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Cell Cycle 
• Cell proliferate in response to extracellular factors

(growth factors, hormones, and cell-cell interactions).

• The cell cycle is driven by activation and deactivation of
enzymes known as Cyclin-dependent kinases (CDKs)

• Cell cycle divided into two periods and four major
phases:

� Interphase: G1 phase, S phase (synthesis) & G2 phase.

� Mitosis: M phase



Cell cycle 
Phase Description 

Gap 0 A resting phase where the cell has left the cycle and has stopped dividing.

Gap 1 Cells increase in size in Gap 1. The G1 checkpoint control mechanism
ensures that everything is ready for DNA synthesis.

Synthesis 
(S)

DNA replication ocuurs in this phase. The length of S phase (8 hrs) it’s varies 
among different organisms. 

Gap 2
During the gap between DNA synthesis and mitosis, the cell will continue to 
grow. The G2 checkpoint control mechanism ensures that everything is ready 
to enter the M (mitosis) phase and divide.

Mitosis (M)
Cell growth stops at this stage and cellular energy is focused on the orderly 
division into two daughter cells. A checkpoint in the middle of mitosis
(Metaphase Checkpoint) ensures that the cell is ready to complete cell 
division.
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DNA Replication

There are 3 steps of replication:
� Initiation
� Elongation
� Termination 
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Step 1: Initiation
� Replication is initiated at multiple 
points knows as Replication origins

� The DNA double helix is split open 
a DNA helicase to expose the base 
sequences. 

� Helicase unwinds DNA forming a 
“replication fork” Y-shaped structure.

� Multiple replication forks along a 
DNA molecule create replication 
bubbles





Enzyme Function 
DNA Helicase Also known as helix destabilizing 

enzyme. Unwinds or unzip 
the DNA double helix at the Replication 
Fork.

Single-Strand 
Binding (SSB) 
Proteins

Bind to ssDNA and prevent the DNA 
double helix from re-annealing after 
DNA helicase unwinds it thus 
maintaining the strand separation.

Topoisomerase Relaxes the DNA from its super-coiled 
nature.

http://en.wikipedia.org/wiki/DNA_Helicase
http://en.wikipedia.org/wiki/Replication_Fork
http://en.wikipedia.org/wiki/Single-strand_binding_protein
http://en.wikipedia.org/wiki/Topoisomerase
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Step 2: Elongation---Adding New Nucleotides

RNA Primase adds a complimentary RNA primer to each 
template strand as a starting point for replication
Primer : short DNA or RNA single strand with 15-30 nucleotides 
length

DNA Polymerase reads the template strand (3’ to 5’) and 
adds new complimentary nucleotides (5’ to 3’)

DNA synthesized in the direction of the replication fork is 
called the leading strand



All DNA polymerases require a primer to start 
DNA synthesis. The primer is formed inside of 
cells by a special RNA polymerase known as 
primase. (RNA polymerase does not require a 
primer)



DNA polymerase can only add new nucleotides in the 5’ to 3’ 
direction

Because of the antiparallel nature of DNA, replication occurs in 
two directions

RNA primer is laid down on the other strand, and new nucleotides 
are added 5’ to 3’ moving away from the replication fork. This is 
the lagging strand and the segment of DNA produced 100-200 
bases long and are called an Okazaki fragments



The DNA unwinds some more and the leading strand is 
extended by DNA polymerase adding more DNA 
nucleotides. Thus, the leading strand is synthesized 
continuously.



On the top template strand, a new RNA primer is 
synthesized by primase near the replication fork 

DNA polymerase adds new DNA . This produces the 
second Okazaki fragment. Thus, the lagging strand is 
synthesized semi-discontinously



Step 3: Termination

A different type of DNA polymerase removes the RNA primer and 
replaces it with DNA

DNA ligase joins the two Okazaki fragments with phosphodiester 
bonds to produce a continuous chain



DNA Replication

Summary and Other Facts:

9Leading Strand: 1 primer, 5’ to 3’ continuous

9Lagging Strand: multiple primers, 5’ to 3’ discontinuous

9DNA polymerase Builds a new synthesis duplex DNA
strand by adding nucleotides in the 5' to 3' direction. Also
performs proof-reading and error correction (repair).



How genetic information is transmitted from one generation 
to the next?

The process of DNA replication provides 
an answer to this question.



• During nuclear division the two strands of the DNA helix 
separate through the action of enzyme DNA helicase.

• Each DNA strand directing the synthesis of a 
complementary DNA.   



� DNA synthesis occurs in the 5`Î3` direction by enzymes
called DNA polymerase which takes place at multiple
points known as origins of replication, forming Y-
shaped structure known as replication forks

� The two strands joined together by the enzyme DNA
ligase.

� Replication is said to be semi-conservative. This means
that each copied DNA molecule contains one strand
derived from the parent molecule and one newly
synthesized daughter strand



1)Topoisomerase : Uncoil DNA double helix 
strands.
2) Helicase: Separate DNA double strands
4) Single strand binding (SSBP) : Prevent DNA 
strands from reannealing.
5) RNA Primase : Produce short RNA primer at 3’
end of template DNA strand.
( Primer : short DNA or RNA single strand with 15-
30 nucleotides length)
6) DNA polymerase : synthesis of new DNA strands 
(polymerization) complementary to the template 
sequence.
7) DNA ligase : Join all DNA fragments together , 
by making phosphodiester bonds.
Ex. Joining Okazaki fragments 







https://www.youtube.com/watch?v=TNKWgcFPHqw

https://www.youtube.com/watch?v=TNKWgcFPHqw

