
Summary PTMScan Direct is a novel method that allows multiplexed monitoring of critical signaling nodes from a single pathway or multiple pathways combined.  
PTMScan Direct is widely applicable in drug development and discovery, as well as in any application where monitoring of known signaling pathways is desired. 
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Proteomic analysis of post-translational modifications (PTMs) often employs data-dependent 
analysis, providing rich datasets that consist of randomly sampled identified peptides due to the 
dynamic response of the mass spectrometer. This can complicate the primary goal of programs 
for drug development, mutational analysis, and kinase profiling studies, which is to monitor how 
multiple nodes of known, critical signaling pathways are affected by a variety of treatment con-
ditions. Cell Signaling Technology (CST) has developed an immunaffinity-based LC-MS/MS 
method, called PTMScan® Direct, for multiplexed analysis of these important signaling proteins. 
PTMScan Direct enables the identification and quantification of hundreds of peptides from a  
particular signaling pathway, across multiple pathways, or from a particular protein type (such  
as serine/threonine kinases). Cell lines, tissues, or xenografts can be used as starting material. 
PTMScan Direct is amenable to quantification using labeling methods such as SILAC or label-
free quantification studies.

PTMScan® Direct: Quantitative Profiling of Critical Nodes From Cellular Signaling Pathways

Methods
PTMScan® Direct Method Flow Diagram 
Adapted from the original PhosphoScan® method developed at CST  
(Rush, J. et al, 2005, U.S. Patent No.s 7,198,896 and 7,300,753).

Immunoaffinity Enrichment: Cell lines, tissues, xenografts, or other biological starting 
materials are lysed under denaturing conditions, digested with trypsin, and the resulting peptides 
are desalted over a C18 column and dried under vacuum. Peptides are resuspended in Immuno-
affinity Purification (IAP) buffer and target peptides are immunoprecipitated using one PTMScan 
Direct reagent or sequentially with multiple PTMScan Direct reagents. Immunoprecipitated pep-
tides are separated on a reversed-phase Magic C18 AQ column and data-dependent MS methods 
are performed with an LTQ-Orbitrap Velos mass spectrometer. MS/MS spectra are evaluated using 
SEQUEST 3G and the SORCERER 2 v4.0 platform from Sage-N Research (Lundgren et al., 2009). 
Quantification is performed using chromatographic peak apex intensities.
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Highlighted purple nodes designate targeted protein modification sites within each  
sample signaling pathway that can be monitored with PTMScan® Direct: Multi-Pathway Reagent. 

Introduction PTMScan® Direct: Ser/Thr Kinases
PTMScan® Direct: Ser/Thr Kinase Mouse Tissue Study
The PTMScan Direct: Ser/Thr Kinases Reagent was used to quantify differences in kinase activity between three mouse tissues: liver, brain, and embryo. Label-free quantification was performed and intensities  
were normalized for each peptide ion across the three samples based on a maximum intensity of 1. Normalized intensities were entered into Spotfire DecisionSite and displayed using hierarchical clustering. 

PTMScan® Direct Reagents
Multi-Pathway: detects key nodes of multiple signaling pathways

Ser/Thr Kinases: detects critical modification sites on 130 serine/threonine protein kinases

Under Development: Akt/PI3K Signaling, Tyrosine Kinases, Cell Cycle/DNA Damage,  
and Apoptosis/Autophagy.
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PTMScan® Direct in Drug 
Discovery and Development
The potential use of PTMScan Direct in drug discovery and development. Stages in the drug discovery 
and development process at which PTMScan Direct analysis can be used are indicated with arrows.

Liver Brain EmbryoA
– Akt1 (Thr308)

– Akt1 (Ser473, Thr479)

– Akt1 (Ser473)

– Akt2 (Thr309)

– Akt2 (Ser474, Ser478)

– Akt2 (Ser474)

– Akt3 (Thr305)

– Akt3 (Ser472, Ser474)

– Akt3 (Ser472)

Liver Brain Embryo Target (phosphorylation sites)

Mouse tissue hierarchical clustering.  
Intensities from the three mouse tissues 
(liver, brain, embryo) were normalized 
on a scale of 0 to 1 and clustered using 
euclidean distance in Spotfire Decision-
Site (V.9.1.2, TIBCO Software AB) (A). 
Each row represents a different peptide 
ion, and the three columns represent the 
three tissue types. The more intense the 
GREEN shading for a particular cell the 
closer the measured signal is to the max-
imum intensity of 1.

