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Unit 2. Molecular cloning tools and strategies
2-1.1Restriction enzyme

A restriction enzyme is a nuclease enzyme that cleaves DNA sequence at a random or specific recognition sites
known as restriction sites. In bacteria, restriction enzymes form a combined system (restriction + modification
system) with modification enzymdsat methylate the bacterial DNA. Methylation of bacterial DNA at the
recognition sequence typically protects the own DNA of the bacteria from being cleaved by restriction enzyme.

There are two different kinds of restriction enzymes:

(1) Exonucleases at al yses hydrolysis of terminal nucleotide
direction or 36 to 56 direction. Exampl e: exonucl esc

(2) Endonucleasesan recognize specific base sequence (restriction site) within DNA or RNA molecule and cleave
internal phosphodiester bonds within a DNA molecule. Example: EcoRl, Hind 1ll, BamHI etc.

2-1.2History:

In 1970 the first restriction endonuclease engyindll was isolated. For the subsequent discovery and
characterization of numerous restriction endonucleases, in 1978 Daniel Nathans, Werner Arber, and Hamilton O.
Smith awarded for Nobel Prize for Physiology or Medicine. Since then, restriction enagugelseen used as an
essential tool in recombinant DNA technology.

2-1.3 Restriction Endonuclease Nomenclature:

Restriction endonucleases are named according to the organism in which they were discovered, using a system of
letters and numbers. For example Hi nd 1 I |  ( p rtohnroeuendc) e dw afisHaamiogdeleninflgenza d i n
(strain d). The Roman numerals are used to identify specific enzymes from bacteria that contain multiple restriction
enzymes indicating the order in which restriction enzymes @iscovered in a particular strain.

Hindlll
First lett: f th
s erp = Benls f‘ame ‘d"is the ‘I’ is for the 3" enzyme discovered in
(Haemophilus) and the first p ;
strain type that organism

two letters of the species
name (influenza).

2-1.4 Classification of Restriction Endonucleases:

There are three major classes of restriction endonucleases based on the types of sequences recognized, the natul
the cut made in the DNA, and the enzyme strectur

A Type | restriction enzymes
A Type Il restriction enzymes
A Type 111 restriction enzymes

2-1.4.1 Type | restriction enzymes:

A These enzymes have both restriction and modification activities. Restriction depends upon the methylation
status of thearget DNA.

A Cleavage occurs approximately 1000 bp away from the recognition site.

A The recognition site is asymmetrical and is composed of two specific portions in which one portion édntain 3
nucleotides while another portion contairbAucleotides and Il the parts are separated by a-spacific
spacer of abouti® nucleotides.

A They require Sadenosylmethionine (SAM), ATP, and magnesium ions (Mg2+) for activity.
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A These enzymes are composed of mainly three subuni
site, a restriction subunit, and a modification subunit

2-1.4.2 Type Il restriction enzymes:

A Restriction and modification are mediated byaate enzymes so it is possible to cleave DNA in the absence of
moadification. Although the two enzymes recognize the same target sequence, they can be purified separately
from each other.

A Cleavage of nucleotide sequence occurs at the restriction site.

A These enzymes are used to recognize rotationally symmetrical sequence which is often referred as palindromi
sequence.

A These palindromic binding site may either be interrupted (e.g. BstEll recognizes the secH@BINBCC-3”,
where N can be any nucleot)d& continuous (e.g. Kpnl recognizes the sequenca@®TACG3").

A They require only Mg2+ as a cofactor and ATP is not needed for their activity.

A Type Il endonucleases are widely used for mapping and reconstructing DNA in vitro because they recognize
specfic sites and cleave just at these sites. The steps involved in DNA binding and cleavage by a type Il
restriction endonuclease:

A These enzymes have nonspecific contact with DNA and initially bind to DNA as dimmers.

A The target site is then located by acombat i on of | inear diffusion or #fs

over short distances, and hopping/jumping over longer distances. Once the target restriction site is located, the
recognition process (coupling) triggers large conformational changks ehzyme and the DNA, which leads
to activation of the catalyticentre

A Catalysis results in hydrolysis of phosphodiester bond and product release.

