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Integration of signals leading to ligand- and cell type-specific responses
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The ERK, JNK,
and p38 cascades all contain the same series of three kinases. A MEK kinase (MEKK) phosphory-
lates and activates a MAP Kinase Kinase (MEK), then MEK phosphorylates and activates a MAP



SIGNAL TRANSDUCTION RESOURCE

Signal transduction networks permit cells to receive external stimuli and respond to the sig-
nals in an appropriate manner. The Mitogen-Activated Protein Kinase (MAPK) signaling
pathways play an important role in signal transduction in eukaryotic cells, where they modu-
late many cellular events including: mitogen-induced cell cycle progression through the G1
phase, regulation of embryonic development, cell movement and apoptosis, as well as cell
and neuronal differentiation (1,2). These evolutionarily conserved pathways are organized in
three-kinase modules consisting of a MAP kinase, an activator of MAP kinase (MAP Kinase
Kinase or MEK) and a MAP Kinase Kinase Kinase (MEK Kinase, MEKK, or MAPK Kinase
Kinase). There are at least three distinct MAP kinase signal transduction pathways in mam-
malian cells, each named after the particular MAPK associated with it. These include the
extracellular signal-regulated kinases, ERK1/2 (also known as MAPKSs), the c-Jun N-terminal
kinases/stress-activated protein kinases (JNK/SAPK) and the p38 kinases (Figure 1.1). Since
the budding yeast Saccharomyces cerevisiae is known to have more than three distinct
MAPK pathways, it is logical to expect that there might be additional MAPK pathways in
mammalian cells (2).

MAP kinases are proline-directed serine/threonine kinases that are activated by dual phos-
phorylation in response to diverse extracellular stimuli. The dual phosphorylation occurs in
the activation domain of MAPKs on the threonine and tyrosine residues in the sequence
pTXpY (3-6). The dual phosphorylation is facilitated by dual-specificity MAP kinase kinases
(MAPKKs or MEKSs), which in turn are activated by serine/threonine phosphorylation by MAP
kinase kinase kinases (MEKK). Mammalian ERK1 and ERK2, and their upstream activators
MEK1 and MEK2, are stimulated by growth and differentiating factors (e.g., epidermal growth
factor, platelet-derived growth factor and nerve growth factor [NGF]) through receptor tyro-
sine kinases (RTKSs), heterotrimeric G protein-coupled receptors, or cytokine receptors
(reviewed in 7). The yeast homolog of ERK1/2, Fus3p, is involved in pheromone response
resulting in cell-cycle arrest and the induction of mating-specific gene expression (8). The
mammalian JNKs and p38 kinases are implicated in responses to cellular stress, inflamma-
tion and apoptosis. They are activated by lipopolysaccharides, IL-1, TNF-a, ionizing or
ultraviolet radiation, the translation inhibitors cycloheximide and anisomycin, tumor promot-
ers, heat shock or hyperosmotic stress. In MDA435 cells, induction of the breast
cancer-susceptible gene triggers apoptosis through the JNK pathway (9).

Signal transduction cascades involving ERK/MAPK superfamily enzymes are also regulated
by the activities of a variety of protein phosphatases. Several dual-specificity protein phos-
phatases have been identified that can differentially dephosphorylate the MAPK, JNK or p38
enzymes. For example, the phosphatase MKP2 acts on both MAPK and JNK enzymes, while
M3/M6 acts on JNK and p38. In contrast, PAC1 acts primarily on MAPKs while MKP1, also
known as CL-100, can act on all three enzymes (10,11). In addition, individual Ser/Thr (e.g.,
PP2A) or Tyr (e.g., PTP1) phosphatases also appear to regulate the activity of the ERK/IMAPK
enzymes by dephosphorylating either core residue (7,12,13). Thus, the cell can tightly regu-
late the activity of the ERK/MAPK enzymes by judicious use of different combinations of
MEKs, the mono- and dual-specificity protein phosphatases and the subcellular localization
of each enzyme to elicit the appropriate physiological response. This level of complexity
emphasizes the need for reagents that can accurately detect the active, dually phosphorylat-
ed forms of these enzymes.
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Product Size Catalog #
Anti-ACTIVE® MAPK pAb, Rabbit, (pTEpY) 40l V8031