Unclustered heat map of Akt and PKC 
peptides. The data in (A) was organized 
by kinase to examine peptide abundance 
for Akt family members (B) and PKC  
isoforms (C).
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PTMScan® Direct: Multi-Pathway

PTMScan Direct results for MKN-45 cells treated with DMSO or SU11274 (A). Tables were generated con-
taining qualitative and quantitative information. Peptide ions that showed a fold-change >2.5 in response 
to treatment are colored in RED (decrease) and GREEN (increase) (B). Scatter plot of fold change versus 
DMSO sample intensity for MKN-45 cells –/+ SU11274. Each point represents a unique peptide ion. Peptide 
ions that changed in abundance with SU11274 treatment are highlighted in RED and GREEN.
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PTMScan® Direct: Multi-Pathway RTK Inhibitor Study
The PTMScan Direct: Multi-Pathway Reagent was used to assess receptor tyrosine kinase (RTK) inhibitor sen-
sitivity in 3 cell lines whose growth is dependent on RTK activity: H1703 cells (PDGFRα-dependent), H3255 
cells (EGFR-dependent), and MKN-45 cells (Met-dependent). The effects of PDGFR inhibitor (Imatinib), EGFR 
inhibitor (Gefitinib) and Met inhibitor (SU11274) treatment were assessed using label-free quantification.
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Experimental design for RTK inhibitor sensitivity study using PTMScan Direct. All treatments were 3 hrs with 
1 µM of indicated compound.

H3255 
(EGFR-driven)

GefitinibSU11274

MKN-45 
(Met-driven)

SU11274

H1703 
(PDGFRa-driven)

ImatinibSU11274

Additional Pathway Targets Include: Apoptosis; Autophagy; Calcium, cAMP, and Lipid Signaling; Cell Cycle; 
Chromatin Regulation; Cytoskeletal Signaling/Adhesion; Metabolism; NF-kB Signaling; TGF-b Signaling; Translational 
Control; Wnt/b-Catenin Signaling.

Monitor phosphorylation  
in MAP Kinase Signaling: 
ATF-2 (Thr62, Thr69, Thr71) • 
Bad (Ser75) • B-Raf (Ser446) • 
c-Raf (Ser338) • cdc25C  
(Ser168, Ser216) • c-Jun 
(Ser73) • GSK-3a (Ser21) • 
GSK-3b (S9) • IkBa (Ser32, 
Ser36, Tyr42) • JNK3 (Thr221, 
Thr223) • JunD (Ser90, Ser100) 
• MEK1 (Ser217, Ser221) • 
MEK2 (Ser222, Ser226) • 
MKP-2 (Ser386) • p42 MAPK 
(Erk2) (Thr184, Tyr186) • p44 
MAPK (Erk1) (Thr202, Tyr204) 
• p90RSK (Ser363, Thr359) • 
PI3K p85a (Tyr467) • PI3K p85b 
(Tyr464) • PKCA (Thr496) • Pyk2 
(Tyr579, Tyr580) • RSK2 (Ser227) 
• RSK4 (Ser389) • S6 (Ser235, 
Ser236, Ser240, Ser244) • SAPK/
JNK1 (Thr183, Tyr185) • Stat3 
(Ser701, Tyr705, Ser727) 

Heat map of relative fold changes for the three cell lines treated with Imatinib,  
Gefitinib, or SU11274. RED indicates a decrease in abundance relative to 
DMSO control, GREEN indicates an increase in relative abundance. Each 
row represents a different peptide ion and each column represents a different 
cell line and treatment.

– Akt1 (Ser473)
– PDGFRa (Tyr849)

– Erk2 (Thr184, Tyr186)

– Erk1 (Thr202, Tyr204)

– Akt2 (Ser474)

– Akt1 (Ser473/Thr479)

– Erk2 (Tyr184)

– Erk1 (Thr202)

– Akt1 (Thr312)

– PRAS40 (Thr246)

– S6 (Ser235/236/240/244)

– Akt1/Akt2/Akt3 (Thr308/Thr309/303)

– MEK1/MEK2 (Ser222/226)

– S6 (Ser236/240/241)

– GSK-3a (Ser21)

– mTOR (Ser2448/2454)

– BAD (Ser75)

– p70S6Kb (Thr228)

– p70 S6K/p70 S6K iso2 (256/233)