R

H
o il P
‘ ‘ ‘ ‘ ‘ ‘ ‘ L] ‘ Spacific bindin o

Fig 2-1.4.2: Structures of free, nonspecific, and specific DNA-bound forms of BamHl.

The two dimers are shown in brown, the DNA backbone is in green and the basys BagrHl becomes
progressively more closed around the DNA as it goes from the nonspecific to specific DNA binding mode.

2-1.4.3 Type Il restriction enzymes:

A These enzymes recognize and methylate the same DNA sequence but dléévep2dway.

A They have two different suhits, in which one subunit (M) is responsible for recognition and modification of
DNA sequence ananothersubunit (R) has nuclease action.

A Mg+2 ions, ATP are needed for DNA cleavage and process of cleavage is stimulated by SAM.

A Cleave only onstrand. Two recognition sites in opposite orientation are necessary to break the DNA duplex.
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Property Type | RE Type I RE Type III RE
Abundance Less common than | Most common Rare
Type I
Recognition site Cut both strands at a | Cut both strands at [ Cleavage of one
non- specific | a specific, usually | strand, only 24-26
location > 1000 bp | palindromic bp downstream of
away from | recognition site (4-8 | the 3" recognition
recognition site bp) site
Restriction and Single Separate nuclease Separate enzymes
modification multifunctional and methylase sharing a
enzyme common subunit
Nuclease subunit Heterotrimer Homodimer Heterodimer
structure
Cofactors ATP, Mg2+, SAM Mg2+ Mg2+ (SAM)
DNA cleavage Two recognition Single recognition Two recognition
requirements sites in any site sites in a
orientation head-to-head
orientation
Enzymatic No Yes Yes
turnover
DNA translocation | Yes No No
Site of methylation | At recognition site At recognition site | At recognition site

Table 2-1.4: Comparative properties of restriction enzymes

Fig 2-1.43: Cleaving » DNA sequence by a restriction cnzyme creates a specific pattern

Cleaving a single piece of DNA with multiple restriction enzymes creates a "DNA fingerprint." The pattern of
fragments can be compared to similar DNA frorother source treated with the same enzymes, to determine if the

two are identical or different.
2-1.5 Cleavage Patterns of Some Common Restriction Endonucleases

The recognition and cleavage sites and cleavage patterns of Hindlll, Smal, EcoRI, and BamHI are shown. Cleavac
by an endonuclease creates DNA sequence with either a sticky end or blunt end. The blunt ended fragments can
joined to any other DNA fragmenmtith blunt ends using linkers/adapters, making these enzymes useful for certain
types of DNA cloning experiments.
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Fig 2-1.5: Cleavage patterns of HindlIl, Smal, EcoRI and BamHI

2-1.6 Applications

In various applications related to genetic engineering DNA is cleaved by using these restriction enzymes.

A

A

They are uad in the process of insertion of genes into plasmid vectors during gene cloning and protein
expression experiments.

Restriction enzymes can also be used to distinguish gene alleles by specifically recognizing single base chang
in DNA known as single ndeotide polymorphisms (SNPs). This is only possible if a mutation alters the
restriction site present in the allele.

Restriction enzymes are used for Restriction Fragment Length Polymorphism (RFLP) analysis for identifying
individuals or strains of a pactlar species.

ENZYMES IN MODIFICATION of DNA

2-2.1 Polynucleotide phosphorylase:

A

A

Polynucleotide phosphorylase was first discovered from extraé®atbbacter agildy GrunbergManago and
Ochoa.

Polynucleotide phosphorylase (PNPase) catalyzesthe systi s of | ong chain pol yri
360 direction from nucleotide diphosphates as prec
polyribonucleotides in 36 to 56 dir ecrganiophosphate h a

PNPase is a bifunctional enzyme and functions in mRNA processing and degradation inside the cell.

Structural and physiochemical studies in enzymes showed that it is formed of subunits. The arrangements of tf
subunits may vary from sp&d to species which would alter their properties.