Description: Anti-ACTIVE® MAPK pAb, Rabbit, is an affinity-purified polyclonal antibody that
specifically recognizes the dually phosphorylated, active form of MAPK (also known as
P44/ERK1 and p42/ERK2) enzymes. Anti-ACTIVE® MAPK pAb is raised against a dually phos-
phorylated peptide sequence representing the catalytic core of the active ERK enzyme. The
phosphorylated amino acid residues correspond to Thr 183 and Tyr 185 of the p42/ERK2
enzyme. The recommended dilution of Anti-ACTIVE® MAPK pAb for Western blot analysis is
1:5,000.

Features

« Specificity: The Anti-ACTIVE® MAPK pAb recognizes the active forms of ERK1, ERK2 and
ERK7 (1).
« ICC-Qualified: Each lot is tested in immunocytochemical applications using PC12 cells.
References

1. Abe, M.K. et al. (1999) Mol. Cell. Biol. 19, 1301.

Product Size Catalog #
Anti-ACTIVE® JNK pAb, Rabbit, (pTPpY) 40pl V7931
120ul V7932

Description: Anti-ACTIVE® JNK pAb, Rabbit is an affinity-purified polyclonal antibody that recog-
nizes the dually phosphorylated, active form of JNK (c-Jun N-terminal protein kinase), also
known as SAPK (Stress-Activated Protein Kinase). Anti-ACTIVE® JNK pAb is raised against a
dually phosphorylated peptide sequence representing the catalytic core of the active INK
enzyme. The phosphorylated amino acid residues correspond to Thr 183 and Tyr 185 of the
JNK2 enzyme. The recommended dilution of Anti-ACTIVE® JNK pAb for Western blot analysis is
1:5,000.

Features

* Specificity: The Anti-ACTIVE® JNK pAb recognizes the active forms of JNK1, JNK2 and
JNK3 isoforms.

* |CC-Qualified: Each lot is tested in immunocytochemical applications using PC12 cells.

Product Size Catalog #
Anti-ACTIVE® p38 pAb, Rabbit, (pTGpY) 100pl V1211

Description: Anti-ACTIVE® p38 pAb, Rabbit, is an affinity-purified polyclonal antibody that recog-
nizes the active form of p38 kinase. The Anti-ACTIVE® p38 pAb is raised against the dually
phosphorylated peptide sequence representing the catalytic core of the active p38 enzyme. The
phosphorylated amino acid residues correspond to Thr 180 and Tyr 182 of the p38 enzyme. The
recommended dilution of Anti-ACTIVE® p38 pAb for Western blot analysis is 1:2,000.

Features

« Specificity: The Anti-ACTIVE® p38 pAb recognizes the active forms of p38a, y and o iso-
forms.

« ICC-Qualified: Each lot is tested in immunocytochemical applications using PC12 cells.
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A. Anti-ACTIVEE MAPK pAb

Untreated NGF-Treated

B. Anti-ACTIVET JNK pAb

Untreated Sorbitol-Treated

C. Anti-ACTIVE" p38 pAb

Untreated Sorbitol-Treated
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Cells were either untreated or treated with 200ng/ml NGF or 1M sorbitol. Anti-ACTIVE® pAbs
were used at the following dilutions: MAPK, 1:500 ; INK, 1:1,000 ; p38, 1:500
. The secondary antibody conjugate was donkey anti-rabbit Cy™3 conjugate (Jackson
ImmunoResearch) at a 1:1,000 dilution. The images were visualized using a Zeiss® fluores-
cence microscope and captured using an Optronics digital camera at 1/15-second exposure.
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Anti-ACTIVE® MAPK Anti-ACTIVE® JNK Anti-ACTIVE® p38
NGF Sorbitol NGF Sorbitol NGF Sorbitol
kDa - + -+ - + -+ - + -+

