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Genetic code

1. Initiation codon AUG codes for amino acid---------------------------

       a. Tyrosine      
b. Proline 
c. Methionine  
d. Glycine.

2. Anticodon is present on ----------------

a. tRNA 
b. m RNA 
c. rRNA  
Ribosome

  3. Termination codon is -----------------------

a. UAA 
b. UAC 
c. UCA 
d. AAA

4. Genetic code is degenerate ---------------------------

a. Single  aa  as mix  codon     b. Single  aa   as one codon c. Single  aa  as two codon

d. Single aa as four codon.

5.  UUU code for------------------------

a. Phenyl alanine 
b. Alanine 
c. Tyrosine 
d. Guanine 

6.  AUG is ------------- codon 

a. Initiation 
b. Termination 
c. AUC 
d. None of these.

7. The smallest unit in genetic code is a -----------------------

a. Cistron 
b. Muton 
c. Codon
d. Anticodon.

8. mRNA is complementary copy of  ------------------------

      a) Single strand of DNA    b) Ribosomal RNA 
 c) Ribosomal DNA d) None of the above 
9. Which of the following set of codons act as termination codons ?

a) UAG, UAA, UGA    b) ACG, UAG, UAG   
  c)AUG,UAA,GUG   d) AAG, UAA, UGC

10. Initiation of polypeptide chain formation is always brought about at the site   

      of codon coding for an amino acid--------------

     A) Isolation 
B) Cysteine 

C) Methionine 
D) Phenyl alanine 

      11. Codon is a group of ……… successive nucleotide in mRNA.

              A)  Two        B)   Three     C)  Four      D)    Five

                                Replication of DNA
DNA replication occurs in all living organisms. It is an important biological process for inheritance. A DNA molecule replicates to form two identical copies of itself. During the cell cycle, replication occurs at ‘S’ phase. DNA replication is a semiconservative process, in the newly formed double-stranded DNA, one strand of original DNA is retained, which acts as a template for the formation of another strand. It is an enzyme catalyzed process.

1. During replication, Okazaki fragments elongate
(a) leading strand towards the replication fork

(b) lagging strand towards the replication fork

(c) leading strand away from the replication fork

(d) lagging strand away from the replication fork

2. Which of the following enzymes separates the two strands of DNA during replication?
(a) Gyrase     (b) Topoisomerase      (c) Helicase      (d) DNA polymerase

3. DNA replication is
(a) conservative    (b) conservative and discontinuous

(c) semi-conservative and discontinuous    (d) semi-conservative and semi-discontinuous
4. Which of the following is used in DNA replication studies?
(a) Neurospora crassa     (b) Drosophila melanogaster
(c) Escherichia coli      (d) Pneumococcus
5. Which of the following helps in opening of DNA double helix in front of replication fork?
(a) topoisomerase     (b) DNA polymerase-I (c) DNA gyrase        (d) DNA ligase

6. Termination of replication is triggered by
(a) DNA polymerase   (b) Helicase    (c) SSB    (d) Tus protein

7. DNA polymerase synthesizes
(a) DNA in 5’-3’ direction    (b) DNA in 3’-5’ direction (c) mRNA in 3’-5’ direction   (d) mRNA in 5’-3’ direction

8. Association of histones H1 with nucleosome shows
(a) the occurrence of transcription    (b) the occurrence of replication

(c) exposed DNA double helix         (d) the condensation of DNA into chromatin fibre
9. The 3’ – 5’ phosphodiester linkage joins
(a) two DNA strands    (b) two nucleotides
(c) a nitrogenous base with pentose sugar     (d) two nucleosides

10. The fragments of DNA are joined together by which of the following enzymes?
(a) Endonuclease    (b) DNA polymerase    (c) Primase   (d) Ligase
11. Replication of DNA takes place during --------------------

a. S-phase 
b. m- phase 
c. G1 phase 
d. G2 phase

12. ------------------- enzyme involved in DNA replication 

      a. DNA ligase 
b. Polymerase c. Transriptase 
d. None of these.

