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MODULE 4 LECTURE 5 

SCREENING AND PRESERVATION OF DNA LIBRARIES 

4-5.1. Introduction 
Library screening is the process of identification of the clones carrying the gene of 

interest. Screening relies on a unique property of a clone in a library. The DNA libraries 

consist of a collection of probably many thousand clones in the form of either plaques or 

colonies on a plate. Screening of libraries can be done by following approaches based on- 

• Detecting a particular DNA sequence and 

• Gene expression. 

 

4-5.2. Methods for screening based on detecting a DNA sequence 

4-5.2.1. Screening by hybridization 

• Nucleic acid hybridization is the most commonly used method of library 

screening first developed by Grunstein and Hogness in1975 to detect DNA 

sequences in transformed colonies using radioactive RNA probes.  

• It relies on the fact that a single-stranded DNA molecule, used as a probe can 

hybridize to its complementary sequence and identify the specific sequences.  

• This method is quick, can handle a very large number of clones and used in the 

identification of cDNA clones which are not full-length (and therefore cannot be 

expressed). 

The commonly used methods of hybridization are, 

a) Colony hybridization 

b) Plaque hybridization. 
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4-5.2.1(a). Colony hybridization 

Colony hybridization, also known as replica plating, allows the screening of colonies 

plated at high density using radioactive DNA probes. This method can be used to screen 

plasmid or cosmid based libraries (Explained in detail in Module 3-Lecture 4 as point 3-

4.4). 

4-5.2.1(b). Plaque hybridization 

Plaque hybridization, also known as Plaque lift, was developed by Benton and Davis in 

1977 and employs a filter lift method applied to phage plaques. This procedure is 

successfully applied to the isolation of recombinant phage by nucleic acid hybridization 

and probably is the most widely applied method of library screening. The method of 

screening library by plaque hybridization is described below- 

• The nitrocellulose filter is applied to the upper surface of agar plates, making a 

direct contact between plaques and filter.  

• The plaques contain phage particles, as well as a considerable amount of 

unpackaged recombinant DNA which bind to the filter. 

• The DNA is denatured, fixed to the filter, hybridized with radioactive probes and 

assayed by autoradiography. 

 

Advantages 

• This method results in a ‘cleaner’ background and distinct signal (less background 

probe hybridization) for λ plaque screening due to less DNA transfer from the 

bacterial host to the nitrocellulose membrane while lifting plaques rather than 

bacterial colonies.  

• Multiple screens can be performed from the same plate as plaques can be lifted 

several times. 

• Screening can be performed at very high density by screening small plaques. 

High-density screening has the advantage that a large number of recombinant 



NPTEL – Bio Technology – Genetic Engineering & Applications 

Joint initiative of IITs and IISc – Funded by MHRD                                                                   Page 42 of 57 
 

clones can be screened for the presence of sequences homologous to the probe in 

a single experiment.  

 
4-5.2.1(b). Schematic process for screening libraries by Plaque hybridization.  
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Probes used for hybridization 

Cloned DNA fragments can be used as probes in hybridization reactions if a cDNA clone 

is available. DNA or synthetic oligonucleotide probes can be used for identification of a 

clone from a genomic library instead of RNA probes, for example, to study the regulatory 

sequences which are not part of the cDNA clone. A common method of labeling probes is 

the incorporation of a radioactive or other marker into the molecule. A number of 

alternative labeling methods are also available that involve an amplification process to 

detect the presence of small quantities of bound probe and avoid the use of radioactivity. 

These methods involve the incorporation of chemical labels such as digoxigenin or biotin 

into the probe which can be detected with a specific antibody or the ligand streptavidin, 

respectively.  

4-5.2.2. Screening by PCR 

PCR screening is employed for the identification of rare DNA sequences in complex 

mixtures of molecular clones by increasing the abundance of a particular sequence. It is 

possible to identify any clone by PCR only if there is available information about its 

sequence to design suitable primers. 

Preparation of a library for screening by PCR can be done by following ways- 

• The library can be plated as plaques or colonies on agar plates and individually 

inoculated into the wells of the multi-well plate. However it is a labor intensive 

process and can lead to bias in favor of larger colonies or plaques. 

• The alternative method involves diluting the library. It involves plating out a 

small part of the original library (the packaging mix for a phage library, 

transformation for a plasmid library) and calculating the titer of the library. A 

larger sample is diluted to give a titer of 100 colonies per mL. Dispensing 100 μL 

into each well theoretically gives 10 clones in each well. These are then pooled 

and PCR reactions are carried out with gene-specific primers flanking a unique 

sequence in the target to identify the wells containing the clone of interest. This 

method is often used for screening commercially available libraries. 

