
Class – 6th Semester (Botany Hons) 

Paper CC-14 :- Plant Biotechnology 

Unit 2:- Recombinant DNA Technology 

 

Tools of Recombinant DNA Technology:- 

  Three types of biological tools are used in the synthesis of 

Recombinant DNA Technology there are – 

 

1. Enzymes. 

2. Cloning vectors (vehicle DNA) 

3. Competent host (for transformation with recombinant DNA) 

1. Enzymes:- 

 Different kinds of specific enzymes are used in genetic engineering 

(Recombinant DNA Technology). Those includes – 

� Lysing enzyme:- 

Those are used to open up the cells to get DNA for genetic 

experiments. Lysozyme is usually used to dissolve the bacterial cell 

wall.  

� Restriction enzymes (cleaving enzymes) :- 

� These enzymes are used to break DNA molecules. They 

belong to a longer class of enzymes called nucleases. 

� Restriction enzymes are of three types – 

i) Exonuclease :- 

These enzymes are of three nucleotides from the 

terminal end (either 5’ or 3’) of DNA in one strand duplex. 

ii) Endonuclease :- 

These enzymes make cuts at specific position within the 

DNA. These enzymes do no cleave the ends and involve only one 

strand of the DNA duplex.  

iii) Restriction Endonuclease :- 

These enzymes act as “molecular scissors” or chemical 

scalpers. 

� Synthesizing enzymes. 

� Joining enzymes. 

� Alkaline phosphatise. 

 



 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Restriction Enzyme 

 

Synonyms 

 

Definition 
 

A restriction enzyme is a site-specific endonuclease encoded by 

bacteria and archaea that recognizes a specific, short nucleotide sequence 

and cuts the DNA only at that specific site, i.e., restriction site.  
It provides a defense mechanism to bacterial host against invading 

viruses, i.e., bacteriophages (Arber and Linn 1969; Krüger and Bickle 

1983). Basically, restriction enzymes were named for their ability to 

restrict the growth of bacteriophages in a host bacterial cell by selective 

cleavage of the invading foreign DNA. This process is called restriction 

digestion. Interestingly, the host DNA is protected from their own 

restriction enzymes by the activity of a modification enzyme 

(methyltransferase or methylase), which detects the same restriction site 

as the restriction enzyme and methylates a specific nucleotide (e.g., 4-

methylcytosine, 5-methylcytosine, 5-hydroxymethylcytosine, or 6-

methyladenine) on each strand within this restriction site. Methylation of 

only one strand, i.e., hemimethylated state of restriction site, is also 



protected from restriction enzyme. Together, these two processes 

constitute the restriction modification (RM) system. 

 

Restriction Site 

 

Each restriction enzyme identifies a specific sequence of nucleotides 

(between four and eight bases) and makes cut in both strands of the 

double-stranded DNA (Kessler and Manta 1990). Many of the restriction 

sites are palindromic in nature, i.e., reads same forward and backward. 

These palindromes could be mirrorlike (viz., GTAATG) or inverted repeat 

(viz., GGATCC being complimentary to CCTAGG). Inverted repeat 

palindromes are more common with greater biological importance than 

mirrorlike palindromes.  
Once restriction enzyme recognizes restriction site, it can generate either 

sticky ends (e.g., EcoRI, BamHI, HindIII, etc.) or blunt ends (e.g., SmaI, 

EcoRV, etc.) depending upon type of restriction enzyme (Fig. 1).  
Different restriction enzymes that recognize the same restriction 

sequences but cleave at different location are called neoschizomers (e.g., 

ApaI and Bsp120I are neoschizomer pair). On the other hand, when 

recognize and cut in the same site or location they are called isoschizomers 

(SmaI and XmaI are isoschizomer pair). 