These enzyme can catalyze not only the synthesis of RNA from the mixtures of naturally occurring
ribonucleoside diphosphates, but also that ofmatrally occurring polyribonucleotides

2-2.1.1 Mechanism baction: As mentioned earlier, polynucleotide phosphorylase is a bifunctional enzyme. The
mechanism of action of this enzyme can be represented by following reactions:
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Fig 2-2.1: Schematic representation of the role of PNPase in poly(A) tail metabolism in E. coli.
(Source: Mohanty B K, and Kushner S R PNAS 2000; 97:11966-11971, copyright
2000, National Academy of Science)
INE.coli polynucleotide phosphoryl ase regul ates mRNA p
or by c¢cleaving bases in 36 to 56 direction. The fur

concentration inside the cell. The transcrants polyadenylated using enzyme polyadenylate polymerase | (PAPI).
After primary polyadenylylation of the transcript ¢k
PNPase works either degradatively or biosynthetically inside the cell degaemdthe Pi concentration. Under high

Pi concentration, it degrades the poly(A) tail releasing adenine diphosphates. If the Pi concentration is low, PAP
linitiates addition of one or more nucleotides to the existing poly (A) tail and in the processeageimenganic
phosphate. On dissociation of PNPase, the 3N end ac

2-2.1.2 Function:Different functions of Polynucleotide phosphorylase are:
A It is involved in mRNA jmlantseasdsinhongansand degr adat i o

A It synthesizes |l ong, highly heteropolymeric tail:
polyadenylation in poly(A) polymerase | deficient strains.

A  PNPase function as &.copcel RNAaddgraddome islaenmiticandponent ensyme n
compl ex that includes RNaseE (endoribinuclease), pc
helicase (a DEAD box helicase) and a gl y omutleatei ¢ e n z
activity in presence of ATP. In eukaryotes, the exosomes are located in nucleus and cytoplasm. Degradsomes in
bacteria and exosomes in eukaryotes are associated with processing, control and turnover of RNA transcripts.

A I'n r DNA c lgywinhasbgen isedadsynthésiae radiolabelled polyribonucleotides from nucleoside
diphosphate monomers.

2-2.2 Deoxyribonuclease (DNase):

A A nuclease enzyme that can catalyze the hydrol yti
known as deoxyribonuclease (DNase).

A Based on the position of action, these enzymes al
sequence internally) and exodeoxyribonuclease (cleave the terminal nucleotides). Unlike restriction enzymes, DNa
does not have any specific recognition/restriction site and cleave DNA sequence at random locations.

A There is a wide variety of deoxyribonucleases kn
mechanisms, and biological functions. Thes.a

1) Deoxyribonuclease | (DNasel):
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An endonuclease which cleaves douftiended DNA or single stranded DNA. The cleavage preferentially

occurs adjacent to pyrimidine (C or T) residues. The major products@inegphorylated bj tri- and

tetranucleotides. It requires divalent ions (Cag#d Mn2+/Mg2+) for its activity and creates blunt ends-@r 1
overhang sequences. DNasel is the most widely used enzyme in cloning experiments to remove DNA
contamination from mRNA preparation (to be used for cDNA library preparation, northern hybridiEaEo

PCR etc). The mode of action of DNasel varies according to the divalent cation used. In the presence of
magnesium ions (Mg+2), DNasel hydrolyzes each strand of duplex DNA producing single stranded nicks in the
DNA backbone, generating various randdeavages. On the other hand, in the presence of manganese ions
(Mn+2), DNasel cleaves both strands of a double stranded DNA at approximately the same site, producing blul
ended DNA fragments or with-4 base overhangs. The two major DNases found in watazare:
deoxyribonuclease | and deoxyribonuclease Il

w
w

T 1
dsDNA l Mg
P

5 e— ——C— 3
3 — —— 5’
P P P
P-phosphate
|
5 3
3 ; 5
dsDNA an

F 5 em— 3’ OH P 5 um 3

HO 3’/ "———— 5’ F HO 3’ ™= 5’

P-phosphate

Fig 2-2.2 Action of DNase I in the presence of Mg'> and Mn'? ions. (Arrowhead denoting random site of cleavage in double
stranded DNA by DNase I)

