
Restriction Endonucleases: Definition,
Characteristics, and Application in Gene Cloning

1 Definition of Restriction Endonucleases

Restriction endonucleases, also known as restriction enzymes, are bacterial en-
zymes that cleave double-stranded DNA at specific recognition sequences, called
restriction sites. Discovered in the 1970s, these enzymes act as a bacterial de-
fense mechanism against invading viral DNA by cutting it into fragments. They
are essential tools in molecular biology, particularly in recombinant DNA tech-
nology and gene cloning, due to their precision in cutting DNA at predictable
sites. Restriction endonucleases are classified into types (I, II, III, IV), with Type
II being the most commonly used in biotechnology for their site-specific cleav-
age.

2 Characteristics of Restriction Endonucleases

• Specificity: Each restriction enzyme recognizes a specific DNA sequence,
typically 4–8 base pairs long, known as the recognition site. For example,
EcoRI recognizes the sequence GAATTC.

• Cleavage Patterns: Type II enzymes cut DNA within or near the recogni-
tion site, producing either blunt ends (e.g., HpaI cuts at GTTAAC) or sticky
(cohesive) ends (e.g., EcoRI leaves 5’ overhangs).

• Nomenclature: Named after the bacterial species fromwhich they are de-
rived (e.g., EcoRI from Escherichia coli strain RY13, I indicating the first en-
zyme identified).

• Reaction Conditions: Require specific buffers, temperature (usually 37°C),
and Mg2+ ions for activity.

• Example: BamHI (from Bacillus amyloliquefaciens) cuts at GGATCC, pro-
ducing sticky ends, while SmaI (from Serratia marcescens) cuts at CCCGGG,
producing blunt ends.

3 Application in Gene Cloning

Restriction endonucleases are fundamental to gene cloning, enabling the precise
manipulation of DNA for recombinant DNA technology.

• Insertion of a Gene into a Plasmid Vector:

– Restriction enzymes are used to cut both the target DNA (containing
the gene of interest) and a plasmid vector at specific sites, creating
compatible ends (sticky or blunt). The gene is then ligated into the
plasmid using DNA ligase, forming a recombinant plasmid that can be
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introduced into a host organism (e.g., E. coli) for replication and ex-
pression.

– Example: To clone the human insulin gene, EcoRI is used to digest
both the insulin gene andaplasmid like pBR322, producing sticky ends.
The insulin gene is ligated into the plasmid, which is then transformed
into E. coli for insulin production, a key step in manufacturing recom-
binant insulin for diabetes treatment.

4 Diagram of Restriction Endonuclease Use in Gene Cloning

The followingfigure illustrates the role of restriction endonucleases in gene cloning.
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Figure 1: Schematic representation of restriction endonuclease use in gene
cloning.

5 Conclusion

Restriction endonucleases are indispensable tools inmolecular biology, enabling
precise DNA cleavage at specific recognition sites. Their ability to produce com-
patible DNA ends facilitates gene cloning, as seen in the insertion of genes into
plasmid vectors for recombinant protein production. The example of insulin
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gene cloning highlights their critical role in pharmaceutical biotechnology. With
their specificity and versatility, restriction enzymes continue to drive advance-
ments in genetic engineering and therapeutic development.
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