—p38
12 3 4 56 7 8 9 10 11 12
Anti-MAPK Anti-JNK Anti-p38
NGF Sorbitol NGF Sorbitol NGF Sorbitol
kDa - *+ -+ - + -+ - + -+
98-
64—
JNK2
50- JNK1
p38

36-
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56 7 8
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PC12 cells were grown to 60-80%
confluence in RPMI 1640 medium supplemented with 25mM HEPES, 0.5mM EGTA, 10%
horse serum and 5% fetal bovine serum. Cells were either untreated, treated with 50ng/ml of
nerve growth factor (NGF) for 5 minutes, or 0.5M sorbitol for 5 minutes, as indicated. Cells
were harvested, homogenized and subjected to high-speed centrifugation. The resulting
supernatants were stored at —70°C. Aliquots of each extract were analyzed by SDS-PAGE
(10% gel, under reducing conditions) and transferred to nitrocellulose membranes. The
membranes were probed with either the indicated Anti-ACTIVE® pAb or with the
corresponding antibodies that recognize both active and inactive forms of each subfamily of
kinases . For INK, the antibody that detects both forms was generated against
whole JNK enzyme from rat, while the corresponding antibodies for p38 and ERK1 and ERK2
were generated against synthetic peptides derived from the deduced amino acid sequence of
each protein. The secondary antibody used was Promega’s Donkey Anti-Rabbit IgG (H+L),
AP, Anti-ACTIVE® Qualified Conjugate (Cat.# V7971). Chemiluminescent detection was per-
formed using a Tropix Western-Star™ Kit and Kodak® BioMax® film, as described by the
manufacturer. Lanes: lanes 1, 5 and 9, 2ug of unstimulated PC12 cell extract; lanes 2, 6 and
10, 2pg of NGF-stimulated PC12 cell extract; lanes 3, 7 and 11, 20ug of unstimulated PC12
cell extract; lanes 4, 8 and 12, 20ug of sorbitol-treated PC12 cell extract.
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Product Size Catalog #
Anti-ERK 1/2 pAb, Rabbit 40l V1141

Description: Anti-ERK 1/2 pAb is a polyclonal antibody purified from rabbit serum. The anti-
body is affinity-purified using a peptide sequence in human/rat ERK1. This antibody detects
both the active and inactive forms of ERK1 and ERK2.

Product Size Catalog #
Anti-pT183 MAPK pAb, Rabbit 50l V8081

Description: Anti-pT183 MAPK pAb is a polyclonal antibody purified from rabbit serum. The
antibody is affinity-purified using a monophosphorylated peptide (mono pT!83 peptide) corre-
sponding to the monophospho-threonine form of ERK1 and ERK2.

Anti-ACTIVE® Anti-ERK 1/2
MAPK pAb pAb

kDa
250 -

98
64
50 _ —ERKL (p44)

—ERK2 (p42)
36

30

16

2469TA01/9B

1 2 3 4 5 6 7 8

Proteins were separated by SDS-PAGE on a NOVEX® 4-20%
Tris-glycine gel followed by electrotransfer to nitrocellulose. Blots were then probed with Anti-
ACTIVE® MAPK pAb (Cat.# V8031) at a 1:5,000 dilution or with Anti-ERK 1/2 pAb
(Cat.# V1141) at a 1:5,000 dilution . Detection was performed using Donkey Anti-
Rabbit 1IgG (H+L), AP, Anti-ACTIVE® Qualified secondary antibody (Cat.# V7971) and Western
Blue® Stabilized Substrate for Alkaline Phosphatase (Cat.# S3841). Lanes 1 and 5 contain
prestained molecular weight marker standards; lanes 2 and 6 contain 1ug of NGF-stimulated
PC12 cell extract; lane 3 contains 10ug of unstimulated PC12 extract; lane 7 contains 1ug of
unstimulated PC12 extract; lanes 4 and 8 contain 1ng of recombinant, active ERK2 enzyme.
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Product Size Catalog #
Donkey Anti-Rabbit IgG (H+L), HRP 60ul V7951

