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CHAPTER 8

gels, but because gels are flimsy and easily broken and deform
as they dry, it is difficult to probe gels.
In 1975, Ed Southern (1938–) devised a method, called the
Southern blot, to transfer DNA from agarose gels to nitrocellulose membranes, which are less delicate. The Southern blot
technique begins with the procedures of gel electrophoresis just
described (FIGurE 8.7 1 ). The DNA is denatured into single
strands with NaOH. Once the DNA fragments have been separated by size, the liquid in the electrophoresis gel is blotted out
2 . DNA is transferred and bonded with heat to a nitrocellulose membrane 3 . Radioactive probes complementary to DNA
sequences of interest are added 4 . The probes expose photographic film, revealing the DNA of interest 5 . A northern blot is
a similar technique used to detect specific RNA molecules.
Researchers use Southern blots for a variety of purposes,
including genetic “fingerprinting” (discussed shortly) and diagnosing infectious diseases. For example, scientists can detect
the presence of genetic sequences unique to hepatitis B virus in
a blood sample of an infected patient even before the patient
shows symptoms or an immune response.
Scientists also use Southern blotting to demonstrate the incidence and prevalence in an environmental sample of archaea,
bacteria, and viruses, particularly those that cannot be cultured.

DNa Microarrays
LEARNINg
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8.15 Describe the manufacture and use of DNA microarrays.

Another tool of biotechnology is a DNA microarray. An array
consists of molecules of single-stranded DNA, either genetic
DNA or cDNA, immobilized on glass slides, silicon chips, or
nylon membranes. Robots, similar to those that construct computer chips, deposit PCR-derived copies of hundreds of thousands of different DNA sequences in precise locations on the
array (FIGurE 8.8). An array may consist of DNA from a single
species (e.g., DNA microarrays containing sequences from all the
genes of E. coli are available commercially), or a DNA array may
contain sequences from numerous species. In any case, single
strands of fluorescently labeled DNA in a sample washed over
an array adhere only to locations on the array where there are
complementary DNA sequences.
Scientists use DNA microarrays in a number of ways, including the following:

■

Monitoring gene expression. One way organisms control
metabolism is by controlling RNA transcription. Scientists
use DNA microarrays to monitor which genes a cell is
transcribing at a particular time by making fluorescently
labeled cDNA from mRNA in the cell. These DNA strands
bind to complementary DNA sequences on the array, and
the location of fluorescence on the array at specific sites
reveals which genes the cell was transcribing at the time.
Researchers using DNA microarrays can monitor the expression of thousands of genes simultaneously and can
compare and contrast genetic expression under different
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▲ FIGurE 8.7 The Southern blot technique. This method
enables scientists to locate DNA sequences of interest.
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cDNA sequences from reverse
transcription, a microbe, or a
gene library

Multiple copies of each
single-stranded sequence
are attached to substrate in
precisely deﬁned locations.

■
■

conditions. In the latter type of experiment, a different
color of fluorescent dye is used to label DNA from microbes grown in each condition.
Diagnosing infection. DNA microarrays made with DNA
sequences of numerous pathogens reveal the presence of
those pathogens in medical samples.
Identifying organisms in an environmental sample.
Microbial ecologists monitor the presence or absence of
microbes in an environment by using microarrays of DNA
from the organisms.

DNA microarray

Inserting DNa into Cells
LEARNINg
Fluorescently
labeled DNA
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8.16 List and explain three artificial techniques for introducing
DNA into cells.

A goal of recombinant DNA technology is the insertion of a gene
into a cell. In addition to using vectors and the natural methods
of transformation of competent cells, transduction, and conjugation, scientists have developed several artificial methods to
introduce DNA into cells, including the following:
(a)

■

■

■
(b)

▲ FIGurE 8.8 DNA microarray. (a) Construction and use of
a microarray. Multiple copies of single-stranded DNA with known
sequences are affixed in precise locations on a glass slide, silicon chip,
nylon membrane, or other substrate. Fluorescently labeled DNA washed
over the microarray binds to complementary strands. (b) Photograph
of a DNA microarray showing locations of differently labeled cDNA
molecules.

Electroporation (FIGurE 8.9a). Electroporation involves
using an electrical current to puncture microscopic holes
through a cell’s membrane so that DNA can enter the cell
from the environment. Electroporation can be used on all
types of cells, though the thick-walled cells of fungi and
algae must first be converted to protoplasts, which are cells
whose cell walls have been enzymatically removed. Cells
treated by electroporation repair their membranes and cell
walls after a time.
Protoplast fusion (FIGurE 8.9b). When protoplasts encounter one another, their cytoplasmic membranes may
fuse to form a single cell that contains the genomes of
both “parent” cells. Exposure to polyethylene glycol
increases the rate of fusion. The DNA from the two
fused cells recombines to form a recombinant molecule.
Scientists often use protoplast fusion for the genetic
modification of plants.
Injection. Two types of injection are used with larger eukaryotic cells. Researchers use a gene gun powered by a
blank .22-caliber cartridge or compressed gas to fire tiny
tungsten or gold beads coated with DNA into a target cell
(FIGurE 8.9c). The cell eventually eliminates the inert metal
beads. In microinjection, a geneticist inserts DNA into a
target cell with a glass micropipette having a tip diameter
smaller than that of the cell or nucleus (FIGurE 8.9d). Unlike electroporation and protoplast fusion, injection can be
used on intact tissues such as in plant seeds.