13. Which of the following DNA polymerase is essential for both the replication and repair of DNA?

  a.DNA polymerase    b. DNA polymerase II      c. DNA polymerase III    d. None of these.

14. Which of the following sequence is most likely to be a restriction enzyme?

  a.CGGC
b. CGC  
c. GTAATG

d. GTCGAC

15. Which form of RNA has a structure resembling clover leaf ? 

       A) tRNA           B) rRNA                C) HnRNA           D) mRNA

Protein synthesis
1. Protein synthesis does not takes place in ---------------
a. Nucleus 
b. Mitochondria 
c. Chloroplast 

d. Endoplasmic reticulum

2. Peptide bond is formed between ---------group and ----------- group of second amino acids.

a. COOH- NH2

b. CH2 & NH3
c. COOH- NH4
d.CO & NH

3. Synthesis of mRNA by DNA template is called as-------------------

      a. Transcription 
b. Translation

c. Protein  
d. None of these.

4.- --------------------- is the process of RNA synthesis from DNA.

     a.Transcription  
b. Transformation 
c. Transduction  d. Transversion.

5. Protein synthesis occurs on  -----------------

      a)  Ribosome        b) Nucleus        c) Lysosome     d) Centrosome

6.The Synthesis of RNA from DNA template is -------

     a)Transcription B ) Translation C) Substitution D) None

Hybridoma  
Technology
1. The production of monoclonal Ab takes place in ----------------
a. Hybridoma  
b. PCR  
c. ELISA
d. Southern
2. Human genome contains -------------------- nucleotides

a. 3.2 billion 
b. 3.3 billion 
c. 3.2 million 

d. 4.2 billion.

3.Genome is the entire --------------------- in an organism
a. DNA 
b. RNA 
c. Both A & B

d. Protein

4.  In hybridoma immunological cell which produce antibodies are fused with……

        a) Nephron           b)  Blood        c) W. B. C.        d)  Myeloma

5.Hybridoma technology used to manufacture of--------

A) Antigen    B) Harmones C) Enzymes D) Monoclonal Antibody

Southern

1.  The analysis of the gene structure (DNA) is called as ----------

       A) Southern  
B)  Western 
  C)  Northern
    D)  None of these.

PCR
1.  PCR technique was described by-------------------------
a. K. Mullis
b. A. Mullis 
c. Bateson 
d. De-varis.
2 . In PCR, binding of DNA primer to template DNA is called as----------------------

a. Denaturation 
b. Extension 
c. Renaturation   
d. Annealing.
DNA DAMAGE AND REPAIR
1. UV induced pyrimidine timer are reversed by ----------- system

      A) Photo reactivation   B)  Excision repair   C)  Mismatch repair D) Post replication repair.

2.  In excision repair insertion of correct nucleotide in the chain is carried out by 

     a. Polymerase –I 
b. Polymerase- II 
c. Gyrase 
d. DNA ligase.

3.The transfer of DNA itself from one  cell to another is called as----------------

a. Transformation   b. Transduction 
c. Conjugation 
d.  None of these.
4.-------- is method in which phase carries and transfer host DNA into bacterium

       A) Transduction        B)  Transformation     C)  Conjugation D)  None of these.

5. Palindrome in double stranded DNA is -----------------

      a. GAATTC 
b. ATGATG  

c. CCCTTC

d. CTADCC

6. Human genome contains -------------------- nucleotides

        A) 3.2 billion 
B)  3.3 billion 
     C)  3.2 million        D) 4.2 billion. 
7.What is the main enzyme that plays a major role in formation of thymine dimer?
a) DNA glycosylase     b) DNA photolyase   c) DNA gyrase    d) DNA ligase
Which enzyme is activated during double stranded break?
a) DNA polymerase    b) Translesional polymerase
c) RNA polymerase    d) Klenow fragmen

8.Why recombinational repair system is called double strand break repair?
a) Both strands are broken      b) One strand is broken
c) No strand is broken                 d) Both strand act as template