 



NPTEL – Bio Technology – Genetic Engineering & Applications 

Joint initiative of IITs and IISc – Funded by MHRD                                                                   Page 44 of 57 
 

4-5.3. Screening methods based on gene expression 

4-5.3.1. Immunological screening 

This involves the use of antibodies that specifically recognize antigenic determinants on 

the polypeptide. It does not rely upon any particular function of the expressed foreign 

protein, but requires an antibody specific to the protein. 

Earlier immunoscreening methods employed radio-labeled primary antibodies to 

detect antibody binding to the nitrocellulose sheet (Figure 4-5.3.1(a).). It is now 

superseded by antibody sandwiches resulting in highly amplified signals. The secondary 

antibody recognizes the constant region of the primary antibody and is, additionally, 

conjugated to an easily assayable enzyme (e.g. horseradish peroxidase or alkaline 

phosphatase) which can be assayed using colorimetric change or emission of light using 

X-ray film (Figure 4-5.3.1(b).). 

• In this technique, the cells are grown as colonies on master plates and transferred 

to a solid matrix.  

• These colonies are subjected to lysis releasing the proteins which bind to the 

matrix.  

• These proteins are treated with a primary antibody which specifically binds to the 

protein (acts as antigen), encoded by the target DNA. The unbound antibodies are 

removed by washing.  

• A secondary antibody is added which specifically binds to the primary antibody 

removing the unbound antibodies by washing.  

• The secondary antibody carries an enzyme label (e.g., horse radishperoxidase or 

alkaline phosphatase) bound to it which converts colorless substrate to colored 

product. The colonies with positive results (i.e. colored spots) are identified and 

subcultured from the master plate. 
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Figure 4-5.3.1(a). Schematic process of immunological screening (a) a nitrocellulose disk is placed onto the surface of an agar 

plate containing the phage library. Both agar plate and disk are marked so as to realign them later. (b) When the 

nitrocellulose disk is lifted off again, proteins released from the bacteria by phage lysis bind to the disk. (c) These proteins bind 

to specific antibody. (d) Plaques formed by bacteriophage that express the protein bound to the antibody will be detected by 

emission of light. The positive clones can be identified by realignment. 

(Adapted from Lodge J. 2007.Gene cloning: principles and applications. Taylor & Francis Group) 

 
Figure 4-5.3.1(b). Schematic process of immunological screening using antibody sandwich. 
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The main difficulty with antibody-based screening is to raise a specific antibody for 

each protein to be detected by injecting a foreign protein or peptide into an animal. This 

is a lengthy and costly procedure and can only be carried out successfully with proteins 

produced in reasonably large amounts. 

4-5.3.2. Screening by functional complementation 

Functional complementation is the process of compensating a missing function in a 

mutant cell by a particular DNA sequence for restoring the wild-type phenotype. If the 

mutant cells are non-viable, the cells carrying the clone of interest can be positively 

selected and isolated. It is a very powerful method of expression cloning and also useful 

for identification of genes from an organism having same role as that of defective gene in 

another organism. The selection and identification of positive clones is based on either 

the gain of function or a visible change in phenotype. 

For example, the functional complementation in transgenic mice for the isolation of 

Shaker-2 gene applied by Probst et al in1988 shown in Figure 4-5.3.2. 

 

Figure 4-5.3.2. Functional complementation in transgenic mice for isolation of Shaker-2 gene. 

(Adapted from Primrose SB, Twyman RM. 2006. Principles of gene manipulation and genomics.7th ed. Blackwell Publishing.) 
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The Shaker-2 mutation is due to the defective gene associated with human deafness 

disorder. The BAC clone from the wild type mice are prepared and injected into the eggs 

of Shaker-2 mutants. The resulting mice are then screened for the presence of wild type 

phenotype. Thus the BAC clone carrying the functional Shaker-2 gene is identified which 

encodes a cytoskeletal myosin protein. This method can be used for screening human 

genomic libraries to identify equivalent human gene.   

Drawbacks 

• Presence of an assayable mutation within the host cell that can be compensated by 

the foreign gene expression which in most cases is not available. In addition, 

foreign genes may not fully compensate the mutations. 

Applications 

• This method can be used for the isolation of higher-eukaryotic genes (e.g. 

Drosophila topoisomerase II gene, a number of human RNA polymerase II 

transcription factors) from an organism. 

• It can also be possible in transgenic animals and plants to clone a specific gene 

from its functional homologue. 
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