’ Multiplexing Kinase Substrate Motif Antibodies for Expanded Coverage of the Serine/Threonine Kinome

Introduction

The post-translational modification of proteins by phosphorylation has been shown to regulate many aspects of cellu-
lar function from growth and differentiation to basic metabolism, autophagy, and apoptosis. In an effort to identify these
sites of phosphorylation, substrate motif antibodies with high affinity to known substrates of kinases have been used

to probe kinase-substrate interactions. We describe the results of a phosphopeptide immunoaffinity based enrichment
strategy focused on substrates to basophilic kinases in the AGC family (AKT, PKA, PKC, & PKD) and cyclin dependent
Kinase, CDK; including substrates to the proline-dependent motifs of PXsP, StP, tPE, and tP. We have performed
phosphopeptide profiling studies using these motif antibodies in combination to systematically survey the
phosphoproteome in a variety of mouse tissues.

METHODS: Phospho-Motif
Kinome Coverage

Phosphopeptides were isolated from 5 mg of trypsin digested mouse embryo tissue using the following motif antibody
groups; Mix 1 all: AKT, AMPK, ATM/ATR, Cdk, CK, MAPK, PDK1, PKA, PKC, PKD, PLK, tP, tPE, tXR, and pY (phosphoty-
rosine); Mix 2 Basophillic group; Mix 3 Proline-directed group; Mix 4 Atypical group. Phosphopeptides were eluted from
the affinity matrix with TFA, desalted, and analyzed by LC-MS/MS using an LTQ-Orbitrap Velos with an LC gradient from
0% to 32% acetonitrile over 72 minutes. MS/MS spectra were searched against an NCBI mouse database with 5% FDR
and a TPP probability of 0.95. An in-house label-free quantification algorithm was used to quantify all identified phospho-
peptides by their MS1 signal among the tissue samples.
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METHODS: Motif Antibody Groups

Equimolar total amounts of motif antibodies pooled in the 4 groups above were conjugated to Protein-A agarose (Roche)
and incubated with identical 5 mg aliquots of trypsin-digested mouse embryo-derived peptides for 90 minutes. Peptides
were washed in 2X |AP buffer and 2X water prior to elution with 0.15% TFA. The peptides were then desalted and dried

prior to resuspension for LC-MS/MS on an Orbitrap Elite with a 90 minute 0-32% MeCN gradient.

Phospho-Motif Antibodies Groups
Antibody Number

Motif Antibody Motif

Mix 1 All Mix 2 Basophillic | Mix 3 Proline Directed | Mix 4 Atypical

MAPK Substrate PXsP 2325 X X
tP Motif tP, tPP BL4180 X X

tPE Motif tPE, tP C32G12 X X

PLK Binding motif StP A7907 X X
tXR Motif tXR, tPR 2351 X X
PDK1 Docking Motif (FIY)(sIt)(F/Y) 9634 X X
tP Motif tP, tPP BL4180 X X

RESULTS: Qualitative

Each motif mix was run as an LC-MS/MS analytical replicate (with the exception of the Proline-directed mix).
Sequest results for each replicate injection are presented with the combined non-redundant total for each mix.
In total 5,631 unique phosphopeptides were identified.

Collapsing Redundancy

Motif Antibody  Analytic Combined Non-Redundant
Groups Replicates Redundant Non-Redundant  Non-Redundant Proteins

RESULTS: Extracted lon Chromatograms

Representative peptides were chosen to illustrate the specificity of the motif antibodies to immunoprecipitate phosphopep-
tides containing the kinase substrate motif. Peptide from S6 m/z = 724.6277, z = 3; peptide from NDRG1 m/z = 869.7114,
Z=3: peptide from eEF1A1 m/z = 600.7867, z = 2; peptide from FZR1 m/z =558.7579, z=2. All peak area measurements
from Excalibur with relative intensity scale fixed for each peptide. Site of phosphorylation denoted with asterisk (*).
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RESULTS: PTMScan Multi-Motif

Antibody Capture Complementary
with Ti1O, Enrichment

Nonredundant phosphopeptides identified from identical mouse embryo

tissue by multi-motif IAP and TiO, enrichment have a 6% overlap. This result TiO
demonstrates that the two methods are highly complementary with respect to 3.741 AP
phosphopeptide enrichment. Ti0, enrichment was performed by Eric 5.631
Soderblom (see oral presentation Thursday, Exhibit Hall A, at 2:50 p.m.- 1
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RESULTS: Analysis by MS1
Compared to MS2

Heat map of phosphopeptides identified by MS2 or by MST1 detection for the four motif antibody groups. Phospho-
peptides identified by MS2 are shown in black (Panel A) and illustrate that there is little overlap between between motif
groups and individual peptide identification. In contrast, many more peptides are shared by the various motif groups
(Panel B) upon inspection of the corresponding, clustered MST1 features. Peptide intensities are presented in grey scale.
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RESULTS: PhosphoScan®
Tabulated Results

PTMScan® tabulated results integrate LC-MS/MS data with bioinformatics and label-free quantitation showing identified phos-
phopeptides with site of modification, their parent proteins with functional descriptions, relative phosphopeptide quantitation and
corresponding raw and normalized fold-change ratios. Included in a full report are details on each identified phosphopeptide
including charge, m/z, MS2 chromatogram scan number, ACN, Xcorr, RSP, and PP (peptide probability) metrics.

