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Preface

Since its invention and subsequent development nearly 20 years ago, poly-
merase chain reaction (PCR) has been extensively utilized to identify numerous
gene probes in vitro and in vivo. However, attempts to generate complete and
full-length complementary cDNA libraries were, for the most part, fruitless and
remained elusive until the last decade, when simple and rapid methods were
developed. With current decoding and potential application of human genome
information to genechips, there are urgent needs for identification of functional
significance of these decoded gene sequences. Inherent in bringing these appli-
cations to fruition is the need to generate acomplete and full-length cDNA library
for potential functional assays of specific gene sequences.

Generation of cDNA Libraries: Methods and Protocols serves as a laboratory
manual on the evolution of generation of cDNA libraries, covering both back-
ground information and step-by-step practical laboratory recipes for which pro-
tocols, reagents, operational tips, instrumentation, and other requirements are
detailed. The first chapter of the book is an overview of the basics of generating
cDNA libraries, which include the following: (a) the definition of a cDNA
library, (b) different kinds of cDNA libraries, (c) differences between methods
for cDNA library generation using conventional approaches and novel strate-
gies, including reverse generation of RNA repertoires from cDNA libraries, and
(d) the quality of cDNA libraries. In subsequent chapters, various methods are
presented to provide the reader with a wide range of methodologies for enhanc-
ing the generation of complete and full-length libraries. Again, each method of
cDNA library generation contains a balanced presentation of both background
information and practical procedures. The remainder of this book explains how
to confirm the quality of the cDNAs generated and some of the applications,
including (a) electrophoresis, (b) Northern blotting, (c) microarray analysis, (d)
subtractive hybridization, (e) subtractive cloning, (f) gene cloning, and (g) pep-
tide library generation.

The final chapter of the book outlines the future use of full-length cDNA
libraries in biomedical research, diagnostic utilization, drug development, and
clinical therapy.

The authors contributing the various chapters are all experts in their fields,
and they have either developed and/or routinely performed the methodologies

4



Vi Preface

described herein. It is anticipated that the subject matter covered in Generation
of cDNA Libraries: Methods and Protocols will be particularly useful for biolo-
gists, biochemists, molecular biologists, and clinicians, which would furnish

them several ready-to-use methodologies for attacking the problems in their
specific areas of interests.

Shao-Yao Ying
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1

Complementary DNA Libraries
An Overview

Shao-YaoYing

1. Introduction

Complementary DNA libraries reflect gene expression at certain times for
specific cells, whereas genomic DNA libraries represent all genetic information
in somatic cells. The complexity of cellular organization reflects a genetic
program that encodes a collection of genes and the means to use them by
manufacturing proteins for cellular structures, functional activities, and
reproduction of cells themselves. The essential aspect of this process is protein
synthesis based on the information stored in the sequence of nucleotides that
make up a gene (a transcribable segment of a DNA molecule) as the blueprint.
The information is transcribed as a complementary sequence of the nucleotides
(mRNA or the transcript) that carries the genetic information from the nucleus to
the protein-synthesizing machinery in the cytoplasm. Then, mRNA is translated
into the sequence of amino acids that make up a protein. The basis of the
widely used novel strategies for the generation of cDNA libraries are base pair
complementarities, reverse transcription, and polymerase chain reactions.
This chapter presents some general information on the principles of, biology
behind, basic protocols of, and reagents used in the generation of cDNA
libraries. Hopefully, this information will help researchers overcome problems
encountered in actual construction of cDNA libraries.

1.1. Base Pair Complementarities

Nucleic acids exhibit base pair complementarities that faithfully convert one
strand of RNA/DNA to a complementary one. Although all genetic information

From: Methods in Molecular Biology, vol. 221: Generation of cDNA Libraries: Methods and Protocols
Edited by: S.-Y. Ying © Humana Press Inc., Totowa, NJ
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2 Ying

in the somatic cells of a specific organism can be expressed as a transcript,
many DNA sequences are not transcribed. These segments of DNA are the
coding exons and the noncoding introns. Basically, the genetic information
is stored as a strand of a DNA molecule consisting of four bases: adenine,
thymine, guanine, and cytosine. A second complementary strand of DNA can
be formed by DNA polymerase. Polymerases, enzymes that function in DNA
replication and RNA transcription, synthesize a nucleic acid from the genetic
information encoded by the template strand. The polymerases are unique
because they take direction from another nucleic acid template, which is either
DNA or RNA. During the formation of a second strand of DNA, bases are
generated according to the Watson—Crick base-pairing pattern. That is to
say, every cytosine is replaced by a guanine, every guanine by a cytosine,
every adenine by a thymine, and every thymine by an adenine. In this way,
information in DNA is correctly transcribed into RNA.

1.2. Probe Hybridization

Another unique feature of the base pair complementarity is probe hybridiza-
tion. The findings of Gillespie and Spiegelman (1) that viral genomic DNA and
RNA in infected cells showed a base pair complementarity opened an avenue for
specific hybridization between a gene and its transcript as a DNA-RNA hybrid.
Subsequently, the DNA-DNA or DNA-RNA hybrids have been employed in a
large number of powerful techniques for the identification and manipulation of
the geneitic information stored in DNA and used by the cell via RNA. Usually,
a labeled-probe nucleic acid is hybridized with a target nucleic acid. After
removal of any unreacted probe, the remaining labeled probe is identified and
the intensity of the labeling of the hybrid duplex is determined. As a result, the
regions of complementarity between the probe and the target nucleotides are
detected (2). Frequently, the number of targets is quite low, perhaps only a few
copies. In such cases, amplification techniques are performed to produce large
numbers of copies of the target, thus increasing the amount of hybrid duplex
and the observed signal. In addition, immobilization of the target on a surface,
such as a nitrocellulose or nylon filter and many other solid-phase materials,
is used to solve the competitive equilibrium problem. Thus, nucleic acid
sequences can be quantified by molecular hybridization using complementary
nucleic acids as probes, with complementarity as the essential feature for
hybridization.

