
Cell cycle and its 
regulation



Cell Cycle

• M phase: duplicated chromosomes 

are separated into two nuclei, and  

entire cell divides into two daughter 

cells

• Interphase: is a time when the cell 

grows and engages in diverse 

metabolic activities

• G1 phase: Cell growth

• S phase: DNA replication and 

Chromosome duplication

• G2 phase: Cell grows and prepares 

for mitosis

• G0: Quiescent stage



Cell Cycles in Vivo

• One of the properties that distinguishes various types of cells within a 
multicellular plant or animal is their capacity to grow and divide

• We can recognize three broad categories of cells:

1. Cells, once differentiated, they remain in that state until they die. Eg: 
nerve cells, muscle cells, or red blood cells, lack the ability to divide

2. Cells that normally do not divide but can be induced to begin DNA 
synthesis and divide when given an appropriate stimulus. Eg: liver cells, 
lymphocytes

3. Cells that normally possess a relatively high level of mitotic activity. Eg: 
Stem cells



Cell fusion experiment



Cell fusion experiment

• G1M: the chromatin of the G1-
phase showed premature 
chromosomal compaction

• G2M: G2 chromosomes: 
premature chromosome 
compaction, doubled

• SM: S-phase: “pulverized” 
chromosomal fragments



Role of Protein Kinases

• Entry of a cell into M phase is initiated by a protein called maturation 
promoting factor (MPF)

• MPF consists of two subunits: (1) a subunit with kinase activity that 

transfers phosphate groups from ATP to specific serine and threonine 

residues of specific protein substrates CDKs (cyclin-dependent 

kinases)

• The activity of this enzyme is controlled by a subunit whose 

concentration varies from one stage of the cell cycle to another i.e

cyclin

(2) a regulatory subunit called cyclin





Regulation of CDKs

• The activities of CDKs are regulated by a 
variety of “brakes” and “accelerators” that 
operate in combination with one another. 
These include:

 Cyclin Binding

 Cdk Phosphorylation/dephosphorylation

 Cdk Inhibitors

• Cdk activity can be blocked by a variety of 
inhibitors

• In budding yeast, for example, a protein called 
Sic1 acts as a Cdk inhibitor during G1

• In mammalian cells, Cdk inhibitors examples 
are p21 and p27



Cdk Phosphorylation/dephosphorylation

• Step 1: CAK (Cdk-activating kinase), phosphorylates a critical threonine residue 
(Thr 161 of cdc2/cdk1)

• A second protein kinase, called Wee1, phosphorylates a key tyrosine residue in 
the ATP-binding pocket of the enzyme (Tyr 15 of cdc2/cdk1)

• Step 2: Phosphate at Tyr 15 is removed by a phosphatase named Cdc25

• Step 3: Removal of this phosphate switches the stored cyclin–Cdk molecules into 
the active state, allowing it to phosphorylate key substrates and drive the cell into 
mitosis. 



Regulation of CDKs

 Controlled Proteolysis:

• Degradation is accomplished by means of the ubiquitin–proteasome 
pathway by ubiquitin ligases (SCF and APC complexes)

• APC complex acts in mitosis (M cyclin) and SCF acts during G1 
phase (G1 cyclin)



Regulation of CDKs

 Subcellular Localization:

• Subcellular localization is a dynamic 
phenomenon in which cell cycle 
regulators are moved into different 
compartments at different stages

• For example, one of the major mitotic 
cyclins in animal cells (cyclin B1) 
shuttles between the nucleus and 
cytoplasm until G2, when it 
accumulates in the nucleus just prior 
to the onset of mitosis



Cyclin-CDKs in the mammalian cell cycle

CDKs Cyclin Stage

Cdk4, Cdk6 Cyclin D’s (D1, D2, 

D3)

Mid G1 phase

Cdk2 Cyclin E Transition from G1 

to S phase (late G1)

Cdk2 Cyclin A S phase

Cdk1 (cdc2- fission 

yeast)

Cyclin B M phase

Cell cycle regulation

in fission yeast



DNA Damage Checkpoints



DNA Damage Checkpoints



DNA Damage Checkpoints



DNA Damage 
Checkpoints



• E2F transcription factors stimulate transcription of genes encoding the late-G1 cyclin (cyclin E), the S-phase 

cyclin (cyclin A), and the S-phase CDK (CDK2).



Control of DNA Replication in S-phase
• Origin recognition complex (ORC) is a 

multiprotein complex that binds to replication 

origin

• ORC bind to replication origins throughout the cell 

cycle and serve as landing pads for several 

additional regulatory proteins

• In early G1, the proteins cdc6 and cdt1 bind to 

the ORC at origins

• This leads to the binding of the Mcm proteins 

complex (helicase) which is composed of a group 

of 6 closely related proteins (Mcm 2-7)

• The resulting large complex is the pre-RC, and 

the origin is now licensed for replication.



Control of DNA Replication in S-phase

• The activation of S-Cdk in late G1 initiates DNA 

replication:

 S-cdk phosphorylates Cdc6 which is then degraded

 S-cdk trigger the assembly preinitiation complex

 S-cdk with help of additional kinase collaborate to 

phosphorylate ORC. DNA synthesis begins

• S-Cdk complex restrain pre-RC assembly and 

prevent DNA re-replication after S phase:

 It phosphorylates Cdc6, thereby causing the Cdc6 

protein to dissociate from ORC, triggering its 

ubiquitylation by the SCF enzyme complex and 

thus its degradation

 It also phosphorylates excess Mcm proteins, Mcm

protein complex cannot bind to a replication origin 

and this triggers their export from the nucleus.



G2 checkpoint: G2M transition: cyclin B - cdk1



Control of M-Cdk
complex until late 
G2 phase



Chromatin Condensation

• Condensin is activated at the onset of mitosis by phosphorylation of several of 
its subunits by the cyclin B–Cdk1

• Dissociation is induced by phosphorylation of cohesin subunits by two mitotic 
enzymes called Polo-like kinase and Aurora B kinase

• Cohesin remains at the centromeres, and removed during anaphase



Nuclear envelope breakdown



Fragmentation of Golgi apparatus



Formation of the Mitotic Spindle

• Astral microtubules that radiate outward from the 

centrosome into the region outside the body of the 

spindle

• Chromosomal (or kinetochore) microtubules that 

extend between the centrosome and the kinetochores of 

the chromosomes.

• Polar (or interpolar) microtubules that extend from the 

centrosome past the chromosomes



Metaphase

• The centromere is the residence of highly 
repeated DNA sequences that serve as the 
binding sites for specific proteins

• Kinetochore is the complex of proteins, at 
the outer surface of the centromere of each 
chromatid

• Kinetochore functions as:

(1) the site of attachment of the chromosome 
to the dynamic microtubules of the mitotic 
spindle

(2) the residence of several motor proteins 
involved in chromosome motility

(3) a key component in the signaling 
pathway of an important mitotic 
checkpoint



Anaphase



Anaphase promoting complex (APC)







In late anaphase

• APC activity is directed toward mitotic 

cyclins by a specificity factor, called 

Cdh1

• A specific phosphatase called Cdc14 

removes the regulatory phosphate from 

the Cdh1 late in anaphase.



APC/Cdc20

APC/Cdh1
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