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Fig. Selection of cells that contain pBR322 plasmid cloned DNA construct  
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3. Bacteriophage vectors ( improved λ vector) 

Bacteriophages are viruses that attack bacteria. Most phages lyse bacterial 

cells they infect. But many others can choose to follow either a lytic or a 

lysogenic cycle; in the later situation, the phage chromosome integrates into the 

bacterial chromosome and multiplies with latter as prophage (temperate or 

lysogenic phages). The prophage may dissociate from the bacte chromosome 

and follow the lytic cycle. 

Several bacteriophages are used as cloning vectors, the most commonly 

used E. coli phages be λ (lambda) and M13 phages. Plasmid vectors have to be 

introduced into bacterial cells, which are t cloned and selected for the recovery 

of recombinant DNA. In contrast, the phage vectors are dire tested on an 

appropriate bacterial lawn (a continuous bacterial growth on an agar plate) 

where e phage particle forms a plaque (a clear bacteria-free zone in the bacterial 

lawn). Phage vectors pres 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 t bacterial colonies for the identification of recombinant vectors. 

λ Phage Vectors 
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The λ genome (size, 48,502 bp) contains an origin of replication; genes 

for head and tail proteins, for enzymes for DNA replication, lysis and lysogeny; 

and single-stranded protruding cohesive end 12 bases (5'GGGCGGCGACCT; 

the other end is complementary to it, i.e., CCCGCCGCTGGA5'). The λ genome 

remains linear in the phage head, but within E. coli cells the two cohesive ends 

am 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 use of wild type λ genome as a vector presents two serious problems. 

The first problem concerns the size of DNA insert. The λ DNA must be larger 

than 38 kb and smaller than 52 kb to be packaged into phage particles. Thus λ 

genome can accommodate only ~3 kb DNA insert. This problem is resolved by 

deleting the central region of λ genome. Most of the genes for lysogeny are 

located in the segment between 20 and 35 kb; this region is called the 

'nonessential' region since it can be removed without affecting the ability of 

phage to infect E. coli cells. The whole or a part of segment is deleted to create 

λ, vectors that (1) accommodate larger DNA inserts and (2) ensure recombinant 

phage to be always lytic. 

The second difficulty arises from the fact that the λ genome is so large 

that it contains more than one recognition site for virtually every restriction 
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enzyme. As a result, cleavage by restriction enzymes cannot be used to integrate 

the DNA insert into the λ genome. A process of natural selection was used to 

recover λ genomes lacking recognition sites for specific restriction enzymes. 

This was achieved as follows: An E. coli strain producing the given restriction 

enzyme, say, EcoRI, was infected by λ phage. Most λ genomes will be digested 

by EcoRI, but a few will survive and produce plaques. Several cycles of such a 

selection will yield mutant λ genomes lacking the given restriction sites, e.g., 

EcoRI sites in this case. 

 Several vectors have been 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 removal of the lysogenic segment 

and also provide insertion site for the DNA fragment to be cloned (Fig. 2.16).       

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

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

proper precursor for packaging of λ genomes into phage heads. The various λ 

vectors are classified into two groups as follows: (1) insertion vectors and (2) 

replacement vectors. 
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Insertion Vectors: In case of an insertion vector a large portion of the 

nonessential region is deleted and the two arms of λ genome are ligated. The 

vector contains at least one unique restriction site within which the DNA insert 

is integrated. Examples of such vectors are λgt10, λgtl1, λZAPII, etc. In case of 

λgtl0, DNA insert is placed within cI gene of λ, while in λgtl1 and λZAPII, it is 

integrated within the lacZ gene contained in the vector. 

Replacement Vector: In these vectors, insertion of DNA fragment is 

accompanied with the deletion of all or the major part of the 'nonessential' 

region of λ genome; the deleted region is often called the stuffer fragment. All 

such vectors have two recognition sites for the restriction enzyme used for 

cloning; these sites flank the stuffer fragment. For example, in λWES.λB' two 
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EcoRI sites flank the stuffer fragment, while in λEMBL4 the stuffer fragment is 

flanked by pair of sites for EcoRI, BamH1 and Sai1 so that any of these 

enzymes can be used for cloning. Often the stuffer fragment contains additional 

restriction sites for the concerned enzyme. As a result, it is cut up into several 

pieces so that it is unable to reinsert into the vector in the place of the DNA 

insert. The size of deleted vector (= λ genome minus the stuffer region) is, 

ordinarily < 38 kb, so that it cannot be packaged into the λ phage particles. 