Some of the common applications of DNase | in rDNA technology have been mentioned below:
A Eliminating DNA contamination (e.gqg. pl asmid) fron
A Anal y zi-progeintinteratiom Ni& DNA footprinting.
A Ni cki ng D N-fabeling by oick translation.a d i o
2) Deoxyribonucleasell (DNasell):

It is a nonspecific endonuclease with optimal activity at acidic pH-81% and conserved from human to

C.elegans.. It does not require any divalent cation for its activity. DNasell initially introduces multiple single
stranded nicks in DNA backboneahd nal | y generates 306 phosphate gr ouj
This enzyme releases 36phosphate groups by hydrolyz
backbone. DNasell acts by generating multiple single stranded oltdsdd by production of acid soluble

nucleotides and oligonucleotides. The catalytic site of the enzyme contains three histidine residues which are
essential for enzyme activity

Some of the common applications of DNase Il are as follows:
A DNA fatimg men't

A Mol ecul ar weight marker

A Cell apoptosis assays etc.

3) Exonuclease lll:
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Exonuclease |11l is a globular enzyme which has 30VYG&:
template DNA should be double stranded and the enzyme does notsitefgestranded DNA. The enzyme shows
opti mal activity with blunt ended sequences or seql
divalent cation which is essential for enzyme activity. The mechanism of the enzyme can be affectetidsyimaria
temperature, monovalent ion concentration in the re¢€
enzyme shows optimal activity at 37°C at pH 8.0.

Various application of exonuclease Il in molecular cloning experiments are:
A Geoerate template for DNA sequencing
A To generate substrate for DNA |l abeling experi ment
A Directed mutagenesi s
A D-Nrétein interaction assays (to find blockage of exonuclease IlI activity by pidiinbinding) etc.
4) Mung bean nuclease:

As the nare suggest, this nuclease enzyme is isolated from mung bean sprouts (Vigna radiata). Mung bean nuclea
enzymes can degrade single stranded DNA as well RNA. Under high enzyme concentration, they can degrade
double stranded DNA, RNA or even DNA/RNA hybriddung bean nuclease can cleave single stranded DNA or
RNA t o p-phosphorylenond and oligonucleotides. It requires Zn2+ ion for its activity and shows optimal
activity at 37°C. The enzyme works in low salt concentration (25mM ammonium acetate)dimgtddpH 5.0).
Treatment with EDTA or SDS results in irreversible inactivation of the enzyme. Mung bean nuclease is less robust
than S1 nuclease and easier to handl e. I't has been
ends. Thi enzyme cannot produce nicks in a double stranded DNA but at higher concentration, it can generate nicl
and cleave double stranded DNA.

ENZYMES IN MODIFICATION - PHOSPHATASES AND METHYLASES AND THEIR MECHANISM OF
ACTION

2-3.1 Phosphatase

A Phosphatase catalyses the cleavage of a phosphateP@bup from substrate by using a water molecule
(hydrolytic cleavage).

A This reaction is not reversible.

A This shows totally opposite activity from enzyme like kinase and phosphorylase thatraxtphgte group to
their substrate. On the basis of their activity there are two types of phosphatase i.e acid phosphatase and alkal
phosphatase. In both forms the alkaline phosphatase are most common.

A Special class of phosphatase that remove a ph@sphgtr oup from protein, called

CH20H

CH20pQa (o]

Gn )+ o (oM

’_+4n< ‘ H + HPO4
o OH OH

OH

Fig 2-3.1: Schematic representation of hydrolytic cleavage of phosphate group (-PO4?).

2-3.1.1 Acid phosphatase:

A 1t shows its optimal activity at pH between 3 anc
liberating one or more phosphate groups. They are foupbstatic epithelial cells, erythrocyte, prostatic tissue,
spleen, kidney etc.-3.1.2 Alkaline phosphatase:

A Homodi meric enzyme which catalyzes reactions | i ke
monoester . A Th edivitsahptwf abont 0. Alkaliogophdsphatase was the first zinc enzyme

7| Page



Department of Microbiology, Sem 4, CC10, unit 2, Molecular cloning tools and strategies, Dr. Arpita Manda!

discovered having three closed spaced metal ion. Two Zn+2 ions and one Mg+2 ion, in which Zn+2 ions are bridge
by Asp 51. The mechanism of action is based on reaction where antea&iae’ phosphate intermediate is
formed to produce inorganic phosphate and an alcohol.

