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DNA Replication  
Genetic information present in double stranded DNA molecule is transmitted from one cell to another cell at the time of 

interphase of mitosis and meiosis. 

One of the most important properties of DNA is that it forms its additional identical copies.  

The process of forming its replica copy is called replication.   

This is achieved by the semi-conservative mechanism of DNA replication 



General feature of DNA replication 

DNA replication is semi conservative 

It is bidirectional process 

It proceed from a specific point called origin 

It proceed in 5’-3’ direction 

It occur with high degree of fidelity 

It is a multi-enzymatic process 

 

DNA replication occurs by three steps 

1. Initiation: 

 

2. Elongation: 

Leading strand synthesis 

Lagging strand synthesis 

 

3. Termination 



 

• Initiation 

• This is the stage where DNA 

replication is initiated. 

• DNA synthesis is initiated within the 

template strand at a specific coding 

region site known as origins. 

• There are several origin sites on 

which DNA replication is initiated 

and they are all known as replication 

forks. 

 

 

DNA replication in prokaryotes 



• The formed replication complex contains 

the DNA helicase enzyme whose function is 

to unwind the double helix, exposing the 

two strands, which act as templates for 

replication. 

• Topoisomerase is another enzyme that 

solves the problem of the topological stress 

caused during unwinding. 

• The single-stranded binding proteins bind 

to and stabilize the unwound single 

stranded regions of the DNA helix to allow 

replication to occur. 

• Initiation of DNA replication is carried out 

by a primase  enzyme which synthesizes short 

RNA primer fragments 



• Elongation 

 
• This is the phase where the DNA polymerase 

grows the new DNA daughter strand by attaching 

to the original unzipped template strand and the 

initiating short RNA primer. 

• The DNA polymerase is able to synthesize a new 

strand that matches the template, by extending the 

primer via the addition of free nucleotides to the 

3′ end. 

• One of the templates reads in the 3′ to 5′ 

direction, and therefore, the DNA polymerase 

synthesizes the new strand in the 5′ to 3′ 

direction, which is known as the leading strand. 

• Along the template strand, DNA primase 

synthesizes a short RNA primer at the beginning 

of the template in the 5′ to 3′ direction, which 

initiates the DNA polymerase to continue 

synthesizing new nucleotides, extending the new 

DNA strand. 



• The other template (5′ to 3′) is 

elongated in an antiparallel 

direction, by the addition of short 

RNA primers which are filled with 

other joining fragments, forming the 

newly formed lagging strand. These 

short fragments are known as the 

Okazaki fragments. 

• The synthesis of the lagging strand is 

discontinuous since the newly formed 

strand is disjointed. 

 



Termination 

•After the synthesis and extension of both the continuous 

and discontinued stands, an enzyme knows as exonuclease 

removes all RNA primers from the original strands. 

•The primers are replaced with the right nucleotide bases. 

•While removing the primers, another type of exonuclease 

proofread the new stands, checking, removing, and 

replacing any errors formed during synthesis. 

•DNA ligase enzyme joins the Okazaki fragments to form 

a single unified strand. 

 

 

•The ends of the parent strand consist of a repetition of 

DNA sequences known as telomeres which act as 

protective caps at the ends of chromosomes preventing the 

fusion of nearby chromosomes. 

•The telomeres are synthesized by a special type of DNA 

polymerase enzyme known as telomerase. 

•It catalyzes the telomere sequences at the end of the 

DNA. 

•On completion, the parent and complementary strand coil 

into a double helical shape, producing two DNA 

molecules each passing one strand from the parent 

molecule and one new strand. 





RNA or ribonucleic acid is a polymer of nucleotides that is made up of a ribose 

sugar, a phosphate, and bases such as adenine, guanine, cytosine, and uracil. It 

plays a crucial role in gene expression by acting as the intermediate between the 
genetic information encoded by DNA and proteins. 



Types of RNA: mRNA, rRNA and tRNA 
Types of RNA 

In both prokaryotes and eukaryotes, there are three main types of RNA – 

messenger RNA (mRNA),  

ribosomal RNA (rRNA), and  

transfer RNA (tRNA) 

Messenger RNA (mRNA) 

mRNA accounts for just 5% of the total RNA in the cell. If DNA 

serves as the complete library of cellular information, mRNA 

serves as a photocopy of specific information needed at a 

particular point in time that serves as the instructions to make 

a protein. 

 

The mRNA carries the message from the DNA, which controls 

all of the cellular activities in a cell. If a cell requires a certain 

protein to be synthesized, the gene for this product is “turned 

on” and the mRNA is synthesized through the process of 

transcription. The mRNA then interacts with ribosomes and 

other cellular machinery (Figure 10.22) to direct the synthesis 

of the protein it encodes during the process of translation 

(Protein Synthesis). mRNA is relatively unstable and short-

lived in the cell, especially in prokaryotic cells, ensuring that 

proteins are only made when needed. 



Ribosomal RNA (rRNA) 

Ribosomes are composed of rRNA and protein. 

As its name suggests, rRNA is a major constituent of ribosomes, composing up to about 60% of the ribosome 

by mass and providing the location where the mRNA binds.  

rRNAs are found in the ribosomes and account for 80% of the total RNA present in the cell.  

Ribosomes are composed of a large subunit called the 50S and a small subunit called the 30S, each of which 

is made up of its own specific rRNA molecules. 

The rRNA ensures the proper alignment of the mRNA, tRNA, and the ribosomes;  

the rRNA of the ribosome also has an enzymatic activity (peptidyl transferase) and catalyzes the formation of 

the peptide bonds between two aligned amino acids during protein synthesis. 

 

Transfer RNA (tRNA) 

Transfer RNA is the third main type of RNA and one of the smallest, usually only 70–90 nucleotides long. 

tRNAs are an essential component of translation, where their main function is the transfer of amino acids 

during protein synthesis. Therefore, they are called transfer RNAs. 

It is the base pairing between the tRNA and mRNA that allows for the correct amino acid to be inserted in the 

polypeptide chain being synthesized. Any mutations in the tRNA or rRNA can result in global problems for the 

cell because both are necessary for proper protein synthesis. 

 

 





Structure and Function of RNA 

mRNA rRNA tRNA 

Structure Short, unstable, single-

stranded RNA corresponding to a 

gene encoded within DNA 

Longer, stable RNA 

molecules composing 

60% of ribosome’s mass 

Short (70-90 nucleotides), 

stable RNA with extensive 

intramolecular base pairing; 

contains an amino acid binding 

site and an mRNA binding site 

Function Serves as intermediary 

between DNA and protein; used by 

ribosome to direct synthesis of 

protein it encodes 

Ensures the proper 

alignment of mRNA, 

tRNA, and ribosome 

during protein synthesis; 

catalyzes peptide 

bond formation between 

amino acids 

Carries the correct amino acid 

to the site of protein synthesis 

in the ribosome 


