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The crucial role of protein phosphorylation in cell signaling and its use as targeted therapy in modern oncology treatment, the 
protein kinases are responsible for cellular transduction cell signaling and their hyper activity malfunction or over expression can 
be found in various types of malignancies .
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Cells sense signals from extracellular and intracellular environment 
as well as directly from other cells and cells respond to these signals 
in a variety of ways like primarily modifying protein levels and its 
activities and location. Protein levels are controlled by rates of 
transcription, translation and proteolysis. 

The signal transduction pathways regulate the differentiation, 
division and death in the mature and developing cells. Some 
pathways are common for all cells but some pathways are specific 
to specialized cells, for example synthesis and secretion of insulin 
by pancreas and migration and phagocytosis by neutrophils and 
likewise, abnormal behavior of altered cancer cells starts 
uncontrolled division & invasion & metastasis. 

Two common problem faced by a cell in signal transduction 
� 
A) How is the signal sensed? 
B) How are the level of activities and levels of protein modified in 
response to signals? 

Most signals are initiated by Ligands and are sensed by receptor to 
which they bind, binding of ligand to a receptor stimulates the 
activation of proteins necessary to continue the transmission of 
signal through the formation of multiprotein complexes and 
generation of small molecules that ares known as second 
messengers. 

SENSORY MACHINARY : LIGANDS AND RECEPTORS � 
A) SIGNALS- For signal transduction molecules that initiate 
signaling cascade include proteins, nucleotides, lipids, amino 
acids, gas and light. 

Most extracellular signals which are protein like growth factors 
bind to receptors present on plasma membrane of cells but other 
molecules especially those that are steroid directly diffuse inside 
the cells and bind to receptor in the cytoplasm and finally reach to 
act at nucleus level. 

Signaling molecules originate from variety of sources-some are 
stored in the cells and released to provide communication with 
other cells under specific conditions, other legends are stored 
outside the cells like in extracellular matrix become accessible in 
response to the tissue damage or remodeling of cells also respond 
to signals that arise from within, for example check point pathway 
is that ensure progression of cell cycle is a organized form of cell 
cycle which also sense DNA damage and do necessary repair 
before next mitosis happens.

B) RECEPTORS- Plasma membrane of cells serve to insulate the 
cells from the outside environment, but this barrier must be 
breached to transmit the signals of extracellular origin by crossing 
the plasma membrane either by activation of transmembrane 
receptorss or by using ligands that are membrane permeable. 

Amplification of most signals is necessary for cellular response, 
receptor binds and responds to more than one ligand for example; 
epidermal growth factor receptor binds to transforming growth 
factor a (TGF), heparin binding factor (HB- EGF) b celluline extra 
the activation of receptor leads to stimulation of several 
downstream pathway that stimulate different targets.
 
Receptor also activate other receptor like activation of EGF 
receptor by G protein coupled receptors (GPCR) which occur is a 
result of protease cleavage and activation HB � EGF ( heparin 
binding � epidermal growth factor)

FIG 1 � RECEPTOR KINASE ACTIVATION LEADS TUMOR 
PROGRESS

RECEPTOR - TYROSINE KINASE �
Receptor tyrosine kinase are trans membrane proteins that have an 
extra cellular ligand binding domain , a trans membrane domain 
and cytoplasmic tyrosine kinase domain. The ligands for these 
receptors are proteins or peptides. Activation of receptor tyrosine 
kinase generally requires tyrosine phosphorylation of the receptor.

FIG 2- MODULATION OF PROTEIN ACTIVITY BY PHOSPHATE

Receptors that activate tyrosine kinase-a number of receptors do 
have intrinsic enzymatic activity which stimulate associated 
tyrosine kinase, example of this type of receptors include the 
cytokine and interferon receptor that are associated continuously 
with member of the jak family of tyrosine kinase. 

SERINE � THREONINE KINASE RECEPTORS - 
The TGF- b family of receptors are basically transmembranal 
protein with intrinsic serine and threonine kinase activity.
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RECEPTORS PHOSPHOTYROSINE PHOSPHATASE � 
(RPTPS) receptor protein tyrosine phosphatase have an extra 
cellular domain,a signal trans membrane spanning domain and 
cytoplasmic catalytic domain, the extracellular domains of some 
receptor tyrosine phosphatase contain fibronectin and 
immunoglobulin receptors.

G- PROTEIN � COUPLED RECEPTOR- 
GPCRS are by far the most numerous receptors. Almost 700 
GPCRS are present in human genome. Wide variety of ligands bind 
with GPCRS including proteins and peptides, lipids, aminoacids 
and nucleotides. 

TUMOR NECROSIS RECEPTOR FAMILY- 
TNF family of receptor is has concerned Cystine rich region in the 
extracellular domain a trans membrane domain and a domain 
called � DEATH DOMAIN' in the cytoplasmic tail. 

TNF receptor undergo oligomerization after ligand binding which 
is necessary for signaling stimulation of receptor leads to 
recruitment or cytoplasmic protein that bind to each other and the 
receptor through 

� Death domains �there by activating a protein CAPASE-8 that 
initiates apoptosis, under the some conduction however TNF Rs 
stimulate anti apoptosis signals. 

NUCLEAR RECEPTORS � 
Ligands for nuclear receptors diffuse into the cell, bind their 
receptors present either in cytoplasm or in the nucleus , the ligands 
indulge steroids and radios, the ligands nether in cytoplasm or the 
nucleolus, the ligand include steroids and retinoids and thyroid 
hormone directly goes up to nucleolus hit DNA and its action 
starts. 