Relative Balio |

Profine Average
indax | Al Motifs |Ba Directed | Atypica 8 Description Acurssion peptie Charge 5]

Profein kingse, Ser/ T {mod-receplor)
1 1.0 Wl

3
:

—
kL AP BREDLINTEG MINAEE 1 oo | QIHK  AGOTOPSAGILFQPALT *PH,
1 WEIS AFZ assoliated knase 1 isoform 1 QIUHN nS* DVTFSAHFEN-'F‘ASFC
b T APY DREEOLATEE LNaEe 1 molarm | %
A7) RAC-alphas serineThreonine- protein idnase soform I FIITS0 RPHFPOFST™FSASETA
ST, ATR RAC-Mph SO TRSRONINE- RAADHN ORAEE Sohonm I FXLTED RPAFPOFS YRASGT™A
23

SEEAEES

:'l-:i&lghuh;ﬁhrbuhfugﬂbuhﬁi
i et
S B e EARIER 0GR Rty

= e
BE R
E'\G-ll-
L R

dFd RUALC-heta serine thrednine-proben knase ]
£d BeET4, WMATH RAC-Data SpIneTHAeOrIng- probein Dnage !
475, Fd T8 RAC-beta serine/thredrine- proben knase CjEeE 23
EAC-gamma SenndThreoning- protsn onkss JaWU
BeAT2 AT RAC-gamma serineThreoning- protein kKinkse ] 5
. 4T RAC-QMMMa SENnEThrsaning- proTein. kKifdds CHrtUALG
By | SET serine- proten onase ATH QE3388 SFTFEEGS MG
RN Threanine- proteen orge 12
senneg Threonine- proden krase §2
WE9E mitogen-aiivated profen bnase lorase ness MUK QEVDOE ERVRPLS™DG
78

REIIEEEEEEEEERE
"|.'J'|'.' L L R RS { VI -
dzagsd

]
222t

B-Ral '-:IB:II- serine/threoning protein bnese B-raf
AEK 1 BN, AN BR senina Threoning- prosss erass 1 Bobarm 1 SRS EHGVFTAREMESLT *FES “SPELAKR
' ST BA penndThredning-proten dnage 1 Bofom 1 OSARS KMeOFTAREMSSLT*PERS b AT

8
2
2
:
2
3
£2
EE¥

H
W51 AR setine thrsoning- proten inase 3 molorm Eata GEGTOE KL GVETPEEMENLT=PES S PELAKE
S60 petudopociumrennched abypecal kinese 1 7 =
? pltudapoduT-aniehed Btypecal kinas 1
538 pseudopodiumeennched abypical ionase 1
e plsUAapoT-annehed Bhviecal knke 1

52 Soh3l. WEZE pEsUCOpOOUT-ENNCTed atypecal onase 1 QEEZIE  MAIENFIVINPMAYT " DNLATY ™K

Cell Signaling Technology®, PTMScan®, and PhosphoScan®, are trademarks of Cell Signaling Technology, Inc. / LI-COR® is a trade marke of LI-COR, Inc.

Cell Signaling Technology, Inc., Danvers MA 01923

RESULTS: Western Blotting Validation

A selected number of targets identified from the LC-MS/MS studies were validated using site-specific antibodies to
phospho-AKT (S473), NDRG1 (T346), PKA (T197), mTor (52448), Rictor (T1135), ERK 1/2 (T202/Y204), B-Raf (S445),
and p90RSK (S380). 20 pg of mouse embryo lysate was run per lane on 4-20% gradient gels (Invitrogen), transferred to
nitrocellulose, and probed with site-specific antibodies. Images were developed with the LI-COR® near infrared imaging

system. *Indicates targeted protein band.
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RESULTS: Proteins Identified by
Multi-Motif PhosphoScan®

The parent proteins from which the identified phosphopeptides in the all motif mix 1 were classified according to their
G0 (gene ontology) terms. In total there were 1,066 proteins identified from all motif mix 1.

Adhesion Activator protein

Extracellular ™ Endoplasmic reticulum or golgi
Matrix Protein kinase, Ser/Thr (receptor)

216

Calcium-binding protein
H Protein kinase, atypical
Protein kinase, Tyr (receptor)

™ Tumor suppressor

Inhibit tei
Receptor, nhibitor protein

channel
209

Protein kinase, Tyr (non-receptor)
Cell development/differentiation
Kinase (non-protein)
Chromatin Lipid binding protein
DNA Blndmg Protein kinase, regulatory subunit
67 Secreted protein

Chaperone
Protein kinase, dual-specificity

B Apoptosis
Mitochondrial protein

Transcriptional Motor or contractile protein

Regulator
169

= Vesicle protein

Ubiquitin conjugating system
B Cell cycle regulation
Ser/Thr Kinase = Enzyme, misc

1 01 B Chromatin, DNA-binding, DNA repair or DNA replication
Rrotein .
B RNA processing

Summary

: The multiplexing of kinase substrate motif antibodies is a novel approach to identifying sites of serine, threoning, and
tyrosine phosphorylation cell-wide.

.= This study shows that a large number of unique phosphopeptides can be identified from tissue; moreover, this
technology is highly complementary with other phosphopeptide enrichment techniques such as Ti0,,
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