1. What is the correct definition of excision repair?
a) Repair of a single damaged nucleotide     b) Repair of a damaged oligonucleotide
c) Removal of a single damaged nucleotide d) Removal of a damaged oligonucleotide


2. How many types of excision repair systems are known?
a) 1            b) 2      c) 3            d) 4

                            Regulation of gene expression- Operon concept
1. Lac operon is an example of
        (a) only positive regulation                                 (b) only negative regulation

        (c) both positive and negative regulation       (d) sometimes positive sometimes negative

2. In the presence of lactose, how long does it take for the lac operon to be expressed?
      
(a) when lactose equals glucose concentration

  
(b) when glucose is more than lactose concentration

(c) as long as lactose is more than glucose concentration

(d) as long as lactose is more than galactose concentration

3. Which of these acts as an inducer of the lac operon?
(a) Allolactose     (b) Lactose    (c) Galactose     (d) Glucose

4. The sequence of the structural genes in the lac operon is
(a) lacA-lacZ-lacY     (b) lacZ-lacY-lacA     (c) lacZ-lacA-lacY     (d) lacA-lacY-lacZ

5. Regulation of the lac operon can be envisioned as regulation of enzyme synthesis by its
(a) lactose   (b) substrate    (c) carbohydrates    (d) all of the above
6. Lac Operon will be turned on when
(a) Lactose is less than glucose                   (b) Lactose is less in the medium

(c) Lactose is more than glucose               (d) Glucose is enough in the medium

7. In a cell as per the Operon Concept, the regulator gene governs the chemical reactions by 
(a) Inhibiting the substrate in the reaction    (b) Inhibiting migration of mRNA into cytoplasm

(c) mRNA transcription inhibited                 (d) Enzyme-reaction inactivation
8. In Lac-operon, the gene product of LacA gene is
(a) Beta-galactoside permease                      (b) Beta-galactoside transacetylase
(c) Beta-galactosidase                                   (d) Beta-galactoside isomerase

9.This condition in lac operon facilitates the condition of lac genes being transcribed at high levels
(a) low glucose, high lactose                           (b) low glucose, low lactose

(c) high glucose, high lactose                         (d) high glucose, low lactose

10. The correct option regarding the lac operon in E.coli from the following is
(a) Lac operon is switched on in the absence of lactose

(b) Lac repressor binds to the lac promoter

(c) β-galactosidase is the only enzyme produced in large quantities when lac operon is turned on

(d) lac operon messenger RNA is a polycistronic mRNA

 

Restriction enzymes: Nomenclature, detailed study of Type II.

2. Characteristics of Cloning vectors: Plasmids,
Cosmids,
1.Cosmid vectors are
a)   plasmids that contain fragment of λ DNA including the cos site

b) phages that lack cos site

c) plasmids that have no selection marker      d)  cryptic plasmids

2.Cosmid vectors are used for
a)  cloning small fragments of DNA

b) cloning large fragments of DNA

c) cloning prokaryotic DNA only

d) cloning eukaryotic DNA only

3.Cos site of the cosmids
1. consists of 12 bases

2. helps whole genome in circularization and ligation

3. both (1) and (2)

4. contains cleavage site

4.M 13 is an example of
1. filamentous phage

2. single stranded DNA vector

3. both (1) and (2)

4. plasmid

1. 5.Phagemid vectors are
2. combination of plasmid and phage λ

3. combination of phages and cosmid

4. phages carrying properties of plasmids

5. all of the above

6. Single stranded vectors are useful
1. for sequencing of cloned DNA

2. for oligonucleotide directed mutagenesis

3. for probe preparation

4. all of the above
7.In serted DNA in λ gt 11 can be expressed as
1. β-galactosidase fused protein

2. free protein in the cytoplasm

3. free protein that is secreted out

4. all of the above

    8.A vector that can clone only a small DNA fragment is

(a) cosmid    



(b) plasmid     
 (c) Yeast artificial chromosome  
(d) Bacterial artificial chromosome

