MITOGENE ACTIVATED PROTIEN
KINASE (MAPK) PATHWAY



Mitogen:-is a chemical substance that encourages a cell to

commence cell division, triggering mitosis. A mitogen is usually

some form of a protein.

Q Signal transduction pathways—> MAPK—)>  mitosis.

1 Mitogens act primarily by influencing a set of proteins which are
involved in the restriction of progression through the cell cycle.

(1 Only the G1 checkpoint is controlled most directly by mitogens:

M The point where mitogens are no longer needed to move the cell
cycle forward is called the "restriction point" and depends

on cyclins to be passed.



Ubiquitin:- is a small (8.5 kDa) regulatory protein found in most
tissues of eukaryotic organisms.
** The addition of wubiquitin to a substrate protein s

called ubiquitination or less frequently ubiquitylation.

¢ Ubiquitination affects proteins in many ways: it can mark them
for degradation via the proteasome, alter their cellular location,

affect their activity, and promote or prevent protein interactions.

*» Kinase:- is an enzyme that catalyzes phosphorylation reaction.

And kinase helps in inhibiting the ubiquitination.


https://en.wikipedia.org/wiki/Atomic_mass_unit
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Each MAPK pathway contains a three tiered kinase cascade
comprising a MAP kinase kinase kinase (MAPKKK, MAP3K, MEKK
or MKKK), a MAP kinase kinase (MAPKK, MAP2K, MEK or MKK)

and the MAPK



MAP kinase kinase kinase or MAP kinase kinase

MAPKKK MAPKKK

MAP3K MAP3K

MEKK or MEKK or
MKKK MKKK




In humans there are at least 11 members of the MAPK superfamily, which
can be divided into 6 groups:

Each group of MAPK can be stimulated by a separate signal transduction
pathway in response to different extracellular stimuli
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ERK1 ERK2

In certain cells their activation contributes to normal and abberant
growth, in other cells they promote cell survival or initiate
differentiation in others.

is enhanced by hual phosphorylation on ]

Thr and Tyr, by a group f dual-specificity protein kinases (MAPKK)

represented by MEK1 and MEK2.

ERK activity is terminated by dephosphorylation on either Thr or
Tyr by a Ser/Thr or Tyr phosphatase.

MEKI1 and MEK2 are activated by phosphorylation mediated by
MAPKKK, that include A-Raf, B-Raf, c-Raf-1.

The Raf group is activated by small G-protein Ras.




JNK1 JNK2 JNK3

JNK was discovered by its ability ul phosphorylate the N-terminal l
transactivating domain of the transcription factor c-Jun. Its activity

was stimulated primarily by cellular stress.

The kinase cascade is initiated by the{Rho family of GTPases, Racl]
and Cdc42.

MAPKKK include MEK1, MEK2, MEK3, MEK4, apoptosis-
stimulated kinase 1 (ASK1), and germinal center kinase (GCK).

MAPKK comprise MKK4 and MKK?7.

Substrates for JNK includes transcription factors of c-Jun family
as well as several other transcription factors.



p38s
These MAPKS are stimulated bylenvironmental stresses, they are l
e cells

articularly sensitive to their stimulation by exposure o
l to endotoxins. l

They are activated by[dual phosphorylation on Thr and Tyr by

MKK3 and MKKGS.

MAPKKK are not well defined, include ASK1 and TAKI.

[l‘he specifie transcription factors regulated by these MAPKS ]
include cAMP- responsive element-binding protein (CREB) and
several others. In addition, these MAPKSs can also trigger the
activation of other serine-threonine Kkinases.




ERKS

t is also known as big mitogen-activated protein kinase, being
arger than any other known MAPK (80 kDa).

It is selectively activated by MEKS but not by MEK1 or MEK2.

| fed xidative stressjand can play a role in
early gene expression triggered by EGF.

This MAPK cooperates with the activated Raf or MEK, which
act on ERK1 and ERK2, to promote neoplastic transformation.

The E;hysiological role of ERKS is unclear. ]




ERK3s

The ERK3 subfamily of MAPKS is composed of two functional
genes and several pseuadogenes.

Upstream activators of ERK3 are poorly defined, and this kinase
is not present in yeast or C. elegans.

-

None of the currently known MEK family members is able to
phosphorylate and activate ERK3 and no physiological substrate
L of ERK3 has been found.

S

[ ERKa3 is localized constitutively to the nucleus. ]
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This is a kinase cascade: Raf
turns on MEK by putting
@7 | phosphates on it, MEK turns

i on map kinase by putting
phosphates on it (end of
kinase cascade). Once on,

map kinase puts
phosphates on transcription
factors like Jun, which
combine to form AP-1, this
turns on AP-1. AP-1 turns
NUGLEUS ) on genes for cell division
Ctivate transcription (CYCIin, cd k, EtC)

of delayed genes




Inactivation of Ras :-
B-Raf \

Effector

(Active Ras)

 GAP
\‘“——____,\

Bt ©

(Inactive Ras)



In cancerous cell :

STEP 1. There is a mutation in the Ras protien “
 GAP :
STEP2. - bindto “ But, does not interact with "

STEP 3. So, “ does not loose the a and resulting “ to active

for all the time.
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