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PTMScan Services & Products

PTMScan: Proteomic profiling and quantification of
100’s — 1,000’s of post-translational modifications (PTMs)
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Tyrosine Kinase PhosphoScan

Activating alleles of JAK3 in acute megakaryoblastic leukemia

Denise K. Walters,'** Thomas Mercher,™* Ting-Lel Gu.** Thomas O'Hare,' Jeffrey W. Tyner,” Marc Lorioux.”
Valerie L. Goss.” Kimberly A. Lee,* Christopher A. Eide.” Malthew J. Wong. P, Stoffregen,”

Loura McGreevey. Julie Nordone.* Sondra A. Moore.” John Crispino.” Titus J. Boggon,®

Michae! C. Heinrich.>* Michae! W. Deininger.” Roberto D. Polokiewicz.* D. Gary Gillond.?

and Brion J. Druker'**

CANCER CELL /0. 45-75, JULY 2004 ©2006 ELSEVER INC. DO 10,107 &/).ccr. 2004.04.002

Phosphoproteomic Strategy: Constitutive phosphorylation of STATS5 may
identify AML disease mechanism based on tyrosine kinase activation

— Phospho-STATS
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PhosphoScan Analysis of AML

oproteomic Strategy: Constitutive phosphorylation of STATS5 may identify
AML disease mechanism based on tyrosine kinase activation
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Tyrosine Kinase PhosphoScan

Global Survey of Phosphotyrosine
Signaling Identifies Oncogenic
Kinases in Lung Cancer

Klansa Rikova,' Allan Guo, Ongm Zeng,' Anthony Possemato,’ Jien Yu,' Herven Hasck ' Jube Nargone,'
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PhosphoScan Proteomic Identification of

Tyrosine Phosphorylated Proteins in NSCLC

NSCLC -
Cell Lines

P-Tyr
Phosphoproteins

“ Cell Signaling

Discovery of Activated Tyrosine Kinases in

NSCLC by PhosphoScan Proteomics

High Level Tyrosine Phosphorylation :: Activated Mutant Receptor Tyrosine Kinases
Cell Line: H2228 HCC78 H1703 H1993
Mutant RTK: ALK ROSI PDGFRA MET
ALK <« CINND1 MAPK14 CINND1
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PhosphoScan identifies activated Ros RTK in NSCLC

HCC78 Cell Line contains SLC34A2-ROS fusion and activated Ros kinase
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PhosphoScan® analysis of protein phosphorylation in
RTK-driven cancer

Signaling networks assembled by oncogenic
EGFR and c-Met

Ailan Guo®, Judit Villéen', Jon Kornhauser*, Kimberly A. Lee*, Matthew P. Stokes*, Klarisa Rikova*,
Anthony Possemato®, Julie Nardone*, Gregory Innocenti®, Randall Wetzel*, Yi Wang*, Joan MacNeill*,
Jeffrey Mitchell*, Steven P. Gygi', John Rush®, Roberto D. Polakiewicz®, and Michael J. Comb**

*Cell Sgnaling Tethralogy inc, 3 Trask Lare, Darwen, MA 0192); and 'Cepartment of Cell Biology, Harvard Medical School, Boston, MA 02115

Ailan Guo, et al. (CST), PNAS, Jan ‘08 Cell Signaling
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PhosphoScan® analysis of protein phosphorylation in

RTK-driven cancer

Table 2. Summary of the PhosphoScan-SILAC results for H3255
treated with gefitinib and for MKN45 treated with Su11274

H3255 (gefitinib) MKN45 (Su11274)
3-h and 24-h 3-h and 24-h X
combined 3-h  24-h  combined 3-h 24-h
p-Peptides 393 308 337 1181 976 903
p-Proteins 185 160 167 535 459 447
-Sites 30 245 267 945 793 756
Sites affected 110 161 586 603 |:
>2.5-fold
Sites affected 84 133 423 462
>5-fold

Ailan Guo, et al. (CST), PNAS, Jan ‘08 Cell Signaling

TecunoOLOGY

PhosphoScan Report:
MKN-45: Control vs. SU11274 Tyrosine Kinase Inhibitor

P-Tyr site list & fold-change quantification

ano MENAS SUL1274_pY_012110_wh.xlsx =)