    9)
The Ti plasmid is found in

(a) Agrobacterium   



 (b) Yeast as a 2mm plasmid  
  (c) Rhizobium of the roots of leguminous plants         (d) Azotobacter
Phagemids,
1. Phagemid consist of
2. plasmid vector carrying λ phage’s cos site

3. plasmid vector carrying λ attachment (λ att) site

4. plasmid vector carrying origin of replication of λ phage only

5. plasmid vector carrying origin of replication of plasmid only

1) Maximum size of foreign DNA that can be inserted into an insertion vector is
1. 35 kb               18 kb                 50 kb                    27 kb

Lambda Bacteriophages

1) Size of the DNA that can be packaged into a λ phage is
1.50 kb        2.35-53 kb    3.40-50 kb     4. any size

Gene cloning: Transformation techniques by Calcium chloride method and electroporation

Northern
1. Northern blotting is performed for ____________
a) Determining the size of DNA
b) Determining the size of RNA
c) Quantification of RNA

d) Sequencing of RNA
Western blotting

1) . What is a probe?
a) Chemically synthesized DNA  

b) Purified DNA
c) Fragmented DNA duplex
d) Either purified or synthesized single stranded DNA
     2)
A single-stranded, radiolabelled molecule of nucleic acids is called
(a) plasmid      (b) vector     (c) probe     (d) selectable marker

Restriction Enzyme (Restriction Endonuclease) Definition
· Restriction enzyme, also called restriction endonuclease, is a protein produced by bacteria that cleaves DNA at specific sites along the molecule.
· Restriction endonucleases cut the DNA double helix in very precise ways. It cleaves DNA into fragments at or near specific recognition sites within the molecule known as restriction sites.
· They have the capacity to recognize specific base sequences on DNA and then to cut each strand at a given place. Hence, they are also called as ‘molecular scissors’.
Source of Restriction Enzymes
· The natural source of restriction endonucleases are bacterial cells.
· These enzymes are called restriction enzymes because they restrict infection of bacteria by certain viruses (i.e., bacteriophages), by degrading the viral DNA without affecting the bacterial DNA. Thus, their function in the bacterial cell is to destroy foreign DNA that might enter the cell.
· The restriction enzyme recognizes the foreign DNA and cuts it at several sites along the molecule.
· Each bacterium has its own unique restriction enzymes and each enzyme recognizes only one type of sequence.
Recognition Sites
· The DNA sequences recognized by restriction enzymes are called palindromes. Palindromes are the base sequences that read the same on the two strands but in opposite directions.
For example, if the sequence on one strand is GAATTC read in 5’→3′ direction, the sequence on the opposite strand is CTTAAG read in the 3’→5′ direction, but when both strands are read in the 5’→ 3′ direction the sequence is the same. The palindrome appears accordingly —
5′ GAATTC 3′
3′ CTTAAG 5′
In addition, there is a point of symmetry within the palindrome. In the example, this point is in the center between the AT/AT.
· The value of restriction enzymes is that they make cuts in the DNA molecule around this point of symmetry.
· Some enzymes cut straight across the molecule at the symmetrical axis producing blunt ends.
· Of more value, however, are the restriction enzymes that cut between the same two bases away from the point of symmetry on two strands, thus, producing a staggering break.
Mechanism of Cleavage of Restriction Enzymes
When a restriction endonuclease recognizes a particular sequence, it snips through the DNA molecule by catalyzing the hydrolysis (splitting of a chemical bond by addition of a water molecule) of the bond between adjacent nucleotides. To cut DNA, all restriction enzymes make two incisions, once through each sugar-phosphate backbone (i.e. each strand) of the DNA double helix.
Types of Restriction Enzymes
Traditionally, four types of restriction enzymes are recognized, designated I, II, III, and IV, which differ primarily in structure, cleavage site, specificity, and cofactors. 
1. Type I enzymes cleave at sites remote from a recognition site; require both ATP and S-adenosyl-L-methionine to function; multifunctional protein with both restriction and methylase activities.
2. Type II enzymes cleave within or at short specific distances from a recognition site; most require magnesium; single function (restriction) enzymes independent of methylase.
3. Type III enzymes cleave at sites a short distance from a recognition site; require ATP (but do not hydrolyze it); S-adenosyl-L-methionine stimulates the reaction but is not required; it exists as part of a complex with a modification methylase.
4. Type IV enzymes target modified DNA, e.g. methylated, hydroxymethylated and glucosyl-hydroxymethylated DNA.
Nomenclature of Restriction Enzymes
Since their discovery in the 1970s, many restriction enzymes have been identified while  Type II restriction enzymes have been characterized.
Each enzyme is named after the bacterium from which it was isolated, using a naming system based on bacterial genus, species and strain. For example, the name of the EcoRI restriction enzyme was derived as:
E – Escherichia: Genus
co- coli: specific species
R- RY13: strain
I- First identified: order of identification in the bacterium
Applications of Restriction Enzymes
· Restriction enzymes can be isolated from bacterial cells and used in the laboratory to manipulate fragments of DNA, such as those that contain genes; for this reason, they are indispensable tools of recombinant DNA technology (genetic engineering).
· The most useful aspect of restriction enzymes is that each enzyme recognizes the same unique base sequence regardless of the source of the DNA. It means that these enzymes establish fixed landmarks along an otherwise very regular DNA molecule. This allows dividing a long DNA molecule into fragments that can be separated from each other by size with the technique of gel electrophoresis.
· Each fragment, thus generated, are also available for further analysis, including the sequencing.
· One value of cutting DNA molecule up into discrete fragments is being able to locate a particular gene on the fragment where it resides which is done by the general technique of Southern blotting.
One of the most popular restriction enzymes is called EcoRI from E. coli (bacterium).
· Hundreds of other restriction enzymes with different sequence specificities have been isolated from several bacteria and are commercially available.
	Enzyme
	Obtained from
	Recognition Sequence

