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Why a cell needs to divide??
• When a cell is very small, it has a large surface area to volume ratio.

• As the cell grows, its surface area to volume ratio declines.

• This drop in surface area to volume ratio is unsuitable for normal functioning of cell. Because 
cells rely on diffusion to import and export many substances such as gases and nutrients or 
excretory products.

• However, as a cell grows, there is comparatively less membrane for the substances to diffuse 
through. 

• This leads to inefficient diffusion and centre of the cell getting less substances than it needs. It 
can cause drop in cell activities and cell may stop growing.

• Thus, a cell divides.





• Cells can also resort to alternative ways to have a higher surface area to volume ratio. 

• These strategies are 

1. Long thin shape or elongated shape. E.g. Neurons.

2. Folding of the surface of the cell membrane. E.g. Villi of the lining in the small intestines.

3. Plant cells are much larger than animal cells. They have a large vacuole which pushes the 
organelles to the edge of the cell where they get regular access to resources.



• What is a cell cycle?

• It refers to the orderly events that take place over a fixed period of time while a 
cell divides into two.



DNA content vs Number of chromosomes



• Every stage of cell cycle has specific functions and the mitotic phase is further divided into two 
stages 

1. Karyokinesis, in this nucleus content, specifically chromosomes are divided equally.

2. Cytokinesis, in this the cell with two daughter nuclei is divided into two daughter cells.



• However, there is a minor but significant 
difference between mitosis and meiosis 
when it comes to stages in cell cycle.

• In mitosis division, a cell will undergo 
complete sequence of  cell cycle before it 
enters mitotic division again.

• But in case of meiosis, once meiosis I has 
been completed daughter cell immediately 
enters next round of cell division called as 
meiosis II and skips the route of cell cycle.





Regulation of cell cycle

• Movement of cell cycle from one phase into the next is carefully regulated.

• This regulation occurs mainly by two set of proteins.

1. Cyclin: It is the regulatory protein whose concentration varies in a defined cyclical manner, 
hence, its name.

2. Cyclin dependent kinases: They are also abbreviated as CDKs and are the catalytic unit. But 
they are functional only when they combine with their partner cyclin protein. Thus, their 
name.

Once active they phosphorylate their target proteins and this regulates the entry of cell from

one phase to the other phase of cell cycle.  



Both the images show relation between cell cycle 
progress and cyclin-Cdk activity.



Potu Rao and Johnson`s experiment on cell fusion and regulation of cell cycle

• Their experiment is considered as landmark in the field of cell cycle regulation.

• Rao and Johnson wanted to know whether the cytoplasm of cells contains regulatory 
factors that affect cell cycle activities.

• They approached the question by fusing mammalian cells that were in different stages of 
the cell cycle.

• They performed following fusion experiments:

1. G1-phase + M-phase.

2. G2-phase + M-phase.

3. S-phase + M-phase.

In all these experiments, the fused cells were found to enter M-phase.

It led to the conclusion that M-phase cells have some properties that induce cells in other 
stages to enter M-phase.



• When further fusion experiments were performed, it was concluded that cells in each stage of 
the cell cycle have some defining factors.

• And the cell in advanced stages of cell cycle can induce the cells in early stages to move into 
the advanced stages even if its premature.





• A combination of specific cyclin and Cdk regulates the entry and exit into each phase of cell 
cycle as shown below.

• Cdk activity during early G1 is very low, which promotes the formation of 
prereplication complexes at the origins of replication.

• By mid-G1, Cdk activity is evident due to the association of Cdk4 and Cdk6 
with the D-type cyclins (D1, D2, and D3).

• The G1–S transition, which includes the 
initiation of replication, is driven by the 
activity of the cyclin E–Cdk2 during early S-
phase and cyclin A–Cdk2 complexe during 
late S-phase.

• The transition from G2 to M is driven by the 
sequential activity of cyclin A–Cdk1 and cyclin 
B1–Cdk1 complexes.





M-phase and start of karyokinesis

• Once a cell has completed the cell cycle, it can decide to exit from the cell cycle and enter a 
phase of slow growth and no cell division. This stage is called as G0-phase.

• However, if the cell decides to stay in cell cycle and enters G1 phase then after completing 
all the stages it reaches the M-phase or mitotic phase.

• With this starts the process of karyokinesis.

• Its stages and their basic features are discussed in subsequent slides.
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