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UNIT-I 

SYLLABUS 

 

Unit I – Introduction to Genetic Engineering 

Milestones in genetic engineering and Biotechnology cloning Tools; Restriction modification 
systems: Types I, II and III. Mode of action, nomenclature, applications of Type II restriction 
enzymes in genetic engineering. DNA modifying enzymes and their applications: DNA 
polymerases. Terminal deoxynucleotidyl transferase, kinases and phosphatases, and DNA 
ligases. 

Recombinant DNA (rDNA) molecules  

• are DNA sequences that result from the use of laboratory methods (molecular 

cloning) to bring together genetic material from multiple sources, creating sequences that 

would not be found in biological organisms.  

Recombinant DNA is possible because  

• DNA molecules from all organisms share the same chemical structure;  

• they differ only in the sequence of nucleotides within that identical overall structure. 

Consequently, when DNA from a foreign source is linked to host sequences that can 

drive DNA replication and then introduced into a host organism, the foreign DNA is 

replicated along with the host DNA. 

Recombinant DNA molecules are sometimes called chimeric DNA, because they are usually 

made of material from two different species, like the mythological chimera. 

• The DNA sequences used in the construction of recombinant DNA molecules can 

originate from any species.  

• For example, plant DNA may be joined to bacterial DNA, or human DNA may be joined 

with fungal DNA.  

• In addition, DNA sequences that do not occur anywhere in nature may be created by the 

chemical synthesis of DNA, and incorporated into recombinant molecules.  
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• Using recombinant DNA technology and synthetic DNA, literally any DNA sequence 

may be created and introduced into any of a very wide range of living organisms. 

• Proteins that result from the expression of recombinant DNA within living cells are 

termed recombinant proteins.  

• When recombinant DNA encoding a protein is introduced into a host organism, the 

recombinant protein will not necessarily be produced.  

• Expression of foreign proteins requires the use of specialized expression vectors and 

often necessitates significant restructuring of the foreign coding sequence. 

• It is important to note that recombinant DNA differs from genetic recombination in that 

the former results from artificial methods in the test tube, while the latter is a normal 

biological process that results in the remixing of existing DNA sequences in essentially 

all organisms. 

Creating recombinant DNA 

• Molecular cloning is the laboratory process used to create recombinant DNA. 

• It is one of two widely-used methods (along with polymerase chain reaction, PCR) used 

to direct the replication of any specific DNA sequence chosen by the experimentalist.  

• The fundamental difference between the two methods is that molecular cloning involves 

replication of the DNA within a living cell, while PCR replicates DNA in the test tube, 

free of living cells. 

• Formation of recombinant DNA requires a cloning vector, a DNA molecule that will 

replicate within a living cell.  

• Vectors are generally derived from plasmids or viruses, and represent relatively small 

segments of DNA that contain necessary genetic signals for replication, as well as 

additional elements for convenience in inserting foreign DNA, identifying cells that 

contain recombinant DNA, and, where appropriate, expressing the foreign DNA.  

• The choice of vector for molecular cloning depends on the choice of host organism, the 

size of the DNA to be cloned, and whether and how the foreign DNA is to be expressed.  

• The DNA segments can be combined by using a variety of methods, such as restriction 

enzyme/ligase cloning or Gibson assembly. 
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In standard cloning protocols, the cloning of any DNA fragment essentially involves seven steps:  

(1) Choice of host organism and cloning vector,  

(2) Preparation of vector DNA,  

(3) Preparation of DNA to be cloned,  

(4) Creation of recombinant DNA,  

(5) Introduction of recombinant DNA into the host organism,  

(6) Selection of organisms containing recombinant DNA,  

(7) Screening for clones with desired DNA inserts and biological properties.  

1.1. Isolation and purification of nucleic acids  

Three major types of techniques, or combinations of them, are employed in the isolation of 

nucleic acids:   

[1] differential solubility,  

[2] absorption methods,  

[3] density gradient centrifugation.  

• The choice of method will depend on the type of DNA being isolated and the 

application.  

• A major goal of nucleic acid isolation is the removal of proteins.  

• The separation of nucleic acids from proteins is generally easily accomplished 

due to their different chemical properties.  

• In particular, the highly charged phosphate backbone makes the nucleic acids 

rather hydrophilic as compared to proteins which are more hydrophobic.  

 

Most nucleic acid isolation protocols involve a  

[1] cell lysis step,  

[2] enzymatic treatments,  

[3] differential solubility (eg., phenol extraction or absorption to a solid support),  

[4] precipitation. 

[1] Cell Lysis 

• Nucleic acids must be solubilized from cells or other biological material.  

• This solubilization is usually carried out under denaturing conditions such as:  
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SDS, alkali, boiling or chaotropic agents.  

• These denaturing conditions efficiently solubilize the nucleic acids and generally 

do not adversely affect them.  

• In addition, the denaturing conditions promote the removal of proteins during the 

subsequent steps and inhibit the activity of nucleases which will degrade the nucleic 

acids.  

[2] Enzymatic Treatment  

• Another approach in the isolation of nucleic acids is to degrade unwanted components.  

For example, inclusion of proteases (eg., proteinase K) in the lysate will promote the removal of 

proteins.  

• Proteinase K is still active at 55°C in the presence of 0.5% SDS.  

• The elevated temperature and SDS improve solubility and inhibit any DNAse activity 

that may be present in the lysate.  

• Nucleases can also be used to remove unwanted nucleic acids.  

For example, many DNA extraction protocols include a RNase treatment step, and visa versa.  

• It is important that the RNase be free of DNase activity.  

DNase-free RNase is easily prepared by boiling commercial RNase for 10 minutes.  

• The stability of RNase makes the preparation of RNase-free DNase more difficult.  

• RNase-free DNase should be purchased from a reliable vendor or tested before it use.  

 

[3] Phenol Extraction  

• Phenol is an organic solvent that is used to separate proteins from nucleic acids.  

• Proteins are hydrophobic and partition in the organic phase.  

• Nucleic acids are highly charged and partition in the aqueous phase.  

 

The advantages are of phenol extraction are that  

• it is easy to carry out and can be adapted to many applications.  

• It is also easily applied over a wide range of volumes (40 μl to several ml).  

• In particular, phenol extraction is widely used for the isolation of high molecular weight 

genomic DNA. 
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Phenol extraction is accomplished by mixing the sample with an equal volume of phenol which 

has been previously saturated with a Tris buffer at pH 8 containing EDTA and NaCl.  

• The phenol should be molecular biology grade phenol should and store at -20o until 

preparing the saturated solution.  

• The saturated solution is stored at 4o.  

• Phenol is easily oxidized, as evidenced by yellowing, and the oxidation products can 

break DNA. Oxidized phenol should be discarded.  

• Depending on the application, the two phases are completely mixed by vortexing, or 

gently mixed (eg., high molecular weight DNA).  

• The phases are separated by centrifugation and the upper aqueous phase, which contains 

the nucleic acids, is retained.  

• Proteins will often be visible as flocculent material at the top of the phenol phase.  

• The two phases need to be carefully separated in that the nucleic acids and proteins tend 

to be at the interface.  

• Leaving too much of the aqueous layer behind will lead to undue loss of material and 

aspirating too close to the interface can include protein.  

• The aqueous phase can be re-extracted with phenol to remove more protein.  

• Phenol is a hazardous waste material that needs to be disposed of properly.  

• A common variation of phenol extraction is a mixture of phenol:chloroform: isoamyl 

alcohol (25:24:1).  

• The more organic chloroform removes lipids, denatures more protein and mixes less with 

the aqueous phase leading to more efficient extraction.  

 

[4] Ethanol Precipitation 

• Nucleic acids can be precipitated from dilute solutions with ethanol.  

• This precipitation can be a concentration step or a means to change buffers, especially 

after phenol extraction.  

• Typically either sodium acetate or potassium acetate, pH 5.0-5.5, is added to a final 

concentration of approximately 0.3 M.  
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• The sodium and acidic pH will neutralize the highly charged phosphate backbone and to 

promote hydrophobic interactions. 

• Two-to-two and a half volumes of ethanol are added and the sample is incubated as -

20°C.  

• If the nucleic acids are small in size and/or in low concentrations an extended incubation 

(severalhours to overnight) is needed.  

• The precipitated DNA is collected by centrifugation.  

• The pellet is rinsed with 70% ethanol to remove any excess salt, dried and dissolved in 

the appropriate buffer.  

• A variation is to substitute ammonium acetate if the 'hard' salts are a problem.  

• Another modification is to use an equal volume of isopropanol (instead of 2-2½ volumes 

of ethanol)which minimizes the increase in sample volume. 

 

1.1.1. Isolation of High Molecular Weight Genomic DNA  

• High molecular weight chromosomal DNA is usually isolated by multiple rounds of 

phenol extraction and enzyme treatments as discussed above.  

• Shear forces, which can break long DNA molecules, need to be avoided during all steps 

and samples should never be vortexed.  

• Therefore, the phenol extraction is carried with gentle rocking for several hours.  

• These precautions against shear forces are not necessary in the isolation of low molecular 

weight DNA.  

• Another common modification at the ethanol precipitation step is ‘spool out’ the high 

molecular weight genomic DNA on the end of a sealed Pastuer pipet.  

• The precipitated DNA is wrapped around the end of the pipet is then allowed to partially 

dry and then dissolved in the appropriate buffer.  

• This minimizes the contamination with RNA and low molecular weight DNA fragments.  

 

1.1.2. Plasmid Minipreps and Adsorption Methods 

• Historically, phenol extractions were used for the isolation of most forms of nucleic acids.  



       KARPAGAM ACADEMY OF HIGHER EDUCATION 

CLASS: II BSC MB                           COURSE NAME: RECOMBINANT DNA TECHNOLOGY 

COURSE CODE: 16MBU403                    UNIT: I                  BATCH-2016-2019 

Prepared by Dr.J.Anburaj, Assistant Professor, Department of Biotechnology, KAHE Page 7 

• It is now more common to use techniques based upon adsorption chromatography for the 

isolation of smaller DNA molecules, such as plasmids.  

• Various kits are available for the rapid isolation of small quantities of plasmid DNA.  

• The procedure consists of solubilizing the bacteria in an alkali solution followed by 

neutralization with sodium acetate.  

• The neutralization results in the precipitation of some of the protein and the genomic 

DNA which is removed by centrifugation.  

• The soluble material is then mixed with a resin in the presence of chaotropic agents 

(usually guanidine hydrochloride).  

• The resins are usually either based on silica or diatomaceous earth.  

• Under these conditions DNA binds to the matrix, but proteins and RNA do not.  

• The DNA is eluted in a low salt buffer.  

• These methods are rapid and yield a highly purified plasmid DNA which can generally be 

used directly in most applications without further processing.  

• Another common application for an adsorption method is the isolation of DNA fragments 

following gel electrophoresis.  

• In this case the agarose gel piece containing the DNA is dissolved in NaI, a chaotropic 

salt, and the DNA adsorbed to silica.  

• The DNA is then eluted with a low salt buffer and sometimes gentle heating. 

 

1.2.  Isolation of RNA  

Most RNA isolation protocols also involve phenol extractions and are similar to DNA isolations. 

However, there are some differences and special considerations.  

In particular,  

• precautions against RNase activity must be taken.  

• RNase is an extremely stable and active enzyme.  

• Gloves should be worn at all times and sterile plasticware should be used whenever 

possible to avoid introducing exogenous RNase to the sample.  

• Glassware needs to treated with DEPC-water and autoclaved to inactivate any RNase.  

• Buffers should be prepared from DEPC-water or RNase inhibitors included. 
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• The cell lysis and solubilization of RNA will typically be carried out in guanidine 

salts(especially guanidine thiocyanate).  

• Guanidine is a strong chaotropic agent and will inhibit RNases.  

• The strong denaturing effect of this salt will also promote better phenol extraction.  

• The phenol extraction is the same as the DNA isolation except that the phenol is usually 

saturatedwith a buffer of pH 5-6.  

• The lower pH will result in some DNA partitioning in the organic phase.  

• If DNA contamination is a problem, it is possible to purchase RNase-free DNase.  

• Long term storage is best as a precipitate in 70% ethanol at –20°C. 

 

1.2.1. Precipitation of RNA with LiCl 

• LiCl has been used to selectively precipitate RNA.  

• Large RNAs (rRNA, mRNA) are insoluble at high ionic strength, whereas small RNAs 

(tRNA and 5S rRNA) and DNA generally remain soluble.  

• Following either phenol or guanidine extraction, an equal volume of 8 M LiCl is added.  

• The sample is mixed vigorously and incubated at -20°C.  

• The precipitate is collected by centrifugation and reprecipitated if necessary. 

Affinity chromatography 

• Most eukaryotic mRNA contains a stretch of A residues at its 3' endwhich added post-

transcriptionally.  

• It is possible toisolate mRNA by affinity chromatography on oligo dT columns.  

• The RNA solution is passedover an oligo-dT column under conditions which promote 

base pairing. Only RNA with a polyA tail binds.  

• The polyA RNA is eluted under conditions (usually low salt and high temperature) which 

breaks the base pairing. 

DENSITY GRADIENT CENTRIFUGATION 

• Density gradient centrifugation can also be used in the analysis and isolation of nucleic 

acids. Double-stranded DNA, single-stranded DNA, RNA and proteins all have different 

densities and therefore can be separated by isopycnic (i.e., equilibrium) centrifugation.  
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• CsCl is the standard medium for the density gradient centrifugation of nucleic acids and 

are especially useful for the purification of large amounts of highly purified DNA.  

• The gradients are carried out in the presence of ethidium bromide which fluoresces when 

bound to DNA.  

• The DNA bands are detected by illumination with ultraviolet light and easily recovered 

with a syringe and needle by puncturing the wall of the disposable tube and aspirating the 

DNA.  

• The CsCl can be removed by dialysis or by precipitating the DNA. 

• The %G:C content affects the density of DNA.  

• This can result in multiplebands on CsCl gradients if DNA composed different G:C 

compositions arecentrifuged.  

• For example, minor bands, called satellite DNA, are often observed when total DNA 

from an organism isanalyzed by CsCl gradients.  

• These satellite bands are usually due to highly repetitive DNA or organellar DNA.  

• Mitochondrial DNA is noted for its high A:T content. 

• These satellite DNA bands can be purified from the genomic DNA by density gradient 

centrifugation. 

• Nucleic acids can also be separated according to size by rate zonal centrifugation on 

sucrose gradients.  

• However, this method is not widely used since gel electrophoresis is generally a more 

convenient method for the size fractionation of nucleic acids. 

2. Enzymes used in rDNA technology  

Based on the type of reaction that they catalyse, five classes of DNA manipulative enzymes are 

available 

1. Nucleases – enzymes that cut, shorten or degrade nucleic acid. 

2. Ligases – join nuclic acid molecules together. 

3. Polymerases – makes copies of nucleic acid molecules. 

4. Modifying enzymes – remove or add chemical groups. 

5. Topoisomerases – introduce or remove supercoils from covalently closed circular DNA. 
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2.1. Nuclease 

A nuclease is an enzyme capable of cleaving the phosphodiester bonds between the nucleotide 

subunits of nucleic acids.  

 

In the late 1960s, Stuart Linn and Werner Arber isolated examples of the two types of 

enzymes responsible for phage growth restriction in Escherichia coli (E. coli) bacteria.  

One of these enzymes added a methyl group to the DNA, generating methylated DNA called 

"methylase, the other enzyme cleaves unmethylated DNA at a wide variety of locations along the 

length of the molecule called as "restriction nuclease". These enzymatic tools were important to 

scientists who were gathering the tools needed to "cut and paste" DNA molecules.  

 

2.1.1. Types of nucleases 

1. Structure specific nuclease 

2. Sequence specific nuclease 

 

Sequence specific nuclease 

H.O. Smith, K.W. Wilcox, and T.J. Kelley, in 1968, isolated and characterized the first 

restriction nuclease whose functioning depended on a specific DNA nucleotide sequence. 

Working with Haemophilus influenzae bacteria, this group isolated an enzyme, called HindII, 

that always cut DNA molecules at a particular point within a specific sequence of six base pairs. 

 

Types of Sequence specific nuclease 

1. Exonuclease 

2. Endonuclease 

 

1. Exonuclease 

• A nuclease that functions by removing nucleotides from the ends of the DNA 

molecule is called an exonuclease. 

 

2. Endonuclease 
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• A restriction endonuclease functions by "scanning" the length of a DNA molecule.  

• Once it encounters its particular specific recognition sequence, it will bind to the 

DNA molecule and makes one cut in each of the two sugar-phosphate backbones.  

• The positions of these two cuts, both in relation to each other, and to the 

recognition sequence itself, are determined by the identity of the restriction endonuclease 

used to cleave the molecule in the first place.  

• Different endonucleases yield different sets of cuts, but one endonuclease will 

always cut a particular base sequence the same way, no matter what DNA molecule it is 

acting on.  

• Once the cuts have been made, the DNA molecule will break into fragments. 

 

2.1.2. Restriction Endonucleases –  

• Endonucleases are enzymes that produce internal cuts, called cleavage, in DNA 

molecules. Many endonucleases cleave DNA molecules at random sites.  

• But a class of endonucleases cleaves DNA only within or near those sites, which have 

specific base sequences; such endonucleases are known as restriction endonucleases, and 

the sites recognised by, them are called recognition sequences or recognition sites. 

• The recognition sequences are different and specific for the different restriction 

endonucleases or restriction enzymes. 

• Restriction enzymes were discovered due to and named after the phenomenon of host 

restriction of bacterial phages.  

 

The presence restriction enzymes was postulated by W. Arber during 1960s, while the first true 

restriction endonuclease was isolated in 1970.  

Smith, Nathans and Arber were awarded the Nobel Prize for Physiology and Medicine in 1978 

for the discovery of endonucleases. 

• Restriction endonucleases are indispensable for DNA cloning and sequencing.  

• They serve as the tools for cutting DNA molecules at predetermined sites, which is the 

basic requirement for gene cloning or recombinant DNA technology. 
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Types of Restriction Endonucleases –  

There are three distinct types of restriction endonucleases.  

 

Type I restriction endonucleases –  

• are complex endonucleases, and  

• have recognition sequences of about 15 bp;  

• they cleave the DNA about 1000 bp away from the 5'-end of the sequence "TCA" located 

within the recognition site, e.g., EcoK, EcoB etc. 

Type II restriction endonucleases  

• are remarkably stable and induce cleavage either, in most cases, within their recognition 

sequences or very close to them.  

• More than 350 different type II endonucleases with over 100 different recognition 

sequences are known.  

• They require Mg2+ ions for cleavage. 

• The first type II enzyme to be isolated was Hind II in 1970.  

• Only type II restriction endonucleases are used for restriction mapping and gene cloning.  

 

Type III restriction endonucleases  

• are intermediate between the type I and type II enzymes;  

• they cleave DNA in the immediate vicinity of their recognition sites, e.g., EcoPl, EcoP15, 

Hind III etc. 

 

2.1.3. Nomenclature of Restriction Endonucleases –  

The nomenclature of restriction endonucleases follows a general pattern. 

(1) The first letter of the name of genus in which a given enzyme is first discovered is written in 

capital. 

(2) This is followed by the first two letters of species name of the organism. These three letters 

are generally written in italics, e.g., Eco from Escherichia coli, Hin from Haemophilus influenzae, 

etc. 

(3) Strain or type identification is depicted next in Roman. e.g., Ecok; 
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(4) When an organism produces more than one enzyme, they are identified by sequential Roman 

numerals, e.g., the different enzymes produced by H. influenzae strain Rd are named Hind II, 

Hind III, etc. 

 

Some Restriction Endonucleases -  

Restriction 

endonuclease  

Source (organism an strain)  Recognition sequence  

AluI Arthrobacter luteus AG/CT 

TC/GA 

BamHI Bacillus amyloliquefaciens H G/GATCCCCTAG/G 

EcoRI Escherichia coli Ry13 G/AATTCCTTAA/G 

HindIII H. influenzae Rd A/AGCTTTTCGA/A  

Sau3A Staphylococcus aureus 3A /GATCCTAG/ 

TaqI Thermus aquaticus YTI T/CGAAGC/T 

 

Recognition Sequences For Type II Endonucleases –  

• The recognition sequences for Type II endonucleases form palindromes with rotational 

symmetry.  

• In a palindrome, the base sequence in the second half of a DNA strand is the mirror 

image of the sequence in its first half; consequently, the complementary DNA strand of a 

double helix also shows the same situation. 

• But in a palindrome with rotational symmetry, the base sequence in the first half of one 

strand of a DNA double helix is the mirror image of the second half of its complementary 

strand.  

• Thus in such palindromes, the base sequence in both the strands of a DNA duplex reads 

the same when read from the same end (either 5' or 3') of both the strands. 

• Most of the type II restriction endonucleases have recognition sites of 4, 5 or 6 bp (base 

pairs), which are predominantly GC-rich.  

• Longer palindromic target sequences are also known, and so are nonpalindromic ones 

(specific for some enzymes).  



       KARPAGAM ACADEMY OF HIGHER EDUCATION 

CLASS: II BSC MB                           COURSE NAME: RECOMBINANT DNA TECHNOLOGY 

COURSE CODE: 16MBU403                    UNIT: I                  BATCH-2016-2019 

Prepared by Dr.J.Anburaj, Assistant Professor, Department of Biotechnology, KAHE Page 14 

• Some restriction enzymes have ambiguities in their recognition sites, e.g. EcoRII, so that 

they may recognise upto 4 different target sequences. 

 

Cleavage Pattern of Type II Restriction Endonucleases –  

Most type II restriction endonucleases cleave the DNA molecules within their specific 

recognition sequences, but some produce cuts immediately outside the target sequence, e.g., 

NlaIII, Sau3A, etc.  

 

These cuts are either 

(1) staggered or 

(2) even, depending on the enzyme. 

• Most enzymes produce staggered cuts in which the two strands of a DNA double 

helix are cleaved at different locations; this generates protruding (3'- or 5'-) ends, i.e., one 

strand of the double helix extends some bases beyond the other:  

• Due to the palindromic (symmetrical) nature of the target sites, the two protruding 

ends generated by such a cleavage by a given enzyme have complementary base 

sequence. 

• As a result, they readily pair with each other; such ends are called cohesive or 

sticky ends.  

• An important consequence of this fact is that when fragments generated by a 

single restriction enzyme from different DNAs are mixed, they join together due to their 

sticky ends. 

• Therefore, this property of the restriction enzymes is of great value for the 

construction of recombinant DNAs.  

• Some restriction enzymes, on the other hand, cut both the strands of a DNA 

molecule at the same site so that the resulting termini or ends have blunt or flush ends in 

which the two strands end at the same point.  

• The blunt cut ends also can be effectively utilized for construction of recombinant 

DNAs following one of several strategies.  

3. DNA ligase (EC 6.5.1.1)  -  
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• is a specific type of enzyme that repairs single-stranded discontinuities in double stranded 

DNA molecules, in simple words strands that have double-strand break (a break in both 

complementary strands of DNA).  

• Purified DNA ligase is used in gene cloning to join DNA molecules together.  

• The alternative, a single-strand break, is fixed by a different type of DNA ligase using the 

complementary strand as a template, but still requires DNA ligase to create the final 

phosphodiester bond to fully repair the DNA. 

• DNA ligase has applications in both DNA repair and DNA replication. 

