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Protein tyrosine kinases (PTKs) modulate a wide variety of cellular events, including differenti-
ation, growth, metabolism and apoptosis (1-5). Phosphorylation of tyrosine residues in target
proteins is essential for maintaining cellular homeostasis, yet this post-translational modifica-
tion also provides the means by which a number of cellular oncogenes deregulate various
signaling pathways and induce transformation. PTKs are therefore important targets for both
basic research and drug development efforts (3).

PTKs represent a diverse and rapidly expanding superfamily of proteins, including both
transmembrane receptor tyrosine kinases (RTK) and soluble cytoplasmic enzymes also
known as nonreceptor tyrosine kinases (NRTK) (Table 6.1). Activation of the PTK domain of
either class of PTK enzymes results in interaction of the protein with other signal transducing
molecules and propagation of the signal along a specific signal transduction pathway
(Figure 6.1; 1-10).

Activation of transmembrane PTKs is typically initiated by binding of a ligand (e.g., hormone
or growth factor) to a specific site within the extracellular domain of the receptor. Upon ligand
binding, these receptors commonly undergo dimerization, resulting in autophosphorylation of
tyrosine residues within the cytoplasmic domain (11,12). This autophosphorylation event can
occur in trans (between receptor molecules within the dimer) or in cis (within a single receptor
molecule in the dimer; 6,7). These phosphorylation events activate the kinase, thereby
increasing its intrinsic PTK activity, and produce new binding sites for intracellular adapter
molecules that bring signal transduction molecules into close proximity (Figure 6.1A; 1,3,4).
For example, the adapter Grb2 contains one phosphotyrosine binding src homology 2 domain
(SH2) and two proline-rich binding src homology 3 domains (SH3). Autophosphorylation of a
receptor (e.g., Epidermal Growth Factor Receptor) or phosphorylation of a receptor associated
adapter such as Shc allows Grb2 to bind to these proteins via its SH2 domain. The SH3
domain of Grb2 then binds to the proline-rich C-terminal tail of Sos and recruits Sos to the
membrane-bound complex. Sos, a GTP/GDP exchange factor, activates Ras by exchanging
GTP for GDP on the Ras molecule. The GTP-bound form of Ras then binds to Raf protein
kinase (a MAPK kinase kinase) isoforms, including C-Raf-1, B-Raf and A-Raf. This interaction
results in targeting of Raf to the membrane where its protein kinase activity is increased by
phosphorylation, thereby allowing it to activate other signaling molecules.

Receptors that lack PTK activity but harbor sites for tyrosine phosphorylation (often catalyzed
by the soluble cytoplasmic PTK enzymes) activate identical or similar enzyme cascades via
the association of their phosphotyrosine residues with adapter molecules

(Figure 6.1B; 2,8,9). For example, phosphorylation of the zeta chain of the T cell receptor by
p53/56/ck or p59fN induces p70zap association and activation (13). Similarly, phosphorylation
of the cytoplasmic domains of cytokine receptors by p53/56/ck leads to association and acti-
vation of the JAK family of soluble cytoplasmic PTKs (9,14).

Significant overlap exists between these general signaling pathways, including the activation
of the mitogen-activated/extracellular signal-regulated protein kinase (MAPK or ERK) super-
family (4,10). In general, the ERK1 and ERK2 subfamily is activated by growth factor/
hormone signaling, while the INK and p38 subfamilies are activated by various cytokines and
stress (4,10). The resulting cascade involves a series of phosphorylation events mediated by
PTKs as well as Ser/Thr protein kinases (e.g., PKA, PKC, MEKK, MEK, etc.) that can either
activate or inhibit the proteins involved. The physiological outcome of these signal transduc-
tion events is determined by the interplay between protein kinases and protein phosphatases.
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Transmembrane Receptor PTKs

PTK Enzyme Involvement in Cellular Representative

Family PTKs Signaling (Disease States) References

Axl Axl, Mer/Nyk, Rse integrin signaling Georgescu, M.M. et al.
(1999) Mol.Cell. Biol.
19, 1171.

Eph CEK5, CEKS8, EBK, ECK, EEK, growth, differentiation, Binns, K.L. et al. (2000)

EHK-1, EHK-2, ELK, EPH,
ERK, HEK, MDK2, MDKS5, SEK

neurobiology
(epithelial cell cancer)

Mol. Cell. Biol. 20, 4791.

Epidermal growth
factor receptor (EGFR)

EGF-R, HER2/neu, HER3, HER4,
ErbB, ErbB2, ErbB3, ErbB4,
Xmrk, DER, Let23

growth
(breast and squamous
cell carcinoma, psoriasis)

Di Fulvio, M. et al.
(2000) J. Endocrinol.
166, 173.

Fibroblast growth factor
receptor (FGFR)

FGF-R1, FGF-R2/BEK/CEKS, FGF-
R3/CEK2, FGF-R4/TKF, KGF-R

growth, differentiation
(colon and prostate cancer)

Lopez, M. and Korc, M.
(2000) J. Biol. Chem.
275,15933.