Replacement vectors can be used to clone much larger DNA inserts than in case 

of insertion vectors. For example, λEMBL4 can be used to clone up to 20 kb 

DNA. 

Selection of Recombinant X Vectors: The recombinant λ vector has to be 

selected from nonrecombinant ones; this can be achieved in one of the 

following three ways. 

1.    Some λ vectors, e.g., λgt10 (DNA insert of 8 kb), retain the lysogenic 

function so that they form turbid or cloudy plaques. In such vectors, the DNA 

fragment is inserted within the gene cI (lysis repressor) so that the recombinant 

DNA is cI
-
, and forms clear plaques, which are easily distinguishable from the 

cloudy plaques produced by the unaltered vector. When such vectors are tested 

on an E. coli strain carrying the mutation hflA150 (high frequency lysogeny), 

only the recombinant DNAs form plaques (all the unaltered vector molecules 

enter the lysogenic cycle). 

2.    Some λ vectors contain the promoter, operator and lacZ gene of E. coli lac 

operon. Insertion of DNA fragments in such vectors inactivates lacZ gene as the 

DNA insert is paced within lacZ' gene that has a polylinker sequence. 

Therefore, the unchanged vector forms (β-galactosidase, while the recombinant 

DNA does not. When such a vector is tested on a lacZ
-
 E. coli lawn grown on 

media having X-gal, then unaltered vector produces blue plaque, while the 

recombinant vector produces colourless plaque and is readily identifiable. This 

strategy is employed by the λgtll vector; it is suited for all λ vectors that are >38 

kb in their unaltered state. 

Both λgt10 and λgt11 vectors have been designed to clone cDNA. λgt11 

is an expression vector, the protein encoded by the DNA insert being expressed 

as a (β-galactosidase fusion protein. The DNA insert size for λgt10 and λgt11 

must not exceed 7 and 6 kb, respectively. 
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3. In case of replacement λ vectors, insertion of the DNA fragments is 

accompanied with the deletion of all or a major part of the nonessential segment 

specifying lysogeny. In general, such deleted vectors are smaller than 38 kb, the 

minimum genome size essential for packaging of the vector into phage heads. 

The recombinant DNAs, on the other hand, are much larger than 38 kb and are 

packaged into phage particles. Therefore, packaging into phage heads after 

DNA insertion offers an efficient selection strategy for recombinant DNA. 

Therefore, the vector and DNA insert sizes are carefully adjusted for an 

effective selection. Lambda vectors EMBL3 and EMBL4, both used for 

preparing genomic libraries of eukaryotes, employ this strategy. These vectors 

easily accept DNA inserts of up to 20 kb; they contain polylinkers having the 

reverse order, with respect to each other, or unique restriction endonuclease 

sites. 

4. In the case some λ vectors, recombinants are selected by their Spi
-
 phenotype. 

Wild type λ phage cannot infect E. coli cells that contain in their chromosomes 

phage P2, which is related to λ phage. Therefore, wild type λ is said to have 

Spi
+
 (sensitive to P2 prophage inhibition) phenotype. These λ cloning vectors 

are so designed that integration into them of the DNA inserts makes them Spi
-
, 

i.e., insensitive to inhibition by P2 prophage. When a mixture of intact and 

recombinant versions of such a vector is used to infect E. coli carrying P2 

prophage, only the recombinants are able to infect these cells and form plaques. 

This strategy can be employed with λEMBL4, λGEM11 and λGM12 vectors as 

an alternative to the selection based on size. 