• In addition, DNA ligase has extensive use in molecular biology laboratories for Genetic 

recombination experiments  

3.1. History 

• The first DNA ligase was purified and characterized in 1967.  

• The common commercially available DNA ligases were originally discovered in 

bacteriophage T4, E. coli and other bacteria.  

 

3.2. Ligase mechanism 

The mechanism of DNA ligase is to form two covalent phosphodiester bonds between 3' 

hydroxyl ends of one nucleotide, ("acceptor") with the 5' phosphate end of another ("donor"). 

ATP is required for the ligase reaction, which proceeds in three steps:  

(1) adenylation (addition of AMP) of a residue in the active center of the enzyme, pyrophosphate 

is released;  

(2) transfer of the AMP to the 5' phosphate of the so-called donor, formation of a pyrophosphate 

bond;  

(3) formation of a phosphodiester bond between the 5' phosphate of the donor and the 3' 

hydroxyl of the acceptor.  

Ligase will also work with blunt ends, although higher enzyme concentrations and different 

reaction conditions are required. 
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A pictorial example of how a ligase works (with sticky ends) 

 

In mammals, there are four specific types of ligase. 

 

• DNA ligase I: ligates the nascent DNA of the lagging strand after the Ribonuclease H 

has removed the RNA primer from the Okazaki fragments. 

• DNA ligase II: alternatively spliced form of DNA ligase III found in non-dividing cells. 

• DNA ligase III: complexes with DNA repair protein XRCC1 to aid in sealing DNA 

during the process of nucleotide excision repair and recombinant fragments. 

• DNA ligase IV: complexes with XRCC4. It catalyzes the final step in the non-

homologous end joining DNA double-strand break repair pathway. It is also required for 

V(D)J recombination, the process that generates diversity in immunoglobulin and T-cell 

receptor loci during immune system development. 

 

3.3. Applications of DNA ligase in molecular biology research 

• DNA ligases have become an indispensable tool in modern molecular biology research 

for generating recombinant DNA sequences.  
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• For example, DNA ligases are used with restriction enzymes to insert DNA fragments 

into plasmids. 

• Most experiments use T4 DNA Ligase (isolated from bacteriophage T4), which is most 

active at 25°C.  

• However, for optimal ligation efficiency with cohesive-ended fragments ("sticky ends"), 

the optimal enzyme temperature needs to be balanced with the melting temperature Tm 

(also the annealing temperature) of the sticky ends being ligated.  

• If the ambient temperature exceeds Tm, the homologous pairing of the sticky ends would 

not be stable because the high temperature disrupts hydrogen bonding. 

• Ligation reaction is most efficient when the sticky ends are already stably annealed, 

disruption of the annealing ends would therefore results in low ligation efficiency.  

• The shorter the overhang, the lower the Tm, typically a 4-base overhang has a Tm of 12-

16°C. 

• Since blunt-ended DNA fragments have no cohesive ends to anneal, the melting 

temperature is not a factor to consider within the normal temperature range of the ligation 

reaction. However, the higher the temperature, the less chance that the ends to be joined 

will be aligned to allow ligation (molecules move around the solution more at higher 

temperatures). The limiting factor in blunt end ligation is not the activity of the ligase but 

rather the number of alignments between DNA fragment ends that occur.  

• The most efficient ligation temperature for blunt-ended DNA would therefore be the 

temperature at which the greatest number of alignments can occur.  

• Therefore, the majority of blunt-ended ligations are carried out at 14-16°C overnight.  

 

3.4. DNA polymerase 

• A DNA polymerase is an enzyme that helps catalyze in the polymerization of 

deoxyribonucleotides into a DNA strand.  

• DNA polymerases are best known for their feedback role in DNA replication, in which 

the polymerase "reads" an intact DNA strand as a template and uses it to synthesize the 

new strand.  

• This process copies a piece of DNA.  
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• The newly polymerized molecule is complementary to the template strand and identical 

to the template's original partner strand.  

• DNA polymerases use magnesium ions as cofactors.  

• Human DNA polymerases are 900-1000 amino acids long. 

3.4.1. Function of DNA polymerase 

o DNA polymerase can add free nucleotides to only the 3' end of the newly forming 

strand. This results in elongation of the new strand in a 5'-3' direction.  

o No known DNA polymerase is able to begin a new chain (de novo).  

o DNA polymerase can add a nucleotide onto only a preexisting 3'-OH group, and, 

therefore, needs a primer at which it can add the first nucleotide. Primers consist of RNA 

and/or DNA bases.  

o In DNA replication, the first two bases are always RNA, and are synthesized by 

another enzyme called primase.  

o An enzyme known as a helicase is required to unwind DNA from a double-strand 

structure to a single-strand structure to facilitate replication of each strand consistent with 

the semiconservative model of DNA replication. 

o Error correction is a property of some, but not all, DNA polymerases.  

o This process corrects mistakes in newly synthesized DNA.  

o When an incorrect base pair is recognized, DNA polymerase reverses its direction 

by one base pair of DNA.  

o The 3'-5' exonuclease activity of the enzyme allows the incorrect base pair to be 

excised (this activity is known as proofreading).  

o Following base excision, the polymerase can re-insert the correct base and 

replication can continue. 

 

3.4.2. Various DNA polymerases are extensively used in molecular biology 

experiments. 

DNA Polymerase I (or Pol I)  

• is an enzyme that participates in the process of DNA replication in prokaryotes.  
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• It is composed of 928 amino acids, and is an example of a processive enzyme - it can 

sequentially catalyze multiple polymerisations.  

• Discovered by Arthur Kornberg in 1956,  

• it was the first known DNA polymerase (and, indeed, the first known of any kind of 

polymerase).  

• It was initially characterized in E. coli, although it is ubiquitous in prokaryotes.  

• In E. coli and many other bacteria, the gene which encodes Pol I is known as polA. 

 

Pol I possesses three enzymatic activities: 

1. A 5' -> 3' (forward) DNA polymerase activity, requiring a 3' primer site and a template 

strand 

2. A 3' -> 5' (reverse) exonuclease activity that mediates proofreading 

3. A 5' -> 3' (forward) exonuclease activity mediating nick translation during DNA repair. 

4. In the replication process, DNA Polymerase I removes the RNA primer (created by 

Primase) from the lagging strand and fills in the necessary nucleotides between the 

Okazaki fragments in 5' -> 3' direction, proofreading for mistakes as it goes.  

5. It is a template-dependent enzyme - it only adds nucleotides that correctly base pair with 

an existing DNA strand acting as a template.  

 

Research applications of DNA polymerase I 

1. DNA polymerase I obtained from E. coli is used extensively for molecular biology 

research. 

2. However, the 5' -> 3' exonuclease activity makes it unsuitable for many applications. 

3. Fortunately this undesirable enzymatic activity can be simply removed from the 

holoenzyme to leave a useful molecule called the Klenow fragment, widely used in 

molecular biology. 

4. Exposure of DNA polymerase I to the protease subtilisin cleaves the molecule into a 

smaller fragment, which retains only the DNA polymerase and proofreading activities. 

 

DNA polymerase II (also known as DNA Pol II or Pol II)  
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• is a prokaryotic DNA polymerase most likely involved in DNA repair. 

• The enzyme is 90 kDa in size and  

• is coded by the polB gene.  

• DNA Pol II can synthesize DNA new base pairs at an average rate of between 40 

and 50 nucleotides/second.  

• Strains lacking the gene show no defect in growth or replication.  

• Synthesis of Pol II is induced during the stationary phase of cell growth.  

• This is a phase in which little growth and DNA synthesis occurs.  

• It is also a phase in which the DNA can accumulate damage such as short gaps, 

which act as a block to DNA Pol III.  

• Under these circumstances, Pol II helps to overcome the problem because it can 

reinitiate DNA synthesis downstream of gaps.  

• Pol II has a low error rate but it is much too slow to be of any use in normal DNA 

synthesis. 

• Pol II differs from Pol I in that it lacks a 5'->3' exonuclease activity, and cannot 

use a nicked duplex template. 

 

DNA polymerase III holoenzyme  

• is the primary enzyme complex involved in prokaryotic DNA replication.  

• It was discovered by Thomas Kornberg and Malcolm Gefter in 1970.  

• The complex has high processivity (i.e. the number of nucleotides added per binding 

event) and, specifically referring to the replication of the E.coli genome, works in 

conjunction with four other DNA polymerases (Pol I, Pol II, Pol IV, and Pol V).  

• Being the primary holoenzyme involved in replication activity,  

• the DNA Pol III holoenzyme also has proofreading capabilities that correct replication 

mistakes by means of exonuclease activity working 3'->5'.  

• DNA Pol III is a component of the replisome, which is located at the replication fork. 

 

The replisome is composed of the following: 

• 2 DNA Pol III enzymes, each comprising α, ε and θ subunits.  
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o the α subunit has the polymerase activity. 

o the ε subunit as 3'-5' exonuclease activity. 

o the θ subunit stimulates the ε subunit's proofreading. 

• 2 β units which act as sliding DNA clamps, they keep the polymerase bound to the DNA. 

• 2 τ units which acts to dimerize two of the core enzymes (α, ε, and θ subunits). 

• 1 γ unit which acts as a clamp loader for the lagging strand Okazaki fragments, helping 

the two β subunits to form a unit and bind to DNA. The γ unit is made up of 5 γ subunits 

which include 3 γ subunits, 1 δ subunit, and 1 δ' subunit. The δ is involved in copying of 

the lagging strand. 

• Χ and Ψ which form a 1:1 complex and bind to γ or τ.  

Activity of DNA polymerase III  

1. synthesizes base pairs at a rate of around 1000 nucleotides per second. 

2. DNA Pol III activity begins after strand separation at the origin of replication.  

3. Because DNA synthesis cannot start de novo, an RNA primer, complementary to part of 

the single-stranded DNA, is synthesized by primase (an RNA polymerase) 

Taq DNA polymerase  

• is a thermostable DNA polymerase named after the thermophilic bacterium 

Thermus aquaticus from which it was originally isolated by Thomas D. Brock in 1965.  

• It is often abbreviated to "Taq Pol" (or simply "Taq"), and is frequently used in 

polymerase chain reaction (PCR), a method for greatly amplifying short segments of 

DNA. 

• T. aquaticus is a bacterium that lives in hot springs and hydrothermal vents, and 

Taq polymerase was identified as an enzyme able to withstand the protein-denaturing 

conditions (high temperature) required during PCR. 

• Therefore it replaced the DNA polymerase from E. coli originally used in PCR.  

• Taq's optimum temperature for activity is 75–80°C,  

with a half-life of greater than 2 hours at 92.5°C, 40 minutes at 95°C and 9 minutes at 97.5°C,  

and can replicate a 1000 base pair strand of DNA in less than 10 seconds at 72°C.  
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Taq's drawbacks  

� is its relatively low replication fidelity.  

� It lacks a 3' to 5' exonuclease proofreading activity,and  

� has an error rate measured at about 1 in 9,000 nucleotides.  

• Some thermostable DNA polymerases have been isolated from other thermophilic 

bacteria and archaea, such as Pfu DNA polymerase, possessing a proofreading activity, 

and are being used instead of (or in combination with) Taq for high-fidelity amplification. 

• Taq makes DNA products that have A (adenine) overhangs at their 3' ends.  

This may be useful in TA cloning, whereby a cloning vector (such as a plasmid) that has a T 

(thymine) 3' overhang is used, which complements with the A overhang of the PCR product, thus 

enabling ligation of the PCR product into the plasmid vector. 

4. RNA polymerase (RNAP or RNApol)  

• is an enzyme that produces RNA.  

• In cells, RNAP is necessary for constructing RNA chains using DNA genes as templates, 

a process called transcription.  

• RNA polymerase enzymes are essential to life and are found in all organisms and many 

viruses.  

• In chemical terms, RNAP is a nucleotidyl transferase that polymerizes ribonucleotides at 

the 3' end of an RNA transcript. 

 

4.1. History of RNA polymerase 

• RNAP was discovered independently by Sam Weiss, Audrey Stevens, and Jerard 

Hurwitz in 1960.  

• The 2006 Nobel Prize in Chemistry was awarded to Roger Kornberg for creating 

detailed molecular images of RNA polymerase during various stages of the transcription 

process. 

• RNAP accomplishes de novo synthesis.  

• It is able to do this because specific interactions with the initiating nucleotide hold RNAP 

rigidly in place, facilitating chemical attack on the incoming nucleotide.  



       KARPAGAM ACADEMY OF HIGHER EDUCATION 

CLASS: II BSC MB                           COURSE NAME: RECOMBINANT DNA TECHNOLOGY 

COURSE CODE: 16MBU403                    UNIT: I                  BATCH-2016-2019 

Prepared by Dr.J.Anburaj, Assistant Professor, Department of Biotechnology, KAHE Page 23 

• Such specific interactions explain why RNAP prefers to start transcripts with ATP 

(followed by GTP, UTP, and then CTP).  

• In contrast to DNA polymerase, RNAP includes helicase activity, therefore no separate 

enzyme is needed to unwind DNA. 

 

Products of RNAP include: 

• Messenger RNA (mRNA)—template for the synthesis of proteins by ribosomes. 

• Non-coding RNA or "RNA genes"—a broad class of genes that encode RNA that is not 

translated into protein. The most prominent examples of RNA genes are transfer RNA 

(tRNA) and ribosomal RNA (rRNA), both of which are involved in the process of 

translation. However, since the late 1990s, many new RNA genes have been found, and 

thus RNA genes may play a much more significant role than previously thought.  

o Transfer RNA (tRNA)—transfers specific amino acids to growing polypeptide 

chains at the ribosomal site of protein synthesis during translation. 

o Ribosomal RNA (rRNA)—a component of ribosomes. 

o Micro RNA—regulates gene activity. 

o Catalytic RNA (Ribozyme)—enzymatically active RNA molecules. 

 

4.2. RNA polymerase in bacteria 

In bacteria, the same enzyme catalyzes the synthesis of mRNA and ncRNA. 

RNAP is a relatively large molecule. The core enzyme has 5 subunits (~400 kDa): 

• α2: The two α subunits assemble the enzyme and bind regulatory factors. Each subunit 

has two domains: αCTD (C-Terminal domain) binds the UP element of the extended 

promoter, and αNTD (N-terminal domain) binds the rest of the polymerase. This subunit 

is not used on promoters without an UP element. 

• β: this has the polymerase activity (catalyzes the synthesis of RNA), which includes chain 

initiation and elongation. 

• β': binds to DNA (nonspecifically). 
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• ω: restores denatured RNA polymerase to its functional form in vitro. It has been 

observed to offer a protective/chaperone function to the β' subunit in Mycobacterium 

smegmatis. Now known to promote assembly.[6] 

o In order to bind promoter-specific regions, holoenzyme requires another subunit, sigma 

(σ).  

o The sigma factor greatly reduces the affinity of RNAP for nonspecific DNA while 

increasing specificity for certain promoter regions, depending on the sigma factor.  

o That way, transcription is initiated at the right region.  

o The complete holoenzyme therefore has 6 subunits: α2ββ'σω (~480 kDa).  

o The structure of RNAP exhibits a groove with a length of 55 Å (5.5 nm) and a diameter 

of 25 Å (2.5 nm). This groove fits well the 20 Å (2 nm) double strand of DNA. The 55 Å 

(5.5 nm) length can accept 16 nucleotides. 

o When not in use, RNA polymerase binds to low-affinity sites to allow rapid exchange for 

an active promoter site when one opens.  

o RNA polymerase holoenzyme, therefore, does not freely float around in the cell when not 

in use. 

4.3. RNA polymerase in eukaryotes 

Eukaryotes have several types of RNAP, characterized by the type of RNA they synthesize: 

1. RNA polymerase I - synthesizes a pre-rRNA 45S (35S in yeast), which matures into 28S, 

18S and 5.8S rRNAs which will form the major RNA sections of the ribosome. 

2. RNA polymerase II - synthesizes precursors of mRNAs and most snRNA and 

microRNAs. This is the most studied type, and due to the high level of control required 

over transcription a range of transcription factors are required for its binding to promoters. 

3. RNA polymerase III - synthesizes tRNAs, rRNA 5S and other small RNAs found in the 

nucleus and cytosol.  

4. RNA polymerase IV - synthesizes siRNA in plants. 

5. RNA polymerase V - synthesizes RNAs involved in siRNA-directed heterochromatin 

formation in plants.  
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There are other RNA polymerase types in mitochondria and chloroplasts. And there are RNA-

dependent RNA polymerases involved in RNA interference.  

4.4. RNA polymerase in archaea 

• Archaea have a single RNAP that is closely related to the three main eukaryotic 

polymerases (Pol I,II,III).  

• Thus, it has been speculated that the archaeal polymerase resembles the ancestor of the 

specialized eukaryotic polymerases. 

 

4.5. RNA polymerase in viruses 

• Many viruses also encode for RNAP.  

• the most widely studied viral RNAP is found in bacteriophage T7.  

• The single-subunit T7 RNA polymerase is related to that found in mitochondria and 

chloroplasts, and shares considerable homology to DNA polymerase.  

• It is believed that most viral polymerases therefore evolved from DNA polymerase and 

are not directly related to the multi-subunit polymerases described above. 

• The viral polymerases are diverse, and include some forms that can use RNA as a 

template instead of DNA.  

• This occurs in negative strand RNA viruses and dsRNA viruses, both of which exist for a 

portion of their life cycle as double-stranded RNA.  

• However, some positive strand RNA viruses, such as polio, also contain these RNA-

dependent RNA polymerases.  

 

5. Reverse transcriptase –  

In the fields of molecular biology and biochemistry, a reverse transcriptase, also known as 

RNA-dependent DNA polymerase,  

• is a DNA polymerase enzyme that transcribes single-stranded RNA into single-stranded 

DNA.  
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• It also is a DNA-dependent DNA polymerase which synthesizes the second strand of 

DNA of the double helix DNA once the RNA has been reverse transcribed, and degraded 

via it's RNaseH activity, into a single strand cDNA.  

• Normal transcription involves the synthesis of RNA from DNA; hence, reverse 

transcription is the reverse of this. 

Well studied reverse transcriptases include: 

• HIV-1 reverse transcriptase from human immunodeficiency virus type 1 (PDB 1HMV) 

• M-MLV reverse transcriptase from the Moloney murine leukemia virus 

• AMV reverse transcriptase from the avian myeloblastosis virus 

• Telomerase reverse transcriptase that maintains the telomeres of eukaryotic 

chromosomes 

 

5.1. History of reverse transcriptase 

Reverse transcriptase was discovered by Howard Temin and independently by David 

Baltimore in 1970. The two shared the 1975 Nobel Prize in Physiology or Medicine with Renato 

Dulbecco for their discovery. 

 

5.2. Function of reverse transcriptase in viruses 

• The enzyme is encoded and used by reverse-transcribing viruses, which use the enzyme 

during the process of replication.  

• Reverse-transcribing RNA viruses, such as retroviruses, use the enzyme to reverse-

transcribe their RNA genomes into DNA, which is then integrated into the host genome 

and replicated along with it.  

• Reverse-transcribing DNA viruses, such as the hepadnaviruses, can allow RNA to serve 

as a template in assembling, and making DNA strands.  

• HIV infects humans with the use of this enzyme. Without reverse transcriptase, the viral 

genome would not be able to incorporate into the host cell, resulting in the failure of the 

ability to replicate. 

 

5.2.1. Process of reverse transcription 
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• Reverse transcriptase creates single-stranded DNA from an RNA template. 

• In virus species with reverse transcriptase lacking DNA-dependent DNA polymerase 

activity, creation of double-stranded DNA can possibly be done by host-encoded DNA 

polymerase δ, mistaking the viral DNA-RNA for a primer and synthesizing a double-

stranded DNA by similar mechanism as in primer removal, where the newly synthesized 

DNA displaces the original RNA template. 

• The process of reverse transcription is extremely error-prone and it is during this step that 

mutations may occur. Such mutations may cause drug resistance. 

 

Retroviral Reverse Transcription 

• Retroviruses, also referred to as class VI ssRNA-RT viruses,  

• are RNA reverse transcribing viruses with a DNA intermediate.  

• Their genomes consist of two molecules of positive sense single stranded RNA with a 5' 

cap and 3' polyadenylated tail. Examples of retroviruses include Human 

Immunodeficiency Virus (HIV) and Human T-Lymphotropic virus (HTLV).  

Creation of double-stranded DNA occurs in the cytosol[5] as a series of steps: 

1. A specific cellular tRNA acts as a primer and hybridizes to a complementary part of the 

virus genome called the primer binding site or PBS 

2. Complementary DNA then binds to the U5 (non-coding region) and R region (a direct 

repeat found at both ends of the RNA molecule) of the viral RNA 

3. A domain on the reverse transcriptase enzyme called RNAse H degrades the 5’ end of the 

RNA which removes the U5 and R region 

4. The primer then ‘jumps’ to the 3’ end of the viral genome and the newly synthesised 

DNA strands hybridizes to the complementary R region on the RNA 

5. The first strand of complementary DNA (cDNA) is extended and the majority of viral 

RNA is degraded by RNAse H 

6. Once the strand is completed, second strand synthesis is initiated from the viral RNA 

7. There is then another ‘jump’ where the PBS from the second strand hybridizes with the 

complementary PBS on the first strand 
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8. Both strands are extended further and can be incorporated into the hosts genome by the 

enzyme integrase 

In eukaryotes 

• Self-replicating stretches of eukaryotic genomes known as retrotransposons utilize 

reverse transcriptase to move from one position in the genome to another via a RNA 

intermediate. They are found abundantly in the genomes of plants and animals.  

• Telomerase is another reverse transcriptase found in many eukaryotes, including humans, 

which carries its own RNA template; this RNA is used as a template for DNA replication.  

In prokaryotes 

• Reverse transcriptases are also found in bacterial Retron msr RNAs, distinct sequences 

which code for reverse transcriptase,  

• and are used in the synthesis of msDNA.  

• In order to initiate synthesis of DNA, a primer is needed. In bacteria, the primer is 

synthesized during replication.  

 

5.2.2. Structure of reverse transcriptase 

• Reverse transcriptase enzymes include an RNA-dependent DNA polymerase and a DNA-

dependent DNA polymerase, which work together to perform transcription.  

• In addition to the transcription function, retroviral reverse transcriptases have a domain 

belonging to the RNase H family which is vital to their replication. 

 

5.3. Applications of reverse transcriptase 

Antiviral drugs 

• As HIV uses reverse transcriptase to copy its genetic material and generate new viruses 

(part of a retrovirus proliferation circle), specific drugs have been designed to disrupt the 

process and thereby suppress its growth.  

• Collectively, these drugs are known as reverse transcriptase inhibitors and include the 

nucleoside and nucleotide analogues zidovudine (trade name Retrovir), lamivudine 

(Epivir) and tenofovir (Viread), as well as non-nucleoside inhibitors, such as nevirapine 

(Viramune). 
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Molecular biology 

• Reverse transcriptase is commonly used in research to apply the polymerase chain 

reaction technique to RNA in a technique called reverse transcription polymerase chain 

reaction (RT-PCR).  

• The classical PCR technique can be applied only to DNA strands, but, with the help of 

reverse transcriptase, RNA can be transcribed into DNA, thus making PCR analysis of 

RNA molecules possible.  

• Reverse transcriptase is used also to create cDNA libraries from mRNA.  

• The commercial availability of reverse transcriptase greatly improved knowledge in the 

area of molecular biology, as, along with other enzymes, it allowed scientists to clone, 

sequence, and characterise DNA. 

