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DESCRIPTION
Protein kinases stand as true master regulators of cellular 
signaling. These enzymes play a pivotal role in numerous 
physiological processes, including cell growth, metabolism, 
differentiation, and apoptosis. By adding phosphate groups to 
specific target proteins, protein kinases modulate their activity 
and initiate a cascade of signaling events within cells.

Protein kinases belong to a larger group of enzymes called 
phosphotransferases. Their primary function is to transfer a 
phosphate group from Adenosine Triphosphate (ATP) to a 
protein substrate, resulting in a phosphorylated protein. This 
process is known as phosphorylation, which is a fundamental 
mechanism by which cells regulate protein activity and 
intracellular communication. The addition or removal of 
phosphate groups on proteins is a dynamic process that can 
rapidly switch on or off various cellular pathways.

Classification of protein kinases

Protein kinases are classified into two main categories based on 
the amino acid sequence surrounding the phosphorylation site, 
namely serine/threonine kinases and tyrosine kinases. Serine/
threonine kinases are the phosphorylate serine or threonine 
residues, whereas tyrosine kinases are phosphorylate tyrosine 
residues. These two classes of kinases exhibit distinct functions 
and are involved in different signaling pathways within the cell.

Serine/threonine kinases: Serine/threonine kinases constitute 
the largest group of protein kinases. They are involved in a wide 
range of cellular processes, including cell cycle regulation, cell 
proliferation, metabolism, and cellular responses to stress. One 
well-known serine/threonine kinase is Protein Kinase A (PKA), 
which plays a vital role in signal transduction pathways regulated 
by cyclic Adenosine Monophosphate (cAMP). Another one of 
this class is Protein Kinase C (PKC), which is involved in diverse 
cellular functions, including cell growth and differentiation.

Tyrosine kinases: Unlike serine/threonine kinases, tyrosine 
kinases specifically phosphorylate tyrosine residues on target 
proteins. These kinases are crucial for processes such as cell 
growth, proliferation, and differentiation. Aberrant tyrosine

kinase activity is often associated with various diseases, including 
cancer. One of the most well-known tyrosine kinases is the 
Epidermal Growth Factor Receptor (EGFR), which plays a 
significant role in cell growth and survival. Dysregulation of 
EGFR activity has been implicated in several types of cancer.

Functions of protein kinases

Protein kinases regulate numerous cellular processes by 
phosphorylating specific target proteins. This phosphorylation 
event can have multiple effects on the target protein, including 
changing its conformation, altering its activity, or creating a 
binding site for other proteins. Here are some key functions of 
protein kinases:

Signal transduction: Protein kinases relay extracellular signals, 
such as growth factors or hormones, from the cell surface to the 
nucleus, initiating a cascade of signaling events. This allows the 
cell to respond to its environment and regulate gene expression 
accordingly.

Cell cycle regulation: Several protein kinases are involved in the 
regulation of metabolic processes, including glucose metabolism, 
lipid metabolism, and energy homeostasis. For example, AMP-
activated Protein Kinase (AMPK) senses cellular energy status 
and regulates metabolic pathways to maintain energy balance.

Cell growth and differentiation: Protein kinases are critical for 
cell growth and differentiation processes. They regulate the 
proliferation and differentiation of cells in various tissues and 
organs. For instance, the Mitogen Activated Protein Kinase 
(MAPK) pathway, which includes several serine/threonine 
kinases, is involved in cell growth, differentiation, and survival.

Apoptosis: Protein kinases play a significant role in programmed 
cell death, known as apoptosis. They can regulate both pro-
apoptotic and anti-apoptotic pathways, determining the fate of 
the cell. Kinases such as Protein Kinase B (PKB/Akt) promote 
cell survival, while others like c-Jun N-terminal Kinase (JNK) and 
p38 Mitogen-Activated Protein Kinase (MAPK) induce apoptosis 
under certain conditions.

Immune response: Protein kinases are essential for regulating 
immune responses. They mediate signaling events that activate
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immune cells, such as T cells and B cells, in response to
pathogens or antigens. Kinases like Janus Kinase (JAK) and
Spleen tyrosine Kinase (Syk) are involved in immune cell
activation and the production of cytokines.

Metabolic regulation: Several protein kinases are involved in the
regulation of metabolic processes, including glucose metabolism,

lipid metabolism, and energy homeostasis. For example, AMP-
activated Protein Kinase (AMPK) senses cellular energy status
and regulates metabolic pathways to maintain energy balance.
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