In every case, foreign DNA that enters a cell remains in a
cell’s progeny only if the DNA is self-replicating, as in the case
of plasmid and viral vectors, or if the DNA integrates into a cellular chromosome by recombination.
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▲ FIGurE 8.9 Artificial methods of inserting DNA into cells. (a) Electroporation, in which
an electrical current applied to a cell makes it competent to take up DNA. (b) Protoplast fusion,
in which enzymes digest cell walls to create protoplasts that fuse at a high rate when treated with
polyethylene glycol. (c) A gene gun, which fires DNA-coated beads into a cell. (d) Microinjection,
in which a solution of DNA is introduced into a cell through a micropipette.

TELL ME WHY

Genetic Mapping

Why wasn’t polymerase chain reaction (PCR) practical before the
discovery of hyperthermophilic bacteria?

LEARNINg

applications of recombinant
DNa Technology
The importance of recombinant DNA technology lies not in the
novelty, cleverness, or elegance of its procedures but in its wide
range of applications. In this section we consider how recombinant DNA technology is used to solve various problems and
create research, medical, and agricultural products.

| OuTCOME

8.17 Describe genetic mapping and genomics, and explain
their usefulness.

One application of these tools and techniques is genetic
mapping, which involves locating genes on a nucleic acid molecule. Genetic maps provide scientists with useful facts, including information concerning an organism’s metabolism and
growth characteristics, as well as its potential relatedness to
other microbes. For example, scientists have discovered a virus
with a genetic map similar to those of certain hepatitis viruses.
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They named the new discovery hepatitis G virus because it presumably causes hepatitis, though it has not been demonstrated
that the virus actually causes the disease.

that carry them simultaneously. FISH is used for a variety of
purposes, including diagnosing disease, identifying microbes in
environmental samples, and analyzing biofilms.

Locating Genes

Nucleotide Sequencing

Until about 1970, scientists identified the specific location of
genes on chromosomes by cumbersome, time-consuming, laborintensive methods. Recombinant DNA techniques provide simpler and universal methods for genetic mapping.
One technique for locating genes, called restriction fragmentation, was one of the earliest applications of restriction enzymes. In this technique, which is used for mapping the relative
locations of genes in plasmids and viruses, researchers compare
DNA fragments resulting from cleavages by several restriction
enzymes to determine each fragment’s location relative to the
others. If the researchers know the locations of specific genes on
specific fragments, then elucidation of the correct arrangement
of the fragments will reveal the relative locations of the genes
on the entire DNA molecule.
Using this method, scientists first completed the entire gene
map of a cellular microbe—the bacterium H. influenzae—in 1995.
Since then, geneticists have elucidated complete gene maps of
numerous viruses and prokaryotic and eukaryotic organisms.
Often a scientist wants to know where in the environment,
clinical sample, or biofilm a particular microbial species is located. When researchers know of a particular gene exclusive to
that organism, they can locate the gene and thereby the microbe
using fluorescent in situ hybridization (FISH).
In this method, scientists attach fluorescent chemicals to
short, single strands of nucleic acid molecules that are complementary to the gene or its transcribed mRNA. Because complementary strands of nucleic acid best bind one another, these
fluorescent probes hybridize with their complementary target.
Scientists using fluorescent microscopes to view such probes
can determine where the gene and its organism are located
(FIGurE 8.10). Using a number of different colors of fluorescent
probes, researchers can locate numerous genes and the microbes

An exciting development in the world of genetics is genomics,
the sequencing and analysis of the nucleotide bases of genomes.
At first, scientists sequenced DNA molecules by selectively
cleaving DNA at A, T, G, or C bases, separating the fragments
by gel electrophoresis, and mapping the order in which the
fragments occur in a complete DNA molecule. Such cumbersome sequencing was limited to short DNA molecules, such as
those of plasmids.
Today, scientists use a faster technique that utilizes cDNA
synthesized with nucleotides that have been tagged with four
different fluorescent dyes—a different color for each nucleotide
base; then an automated DNA sequencer determines the sequence of base colors emitted by the dyes (FIGurE 8.11). Such
machines, often running 24 hours a day for months, have sequenced the entire genomes of numerous viruses, bacteria, and
eukaryotic organisms. Scientists reached a milestone in 2001 by
sequencing the 3 billion nucleotide base pairs that constitute the
human genome.
Elucidation of the gene sequences of pathogens, particularly
those affecting hundreds of millions of people and those with
potential bioterrorist uses, is a current priority of researchers.
Scientists hope to use the information to develop novel drugs
and more effective therapies and vaccines.
Another use for genomics is to relate DNA sequence data
to protein function. For instance, scientists are investigating
is
the genes and proteins of Deinococcus radiodurans (dı-no-kok´u
ra-de-o-dur´anz), a microorganism that is remarkably resistant to damage of its DNA by radiation. Such studies may lead
to methods of reversing genetic damage in cancer patients
.
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▲ FIGurE 8.10 Fluorescent in situ hybridization (FISH). greenfluorescing cells are Staphylococcus aureus, whereas red-fluorescing cells
are another species of Staphylococcus. The absence of fluorescence in some
cells indicates that at least one other species is present in this blood sample.