1.3. Polymerases Are Essential for DNA Synthesis

Polymerases that use RNA as a template to form a complementary DNA
are RNA-direct DNA polymerases (3,4). One of these enzymes is reverse
transcriptase, usually observed as a part of the viral particle, during the life
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cycle of retroviruses and other retrotransposable elements. Purified reverse trans-
criptase is used to generate complementary DNA from polyadenylated mRNAs;
therefore, double-stranded DNA molecules can be formed from the single-
stranded RNA templates. The synthesis of DNA on an RNA template mediated
by the enzyme reverse transcriptase is known as reverse transcription (5).

1.4. A Primer is Required for Reverse Transcription

Although polymerases copy genetic information from one nucleotide into
another, including copying a mRNA to generate a complementary DNA strand
in the presence of reverse transcriptase, they do need a “start signal” to tell
them where to begin making the complementary copy. The short piece of
DNA that is annealed to the template and serves as a signal to initiate the
copying process is the primer (6). The primer is annealed to the template by
basepairing so that its 3’-terminus possesses a free 3-OH group and chain
growth is exclusively from 5" end to the 3" end for polymerization. Wherever
such as primer—template pair is found, DNA polymerase will begin adding
bases to the primer to create a complementary copy of the template.

1.5. Formation of cDNA

Generally, the cDNA of cells can be formed according to the following
steps:

1. Isolation of the mRNA template: The source mRNAs can be enriched by increas-
ing the abundance of specific classes of rare mRNAs via one of the following
approaches: (1) antibody precipitation of the protein of interest that is synthesized
in cell lines, (2) increasing the concentrations of relevant RNAs by drug-induced
overexpression of genes of interest, and (3) inhibition of protein synthesis by
inhibitors, resulting in extended transcription of the early genes of mammalian
DNA virus.

The integrity of the mRNA is essential for the quality of cDNA generation.
The size of mRNAs isolated should range from 500 bp to 8.0 kb, and the sequence
should retain the capability of synthesizing the polypeptide of interest in vitro,
such as in cell-free reticulocytes. When fractionated by electrophoresis and
stained with ethidium bromide, a good preparation of mRNA should appear as
a smear from 500 bp to 8 kb.

2. A short oligo(dT) primer is bound to the poly(A) of each mRNA at the 3’ end.

3. The mRNA is transcribed by reverse transcriptase (the primer is needed to initiate
DNA synthesis) to form the first strand of DNA, usually in the presence of a
reagent to denature any regions of the secondary structure. RNAse is used to
prevent RNA degradation.

4. DNA-RNA hybids are formed.

5. The RNA is nicked by treatment with RNAse H to generate the free 3’-OH
groups.
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6. DNA polymerase I is added to digest the RNA, using the RNA fragments as
primers, and replace the RNA with DNA. In some cases, a primer—adapter
method is carried out as follows: (1) terminal transferase is added to the first
strand ¢cDNA [add (dC) to provide free 3" hydroxyl groups]; (2) the tail of
hybrided cDNA with oligo(dG) serves as the primer.

7. Double-stranded cDNA is formed.

1.6. PCR

Another important development in generating DNA from mRNA is the
enzymatic amplification of DNA by a technique known as polymerase chain
reaction (PCR). The technique was originally reported by Saike et al. (7), who
employed a heat-stable DNA polymerase—Tag polymerase with two primers
that are complementary to DNA sequences at the 3" ends of the region of
the DNA to be amplified. The oligonucleotides serve as primers to which
nucleotides are added during the subsequent replication steps. Because a DNA
strand can only add nucleotides at the 3" hydroxyl terminus of an existing
strand, a strand of DNA that provides the necessary 3’-OH terminus, in this
case, is also called a primer. All DNA polymerases require a template and
a primer.

The PCR is well established as the default method for DNA and RNA
analysis. More robust formats have been introduced, improved thermal cyclers
developed, and new labeling and detection methods developed. Because
gene expression profiling relies on mRNA extraction from defined types and
numbers of cells, in some cases the use of small number of cells or even a few
cells is necessary. In this situation, the PCR technique has been used to allow
synthesis of cDNAs from a small amount of mRNA (8,9). Other techniques
of amplifying mRNA have been developed (10). For instance, the cDNA can
be generated by mRNA extracted and amplified by poly(A) reverse transverse
transcription and PCR.

2. Definitions
2.1. Complementary DNA

If a chromosome is defined as a supercoiled, linear DNA molecule consisting
of numerous transcribable segments as genes (specific segments of DNA that
code for a specific protein), the complementary DNA (cDNA) can be defined as
the transcriptionally active segment of a DNA molecule that shows the base pair
complementarity between the gene and its transcribed and processed mRNA
molecules—the transcript. To define it differently, cDNAs are complementary
DNA copies of mRNA that are generated by the enzyme—reverse transcriptase.
In contrast to genomic DNA, the extra, nontranscribed DNAs in a genome are
removed by this process because DNA polymerase activity depends on the