• Reverse transcriptase has also been employed in insulin production.  

• By inserting eukaryotic mRNA for insulin production along with reverse transcriptase 

into bacteria, the mRNA can insert itself into the prokaryote's genome, and large amounts 

of insulin can be created, sidestepping the need to harvest pig pancreas and other such 

traditional sources.  

• Inserting eukaryotic DNA (instead of mRNA) into bacteria would not work because it is 

fragmented, with introns, and would not transcribe successfully using the bacteria's 

ribosomes. 

 

6. Polynucleotide kinase (or PNK)  

• is a T7 bacteriophage (or T4 bacteriophage) enzyme that catalyzes the transfer of a 

gamma-phosphate from ATP to the free hydroxyl end of the 5' DNA or RNA. 

• The resulting product could be used to end-label DNA or RNA, or in a ligation reaction. 

 

7. Alkaline phosphatase (ALP, ALKP) (EC 3.1.3.1)  

• is a hydrolase enzyme responsible for removing phosphate groups from many types of 

molecules, including nucleotides, proteins, and alkaloids.  

• The process of removing the phosphate group is called dephosphorylation.  
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• As the name suggests, alkaline phosphatases are most effective in an alkaline 

environment. It is sometimes used synonymously as basic phosphatase.  

 

In bacteria,  

• alkaline phosphatase is located in the periplasmic space, external to the cell membrane.  

• Since this space is much more subject to environmental variation than the actual interior 

of the cell, bacterial alkaline phosphatase is comparatively resistant to inactivation, 

denaturation, and degradation, and also has a higher rate of activity.  

• The optimal pH for the activity of the E. coli enzyme is 8.0 while the bovine enzyme 

optimum pH is slightly higher at 8.5. 

 

Common alkaline phosphatases used in research include: 

• Shrimp alkaline phosphatase (SAP), from a species of Arctic shrimp (Pandalus 

borealis) 

• Calf-intestinal alkaline phosphatase (CIP) 

• Placental alkaline phosphatase (PALP) and its C terminally truncated version that lacks 

the last 24 amino acids (constituting the domain that targets for GPI membrane anchoring) 

- the secreted alkaline phosphatase (SEAP) 

 

Use in research 

• Typical use in the lab for alkaline phosphatases includes removing phosphate monoester 

to prevent self ligation.  

• Alkaline phosphatase has become a useful tool in molecular biology laboratories, since 

DNA normally possesses phosphate groups on the 5' end.  

• Removing these phosphates prevents the DNA from ligating (the 5' end attaching to the 3' 

end), thereby keeping DNA molecules linear until the next step of the process for which 

they are being prepared; also, removal of the phosphate groups allows radiolabeling 

(replacement by radioactive phosphate groups) in order to measure the presence of the 

labeled DNA through further steps in the process or experiment.  

• Another important use of alkaline phosphatase is as a label for enzyme immunoassays. 
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• One common use in the dairy industry is as a marker of pasteurisation in cows' milk.  

• This molecule is denatured by elevated temperatures found during pasteurisation, and can 

be tested for via colour change of a para-Nitrophenylphosphate substrate in a buffered 

solution (Aschaffenburg Mullen Test).  

• Raw milk would typically produce a yellow colouration within a couple of minutes, 

whereas properly pasteurised milk should show no change.  

 

8. Terminal deoxynucleotidyl transferase 

Terminal deoxynucleotidyl transferase (TDT), also known as DNA 

nucleotidylexotransferase (DNTT) or terminal transferase,  

• is a specialized DNA polymerase expressed in immature, pre-B, pre-T lymphoid cells, 

and acute lymphoblastic leukemia/lymphoma cells.  

• TdT adds N-nucleotides to the V,D, and J exons during antibody gene recombination 

enabling the phenomenon of junctional diversity.  

• In humans, terminal transferase is encoded by the DNTT gene.  

• TdT is notably absent in fetal liver HSCs significantly impairing junctional diversity in 

B-cells during the fetal period.  

 

8.1. Function of TDT 

• TdT catalyses the addition of nucleotides to the 3' terminus of a DNA molecule.  

• Unlike most DNA polymerases it does not require a template.  

• The preferred substrate of this enzyme is a 3'-overhang, but it can also add nucleotides to 

blunt or recessed 3' ends.  

• Cobalt is a necessary cofactor, however the enzyme catalyzes reaction upon Mg and Mn 

administration in vitro. 

 

8.2. Uses of TDT 

• Terminal transferase has applications in molecular biology.  

• It can be used in RACE to add nucleotides which can then be used as a template for a 

primer in subsequent PCR.  
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• It can also be used to add nucleotides labeled with radioactive isotopes, for example in 

the TUNEL assay (Terminal deoxynucleotidyl transferase dUTP Nick End Labeling) for 

the demonstration of apoptosis (which is marked, in part, by fragmented DNA).  

• Also used in the immunofluorescence assay for the diagnosis of acute lymphoblastic 

leukemia.  

• In immunohistochemistry, antibodies to TdT can be used to demonstrate the presence of 

immature T and B cells and multipotent haematopoietic stem cells, which possess the 

antigen, while mature lymphoid cells are always TdT-negative.  

• While TdT-positive cells are found in small numbers in healthy lymph nodes and tonsils, 

the malignant cells of acute lymphoblastic leukaemia are also TdT positive, and the 

antibody can therefore be used as part of a panel to diagnose this disease and to 

distinguish it from, for example, small cell tumours of childhood.  

 

9. Deoxyribonuclease (Dnase) 

• is any enzyme that catalyzes the hydrolytic cleavage of phosphodiester linkages in the 

DNA backbone.  

• Thus, deoxyribonucleases are one type of nuclease.  

• A wide variety of deoxyribonucleases are known, which differ in their substrate 

specificities, chemical mechanisms, and biological functions. 

 

9.1. Modes of action 

• Some DNases cleave only residues at the ends of DNA molecules 

(exodeoxyribonucleases, a type of exonuclease).  

• Others cleave anywhere along the chain (endodeoxyribonucleases, a subset of 

endonucleases). 

• Some are fairly indiscriminate about the DNA sequence at which they cut, while others, 

including restriction enzymes, are very sequence-specific. 

• Some cleave only double-stranded DNA; others are specific for single-stranded 

molecules; and still others are active toward both. 

• DNase enzymes can be inhaled using a nebuliser by cystic fibrosis sufferers.  
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• DNase enzymes help because white blood cells accumulate in the mucus, and, when they 

break down, they release DNA, which adds to the 'stickiness' of the mucus. DNase 

enzymes break down the DNA, and the mucus is much easier to clear from the lungs. 

 

9.2. Types of deoxyribonucleases 

The two main types of DNase found in metazoans are known as  

1. deoxyribonuclease I and  

2. deoxyribonuclease II. 

Other types of DNase include Micrococcal nuclease. 

 

9.3. Assay of deoxyribonucleases 

� DNA absorbs UV light with a wavelength of maximal absorbance near 260 nm.  

� This absorption is due to the pi electrons in the aromatic bases of the DNA.  

� In dsDNA, or even regions of RNA where double-stranded structure occurs, the bases are 

stacked parallel to each other, and the overlap of the base molecular orbitals leads to a 

decrease in absorbance of UV light.  

� This phenomenon is called the hyperchromic effect.  

� When DNAse liberates nucleotides from dsDNA, the bases are no longer stacked as they 

are in dsDNA, so that orbital overlap is minimized and UV absorbance increases.  

� This increase in absorbance underlies the basis of Kunitz unit of DNAse activity.  

� One Kunitz unit is defined as the amount of enzyme that causes an increase in absorbance 

at 260 nm of 0.001 per mL when acting upon highly polymerized DNA at 25 ºC and pH 

5.0 under specified conditions.  

� A standard enzyme preparation should be run in parallel with an unknown because 

standardization of DNA preparations and their degree of polymerization in solution is not 

possible. 

 

10. Ribonuclease (RNase)  

• is a type of nuclease that catalyzes the degradation of RNA into smaller 

components. 
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• Ribonucleases can be divided into  

endoribonucleases  

exoribonucleases,  

• comprise several sub-classes within the EC 2.7 (for the phosphorolytic enzymes) 

and 3.1 (for the hydrolytic enzymes) classes of enzymes. 

10.1. Function 

• All organisms studied contain many RNases of many different classes, showing 

that RNA degradation is a very ancient and important process.  

• As well as cleaning of cellular RNA that is no longer required,  

• RNases play key roles in the maturation of all RNA molecules, both messenger 

RNAs that carry genetic material for making proteins, and non-coding RNAs that 

function in varied cellular processes.  

• In addition, active RNA degradation systems are a first defense against RNA 

viruses, and provide the underlying machinery for more advanced cellular immune 

strategies such as RNAi. 

• Some cells also secrete copious quantities of non-specific RNases such as A and 

T1.  

• RNases are, therefore, extremely common, resulting in very short lifespans for 

any RNA that is not in a protected environment.  

• It is worth noting that all intracellular RNAs are protected from RNase activity by 

a number of strategies including 5' end capping, 3' end polyadenylation, and folding 

within an RNA protein complex (ribonucleoprotein particle or RNP). 

• RNases play a critical role in many biological processes, including angiogenesis 

and self-incompatibility in flowering plants (angiosperms).  

• Also, RNases in prokaryotic toxin-antitoxin systems are proposed to function as 

plasmid stability loci, and as stress-response elements when present on the chromosome. 

• Similar to restriction enzymes, which cleave highly specific sequences of double-

stranded DNA, a variety of endoribonucleases that recognize and cleave specific 

sequences of single-stranded RNA have been recently classified. 
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• RNases play a critical role in many biological processes, including angiogenesis 

and self-incompatibility in flowering plants (angiosperms).  

• Also, RNases in prokaryotic toxin-antitoxin systems are proposed to function as 

plasmid stability loci, and as stress-response elements when present on the chromosome. 

 

10.2. Major types of endoribonucleases 

• RNase A  

is an RNase that is commonly used in research.  

RNase A (e.g., bovine pancreatic ribonuclease A) is one of the hardiest enzymes in common 

laboratory usage; one method of isolating it is to boil a crude cellular extract until all enzymes 

other than RNase A are denatured.  

It is specific for single-stranded RNAs.  

It cleaves 3'end of unpaired C and U residues, leaving a 3'-phosphorylated product, via a 2',3'-

cyclic monophosphate. 

• RNase H  

is a ribonuclease that cleaves the RNA in a DNA/RNA duplex to produce ssDNA.  

RNase H is a non-specific endonuclease and catalyzes the cleavage of RNA via a hydrolytic 

mechanism, aided by an enzyme-bound divalent metal ion. RNase H leaves a 5'-phosphorylated 

product. 

• RNase I  

cleaves 3'-end of ssRNA at all dinucleotide bonds leaving a 5' hydroxyl, and 3' phosphate, via a 

2',3'-cyclic monophosphate intermediate. 

• RNase III  

is a type of ribonuclease that cleaves rRNA (16s rRNA and 23s rRNA) from transcribed 

polycistronic RNA operon in prokaryotes.  

It also digests double strands RNA (dsRNS)-Dicer family of RNAse, cutting pre-miRNA (60–

70bp long) at a specific site and transforming it in miRNA (22–30bp), that is actively involved in 

the regulation of transcription and mRNA life-time. 

• RNase L  
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o is an interferon-induced nuclease that, upon activation, destroys all RNA within the 

cell 

• RNase P  

o is a type of ribonuclease that is unique in that it is a ribozyme – a ribonucleic acid that 

acts as a catalyst in the same way as an enzyme.  

o Its function is to cleave off an extra, or precursor, sequence on tRNA molecules.  

o RNase P is one of two known multiple turnover ribozymes in nature (the other being 

the ribosome).  

o A form of RNase P that is a protein and does not contain RNA has recently been 

discovered.  

• RNase PhyM  

o is sequence specific for single-stranded RNAs. It cleaves 3'-end of unpaired A and U 

residues. 

• RNase T1  

o is sequence specific for single-stranded RNAs.  

o It cleaves 3'-end of unpaired G residues. 

• RNase T2  

o is sequence specific for single-stranded RNAs.  

o It cleaves 3'-end of all 4 residues, but preferentially 3'-end of As. 

•  

• RNase U2  

o is sequence specific for single-stranded RNAs.  

o It cleaves 3'-end of unpaired A residues. 

• RNase V1  

o is non-sequence specific for double-stranded RNAs.  

o It cleaves base-paired nucleotide residues. 

• RNase V 

 

10.3. Major types of exoribonucleases 

• Polynucleotide Phosphorylase (PNPase) functions as an exonuclease as well as a 

nucleotidyltransferase. 
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• RNase PH functions as an exonuclease as well as a nucleotidyltransferase. 

• RNase II is responsible for the processive 3'-to-5' degradation of single-stranded RNA. 

• RNase R is a close homolog of RNase II, but it can, unlike RNase II, degrade RNA with 

secondary structures without help of accessory factors. 

• RNase D is involved in the 3'-to-5' processing of pre-tRNAs. 

• RNase T is the major contributor for the 3'-to-5' maturation of many stable RNAs. 

• Oligoribonuclease degrades short oligonucleotides to mononucleotides. 

• Exoribonuclease I degrades single-stranded RNA from 5'-to-3', exists only in eukaryotes. 

• Exoribonuclease II is a close homolog of Exoribonuclease I. 
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UNIT-II 

SYLLABUS 

 

Unit II – Molecular Cloning- Tools and Strategies                                   

Cloning Vectors: Definition and Properties Plasmid vectors: pBR and pUC series Bacteriophage 

lambda and M13 based vectors Cosmids, BACs, YACs. Use of linkers and adaptors. Expression 

vectors: E.coli lac and T7 promoter-based vectors, yeast YIp, YEp and YCp vectors, Baculovirus 

based vectors, mammalian SV40-based expression vectors 

Cloning Vectors 

• A cloning vector is a DNA molecule that has the ability to replicate in an appropriate host 

cell, and into which the DNA insert is integrated for cloning.  

• Therefore, a vector must have an origin of DNA replication (denoted as ori) that 

functions in the host cell.  

• Any extrachromosomal small genome, e.g., plasmid, phage and virus, may be used as a 

vector. 

 

1.1. Properties of Good Vector 

1. It should be able to replicate autonomously. When the objective of cloning is to obtain a large 

number of copies of the DNA insert, the vector replication must be under relaxed control so that 

it can generate multiple copies of itself in a single host cell. 

2. It should be easy to isolate and purify. 

3. It should be easily introduced into the host cells, Le., transformation of the host with the 

vector should be easy 

4. The vector should have suitable marker genes that allow easy detection and/or selection of the 

transformed host cells. 

5. When the objective is gene transfer, it should have the ability to integrate either itself or the 

DNA insert it carries into the genome of the host cell. 
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. The cells transformed with the vector containing the DNA insert (recombinant DNA) should be 

identifiable be selectable from those transformed by the unaltered vector. 

7. A vector should contain unique target sites for as may restriction enzymes as possible into 

which the DNA insert can be integrated. 

8. When expression of the DNA insert is desired, the vector should contain atleast suitable 

control elements, e.g., promoter, operator and ribosome binding sites. 

It should be kept in mind that 

(1) the DNA molecules used as vectors have coevolved with their specific natural host 

species, and hence are adapted to function well in them and in their closely related 

species. Therefore, the choice of vector depends largely on the host species into which 

the DNA insert of gene is to be cloned. 

(2) most naturally occurring vectors do not have all the required functions; therefore, useful 

vectors have been created by joining together segments performing specific functions 

(called modules) from two or more natural entities.  

 

1.2 Cloning and Expression Vectors  

All vectors used for propagation of DNA inserts in a suitable host are called cloning vectors. 

But when a vector is designed for the expression of, i.e., production of the protein specified by, 

the DNA insert, it is termed as expression vector.  

• As a rule, such vectors contain at least the regulatory sequences, i.e., promoters, operators, 

ribosomal binding sites, etc., having optimum function in the chosen host. 

• When an eukaryotic gene is to be expressed in a prokaryote, the eukaryotic coding 

sequence has to be placed after prokaryotic promoter and ribosome building site since the 

regulatory sequences of eukaryotic are not recognised in prokaryotes.  

• In addition, eukaryotes genes, as a rule, contain introns (noncoding regions) present 

within their coding regions. 

• These introns must be removed from the DNA insert to enable the proper expression of 

eukaryotic genes since prokaryotes lack the machinery needed for their removal from the 

RNA transcripts.  



       KARPAGAM ACADEMY OF HIGHER EDUCATION 

CLASS: II BSC MB                           COURSE NAME: RECOMBINANT DNA TECHNOLOGY 

COURSE CODE: 16MBU403                    UNIT: II                  BATCH-2016-2019 

Prepared by Dr.J.Anburaj, Assistant Professor, Department of Biotechnology, KAHE Page 3 

• When eukaryotic genes are isolated as cDNA, they are intron-free and, hence, suitable for 

expression in prokaryotes. 

 

1.3. E.coli vectors 

• Bacteria are the hosts of choice for DNA cloning.  

• Among them, E. coli occupies a prominent position since cloning and isolating DNA 

inserts for structural analysis is the easiest in this host.  

• Therefore, the initial cloning experiments are generally carried out in E. coli. 

• The E. coli strain K12 is the most commonly used;  

• it has several substrains, e.g., C600, RRI, HB101, etc., each of which has some specific 

features important in cloning.  

• For example, the substrain RRI has, in addition to certain other features, the mutation 

hsdR, which inactivates the restriction enzyme endogenous to E.coli K12; this minimises 

the degradation of recombinant DNA introduced into it.  

 

1.4. Properties of Good Host 

A good host should have the following features: 

(1) be easy to transform, 

(2) support the replication of recombinant DNA, 

(3) be free from elements that interfere with replication of recombinant DNA, 

(4) lack active restriction enzymes, e.g., E. coli K12 substrain HB101, 

(5) should not have methylases since these enzymes would methylate the replicated recombinant 

DNA. which, as a result, would become resistant to useful restriction enzymes, and 

(6) be deficient in normal recombination function so that the DNA insert is not altered by 

recombination events. 

 

E. coli supports several types of vectors, which can be grouped as follows:  

(1) plasmids,  

(2) bacteriophages (both natural), 

(3) cosmids, 
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(4) phasmids,  

(5) shuttle vectors  

 

2. Plasmid vector 

• Plasmids are widely used as cloning vector, 

• Plasmids are replicons which are stably inherited in an extrachromosomal state.  

• Most plasmids exist as double-stranded circular DNA molecules.  

• If both strands of DNA are intact circles the molecules are described as covalently closed 

circles or CCC DNA.  

• If only one strand is intact, then the molecules are described as open circles or OC DNA. 

• When isolated from cells, covalently closed circles often have a deficiency of turns in the 

double helix, 

• such that they have a supercoiled configuration. 

• Plasmids are widely distributed throughout the prokaryotes, vary in size from less than 1 

x 10
6 

daltons to greater than 200 x 10
6
, and are generally dispensable.  

• Plasmids to which phenotypic traits have not yet been ascribed are called cryptic 

plasmids. 

 

Plasmids can be categorized into one of two major type –  depending upon whether or not they 

carry a set of transfer genes, called the tra genes, which promote bacterial conjugation. 

1. conjugative  

2. non-conjugative  

 

Plasmids can also be categorized on the basis of copies per cell being maintained as  

1. relaxed plasmids - multiple copies per cell  

2. stringent plasmids - a limited number of copies per cell 

 

pBR322 - An ideal plasmid vector must have the following functions: 

(1) minimum amount of DNA, 

(2)  relaxed replication control,  
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(3)  at least two selectable markers, 

(4) only one (unique) recognition site for at least one restriction endonuclease, and 

(5) for easy selection of the recombinant DNA, this unique restriction site must be located 

within one of the two selectable markers. 

The name pBR denotes the following:  

p signifies plasmid,  

B is from Boliver, and  

R is from Rodriguez, the two initials of the scientist who developed pBR322. 

 

pBR322  

• is the most popular and  

• most widely used plasmid of 4363 bp;  

• It has the replication module of E. coli plasmid Col El. 

• This module has been incorporated in many other plasmid vectors since it permits 

plasmid replication even when chromosome replication and cell division are inhibited by 

amino acid starvation or chloramphemicol. 

• Under such conditions, each cell accumulates several thousand copies of the plasmid so 

that one litre of bacterial culture easily yields a milligram of plasmid DNA.  

• It has two selectable markers (tetracycline, tetr, and ampicillin, amp', resistance genes), 

and unique recognition sites for 12 different restriction enzymes (two unique sites, PstI 

and PvuI, are located within the amp' gene, and 4, e.g., BamHI, SalI, etc., are within tetr 

gene). 

The presence of restriction sites within the markers tetr and ampr permits an easy 

selection for cells transformed with the recombinant pBR322.  

• Insertion of the DNA fragment into the plasmid using restriction enzyme PstI or PvuI 

places the DNA insert within the gene amp'; this makes amp' nonfunctional.  

• Bacterial cells containing such a recombinant pBR322 will be unable to grow in the 

presence of ampicillin, but will grow on tetracycline. 

• Similarly, when restriction enzyme BamHI or SalI is used, the DNA insert is placed 

within the gene tetr making it nonfunctional.  
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• Bacterial cells possessing such a recombinant pBR322 will, therefore, grow on ampicillin 

but not on tetracycline.  

• This feature allows an easy selection of a single bacterial cell having recombinant 

pBR322 from among 108 other types of cells. 

• Transformed E. coli cells are first plated on an agar medium containing the antibiotic 

within the resistance gene for which the DNA fragment is not inserted, i.e., for which the 

bacterial cells having the recombinant DNA are expected to be resistant. 

• This eliminates nontransformed bacterial cells; the resulting bacterial colonies will posses 

either recombinant or unaltered pBR322.  

• The colonies so obtained are then replicaplated on agar plates containing the other 

antibiotic (within the resistance gene for which the DNA insert is placed);  

• all the colonies that develop on this plate will contain the unaltered pBR322. 

• Therefore, the antibiotic sensitive colonies are identified and recovered from the master 

plate; these colonies will have the recombinant pBR322. This entire process may take up 

to 2 days. 

 

pUC18-19 –  

• pUC gets its name from University of California.  
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• It is a derivative of pBR322 and is much smaller (-2.7 kb);  

• it has all the essential parts of pBR322, e.g., 

(1) ampicillin resistance gene and 

(2)  Col E1 origin. 

(3) The second scrobale marker is due to E. coli gene lacZα encoding the a fragment of β-

galactosidase, the enzyme that hydrolyses lactose. 

(4) The E.coli strains, e.g., JMIO3, JM1O9, used as hosts for the pUC series vectors have the 

lacZα deleted from their lacZ genes.  

 

 

 

 

 

 

 

• When pUC enters such an E.coli cell, the host genome and the plasmid encode for 

different parts of the β-galactosidase enzyme, which interact with each other to produce 

the active enzyme enabling these cells to hydrolyse lactose. β -galactosidase also 

hydrolyses X-gal (5-Bromo-4-chloro-3-indolyl-p-D-galactoside) to yield a blue dye. 

• Therefore appropriate lacZ- E. coli cells transformed by the pUC vectors behave 

as lacZ+ and produce blue coloured colonies on a X-gal containing medium.  

• A poly linker sequence located within the lacZα provides several (10 in case of 

pUC18/pUC19) unique restriction sites for DNA insertion. 