Description: Donkey Anti-Rabbit IgG (H+L), HRP, is an affinity-purified horseradish peroxidase
(HRP) -conjugated secondary antibody for use with the Anti-ACTIVE® pAbs. It is qualified for
use in Western blot analysis using chemiluminescent and colorimetric detection methods. This
antibody conjugate exhibits minimal cross-reactivity to goat, mouse and sheep IgG, bovine
serum albumin (BSA) and proteins in mammalian cell extracts. This antibody conjugate provides
low backgrounds and highly specific signals when used at the recommended 1:5,000 dilution of
conjugate with Anti-ACTIVE® MAPK pAb, and 1:10,000 dilution of conjugate with Anti-ACTIVE®
JNK and Anti-ACTIVE® p38 pAbs.

Feature

» Optimized: Provides specific detection and low background when used in Western blot
analysis with Promega’s Anti-ACTIVE® rabbit polyclonal antibodies.

Product Size Catalog #
Donkey Anti-Rabbit IgG (H+L), AP 60pl V7971

Description: Donkey Anti-Rabbit IgG (H+L), AP, is an affinity-purified alkaline phosphatase (AP)
-conjugated secondary antibody for use with the Anti-ACTIVE® pAbs. It is qualified for use in
Western blot analysis using chemiluminescent and colorimetric detection methods. This anti-
body conjugate exhibits minimal cross-reactivity to goat, mouse and sheep IgG, bovine serum
albumin (BSA) and proteins in mammalian cell extracts. This antibody conjugate provides low
background and highly specific signals when used at the recommended 1:5,000 dilution of con-
jugate with Anti-ACTIVE® MAPK pAb, and 1:10,000 dilution of conjugate with Anti-ACTIVE® JNK
and Anti-ACTIVE® p38 pAbs.

Feature

e Optimized: Provides specific detection and low background when used in Western blot
analysis with Promega’s Anti-ACTIVE® rabbit polyclonal antibodies.
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Product Size Catalog #
PC12 Cell Extracts, Western Controls-NGF/Untreated 10 blots V8110

Description: Control cell extracts for use with Anti-ACTIVE® MAPK, Anti-pT183 MAPK and Anti-
ERK 1/2 polyclonal antibodies in Western blot analysis. PC12 Cell Extracts, Western Controls
contain both treated and untreated cell extracts for use as positive and negative controls in
Western blot analysis. The NGF (nerve growth factor)-treated cell extract is recommended as
a positive control for the detection of activated ERK1 and ERK2. The untreated extract is
recommended for use as a negative control for the detection of the activated ERK1 and
ERK2 enzymes but can serve as a positive control when detecting total ERK1 and ERK2
enzymes using the Anti-ERK 1/2 pAb ("pan”). Each kit contains sufficient extract to run 10
lanes each of the positive and negative controls.

Product Size Catalog #
PC12 Cell Extracts, Western Controls-Sorbitol/Untreated 10 blots V8100

Description: Control cell extracts for use with Anti-ACTIVE® JNK and p38 polyclonal antibod-
ies in Western blot analysis. PC12 Cell Extracts, Western Controls contain both treated and
untreated cell extracts for use as positive and negative controls in Western blot analysis. The
sorbitol-treated cell extract is recommended as a positive control for the detection of activat-
ed JNK1 and JNK2 as well as p38 kinase. The untreated extract is recommended for use as
a negative control for these enzymes. Each kit contains sufficient extract to run 10 lanes
each of the positive and negative controls.

