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RESTRICTION ENZYMES

#
• Restriction Enzymes – enzymes 

able to cut DNA at specific sites

#
• First isolated from bacteria E. 
coli

#
• Also known as  – molecular 

scissors



FUNCTION OF RESTRICTION ENZYMES

GAATTC

CTTAAG

5’ 3’

3’ 5’

|    |   |    |   |   | “Restriction site”

or

“Recognition Sequence”

Restriction enzymes recognize a 
particular sequence of 4-8 nucleotides in 
the DNA and cleaves at that site

Usually cut DNA at a “palindrome” such 
as GAATTC.

Palindrome – sequences which read 
similar in both direction backward and 
forward.



ACTION OF RESTRICTION ENZYME

 RE’s cut the DNA molecule by 
splitting the chemical bond and 
addition of a water molecule 
(hydrolysis) between adjacent 
nucleotides.

 All restriction enzymes cut the 
DNA by making two incisions, 
through the sugar-phosphate 
backbone (i.e. each strand) of the 
DNA double helix



WHAT RESTRICTION ENZYMES DOES

 Each bacterium has its own 
unique restriction enzymes 
and each enzyme 
recognizes only one type of 
sequence 

 - RE’s generate two 
different types of “cuts”

- Sticky ends

- Blunt cuts.



SOURCE OF RESTRICTION ENZYMES

 Isolated from 

Bacteria

 Helps bacteria in 

“Immune system” 

to protect against 

bacteriophages



NOMENCLATURE
 Named after genus, species and strain of bacteria from 

where it is isolated

 Examples:

 Genus

 Species

 Strain

 Order Isolated

Escherichia

coli

R

I

EcoRI

Haemophilus

influenzae

d

III

HindIII

Bacillus

amylo.

H

I

BamHI

Recognition Site: G^AATTC A^AGCTT G^GATGC



WORKING CONDITIONS

 Works under optimum temperature and buffer 

(salt, pH) for this enzyme

 This enzymes mimics cellular conditions of  

bacteria from where they are isolated



 Which are more useful in 
genetic engineering? 
RE’s that generate sticky 
ends or ones that 
produce blunt cuts?

 This is because the 
single-stranded sticky 
DNA end can easily pair 
with any other DNA 
fragment having 
complementary ends 

STICKY ENDS



CLASSIFICATION

Traditionally, four types of restriction enzymes are recognized, designated I, II, III, 
and IV, which differ primarily in structure, cleavage site, specificity, and cofactors.

Types I and III-- cleaves DNA randomly, sometimes hundreds of bases 
from the recognition sequence

Type I & III have both restriction and methylase activities carried out by 
one large enzyme complex 

Type II-- cleave DNA at specific sites within the recognition site and is 
independent of its methylase.

These enzymes recognize a few hundred distinct sequences, generally four 
to eight bases in length.

Type IV-- restriction enzymes cleave only methylated DNA and show weak 
sequence specificity.



APPLICATIONS 

 Genetic engineering –

combining and pairing 

together DNA from 

two different 

organisms

 Creating a desired 

traits by combining 

two genes  

http://en.wikipedia.org/wiki/Image:GoldenRice-WhiteRice.jpg


DNA PASTING

The pasting or combining of the two DNA pieces is done by the 
enzyme DNA ligase

The action of DNA ligase is the ultimate step in the formation of 
recombinant DNA

Seals DNA fragments by forming phosphodiester bonds between 
the phosphate group of 5’ C of one deoxyribose with the hydroxyl 

group 3’-C of another 



OTHER APPLICATIONS 

Forensics – DNA 
Fingerprinting for crime 
scene investigation and 

paternity testing.

4
6
= once every 4096 bp

Everyone’s DNA has a 
different sequence – even 

though only 0.1% different.

Lambda (48,514 bp) 

would expect about 12 

EcoRI sites



THANK YOU


