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	Restriction enzymes:
Restriction endonucleases are bacterial enzymes (most often) that cleave (hydrolyze) DNA into reproducible and defined fragments. They have the ability to cut double-stranded DNA at specific sites of 4 to 6 base pairs (sometimes more), called restriction sites, which are most often palindromic—meaning the sequence reads the same on the sense strand (5’→3’) and on the antisense strand (also read 5’→3’).
In bacteria, these enzymes partly participate in the defense mechanism against invasion by foreign DNA, particularly of viral origin. The bacterial defense mechanism against viruses is called the restriction–modification system. To destroy the parasite DNA, the bacterium expresses restriction and methylation genes. The restriction genes allow the synthesis of endonucleases that cut DNA at very specific sites. To protect bacterial DNA from hydrolysis by the enzyme, a methylase, encoded by the methylation gene, modifies nucleotides in the bacterial DNA by methylation so that they are no longer recognized by the restriction enzyme. Methylation protects the bacterium’s own DNA so that its restriction enzymes do not cut it. The restriction enzymes only target foreign DNA, such as viral DNA.
1. 1.1. Types de coupures réalisées par les enzymes de restriction :
Restriction enzymes can produce two types of cuts:
· Blunt-end cuts (also called straight ends): the cut occurs in the middle of the palindrome, producing ends without overhangs.
· Sticky-end cuts (also called cohesive ends or staggered cuts): the cut occurs on either side of the symmetry center, producing single-stranded overhangs that can anneal with complementary sequences.
1.2. Nomenclature of restriction enzymes:
Restriction enzymes follow a specific naming system, usually consisting of three to four letters:
· The first letter (uppercase) corresponds to the genus of the bacterium from which the enzyme was isolated.
· The second and third letters (lowercase) correspond to the species of the bacterium.
· A fourth letter (uppercase) may indicate the strain of the bacterium.
· Finally, a Roman numeral indicates the order in which the enzyme was characterized.
Examples:
· EcoRI: Extracted from Escherichia coli RYB; recognition site: G / AATTC
· SmaI: Extracted from Serratia marcescens; recognition site: CCC / GGG
1.3. Concept of compatible enzymes:
Two enzymes are considered compatible when they have different recognition sites but produce the same cohesive (sticky) ends. These fragments can then be easily ligated together.Exemple : Enzymes Bam HI et Mbo I.
	Action de Bam HI
	5’ GGATCC 3’
3’ CCTAGG 5’
	5’ G 3’
3’ CCTAG 5’
	(1)
	5’ GATCC 3’
3’           G 5’
	(2)

	Action de Mbo I
	5’ AGATCAGC 3’
3’ TCTAGTCG 5’
	5’ A              3’
3’ TCTAG    5’
	(3)
	5’ GATCAGC 3’
3’            TCG 5’
	(4)


Ligatures possibles : (1) + (4) et (2) + (3).
1.4. Concept of isoschizomers:
Different restriction enzymes can recognize the same specific recognition site; these enzymes are called isoschizomers. Isoschizomers often produce fragments with different ends after enzymatic cleavage.Exemple :
Consider the following sequence: GGTACC. This sequence is cut by both enzymes:
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Kpn I:
5’-G-G-T-A-C/C-3’
3’-C/ C-A-T-G-G-5’
Acc65 I:
5’-G/G-T-A-C-C-3’
3’-C-C-A-T-G/G-
1.5. Utilisations des enzymes de restriction :
Uses of restriction enzymes in molecular biology:
· They allow DNA to be fragmented into multiple pieces, which can then be separated using electrophoresis techniques.
· They can be used to prepare a DNA fragment of a specific gene (insert) for insertion into a genetic vector such as a plasmid (recombinant DNA).
· They are commonly used to search for mutations in the genome.
· Using restriction sites as DNA markers:
· Construction of restriction maps for any DNA molecule to be characterized. This involves determining the order of restriction sites along the molecule, which, after enzymatic digestion, produce fragments of different sizes that can be measured by electrophoresis.
· DNA analysis for mutation detection: mutations may lead to the loss or gain of a restriction site, resulting in changes in fragment lengths (Restriction Fragment Length Polymorphism, RFLP).
· Certaines mutations dans l’ADN peuvent faire disparaître ou apparaître un site de restriction (c’est-à-dire l’endroit où une enzyme de restriction coupe l’ADN).
· Si ce site change, la taille des fragments obtenus après digestion par l’enzyme sera différente.
· En comparant ces fragments sur un gel d’électrophorèse, on peut détecter la mutation.
En résumé : une mutation peut modifier les sites de restriction, et cela change la taille des morceaux d’ADN après coupe, ce qui permet de repérer la mutation.
2. Enzymes that cut DNA
2.1. DNAase :
The DNase used in the laboratory is extracted from the bovine pancreas. It is an endonuclease that cleaves double-stranded DNA (but also single-stranded DNA). It cuts DNA randomly, without recognizing a specific site, producing fragments of various sizes (or oligonucleotides). This enzyme is sensitive to divalent ions (Mg²⁺ and Mn²⁺).