A Il'n human body it is present in four isoforms, in
intestinal and one is non tissue specifidasm. The genes that encode for tissue specific isoforms are present on
chromosome2 p3#g37, while the genes for one non tissue specific are present on chromdspBve p36.1.

A Du r i-tragslatipralsmiodification, alkaline phosphatase is modHiedl-glycosylation. It undergoes a
modification through which uptake of two Zn+2 ion and one Mg+2 ion occurs which is important in forming active
site of that enzyme. Alkaline phosphatases are isolated from various sources like microorganisms, iffseatof d
organs, connective tissue of invertebrate and vertebrate, and human body.

G ALKALINE PHOSPHATASE

® _—
DNA fragment with 5’phosphate

+
O ®

DNA fragment and separated P0,? group

Fig 2-3.1.2: Action of alkaline phosphatase

There are several AP that are used in gene manipuldtion

Bacterial alkaline phosphatase (BABBact eri al al kaline phosphate ids a
56 phosphate from nucleic acid (DNA/ RNA). I't mor e
remove phosphate from vector prior to insert ligation. BAP generally shows optimum activity at temperature 65°C.
BAP is sensitive to inorganic psphate so in presence of inorganic phosphates activity may reduce. Two primary
uses for alkaline phosphatase in DNA modification:

A - Removing 56 phosphate from different vector |ike
This treatnent prevents self ligation because unavailability of phosphate group at end. So, this treatment greatly
enhances the ligation of desired insert. During ligation of desired insert, the complementary ends of the insert and
vector will come to proximity of edn other (only for sticky ends but not for blunt ends). One strand of the insert
haviphosSphate wildl |l igate with the 360OH of the vect
be sealed in the next step by ligase enzyme in the greseno f AT P . It is used to rem
of DNA prior tolabellingwith radioactive phosphate.

2-3.2 Methylase:

A Methyltransferase or methylase catalyttesstransfer of methyl groupGH?3) to its substrate. The process of
transfer of methyl group to its substrate is called methylation.

A Methylation is a common phenomenon in DNA and protein structure.

A Methyltransferase uses a reactive methyl group thaiusd tosulphurin Sadenosyl methionine (SAM) which
acts as the methyl donor.

A Methylation normally occurs on cytosine (C) residue in DNA sequence. In protein, methylation occurs on
nitrogen atom either on-dérminus or on the side chain of protein.

A DNA methylation regulates gene or silence gene without changing DNA sequences, as a part of epigenetic
regulation.

A In bacterial system, methylation plays a major role in preventing their genome from degradation by restriction

enzymes. It is a part of restiimh i modification system in bacteria.

Methyltransferase can be classified in three groups:

A m6A-generates N6 methgldenosine,
A m4Cgenerates N4 methgltosine,
A m5CgeneratesN5 methglytosine.
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m6A and m4C methyltransferase are primarily found in pyakas. These enzymes are responsible for methylation

of DNA sequences in order to prevent the host from digesting its own genome via its restriction enzyme.

A A T c Pl .
5 © T . 3

CT T a A ©

EcoR | l

<> A "
\ c i
5,(;/\ AT T . LG A

3'es o
| IH
NO DOUBLE STRAND BREAK

Fig 2-3.2: Activity of restriction and methylase enzymes

Restriction enzyme EcoRleaves within the recognition sequence if the DNA is unmethylated. On methylation by
methylases, the restriction enzyme EcoRl is inhibited from cleaving within the restriction site. Some common
examples of methytransferases are: DNA adenyl methytrasef@d@#@M), histone methyltransferase, O
methyltransferase etc. DAM methylase is generally used in recombinant DNA technology which can methylate
adenine (A) in the sequence 506GATC36. This enzyme c
sites

ENZYMES IN MODIFICATION - LIGASES, POLYNUCLEOTIDE KINASE, RNASE AND THEIR
MECHANISM OF ACTION

2-4.1 Ligases

A DNA ligase catalyses the formation of phosphodies
strands.