Infection of E. coli cells with λ vector: The λ vectors can be used as naked 

DNA and introduced into E. coli cells just as is plasmid DNA i.e., by heat shock 

following CaCl2 treatment; this is called transfection. The phenomenon of 

transfection is identical to transformation, except that in this case phage DNA 

(including recombinant DNA) is introduced into the bacterial cells in the place 

of plasmid DNA. The λ DNA used for transfection must be in circular form, i.e., 

its cos sites must be hydrogen bonded to each other. Alternatively, λ DNA may 

be packaged into phage particles and used to infect the host cells; plaque 

formation by the latter is 100-10,000 times of that obtained by the former. In 

vitro packaging of λ vectors is achieved by mixing the concatameric form of 

vector or recombinant DNAs with preformed empty phage heads, tails and 

terminase. Terminase specifically binds close to the cos sites; it cleaves the cos 

sites to generate the typical cohesive ends of the λ genome. Special techniques 
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and λ mutants are required for the preparation of empty heads, tails and DNA-

free terminase. 

Phage vectors present several unique advantages as follows. (1) Storage of 

phage particles is relatively much easier than that of plasmid DNA. (2) The 

shelf-life of phage particles is effectively infinite. (3) Screening of phage 

plaques by molecular hybridization often gives cleaner results than does that of 

bacterial colonies. In addition, (4) transformation of bacterial host is much 

easier with phage particles than that with plasmid DNA. 

 

4. Cosmids 

 

Cosmids are essentially plasmids that contain a minimum of 250 bp of λ 

DNA, which includes the following sequences from phage λ genome:  

(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  

(3) a selectable markers from a 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. The DNA fragments used 

for cloning are usually produced by partial digestion with a restriction enzyme. 

This is because complete digestion almost always produces fragments that are 

too small for   cloning   in   a   cosmid.   Cosmids   can accommodate upto 40 kb 

long DNA inserts. Packaged cosmids infect host cells like λ particles, but once 

inside the host they replicate and propagate like plasmids. Because of the size 

limitation, only recombinant cosmids will be packaged in λ phage heads. The 



17 
 

transformed bacterial cells are selected on the medium containing the concerned 

selection agents. 

The typical features of cosmids are as follows.  

1. They can be used to clone DNA inserts of upto 40 kb.  

2. They can be packaged into λ particles, which infect host cells; this 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. 

 

Cosmids are particularly attractive for construction of genomic libraries of 

eukaryotes since they can be used for cloning large fragments. Since partial 

digests are used, two or more genomic fragments may join together in the 

ligation reaction. 

 

This would create cosmid clones containing genomic fragments that were 

not located adjacent to each other in the genome; this would give incorrect 

information about genome organization. This problem can be overcome by 

separating the genomic fragments present in the partial digest on the basis of 

size and using only fragments of appropriate size in the ligation reaction. In 
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addition, the DNA fragments may be dephosphorylated in order to prevent their 

ligation with each other. But this approach is very sensitive to the exact ratio of 

DNA insert-to-vector DNA because vector-to-vector ligation can occur. 

Recombinant consmids having duplicated vector sequences are unstable during 

cloning. 

Specific cloning cosmid procedures have been devised to overcome the 

above difficulties. An alternative solution is provided by creating cosmid vector 

c2XB, which has a BamH1 cloning site and two cos sites separated by a blunt-

end restriction site; the cloning procedure in this vector effectively prevents 

vector self-ligation. Modern cosmid vectors of the pWE and sCos series contain 

the following features:  

(1) multiple cloning sites (MCS) for simple cloning using unselected DNA 

fragments,  

(2) phage promoters flanking the MCS to generate RNA copies of the DNA 

inserts,  

(3) unique NotI, SacII or SfiI (rare cutting restriction enzymes) flanking the 

MCS for recovery of the DNA insert as a single fragments from the vector. In 

addition, the vector may also contain mammalian expression modules encoding 

dominant selectable markers for gene transfer to mammalian cells. 

 

5. YAC (Yeast Artificial Chromosome) 

These are linear vectors that behave like yeast chromosome, hence they 

are called Yeast Artificial Chromosome (YAC). A typical YAC e.g. pYAC3, 

contains the following functional elements from yeast:  

(1) an ARS sequence for replication.  