Hepatocyte growth/
scatter factor receptor
(HGFR)

HGF-R, MET, RON, SEA, SEX

growth, differentiation (cancer)

Wallenius, V. et al.
(2000) Am. J. Path. 156,
821.

Insulin receptor (IR)

I-R, IGFI-R

differentiation, metabolism
(diabetes)

Shao, J. et al. (2000)
Diabetes 49, 589.

Nerve growth factor
receptor (NGFR or Trk)

Trk A, Trk B, Trk C

neuronal differentiation,
neurite outgrowth

Kaplan, D.R. and Miller,
F.D. (2000) Curr. Opin.
Neurobiol. 10, 381.

RET

RET

B cell, kidney and neural crest
development (Hirschsprung’s
disease, multiple endocrine
neoplasia, medullary thyroid
cancer)

Tansey, M.G. et al.
(2000) Neuron 25, 611.

Platelet-derived
growth factor receptor
(PDGFR)

PDGFa-R, PDGFB-R, CSF1-
R/FMS, SCF-R/KIT, VEGF-R/FLT,
NEK/FLK1, FLT3/FLK2/STK-1

growth, differentiation, cytokine
and vascular regulation
(leukemia, gliomas)

lwamoto, H. et al.
(2000) J. Lab. Clin. Med.
135, 406.

Nonreceptor PTKs

PTK Enzyme Involvement in Cellular Representative

Family PTKs Signaling (Disease States) References

ABL p43a! ARG cell cycle regulation, direct Kharbanda, S. et al.
coupling to DNA (CML) (2000) Mol. Cell. Biol.

20, 4979.

BTK BTK, ITK/EMT, TEC B cell activation and Hsueh, R.C. and

development (Bruton's Disease) ~ Scheuermann, R.H.
(2000) Adv. Immunol.
75, 283.

CSK p50¢csk, p56ntk, CTK/CRK T cell activation, Brdicka, T. et al. (2000)
negative regulation of src J. Exp. Med. 191, 1591.
family kinases

FAK p112p¥k, p125fak integrin signaling, focal Sonoda, Y. et al. (2000)
adhesion, differentiation J. Biol. Chem. 275,

16309.

FPS p93fesifps p94fer cytokine signaling, Arregui, C. et al. (2000).
hematopoiesis J. Cell. Biol. 149, 1263.

JAK p130iakl, p130iak2, cytokine signaling (STAT), Jinks, T.M. et al. (2000)

p130/p135tk2 transcriptional Mol. Cell 5, 581.
activation (ALL)

SRC p55fer, p53/p56!ck, p56eihn, cell membrane-associated Zhao, W. et al. (2000)

p55/p57vlk, p59fyn, p59hck, via myristate group (cancer) Proc. Natl. Acad. Sci.
p60sre, p60yrk, p62yes USA 97, 8098.

SYK p702p, p72syk B and T cell signaling Faruki, S. et al. (2000)

(autoimmunity) J. Cell Sci. 113, 2557.
4
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Product Size Catalog #
SignaTECT® Protein Tyrosine Kinase (PTK) Assay System 96 reactions V6480

Description: The SignaTECT® Protein Tyrosine Kinase Assay System( provides an improved
method to measure the enzymatic activities of a variety of protein tyrosine kinases (PTKs) includ-
ing both transmembrane and cytosolic PTKs. Promega’s SignaTECT® Protein Tyrosine Kinase
Assay System overcomes the problems of nonspecific binding by using PTK Biotinylated
Peptide Substrates in conjunction with the unique SAM2® Biotin Capture Membrane®, which is a
novel streptavidin matrix produced by a proprietary process that results in a high density of
streptavidin on the membrane matrix. This streptavidin matrix provides rapid, quantitative cap-
ture of biotinylated substrate molecules based on the strong affinity of biotin for streptavidin. In
addition, the membrane is optimized for low nonspecific binding.

@U.S. Pat. No. 6,066,462 has been issued to Promega Corporation for quantitation of protein kinase activity.
Features
« High Signal-to-Noise Ratios: The
high specificity and strong affinity of
the SAM2® Membrane for biotinylated
substrates results in lower background 45

Il - Peptide Substrate
[ + Peptide Substrate 1

and higher signal-to-noise ratios than & 40 .
traditional capture methods (i.e., P-81 S 35 [0 + Peptide Substrate 2
phosphocellulose). i/ 30
e Linear Binding: Membrane can linear- § 25
ly bind biotinylated substrates up to & 20
the nmol/cm2 range—allows for kinetic 3 15
. [=8 <
studies. s 10 3
< Convenient: SignaTECT® Systems S 5 g
require less “hands-on” manipulation 0 2
than other assay methods. L OSSP & &P
< Versatile: The SAM2® Membrane can CELL & ESI
be used in a variety of buffer and reac- L«