 

Restriction Enzyme,Fig. 1 Restriction enzymes produce either sticky 

ends (viz., EcoRI) or blunt ends (viz., EcoRV) at restriction site 

 

 

 

 

 

 

 

 

 

 

Types of Restriction Enzymes:- 

 

Based on enzyme subunit composition, cofactor requirements, nature of 

their target sequence, and position of restriction site relative to the target 

sequence, restriction enzymes are of four types (Types I, II, III, and IV): 
 



1. Type I restriction enzyme – It cuts at sites far from a recognition site 

(asymmetrical in nature) and requires both ATP and Sadenosyl-L-

methionine (AdoMet) as cofactor to func-tion. It has a feature of both 

restriction digestion and methylase.  
2. Type II restriction enzymes – It cleaves within or at short-specific 

distances from a recognition site (palindromic in nature) and mostly 

requires magnesium to function. It has only feature of restriction 

digestion independent of methylase.  
3. Type III restriction enzymes – It recognizes two separate non-

palindromic and inversely oriented sequences and cleaves at 20–30 base 

pairs away from a recognition site. It contains more than one subunit and 

requires ATP for restriction digestion and S-adenosyl-L-methionine for 

DNA methylation.  
4. Type IV restriction enzymes – It recognizes mod-ified DNA (methylated, 

hydroxymethylated, and glucosyl-hydroxymethylated). Examples are 

McrBC and Mrr systems of E. coli (Table 1). 
 

More than 3000 restriction enzymes have been studied in detail till now, 

and more than 600 of them are available commercially (Roberts et al. 

2007). These enzymes are key tools in molecular cloning. 

 

Application of Restriction Enzymes:- 

 

(A) Gene cloning and protein expression  
Restriction enzymes in combination with DNA ligase help in insertion 

of genes into plasmid vectors during gene cloning and protein 

expression. For this, both plasmid DNA containing multiple cloning sites 

and gene insert are treated with the same restriction enzymes and then 

glued together with the help of DNA ligase (Fig. 2; Russell and Sambrook 

2001). Restriction enzymes are also used after cloning to confirm that 

insertion of gene has taken place correctly.  
(B) DNA mapping  

A DNA map generated by restriction digestion can be used to find the 

relative positions of the genes. The restriction diges-tion generates 

different lengths of DNA which gives a specific pattern of bands after gel 

electrophoresis. This can be used for DNA fingerprinting. Additionally, it 

helps in diagnosis of single nucleotide polymor-phisms (SNP) and 

insertions/deletions (Indels) (Kudva et al. 2004), identification of 



genetic disorder loci, assessment of the genetic diversity of populations, 

and parental testing.  
(C) Restriction fragment length polymor-phism (RFLP)  

Restriction enzymes are used to digest genomic DNA for gene analysis 

using South-ern blot. With the help of this technique, researchers can find 

copy number of a gene present in the genome of one individual as well as 

number of gene mutations (i.e., poly-morphisms) within a population. The 

latter is 

 

Restriction Enzyme, Table 1  Types of restriction enzymes 

and their features  

     
Types Type I Type II Type III Type IV      

Examples EcoKI, EcoAI, EcoRI, EcoRV, 

EcoP15I, EcoPI, 

HinfIII, 

BcgI, BaeI, CjeI, 

etc. 

 CfrAI, etc. KpnI, NotI, etc. etc.       

Cofactors Mg2+, AdoMet, Mg2+ 
Mg2+, AdoMet 
(stimulates Mg2+, AdoMet 

and ATP  
activity but not 
required),  

activators (hydrolyzed)  ATP (not hydrolyzed)       
Recogniti

on Interrupted Palindromic or Non-palindromic 

Interrupted 

bipartite 

site bipartite interrupted   

  palindrome        

Cleavage Cleave far from Defined, within 

Cleaves ~25 bases 

away 

Cuts both strands 

on both 

site recognition site 

restriction site, 

give from restriction site 

sides of restriction 

sites 

  

sticky of blunt 

ends  
and leaves 30  
overhangs 

Subunits 

and Pentameric 

Homodimer 

(2R-S) 