(2) CEN4 sequence for centromeric function,  

(3) telomeric sequences at the two ends for protection from exonuclease action, 

and  

(4) one or two selectable marker genes, viz., TRP1 and URA3, (strategy similar 

to other vectors);  

(5) SUP4, a selectable marker into which the DNA insert is integrated; and  
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(6) the necessary sequences from E. coli plasmid for selection and propagation 

in E. coli. The telomeric sequence in yeast chromosomes is a 20-70 tandem 

repeat of the 6 base sequence 5'CCCCAA3' (its complementary sequence, 

5'TTGGGG3' occurs in the other strand); there is a hairpin loop formation at the 

terminus, which makes the DNA duplex resistant to exonuclease action. 

Vector pYAC3 is essentially a pBR322 plasmid into which the above 

described yeast sequences have been integrated. Subsequently, several YAC 

vectors have been constructed on the basic scheme of pYAC3. The vector itself 

is propagated in E. coli, while cloning is done in yeast. For cloning, the vector is 

restricted with a combination of BamHI and SnaBI. BamHI cleaves the vector at 

the junctions of the two TEL sequences with the fragment that is used to 

circularize the vector for propagation in E. coli; this fragment is discarded. The 

enzyme SnaBI recognizes the single sequence 5TACGTA3' located in SUP4 

and produces blunt-ended cleavage, thereby generating two arms of the YAC, 

each ending in a TEL sequence. The DNA insert, therefore, must have blunt 

ends; it is integrated within SUP4 to generate the linear YAC. The recombinant 

YAC is introduced into TRP1
-
  URA3

-
 yeast cells by protoplast transformation; 

transformed cells are selected by plating them onto the minimal medium: only 

those cells are able to grow on this medium that have correctly constructed 

YAC containing one left and one right arm of each chromosome. Recombinant 

clones are identified due to the insertional inactivation of SUP4 detected by a 

simple colour test: recombinant colonies are white, while nonrecombinant ones 

are red. 

The TEL sequence of the vector is not the complete telomeric sequence, 

but it contains enough of this sequence to be able to support the creation of 

complete telomere once the YAC is inside a yeast cell. Thus a YAC is a shuttle 

vector that is propagated in circular form in E. coli and is used for cloning in 

yeast in a linear form. When a YAC is less than about 20 kb, the centromeric 

function is unable to control copy number during mitosis so that several copies 

of YAC accumulate per yeast cell. The centromeric function improves in YACs 

of 50 kb or more; YACs of 150 kb or more behave like regular yeast 

chromosomes. YACs are the predominant vector system used for cloning of 

very large fug to 100-1,400 kb) DNA segments for mapping of complex 

eukaryotic chromosomes. YACs are reported to suffer from many problems, 

including chimerism, tedious steps in YAC library construction and low yields 

of YAC insert DNA. The yeast genes present in different yeast vectors can 
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become integrated into the host genome; this is called permanent 

transformation. It generally occurs through homologous recombination between 

the gene present in a vector (e.g., LEU2) and that present in the yeast 

chromosomes (e.g., LEU2
-
). Rarely, the gene may become inserted at a random 

chromosome site. The homologous recombination may occur by regular 

crossing over or it may involve gene conversion (a non-reciprocal 

recombination). Vectors have been devised for high frequency stable 

transformation; such vectors are introduced in yeast cells in linear form and 

contain at their both ends sequences that are homologous to those found at the 

target site (where the gene present in the vector is to be integrated) in the yeast 

genome. Such vectors permit integration of any specified-DNA sequence at the 

desired site in yeast genome, i.e., they allow site-specific transformation (= 

integration) of genes. 
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 Uptake of DNA (Transfection methods) 

Several approaches have been used for introduction of DNA into animals cells / 

embryos, which are as follows 

1. The calcium chloride treatment method 

2. Electroporation 

3. protoplast fusion  

4. Liposomes / lipofection 

 

1. The calcium chloride treatment method.  
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2. Electroporation 

 

In this approach, transfection mixture containing cells and DNA is 

exposed for a very brief period (few milliseconds) to a very high voltage 

gradient (e.g., 4,000-8,000 V/cm). This induces transient pores in the cell 

membranes through which DNA seems to enter the cells. Treatment of cells 

with colcemid before they are electroporated increases the frequency of 

transfection. This is most likely due to the arrest of cells at metaphase and the 

associated absence of nuclear envelope or to an unusual permeability of the 

plasma membranes. Linearized DNA is far more efficient in transfection than 

circular supercoiled DNA. Electroporation technique has a general applicability, 

and many animal cell types that could not be transfected by other approaches 

were successfully transfected by this approach. 