	EcoRI
	Escherichia coli
	5’GAATTC 3’CTTAAG

	EcoRII
	Escherichia coli
	5’CCWGG 3’GGWCC

	BamHI
	Bacillus amyloliquefaciens
	5’GGATCC 3’CCTAGG

	HindIII
	Haemophilus influenzae
	5’AAGCTT 3’TTCGAA


Restriction enzyme

A restriction enzyme, restriction endonuclease, or restrictase is an enzyme that cleaves DNA into fragments at or near specific recognition sites within molecules known as restriction sites.[1]

 HYPERLINK "https://en.wikipedia.org/wiki/Restriction_enzyme" \l "cite_note-pmid2172084-2" [2]

 HYPERLINK "https://en.wikipedia.org/wiki/Restriction_enzyme" \l "cite_note-isbn0-89603-234-5-3" [3] Restriction enzymes are one class of the broader endonuclease group of enzymes. Restriction enzymes are commonly classified into five types, which differ in their structure and whether they cut their DNA substrate at their recognition site, or if the recognition and cleavage sites are separate from one another. To cut DNA, all restriction enzymes make two incisions, once through each sugar-phosphate backbone (i.e. each strand) of the DNA double helix.

These enzymes are found in bacteria and archaea and provide a defense mechanism against invading viruses.[4]

 HYPERLINK "https://en.wikipedia.org/wiki/Restriction_enzyme" \l "cite_note-pmid6314109-5" [5] Inside a prokaryote, the restriction enzymes selectively cut up foreign DNA in a process called restriction digestion; meanwhile, host DNA is protected by a modification enzyme (a methyltransferase) that modifies the prokaryotic DNA and blocks cleavage. Together, these two processes form the restriction modification system.[6]
Over 3,000 restriction enzymes have been studied in detail, and more than 800 of these are available commercially.[7] These enzymes are routinely used for DNA modification in laboratories, and they are a vital tool in molecular cloning.[8]

 HYPERLINK "https://en.wikipedia.org/wiki/Restriction_enzyme" \l "cite_note-isbn0-8053-3040-2-9" [9]