H1703 H3255 Target (phosphorylation sites)MKN45

	 imatinib	 SU11274	 gefitinib	 SU11274	 SU11274

 Monitor phosphorylation  
in PI3 Kinase/Akt Signaling: 
4EBP-2 (Thr37, Thr46) • Akt1 
(Thr308, Thr312, Ser473, Thr479) 
• Akt2 (Thr309, Ser474, Ser478) 
• Bad (Ser75) • GSK-3α (Ser21) 
• GSK-3β (Ser9) • MDM2 
(Ser166) • mTOR (Ser2448) • 
p70 S6 Kinase (Thr252, Thr412) 
• p70 S6 Kinase β (Thr228) 
• PDK1 (Ser241) • PI3K p55 
(Tyr199) • PI3K p85α (Tyr467) 
• PI3K p85β (Tyr464) • PRAS40 
(Thr246) • Rictor (Ser1370, 
Ser1373, Thr1376) • S6  
(Ser235, Ser236, Ser240, Ser244) 
• Wee1 (Ser642)

Applications Include: 
	 •	Identification of Biomarkers	 •	Screening New Drugs
	 •	Mechanism of Action studies	 •	Predict Therapeutic Outcomes
	 •	Validation of Targets	 •	Monitor Drug Therapy

TKLTK

STE

CK1

CMGC

AGC

CAMK

MYT1
Wee1
Wee1B

PIK3R4

SgK493

VRK1
VRK2

CK1γ2

CK1γ1
CK1γ3

PRPK
Haspin

SCYL2
SCYL1SCYL3

SgK196

SgK396
Slob

VRK3

GRK4

GRK5

TLK2

PLK4

PLK3

PLK2

MRCKβ

MRCKα

GRK6

TLK1

DMPK2

YANK2
YANK3

SgK494

BARK1/GRK2
BARK2/GRK3

GRK7

MAST3
MASTL

MAST4 MAST1

PRKY

CAMKK1
CAMKK2

ULK2

BIKE

AAK1

SBK
SgK069
SgK110

GAK

MPSK1

MAP2K5

MAP2K7

STLK6
LOK

NIK PAK1

PBK

CDK8

Erk7
Erk4

CDKL5

MAK

CCRK

CDK7

NLK

CDKL1
CDKL4

CDKL2
CDKL3

CDK10

PCTAIRE3

PFTAIRE1
PFTAIRE2

MOK

SgK071

CLIK1L
CLIK1

KIS

IRE1
IRE2 TBCK

HRI

CDC7

MAP3K4

KHS1
KHS2

NRK/ZC4

MYO3B

MAP3K8

MEKK6/MAP3K6

RIPK3

LIMK2 TESK1
TSK2

ALK2

TGFβR2

HH498
TAK1

BMPR1B
ALK7

ActR2
ActR2B

ANKRD3 SgK288

ALK4

DLK
LZK

MLK2

MLK1

MLK3

SgK496

RIPK1

WNK2
NRBP1 NRBP2

MEKK1/MAP3K1

MEKK2/MAP3K2

MAP3K7

MLKL

SgK307

SgK424

HSER

ANPβ/NPR2

IRAK1IRAK3

ULK3

ULK4
Fused

MELK

NIM1

SNRKSSTK

TSSK3
TSSK1

ARK5
SNARK

QSK

QIK
SIK

PKD2/PKCμ

HUNK

DCAMKL3

CASK

MAPKAPK5 VACAMKL

PSKH1
PSKH2

TSSK2

TSSK4

Nek6
Nek7

Nek11

Nek4

Nek3

Nek5

Nek10

STK33

MNK1
MNK2

PhKγ1
PhKγ2

DCAMKL1
DCAMKL2

PKD1

Trb1

Trb3

Trb2

SgK495

DRAK1

DAPK2caMLCK

SgK085

DAPK3

DRAK2

smMLCK

Trad
Trio

Obscn~b
SPEG~b

PASK

SuRTK106

MOS

Lmr1
Lmr2

Lmr3

Etk/BMX

ITK

BLK

EphA8

TEC
TXK

HCK

EphA7

EphA6

EphB3

EphA4

EphB1
EphA5

EphA10

EphB6
FRK

Srm

CSK

CCK4/PTK7

DDR1
DDR2

MuSK