• The polylinker sequence by itself does not interfere with lacZα ' expression.  

• But when a DNA insert is placed within it, lacZα expression is prevented.  

• Vectors pUC18 and pUC19 are identical, except for the orientation of the polylinker 

sequence, which is oriented in the opposite directions in the two vectors. 

• The unique restriction sites used for integration of DNA inserts into pUC vectors 

interrupt the lacZα fragment so that appropriate  
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• E. coli cells possessing recombinant pUC DNA are β-galactosidase deficient and, as a 

result, 

• produce white colonies on X-gal medium. 

• Therefore, appropriate E.coli cells transformed with pUC recombinant DNA are grown 

on ampicillin, X-gal and IPG (isopropyl- β D-thiogalactoside; it serves as inducer of β -

galactosidase, while X-gal itself can not) containing medium to eliminate non 

transformed cells.  

The white colonies are selected as they contain the recombinant DNA (in contrast, blue 

colonies will contain the unaltered vector). The other vectors in pUC series are pUC 8, 

pUC 9, pUC 12, pUC 13, etc.  

 

The pUC series vectors offer the following adantages over pBR322: 

(1) each E. coli cell produces up to 700 copies without any treatment,  

(2) cells containing recombinant DNA are selected in a single step,  

(3) the sites for DNA insert integration are confined to the poly linker, which permits the use of 

two restriction anzymes to open the vector, and 

(4) they also allow sequencing of the DNA insert. 

 

3. Bacteriophage Vectors   

• Bacteriophages are viruses that attack bacteria.  

• Most phages lyse the bacterial cells they infect (lytic phages).  

• But many others can choose to follow either a lytic or a lysogenic cycle; in the latter 

situation, the phage chromosome integrates into the bacterial chromosome and multiplies 

with the latter as prophage (temperate or lysogenic phages). 

• The prophage may dissociate from the bacterial chromosome and follow the lytic cycle. 

 

Several bacteriophages are used as cloning vectors,  

• the most commonly used E. coli phages being λ (lambda) and M13 phages.  

Plasmid vectors have to be introduced into bacterial cells, which are then cloned and selected for 

the recovery of recombinant DNA.  
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In contrast, the phage vectors are directly tested on an appropriate bacterial lawn (a continuous 

bacterial growth on an agar plate) where each phage particle forms a plaque (a clear bacteria-free 

zone in the bacterial lawn).  

 

Phage vectors present two advantages over plasmid vectors. 

(1) They are more efficient than plasmids for cloning of large DNA fragments; the largest 

cloned insert size in a λ vector is just over 24 kb, while that for plasmid vectors it is less 

than 15 kb. In addition, 

(2) it is easier to screen a large number of phage plaques than bacterial colonies for the 

identification of recombinant plaques/clones. 

 

Lambda (λ) Phage Vectors –  

• The λ genome (total 48,502 bp) contains an  

• origin of replication,  

• genes for head and tail proteins and  

• enzymes for DNA replication, lysis and lysogeny, and  

• single-stranded protruding cohesive ends of 12 bases (5' GGGCGGCGACCT; the other 

end is complementary to it, i.e., CCCGCCGCTGGA 5'). 

• The λ genome remains linear in the phage head, but within E. coli cells the two 

cohesive ends anneal to form a circular molecule necessary for replication.  

• The sealed cohesive ends are called cos sites, which are the sites of cleavage during and 

are necessary for packaging of the mature phage DNA into phage heads. 

• The λ DNA must be larger than 38 kb and smaller than 52 kb to be packaged into phage 

particles.  

• The genes for lysogeny are located in the segment between 20 and 38 kb; the whole or 

a part of this segment is deleted to create λ vectors to  

(1) accommodate larger DNA inserts and  

(2) to ensure that the recombinant phage is always lytic. 
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Several vectors were produced from wild type λ genome by mutation and recombination in vivo 

as well as by recombinant DNA techniques.  

These vectors have the following two basic features. 

(1) The vector itself can be propagated as phage in E. coli cells enabling preparation of 

vector DNA. 

(2) They contain restriction sites, which allow the removal of the lysogenic segment and also 

provide insertion site for the DNA fragment. 

(3) During annealing and ligation of the DNA insert with the λ vector, two or more 

recombinant DNAs may join end-to-end producing a concatemer, which is the proper 

precursor for packaging of λ genome into phage heads. 

 

Phage M13 Vectors –  

• These vectors are used for obtaining single-strand copies of cloned DNA, which are 

especially suited for DNA sequencing.  

• They are derived from the 6.4 kb genome of the E. coli filamentous bacteriophage M13. 

• This phage has a single-stranded linear DNA genome in phage particles, which 

converts into a double stranded circular replicative intermediate within the host cells.  

• M13 infects only F+ cells; it does not kill the cells, but forms turbid plaques due to 

growth retardation of infected cells.  

• Ordinarily, the double stranded form is used to produce recombinant molecules since 

single-stranded DNAs are not cleaved by type II restriction endonucleases; this form is 

readily isolated from M13-infected E. coli cells. 

 

 

• However, 

the single-

stranded 

form of M 

13 is used to 

recover 
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single-stranded copies of the DNA inserts; this form of vector is available from the 

phage particles abundant in the growth medium. 

 

Properties of M13 Vectors –  

M13 genome has been used to produce M13mp series of vectors, e.g., M13mp 8, M13mp 9, etc.  

The desirable features of M13 vectors are as follows: 

(1) very large inserts can be cloned since packaging does not depend on genome size (as is 

the case with λ vectors).  

(2) Pure single-strand copies of double-strand DNA inserts are obtained in abundance. 

(3) Since DNA inserts are accepted in either of the orientations (which is also the case for 

plasmid and λ vectors), some recombinant clones will produce single-strand copies of 

one strand of the DNA double-strand, while others would produce copies of the 

complementary strand of the DNA insert.  

The phage particles in a single plaque, as a rule, will yield copies of the same single-strand. 

This property is very useful for a precise DNA sequencing (using both the strands of a DNA 

molecule) and for the synthesis of specific radio-labelled DNA probes.  

(4) Bacterial cells infected by these vectors remain viable as in the case of plasmid vectors; 

this allows easy maintenance of the vector. Finally,  

(5) they form plaques like λ phage vectors making selection of the recombinant DNAs rather 

easy, and 

(6) the recombinant DNA is obtained within stable bacteriophage particles. 

 

Two types of λ phage vectors  

1. Insertional vectors  

2. Replacment vectors  

 The λ insertional vectors – accept less DNA than the replacement type, the foreign DNA is 

simply inserted into a region of the phage genome with appropriate restriction sites. 

Example -  λgt10, λcharon16A 

In λ replacement vectors – a central region of DNA not essential for lytic growth is removed. 

This creates two DNA fragments, called right and left arms. The central stuffer fragment is 

replaced by inserting foreign DNA between the arms to form a functional recombinant  λ phage.  
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Example –  λembl, λZAP 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. Cosmid Vectors 

Cosmids are essentially plasmids that contain a minimum of 250 bp of λ DNA, which includes  

(1) the cos site (the sequence yielding cohesive ends) and  

(2) sequences needed for binding of and cleavage by terminase so that under appropriate 

conditions they are packaged in vitro into empty λ phage particles. 

 

A typical cosmid has 

(1) replication origin, 

(2) unique restriction sites and 
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(3) selectable markers from the plasmid; therefore, selection strategy for obtaining the 

recombinant DNA is based on that for the contributing plasmid. 

• Cosmid vectors are constructed using recombinant DNA techniques. 

• The cosmid vectors are opened by the appropriate restriction enzyme at a unique site, are 

then mixed with DNA inserts prepared by using the same enzyme and annealed.  

• Among the several types of products, long cancatemers are present, which are the 

appropriate precursors for packaging in λ. particles.  

• This procedure selects for long DNA inserts since for packaging the distance between 

two cos sites must be between 38 and 52 kb.  

• Cosmids can accommodate upto 45 kb long DNA inserts.  

• Packaged cosmids infect host cells like λ particles, but once inside the host they replicate 

and propagate like plasmids 

 

 

 

 

 

 

 

 

 

The typical features of cosmids areas follows: 

(1) they can be used to clone, DNA inserts of upto 45 kb. 

(2) They can be packaged into A. particles that infect host cells, which is many-fold more 

efficient than plasmid transformation. 

(3) Selection for recombinant DNA is based on the procedure applicable to the plasmid 

making up the cosmid. 

(4) Finally, these vectors are amplified and maintained in the same manner as the 

contributing plasmid. 

5. Phasmid Vectors 
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• These vectors are shortened linear A. genomes containing DNA replication and lytic 

functions plus the cohesive ends of the phage; their middle nonessential segment is 

replaced by a linearized plasmid with intact replication module. 

• In practice, a plasmid vector contains several tandem copies of the plasmid to make it 

longer than 38 kb, the minimum size needed for packaging in λ particles. 

• During construction of the recombinant DNA, one or more copies of the plasmid are 

deleted from and the DNA insert is integrated into the vector, but generally one copy of 

the plasmid is retained in the recombinant DNA.  

• Phasmids, both recombinant and unaltered, are packaged in A. particles in vitro and used 

for infection of appropriate E. coli cells. 

• If a plasmid lacks the λ gene el, which produces the lysis repressor, it multiplies like a 

phage and produces plaques on a bacterial lawn. But if el gene is present, the plasmid 

replicates like a plasmid.  

• Further, a plasmid may contain a mutant cI gene, which produces a temperature sensitive 

CI protein (inactive at higher temperatures); such vectors replicate as plasmids at lower 

temperatures, but behave like phage at higher temperatures. This feature is quite useful in 

some experiments. 

 

6. Vectors For Plants 

• Plants cells do not contain any plasmid.  

• But two plasmids, called pTi and pRi, and present in the bacteria Agrobacterium 

tumefaciens and A. rhizogenes, respectively, provide a naturally occurring transformation 

system. 

• These plasmids transfer a part of their DNA, called T-DNA, into the genomes of most 

dicot and some monocot plants.  

• These plasmids, especially the Ti plasmid, have been used to develop a variety of vectors.  

• In addition, genomes of many plant viruses are being developed as vectors.  
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• The purpose of 

plant vectors is 

almost always a stable transformation ordinarily in the form of integration in plant 

genomes.  

 

• But in the case of virus vectors, the objective is to produce large quantities of the protein 

encoded by the DNA insert. 

7. Animal viral vectors  

7.1. Retroviruses  

• are one of the maintype of current gene therapy approaches. 

• The recombinant retroviruses such as the Moloney murine leukemia virus have the ability 

to integrate into the host genome in a stable fashion.  

• They contain a reverse transcriptase that allows integration into the host genome.  

• They have been used in a number of FDA-approved clinical trials such as the SCID-X1 

trial.  

• Retroviral vectors can either be replication-competent or replication-defective.  

• Replication-defective vectors are the most common choice in studies because the viruses 

have had the coding regions for the genes necessary for additional rounds of virion 

replication and packaging replaced with other genes, or deleted.  
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• These virus are capable of infecting their target cells and delivering their viral payload, 

but then fail to continue the typical lytic pathway that leads to cell lysis and death. 

• Conversely, replication-competent viral vectors contain all necessary genes for virion 

synthesis, and continue to propagate themselves once infection occurs.  

• Because the viral genome for these vectors is much lengthier, the length of the actual 

inserted gene of interest is limited compared to the possible length of the insert for 

replication-defective vectors. Depending on the viral vector, the typical maximum length 

of an allowable DNA insert in a replication-defective viral vector is usually about 8–10 

kB.  

Drawback to use of retroviruses the Moloney retrovirus involves the requirement for cells 

to be actively dividing for transduction.  

• As a result, cells such as neurons are very resistant to infection and transduction by 

retroviruses.  

• There is concern that insertional mutagenesis due to integration into the host genome 

might lead to cancer or leukemia.  

• This concern remained theoretical until gene therapy for ten SCID-X1 patients using 

Maloney murine leukemia virus resulted in two cases of leukemia caused by activation of 

the LMO2 oncogene due to nearby integration of the vector. 

7.2 Shuttle Vectors  

• These vectors have been designed to replicate in cells of two different species; therefore, 

they contain two origins of replication, one specific for each host species, as well as those 

genes necessary for their replication and not provided by the host cells. 

• These vectors are created by recombinant techniques.  

• Some of them can be grown in two different prokaryotic species, while others can 

propagate in a prokaryotic species, usually E. coli, and a eukaryotic one, e.g. yeast, plants, 

animals.  

• Since these vectors can be grown in one host and then moved into another without any 

extra manipulation, they are called shuttle vectors. 
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A shuttle vector designed to replicate in E. coli and Streptomyces has been constructed as follows:  

(1) the modules for DNA replication in Streptomyces and methylenomycin A resistance are 

derived from a streptomyces plasmid, and 

(2) the replication module for maintenance in E. coli and a gene for antibiotic resistance are 

taken from an E. coli plasmid. 

• This shuttle vector allows the initial cloning of Streptomyces DNA inserts in E. coli and 

their subsequent functional tests in Streptomyces. 

• Shuttle vectors have been designed to specifically satisfy this need, i.e., the initial cloning 

of DNA inserts in E. coli and subsequent functional tests in the species to which the DNA 

inserts belong.  

Most of the eukaryotic vectors are, in fact, shuttle vectors. 
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UNIT-III 

SYLLABUS 

 

Unit III– Methods in Molecular Cloning                                                           

Transformation of DNA: Chemical method, Electroporation. Gene delivery: Microinjection, 

electroporation, biolistic method (gene gun), liposome and viral- mediated delivery, 

Agrobacterium - mediated delivery DNA, RNA and Protein analysis: Agarose gel 

electrophoresis, Southern - and Northern - blotting techniques, dot blot, DNA microarray 

analysis, SDS-PAGE and Western blotting. 

1. Cloning strategies 

Any cell-based cloning procedure has four essential parts:  

(i) a method for generating the DNA fragment for cloning;  

(ii) a reaction that inserts that fragment into the chosen cloning vector;  

(iii) a means for introducing that recombinant vector into a host cell wherein it is 

replicated; and  

(iv) a method for selecting recipient cells that have acquired the recombinant  

Generalized overview of cloning strategies 
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Linkers 

• Blunt ligation is most usefully applied to joining blunt-ended fragments via linker 

molecules; in an early example of this, 

• Scheller et al. (1977) synthesized self-complementary decameric oligonucleotides, which 

contain sites for one or more restriction endonucleases.  

• The molecule can be ligated to both ends of the foreign DNA to be cloned, and then 

treated with restriction endonuclease to produce a sticky-ended fragment, which can be 

incorporated into a vector molecule that has been cut with the same restriction 

endonuclease.  

• Insertion by means of the linker creates restriction enzyme target sites at each end of the 

foreign DNA 

• and so enables the foreign DNA to be excised and recovered after cloning and 

amplification in the host bacterium. 

•  
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2. Adaptors 

• It may be the case that the restriction enzyme used to generate the cohesive ends in the 

linker will also cut the foreign DNA at internal sites.  

• In this situation the foreign DNA will be cloned as two or more subfragments. 

• One solution to this problem is to choose another restriction enzyme, but there may not 

be a suitable choice if the foreign DNA is large and has sites for several restriction 

enzymes.  

• Another solution is to methylate internal restriction sites with the  appropriate 

modification methylase. Alternatively, a general solution to the problem is provided by 

chemically synthesized adaptor molecules which have a preformed cohesive end.  

• Consider a blunt-ended foreign DNA containing an internal BamHI site (Figure), which 

is to be cloned in a BamHl-cut vector.  

• The Bam adaptor molecule has one blunt end bearing a 5′ phosphate group and a Bam 

cohesive end which is not phosphorylated.  

• The adaptor can be ligated to the foreign DNA ends.  

• The foreign DNA plus added adaptors is then phosphory- lated at the 5′ termini and 

ligated into the BamHI site of the vector.  

• If the foreign DNA were to be recovered from the recombinant with BamHI, it would be 

obtained in two fragments.  

• However, the adaptor is designed to contain two other restriction sites (SmaI, HpaII), 

which may enable the foreign DNA to be recovered intact. 

• Note that the only difference between an adaptor and a linker is that the former has 

cohesive ends and 

• the latter has blunt ends.  
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3. Homopolymer tailing 

• A general method for joining DNA molecules makes use of the annealing of 

complementary homopolymer sequences.  

• Thus, by adding oligo(dA) sequences to the 3′ ends of one population of DNA molecules 

and oligo(dT) blocks to the 3′ ends of another population, the two types of molecule can 

anneal to form mixed dimeric circles (Figure). 

• An enzyme purified from calf thymus, terminal deoxynucleotidyltransferase, provides the 

means by which the homopolymeric extensions can be synthesized, for if presented with 

a single deoxynucleotide triphosphate it will repeatedly add nucleotides to the 3′ OH 

termini of a population of DNA molecules. 

• DNA with exposed 3′ OH groups, such as arise from pretreatment with phage λ 

exonuclease or restriction with an enzyme such as PstI, is a very good substrate for the 

transferase.  

• Typically, 10–40 homopolymeric residues are added to each end. 

One of the earliest examples of the construction of recombinant molecules,  
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• the insertion of a piece of λ DNA into SV40 viral DNA, made use of homopolymer 

tailing.  

• In their experiments, the single-stranded gaps which remained in the two strands at each 

join were repaired in vitro with DNA polymerase and DNA ligase so as to produce 

covalent-ly closed circular molecules.  

• The recombinants were then transfected into susceptible mammalian cells.  

• Subsequently, the homopolymer method, using either dA.dT or dG.dC homopolymers 

was used extensively to construct recombinant plasmids for cloning in E. coli.  

 

4. Cloning of genomic DNA 

There are two major strategies for isolating sequences from complex sources such as genomic 

DNA.  

 

The first strategy is  
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a cell-based cloning strategy, is to divide the source DNA into manageable fragments and clone 

everything.  

Such a collection of clones, representative of the entire starting population, is known as a library.  

Then screen the library to identify our clone of interest, using a procedure that discriminates 

between the desired clone and all the others.  

 

The second strategy is  

to selectively amplify the target sequence directly from the source DNA using the polymerase 

chain reaction (PCR), and then clone this individual fragment. 

 

5.1. Genomic Library  

• A genomic library is a collection of plasmid clones or phage lysates containing 

recombinant DNA molecules so that the sum total of DNA inserts in this collection, 

ideally, represents the entire genome of the concerned organism. However, inspite of all 

the care taken in the production of genomic libraries. 

 

Certain DNA fragments should be expected to be under or over represented or even missing. 

There are several possible reasons for this, and at present they can not be taken care of. 

 

5.2.Construction of A Genomic Library 

• For preparation of a genomic library, the total genomic DNA of an organism is extracted.  

• The DNA is broken into fragments of appropriate size either by mechanical shearing (this 

generates blunt ended fragments), sonication, or by using a suitable restriction 

endonuclease for partial digestion of the DNA.  

• Complete digestion is avoided since it generates fragments that are too heterogeneous in 

size. 
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• For partial digestion, restriction enzymes having 4-base (tetrameric) recognition 

sequences are employed in preference to those having 6-base (hexameric) target sites.  

This is because a given 4-base recognition site is expected to' occur every 44 (= 256) base 

pairs in a DNA molecule, while a 6 base target site would occur only after every 46 (= 

4096) base pairs. (It is assumed here that the arrangement of the 4 bases in DNA 

molecules is random). 
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• Therefore, the fragments produced in partial digests with enzymes having 4 base 

recognition sites are more likely to be of appropriate size for cloning than those generated 

by enzymes having 6 base recognition sites. 

• Single or mixed digestions with the enzymes AluI, HaeIII or Sau3A have been used for 

constructing genomic libraries.  

• The use of restriction enzymes has the advantage that the same set of fragments are 

obtained from a DNA each time a specific enzyme is used, and many of the enzymes; 

produce cohesive ends.  

• The partial digests of genomic DNA are subjected to agarose gel electrophoresis or 

sucrose gradient centrifugation for separation from the mixture of fragment of 

appropriate size.  

• These fragments are then inserted into a suitable vector for cloning. 

• This constitutes the shotgun approach to gene cloning. In principle, any vector can be 

used, but A vectors and cosmids have been the most commonly used since DNA inserts 

of upto 23-25 kb (kilobase pairs) can be cloned in these vectors. The vectors containing 

the inserts are cloned in a suitable bacterial host. 

 

Genomic DNA libraries Producing representative genomiclibraries in λ cloning vectors 

let us suppose that to clone a single-copy gene from the human genome.  

 

How might this be achieved?  

- simply digest total human DNA with a restriction endonuclease, such as EcoRI, insert the 

fragments into a suitable phage-λ vector and then attempt to isolate the desired clone.  

How many recombinants have to screen in order to isolate the right one?  

- Assuming EcoRI gives, on average, fragments of about 4 kb,  

- and given that the size of the human haploid genome is 2.8 × 106 kb, we can see that over 

7 × 10
5
 independent recombinants must be prepared and screened in order to have a 

reasonable chance of including the desired sequence.  
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There are two problems with the above approach. 

• First, the gene may be cut internally one or more times by EcoRI so that it is not 

obtained as a single fragment.  

• These problems can be overcome by cloning random DNA fragments of a large 

size (for λ replacement vectors, approximately 20 kb).  

• Since the DNA is randomly fragmented, there will be no systematic exclusion of 

any sequence.  

• Furthermore, clones will overlap one another, allowing the sequence of very large 

genes to be assembled and giving an opportunity to ‘walk’ from one clone to an 

adjacent one. 

• Because of the larger size of each cloned DNA fragment, fewer clones are 

required for a complete or nearly complete library.  

 

How many clones are required?  

Let n be the size of the genome relative to a single cloned fragment. Thus, for the human genome 

(2.8 × 10
6
 kb) and an average cloned fragment size of 20 kb, n = 1.4 × 10

5
.  

 

The number of independent recombinants required in the library must be greater than n, because 

sampling variation will lead to the inclusion of some sequences several times and the exclusion 

of other sequences in a library of just n recombinants.  

 

Clarke and Carbon (1976) have derived a formula that relates the probability (P) of including 

any DNA sequence in a random library of N independent recombinants: 

 

 

 

 

Therefore, to achieve a 95% probability (P = 0.95) of including any particular sequence in a 

random human genomic DNA library of 20 kb fragment size:  
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Notice that a considerably higher number of recombinants is required to achieve a 99% 

probability, for here N = 6.5 × 105. 

 

How can appropriately sized random fragments be produced?  

Various methods are available.  

• Random breakage by mechanical shearing is appropriate because the average fragment 

size can be controlled, but insertion of the resulting fragments into vectors requires 

additional steps.  

• The more commonly used procedure involves restriction endonucleases. In the strategy 

devised by Maniatis et al. (1978)  

• the target DNA is digested with a mixture of two restriction enzymes.  

• These enzymes have tetranucleotide recognition sites, which therefore occur frequently in 

the target DNA and in a complete double-digest would produce fragments averaging less 

than 1 kb.  

• However, only a partial restriction digest is carried out, and therefore the majority of the 

fragments are large (in the range 10–30 kb). 

• Given that the chances of cutting at each of the available restriction sites are more or less 

equivalent, such a reaction effectively produces a random set of overlapping fragments.  

• These can be size-fractionated, e.g. by gel electrophoresis, so as to give a random 

population of fragments. 