 HYPERLINK "https://en.wikipedia.org/wiki/Restriction_enzyme" \l "cite_note-isbn1-55581-176-0-10" [10]
[image: image1.wmf]
History[edit]
The term restriction enzyme originated from the studies of phage λ, a virus that infects bacteria, and the phenomenon of host-controlled restriction and modification of such bacterial phage or bacteriophage.[11] The phenomenon was first identified in work done in the laboratories of Salvador Luria, Weigle and Giuseppe Bertani in the early 1950s.[12]

 HYPERLINK "https://en.wikipedia.org/wiki/Restriction_enzyme" \l "cite_note-pmid13034700-13" [13] It was found that, for a bacteriophage λ that can grow well in one strain of Escherichia coli, for example E. coli C, when grown in another strain, for example E. coli K, its yields can drop significantly, by as much as 3-5 orders of magnitude. The host cell, in this example E. coli K, is known as the restricting host and appears to have the ability to reduce the biological activity of the phage λ. If a phage becomes established in one strain, the ability of that phage to grow also becomes restricted in other strains. In the 1960s, it was shown in work done in the laboratories of Werner Arber and Matthew Meselson that the restriction is caused by an enzymatic cleavage of the phage DNA, and the enzyme involved was therefore termed a restriction enzyme.[4]

 HYPERLINK "https://en.wikipedia.org/wiki/Restriction_enzyme" \l "cite_note-pmid4868368-14" [14]

 HYPERLINK "https://en.wikipedia.org/wiki/Restriction_enzyme" \l "cite_note-pmid13888713-15" [15]

 HYPERLINK "https://en.wikipedia.org/wiki/Restriction_enzyme" \l "cite_note-pmid14187389-16" [16]
The restriction enzymes studied by Arber and Meselson were type I restriction enzymes, which cleave DNA randomly away from the recognition site.[17] In 1970, Hamilton O. Smith, Thomas Kelly and Kent Wilcox isolated and characterized the first type II restriction enzyme, HindII, from the bacterium Haemophilus influenzae.[18]

 HYPERLINK "https://en.wikipedia.org/wiki/Restriction_enzyme" \l "cite_note-pmid5312501-19" [19] Restriction enzymes of this type are more useful for laboratory work as they cleave DNA at the site of their recognition sequence and are the most commonly used as a molecular biology tool.[20] Later, Daniel Nathans and Kathleen Danna showed that cleavage of simian virus 40 (SV40) DNA by restriction enzymes yields specific fragments that can be separated using polyacrylamide gel electrophoresis, thus showing that restriction enzymes can also be used for mapping DNA.[21] For their work in the discovery and characterization of restriction enzymes, the 1978 Nobel Prize for Physiology or Medicine was awarded to Werner Arber, Daniel Nathans, and Hamilton O. Smith.[22] The discovery of restriction enzymes allows DNA to be manipulated, leading to the development of recombinant DNA technology that has many applications, for example, allowing the large scale production of proteins such as human insulin used by diabetics.[12]

 HYPERLINK "https://en.wikipedia.org/wiki/Restriction_enzyme" \l "cite_note-pmid358198-23" [23]
Origins[edit]
Restriction enzymes likely evolved from a common ancestor and became widespread via horizontal gene transfer.[24]

 HYPERLINK "https://en.wikipedia.org/wiki/Restriction_enzyme" \l "cite_note-Jeltsch_1996-25" [25] In addition, there is mounting evidence that restriction endonucleases evolved as a selfish genetic element.[26]
Recognition site[edit]


A palindromic recognition site reads the same on the reverse strand as it does on the forward strand when both are read in the same orientation