 

3. Protoplast fusion  

 

The techniques for protoplast fusion are pretty well refined and highly 

effective for almost all the systems. A number of strategies have been used to 

induce fusion between protoplasts of different strains/species; of these the 

following three (Fig. 8.10) have been relatively more successful. Protoplasts of 

desired strains/species are mixed in almost equal proportion; generally, they are 

mixed while still suspended in the enzyme mixture. The protoplast mixture is 

then subjected to high pH (10.5) and high Ca
2+

 concentration (50 m mol/ lit) at 

37°C for about 30 min (high pH-high Ca
2+

 treatment). This technique is quite 

suitable for some species, while for some others it may be toxic. 

 

Polyethylene glycol (PEG) induced protoplast fusion is the most 

commonly used as it induces reproducible high frequency fusion accompanied 

with low toxicity to most cell types. The protoplast mixture is treated with 28-

50% PEG (MW 1,500-6,000) for 15-30 min, followed by gradual washing of 

the protoplasts to remove PEG; protoplast fusion occurs during the washing. 

The washing medium may be alkaline (pH 9-10) and contain a high Ca
2+

 ion 

concentration (50 m mol / lit); this approach is a combination of PEG and high 

pH-high Ca
2+

 treatments, and is usually more effective than either 
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high voltage is a few microseconds, and the voltages ranges from 500 to 1,000 

V/cm. The high voltage creates transient disturbances in the organisation of 

plasma lemma, which leads to the fusion of neighbouring protoplasts. The entire 

operation is carried out manually in a specially designed equipment, called 

electroporator. Electrofusion has been mostly used with the members of 

Solanaceae often with very high rate (over 50%) of fusion. This approach 

induces general fusion among protoplats and there is no control on the type of 

protoplasts entering fusion. In a modification of electrofusion, protoplast pairs 

are individually transferred into microfusion chambers with the help of a 

micromanipulator set up. Thus each microfusion chamber has one pair of 

protoplasts, which are induced to fuse by a single or multiple, negative DC-

pulse of 800 to 1,800 V/cm for 50 microseconds — after mutual 

dielectrophoresis (1 MHz; 65-80 V/cm). This technique is called 

microelectrofusion; it leads to highly specific and nearly 100% pair wise fusion. 

Many workers feel that this fusion technique is more desirable than the others 

for a number of important reasons 

 

 

4. Liposomes / lipofection 

 

The delivery of DNA into cells using liposomes is called lipofection. 

Liposomes are small vesicles prepared from a suitable lipid. Initially, nonionic 

lipids were used for preparing liposomes so that DNA had to be introduced 

within the vesicles following specific encapsidation procedures. The use of 

cationic lipids for the construction of liposomes is a distinct advantage as DNA 

spontaneously and efficiently complexes with these liposomes making 

encapsidation procedures unnecessary. The cationic liposomes have a single 

lipid bilayer membrane (unilamellar), and they bind to the cells efficiently. 

Probably they fuse with the plasma membrane and thereby deliver the DNA 

(complexed with them) into the cells, which brings about transfection. 

Considerable work has been done on lipofection due to its potential application 

for targetting genes to specific human tissues for gene therapy. There are at least 

eight approaches for preparing liposomes for DNA delivery. 

 

1. Usually, liposomes are prepared by dispersion of a phospholipid like 

phosphatidyl choline (PC) in water by mechanical methods, like 
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sonication, which tend to destroy DNA. DNA of up to 1 kb has been 

incorporated into small sonicated liposomes. 

2. However, other techniques allow the entrapment of large DNA sequences 

into liposomes, e.g., exposure of the anionic lipid phosphatidyl serine 

(PS) to Ca
2+

, and two-phase techniques. Liposomes prepared by the 

above two approaches are phagocytosed by the cell. The phagocytosis 

vesicles thus produced ordinarily fuse with lysosomes leading to DNA 

degradation and low transfection frequencies. 