PHOSPHOSCAN® RESULTS
Table #1: MKN-45 Cells; Trypsin Digest; Phosphotyrosine (CST# 9411)

s Samples: Control = C5 3476 & 3477; 5U11274 Treated = C5 3474 & 3475

hionine, § - published site, Blue Text - CST antibody

4 Legend: * - phosphorylation, # -

INSR; INSR IGFIR; InsR; InsR isod

353 542 910 INSR; INSR IGF1R; Insk; Insh iso2  §1 5,
554 543 913 INSR; INSR IGF1R; InsR; [nsR is02 §1165; §1169; §1177 Insulin-lke gry
555 544 91 TYRO3 Mer; Tyrod §751; 5685 MER receptor
556 545 916 TYRO3 Mer; Tyrod §754; §686 MER receptor
35 546 97 et 51003 met proto-one
ssa 547 920 Met 1093 met progo-one
559 548 92 Met §1230, §1234 met proto-ond
560 549 926 Met §1230, §1234, 1235 met proto-ong
“ 550 928 Mt §1234 met proto-one
62 551 938 Met §1234, §1235 et proto-ong
563 552 947 Met §r1235 met proto-ong
364 553 950 Mt §1349, §1356 met proso-one
565 554 ° 952 Met §1356 et prota-one
s66 555 | 953 Ron §1238 macrophage § *
e ISt o sy Sy 55 e o s o it 2 S €T
[ Wity [ AFS | ) UM
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PhosphoScan® analysis:

Signaling networks of oncogenic EGFR and c-Met
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Signaling network shows tyrosine-phosphorylated proteins regulated by
EGFR in NSCLC and c-Met in gastric cancer

Ailan Guo, et al. (CST), PNAS, Jan ‘08 Cell Signaling

Kinome-wide view of Phosphorylation with
Phospho-Motif Antibodies & PhosphoScan®

Phospho-Motif Antibody bind
and capture similar substrate
sequences

Kinase families
phosphorylate POA
similar substrate = X

sequences

Cell Signaling
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Kinome-wide view of Phosphorylation with

Phospho-Motif Antibodies & PhosphoScan®
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KinomeView Services
Western Blot Profiling — Casting a wide net
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From KinomeView to Focused PhosphoScan

Phospho-Motif Antibody that
shows changes by western...

... is the Phospho-Motif Antibody

Q that will be used to capture IScan Report
o ™ | phosphopeptides for ID and R

= ‘=0 @™ | quantification.

Cell Signaling

PhosphoScan Profiling of Akt Substrate
Phosphorylation

PhosphoScan-based discovery of drug-response Akt substrates

Cell Signaling
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PhosphoScan Analysis:

Akt-RSK-S6 Kinase Signaling Networks Activated by
Oncogenic Receptor Tyrosine Kinases

LC-MS/MS analysis

A B

S ¢ P B

Phosphopeptide enrichment with Phospho-Akt Motif RmAb (RXXRXs*/t*) and

A. Moritz, et al.
Science Signaling 3(136)§24 Aug 2010

PhosphoScan Analysis:
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Cell Signaling

Akt-RSK-S6 Kinase Signaling Networks Activated by
Oncogenic Receptor Tyrosine Kinases

Phospho-Akt Motif RmAb
RXXRXs*/t*
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Protein type Gleevec Gefinitib SU11274
Adaptorfscafiold a8 ns 41

Adaptorcatiold 25 42 32
Adhesion protoin 78 19.8 16.3
Apopiosts 55 133 17.8
Apoptosis 26 29 6.2
Coll surface protein a7 53 B
Chaparona 26 49 "y
Chaperone 46 125 125
Cytoskeletal protein 55 6.8 7
GEF 46 19.9 10.3
Kiruse {ronproledn) 57 7.0 3.8
Profein kinase, Ser-The 3.9 5.1 12.5
Protein kinase, Ser-Thr 3.5 77 B4

Transporior 28 54 54
Vesiche probein 4.0 38 38

* Known 10 be regulated by Aki-RSK-S8 kinase signaling

A. Moritz, et al.
Science Signaling 3(136)§24 Aug 2010
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PhosphoScan Profiling:

Connections identified by TKIs and pathway-specific inhibitors
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A. Moritz, et al.
Science Signaling 3(136)§24 Aug 2010

PhosphoScan Profiling of PI3K
Pathway Inhibitors

CANCER DRUG DEVELOPMENT

Pathway-Based Identification of Biomarkers for

Targeted Therapeutics: Personalized Oncology
with PI3K Pathway Inhibitors

Jannik N. Andersen,'* Sriram Sathyanarayanan,'* Alessandra Di Bacco,’ An Chi,' Theresa Zhang,’
Albert H. Chen,' Brian Dolinski,' Manfred Kraus,' Brian Roberts,” William Arthur,”

