30 | n=27 | n=57 | n=54

0.44
n=59
0.44
n=55

0.27
n=54

0.38
n=43

0.39
n=54

0.39
n=52

0.48
n=45

0.24
n=50

0.30
n=55

0.15
n=46

0.26
n=47

0.29
n=49

0.23
n=42

0.30
n=50

0.35
n=43

0.18
n=48

0.19
n=48

0.15
n=42

0.26
n=65

0.40
n=58

0.25
n=50

0.31
n=45

0.23
n=50

0.29

3 | n=63

0.37
n=55

0.35
n=42

0.44
n=39

0.30
n=42

0.26
n=63

0.33
n=55

0.30
n=40

0.33
n=38

0.21
n=41

0.33
n=44

0.44
n=54

0.21
n=46

0.44
n=43

0.33
n=44

0.36
n=46

041
n=54

0.20
n=47

0.42
n=92

0.46
n=85

0.40
n=94

0.46
n=89

0.45
n=79

0.44
n=89

0.38
n=84

0.39
n=77

0.38
n=85

0.20
n=64

0.18
n=57

0.14
n=65

0.15
n=70

0.19
n=62

0.12
n=71

0.20
n=62

0.14
n=54

0.12
n=63

0.18
n=71

0.32
n=64

0.18
n=71

0.19
n=80

0.33
n=74

0.16
n=81

0.28
n=72

0.25
n=78

0.38
n=63

0.20
n=72

0.25
n=71

0.21
n=80

0.31
n=87

0.37
n=82

0.34
n=89

ABE AFA AXI

14

AFA B ® © ~N ©o ® o

25

19
12

18

12

AXI

25

15

N W O

-
w

AZD

27 40
10 14
15 i)
9 25
0 0
7 23
0 14
10 16
13 28
5 3

Beads

27

17
12

10

FRX © o

(oo NN LN

"

iy
w P

-—
3 N oo

PAL

Proportion
1.0

0.8

06

-0.4

-0.2

0.31
n=79

0.31
n=73

0.26
n=81

0.17
n=52

0.26
n=49

0.27
n=51

0.33
n=46

0.35
n=45

0.37
n=47

0.074
n=53

0.11
n=50

0.14
n=53

GSK PAL



https://doi.org/10.1101/2022.10.13.511593



https://doi.org/10.1101/2022.10.13.511593

a8
03 ABL1
o
O £ dead Py . .
QF beads 10ug 25ug 50ug 100ug 200ug % 2.0 [ limit of detection
= c
4]
EI 215
:I £1.0
o
| ~
-:I © 0.5
1= puy
| o
NS PTK2
!! C. ERBB2
f = CDK4 > ’
8 = perfect linear
| c
L4
0 =
‘w = . o
I- — |9 2
{1 EGFR =
t= o)
| 20
“ﬁ.l ERBB2
FER . CDK4
= 230 [early saturation
G early saturatio
I :
]
g £20
g = 10
|| o
- —
= o
%= © o0
i
= . PRKDC
) .
@_ = 300 |early saturation
| c
g @
= 2
— 200
©
IDG TDL FunCats iBA10norm ‘6“
I Toio KI-L [
Tchem [ KI-M IO.S o 100
M Tclin B Ki-P 0 —
M Tdark KI-X g’ 0|

0 10 25 50100200
Dilution


https://doi.org/10.1101/2022.10.13.511593

2475 MTOR

dgtion  mechanistic target of rapamycin (serine/threcnine kinase)