3. The fusion protein of Sendai virus is incorporated into the liposome 

membrane; this enables the fusion of liposomes with plasma lemma and, 

thereby, a direct delivery of DNA into the cytoplasm. A receptor protein 

is also incorporated, which permits a controlled delivery of the DNA into 

the target cells. 

4. The use of ionizable lipids that undergo phase change in response to the 

pH of cytoplasm, e.g., dioleoyl phosphatidylethanolamine (DOPE), to 

construct liposomes (usually, a mixture of DOPE and PC is used). Such 

liposomes release DNA into the cytoplasm once they are phagocytosed. 

5. Use of cationic liposomes to which DNA binds on the outside by 

electrostatic attraction. These liposomes cause perturbations in plasma 

membrane due to which they fuse and the DNA enters into the cytoplasm. 

Cationic liposomes are available commercially (marketed as 'Lipofectin' 

by Gibco-BRL). 

6. DNA is complexed with a cationic peptide, e.g., gramicidin, which 

interacts with lipid membranes in a specific manner. Incorporation of 

DOPE in the complex improves transfection frequency. This approach is 

about 10 times more efficient than cationic lipid liposomes (item 5), 

which itself is about 10 times more efficient than pH-sensitive or 

ionizable liposomes (item 4). 

7. The liposomes may be targetted to cell surface receptors by the 

incorporation of ligand proteins into the liposome membrane. This is 

possible with the liposomes containing DNA inside the vesicle but not 

with cationic lipid and cationic peptide-DNA complexes. It has been 

recently proposed to use biotinylated bisanthracycline (which intercalates 

in double-stranded DNA) for attachment of specific ligand proteins via 

avidin to the DNA for delivering cationic lipid/peptide-complexed DNA 

into specific target cells. 
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8. Animal virus particles are enclosed in lipoprotein envelopes. Viral 

envelopes, separated from capsid proteins and viral genomes, have been 

used to package the desired DNA; these particles are called virosomes. 

Virosomes have been used to transfect cells in vitro, but in most cases the 

virosomes end up in lysosomes that results in degradation of up to 80% of 

the DNA. Sendai viral envelope has a fusion glycoprotein (F-protein) and 

a HN protein (haernagglutinin-neuraminidase protein). Sendai virus 

envelope has been reconstituted after removal of the HN protein since 

this protein targets the envelope to virtually all cell types. This 

reconstituted envelope contains only F-protein; therefore, it is called F-

virosome. The F-protein mediates the fusion of viral envelope with cell 

plasma membrane. In addition, it confers on F-virosomes a very high 

specificity for the liver parenchyma cells since they contain receptors 

specific for the F-protein. F-virosomes have been used to deliver the 

reporter genes chloramphenicol actyltransferase and firefly luciferase 

specifically into liver parenchyma of mice. The transgenes showed 

multiple copy random integration, were expressed producing mRNAs and 

proteins and have been maintained for 6 months. F-virosomes deliver the 

DNA directly into the cytoplasm via fusion with cell plasma membrane, 

and appear 10-12 times more efficient than cationic liposomes in addition 

to being liver-specific in delivery. F-virosomes also have potential in 

targeted drug delivery to the liver cells. 

 

Lipofection is the method of choice for transfection of mammalian cells 

in vitro. It has also been used to deliver DNA into live animals by direct 

injection or intravenous injection. Cationic liposomes have been used for 

intravenous or intratracheal injection in mice for the expression of marker genes 

in lungs. Targetted delivery has also been demonstrated by incorporating 

specific ligand proteins into the liposome membranes. Attempts are being made 

to deliver the cystic fibrosis gene via nasal or bronchial tissue for stimulating 

cytotoxic T-lymphocyte response in human patients. 

 

The mechanism of movement of the DNA from cell cytoplasm into the 

nucleus is not known. In some cases, DNA movement to the nucleus is greatly 

facilitated by making DNA constructs that are capable of cytoplasmic 

translation, and by combining them with RNA polymerase or with a gene that 

produces RNA polymerase. 
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 Selection of recombinant clones by Blue script / White script 

screening 
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