Restriction enzymes recognize a specific sequence of nucleotides[2] and produce a double-stranded cut in the DNA. The recognition sequences can also be classified by the number of bases in its recognition site, usually between 4 and 8 bases, and the number of bases in the sequence will determine how often the site will appear by chance in any given genome, e.g., a 4-base pair sequence would theoretically occur once every 4^4 or 256bp, 6 bases, 4^6 or 4,096bp, and 8 bases would be 4^8 or 65,536bp.[27] Many of them are palindromic, meaning the base sequence reads the same backwards and forwards.[28] In theory, there are two types of palindromic sequences that can be possible in DNA. The mirror-like palindrome is similar to those found in ordinary text, in which a sequence reads the same forward and backward on a single strand of DNA, as in GTAATG. The inverted repeat palindrome is also a sequence that reads the same forward and backward, but the forward and backward sequences are found in complementary DNA strands (i.e., of double-stranded DNA), as in GTATAC (GTATAC being complementary to CATATG).[29] Inverted repeat palindromes are more common and have greater biological importance than mirror-like palindromes.

EcoRI digestion produces "sticky" ends,



whereas SmaI restriction enzyme cleavage produces "blunt" ends:



Recognition sequences in DNA differ for each restriction enzyme, producing differences in the length, sequence and strand orientation (5' end or 3' end) of a sticky-end "overhang" of an enzyme restriction.[30]
Different restriction enzymes that recognize the same sequence are known as neoschizomers. These often cleave in different locales of the sequence. Different enzymes that recognize and cleave in the same location are known as isoschizomers.

Types[edit]
Naturally occurring restriction endonucleases are categorized into four groups (Types I, II III, and IV) based on their composition and enzyme cofactor requirements, the nature of their target sequence, and the position of their DNA cleavage site relative to the target sequence.[31]

 HYPERLINK "https://en.wikipedia.org/wiki/Restriction_enzyme" \l "cite_note-pmid4949033-32" [32]

 HYPERLINK "https://en.wikipedia.org/wiki/Restriction_enzyme" \l "cite_note-pmid6267988-33" [33] DNA sequence analyses of restriction enzymes however show great variations, indicating that there are more than four types.[34] All types of enzymes recognize specific short DNA sequences and carry out the endonucleolytic cleavage of DNA to give specific fragments with terminal 5'-phosphates. They differ in their recognition sequence, subunit composition, cleavage position, and cofactor requirements,[35]

 HYPERLINK "https://en.wikipedia.org/wiki/Restriction_enzyme" \l "cite_note-PUB00035707-36" [36] as summarised below:

· Type I enzymes (EC 3.1.21.3) cleave at sites remote from a recognition site; require both ATP and S-adenosyl-L-methionine to function; multifunctional protein with both restriction digestion and methylase (EC 2.1.1.72) activities.

· Type II enzymes (EC 3.1.21.4) cleave within or at short specific distances from a recognition site; most require magnesium; single function (restriction digestion) enzymes independent of methylase.

· Type III enzymes (EC 3.1.21.5) cleave at sites a short distance from a recognition site; require ATP (but do not hydrolyse it); S-adenosyl-L-methionine stimulates the reaction but is not required; exist as part of a complex with a modification methylase (EC 2.1.1.72).

· Type IV enzymes target modified DNA, e.g. methylated, hydroxymethylated and glucosyl-hydroxymethylated DNA

· Type V enzymes utilize guide RNAs (gRNAs)

Type l[edit]
Type I restriction enzymes were the first to be identified and were first identified in two different strains (K-12 and B) of E. coli.[37] These enzymes cut at a site that differs, and is a random distance (at least 1000 bp) away, from their recognition site. Cleavage at these random sites follows a process of DNA translocation, which shows that these enzymes are also molecular motors. The recognition site is asymmetrical and is composed of two specific portions—one containing 3–4 nucleotides, and another containing 4–5 nucleotides—separated by a non-specific spacer of about 6–8 nucleotides. These enzymes are multifunctional and are capable of both restriction digestion and modification activities, depending upon the methylation status of the target DNA. The cofactors S-Adenosyl methionine (AdoMet), hydrolyzed adenosine triphosphate (ATP), and magnesium (Mg2+) ions, are required for their full activity. Type I restriction enzymes possess three subunits called HsdR, HsdM, and HsdS; HsdR is required for restriction digestion; HsdM is necessary for adding methyl groups to host DNA (methyltransferase activity), and HsdS is important for specificity of the recognition (DNA-binding) site in addition to both restriction digestion (DNA cleavage) and modification (DNA methyltransferase) activity.[31]