Funcats  KI-P-Atypical-PIKK-FRAP

135
1855
East Qual Matrics
g 5 B 3 mank Atme
¥ Miscuts PSMS Counts 2
i % Sequance AA ManoMass 2 Taxa Di € M seecth  Tach Modis Charges all exps  |DGA E g Ll ave  ave
EREN == TLDQSPELR STAM  § MSS4 1 1 hemm 0-1 ari{1880) axi{0) dam{12) carld)  2(1882) 30} 4(0} 1992 B7S 1413 1 6558 0000 T2 2530
HE] vosk  DASAVSLSESK 8500 11 102589 1 1 hemm D 0-0 {1509 axi{0) dami{0) car(D)  2(1508) 30} 400} 1508 Bl 1208 1 TIO0 0000 706 2223
E LR TLGSFEFEGHSLTQFVR BCAD 7 9ESE 1 1 hemm  H a-0 a9 141 b Ao Bez 592 653 1 12051 0.000 2560 7025
HEl *vc  GYTLADEEEDPLIYGHR MLRS 17 2047387 1 1 he.nm 0-0 orli1808) oxif0) dami151) carld) 205250 (14441 00 1969 1073 1230 1 95T 0000 1769 5080
B  vsm mevR Twoe 7 smEE 1 1 hamm a-0 arli342) oxif0} dami0) car0)  20342) 300} 4101 34z ®E I3 1 M25 0000 2635 2129
B e LsLELK DSBS 7 BB 1 1 hemm 0-60  ori(B54) oxi(0) dami0) car()  2(655) 3(0) 418) 655 561 283 1 5045 D000 3750 5341
LWCR  DLELAVFGTYDPNOPIR L= 18 ooz 4 A ns.mm o 0-a oA[ZTBE) oxi{D} deen(110) canl) 202315 3564} 4(2) 2805 14T 1673 1 102,00 0.oan 1476 EE3
RMLE  SOOGDALASGRVETGRMK KW 13 Tomms 1 1 na M 0-1333  od1619) ox329) damiTE] caD) 219851 3(1514(0) 2008 1105 1487 1 12500 D0OI0 1995 3664
EWR  VLGLLGALDFYK MM 42 12Im2 1 1 hamm HT 0-249  orl(2492) axi(0) dam{0) car(0} 2(2482) 3(0) 40} 2492 1902 1981 1 E9T4 D000 1023 TSR
X ETSFNOAYGR GME 40 MMAEE 1 & hemm o F| 0-a or[141E) axhD} demi3) car)  2(1447) 30) 210} 1447 A4 125 1 B0AF DDOD 1555 2RSd
VHHK  VNIGMIDGER DASA 40 TNAME 4 4 hsmm D° M 050 orl(1265) oxl(288) dam(79) car  2(1627) 3(0) 40} 1627 8T 1T 4 TIAT 0000 1311 3843
MYLRE RLLPSNOPYWIMEMASH AMGR 16 TMIBEIS 1§ hs M 0-8 ool 2008) o] 108) damia) carjly)  2(2061) 38 a(4) e =] 113 1 10300 0040 1708 G0As
ik LTESLDFTDYASR P13 WHIMS 1 1 nmmm 0803 orli1486) oxilD) camiQhcarl0)  2(1481) K8 210} 1BG B4 1280 1 SA23 DOOD 1386 BATS
VoRK MOTMKDOPELMLGR WRCL 14 BETH0 1 8 ns M 1-4 ol 1782) oxifZ26) damiB0) carll)  2FT0V 212041400 2064 830 G171 11500 GO0 ERER OBGS
PIR OSIAPSLOVITSH QRPAL 4 B0 1§ hemm 00 o560 oxifl] deeni9) ceri0)  21426) M43 A0 1672 B30 BST 1 GSAR 000D 822 GAEE
OWYR  HTFEEAEKGFDETLAK EKEM 18 18086 1 A hsmm M 1-213 odf2102) oxilD) derniO) carl) 204280 156314 202 87 17 1 882D KOO0 1578 413

ADCK1 - GISQAPVTATEDLEIR

m =

4
e
e

: . : -+ +H+ -
) :

ADCK1 - [IHWDLSTER

B o _I B _|
: + 4+ 4+

: +++ +++ -

1 5 ' o ++ - -
;... ;f” ;"" :-|



https://doi.org/10.1101/2022.10.13.511593