Rich A. Klinghoffer,'" Diana Gargano,'* Lixia Li," Igor Feldman,' Bethany Lynch,’ John Rush,”
Ronald C. Hendrickson,"® Peter Blume-Jensen,”® Cloud P. Paweletz’
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Science Translational Medicine, 4

August 2010 Vol 2 Issue 43 43rab5
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PTMScan/PhosphoScan Profiling Results:

Site Identifications: 100 — 1,000

» 5 Example Studies — Mouse tissues and cell lines

» 25 PTMScan MS Analyses

» Showing a range of Motif Antibody PTMScan results: Peptide IDs per Analysis
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Redundant ®Non-redundant

Cell Signaling
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PhosphoScan Analysis:

Cellular Phosphoprotein Profile

Actin binding
2%

Cell cycle
regulation
3%
Cell surface
4%

Adaptor/Scaffold

G protein or
7%

regulator 2 z
024% Chromatin, DNA- RNA binding Cytoskeletal
binding/repair/ 6% 6%
replication
5%

Figure 2: Pic chart showing protein classes identified most often in the study. Proteins were classified
using Gene Ontology (GO) terms. Each labeled protein class includes the percentage of the total identified.

I ﬂ Cell Signaling

Identification of Ubiquitin Ligase Substrates with
K-e-G-G Motif Antibody
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Ubiquitination Profiling “UbiScan” Analysis

Structure of the “Ubiquitin Branch”, K(GG)
K-GG antibody detects only trypsin digested proteins

Tryptic remnant of
) ubiquitin
Lysine

Vle,NH-COCH,NH-COCH,NH,

-NHCHCO-NHCHCO-NHCHCO-NHCHCO-NHCHCO- Protein backbone
| | | |
R, R, R, R,

Cell Signaling

Ubiquitination Profiling “UbiScan” Analysis

Summary of a UbiScan™ Proteomics Study:
Experiment Number 3114-3117: Mouse Brain, Heart, Liver

Digest

) s

. s

pro‘tem extr‘act —> ( ~HEr
with trypsin

Ccs NR Proteins NR Peptides NR Sites

UbiScan
with K-GG
Antibody

3114 147 321 298

3115 338 557 501 ‘

3116 368 514 501

3117 338 530 513 (\j i

Total 1,387

Jah 1 TR

Cell Signaling

9/13/10
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Ubiquitination Profiling “UbiScan” Analysis

Internal Replicate Identifications Confirm Assignment Accurate
Protein Description uence Charge CS XCorr
RhoA MK*QEPVKPEEGR 3 3114 3.27
RhoA MK*QEPVKPEEGR 3 3115 3.83
RhoA MK*QEPVKPEEGR 2 3116 3.44 .
RhoA MK*QEPVKPEEGR 3 3116 3.39 Multiple
RhoA MK*QEPVKPEEGR 2 3117 3.3 charge states
RhoA MK*QEPVKPEEGR 3 3.98
RhoA MK*QEPVKPEEGR 4 3117 246
Homologous RhoA MK*QEPVKPEEGRDMANR 3 3117 3.05
isoforms: RhoB M#K*QEPVRTDDGR 3116  2.24
Rho A & Rho B RhoB M#K*QEPVRTDDGR 3117 1.76
RhoB MK*QEPVRTDDGR 3116 2.38
RhoB MK*QEPVRTDDGR 3117 2.93
RhoB MK*QEPVRTDDGR 3 \3117 2.53
Multiple - -
chemical forms Partial tryptic
digestion
Experiment Number 3114-3117: Mouse Brain, Heart, Liver

Cell Signaling

UbiScan Profiling Identifications Supported by
Published Reports

Bryan B, Cai Y, Wrighton K, Wu G, Feng XH, Liu M.
Ubiquitination of RhoA by Smurf] promotes neurite outgrowth.
FEBS Lett. 2005 Feb 14;579(5):1015-9.

...We demonstrate that RhoA is ubiquitinated, and that
Smurfl (an E3 ubiquitin ligase) and RhoA physically
interact in vivo... Smurfl-dependent reduction in
RhoA protein levels was abrogated using the general
proteasome inhibitor MG 132, suggesting that RhoA is
targeted for ubiquitination and degradation via Smurfl.