A DNA | i gas es afreehydnogyl groepaithie®nd of one DNA chain and a phosphate group at the

5°-end of the other and requires energy in the process.

AE .coli and other bacterial DNA ligase utilizes NAD+ as energy donor, whereas in T4 bacteriophage, T4 DNA
ligaseuses ATP as cofactor.

A The role of DNA |ligase i s-sttamledDNAAdfter laggingssand formatioh® b e
join the okazaki fragments.

A This joining process is essenti al mdgedDNA. lhhasbeemr ma |
exploited by genetic engineers to join DNA chains to form recombinant DNA molecules. Usually single stranded
breakis repaired using the complimentary strand as the template but sometimes double stranded breaks can also
repaired with the help of DNA ligase IV.

A The most widely used DNA ligase is isolatedTHer om
enzyme from E. coli uses cofactor NAD.

2-4.1.1 Mechanism of Action of DNA Ligases:
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ATP, or NAD+, reacts with the ligase enzyme to form a covalent eriZiE complex in which the AMP is

| i n k eathind gooupldf a lysine residue in the active sitthefenzyme through a phosphoamide bond.

The AMP moiety activates the phosphate group at tfem8 of the DNA molecule to be joined. It is called as

the donor.

The final step is a nucleophilic attack by thengdroxyl group on this activated phosphoatism which acts as

the acceptor. A phosphodiester bond is formed and AMP is released.

The reaction is driven by the hydrolysis of the pyrophosphate released during the formation of thé enzyme

adenylate complex. Two higdnergy phosphate bonds are speffibiming a phosphodiester bond in the DNA

backbone with ATP serving as energy source.

A The temperature optimum for T4 DMéweleiligniosigsalsme di at e
achieved by incubation at A4tenfperdiwe conditouby mdubatng for@¥ e r
minutes.

A Adenylate and DNAadenylate are the important intermediates of the phosphodiester bond forming pathway.

G=C|
o—p
ATP AMP
9.0
Lys— NH——L—> e
Mg
oH-A=T|  onastrand
P
A=T]|

Do P I Do

Ligase

P

{ o c}

’ o~
° o I ol
0 ys— N
A=T ; oH—A=T|
AMP
P
A=T|

P

C=G c=6

Fig 2-4.1.1: The mechanism of DNA joining by DNA ligase.

2-4.1.2 Application:

A DNA |ligase enzyme is used by c é@©NArsplicationpfocessnin t he fio
molecular cloning, ligase enzyme has been routinely used to construct a recombinant DNA. Followings are son
of the examples of application of ligase enzyme in molecular cloning.Joining of adapters and linkers to blunt en
DNA molecule.

A Cloning of restricted DNA to vector to construct recombinant vector.

—~
Insert

e Transformation to a
> host reci;{ient
bacteria

Vector
Recombinant vector

Fig 2-4.1.2: Ligation of a gene fragment into the vector and transformation of the cell.

2-4.2 Polynucleotide Kinase:

A PNK is a homotetramer with phosphatase activity a
site. The active site hassidehai ns whi ch i nter pdhtoswihtah eNBR dd o mp s
acceptor with an iT@H Lydl5and Sedéareancporiant fartthe kinade activity of the
enzyme.

A The basic residues of active site of PNK interact with the hvafjatharged phosphates of the DNA.
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A Polynucleotide kinase (PNK) catalyzes the transfer of a phosphate group2(PO4

from

positi

5' end of either DNA or RNA and nucleoside monophosphate. PNK can convert 3' PO4/5' OH ends into 3'
PO4/5'PO4 ends which blocks further ligation by ligase enzyme.
A PNK is used to label the ends of DNA or RNA with radioactive phosphate group.

A T4 polynucleotide kinase is the most widely used PNK in molecular cloning experiments, which was isolated
from T4 bacteriophage infected E.coli.