 

5. Cloning of cDNA 

cDNA Library 

• A cDNA library is a population of bacterial transformants or phage lysates in which each 

mRNA isolated from an organism or tissue is represented as its cDNA insertion in a 

plasmid or a phage vector. 
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• The frequency of a specific cDNA in such a library would ordinarily depend on the 

frequency of the concerned mRNA in the tissue/organism in question. 

 

6.2.  Preparation of cDNA 

• cDNA is the copy or complementary DNA produced by using mRNA (usually) as a 

template. In fact, any RNA molecule can be used to produce cDNA.  

• DNA copy of an RNA molecule is produced by the enzyme reverse transcriptase (RNA 

dependent DNA polymerase; discovered by Temin and Baltimore in 1970) generally 

obtained from avian mycloblastosis virus (AMV).  

• This enzyme performs similar reactions as DNA polymerase, and has an absolute 

requirement for a primer with a free 3' -OH. 

• When eukaryotic mRNA is used as a template, a poly T oligonucleotide (more 

specifically, oligodeoxynucleotide) is conveniently used as the primer since these 

mRNAs have a poly-A tail at their 3' ends.  

• But special tricks are required to utilize primers for other RNAs, e.g., prokaryotic mRNA, 

rRNA, RNA virus genomes, etc. 

 

For example, a poly A tail may be added to 3' end of the RNA to make it analogous to eukaryotic 

mRNA (oligo-T is now used as primer); this reaction is catalyzed by the enzyme poly A 

polymerase. 

The appropriate oligonucleotide primer (oligo- T for eukaryotic mRNA) is annealed with the 

mRNA; this primer will base-pair to the 3'-end of mRNA. 

Reverse transcriptase extends the 3'-end of the primer using mRNA molecule as a template. This 

produces a RNA.DNA hybrid molecule, the DNA strand being the cDNA. 

The RNA strand is digested either by RNase H or alkaline hydrolysis; this frees the single-

stranded cDNA.  

• Curiously, the 3'-end of this cDNA serves as its own primer and provides the free 3'-OH 

required for the synthesis of its complementary strand; therefore, a primer is not required 

for this step. 
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• The complementary strand of cDNA single strand is synthesized by either the reverse 

transcriptase itself or by E. coli DNA polymerase; this generates a hairpin loop in the 

cDNA. The hairpin loop is cleaved by a single strand specific nuclease to yield a regular 

DNA duplex. 

 

6.3. Problems in cDNA Preparation 

• Usually the double strand cDNA preparations are always a mixture of different kinds of 

molecules due to problems in copying of the RNA and also because even highly purified 

mRNAs are never absolutely pure.  

• Physical and chemical methods are incapable of resolving these mixtures.  

• Therefore, the cDNA mixture itself is used for cloning and the desired cDNA is identified 

and isolated in pure form from the appropriate bacterial clone. 

 

6.4. Isolation of mRNA 

For isolation of mRNA, total RNA is first extracted from a suitable organism/tissue. The amount 

of desired mRNA in this sample is then increased by using one of the several procedures, some 

of which are listed below. 

1.Chromatography on poly U sepharose or oligo T cellulose enriches the reparation with mRNAs 

of all kinds. 

2. When the protein produced by a gene is known, it is purified and used to produce antibodies 

specific to it. These antibodies are used to precipitate the polysomes (mRNAs associated with 

ribosomes. and newly synthesized polypeptide chains), and the mRNA is isolated from them. 

3. Some genes are expressed only in specific tissues, e.g., seed storage proteins in developing 

seeds, chicken ovalbumin gene in oviduct, etc. Therefore, mRNA preparations from such tissues 

are exceptionally rich in the concerned mRNA or may even contain only this mRNA. 

Use of cDNA is absolutely essential when the expression of an eukaryotic gene is required in a 

prokaryote, e.g., a bacterium. This is because eukaryotic genes have introns, which must be 

removed from their transcripts to yield mature mRNA, and bacteria do not possess the enzymes 

necessary for removal of introns. 
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7. Transformation of rDNAs to host cell 

Transfer of rDNA into a suitable host cell is an important step in recombinant DNA technology 

looking for maintenance and expression of a foreign DNA in that cell. 

 The rDNA is safe in the cell and replicates independently of the chromosomal DNA of 

the cell.  While doing so, the desired foreign gene present in the rDNA expresses its characters in 

the host cell.  The host cell may be a bacterium or plant cell or animal cell.  The cell containing 

an rDNA is known as transformed cell or transformant or recombinant. 

 Scientists have developed several methods to transfer genes into different types of host 

cells.  The right method to be selected however depends on the type of gene cloning vector and 

nature of host cell, i.e. whether it is a bacterial cell or plant cell or animal cell.   

The rDNAs can be introduced into host cells by Transformation, Biolistics, Transduction, 

Electroporation, Transfection, Liposome fusion, Microinjection. 

1.1. Gene Transfer into Bacterial Cells 

 The rDNA can be delivered into the bacterial cells by Transformation, transduction and 

electroporation.  These methods are briefly described below. 

Transformation 

• Direct intake of DNA fragments in the medium by bacterial cells is called 

transformation.  This method was first adopted to transfer rDNA into E.coli cells by 

Mandell and Higa in 1979. 

• The ability of bacterial cells to intake DNAs from the medium is said to be competence.   

• Competence can be increased by physical or chemical treatment.   

• Competent bacterial cells can intake rDNAs with the size liss than 15 kbp from the 

culture. 

• To introduce rDNAs into E.coli cells, the rDNA is added to the bacterial culture and the 

culture is treated with 50mM calcium chloride (CaCl2) solution at room temperature.   

• CaCl2 adheres the rDNAs onto the surface of E.coli cells.   

• It modifies the bacterial cell wall to intake rDNAs.   

• The bacterila culture is then heated gently upto 42°C to induce E.coli cells to intake the 

rDNAs.   

• E.coli cells intake the rDNA and become recombinants. 
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• Transformation method is also used to transfer rDNA into Cyanobacteria, microalgae, 

yeast and fungi. 

Transduction 

• Introduction of a foreign DNA in to a bacterial cell through a genetically modified virus 

or bacteriophage is called transduction.  

• rDNAs of 38-50kbp size can be introduced into bacteria using this technique, but the 

bacteria should be the natural host of the virus. 

• Phage derived vectors and cosmids have two cos-sites, one on either  side of the DNA.  

• These two cos-sides help the DNA to get packed inside the protein coat of lamda phage . 

• The desired DNA is inserted into the viral vector DNA to construct an rDNA.  

• The rDNA is packed in the protein coat of virus to get infective recombinant virus 

particles.  

• When these virus particles are allowed to infect bacteria in a culture, the virus infects its 

rDNA into the bacterium.  

• Thus, the bacterium receives foreign DNA in the rDNA from virus infection. 

Electroporation 

• Electroporation is a process of changing the permeability of the cell membrane  of cells to 

uptake macromolecules or organelles in the medium. 

• Its is done with an electrical  instrument called electroporator. 

• The electroporation unit consists of an electroporator  creates electric current and sends it 

through the electrodes. 

• It generates 50-240 volts through the electrodes. the aluminium electrodes conduct the 

electric pluse through the medium in the cuvette. 

• The electrodes are fixed on the inner side of the cuvette. 

• The cuvette is a small vessel of 10-50 ml capacity made of plastic or glass. 

• The cell and DNA solution are mixed together and pipetted into the cuvette. 

• The electoporator is setup to produce a current of 50-240 volts for 1-10 minutes. 

• The electric current induces some permeability to the cell membrane and hence the cells 

uptakes the DNA from the medium. 
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• Electroporation is useful to transfer bacteria, fungi, plant cells and animal cells. The 

frequency of uptake can be increased by adding colcemid to the reaction mixture. To 

introduce rDNAs into E.coli cells an electric pulse of 2.5 kilo volt/cm is generated with the 

electrodes for 4.6 milliseconds. it is a rapid method to create more number of recombinants 

within a short time. 

 

1.2. Gene transfer in to plant cell 

A few important methods are available to delivered rDNA into plant cells and tissue.  

1. Transfection,  

2. electroporation,  

3. ultrasonication,  

4. partical bombardment,  

5. agro infection and  

6. liposome fusion.  

These methods are discussed below: 

Transfection 

• The direct intake of naked DNA from the culture medium by eukaryotic cells, is called 

transfection or direct transformation it is very similar to transformation in bacteria. 

Transfection takes place in plant cells and animal cell in vitro.  

• Transformation in eukaryotic cells refers to differentiation of normal cells into cancer cells. 

Hence the word transfection is used to explain the same process in eukaryotes.  

• young plants can uptake DNA fragments added to the neutrient solution by their route system. 

However, only a few cells get the DNA while most cells are been non-recombinants. Hence 

this method is not useful for gene manipulation. 

• J.Paszkovski et al. (1984) made the isolated protoplast of tobacco to uptake rDNA having 

kanamycin resistance gene ,from the culture medium.They used PEG to induce competence 

in the protoplast.  

• The protoplast took the rDNA from the medium and grew well in the medium containing  

kanamycin.  
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• The plants regenerate from the recombinants protoplast were resistant to kanamycin.this 

method provides the  rDNA to all cells of the plant. 

•  How ever , large DNAs cannot be introduced into plant cells by this method. 

 

Electoporation 

• Electoporation is a process of changing the permeability of cell membrance of cells to uptake 

macromolecules or organelles in medium. 

• It is done with an electrical instrument called electroporator. 

• The electroporation unit consist of an electroporator,  two aluminium electro and a cuvette.  

• The electroporator creates electric current and sends it through the electrodes. 

• It generates 50 to 240 volts through the electrodes.  

• The alliminium electrodes conduct the electric pulse through the medium into the cuvette. 

• The electrodes are fixed on the inner side of the cuvette. 

•  The cuvette is a small vessel of 10 to 50 ml capacity made of plastic or glass . 

•  The cell and DNA solution are mixed together and pipette into the cuvette. 

• The electroporator is set up to produce a current of 50 to 240 volts per 1 to 10 minutes. 

• The electric current induces some permeability to the cell membrane and hence the cells 

uptake the DNA from the medium. 

• Electroporation is useful to transform bacteria, fungi, plant cells and animal cells  

 

The rDNA and protoplast suspension are mixed together and kept in the cuvette. Then a single 

electric pulse of about 4 to 8 kilo volts/cm is generated between two electrodes for 4 to 5 milli 

seconds. The electric pulse forms transient pores in the cell membrane and makes it permeable to 

the rDNAs. 

 The protoplast uptakes one or more copies of rDNA from the suspension by pinocytosis. 

The protoplast can uptake rDNA of 3 to 140kbp size. 

 The frequency of uptake can be further increased by adding colcemid to the reaction 

mixture. 

Limitation 

1. Electroporation method cannot be adapted to introduce rDNAs into intact plants. 
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2. Animal cells are sensitive to electric treatment. 

3. If the electric strength is too strong ,plant protoplast may loose their viability. 

 

Ultrasonication 

• The method of subjecting plant cells to sound waves at the frequency of 20 to 35.1KHz is 

called as ultrasonication.  

• These ultrasonic waves cannot be audiable by human ears, but they do some changes on 

the surface of plant cells and cell membrane.  

• Ultrasonic waves are generated by electronic devices called ultrasonicator.  

• The ultrasonic method of gene delivery was discovered by wyber et al in 1999.  

• Ultrasonication method is employed in the delivery of desired genes into seedlings, 

cotyledons, leaflets, immature embryos, callus and embryogenic cell suspensions.  

• When a plant material is exposed to ultrasonic waves, the permeability of cell wall and 

plasma membrane is altered suitably as the cells uptake DNA or macromolecules. 

• Plant cell transformation using ultrasonication is easy and simple to perform in ordinary 

laboratory. However, sonication could cause cell damage and rupture which are not likely 

during plant transformation.  

• Hence, it is necessary to optimise the condition to facilitated uptake of DNA without 

damaging the cells.   

Mechanism of DNA uptake 

• Y.Leu et.al (2005) explained the mechanism of DNA uptake by cells during sonication.  

• When the cells are sonicated, the ultrasonic waves increases the temperature of the 

medium and produces acoustic cavitation of the cell surface.   

• This cavitation increases the permeability of the cell wall and cell membrane.   

• Meantime, the rate of mass transfer also increases in the medium.   

• This increased mass transfer activity forces the DNA or macromolecule towards the 

cavitation so that the DNA kit and penetrate the cell membrane to reach the cell.   

• Inside the cell, sonication is stopped the cell starts to regain its original structure by 

resynthesis of cell wall and membrane. 

Ultrasonicators 
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 Many types of ultrasonicators are available for plant transformation.   

Thay are of two types – Bath sonicators and probe sonicators. 

Bath sonicators 

• The bath sonicators are small automated cabinets equipped with ultra sound producing 

devices.  They can produce ultra sounds with wavelength upto 55KHz.   

• They are used to transform cotyledons, leaf tissues, shoot apex and meristem. 

Probe sonicators  

• The probe sonicator has one or two probes which produce ultrasonic waves.   

• This type of wavelengths upto 20KHz.   

• The probe sonicators are employed for the transformation of calli and cell suspensions.   

• Probe of the sonicator is inserted in the tube containing plant material and the machine is 

switched on to prodcuce ultrasound.   

• It needs less time of sonication than bath sonicator. 

 

Vessels for Sonication 

• Generally, borosilicate tubes (13x100nm) are preferred for the sonication of cotyledons 

and embryos in bath sonicators.   

• Leaf tissues, meristem, apices and seedlings are kept in polypropylene tubes (50 ml) for 

sonication  

 

Sonication 

• The plant material to be transformed is taken in a borosilicate tube containing liquid 

nutrient medium.   

• Then, probe of the ultrasonicator is placed on the surface of the medium at a fixed 

position.   

• This altered permeability makes the cells to uptake DNA from the medium. 

Duration of Sonication 

• Ultrasonication method has been used to deliver foreign genes into plants such as tobacco, 

wheat, sugar beet, maize, rice, etc.   

• Monocot, dicot and gymnosperm plants can be transformed with this method.  
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• The duration of sonication, however, varies depending on the plant specimen to be 

transformed in the experiment- 

• Plant cells/tissues are sonicated for 2 seconds to 5 minutes. 

• Cotyledons are sonicated for 1-300seconds. 

• Leaf tissues are sonicated for 10 to 60 seconds. 

• Shoot tips, apices and meristem are sonicated for 5 to 300 seconds. 

• Embryonic suspensions are sonicated for 5 to 120 seconds. 

• Seedlings are sonicated for 10 to 100 seconds. 

After this prescribed time point, the machine is switched off to stop sonication, 

 

Transformation: 

• The foreign gene is cloned in plasmid carrying genetic markers such as cat, nptII and 

Gus by using suitable restrication and DNA ligase.  

• The rDNA may be added to the plant material in the suspension before sonication or 

during sonication or after sonication.   

• The sonicated plant material intake the DNA from the solution to become transformed 

material in 1 hour. 

 

Particle bombardment gun method: 

• Shooting the plant or animal cells by DNA coated tungsten particle for getting DNAs into 

the cells, is called particle bombardment or biolistics.  

• This method is also called microprojectile bombardment. It is a suitable method for 

introducing rDNA into plant cells, fungal cells, animal cells and cell organells such as 

chloroplast and mitochondria. 

• The rDNA is mixed with tungsten or gold particles of 1 to 4 µm diameter and it is 

treated with CaCl2 or spermidine or PEG.  

• CaCl2 precipitates the rDNA on to the metal particles.  

• The DNA coated tungsten or gold particles are said to be microprojectiles.  
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• The microprojectiles are fired into the plant cells or animal cells with the speed of 300 to 

600 m/s(meter/sec) using an instrument called microprojectile gun or particle gun or 

shot gun.  

• Gun powder, helium or electric power is used to provide propelling force to the gun to 

guide the microprojectile into the cells. 

• The microprojectiles penetrate into the cell wall and cell membrane and deliver the rDNA 

into the cells.  

• The rDNAs get integerated with the cell DNA and hence recombinant cells are formed. 

• Biolistics can be adopted to introduce rDNA into intact plant cells having cell walls.  

• It is a useful method to trnansfer novel genes into immature embryos, embryonic calli, 

root sections and epidermal cells of many monocot and dicot plants. 

• Biolistics is an effective method to transfer rDNA into mammalian cells and organs.  

• The skin and ears of live forms are short with microprojectiles coated with rDNAs for 

getting the DNA into the cells. 

Pollen transformation through particle bombardment: 

• Delivery of rDNA into pollen grains using a particle bombardment gun is called pollen 

transformation.   

• Pollen grains do not intake naked DNAs from the culture by means of transfection 

because of the presence of thick pollen wall.   

• Again, gene transfer through callus transformation is time consuming and requires special 

tissue culture techniques and skilled persons.   

• Therefore, scientists have developed pollen transformation through particle bombardment 

gun to transfer desired genes to plants. 

 In 1997, Ramaiah and Skinner developed transgenic alfalfa plant by pollen 

transformation through particle bombardment.  This method involves the following steps: 

1. Mature pollen grains are collected from the flowers of alfalfa plant (Medicago sativa) by 

teasing the stamens with a needle.   

2. The pollen grains are kept in a test tube and the tube is kept on ice for 1 hour to reduce 

the metabolic activities of the pollens. 
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3. Then the pollen grains are kept suspended in 13% sucrose solution for 10 minutes.  The 

sucrose solution for 10 minutes.  The sucrose solution activates the pollen grains to start 

germination and it makes the pollen wall permeable to microprojectiles during 

bombardment. 

4. The desired DNA is cloned in pBI 121 plasmid using proper restriction enzyme and 

DNA ligase.  The pBI121 has GUS reporter gene as a genetic marker useful for screening 

the recombinants. 

5. The gene cloned PBI 121 is mixed with tungsten or gold particles 1-4µm diameter and 

CaCl2 precipitates the rDNA onto the metal particles to form DNA coated particles called 

microprojectiles. 

6. The microprojectiles are loaded in a particle bombardment gun. 

7. The pollen grains (in step 3) are place in a petridish and the microprojectiles are shoot 

into pollen by pressing the firing pin of the particle bombardment gun. 

8. The suspension containing the pollen grains are taken in a test tube is kept on ice for 1 hr. 

9. Then the suspension is centrifuged to remove the sucrose solution.  The pellet of pollen 

thus obtained is again suspended in 10%sucrose solution for 30minutes. 

10. After removing the sucrose solution, the pollen grains are taken on a fine brush and 

dusted on the tip of pistil of emasculated flower. The transformed pollens fertilize the 

eggs to form transformed seeds. 

11. Seeds are obtained from the artificially pollinated flowers and sown in separate rows to 

grow into seedlings in a green house. 

12. After 30days, the seedlings are tested for GUS activity to indicate transformants. To test 

GUS activity, protoplast isolated from each and every seedling and treated with 5-bromo 

4-chloro-3-indolyl-β-D-glucuronic acid. Protoplasts of trasformants become blue 

coloured during incubation. This can be observed by viewing the protoplasts under a 

microscope. 

13. The GUS positive seedlings are the genetically manipulated plants which give transgenic 

product. 

Nearly, 30% of seedling raised from the seeds give rise to transgenic plants  

while the others remain untransformed ones. The transformed plants retain GUS activity for ten 

generations and then it may decrease slowly. The reason for low GUS activity after ten 
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generations is that the plasmid may be lost spontaneously during repeated cell divisions. So 

transgenic plants raised through pollen transformation can only be maintained for about 10 

generations. 

 

Agroinfection    

• Transfer of foreign DNA to plant cells by Agrobacterium is called Agroinfection.  

• Agrobacterium cannot pick up recombinant Ti plasmid from the nutrient medium.  

• Therefore, the rDNA is introduced in to E.coli, it is transferred to Agrobacterium by three 

parental mating.  

• The resulting recombinant Agrobacteria are co-cultured with plant cells or tissues for two 

days.  

• During this time, the agrobacteria infects the plant cells and deliver their recombinant Ti 

plasmid in to the cells. 

• The T-DNA integared with the cell DNA and hence recombinant plant cells are formed.  

• After proper selection and screening , plants are regenerated from the recombinant cells. 

Limitation 

Argoinfection takes place only in dicot plants.  

 

Liposome fusion  

• Liposomes are small spherical vesilces made of phospholipids.  

• The rDNA to be delivered into plant cell is entrapped in liposomes which are then 

allowed to fuse with protoplast of that plant cell using PEG.  

• When the liposome fuses with the cell membrane of the plant proptoplast, the rDNA 

contained in it is delivered into the protoplasm of the cell.  

• Several genes cloned in plasmid vectors have been transferred to protoplast of carrot, 

tobacco,petunia, tomato, etc.  by using liposomes.  

Gene transgferred through liposome fusion has following advantages 

• Liposomes do not show any toxicity to protoplst. 

• They protect the rDNA from the cellular nuclease enzyme. 

• The rDNA can be stored in liposome for a long time. 
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• Liposomes can be used for different types of cells.  

• Preparation of liposomes with rDNAs is easy. 

•  Risk potential is very low. 

 

1.3. Gene transfer into animals 

• The rDNA can be delivered into animal cells by  

transduction,  

electroporation,  

particle bombardment,  

retiroviral method   

microinjection.  

These methods are discussed below : 

Transduction  

• The direct intake of naked DNA from the culture mediumby eukaryotic cells, is called 

transfection.  

• It is very similar to transformation in bacteria.  

• Transfection takes place in plant cells and animal cells invitro.  

• Foreign DNA can be introduced directly into animal cells and organs by transfection. 

Example –He La cells, leukaemia L1210 cells, liver cells, lymphocytes, oocytes of 

mammals and vertebrates. 

• The DNA is dissolved in phosphate buffer. Then calcium chloride solution is added. 

• This leads to the formation of calcium phosphate. 

• it combines with DNA to form calcium phosphate DNA precipitate. 

• This precipitate is added to the cells. The precipitate particles adhere with the cell surface. 

• The cell engulfs the particles with (DNA) by phagocytosis. 

• The DNA, entering the cell, is integerated with the cells genome. 

 

Liposome mediated gene transfer 

• The liposome is a small spherical vesicle made of phosphor lipids. It is used to transfer 

genes to animal cells.  
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• It is formed when a lipid is agitated with water. It contains many concentric layers of 

phosphor lipids. 

• In the liposome. Polar heads face outward and the non polar tail face to the centre. If 

there is more than one lipid layer, the adjacent layers are separated by water layer.  

• The size of the liposomes varies from 25nm to a few microns in diameter.  

• Ribosomes fuses with cell membrane and discharges its contents int the cell. Hence it is 

used as a gene transfer system.  

• The rDNA, water and phosphatidyl choline are mixed together in a test tube and the tube 

is shaken well.  

• During this process, the lipid bilayers develop around the rDNA present in water and 

form a liposome. In the liposome in the tube are added to a culture of animal cells.  

• Liposomes fuse with cell membrane and discharge their contents into the cells.  

• The rDNA present in the contents integrates with the cell DNA.  

• However, the DNA may be destroyed in the cytoplasm before reaching the nuclease. 

• The safe delivery of rDNA into the nuclease, the liposome is impregnated with some 

nuclear proteins and then another lipid layer is developed around it.  

• The outer lipid layer fuses with the cell membrane and the rest is released into the cell.  

• As the inner lipid layer has nucleoprotein,cellular enzyme do not attach it .  

• The inner lipid layer fuses with nuclear membrane and discharges its contents into the 

nucleus. 

• The frequency of liposome fusion can be increased by adding addition of polyethylene 

glycol(PEG) . 