 HYPERLINK "https://en.wikipedia.org/wiki/Restriction_enzyme" \l "cite_note-pmid10839821-37" [37]
Type II[edit]
	Type II site-specific deoxyribonuclease-like

	

Structure of the homodimeric restriction enzyme EcoRI (cyan and green cartoon diagram) bound to double stranded DNA (brown tubes).[38] Two catalytic magnesium ions (one from each monomer) are shown as magenta spheres and are adjacent to the cleaved sites in the DNA made by the enzyme (depicted as gaps in the DNA backbone).

	Identifiers

	Symbol
	Restrct_endonuc-II-like

	Pfam clan
	CL0236

	InterPro
	IPR011335

	SCOP2
	1wte / SCOPe / SUPFAM


Typical type II restriction enzymes differ from type I restriction enzymes in several ways. They form homodimers, with recognition sites that are usually undivided and palindromic and 4–8 nucleotides in length. They recognize and cleave DNA at the same site, and they do not use ATP or AdoMet for their activity—they usually require only Mg2+ as a cofactor.[28] These enzymes cleave the phosphodiester bond of double helix DNA. It can either cleave at the center of both strands to yield a blunt end, or at a staggered position leaving overhangs called sticky ends.[39] These are the most commonly available and used restriction enzymes. In the 1990s and early 2000s, new enzymes from this family were discovered that did not follow all the classical criteria of this enzyme class, and new subfamily nomenclature was developed to divide this large family into subcategories based on deviations from typical characteristics of type II enzymes.[28] These subgroups are defined using a letter suffix.

Type IIB restriction enzymes (e.g., BcgI and BplI) are multimers, containing more than one subunit.[28] They cleave DNA on both sides of their recognition to cut out the recognition site. They require both AdoMet and Mg2+ cofactors. Type IIE restriction endonucleases (e.g., NaeI) cleave DNA following interaction with two copies of their recognition sequence.[28] One recognition site acts as the target for cleavage, while the other acts as an allosteric effector that speeds up or improves the efficiency of enzyme cleavage. Similar to type IIE enzymes, type IIF restriction endonucleases (e.g. NgoMIV) interact with two copies of their recognition sequence but cleave both sequences at the same time.[28] Type IIG restriction endonucleases (e.g., RM.Eco57I) do have a single subunit, like classical Type II restriction enzymes, but require the cofactor AdoMet to be active.[28] Type IIM restriction endonucleases, such as DpnI, are able to recognize and cut methylated DNA.[28]

 HYPERLINK "https://en.wikipedia.org/wiki/Restriction_enzyme" \l "cite_note-40" [40]

 HYPERLINK "https://en.wikipedia.org/wiki/Restriction_enzyme" \l "cite_note-41" [41] Type IIS restriction endonucleases (e.g., FokI) cleave DNA at a defined distance from their non-palindromic asymmetric recognition sites;[28] this characteristic is widely used to perform in-vitro cloning techniques such as Golden Gate cloning. These enzymes may function as dimers. Similarly, Type IIT restriction enzymes (e.g., Bpu10I and BslI) are composed of two different subunits. Some recognize palindromic sequences while others have asymmetric recognition sites.[28]
Nomenclature[edit]
	Derivation of the EcoRI name

	Abbreviation
	Meaning
	Description

	E
	Escherichia
	genus

	co
	coli
	specific species

	R
	RY13
	strain

	I
	First identified
	order of identification
in the bacterium


Since their discovery in the 1970s, many restriction enzymes have been identified; for example, more than 3500 different Type II restriction enzymes have been characterized.[59] Each enzyme is named after the bacterium from which it was isolated, using a naming system based on bacterial genus, species and strain.[60]

 HYPERLINK "https://en.wikipedia.org/wiki/Restriction_enzyme" \l "cite_note-pmid12654995-61" [61] For example, the name of the EcoRI restriction enzyme was derived as shown in the box.
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