Both R and M-S 

required 

Heterotrimer (2 

R-M, 1S) 

structure complex (2R,    

 2M and 1S)         

Methylase Heterodimer 

Separate, 

single, 

Methylates adenines, 

only 

Same 

heterotrimer (2 R-

M, 

features (1M, 1S) or 

monomeric (M-

S) 

one strand 

independently 1S) 

 heterotrimer    

 (2M, 1S)    

 

 

 

 

 



Restriction Enzyme, Fig. 2 Workflow of molecular cloning using 

restriction digestion. Both gene insert and vector were digested with same 

restriction enzymes and purified. The insert and vector were joined using 

DNA ligase and transformed in competent bacteria cell (e.g., E. coli DH5a). 

Colonies were screened for positive clones using restriction digestion with 

same enzymes or colony PCR or sequencing 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

called restriction fragment length polymor-phism (RFLP) (Botstein et al. 

1980).  
(D) Studying epigenetic modifications  

The sensitivity of restriction endonucle-ases toward methylated bases 

has been used to map modified bases within genomes. In brief, 

restriction landmark genome scanning (RLGS) is a 2-D gel 

electrophoresis-based mapping technique that utilizes NotI 

(GC^GGCCGC), AscI (GG^CGCGCC), EagI (C^GGCCG), or BssHII 

(G^CGCGC) to identify changes in the methylation pat-terns of the 

genome of normal and cancer cells.  
(E) Preparation of DNA libraries  

Restriction enzymes are used in SAGE (serial analysis of gene 

expression) for iden-tification and quantification of a large number of 



mRNA transcripts in cancer research to diagnose mutations and study 

gene expres-sion. Few restriction enzymes including ApeKI used to 

construct the DNA library for  
a genotyping-by-sequencing technology to study the sequence diversity 

in genome of organisms (Elshire et al. 2011). 

 

Biological role and application of REs:- 

  In gene cloning experiments, DNS molecules have to be cut in a very 

precise and reproducible manner Res play an important role in cutting the 

desired gene as well as cleaving the vector. 

1. Cutting the Gene:- 

The required DNA molecule should be cleaved in a particular manner 

for farther genetic manipulations. A particular restriction endonuclease 

enzyme can recognize and bind to a specific base sequence of the DNA and 

the will cleave it. It is highly peproducible and can be programmed 

according to DNA sequence of required gene and particular endonuclease 

enzymes identifying and cleaving it.  

 

 

 

 

 

 

 

 

 

2. Cutting the vector:- 

Each vector molecule must be cleaved with a same restriction site at 

a single position to open the circular from so that the new DNA fragment 

can be inserted at these complementary sites.  

 

History:- 

� The term restriction endonuclease was cointed by tiederbeg and 

meselson in 1964 to describe the nuclease enzymes that destroy any 

foreign DNA entering the host cell. 

� Meselson and yuhan in 1968 first isolated and studied in E.Coli K-

12. 



� W.Arber in 1962 these enzymes were isolated in bacteria. 

� W.Arber, H.Smith and D.Nathans in 1978 got noble prize for 

classification of different types (3 types – type-I, type-II, type-III). 

� The first restriction endonuclease was Hind II (hin-dee-two). It was 

isolated from Hermophilus influenza. 

� Smith and Nathans (1973) proposed system based nomenclature of 

restriction endonuclease.  

Naming exercise of RE enzymes is based on following rules:- 

• Each RE enzyme is named by a three letter code. 

� The first letter of this code is driven from the first 

epithed (first letter of name) of the genus name. It is 

printed in italics. 

� The second and third letter is from the first two letters 

of its species name. They are also printed in italics. 

� This is followed by the strain number. If a particular strain has more 

than one restriction enzyme, these will be identified by roman 

number are as – I, II, III etc. 

Ex. – EcoR I, EcoR II, Hind II, Hind III. 

 

 


