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Cell reproduction and Cell 
cycle

• How cells replace or “clone” themselves

Because DNA stores genetic information and is 

faithfully replicated, information is passed largely 

unaltered from cell-to-cell, generation-to- generation. 

2014, MIT/RRE/EGR/AB,SITH ITB

Eukaryotic cells divide in one of two ways
Eukaryotic cell 
reproduction

- Occurs in somatic 
(nonreproductive) 
cells

- Asexual reproduction, 
development, growth 
and cell replacement 
are mitotic divisions

- Occurs in germ 
(reproductive) 
cells

- Results in the 
production of 
gametes

mitosis meiosis

In eukaryotes, nuclei divide 
by either:  mitosis or meiosis. 

2014, MIT/RRE/EGR/AB,SITH ITB
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The Knit of Identity - Mitosis Precisely and Evenly Divides 

Duplicated Chromosomes

Precisely dividing the duplicated chromosomes has the consequence of providing 

each new cell with an identical and complete set of genetic instructions.

interphase prophase metaphase

2014, MIT/RRE/EGR/AB,SITH ITB

Mitosis Precisely and Evenly Divides Duplicated Chromosomes

Cytokinesis is the process of cell division and it is distinct and separable from 

mitosis. Cell division is necessary for reproduction, growth, and repair of an organism.

2014, MIT/RRE/EGR/AB,SITH ITB
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Programmed Cell death – apoptosis 

Cell cycle
• The most basic function of the cell cycle is to 

duplicate accurately the vast amount of DNA in the 
chromosomes and then segregate the copies 
precisely into two genetically identical daughter 
cells. 

• The eucaryotic cell cycle is divided into four 
sequential phases: G1, S, G2, and M. 

• During most of the cell cycle, the cell is in 
interphase, which is divided into three subphases : 
S, G1, and G2. 

• two major phases of the cell cycle: S and M

1) DNA duplication occurs during S phase (S for 

synthesis) 10–12 hours (about half of the cell-cycle 

time in a typical mammalian cell). 

2) After S phase, chromosome segregation and cell division 

occur in M phase (M for mitosis)less time (less than an 

hour in a mammalian cell). M phase involves a series of 

dramatic events that begin with nuclear division, or 

mitosis. 
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Chromosome during cell cycle
Mitosis  every cell : 2C

Synthesis DNA replication  4C

2014, MIT/RRE/EGR/AB,SITH ITB

• Most cells require much more time to grow and double their mass 
of proteins and organelles than they require to replicate their DNA 
and divide. 

• More time for growth  extra gap phases are inserted in cell 
cycles a G1 phase between M phase and S phase a G2 phase
between S phase and mitosis. 

2014, MIT/RRE/EGR/AB,SITH ITB
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The factors that promote organ or organism growth can be 
operationally divided into three major classes:

1. Mitogens 
stimulate cell division, primarily by 
relieving intracellular negative 
controls that otherwise block 
progress through the cell cycle. 

2. Growth factors
stimulate cell growth (an increase 
in cell mass) by promoting the 
synthesis of proteins and other 
macromolecules and by inhibiting 
their degradation. 

3. Survival factors,
promote cell survival by 
suppressing apoptosis. 

2014, MIT/RRE/EGR/AB,SITH ITB

Regulation of Cell Cycle

• Check points or switches 
control the rate of the cell 
cycle

• Intracellular and 
extracellular control

• G0 state is the resting state
• G1 checkpoint or the start 

checkpoint is said to be the 
beginning of the cell cycle. 

2014, MIT/RRE/EGR/AB,SITH ITB
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An overview of the cell-cycle control system. The core of the cell-
cycle control system consists of a series of cyclin-Cdk complexes 
(yellow). The activity of each complex is also influenced by various 
inhibitory checkpoint mechanisms, which provide information about 
the extracellular environment, cell damage, and incomplete cell-cycle 
events (top). These mechanisms are not present in all cell types; 
many are missing in early embryonic cell cycles.

2014, MIT/RRE/EGR/AB,SITH ITB

G1 Checkpoint

Prevent damage DNA 

being replicated 

prior to repair

G2 Checkpoint

S Checkpoint

Chance for cell to repair damage 

DNA double strand before 

entering mitosis

ACTIVATION OF CELL 

CYCLE CHECKPOINT ?

2014, MIT/RRE/EGR/AB,SITH ITB
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Cyclin and CDK

• Cyclin binds to CdK  
• CDK (cyclin dependent kinases) 

– Protein Kinases  enzymes that transfer a phosphate group from ATP 
to a target protein

– These Kinases are regulated by cyclins

• Cyclin Cdk complexes regulate the passage of cells from G1 
into S phase and from G2 into M phase.

2014, MIT/RRE/EGR/AB,SITH ITB
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DNA damage, tumor supressor gene and cell 
cycle

2014, MIT/RRE/EGR/AB,SITH ITB

Tumor suppressor mutation 
and cancer

• ATM/ATR (Ataxia telangiectasia)

• P53 (tumor suppressor gene) regulate cell cycle
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Ataxia: disease  progressive damage 

in nervous system, Fe toxicity, free radical
Diagram scanning results from Ataxia  brain and normal brain

FXN mutation: frataxin (Chr9), mitochondrial nerve and muscle

Atrophy cerebellum (shrink) Normal cerebellum 

2014, MIT/RRE/EGR/AB,SITH ITB

Myostatin acts by inhibiting the growth of 

muscles, It prevents muscles from growing too 

large i.e. inhibits proliferation of myoblasts

that fuse to form skeletal muscle cells.

• Mutation in myostatin 

proliferation & growth >>>

• Inactivated myostatin  German Superboy
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