• Liposomes are also used to deliver certain drugs or rDNAs or enzymes in to cells of 

particular organs. 

Advantages of liposome    

• Any large DNA can be delivered into the cells using liposomes.  

• Liposomes never disrupts the integrity of cells. 

• They protect foreign DNAs from cellular nuclease enzymes. 

• Liposomes with desired properties can be made by impregnating them with specific 

proteins. Liposomes never ineterfere with the human system. 
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Particle bombardment (Biolistics) 

• Shooting the plant or animal cells by DNA coated gold or tungsten particles for 

introducing DNA into the cells is called particle bombardment or biolistics. 

• This method is also called as microprojectile bombardment. 

• By this method rDNA can be introduced in to plant cells, fngal cells, animal cells and cell 

organelles such as chloroplast and mitochondria. 

• In this method ,no vector is introduced  in to the rDNA in to the cells.The rDNA is 

literally shot in to cells. 

• The instrument used to shoot the DNA in to cell are called gene gun or microprojectile 

gun 

• The gene gun is doing the work of vector. 

 

The gene gun consists of following components 

o Gas acceleration tube  

o Firing pin 

o A blank charger 

o Macro projectile 

o Micro projectile 

o Stopping screen 

o Target cell 

• All these components are enclosed in a vaccum chamber. 

• The rDNA is mixed with tungsten or gold particle of microscopic size and it is treated 

with CaCl2 or spermidine or PEG.  

• CaCl2 precipitate the rDNA on to the metal particles.  

• The rDNA coated tungsten or gold particle said to be microprojectile. 

• The microprojectiles are positioned on a holder about 5 cm above the cells, within the 

chamber of the gun.  
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• The chamber is sealed and helium gas is pumped into a small compartment situated 

above the gold particles.  

• Once a predetermined pressure is reached, the gas is released and the gold particles are 

shot into the cells. 

• The gold particle acts as bullets, penetrating the cells wall and delivering the rDNA into 

the cells, interior. 

• The microprojectiles are fired in to the plant cells or animal cells with the speed of 300-

600 m/s usimg the gene gun. 

• Gun powder, pressurized helium gas or electric  power  is used to provide propelling 

force for the gun to drive the microprojectiles into the cells. 

•  The rDNA  gets intergrated with the cell DNA and hence recombinant cells are formed. 

• Biolistics can be adopted to introduce rDNA into intact plant cell having cell walls. 

• It is a useful method to transfer novel ganes into immature embryos, embryonic calli, root 

section and epidermal cells of many monocot and dicot plants. 

• Biolistics is an effective method to transfer rDNAs into mammalian cells and organs. 

• The skin and ears of live mouse are shot with microprojectiles coated with rDNAs for 

getting the DNAs into the  cells. 

 

Virus vector method  

• Introduction of foreign DNA into eggs with the help of a retrovirus vector is rectroviral 

infection. 

• Small foreign genes, less than 8 kbp, can be transferred to receipt cells through retrovirus 

vector. Murine leukaemia virus(MuLV) is the most common retrovirus used to introduce 

genes into animal cells. 

• The rDNA is constructed and introduced into a mouse cell line by using calcium 

phosphate mediated transfection. 

•  The cell line is then infected with a mutent MuLVwhich has no signal for invivo 

packaging. 

• RNA of the helper virus produces vbiral capsid.  
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• The rDNA produces recombinant viral RNA. The latter gets package in the viral capsid 

to form infective recombinant MuLV particles 

• Eggs of mouse are collected and fertilized invitro to produce zygotes. On reaching 8-

celled stage ,the mouse embryos are infected eith the recombinant MuLV.  Inside the 

infected cell the recombinant RNA is reverse transcriped into double stranded DNA. The 

DNA intagates with the cel DNA and hence recombinant cells are formed.thus , the virus 

delivers the rDNA into the animal cells. 

• The mouse embryos are then transferred to a medium containing neomycin . The 

embryos has recombinants cells alone survive in the medium and the others die. 

Non viral method or microinjection  

• Microinjection refers to injection of DNAs or cell organelles directly in to cell using  a 

injection needle. 

• By this method DNAs, RNAs, proteins or cell organelles into animal cells, eggs, zygotes  

and plant protoplast.  

• A Sterioscopic dissecting microscope, Micropipette,  Injection is needed.  

• A Fertilized egg is transferred on to microscopic slide under the microscope. The cell is 

held in position using a sucking pipette. One end of sucking pipette is positioned on the 

surface of cell and a gentle suction pressure is applied on its other end.  

• The rDNA is sucked into the glass injection needle. It is gently inserted into the zygote 

by viewing through the microscope.  

• The rDNA is delivered into the zygote and the needle is drawn back carefully.  

• The rDNA gets integrated onto the needle of the zygote.  

• The microinjected embryos are cultured in-vitro upto the morula or blastocyst stage and 

then implanted into a female to produce transgenic organism.  

• The surviving embryos are transferred into the uterus of a surrogate mother. These 

embryos develop into transgenic mice. 

Limitations: 

1. rDNAs can be microinjected only intoa few cells at time. 

2. Microinjection needs technical skill experienced workers. 

It needs a micropanipulator. 
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Screening and expression of rDNA 

1. Identification of the Desired Clone 

Identification of the bacterial colony containing the desired DNA fragments from among those 

making up the library. 

1.1. Screening strategies 

The identification of a specific clone from a DNA library can be carried out by  

• exploiting the sequence of the clone  

• the structure/function of its expressed product.  

Exploiting the sequence of the clone  

• applies to any type of library, genomic or cDNA, and  

• can involve either nucleic acid hybridization or the PCR.  

 

1.2. Sequence-dependent screening  

methods are 

1. Screening by hybridization 

2. Chromosome walking 

3. Screening by PCR 

1.2.1. Screening by hybridization 

Nucleic acid hybridization is the most commonly used method of library screening because  

• it is rapid,  

• it can be applied to very large numbers of clones and, in the case of cDNA libraries,  

• can be used to identify clones that are not full-length (and therefore cannot be expressed). 

Grunstein and Hogness (1975) developed a screening procedure  

• to detect DNA sequences in transformed colonies by hybridization in situ with 

radioactive RNA probes.  

• Their procedure can rapidly determine which colony among thousands contains the target 

sequence.  

1. The colonies to be screened are first replica-plated on to a nitrocellulose filter disc that 

has been placed on the surface of an agar plate prior to inoculation (Fig).  

2. A reference set of these colonies on the master plate is retained.  
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3. The filter bearing the colonies is removed and treated with alkali so that the bacterial 

colonies 

are lysed and the DNA they contain is denatured. 

4. The filter is then treated with proteinase K to remove protein and leave denatured DNA 

bound to the nitrocellulose, for which it has a high affinity, in the form of a ‘DNA print’ 

of the colonies.  

5. The DNA is fixed firmly by baking the filter at 80°C.  

6. The defining, labelled RNA is hybridized to this DNA and the result of this hybridization 

is monitored by autoradiography.  

7. A colony whose DNA print gives a positive autoradiographic result can then be picked 

from the reference plate. 

 

Grunstein–Hogness method for detection of recombinant clones by colony hybridization 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Benton and Davis (1977) devised a method called plaque lift, in which  
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1. the nitrocellulose filter is applied to the upper surface of agar plates, making direct 

contact between plaques and filter.  

2. The plaques contain phage particles, as well as a considerable amount of unpackaged 

recombinant DNA.  

3. Both phage and unpackaged DNA bind to the filter and can be denatured, fixed and 

hybridized.  

Advantages  

• several identical DNA prints can easily be made from a single-phage plate:  

• this allows the screening to be performed in duplicate,  

• increased reliability,  

• allows a single set of recombinants to be screened with two or more probes.  

The Benton and Davis (1977) procedure is the most widely applied method of library screening, 
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successfully applied in thousands of laboratories to the isolation of recombinant phage by nucleic 

acid hybridization.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In place of RNA probes, DNA or synthetic oligonucleotide probes can be used.  

A number of alternative labelling methods are also available that avoid the use of radioactivity.  

These methods involve the incorporation of chemical labels into the probe, such as 

digoxigenin or biotin, which can be detected with a specific antibody or the ligand 

streptavidin, respectively. 

 

Hybridization probes & Labelling  

DNA and RNA probes 
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• In molecular biology, a hybridization probe is a fragment of DNA or RNA of variable 

length (usually 100-1000 bases long), which is used in DNA or RNA samples to detect 

the presence of nucleotide sequences (the DNA target) that are complementary to the 

sequence in the probe.  

• The probe thereby hybridizes to single-stranded nucleic acid (DNA or RNA) whose base 

sequence allows probe-target base pairing due to complementarity between the probe and 

target.  

• The labeled probe is first denatured (by heating or under alkaline conditions such as 

exposure to sodium hydroxide) into single stranded DNA (ssDNA) and then hybridized 

to the target ssDNA (Southern blotting) or RNA (northern blotting) immobilized on a 

membrane or in situ. 

• To detect hybridization of the probe to its target sequence, the probe is tagged (or labelled) 

with a molecular marker of either radioactive or (more recently) fluorescent molecules; 

commonly used markers are 
32

P (a radioactive isotope of phosphorus incorporated into 

the phosphodiester bond in the probe DNA) or Digoxigenin, which is non-radioactive 

antibody-based marker.  

• DNA sequences or RNA transcripts that have moderate to high sequence similarity to the 

probe are then detected by visualizing the hybridized probe via autoradiography or other 

imaging techniques. Normally, either X-ray pictures are taken of the filter, or the filter is 

placed under UV light.  

• Detection of sequences with moderate or high similarity depends on how stringent the 

hybridization conditions were applied — high stringency, such as high hybridization 

temperature and low salt in hybridization buffers, permits only hybridization between 

nucleic acid sequences that are highly similar, whereas low stringency, such as lower 

temperature and high salt, allows hybridization when the sequences are less similar.  

Hybridization probes used in DNA microarrays refer to DNA covalently attached to an inert 

surface, such as coated glass slides or gene chips, and to which a mobile cDNA target is 

hybridized. 
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Depending on the method the probe may be synthesized using phosphoramidite method or 

generated and labeled by PCR amplification or cloning (older methods).  

In order to increase the in vivo stability of the probe RNA is not used, instead RNA analogues 

may be used, in particular morpholino. Molecular DNA- or RNA-based probes are now routinely 

used in screening gene libraries, detecting nucleotide sequences with blotting methods, and in 

other gene technologies like microarrays. 

Probe design 

A great advantage of hybridization for library screening is that it is extremely versatile.  

In hybridization is very stringent conditions can be used 

• so that only sequences identical to the probe are identified. 

• This is necessary, for example, to identify genomic clones corresponding to a specific 

cDNA or to identify overlapping clones in a chromosome walk. 

Alternatively, less stringent conditions can be used  

• to identify both identical and related sequences. 

• This is appropriate where a probe from one species is being used to isolate a homologous 

clone from another species.  

Probes corresponding to a conserved functional domain of a gene may also cross-hybridize with 

several different clones in the same species at lower stringency, and this can be used to identify 

members of a gene family.  

Hybridization thus has the potential to isolate any sequence from any library if a probe is 

available.  

If a suitable DNA or RNA probe cannot be obtained from an existing cloned DNA,  

• an alternative strategy is to make an oligonucleotide probe by chemical synthesis. 

• This requires some knowledge of the amino acid sequence of the protein encoded by the 

target clone. 

 

1.2.2. Chromosome walking 

• The principle of chromosome walking is that overlapping clones will hybridize to each 

other, allowing them to be assembled into a contiguous sequence.  
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• This can be used to isolate genes whose function is unknown but whose genetic location 

is known, a technique known as positional cloning. 

To begin a chromosome walk, it is necessary to have in hand a genomic clone that is known to 

lie very close to the suspected location of the target gene. 

For example - In humans,  

• this could be a restriction fragment length polymorphism that has been genetically 

mapped to the same region.  

• This clone is then used to screen a genomic library by hybridization, which should reveal 

any overlapping clones. 

• These overlapping clones are then isolated, labeled and used in a second round of 

screening to identify further overlapping clones,  

• and the process is repeated to build up a contiguous map.  

 

1.2.3. Screening by PCR 

The PCR is widely used to isolate specific DNA sequences from uncloned genomic DNA or 

cDNA, but it also a useful technique for library screening. 

As a screening method,  

• PCR has the same versatility as hybridization, and the same limitations.  

• It is possible to identify any clone by PCR but only if there is sufficient information about 

its sequence to make suitable primers. 

To isolate a specific clone, PCR is carried out with gene-specific primers that flank a unique 

sequence in the target.  

• Instead of plating the library out on agar, as would be necessary for screening by 

hybridization, pools of clones are maintained in multiwell plates.  

• Each well is screened by PCR and positive wells are identified.  

• The clones in each positive well are then diluted into a series in a secondary set of plates 

and 

• screened again.  

• The process is repeated until wells carrying homogeneous clones corresponding to the 

gene of interest have been identified. 
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There are also several applications where the use of dege nerate primers is favourable.  

• A degenerate primer is a mixture of primers, all of similar sequence but with variations at 

one or more positions.  

• This is analogous to the use of degenerate oligonucleotides as hybridization probes, and 

the primers are synthesized in the same way.  

• A common circumstance requiring the use of degenerate primers is when the primer 

sequences have to be deduced from amino acid sequences (Lee et al. 1988).  

• Degenerate primers may also be employed to search for novel members of a known 

family of genes or to search for homologous genes between species.  

 

2. Exploitation of structural or functional property of the clone  

Screening expression libraries - (expression cloning) 

If a DNA library is established using expression vectors, each individual clone can be expressed 

to yield a polypeptide.  

Expression libraries are useful because they allow a range of alternative techniques to be 

employed, each of which exploits some structural or functional property of the gene product.  

This can be important in cases where  

• the DNA sequence of the target clone is completely unknown and  

• there is no strategy available to design a suitable probe or set of primers. 

 

Methods of screening are – 

1. Immunological screening 

2. South-western and north-western screening 

3. Screening with alternative ligands 

 

2.1. Immunological screening 

Immunological screening involves the use of antibodies that specifically recognize antigenic 

determinants on the polypeptide synthesized by a target clone.  

• This is one of the most versatile expression cloning strategies, because it can be applied 

to any protein for which an antibody is available.  
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• The molecular target for recognition is generally an epitope, a short sequence of amino 

acids that folds into a particular three-dimensional conformation on the surface of the 

protein.  

• Epitopes can fold independently of the rest of the protein and therefore often form even 

when the polypeptide chain is incomplete or when expressed as a fusion with another 

protein.  

• Importantly, many epitopes can form under denaturing conditions, when the overall 

conformation of the protein is abnormal. 

 

The first immunological screening techniques were developed in the late 1970s, when 

expression libraries were generally constructed using plasmid vectors.  

- The method of Broome and Gilbert (1978) was widely used at the time.  

This method exploited the fact that antibodies adsorb very strongly to certain types of plastic, 

such as polyvinyl, and that IgG antibodies can be readily labelled with 125I by iodination in vitro.  

1. As usual, transformed cells were plated out on Petri dishes and allowed to form 

colonies.  

2. In order to release the antigen from positive clones, the colonies were lysed, e.g. using 

chloroform vapour or by spraying with an aerosol of virulent phage (a replica plate is 

required because this procedure kills the bacteria).  

3. A sheet of polyvinyl that had been coated with the appropriate antibody was then 

applied to the surface of the plate, allowing antigen–antibody complexes to form.  

4. The sheet was then removed and exposed to 125I-labelled IgG specific to a different 

determinant on the surface of the antigen (i.e. a determinant not involved in the initial 

binding of the antigen to the antibody-coated sheet (Fig. 6.1 4)).  

5. The sheet was then washed and exposed to X-ray film.  

6. The clones identified by this procedure could then be isolated from the replica plate. 

7. ‘sandwich’ technique is applicable only where two antibodies recognizing different 

determinants of the same protein are available.  

8. However, if the protein is expressed as a fusion, antibodies that bind to each component 

of the fusion can be used, efficiently selecting for recombinant molecules. 
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• it is much more convenient to use bacteriophage-λ insertion vectors, because these have 

a higher capacity and the efficiency of in vitro packaging allows large numbers of 

recombinants to be prepared and screened. 

• Immunological screening with phage-λ cDNA libraries was introduced by Young and 

Davies (1983) using the expression vector λgt11, which generates fusion proteins with 

β-galactosidase under the control of the lac promoter. 

 

In the original technique,  

screening was carried out using colonies of induced lysogenic bacteria, which required the 

production of replica plates, as above.  

A simplification of the method is possible by directly screening plaques of recombinant phage.  

In this procedure (Fig), 

1. the library is plated out at moderately high density (up to 5 x 10
4
 plaques/ cm2 plate), 

with E. coli strain Y1090 as the host.  

2. This E. coli strain overproduces the lac repressor and ensures that no expression of 

cloned sequences (which may be deleterious to the host) takes place until the inducer 

isopropyl-β--thiogalactoside (IPTG) is presented to the infected cells.  

3. Y1090 is also deficient in the lon protease, hence increasing the stability of recombinant 

fusion proteins.  

4. Fusion proteins expressed in plaques are absorbed on to a nitrocellulose membrane 

overlay, and this membrane is processed for antibody screening. 

5. When a positive signal is identified on the membrane, the positive plaque can be picked 

from 

6. the original agar plate (a replica is not necessary) and the recombinant phage can be 

isolated. 

 

The original detection method using iodinated antibodies has been replaced by more convenient 

methods using non-isotopic labels, which are also more sensitive and have a lower background 

of nonspecific signal.  
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• Generally, these involve the use of unlabelled primary antibodies directed against the 

polypeptide of interest, which are in turn recognized by secondary antibodies carrying an 

enzymatic label. 

• As well as eliminating the need for isotopes, such methods also incorporate an 

amplification step, since two or more secondary antibodies bind to the primary antibody.  

Typically, the secondary antibody recognizes the species-specific constant region of the primary 

antibody and is conjugated to either horseradish peroxidase or alkaline phosphatase,  each of 

which can in turn be detected using a simple colorimetric assay carried out directly on the 

nitrocellulose filter. 

• Polyclonal antibodies, which recognize many different epitopes, provide a very sensitive 

probe for immunological screening, although they may also cross-react to proteins in the 

expression host.  
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• Monoclonal antibodies and cloned antibody fragments can also be used, although the 

sensitivity of such reagents is reduced because only a single epitope is recognized. 

2.2. South-western and north-western screening 

A closely related approach to immunochemical screening has been used for the screening and 

isolation of clones expressing sequence specific DNA-binding proteins.  

Procedure 

1. a plaque lift is carried out to transfer a print of the library on to nitrocellulose membranes.  
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2. the screening is carried out, without using an antibody, by incubating the membranes 

with a radiolabelled double stranded DNA oligonucleotide probe, containing the 

recognition sequence for the target DNA-binding protein.  

3. This technique is called south-western screening, because it combines the principles of 

Southern and western blots.  

4. It has been particularly successful in the isolation of clones expressing cDNA sequences 

corresponding to certain mammalian transcription factors. 

 

Limitation of this technique is that, 

• since individual plaques contain only single cDNA clones, transcription factors that 

function only in the form of heterodimers or as part of a multimeric complex do not 

recognize the DNA probe and the corresponding cDNAs cannot be isolated.  

• the procedure can also be successful only in cases where the transcription factor remains 

functional when expressed as a fusion polypeptide. 

 

More recently, a similar technique has been used to isolate sequence specific RNA-binding 

proteins, in this case using a single-stranded RNA probe.  

By analogy to the above, this is termed north-western screening and has been successful in a 

number of cases  

 

2. 3. Screening with alternative ligands 

• As well as DNA and RNA, a whole range of alternative ‘ligands’ can be used to identify 

polypeptides that specifically bind certain molecules (for example, as an alternative to 

south-western screening).  

• Such techniques are not widely used because they generally have a low sensitivity and 

their success depends on the preservation of the appropriate interacting domain of the 

protein when exposed on the surface of a nitrocellulose filter.  

• the yeast two-hybrid system and its derivatives provide versatile assay formats for many 

specific types of protein–protein interaction, with the advantage that such interactions are 
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tested in living cells, so the proteins involved are more likely to retain their functional 

interacting domains. 

 

3. Basic techniques in screening recombinat DNA 

3.1. Agarose gel electrophoresis 

o The progress of the first experiments on cutting and joining of DNA molecules was 

monitored by velocity sedimentation in sucrose gradients. However, this has been entirely 

replaced by gel electrophoresis. 

o Gel electrophoresis is not only used as an analytical method, it is routinely used 

preparatively for the purification of specific DNA fragments.  

o The gel is composed of polyacrylamide or agarose.  

• Agarose is convenient for separating DNA fragments ranging in size from a few hundred 

base pairs to about 20 kb.  

• Polyacrylamide is preferred for smaller DNA fragments. 

o The migration of the DNA molecules through the pores of the matrix must play an 

important role in molecular-weight separations since the electrophoretic mobility of DNA in 

free solution is independent of molecular weight.  

o An agarose gel is a complex network of polymeric molecules whose average pore 

size depends on the buffer composition and the type and concentration of agarose used.  

o DNA movement through the gel was originally thought to resemble the motion of 

a snake (reptation).  

o DNA molecules display elastic behaviour by stretching in the direction of the 

applied field and then contracting into dense balls.  

o The larger the pore size of the gel, the greater the ball of DNA which can pass 

through and hence the larger the molecules which can be separated.  

o Once the globular volume of the DNA molecule exceeds the pore size, the DNA 

molecule can only pass through by reptation.  

o This occurs with molecules about 20 kb in size and it is difficult to separate 

molecules larger than this without recourse to pulsed electrical fields. 
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o The bands of DNA in the gel are stained with the intercalating dye ethidium 

bromide and as little as 0.05 µg of DNA in one band can be detected as visible fluorescence 

when the gel is illuminated with ultraviolet light.  

o In addition to resolving DNA fragments of different lengths, gel electrophoresis 

can be used to separate different molecular configurations of a DNA molecule.  

o Gel electrophoresis can also be used for investigating protein–nucleic acid 

interactions in the so-called gel retardation or band shift assay.  

o It is based on the observation that binding of a protein to DNA fragments usually 

leads to a reduction in electrophoretic mobility.  

o The assay typically involves the addition of protein to linear double-stranded 

DNA fragments, separation of complex and naked DNA by gel electrophoresis and 

visualization.  

o Marker DNA fragments of known sizes are run in a separate lane; this permits an 

accurate determination of the size of an unknown DNA molecule by interpolation. 

The gels are stained with the intercalcating dye ethidium bromide which, gives visible 

fluorescence on illumination of the gel with UV light; as little as 0.05 µg of DNA in one 

band can be detected by using this dye.  

 

3.2. Nucleic acid blotting 

Nucleic acid labelling and hybridization on membranes have formed the basis for a range of 

experimental techniques central to recent advances in our understanding of the organization 

and expression of the genetic material.  

These techniques may be applied in the isolation and quantification of specific nucleic acid 

sequences and in the study of their organization, intracellular localization, expression and 

regulation.  

A variety of specific applications includes the diagnosis of infectious and inherited disease. 

Blotting describes the immobilization of sample nucleic acids on to a solid support, generally 

nylon or nitrocellulose membranes.  