2-4.3 Ribonuclease (RNase):

A Nuclease that can catalyze hydrolysis of ribonucleotides from either singleestrandouble stranded RNA

sequence are called ribonucleotides (RNase).

A RNase are classified into two types depending on position of cleavage, i.e. endoribonuclease (cleave internal
bond) and exoribonuclease (cleave terminal bond).

A RNase is important f{dRNA maturation and processing.
A A RN &Asared RNaséd play important role in initial defence mechanism against RNA viral infection.

Two common types of ribonucleases are discussed below:

2-4.3.1 Ribonucleasé (RNaseA):

A An endoribonuclease that cleavepecifically singlestranded RNA at the 3' end of pyrimidine residues.
The RNA is degraded into-Bhosphorylated mononucleotides C and U residues and oligonucleotides in the

A

form of 2', 3*‘cyclic monophosphate intermediates.
A Optimal temperature for RaA i s
A

60eC

( arcOtei Gr)i tayn dr aonpgtei miabl

pH

i s

1

RNaseA has two histidine residues in its active site (His12 and His119). In the first step, His12 acts as a base;
accepting proton forming a nucleophile which then attacks positively chargedtairus atom. His119 acts as

an acid in this case, donating a proton to oxygenai®eRPo

bond. The 1 mi

dazol e

S i

d

12 here. The side chain of Lys41 and Phel120 further stabilize the transition state. Nitrogen of the main chain o
Phel20 donates hydrogen, thus bonding with the unbound oxygen atom.
A In the second step the acid base activities get reversed and His119 accepts proton from water causing hydroxy

attack on cyclic intermediate.

A Activity of RNaseA can be inhibited by alkytan of His12 and His119 residue essential for activity of the

enzyme. Application:

A It is used to remove RNA contamination from DNA sample.

2-4.3.2 Ribonucleaséd:

A Nonspecific endoribonuclease that degrades RNA by hydrolytic mechanism from DNA/RN/ degldting

in single stranded DNA.
A Enzyme bound

RNA duplex.

TTTTTTTTTTTTTTITTTITTTTTTTTTT (mRNA)

Reverse transcriptase

— - —

RB RN R R N
LAL 1Ll 1111111 cONA
prese prep:

di val ent

met al ion i s a
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A During cDNA library preparation from RNA sample, RNaseH enzyme is used to cleave RNA strand-of DNA
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Cloning Vectors

A vector is a DNA molecule which is used for transporting exogenous DNA into the host cell. A vector is capable of
selfreplication and stable integration inside the host Tk molecular analysis of DNA has been made possible

only after the discovery of vectors. The whole process of molecular cloning involves the following steps:

1. Digestion of DNA fragments of the target segment and the vector DNA with the help of reséiationes,
2. Ligation of the target segment with the vector DNA with the help of DNA ligases, and
3. Introduction of the ligated segment into the host cell for propagation.

- Bacwerium Isolation of plasmid DNA :
O S oA Contaring s e Doy e
@ e of interest T
© Gene inserted // \
Bacterial Plasmid \ into plasmid L&k s/ (7N 7
chromosome {
\ & x )
Recombinant DNA Gene of '\ S
(plasmid) interest DNA of
(black) chromosome
© Plasmid put into
bacterial cell

Recombinant ;/ \\
bacterium | )
© Cells cloned with gene of interest

%) 9 ldonliﬁcotion of desired clone

| Human growth
hormone treats
stunted growth
/ Basic
Basic . | J research
research  Gone used to alter bacteria Protein dissolves blood clots on protein
ongene  for cleaning up toxic waste in heart attack therapy

Vectors in Molecular Biology
General characteristics of a vector:

A It should have an Origin of Replication, known as ori, so that the vector is capable of autonomous replication
inside the host organism.
A It must possess a compatible restriction site for inserti@N# molecule.
A A vector should always harbour a selectable marker to screen the recombinant organism. This selectable mar
can be an antibiotic resistance gene.
A For easy incorporation into the host machinery, a vector should itself be small in sizeabieltbentegrate
large size of the insert.
CLONING VECTOR
A cloning vector is also a fragment of DNA which is capable ofregification and stable maintenance inside the
host organism. It can be extracted from a virus, plasmid or cells of a higheisangiost of the cloning vectors
are genetically engineered. It is selected based upon the size and the kind of DNA segment to be cloned.

