Regulation of Cell Cycle: Checkpoints and Role of Protein Kinases
Introduction
The cell cycle is the series of events through which a cell grows, duplicates its DNA, and divides into two daughter cells.
To ensure accurate DNA replication and proper cell division, the cell cycle is tightly regulated by checkpoints and protein kinases.
This regulation maintains genetic stability and prevents uncontrolled cell division, which could lead to cancer or mutations.
Cell Cycle Phases
The eukaryotic cell cycle consists of four main phases:
1. G₁ phase – cell growth and preparation for DNA synthesis
2. S phase – DNA replication
3. G₂ phase – preparation for mitosis
4. M phase – mitosis and cytokinesis
Cells may also enter a resting phase called G₀ phase, where they remain metabolically active but do not divide.
1. Cell Cycle Checkpoints
Checkpoints are control points where the cell verifies whether specific processes are completed before moving to the next stage.
There are mainly three key checkpoints:
a) G₁ Checkpoint (Restriction Point)
· Occurs at the end of G₁ phase.
· Checks for:
· Proper cell size and nutrients
· Growth factors
· Absence of DNA damage
· If conditions are unfavorable, the cell enters G₀ phase or undergoes apoptosis.
· Key regulators: Cyclin D–CDK4/6 and Cyclin E–CDK2 complexes.
b) G₂ Checkpoint
· Occurs at the end of G₂ phase before mitosis.
· Checks for:
· Complete and accurate DNA replication
· DNA damage repair
· If errors are found, the cell cycle is paused for DNA repair.
· Key regulators: Cyclin A–CDK1 and Cyclin B–CDK1 complexes.
c) M Checkpoint (Spindle Assembly Checkpoint)
· Occurs during metaphase.
· Ensures that all chromosomes are properly attached to spindle fibres at the kinetochores.
· Prevents unequal chromosome segregation.
· Key regulator: Anaphase Promoting Complex (APC/C).

2. Role of Protein Kinases in Cell Cycle Regulation
Cyclin-Dependent Kinases (CDKs)
· Central regulators of the cell cycle.
· CDKs are enzymes that phosphorylate target proteins, activating or deactivating them.
· CDKs are inactive alone and require binding with cyclins (regulatory proteins).
· Different CDK–cyclin complexes act at specific phases of the cycle.
	Phase
	Cyclin–CDK Complex
	Function

	G₁ → S
	Cyclin D–CDK4/6, Cyclin E–CDK2
	Initiates DNA synthesis

	S
	Cyclin A–CDK2
	Promotes DNA replication

	G₂ → M
	Cyclin B–CDK1
	Triggers mitosis


Cyclins
· Levels of cyclins rise and fall cyclically during the cell cycle.
· Their degradation ensures one-way progression through the cycle.
CDK Inhibitors (CKIs)
· These are regulatory proteins that inhibit CDK activity when DNA is damaged or conditions are unfavorable.
· Examples: p21, p27, p16.
Other Important Regulators
· p53: Tumor suppressor protein; activates DNA repair or apoptosis if damage is irreversible.
· ATM/ATR kinases: Detect DNA damage and activate p53 pathway.
· APC/C (Anaphase Promoting Complex): Triggers separation of sister chromatids and exit from mitosis by degrading cyclin B.
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