tion conditions. PTK

Assays containing PTK
Biotinylated Substrate 1, PTK Biotinylated Substrate 2 or no substrate were performed as
described in Technical Bulletin #TB211 using termination Protocol A. Following termination of
the kinase reactions, 12.5ul of each reaction was spotted onto each square of the streptavidin
matrix. The 12.5ul sample contains 2.1nmol of PTK biotinylated peptide substrate.
This substrate concentration has been optimized for the assay and does not exeed the linear
binding capacity of the SAM2® Membrane square. Each biotinylated peptide substrate was
used at 250uM. The following amount of each PTK enzyme was used: EGFR (1,000fmol); IR-
CD (62.5fmol); PDGFR-CD (2,500fmol); FGFR-CD (125fmol); p60sre (287fmol); p56'ck
(7,900fmol); p93fes (250fmol); p432ab! (21 units). CD=cytoplasmic domain. See Table 6.1 for a
definition of abbreviations.

A. 254 B.
o 20 s Km (uM)
5 n
= PTK Substrate |IR-CD |EGFR |p60c-src
© 15
3 PTK Peptide 1 58 | 25 | 12
(2]
g 07 PTK Pepti
<4 eptide 2 25 27 36
z <
S 5 Gastrin, ;, 304 |ND.| ND. |
<
= =
0 Km = 27uM src-derived 13mer  |>1,000| 400 | ND. | §

T T T T
100 200 300 400 N.D. = not determined

PTK Biotinylated Peptide Substrate (uM)

Assays were performed as described in Technical
Bulletin #TB211, except that the reactions were incubated at 0°C; termination Protocol A was
used. K, values were determined by nonlinear curve fitting using a hyperbolic function.
EGFR (Cat.# V5551) was used at 185ng (1pmol) per reaction. The K, was 27uM. Kn
values obtained using PTK Biotinylated Peptide Substrate 1, Peptide Substrate 2 or a biotinylat-
ed version of one of the commonly used PTK peptide substrates.
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EGF Receptor

Liverton, N.J. et al. (1999) Design and
synthesis of potent, selective, and orally
bioavailable tetrasubstituted imadazole
inhibitors of p38 mitogen-activated pro-
tein kinase. J. Med. Chem. 42, 2180.

Anti-Phosphotyrosine pAb

Rodriquez-Frade, J.M. et al. (1999) The
chemokine monocyte chemoattractant
protein-1 induces functional responses
through dimerization of its receptor
CCR2. Proc. Natl. Acad. Sci. USA 96,
3628.

Vila-Coro, A.J. et al. (1999) The

chemokine SDF-1alpha triggers CXCR4
receptor dimerization and activates the
JAK/STAT pathway. FASEB J. 13, 1699.
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S. (1996) Detection and quantitation of
protein tyrosine kinases. Promega
Notes 59, 2.
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Product Size Catalog #
EGF Receptor 10 units V5551

Description: Epidermal Growth Factor Receptor (EGF Receptor) is a cell surface glycoprotein
composed of a single polypeptide chain (170kDa) that binds the peptide Epidermal Growth
Factor (EGF) (6.1kDa). The EGF Receptor is found in numerous tissues of the body where the
receptor number can range from 20,000 to 200,000 receptor molecules per cell (1). The EGF
Receptor consists of an extracellular ligand binding domain, a single transmembrane region and
a cytoplasmic intrinsic tyrosine kinase domain.

Upon ligand binding, the EGF Receptor autophosphorylates, causing the tyrosine kinase domain
of the EGF Receptor to become active. Ligands that bind the receptor are EGF, Transforming
Growth Factor a (TGFa), vaccinia virus growth factor and amphiregulin (1,2). The activated tyro-
sine kinase domain can phosphorylate a number of substrates, such as phospholipase C-y1; ras
GTPase activating protein; the proto-oncogene c-erb B-2, lipocortin I; the serine/threonine kinas-
es, MAPK; and raf (2).

EGF Receptor is immunopurified from the A431 cell line following a procedure that has been
detailed by Weber et al. (3). The purified EGF Receptor does possess tyrosine kinase activity
due to the bound EGF; however, the EGF Receptor has not been autophosphorylated.
References

1. Todderud, G. and Carpenter, G. (1989) Epidermal growth factor: The receptor and its func-
tion. BioFactors 2, 11.

2. Carpenter, G. and Cohen, S. (1990) Epidermal growth factor. J. Biol. Chem. 265, 7709.

3. Weber, W, Bertics, P.J. and Gill, G.N. (1984) Immunoaffinity purification of the epidermal
growth factor receptor. Stoichiometry of binding and kinetics of self-phosphorylation. J. Biol.
Chem. 259, 14631.
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Product Size Catalog #
Anti-Phosphotyrosine pAb 200ug V2171

Description: Anti-Phosphotyrosine pAb, IgG, is generated in rabbits. The immunogen is phos-
photyrosine-ovalbumin conjugate. The antiserum is purified by anion exchange
chromatography and elution of IgG from Protein G-Sepharose® resin.