Experiment Number 3114-3117: Mouse Brain, Heart, Liver

15



Ubiquitination Profiling “UbiScan” Analysis

AK*1QDK*EGIPPOQQR 3 3uS 261 1QDK*EGIPPDQQR
AK*IQDK*EGIPPOQQR 3 316 209 1QDK*EGIPPOQQR
AK*IQDK*EGIPPOQQR 3 317 249 UFAGK*QLEDGR
AK*IQDKEGIPPDQQR 2 3114 290 LIFAGK*QUEDGR
AK*IQOKEGIPPDQQR 2 35 4R LIFAGK*QLEDGR
AX*1QDKEGIPPOQQR 23S 3% LIFAGK*QLEDGR
AK*1QDKEGIPPDQQR 2 3us LIFAGK*QLEDGR
AX*IQDKEGIPPDQQR 2 315 374 LIFAGK*QLEDGR
AK*IQDKEGIPPOQQR 2 3115 288 LIFAGK*QLEDGR
AK*IQDKEGIPPDQQR 2 3116 241 LIFAGK*QLEDGR
AK*1IQDKEGIPPOQQR 2 7 e LUIFAGK*QLEDGR
AK*1QDKEGIPPDQQR 3 31S 280 LIFAGK*QLEDGR
AK*IQDKEGIPPDQQR 3 3ms 27 LIFAGK*QLEDGR
AX*IQDKEGIPPDQQR 3 116 247 LIFAGK*QLEDGR
AK*1QDKEGIPPOQQR 3 36 22 LIFAGK *QLEDGRTLSOYNIQX
AK*IQDKEGIPPDQQR 3 317 282 LIFAGK*QLEDGRTLSOYNIQK
AK*1QDKEGIPPOQQR 3 37 247 LIFAGK*QLEDGRTLSOYNIQK
AK*IQDKEGIPPDQQR 3 3117 1.66 LIFAGK *QLEDGRTLSDYNIQK
AX*1QDKEGIPPDQQR 4 s 277 LIFAGK *QLEDGRTLSOYNIQK
AKIQODK*EGIPPDQQR 4 3ms 282 LIFAGK* QLEDGRTLSOYNIQK
1QDK*EGIPPOQQR 2 314 230 LIFAGK*QLEDGRTLSOYNIQX
IQDK*EGIPPOQQR 2 3ms 323 LIFAGK *QLEDGRTLSOYNIQK
1QDK*EGIPPOQQR 2 3115 196 LIFAGK *QLEDGRTLSDYNIQK
1QDK*EGIPPOQQR 2 316 337 LIFAGK* QLEDGRTLSOYNIQK
1QDK*EGIPPOQQR 2 2% LIFAGK*QLEDGRTLSOYNIQKESTLHLVLR
1QDK*EGIPPOQQR 2 37 248 LIFAGK*QLEDGRTLSOYNIQKESTLMLVLR
IQDK*EGIPPOQQR 2 37 22 LIFAGK*QLEDGRTLSOYNIQKESTLMLVLR

EDGRTLSDYNIQK ;ESTLHLVLRLRGG

P ALUA R P ULLUWUNNNWWWEWWNNNNNN WY

3117
37
3114
3115
3115
e
mz
nz
314
3115
3116
7
3z
3117
3118
3116
3116
3114
3115
e
37
3us
3116
3117
ns
s
7