PROPAGATION OF SIGNALS TO THE CELL INTERIOR �
Although mechanism of various receptors and ligands that initiate 
cell signaling are very different most receptors activate a set of 
common downstream molecule to transmit their signals, the 
molecules that transmit signals are, proteins lipid kinase / GTPase/ 
phospholipase/ protease / Adenylatecyclase , these molecules 
produce array of response including changes in transcription / 
translation / enzymatic activities and cell motility. 

REGLUATION OF PROTEIN KNASE -= 
The balance between protein kinase & phosphatase activities 
control protein phosphorylation, protein kinase themself, 
transcription factors, and cytoskeletal components are few 
example of proteins regulated by phosphorylation . 

Most signal transduction pathways require protein tyrosine kinase, 
receptor that are not themselves tyrosine kinase, usually several 
cytoplasmic tyrosine kinase, inducing Src/ syk/ jak family. 
phosphorylation of protein and tyrosine can either stimulate or 
inhibit enzymatic activity.

FIG-3 TYROSIN KINASE RECEPTOR DIMERIZATION 
REGULATION OF PHOSPHATASE �

Protein phosphatase remove the phosphate residue from proteins 
which can either activate or inhabit signaling pathways. 

GUANOSINE TRIPHSPHATE- BINDING PROTEIN � 
Protein protein instruction is also important mechanism of signal 

transduction, G protein which binds GTP are the best studied 
protein, mediators that regulate other proteins by direct binding 
result in a conformal changes, GTP binding protein act as a digital 
switches GTP binding result in a conformational changes that 
allows G protein to bind to effector molecule and transmit signals. 
GTP hydrolyse to GDP ultimately returns the protein to its active 
conformation , Adenylate cyclase causing rotation of CIa domain 
which positions the catalytic residue more favorably for conversion 
of ATP to cAMP. 

SMALMOLICULE THE SECOND MFSSENGERS � 
Small molecules transmit signals by binding noncovalently to 
protein targets and affecting their functions. Theses molecules 
called as second massager such as growth factor binding to a cell 
surface receptor. 

CAMP use the first second manager discover adenylate cyclase 
activated by G proteins Catalyzes the synthesis of CAMP protein 
from ATP , the primary target of CAMP is protein kinase A is a 
telomere of two catalytic and two regularity subunits is the 
regulatory subunit inhibit the activates of the catalytic subunit Ip3 
and binds to a calcium channel in the endoplasmic reticulum and 
stimulates the release of calcium from intracellular stores. The 
initial increase of calcium in cytoplasm is followed by an influx of 
extracellular calcium via capitative calcium channel at the plasma 
membrane in unstimulated cells cytosolic calcium is much lower 
than intracellular space therefore opening channels in ER 
(Enndoplasmic reticulum) or plasma membranes allows calcium to 
flood into cytoplasm, temporary raising the cytoplasm calcium 
level and ultimately returns to normal basic level as a result 
pumping action for calcium into intracellular comportments. 

Calcium inside the cytosol having several effects like, directly 
regulating enzymatic activities, Ion channels and transcription 
activities. 

FORMATION OF MULTIPROTIEN SIGNALING COMPLEXS � 
The ability of signal transduction pathway to transmit signal is 
dependent on the probability that protein finds its target. 

Recruiting a protein to a specific component of the cell markedly 
increase the local concentration of that protein, thereby 
enhancing the probability that it will interact with other protein or 
small molecule that are recruited to generate in the same 
compartment of the cell. Colonization of protein in a signaling 
pathway is achieved by recruitment to the same membrane 
surface or organelle (example plasma membrane or endoplasmic 
reticulum ER) by protein interaction, separating protein or second 
messenger are both into distinct compartment turn off signaling 
pathways, transport of singling proteins into nucleus is important 
in number of signal transduction pathways, nuclear transport 
proceeds through nuclear pores, proteins of less than 40 KD cross 
by simple diffusion into nucleus but transport of larger proteins 
molecules require a nuclear colonization signal to which the 
(importin protein bind) the importin target the protein to the 
nuclear pore the complex is transported into nucleus the Ran G 
protein dissociates the nuclear localizations of transcription 
factors, nuclear factors of activated T cells is NFAT which require is 
for it transcriptional activities response to T Cell activation and rise 
in intracellular calcium, NFAT is dephosphyralated calcium 
responsive phosphatase are 

CALCINEURIN . 
DOMAINS THAT REGULATE PROTIEN BINDING � 
The regulated assembly of protein protein complexes has several 
functions in signal transduction including formations of complexes 
allowing protein to signal each other's forming a solid state 
molecule that does not require diffusion to transmit, protein 
protein interactions also localized an enzyme near its subtract, the 
binding of PLC g I to PDGF receptor brings the enzyme to plasma 
membrane where its subtract P tdins 4,5-P2 is concentrated their 
interactions are often mediated by conserved domain that 
recognizes the phosphorylated tyrosine or serine residue or protein 
rich sequences.
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Tyrosine kinase and phosphatase regulate the formation of 
complexes involving the domain , tyrosine kinase themselves serve 
as docking sites for other proteins which is most evident with 
tyrosine kinase receptors next recruit PI.3 � kinase.
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