Met
Ron

IRR

ROR1

Tnk1

HER3
Jak3

PYK2/FAK2

RYK

Ack
Jak1

Tyk2
Jak2

HPK1
GCK

SgK269

TTBK1
TTBK2

SRPK2

HIPK4CLK4

CLK2
CLK1

MSSK1

SRPK1

DYRK1B

DYRK4

HIPK3

DYRK2
DYRK3

Bub1

BubR1

CK1α1

CK1α2

CK1ε

RHOK/GRK1

DMPK

ROCK1
ROCK2

LATS2

IKKα
IKKβ

PAK3

Tpl2/COT

CDK9

MYO3A

LIMK1

ALK1

MISR2

ILK BMPR1A

TGFβR1

MLK4

WNK4

MEKK3/MAP3K3

IRAK4

IRAK2

Chk2/Rad53

Nek2

Nek8

Nek1

DAPK1

Pim1

Pim3

Pim2

EphA2

EphA1
Zap70/SRKSyk

FAK

PINK1

LATS1

MSK1

p70S6Kβ
RSK3

PKCι
PKCζ

PKN3

RSK4
RSK1/p90RSK

AurA/Aur2

AurB/Aur1
AurC/Aur3

NDR1
NDR2

YANK1

PDK1

MAST2

MSK2

Akt3/PKBγ

SGK2
SGK1
SGK3

CRIK

PKAα
PKAβ

PKG2
PKG1

PKAγ

ULK1

IKKε
TBK1/NAK

OSR1
STLK3

STRAD/STLK5

TAO3

PAK6

SLK

TAO2
TAO1

PAK2 PAK5/PAK7

ICK

CHED
CRK7

PITSLRE

CDK5

Erk2/p42MAPK

Erk1/p44MAPK

CDK3

PCTAIRE1

PCTAIRE2

TTK

GCN2

MST1
MST2

TNIK/ZC2
MINK/ZC3

RIPK2

ARaf

KSR KSR2
ZAK

LRRK1
LRRK2

WNK3

AMPKα1
AMPKα2

BRSK1
BRSK2

MARK4

MARK3MARK1
MARK2

RSK3~b

MAPKAPK2
MAPKAPK3

MSK1~b
MSK2~b

RSK4~b

PKD3/PKCν

CaMKIV

CaMKIIβ

RSK1~b

RSK2~b

TTN

Obscn
SPEG

Chk1

MST3

SgK223

CaMKIα

PRP4

CLK3

CK1δ

p70S6K

PKCδ
PKCθ

RSK2

PKCγ

PKCη
PKCε

PKCα
PKCβ

PLK1

PKN1/PRK1
PKN2/PRK2    

Akt1/PKBα
Akt2/PKBβ

SEK1/MAP2K4

MEK1/MAP2K1
MEK2/MAP2K2

PAK4

CDK4
CDK6

cdc2/CDK1   

CDK2     

MST4
HGK/ZC1

BMPR2  

BRaf
C-Raf/Raf1

WNK1

skMLCK

GSK3α
GSK3β

Erk5

CK2α2
CK2α1

RNAseL

PKR
PERK/PEK

GUCY2D

GUCY2F

ANPα/NPR1
Jak1~b

Tyk2~b
Jak2~b

Jak3~b

BTK

FgrLck

Fyn
Lyn

Src
Yes EphB4

EphB2

EphA3

Fer

Brk

Abl
Abl2/Arg

CTK

FLT4

FLT3
Axl

Mer

FLT1/VEGFR1

ALK
LTK

IGF1R
InsR

TrkA

FGFR2

EGFR HER2/ErbB2

HER4

KDR/VEGFR2
Fms/CSFR

Kit

FGFR3

FGFR1
FGFR4

PDGFRβ
PDGFRα

TrkB

TrkC

Tyro3/
Sky

Ret

Ros

ROR2

Tie1
Tie2

Fes

DYRK1A

HIPK1

HIPK2

LKB1

Erk3

p38γ
p38δ

p38β

p38α

JNK3
JNK1 JNK2

CDK11

Nek9

PRKX

GCN2

YSK1

MKK3/MKK6

ASK/MAP3K5

RSKL1
RSKL2

CaMKIγ

CaMKIδ

CaMKIβ

CaMKIIα
CaMKIIδ

CaMKIIγ

Human KinomeTHE

Atypical Protein Kinases
ABC1: ADCK1/2/3/4/5

Alpha: AlphaK1/2/3, EEF2K, ChaK1/2 

Brd: Brd2/4, Brd3, BrdT

PDHK: PDHK1/2/3/4, BCKDK

PIKK: ATM, ATR, mTOR/FRAP, DNAPK, SMG1, TRRAP

RIO: RIOK1/3, RIOK2, TIFα, TIF1γ, TIF1β