2.2. Nucléase S1 :
This enzyme, extracted from a fungus, only attacks single-stranded DNA. It does not act on double-stranded DNA or DNA–RNA hybrids.
2. Enzymes responsible for ligation: Ligases
Ligases are enzymes capable of forming an ester bond between a fragment with a 5’ phosphate group and a 3’ hydroxyl (OH) group, in the presence of ATP. They can ligate DNA fragments with either blunt ends or sticky ends. Ligases are typically extracted from bacteria. There are both DNA ligases and RNA ligases.
4. Enzymes that remove or add phosphate groups:
4.1. Enzymes that remove phosphate groups:
These enzymes are called phosphatases. Alkaline phosphatases are active at an alkaline pH. They remove the 5’ phosphate group from a DNA strand. They are extracted from bacteria or of animal origin (intestines). They are used to prepare recombinant DNA
4.2. Enzymes that add phosphate groups::
Kinases are enzymes that attach a phosphate group in the presence of ATP. These kinases are extracted from bacteria.
5. Enzymes that replicate nucleic acids:
5.1. General properties:
Enzymes that replicate a nucleic acid strand have the following general properties:
· They synthesize the new strand in the 5’→3’ direction.
· This synthesis occurs in a complementary and antiparallel manner.
· They require the presence of nucleoside triphosphates (NTPs) or deoxynucleoside triphosphates (dNTPs).
5.2. Enzymes that replicate DNA into DNA:
These enzymes are DNA-dependent DNA polymerases. They cannot synthesize a new DNA strand without the presence of a nucleic acid primer. DNA polymerases catalyze the following general reaction:
 (dNMP)n + dNTP→ (dNMP)n+1 + PPi
Avec N = A, C, T ou G. (PPi = groupe pyrophosphate).
Exemple1 : DNA Polymerase I (extracted from E. coli) and the Klenow fragment
This enzyme possesses both polymerase and exonuclease activities. It is important to note that exonucleases can remove nucleotides one by one from a polynucleotide chain, with specificity for either:
DNA Polymerase I (from E. coli) and the Klenow Fragment
· DNA Polymerase It has both polymerase and exonuclease activities.
· Exonucleases can remove nucleotides one by one from a polynucleotide chain, either from the 5’ end (5’→3’ exonuclease) or the 3’ end (3’→5’ exonuclease).
· DNA Polymerase It possesses both 5’→3’ and 3’→5’ exonuclease activities and consists of a single polypeptide chain.
Klenow fragment:
· Derived from DNA Polymerase I.
· Lacks 5’→3’ exonuclease activity but retains polymerase activity and 3’→5’ exonuclease activity.
· The 3’→5’ exonuclease allows the enzyme to proofread during DNA synthesis, checking whether the newly added base is correctly paired. This proofreading is also called the editing function.
Example 2: Sequenase
· Bacterial origin.
· Lacks 3’→5’ exonuclease activity.
· Used in DNA sequencing.
Example 3: Taq Polymerase
· Extracted from thermophilic bacteria.
· Can function at high temperatures.
· Widely used in PCR and DNA sequencing.
· Lacks 3’→5’ exonuclease activity.
Enzymes that copy RNA into DNA (Reverse Transcriptases)
Example 1: Reverse transcriptase
· Found mainly in retroviruses.
· Converts mRNA into complementary DNA (cDNA).
· Properties:
· DNA polymerase synthesizing 5’→3’.
· RNA-dependent.
· No proofreading activity → can incorporate errors.
· Has RNase activity.
cDNA synthesis procedure:
1. Provide a primer to the reverse transcriptase.
· Often an oligo(dT) primer that binds the poly(A) tail of mRNA.
2. Reverse transcriptase extends the primer, synthesizing DNA complementary to the mRNA.
3. At the end, the enzyme can loop back the 3’ end of the newly synthesized DNA.
4. A gentle chemical treatment removes the single-stranded RNA without affecting the newly made single-stranded cDNA.
We can then add a second strand to obtain double-stranded cDNA, ready to be used in cloning or amplification experiments.
· DNA polymerase is used to synthesize the complementary strand from the single-stranded cDNA.
· S1 nuclease can then remove the hairpin loop at the end.
· This results in a double-stranded cDNA molecule.
Enzymes that copy DNA into RNA (RNA polymerases)
RNA polymerases perform transcription of one of the two DNA strands into an RNA strand. They are extracted from bacteria and have the following properties:
· They synthesize the new strand in the 5’→3’ direction.
· They do not require a primer to start synthesis (unlike DNA polymerases).
· They require ribonucleoside triphosphates (NTPs) and, like other polymerases, Mg²⁺ ions.
· They lack proofreading (editing) activity.
· Under normal transcription conditions, RNA polymerases can only initiate transcription if the DNA contains the specific corresponding promoter.