The blotted nucleic acids are then used as ‘targets’ in subsequent hybridization experiments. The 

main blotting procedures are: 
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3.2.1. Southern Hybridization  

The name of this technique is derived from the following: 

(1) the name of its inventor, E.M. Southern, and 

(2) the DNA-DNA hybridization that forms its basis. It is also called Southern blotting since the 

procedure for transfer of DNA from the gel to the nitrocellulose filter resembles blotting. 

1. This technique has since been extended to the analysis of RNA (northern blotting) and 

proteins (western blotting); these names are only jargon terms, i.e., reverse of Southern being 

northern and so on, and do not reflect any functional or historical significance. 

2. This approach is useful when few DNA fragments with considerable length differences 

are to be separated and studied. This approach also separates the closed circular (supercoiled), 

nicked (relaxed) and linear configurations of a single DNA molecule. 

3. In many situations, it is critical to detect and identify DNA fragments in a sample that are 

complementary to a given DNA sequence, e.g., to demonstrate the presence of the gene in 

question in transgenics, to detect and stuty RFLP (restriction fragment length polymorphism), 

etc.  

 

In Southern hybridization, a sample of DNA containing fragments of different sizes is subjected 

to electrophoresis using either polyacrylamide or agarose gel.  

The DNA sample may either be subjected to mechanical shearing or to restriction endonuclease 

digestion in order to generate the fragments. 

 

This is achieved by Southern hybridization in which the following steps are performed. 

1. The restriction fragments of DNA present in agarose gel (after electrophoresis) are 

denatured into single-stranded form by alkali treatment. 

2. They are then transferred onto a nitrocellulose filter membrane; this is done by placing the 

gel on top of a buffer saturated filter paper, then laying the nitrocellulose filter membrane 

on the top of gel, and finally placing some dry filter papers on top of this membrane.  

The buffer moves, due to capillary action, from the bottom filter paper through the gel 

carrying with it the denatured DNA present in the gel; the DNA becomes trapped in the 

nitrocellulose membrane as the buffer phases through it. This process is known as 

blotting and takes several hours to complete. The relative positions of the bands on the 
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membrane remain the same as those in the gel and there is a minimal loss in their 

resolution (sharpness). 

3. The nitrocellulose membrane is now removed from the blotting stack, and the DNA is 

permanently immobilized on the membrane by baking it at 80°C in vacuo. 

4. Single-stranded DNA has a high affinity for nitrocellulose filter membrane. (Note that 

RNA lacks this affinity). Therefore, the baked membrane is treated, with a solution 

containing 0.2% each of Ficoll (an artificial polymer of sucrose), polyvinylpyrrolidon and 

bovine serum albumin; this mixture is often supplemented with an irrelevant nucleic acid, 

e.g., tRNA (pretreatment).  

This treatment prevents nonspecific binding of the radioactive probe (to be used in the 

next step) probably by attaching macromolecules to all the free binding sites on the 

membrane. Often the above mixture is included in the hybridization reaction itself. 

5. The pretreated membrane is placed in a solution of radioactive, single-stranded DNA or an 

oligodeoxynucleotide (a DNA segment having few to several nucleotides) called probe. 

The name probe signifies the fact that this DNA molecule is used to detect and identify 

the DNA fragment in the gel/membrane that is complementary to the probe.  

The conditions during this step are chosen so that the probe hybridizes with the 

complementary DNA on the membrane to the greatest extent with a low nonspecific 

binding on the membrane; this step is known as hybridization reaction. 

Usually, the initial hybridization reaction is carried out under conditions of relatively low 

stringency of hybridization to permit a high rate of hybridization; this is followed by a 

series of post hybridization washes of increasing stringency, i.e., higher temperature or, 

more commonly, lower ionic strength, with a view to eliminate the pairing of radioactive 

probe to related sequences and to allow only perfectly complementary pairing. 

6. After the hybridization reaction, the membrane is washed to remove the unbound probes. 

7. The membrane is now placed in close contact with an X-ray film and incubated for a 

desired period to allow images due to the radioactive probes to be formed on the film. 

The film is then developed to reveal distinct band(s) indicating positions in the gel of the 

DNA fragments that are complementary to the radioactive probe used in the study. 

 

It should be kept in mind that electrophoresis of sheared or restricted DNA produces a 
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smear in which the fragments are distributed in a continuum according to their size, and 

there are no distinct bands. The distinct bands are produced by the hybridization reaction 

of the selected probe with one or few fragment sequences present in the gel.  

 

The Southern blotting technique is extremely sensitive. It can be used to map the restriction sites 

around a single copy gene sequence in any genome (even of man). It is used for DNA 

fingerprinting, preparation of RFLP maps, detection and identification of the transferred genes in 

transgenic individuals, etc. 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

Recently some new membrane materials, e.g., nylon membranes, have been developed which 

have the following advantageous features:  

(1) They are physically robust in comparison to nitrocellulose filter membranes, 

(2) both DNA and RNA become cross-linked to them by a brief exposure to UV light, which 

(3) saves the time needed for baking in vacuo in the case of nitrocellulose membranes, and 
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(4) the same membrane blot, e.g., a membrane onto which DNA/RNA has been transferred 

from a gel and cross-linked by UV exposure, can be used for search with more than one 

probe after removing the earlier probe by high temperature washing or some other 

denaturing procedure; in other words, the nylon membranes are reusable. 

 

3.2.2. Northern Hybridization - In this technique,  

RNAs are separated by gel electrophoresis, the RNA bands are transferred onto a suitable 

membrane, e.g., diazobenzyloxymethyl (DBM) paper or nylon membranes, and immobilized; the 

bands are hybridized with radioactive single stranded DNA probes, and the bands showing 

hybridization are detected by autoradiography. 

 

Clearly, northern blotting/hybridization is simply an extension of the Southern blotting technique. 

The two techniques, however, show the following differences: 

 

(1) in Southern hybridization, DNA is separated by gel electrophoresis, while in northern 

blotting RNAs are separated;  

(2) as a result, in Southern hybridization DNA has to be denatured before blotting, while this step 

is not needed in northern hybridization;  

(3) nitrocellulose membrane is generally not used for northern, while it is often used for Southern 

hybridization; and finally 

(4) hybridization with the probe produces DNA: DNA hybrid molecules in Southern 

hybridization but RNA : DNA molecules in northern hybridization. 

 

Initially, specially prepared paper (diazobenzyloxymethyl, DBM, paper prepared by 

diazotization of aminobenzyloxymethyl paper) was used for northern blotting since RNA did not 

bind to nitrocellulose membrane. RNA becomes covalently bound to DBM paper due to which 

these blot transfers are reusable. 

DBM is also equally effective in binding to denatured DNA, and is more efficient than 

nitrocellulose in binding to small DNA fragments. Recently developed nylon membranes have 
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superceded the use of DBM paper as they are robust, reusable and bind (by cross linking) to 

RNA on a brief exposure to UV light.  

 

Northern hybridization is useful in the identification and separation of the RNA that is 

complementary to a specific DNA probe; this is a sensitive test for the detection of transcription 

of a DNA sequence that is used as probe. 

3.2.3. Western Blotting - In western blotting,  

proteins are electrophoresed in polyacrylamide gel, transferred onto a nitrocellulose or nylon 

membrane (to which they bind strongly), and the protein bands are detected by their specific 

interaction with antibodies, lectins or some other compounds. The various steps of this technique 

are briefly described below. 

1. Protein bands are separated by polyacrylamide gel electrophoresis. 

2. The protein bands are transferred onto a nitrocellulose or nylon membrane; initially this 

was achieved by a capillary movement of buffer similar to Southern blotting (capillary 

blotting), but nowadays it is usually done by electrophoresis (electrophoretic blotting). 

Electrophoresis has been applied for the blotting step in Southern and northern hybridizations as 

well; in such 'cases buffer of low ionic strength (to avoid overheating during electrophoresis) and 

nylon membranes (since nucleic acids bind to nitrocellulose membrane only under conditions of 

high ionic strength) are used. The electrophoretic blotting, both of proteins and nucleic acids is 

much faster and more efficient than capillary blotting.  

3. The specific protein bands are identified in a variety of ways. 

(i) Antibodies are the most commonly used as probes for detecting specific antigens.  

(ii) Lectins are used as probes for the identification of glycoproteins. 

o These probes may themselves be radioactive or a radioactive molecule may be tagged to 

them. Often the identification process is based on a 'sandwich' reaction. 

o In such an approach, a species specific second antibody or protein A of Staphylococcus 

aureus (protein A binds to certain subclasses of IgG antibodies) or streptavidin (it binds 

to biotinylated antibodies) is used to bind to the antibodies bound to the protein bands.  

These second molecules may be labelled with radioactive, enzyme or fluorescent tags; a single 

preparation of these labelled molecules can be employed as a general detector for various probes. 
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UNIT-IV 

SYLLABUS 

 

Unit IV – DNA Amplification and DNA sequencing                                             

PCR: Basics of PCR, RT-PCR, Real-Time PCR. Sanger’s method of DNA Sequencing: 

traditional and automated sequencing. Primer walking and shotgun sequencing. 

PCR (Polymerase Chain Reaction) 

- first proposed in the early 1970s by  Ghobind Khorana and his colleagues  

- did not seem practicable at a time when genes had not yet been sequenced, synthesis of 

oligonucleotide primers and thermostable DNA polymerases had not been described. 

After 15 years,  Kary Mullis and coworkers at Cetus Corporation,  

- Performed in vitro amplification of single-copy mammalian genes using the Klenow 

fragment of Escherichia coli DNA polymerase I.  

- The use of a thermostable polymerase from TlIermus aquaticus  

greatly increased the efficiency of PCR and opened the door to automation of the method.  

By the end of the 1980s,  

- cloning was no longer the only way to isolate genes:  

- DNA sequencing had been revolutionized 

- and PCR had become a fundamental step of genetic and molecular analyses. 

 

4.1. Essential Components of Polymerase Chain Reactions 

PCRs contain seven essential components: 

Thermostable DNA polymerase 

Pair of synthetic oligonucleotides 

Deoxynucleoside triphosphates (dNTPs). 

Divalent cations 

Buffer  
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Monovalent cations 

Template DNA 

 

1. A thermostable DNA polymerase  

to catalyze template~dependent synthesis of DNA.  

A wide choice of enzymes is now available that vary in their fidelity, effIciency, and ability 

to synthesize large DNA products  

For routine PCRs, Taq polymerase (0.5-2.5 units per standard 25-50 µl reaction) remains 

the enzyme of choice.  

The specific activity of most commercial preparations of Taq is ~ 80,000 units/mg of 

protein.  

Standard PCRs contain 2 x 10
12

 to 10 X 10
12

 molecules of enzyme.  

efficiency of primer extension with Taq polymerase is generally ~ 0. 7. 

  

2. A pair of synthetic oligonucleotides  

• to prime DNA synthesis.  

• Careful design of primers is required to obtain the desired products in high yield, to 

suppress amplification of unwanted sequences, and to facilitate subsequent 

manipulation of the amplified product.  

• Standard reactions contain non limiting amounts of primers, typically 0.1-0.5 µM of 

each primer (6 x 10 
12

 to 3 X 10
13

 molecules).  

• This quantity is enough for at least 30 cycles of amplification of a 1 -kb segment of 

DNA.  

• Higher concentrations of primers favor mispriming, which may lead to nonspecific 

amplification. 

• Oligonucleotide primers synthesized on an automated DNA synthesizer can generally 

be used in standard PCRs without further purification.  

 

3. Deoxynucleoside triphosphates (dNTPs)  

• Standard PCRs contain equimolar amounts of dATP, dTTP, dCTP, and dGTP. 
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• Concentrations of 200-250 f.1M of each dNTP are recommended for Taq polymerase in 

reactions containing 1.5 mM MgCl2.  

• In a 50-Ill reaction, these amounts should allow synthesis of ~6-6.5Ilg of DNA, which 

should be suftlcient even for multiplex reactions in which eight or more primer pairs are 

used at the same time.  

• High concentrations of dNTPs (>4 mM) are inhibitory, perhaps because of sequestering 

of Mg2+.  

• However, a satisfactory amount of amplified product can be produced with dNTP 

concentrations as low as 20 11M 0.5-La pmole of an amplified fragment ·-1 kb in length, 

4. Divalent cations.  

• All thermostable DNA polymerases require free divalent cations – usually Mg
2+

 - for 

activity.  

• Calcium ions are quite ineffective). Because dNTPs and oligonucleotides bind Mg2+, the 

molar concentration of the cation must exceed the molar concentration of phosphate 

groups contributed by dNTPs plus primers.  

• It is therefore impossible to recommend a concentration of Mg2+ that is optimal in all 

circumstances.  

• Although a concentration of 1.5 mM Mg2- is routinely used, increasing the concentration 

of Mg2+ to 4.5 mM or 6 mM has been reported to decrease nonspecific priming in some 

cases and to increase it in others. 

• The optimal concentration of Mg2+ must therefore be determined empirically for each 

combination of primers and template.  

 

5. Buffer to maintain pH 

• Tris-Cl, adjusted to a pH between !U and 8.8 at room temperature, is included in standard 

PCRs at a concentration of 10 mM.  

• Then incubated at 72°C (the temperature commonly used for the extension phase of PCR), 

the pH of the reaction mixture drops by more than a full unit, producing a buffer whose 

pH is -7.2. 

6. Monovalent cations 
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• Standard PCR buffer contains 50 mM KCl and works well for amplification of segments 

Qf DNA >500 bp in length.  

• Raising the KCI concentration to -70-100 Mm often improves the yield of shorter DNA 

segments. 

7. Template DNA  

• Template DNA containing target sequences can be added to PCR in single- or double-

stranded form.  

• Closed circular DNA templates are amplified slightly less efficiently than linear DNAs. 

Although the size of the template DNA is not critical, amplification of sequences 

embedded in high-molecular-weight DNA (> 10 kb) can be improved by digesting the 

template with a restriction enzyme that does not cleave within the target sequence. 

• In the case of mammalian genomic DNA, up to 1.0 Ilg of DNA is utilized per reaction, an 

amount that contains ~3 x 105 copies of a single-copy autosomal gene.  

• The typical amounts of yeast, bacterial, and plasmid DNAs used per reaction are 10 ng, 1 

ng, and 1 pg, respectively. 

8. Thermostable DNA Polymerases 

• Thermostable DNA polymerases are isolated from two classes of organisms:  

• the thermophilic and hyperthermophilic eubacteria Archaebacteria,  

• T. aquaticus, an organism from the thermophilic Archaea family Taq (T. aquaticus) DNA 

polymerase, the first isolated and best understood of the thermostable DNA polymerases, 

remains the workhorse of PCR in most laboratories. 

 

4.2. Programming Polymerase Chain Reactions 

PCR is an iterative process, consisting of three elements:  

• denaturation of the template by heat,  

• annealing of the oligonucleotide primers to the single-stranded target seqllence(s), and 

• extension of the annealed primers by a thermostable DNA polymerase. 

 

Denaturation 
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• Double-stranded DNA templates denature at a temperature that is determined in part by 

their G+C content.  

• The higher the proportion of G+C, the higher the temperature required to separate the 

strands of template DNA.  

• The longer the DNA molecules, the greater the time required at the chosen denaturation 

temperature to separate the two strands completely. 

• If the temperature for denaturation is too low or if the time is too short, only AT-rich 

regions of the template DNA will be denatured.  

• When the temperature is reduced later in the PCR cycle, the template DNA will reanneal 

into a fully native condition. 

• In PCRs catalyzed by Taq DNA polymerase, denaturation is carried out at 94-95°C, 

which is the highest temperature that the enzyme can endure for 30 or more cycles 

without sustaining excessive damage.  

• In the first cycle of PCR, denaturation is sometimes carried out for 5 minutes to increase 

the probability that long molecules of template DNA are fully denatured. 

• We recommend denaturation for 45 seconds at 94-95°C for routine amplification of linear 

DNA templateswhose contenls of G+C is 55% or less. 

• Higher temperatures may be required to denature template and/or target DNAs that are 

rich in G+C (>55%).  

Annealing of primers to template DNA  

• The temperature used for the annealing step (T ) is critical.  

• If the annealing temperature is too high, the oligonucleotide primers anneal poorly, 

if at all, to the template and the yield of amplified DNA is very low.  

• If the annealing temperature is too low, nonspecific annealing of primers may occur, 

resulting in the amplification of unwanted segments of DNA.  

• Annealing is usually carried out 3-5°C lower than the calculated melting temperature at 

which the oligonucleotide primers dissociate from their templates. 

• Many formulas exist to determine the theoretical melting temperature, but none of them 

are accurate for oligonucleotide primers of all lengths and sequences. 
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• It is best to optimize the annealing conditions by performing a series of trial PCRs at 

temperatures ranging from 20°C to 100°C below the lower of the melting temperatures 

calculated for the two oligonucleotide primers.  

• Alternatively, the thermal cycler can be programmed to use progressively lower 

annealing temperatures in consecutive pairs or cycles ("touchdown" PCR).  

Extension of oligonucleotide primers  

• is carried out at or near the optimal temperature for DNA synthesis catalyzed by the 

thermostable polymerase, which in the case of Taq DNA polymerase is 72-78°C.  

• In the first two cycles, extension from one primer proceeds beyond the sequence 

complementary to the binding site of the other primer.  

• In the next cycle, the first molecules are produced whose length is equal to the segment 

of DNA delimited by the binding sites of the primers.  

• From the third cycle onward, this segment of DNA is amplified geometrically, whereas 

longer amplification products accumulate arithmetically. 

• The polymerization rate of Taq polymerase is - 2000 nucleotides/minute at the optimal 

temperature (72-78oC) and as a rule of thumb, extension is carried out for 1 minute for 

every 1000 bp of product.  

• For the last cycle of PCR, many investigators use an extension time that is three times 

longer than in the previous cycles, to allow completion of all amplified products. 

Number of cycles  

• the number of cycles required for amplification depends on the number of copies of 

template DNA present at the beginning of the reaction and the efficiency or primer 

extension and amplification.  

• Once established in the geometric phase, the reaction proceeds until one of the 

components becomes limiting.  

• At this point, the yield of specific amplification products should be maximal, whereas 

nonspecific amplification products should be barely detectable, if at all.  

• This is generally the case after -30 cycles in PCRs containing _10
5
 copies of the target 

sequence and Taq DNA polymerase (efficiency ~O. 7).  
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• At least 25 cycles are required to achieve acceptable levels of amplification of single-

copy target sequences in mammalian DNA templates. 

 

4.3. Applications of PCR 

1. Medical applications 

2. Infectious disease applications 

3. Forensic applications 

4. Research applications 

5. Other applications 

 

Medical applications 

PCR has been applied to a large number of medical procedures: 

• The first application of PCR was for genetic testing, where a sample of DNA is analyzed 

for the presence of genetic disease mutations.  

Prospective parents can be tested for being genetic carriers, or their children might be tested 

for actually being affected by a disease.  

DNA samples for Prenatal testing can be obtained by amniocentesis, chorionic villus 

sampling, or even by the analysis of rare fetal cells circulating in the mother's bloodstream.  

PCR analysis is also essential to Preimplantation genetic diagnosis, where individual cells of 

a developing embryo are tested for mutations. 

• PCR can also be used as part of a sensitive test for tissue typing, vital to organ 

transplantation. As of 2008, there is even a proposal to replace the traditional antibody-

based tests for blood type with PCR-based tests.  

• Many forms of cancer involve alterations to oncogenes.  

By using PCR-based tests to study these mutations, therapy regimens can sometimes be 

individually customized to a patient. 

 

Infectious disease applications 

Characterization and detection of infectious disease organisms have been revolutionized by PCR: 

• The Human Immunodeficiency Virus (or HIV), responsible for AIDS, is a difficult 

target to find and eradicate.  
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The earliest tests for infection relied on the presence of antibodies to the virus circulating in 

the bloodstream.  

However, antibodies don't appear until many weeks after infection, maternal antibodies mask 

the infection of a newborn, and therapeutic agents to fight the infection don't affect the 

antibodies.  

PCR tests have been developed that can detect as little as one viral genome among the DNA 

of over 50,000 host cells. 

Infections can be detected earlier, donated blood can be screened directly for the virus, 

newborns can be immediately tested for infection, and the effects of antiviral treatments can 

be quantified. 

• Some disease organisms, such as that for Tuberculosis, are difficult to sample from 

patients and slow to be grown in the laboratory. PCR-based tests have allowed detection 

of small numbers of disease organisms (both live or dead), in convenient samples.  

Detailed genetic analysis can also be used to detect antibiotic resistance, allowing immediate 

and effective therapy.  

The effects of therapy can also be immediately evaluated. 

• The spread of a disease organism through populations of domestic or wild animals can 

be monitored by PCR testing.  

In many cases, the appearance of new virulent sub-types can be detected and monitored. The 

sub-types of an organism that were responsible for earlier epidemics can also be determined 

by PCR analysis. 

Forensic applications 

The development of PCR-based genetic (or DNA) fingerprinting protocols has seen widespread 

application in forensics: 

• In its most discriminating form, Genetic fingerprinting can uniquely discriminate any 

one person from the entire population of the world.  

Minute samples of DNA can be isolated from a crime scene, and compared to that from 

suspects, or from a DNA database of earlier evidence or convicts.  

Simpler versions of these tests are often used to rapidly rule out suspects during a criminal 

investigation.  
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Evidence from decades-old crimes can be tested, confirming or exonerating the people 

originally convicted. 

• Less discriminating forms of DNA fingerprinting can help in Parental testing, where an 

individual is matched with their close relatives.  

DNA from unidentified human remains can be tested, and compared with that from possible 

parents, siblings, or children.  

Similar testing can be used to confirm the biological parents of an adopted (or kidnapped) 

child. The actual biological father of a newborn can also be confirmed (or ruled out). 

 

Research applications 

PCR has been applied to many areas of research in molecular genetics: 

• PCR allows rapid production of short pieces of DNA, even when nothing more than the 

sequence of the two primers is known.  

This ability of PCR augments many methods, such as generating hybridization probes for 

Southern or northern blot hybridization.  

PCR supplies these techniques with large amounts of pure DNA, sometimes as a single 

strand, enabling analysis even from very small amounts of starting material. 

• The task of DNA sequencing can also be assisted by PCR. Known segments of DNA can 

easily be produced from a patient with a genetic disease mutation.  

Modifications to the amplification technique can extract segments from a completely 

unknown genome, or can generate just a single strand of an area of interest. 

• PCR has numerous applications to the more traditional process of DNA cloning.  

It can extract segments for insertion into a vector from a larger genome, which may be only 

available in small quantities.  

Using a single set of 'vector primers', it can also analyze or extract fragments that have 

already been inserted into vectors.  

Some alterations to the PCR protocol can generate mutations (general or site-directed) of an 

inserted fragment. 

• Sequence-tagged sites is a process where PCR is used as an indicator that a particular 

segment of a genome is present in a particular clone.  
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The Human Genome Project found this application vital to mapping the cosmid clones they 

were sequencing, and to coordinating the results from different laboratories. 

• An exciting application of PCR is the phylogenic analysis of DNA from ancient sources, 

such as that found in the recovered bones of Neanderthals, or from frozen tissues of 

Mammoths.  

In some cases the highly degraded DNA from these sources might be reassembled during the 

early stages of amplification. 

• A common application of PCR is the study of patterns of gene expression.  

Tissues (or even individual cells) can be analyzed at different stages to see which genes have 

become active, or which have been switched off.  

This application can also use Q-PCR to quantitate the actual levels of expression 

• The ability of PCR to simultaneously amplify several loci from individual sperm has 

greatly enhanced the more traditional task of genetic mapping by studying chromosomal 

crossovers after meiosis.  