200

▲ FIGurE 8.11 Automated DNA sequencing. Each colored line
corresponds to a different nucleotide base; each peak indicates the location of a particular base. What are the nucleotides in positions 100 and
200?
Figure 8.11 Thymine and cytosine.
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Tools and Techniques of Recombinant DNA Technology

Tool or Technique

Description

Potential application

Mutagen

Chemical or physical agent that creates mutations

Creating novel genotypes and phenotypes

Reverse transcriptase

Enzyme from RNA retrovirus that synthesizes cDNA from
an RNA template

Synthesizing a gene using an mRNA template

Synthetic nucleic acid

DNA molecule prepared in vitro

Creating DNA probes to localize genes within
a genome

Restriction enzyme

Bacterial enzyme that cleaves DNA at specific sites

Creating recombinant DNA by joining fragments

Vector

Transposon, plasmid, or virus that carries DNA into cells

Altering the genome of a cell

gene library

Collection of cells or viruses, each of which carries a portion
of a given organism’s genome

Providing a ready source of genetic material

Polymerase chain reaction (PCR)

Produces multiple copies of a DNA molecule

Multiplying DNA for various applications

gel electrophoresis

Uses electrical charge to separate molecules according
to their size

Separating DNA fragments by size

Electroporation

Uses electrical current to make cells competent

Inserting a novel gene into a cell

Protoplast fusion

Fuses two cells to create recombinants

Inserting a novel gene into a cell

gene gun

Blasts genes into target cells

Inserting a novel gene into a cell

Microinjection

Uses micropipette to inject genes into cells

Inserting a novel gene into a cell

Southern blot

Localizes specific DNA sequences on a stable membrane

Identifying a strain of pathogen

Nucleic acid probes

RNA or DNA molecules labeled with radioactive or
fluorescent tags

Localizing specific genes in a Southern blot

genetic mapping

Uses restriction enzymes to locate relative positions of
restriction sites

Locating genes in an organism’s genome

DNA sequencing

Determines the sequence of nucleotide bases in DNA

Comparing genomes of organisms

DNA microarray

Reveals presence of specific DNA or RNA molecules in
a sample

Diagnosing infection

undergoing radiation therapy. Researchers are also investigating the genetic basis of the enzymes of psychrophiles, which are
microorganisms that thrive at temperatures below 20°C. Such
enzymes have potential applications in food processing and in
the manufacture of drugs.
TaBLE 8.2 summarizes the tools and techniques of recombinant DNA technology.

Environmental Studies
It is estimated that more than 99% of microorganisms have
never been grown in a laboratory; indeed, scientists know them
only by unique DNA patterns in electrophoresis gels and Southern blot membranes. For example, based on such unique DNA
sequences, sometimes called signatures or DNA fingerprints,
scientists have isolated over 500 species of bacteria from human
mouths; however, they have been able to identify only about 150
of these. An understanding of the biology of the other 350 species may lead to a better understanding of tooth and gum decay,
diagnosis of disease, and advances in oral health care.
Another application of genetics to environmental studies may
have ramifications for global warming. Rice agriculture is possibly the largest human contributor of the so-called greenhouse
gas methane to the atmosphere. Rice paddies, concentrated in
Asia, contribute 50 million to 100 million metric tons of methane
to the environment every year, though neither rice nor humans

directly cause this deluge of methane. Scientists, having analyzed
the DNA signatures of microbes in the soil, have determined that
mud-dwelling, methane-producing archaea feed on carbohydrates released by the rice plants’ roots. These archaea have not
been isolated or grown in a laboratory. They are known only by
their DNA signatures. Thus, the tools and techniques of recombinant DNA technology have revealed the source of a problem.
Discovering that these organisms exist is certainly the first step in
developing methods to reduce their impact on the environment.

Pharmaceutical and Therapeutic
applications
LEARNINg
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8.18 Describe six potential medical applications of recombinant
DNA technology.
8.19 Describe the steps and uses of genetic fingerprinting.
8.20 Define gene therapy.

Researchers now supplement traditional biotechnology with
recombinant DNA technology to produce a variety of pharmaceutical and therapeutic substances and to perform a host of
medically important tasks. Here we explore the use of recombinant DNA technology to synthesize selected proteins, produce