Identification of All Ubiquitination Sites on Ubiquitin

1.99 LIFAGK * QLEDGRTLSDYNIQKESTLHLVLR s 31S 327
1.76 M2QIFVK*TLIGK 2 316 369
3.38 MEQIFVK*TLTGK 2 317 319
3.55 MQIFVK*TLTGK 2 34 2
3.27 MQIFVK*TLTGK 2 3116 334
347 MQIFVK*TLTGK 2 m7 e
n MQIFVK*TLTGK 3 3MmS 264
2% MQIFVK*TLTGK 3 36 3SS
2,65 MQIFVK*TLTGK 30 m7 334
2,66 TITLEVEPSOTIENVK*AKIQDKEGIPPDQQR 4 3117 2.61
247 TLSDYNIQK* ESTLMLVLR 2 s 46
2.81 TLSDYNIQK*ESTLMLVLR 2 36 an
2.58 TLSDYNIQK*ESTLMLVLR 2 M7 463
1.53 TLSDYNIQK*ESTLHLVLR 3 3114 378
487 TLSDYNIQK*ESTLMLVLR 3 3me 277
5.08 TLSDYNIQK*ESTLMLVLR 3 3us 287
3.26 TLSOYNIQK*ESTUHLVLR 3 316 363
3.56 TLSDYNIQK*ESTLHIVLR 3 3117 400
275 TLSDYNIQK*ESTLMLVLR 3 7 A2
2.40 TLSOYNIQK*ESTLMLVLR 3 317 203
354 TUSDYNIQK*ESTLMLVLR 3 7 200
252 TLSDYNIQK*ESTUMLVLR 4 3117 245
2,10 TUTGK * TITLEVEPSDTIENVK 3 314 425
223 TUTGK* TITLEVEPSOTIENVK 3 311s 388
6.65 TLYGK* TITLEVEPSOTIENVK 3 3116 436
399 TLIGK* TITLEVEPSOTIENVKAX 3 m7 o3es
4.48

Lysine 48-Linkage Specific Polyubiquitin Antibody #4289 |

Experiment Number 3114-3117: Mouse Brain, Heart, Liver
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AcetylScan & MethylScan data
at www.phosphosite.or:

n Cell Signaling

TecunoOLOGY
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AcetylScan Analysis of Metabolic Regulation

SIRT3 regulates mitochondrial fatty-acid oxidation by
reversible enzyme deacetylation

Matthew D. Hirschey =, Tadahiro Shimazu'~, Eric Goetzman’, Enxuan Jing", Bjoern Schwer ', David B. Lombard",
Carrie A. Grueter”, Charles Harris®, Sudha Biddinger®, Olga R likayeva’, Robert D, Stevens’, Yu Li®, Asish K. Saha”,
Meil B. Ruderman’, James R. Bain', Christopher B. Newgard', Robert V. Farese Jr", Frederick W. Alt’, C. Ronald Kahn*
& Eric Verdin'™~

- AcetylScan analysis of SIRT3 WT vs
Sirt3-

BT e — ——

Fasting induced SIRT3 in oxidative tissues

Hirschey, et al (2010) Nature 464, 121-126 Cell Signaling
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AcetylScan Analysis & K-g-Ac Motif Antibody

Different acetylated-lysine antibodies for differential functional
analysis and acetylated sequence coverage

Ac-K ANTIBODY 1 Replicate 1 Replicate 2
Acetylated peptides (redundant) 928 926
Histone peptides (redundant) 182 175
Histone % 20% 19%
Acetylated peptides (non-redundant) 625 628
Proteins (non-redundant) 363 361

Ac-K ANTIBODY 2

Acetylated peptides (redundant) 916 915
Histone peptides (redundant) 57 56
Histone % 6% 6%

Acetylated peptides (non-redundant) 669 674
Proteins (non-redundant) 378 385

Cell Signaling

TecuNOL ooyt
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PhosphoScan & PTMScan
Discovery & Validation

1. PhosphoScan/PTMScan Profiling Putative Biomarkers?
2. Reproducibility in Disease Cell Lines

3. Correlation in Clinical Tissues

4. Biomarker Assay

DISCOVERY DEVELOPMENT

The most highly multiplexed cezlly}ar profiling assay.

§ )

\
S5 ot _:'f"’.'ﬁi?""‘.i'f

» 150+ target-specific antibodies

LC-MS/MS: Identification & quantification
» 300+ proteins

» 1,300 non-redundant peptides

» 800+ phosphopeptides

Cell Signaling

9/13/10
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PhosphoScan Direct

An Integral Drug Development Assay

=3

PhosphoScan Direct Profiling PhosphoScan Direct Profiling

-
oy U

Immunoassay Biomarker
Markers Candidate Assays

LAUNCH

% Cell Signaling

TECHNOLOGY®

19



Acknowledgements

Cell Signaling Technology’s Leadership, Scientists, Managers, Sales & Marketing
&
CST’s Worldwide Distribution Partners

Cell Signaling

Cell Signaling Technology

Cell Signaling Technology, Inc.

= Mission: To develop and provide innovative tools that help to define
mechanisms underlying cell function and disease

Founded by scientists from New England BioLabs (NEB)

380+ employees and growing

Located in Danvers, MA USA; 100,000 sq R&D facility
Subsidiaries: CST-China, CST-Japan, CST-Europe
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