A. NGF-Treated B. Sorbitol-Treated
Anti- Anti- Anti- Anti-
ACTIVE®  ERK ACTIVE®  JINK
MAPK 1/2 INK 12
kDa PAb pAb pAb pAb
98 —
64 —
50 - | —
-y
36 — H
30 - g
12 12 12 12

Lanes contained 2ug of Untreated (lanes 1) or NGF-Treated PC12 Cell Extract (lanes 2). Blots
were probed with Anti-ACTIVE® MAPK pAb (Cat.# V8031) or Anti-ERK 1/2 pAb (Cat.# V1141)
as indicated. Lanes contained 10ug of Untreated (lanes 1) or Sorbitol-Treated PC12
Cell Extract (lanes 2). Blots were probed with Anti-ACTIVE® JNK pAb (Cat.# V7931) or anti-
pan JNK 1 pAb (Santa Cruz Biotech), as indicated. The secondary antibody was Donkey
Anti-Rabbit IgG (H+L), AP, Anti-ACTIVE® Qualified (Cat.# V7971). Chemiluminescent detection
was performed using a Western-Star™ kit (Tropix). Proteins were transferred to nitrocellulose
from 10% SDS-polyacrylamide minigels.
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MEK Inhibitor U0126
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Size
5mg

Product
MEK Inhibitor U0126

Catalog #
V1121

Description: MEK Inhibitor U0126 is a potent, cell-permeable inhibitor of MAPK (ERK 1/2)
activation by inhibiting the kinase activity of MAP Kinase Kinase (MAPKK or MEK 1/2). U0126
inhibits MEK1 with a ICs, of 0.5uM in vitro (1). It has been used in both in vivo and in vitro
studies of MEK (1-4).

References
1. Favata, M. et al. (1998) J. Biol. Chem. 273, 18623.
. DeSilva, D.R. et al. (1998) J. Immunol. 160, 4175.

2
3. Goueli, S. et al. (1998) Promega Notes 69, 6.
4. Li, C. et al. (1999) J. Biol. Chem. 274, 6747.

Size
5mg

Product
PD 98059

Catalog #
V1191

Description: PD 98059 (2"-amino-3"-methoxyflavone) is a potent, cell permeable and selective
inhibitor of MAPK/ERK kinase 1 (MAP kinase kinase 1 or MEK1). It blocks the activation of
MEK1, therefore inhibiting the subsequent phosphorylation and activation of MAP kinase.
ICs, values are in the 1-20uM range (1-4).

References
1. English, J. et al. (1999) Exp. Cell Res. 253, 255.
. Dudley, D.T. et al. (1995) Proc. Natl. Acad. Sci. USA 92, 7686.
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Size
1mg

Product
SB 203580

Catalog #
V1161

Description: SB 203580 is a specific, cell-permeable inhibitor of the stress- and inflammatory
cytokine-activated MAP kinase homologues p38a, p38f3 and p38p2. SB 203580 acts as a

competitive inhibitor of ATP binding. Reported IC, values for p38 activity range from 21nM to
1pM. SB 203580 has no significant effect on the activities of ERKs, JNKs, p38y or p38d (1-4).
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Size
5mg

Product
LY 294002

Catalog #
V1201

Description: LY 294002 [2-(4-Morpholinyl)-8-phenyl-4 H-1-benzopyran-4-one] is a potent and
specific cell-permeable inhibitor of phosphatidylinositol 3-kinases (PI 3-kinases) with IC;, val-
ues in the 1-50pM range. LY 294002 competitively inhibits ATP binding to the catalytic
subunit of PI 3-kinases and does not inhibit PI 4-kinase, DAG-kinase, PKC, PKA, MAPK, S6
kinase, EGFR or c-srctyrosine kinases and rabbit kidney ATPase (1,2).
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