Rare crossover events between very close loci have been directly observed by analyzing 

thousands of individual sperms.  

Similarly, unusual deletions, insertions, translocations, or inversions can be analyzed, all 

without having to wait (or pay for) the long and laborious processes of fertilization, 

embryogenesis, etc. 

 

Others applications 

PCR is also important in answering basic scientific questions.  

• In the field of evolutionary biology, PCR has been used to establish relationships among 

species.  

• In anthropology, it has used to understand ancient human migration patterns.  

• In archaeology, it has been used to help identify ancient human remains.  

• Paleontologists have used PCR to amplify DNA from extinct insects preserved in amber 

for 20 million years.  

• The Human Genome Project, which had a goal of determining the sequence of the 3 

billion base pairs in the human genome, relied heavily on PCR.  
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• The genes responsible for a variety of human diseases have been identified using PCR.  

• For example, a PCR technique called multiplex PCR identifies a mutation in a gene in 

boys suffering from Duchenne muscular dystrophy.  

• PCR can also be used to search for DNA from foreign organisms such as viruses or 

bacteria. 

 

5. DNA sequencing 

Methods of sequencing: 

Two different methods are now routinely used for determination of DNA sequences 

1. Chemical degradation method 

2. Chain termination method 

5.1. Maxam and Gilbert's Chemical Degradation Method 

� developed in the late 1970’s, by Allan Maxam and Walter Gilbert  

� first method to determine the sequence of a DNA molecule of up to 500 bp.  

� based on chemical modification of DNA and subsequent cleavage at specific bases. 

 

In this method, following steps are involved:  

(i) Label the 3'ends of DNA with 32p.  

(ii) Separate two strands, both labelled at 3'ends.  

(iii) Divide the mixture in four samples, each treated with a different reagent having the property 

of destroying either only G, or only C, or 'A and G' or 'T and C. The concentration of reagent is 

so adjusted that 50% of target base is destroyed, so that fragments of different sizes having 32p 

are produced. 

(i) Electrophoreses each of the four samples in four different lanes of the gel. 

(ii) Autoradiograph the gel and determine the sequence from positions of bands in four lanes. 

vi) Read the sequence based on autoradiography. 
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Disadvantages of this method: 

This technology has the disadvantage of relying on toxic chemicals. 

 

5.2. Chain termination method 

� Developed by Fred Sanger 

� Also called as Dideoxynucleotide Synthetic Method 

� utilizing single stranded DNA as template for DNA synthesis, in which 2',3' 

dideoxynucleotides were incorporated leading to termination of DNA synthesis.  

� These dideoxynucleotides are used as triphosphate and can be incorporated in a growing 

chain, but these dideoxynucleotides terminate synthesis, since they can not form a 

phosphodiester bond with next incoming deoxynucleotide triphosphate (dNTP). 
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Dideoxynucleotides: 

 

 

 

 

 

 

 

 

 

 

Following steps are involved in Sanger's dideoxy method for DNA sequencing: 

(i) Four reaction tubes are set up, each containing single stranded DNA sample to be sequenced, 

all four dNTPs (radioactively labelled) and an enzyme for DNA synthesis (DNA polymerase I).  

Each tube also contains a small amount (much smaller amount relative to four dNTPs) of one of 

the four ddNTP, so that four tubes have each a different ddNTP, bringing about termination at a 

specific base adenine (A), cytosine (C), guanine (G) and thymine (T). 

 

ii) The fragments, generated by random incorporation of ddNTP leading to termination of 

reaction, are then separated by electrophoresis on a high resolution Polyacrylamide gel.  

This is done for all the four reaction 

mixtures on adjoining lanes in the 

gel. 
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(iii) The gel is used for autoradiography so that the position of different bands in each lane can 

be visualized. 

(iv) The bands on autoradiogram can be used for getting the DNA sequence. 

 

Example 

 

 

 

 

 

 

 

 

Now, variations of the above dideoxy method was developed as automatic sequencers. 

In this automatic sequencer approach,  

• a different fluorescent dye is tagged to the oligonucleotide primer in each of the four 

reaction tubes (blue for: A, red for C, etc.).  

• The four reaction mixtures are pooled and electrophoreses together in a single 

Polyacrylamide of the tube. 

• A high sensitivity fluorescence detector, placed near the bottom of the tube, measures the 

amount, of each fluorophore as a function of time.  

• The sequence is determined from the temporal order of peaks corresponding to four 

different dyes. 

The chain termination method of DNA sequencing can only be used for short strands (100 to 

1000 base pairs), longer sequences must be subdivided into smaller fragments, and subsequently 

re-assembled to give the overall sequence. 

Chromosome walking 
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• The principle of chromosome walking is that overlapping clones will hybridize to each 

other, allowing them to be assembled into a contiguous sequence.  

• This can be used to isolate genes whose function is unknown but whose genetic location 

is known, a technique known as positional cloning. 

To begin a chromosome walk, it is necessary to have in hand a genomic clone that is known to 

lie very close to the suspected location of the target gene. 

For example - In humans,  

• this could be a restriction fragment length polymorphism that has been genetically 

mapped to the same region.  

• This clone is then used to screen a genomic library by hybridization, which should reveal 

any overlapping clones. 

• These overlapping clones are then isolated, labeled and used in a second round of 

screening to identify further overlapping clones,  

• and the process is repeated to build up a contiguous map.  

 

1.2.3. Screening by PCR 

The PCR is widely used to isolate specific DNA sequences from uncloned genomic DNA or 

cDNA, but it also a useful technique for library screening. 

As a screening method,  

• PCR has the same versatility as hybridization, and the same limitations.  

• It is possible to identify any clone by PCR but only if there is sufficient information about 

its sequence to make suitable primers. 

To isolate a specific clone, PCR is carried out with gene-specific primers that flank a unique 

sequence in the target.  

• Instead of plating the library out on agar, as would be necessary for screening by 

hybridization, pools of clones are maintained in multiwell plates.  

• Each well is screened by PCR and positive wells are identified.  

• The clones in each positive well are then diluted into a series in a secondary set of plates 

and 

• screened again.  
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• The process is repeated until wells carrying homogeneous clones corresponding to the 

gene of interest have been identified. 

There are also several applications where the use of dege nerate primers is favourable.  

• A degenerate primer is a mixture of primers, all of similar sequence but with variations at 

one or more positions.  

• This is analogous to the use of degenerate oligonucleotides as hybridization probes, and 

the primers are synthesized in the same way.  

• A common circumstance requiring the use of degenerate primers is when the primer 

sequences have to be deduced from amino acid sequences (Lee et al. 1988).  

Degenerate primers may also be employed to search for novel members of a known family of 

genes or to search for homologous genes between species. 
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UNIT-V 

SYLLABUS 

 

Unit V – Construction and Screening of Genomic and cDNA libraries. Applications of 

Recombinant DNA Technology                                 

Genomic and cDNA libraries: Preparation and uses, Screening of libraries: Colony hybridization 

and colony PCR, Chromosome walking and chromosome jumping. Products of recombinant 

DNA technology: Products of human therapeutic interest - insulin, hGH, antisense molecules. Bt 

transgenic - cotton, brinjal, Gene therapy, recombinant vaccines, protein engineering and site 

directed mutagenesis. 

Applications of recombinant DNA technology 

Production of recombinant proteins 

• One potential of recombinant DNA is the production of proteins.  

• Many systems have been designed for the expression of recombinant proteins.  

• Although E. coli are easy to grow in large quantities there are some problems associated 

with the expression of eukaryotic proteins in prokaryotes.  

• Therefore, expression systems in eukaryotic systems have also been devised.  

The following are the general considerations in the over production of recombinant proteins. 

• strong promoter 

• regulatable promoter 

• gene dosage 

• localization signals 

• protease defective hosts 

• fusion proteins 

Ideally,  

• the recombinant protein should be cloned in conjunction with a strong promoter.  

Promoters are elements found on the 5'- end of genes and control their expression.  

• A strong promoter results in a high level of gene expression.  
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• In addition to being strong, promoters should be regulatable so that transcription can be 

turned off and on.  

• Recombinant proteins are sometimes toxic for the host cell and this toxicity can be 

minimized by controlling the expression.  

• The use of high copy number plasmids also increases the production of recombinant 

proteins by increasing the gene dosage.  

• it is often convenient to have recombinant proteins that are exported from the host cell. 

This can be accomplished by engineering localization signals within the recombinant 

protein so that they are directed to a particular cellular compartment.  

• In addition, the recombinant protein can also be expressed as a fusion protein with 

another protein. This will sometimes stabilize the recombinant protein and/or assist in the 

purification and characterization of the recombinant protein.  

• Proteolysis of recombinant proteins is often a major problem that is partially alleviated by 

cloning into protease deficient hosts. 

Expression in bacterial cell 

The general procedure for expression of cloned genes in E. coli involves  

• the insertion of the coding region of interest into a vector, usually a plasmid, so the region 

is efficiently transcribed and translated.  

• Since eukaryotic genes do not contain the proper signals for transcription initiation, 

ribosome recognition, translation initiation, and translation termination, these signals 

need to be supplied by the vector. 

Common promoters used in bacterial expression vectors are:  

λPL, lac, tac and T7 

Of these, the lac and tac promoters are the most widely used.  

Control elements that regulate expression from these promoters are supplied by either the host 

or the vector.  

The λPL promoter is controlled by a mutant cI repressor protein that is non-functional at 42°C.  

• At temperatures less that 42°C the repressor protein (cI) binds to the promoter and 

prevents expression.  
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• To induce expression the temperature is raised to that the repressor becomes 

nonfunctional and expression is now permitted.  

• One problem with this system is that heat-shock proteins may also be induced.  

The T7 promoter is from the T7 phage  

• is only transcribed by the T7 RNA polymerase (T7 gene 1).  

• The host cell must also contain the T7 gene 1 in order to express from this promoter.  

• To regulate expression from this promoter it is necessary to be able to regulate the 

expression of the T7 gene 1. 

The lac and tac promoters  

• are controlled by the lac repressor.  

 

 

 

 

 

• The lac repressor 

binds to the lac promoter 

and prevents RNA 

polymerase from transcribing the gene. Host strains with lacIq gene express the lac 

repressor at 10-fold higher concentrations than the normal 

• lacI gene.  

• IPTG (isopropyl-1-thio-β -D-galactopyanoside, an analog of lactose) binds to the 

repressor and prevents its interaction with the lac promoter and allowing RNA 

polymerase to transcribe the regulated gene.  

• The tac promoter is a fusion of trp and lac promoters and is also regulated by IPTG. 

 

The production of recombinant fusion proteins often stabilizes the expression of foreign 

proteins in E. coli.  

Several plasmids that express recombinant proteins as fusion proteins have been developed 

(Table).  
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Fusion Protein   Affinity Matrix 

Glutathione-Stransferase   glutathione agarose 

Thioredoxin     phenylarsine oxide-agarose 

Maltose Binding Protein   amyloseagarose 

Six Histidine Residues   Ni-agarose 

 

In addition to stabilizing the recombinant protein, the fusion partner is often exploited for affinity 

purification or for the analysis of the recombinant protein.  

 

• Recombinant proteins expressed at high levels will sometimes form insoluble aggregates 

known a inclusion bodies.  

• In some applications it is possible to take advantage of this phenomenon. 

• For example, the inclusion bodies can be isolated by differential centrifugation and 

solubilized under denaturing conditions (eg., urea). It is sometimes possible to renature 

the protein and regain activity. In addition, fusions with E. coli thioredoxin can 

circumvent inclusion body formation. 

Expression in eukaryotes 

• Although expression of recombinant proteins in E. coli is usually fairly straight forward, 

it is often desirable or necessary to express cloned genes in eukaryotes.  

• Eukaryotic expression systems are often needed to insure correct folding and disulfide-

bond formation, post-translational modifications, and processing.  

• Yeast, such as Saccharomyces cerevisiae and Pichia species, are useful hosts for the 

expression of recombinant proteins since they can be grown and manipulated like a 

bacteria.  

• Pichia expression systems often allow for high level expression of recombinant proteins 

using a strong alcohol oxidase promoter which is induced by methanol.  

 

Shuttle vectors contain both a bacterial origin of replication and the origin of replication of 

interest. 
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This allows for manipulations of the plasmids to be carried out in E. coli before 

transforming yeast or other eukaryotes. 

 

The two major strategies for expression of recombinant sequences in mammalian cells are  

1) stable or transient expression of transfected DNA and  

2) the use of viral expression vectors.  

Mammalian and other eukaryotic cells are able to take up DNA.  

Several different methods for introducing DNA to cells are available 

• calcium phosphate 

• DEAE-dextran 

• electroporation 

• liposomes 

• protoplast fusion 

• ballistics (gene gun) 

• microinjection 

 

Several different eukaryotic viruses can also be used as cloning vectors for the expression of 

recombinant proteins.  

• Lytic viruses are good for transient expression whereas episomal viruses are better for 

constitutive expression.  

• Retroviruses can become incorporated into the host cell genome and possibly lead to a 

stable transformation. 

Baculoviruses are used for the production of recombinant eukaryotic proteins. 

• Autographica californica is a nuclear polyhedrosis virus (AcNPV) that infects insects.  

• Sf9 cells, derived from Spodoptera frugiperda, are readily grown in vitro and can be 

infected with baculovirus.  

Insect cells 

• Extremely high levels of recombinant proteins can be expressed and many eukaryotic 

post-translational modifications are correctly made in the host insect cells.  

• This high level of expression is driven by a strong promoter for the polyhedrin gene.  
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• The polyhedron protein is expressed late in infection as the virus is killing the host cell 

and is needed for the dissemination of the virus in nature.  

• However, the polyhedrin gene is unnecessary for viral growth in tissue culture and can be 

replaced with a gene of interest. 

 

2.Practical Applications of DNA Technology 

Medicine and the Pharmaceutical Industry 

Diagnosis of diseases 

• It is possible to clone entire DNA molecules or genes associated with various diseases 

(e.g., HIV DNA; genes associated with hemophilia, cystic fibrosis, Huntington’s disease, 

and Duchenne muscular dystrophy) 

• These can be cloned in vectors or by PCR to obtain large amounts, and then used to 

produce probes Probes can be used to detect infection (e.g., HIV) or the presence of a 

defective allele.  

• Thus, it is possible to identify individuals carrying certain disease-related alleles even if 

they show no symptoms of the disease (e.g., heterozygous for cystic fibrosis) 

• Even if a disease-causing allele has not been cloned and its precise locus is unknown, its 

presence can sometimes be detected by testing for restriction fragment length 

polymorphism (RFLP) markers that are very close to the gene in question  

Human gene therapy 

• For any genetic disorder traceable to a defective allele, it should theoretically be possible 

to replace or supplement the defective allele with a functional, normal allele using 

recombinant DNA techniques 

• For gene therapy of somatic cells to be permanent, cells that receive the normal allele 

must be ones that multiply throughout the life of the patient  

• Bone marrow stem cells are ideal candidates, because they continue to divide throughout 

life, and they give rise to cells of the blood and immune systems If, for example, the 

patient’s cells lacked a particular normal gene, it might be possible to Insert the normal 

allele into a retrovirus  
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• Let the retrovirus infect bone marrow cells that have been removed from the patient and 

cultured 

• Allow the retrovirus to insert its DNA, along with the normal allele, into the 

chromosomal DNA of the patient’s bone marrow cells  

• Inject the engineered cells into the patient  

Pharmaceutical products 

• By recombinant DNA technology discussed previously, human genes for various proteins 

have been engineered into expression vectors and then into bacterial host cells that 

produce and secrete the protein  

• Examples include insulin, used to treat diabetes, and human growth hormone, used to 

treat hypopituitarism, which causes a form of dwarfism  

• Another example is tissue plasminogen activator (TPA), which helps dissolve blood clots 

and reduces the risk of subsequent heart attacks if administered shortly after an initial 

attack 

• It is also possible to construct desired molecules  

• Genetically engineered proteins can block or mimic surface receptors on cell membranes; 

an example is a molecule designed to mimic a receptor protein that HIV binds to in 

entering white blood cells (if HIV binds to the drug molecules instead of those on the cell 

surface, it would fail to enter the blood cell) 

• Recombinant DNA techniques can generate large amounts of proteins associated with the 

immune response against pathogens or be used to modify the genome of a pathogen to 

attenuate it, and thus lead to more specific and safer vaccines 

Forensic, environmental, and agricultural applications 

Forensic use of DNA technology  

• DNA fingerprinting involving RFLP analysis by Southern blotting  

• Due to previous work, many RFLP sequences are well know, and probes to them have 

been developed 

• These select portions of the total DNA serve as markers when the probes are used to tag 

the corresponding DNA fragment bands and visualize them via autoradiography 
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• The pattern of RFLP bands is unique to each individual; therefore, one can compare 

DNA from a crime scene (or, perhaps, an item associated with a crime, such as clothing) 

to DNA from a victim and DNA from a suspect  

• DNA fingerprinting involving satellite DNA analysis DNA fingerprinting is also done 

with satellite DNA consisting of tandemly repeated base sequences that vary in length 

from person to person 

• The most useful are microsatellites, which are roughly 10 to 100 base pairs long, have 

repeating units of only a few base pairs, and are highly variable from person to person 

For example, one person may have the sequence A-C-A repeated 10 times at one genome 

locus, 30 times at a second locus, and so on, while another person is likely to have different 

numbers of repeats at these loci 

• Restriction fragments containing these simple tandem repeats (STRs) vary in size from 

one individual to another because of differences in STR lengths; therefore, they provide a 

unique pattern of markers for each individual 

• Actually, it is possible for two individuals who are not identical twins to have identical 

DNA fingerprints, but the chances range from one in 100,000 to one in a billion, and that 

is only because in most cases relatively few markers are examined 

Environmental use of DNA technology 

• Considerable work is aimed at engineering organisms to cope with various environmental 

problems based on the ability of microorganisms to transform chemicals  

• For example, the ability to extract heavy metals such as copper, lead, and nickel from the 

environment, which already exists in many bacteria, might lead to the development of 

ultra efficient genetically engineered microbes that could be used for mining minerals or 

cleaning up toxic mining wastes 

• Likewise, genetic engineering is leading to the development of microbes that can degrade 

toxic compounds into nontoxic forms during the manufacturing process, at waste 

treatment facilities, at dump sites, and at sites of environmental disasters such as oil spills 

Agricultural use of DNA technology 

Animal husbandry and “pharm” animals 
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• Farm animals are regularly treated with engineered products such as vaccines, antibodies, 

and hormones 

• Transgenic organisms (organisms that contain genes from another species) have been 

developed, such as fish containing a foreign growth hormone gene, which makes them 

grow faster 

• Transgenic animals can also be engineered to produce large amounts of an otherwise rare 

biological substance for medical use; this can be done such that the gene’s product is 

secreted in the animal’s milk.  

Genetic engineering in plants  

• It is possible to develop transgenic plants that contain genes for such things as resistance 

to herbicides, pathogens, pest insects, and freeze damage  

• DNA containing the gene of interest is inserted into the T DNA area of the Ti plasmid 

from Agrobacterium tumefaciens 

• The recombinant Ti plasmid is introduced into cultured plant cells where the T DNA 

carrying the gene of interest is inserted into the plant chromosomal DNA  

• As the plant cell divides, each descendant receives a copy of the T DNA and the foreign 

gene 

• Individual cells can then be induced to differentiate and regenerate an entire plant, all of 

the cells of which contain the foreign gene 

 

3.Ethical issues involved in cloning 

• The success rate in cloning is quite low.  

• Even if we can increase the odds of success, problems can arise during the clone's 

development, both before and after pregnancy.  

• What are the possible implications of cloning to society?  

• All of us - researchers, policymakers and the public - have a responsibility to explore the 

potential effects of cloning technologies on our lives so that we can make informed 

decisions. 

For each new application of cloning technologies, we must consider: 

� What are the benefits?  
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� What are the risks?  

� Whom will the technology help? Does it have the potential to hurt anyone?  

� What does this mean for me? For my family? For others around me?  

� Why might others not share my view?  

 

1.1. Ethical, legal and social issues 

There are several types of issues to consider as we think about cloning 

• Ethical issues are those that ask us to consider the potential moral outcomes of cloning 

technologies 

• Legal issues require researchers and the public to help policymakers decide whether and 

how cloning technologies should be regulated by the government. 

• Social issues involve the impact of cloning technologies on society as a whole. 

 

Pros of Cloning 

• Cloning finds applications in genetic fingerprinting,  

• amplification of DNA and alteration of the genetic makeup of organisms.  

• It can be used to bring about desired changes in the genetic makeup of individuals 

thereby introducing psitive traits in them, as also for elimination of negative traits.  

• Cloning can also be applied to plants to remove or alter defective genes, thereby making 

them resistant to diseases.  

• Cloning may find applications in development of human organs, thus making human life 

safer. Here we look at some of the potential advantages of cloning. 

 

Organ Replacement: If the vital organs of the human body can be cloned, they can serve as 

backup systems for human beings. Cloning body parts can serve as a lifesaver. When a body 

organ such as a kidney or heart fails to function, it may be possible to replace it with the cloned 

body organ. 

 

Substitute for Natural Reproduction: Cloning in human beings can prove to be a solution to 

infertility. Cloning can serve as an option for producing children. With cloning, it would be 
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possible to produce certain desired traits in human beings. We might be able to produce children 

with certain qualities.  

 

Help in Genetic Research: Cloning technologies can prove helpful to researchers in genetics. 

They might be able to understand the composition of genes and the effects of genetic 

constituents on human traits, in a better manner. They will be able to alter genetic constituents in 

cloned human beings, thus simplifying their analysis of genes. Cloning may also help us combat 

a wide range of genetic diseases. 

Obtain Specific Traits in Organisms: Cloning can make it possible for us to obtain customized 

organisms and harness them for the benefit of society. Cloning can serve as the best means to 

replicate animals that can be used for research purposes. Cloning can enable the genetic 

alteration of plants and animals. If positive changes can be brought about in living beings with 

the help of cloning, it will indeed be a boon to mankind. 

 

Cons of Cloning 

Like every coin has two sides, cloning has its flip side too.  

• Though cloning may work wonders in genetics, it has potential disadvantages.  

• Cloning, as you know, is copying or replicating biological traits in organisms.  

• Thus it might reduce the diversity in nature.  

• it is not clear whether we will be able to bring all the potential uses of cloning into reality.  

Detrimental to Genetic Diversity: Cloning creates identical genes. It is a process of replicating a 

genetic constitution, thus hampering the diversity in genes. While lessening the diversity in 

genes, we weaken our ability of adaptation. Cloning is also detrimental to the beauty that lies in 

diversity. 

 

Inivitation to Malpractices: While cloning allows man to tamper with genetics in human beings, 

it also makes deliberate reproduction of undesirable traits, a probability. Cloning of body organs 

might invite malpractices in society. 

 

Will this Technology Reach the Common Man?: In cloning human organs and using them for 

transplant, or in cloning human beings themselves, technical and economic barriers will have to 
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be considered. Will cloned organs be cost-effective? Will cloning techniques really reach the 

common man? 

 

Man, a Man-made Being?: Moreover, cloning will put human and animal rights at stake. Will 

cloning fit into our ethical and moral principles? Cloning will make man just another man-made 

being. Won't it devalue mankind? Won't it demean the value of human life? 
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