The cloning vectors must possess the following general characteristics:

It should small in size.

It must have awrigin of replication.

It must also be compatible with the host organism.

It must possess a restriction site.

The introduction of donor fragment must not intervene with thersplicating property of the cloning vector.

> v By >
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A A selectable marker, possibly amtiiotic resistance gene, must be present to screen the recombinant cells.
A It should be capable of working under the prokaryotic as well as the eukaryotic system.
A Multiple cloning sites should be present.
Importance of Cloning Vectors
Cloning Vectors aresed as the vehicle for transporting foreign genetic material into another cell. This foreign
segment of DNA is replicated and expressed using the machinery of the host ordatimnng vector facilitates
amplification of a single copy DNA molecule imtaany copies. Molecular gene cloning is difficult without the use
of the cloning vectors.

History of Cloning Vectors

Herbert Boyer, Keiichi I'takura, and Arthur Riggs Wwe
California, where they regnized a general cloning vector. This cloning vector had restriction sites for cloning
foreign DNA and also, the expression of antibiotic resistance genes for the screening of recombinant/ transformed
cells. The first vector used for cloning purposes pBR322, a plasmid. It was small in size, nearly 4kB, and had

two selectable markers.

Featuresof Cloning Vectors
1. Origin of Replication (ori)
A A specific set/ sequence of nucleotides where replication initiates.
A For autonomous replication inside thest cell.
A Foreign DNA attached to ori also begins to replicate.
2. Cloning Site
A Point of entry or analysis for genetic engineering.
A Vector DNA at this site is digested and foreign DNA is inserted with the aid of restriction enzymes.
A Recent works have diseered plasmids with multiple cloning sites (MCS) which harbour up to 20 restriction
sites.
3. SelectableMarker
A Gene that confers resistance to particular antibiotics or selective agent which, under normal conditions, is fata
for the host organism.
A Confers the host cell the property to survive and propagate in culture medium containing the particular
antibiotics.
4. Marker or Reporter Gene
A Permits the screening of successful clones or recombinant cells.
A Utilised extensively in bluavhite selection.
5. Inability to Transfer via Conjugation
A Vectors must not enable recombinant DNA to escape to the natural population of bacterial cells.

Cloning Vector - pUC19

Eco R1

| Multiple Clone Site
AmpR r (MCS)
# Hind 3

pUCI9 LacZ’

f Lacl

Amp® = Ampicillin
Resistance
% gene
G
onv LacZ' = Gene for alpha-peptide of p-
galacsidase. (Specialised E. cofi
used contans remaining portion),

Promotor

Cloning vector

Typesof Cloning Vectors
A. Plasmids
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B. Bacteriophage

C. Phagemids

D. Cosmids

E. Bacterial ArtificialChromosome (BAC)

F. Yeast Artificial Chromosome (YAC)

G. Human Artificial Chromosome (HAC)

H. Retroviral Vectors

A. Plasmids

A Plasmids were the first vectors to be used in gene cloning.

A They are naturally occurring amditonomously replicating extchromosmal doublestranded circular DNA
molecules. However, not all plasmids are circular in origin.

A They are present in bacteria, archaea, and eukaryotes.

A The size of plasmids ranges from 1.0 kb to 250 kb.

A DNA insert of up to 10 kb can be cloned in fasmids.

A The plasmids have high copy number which is useful for production of greater yield of recombinant plasmid
for subsequent experiments.

A The low copy number plasmids are exploited under certain conditions like the cloned gene proguogsinhe
which is toxic to the cells.

A Plasmids only encode those proteins which are essential for their own replication. Thesepooteiing

genes are located near the ori.

Examples:pBR322, pUC18, F plasmid, Col plasmid.
Nomenclature of plasmid cloning vector: pBR322 cloning vector has the following elements:

A

> > >

p= plasmid

B= Bolivar (name of the scientist)

R= Rodriguez (name of the scientist)

322= number of plasmid discovered in the same lab
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