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Preface

In 1983 Molecular Biology, A Comprehensive Introduction to Prokaryotes
and Eukaryotes, was published —a 979-page book designed for a
complete course in molecular biology. I was pleased to receive many
favorable comments about the book in the following year. However,
many instructors said that the book was too large to require for use in
some courses and suggested that I prepare a short version.

In mid-1984 I began the job, cutting and reassembling existing
material, but I quickly found this method to be impossible: in the
parts I kept, there were too many references to deleted material, and
the flow of thought was often interrupted. Thus, it was clear that
many paragraphs had to be rewritten, and connecting sentences were
needed. While attending to this, I took the opportunity to update
existing material, where needed, and added new information in the
interest of making a better “short book.” The most advanced material
has been omitted, along with descriptions of techniques and some
experimental support for the facts. This information will have to be
provided by the instructor, or the student can be directed to the more
detailed text of the larger book. Thus the reader will occasionally find
in this book phrases such as *For more information, see MB, pages
000-000." MB refers to the first edition of the original book,

Molecular Biology.

Molecular Biology had no exercises and problems for the student;

instead a separate problems book, Problems for Molecular Biology, was
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published. Essentials of Molecular Bioiogy contains problems and
answers, taken from this book, so a second purchase is not necessary.

1 hope the short book will prove to be useful to others as well as to
those who requested it.

November, 1984 David Freifelder
San Diego, California
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Systems and Methods of
Molecular Biology

The term moleculat biology was first used in 1945 by William Astbury,
who was referring to the study of the chemical and physical structure of
biological macromolecules. By that time, biochemists had discovered
many fundamentdl intracellular chemical reactions, and the impor-
tance of specific reactions and of protein structure in defining the
numerous properties of cells was appreciated. However, the develop-
ment of molecular biology had to await the realization that the most
productive advances would be made by studying “simple” systems such
as bacteria and bacteriophages (bacterial viruses), which yield infor-
mation about basic biological processes more readily than animal cells.
. Although bacteria and bacteriophages are themselves quite compli-
cated biologically, they enabled scientists to identify DNA as the
molecule that contains most, if not all, of the genetic information of a
cell. Following this discovery, the new field of molecular genetics
moved ahead rapidly in the late 1950’s and early 1960’s and provided
new concepts at a rate that can be matched only by the development of
quantum rmechanics in the 1920's. The initial success and the accumu-
lation of an enormous body of information enabled researchers to apply
the techniques and powerful logical methods of molecular genetics to
the. subjects of muscle and nerve function, membrane structure, the
mode of action of antibiotics, cellular differentiation and development,
immunology, and so forth. Faith in the basic uniformity of life processes
was an important factor in this rapid grcwth. That is, it was believed

1
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BACTERIA

that the fundamental biological principles that govern the activity of
simple organisms, such as bacteria and viruses, must apply to more
complex cells; only the details should vary. This faith has been amply
justified by experimental results. . ;

In this book prokaryotes and eukaryotes will be discussed sepa-
rately and compared and contrasted. Usually prokaryotes will be
discussed first because they are simpler. In keeping with this, we begin
by describing the properties of bacteria that are important in molecular
biological research. :

Bacteria are free-living unicellular organisms. They have a single chro-
mosome, which is not enclosed in a nucleus (they are prokaryotes), and
compared to eukaryotes they are simple in their physical organization.
For all practical purposes, a bacterium can be thought of asa solution of
several thousand chemicals and a few organized particles enclosed in a
rigid cell wall.

Bacteria have many features that make them suitable objects for the
study of fundamental biological processes. For example, they are grown
easily and rapidly and, compared to cells in multicellular organisms,
they are relatively simple in their needs. The bacterium that has served
the field of molecular biology best is Escherichia coli (usually referred
to as E. coli), which divides every 20 minutes at 37°C under optimal
conditions. Thus, a single cell becomes 10° bacteria in about 20 hours.
Bacteria can be grownina liquid growth medium or on a solid surface.
A population growing in a liquid medium is called a bacterial culture. If
the liquid is a complex extract of biological material, it is called a broth.
If the growth medium is a simple mixture containing no organic
compounds other than a carbon sourcé such as a sugar, it is called a
minimal medium. A typical minimal medium contains each of the ions
Nat, K+, Mg?+, Ga?+, NH,*, cl-, HPO%~, and SOf~, and a source of
carbon such as glucose, glycerol, or lactate. If a bacterium can grow in a
minimal medium=—that is, if it can synthesize all necessary organic
substances such as amino acids, vitamins, and lipids—the bacterium is
said to be a prototroph. If any organic substances other than a carbon
source must be added for growth to oceur, the bacterium is termed an
auxotroph. For example, if the amino acid leucine is required in the
growth medium, the bacterium is a-leucine auxotroph; the genetic
symbol for such a bacterium is Leu~ . A prototroph would be indicated
Leu*. Bacteria are frequently grown on solid surfaces. The earliest
surface used for growing bacteria was a slice of raw potato. This was
later replaced by media solidified by gelatin. Because many bacteria



Figure 1-1

A petri dish containing colonies of E. coli
grown on agar. (Courtesy of Robert Haynes.)
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excrete enzymes that digest gelatin, an inert gelling agent was sought.
Agar, which is a gelling agent obtained from a variety of seaweed and
used extensively as a thickening agent in Japanese cuisine, is resistant fo
bacterial enzymes and has been universally used. A solid growth
medium is called a nutrient agar, if the liquid medium is a broth, or a
minimal agar, if a minimal medium is gelled. Solid media are typically
placed in a petri dish. In lab jargon a petri dish containing a solid
medium is called a plate and the act of depositing bacteria on the agar
surface is called plating.

A bacterium growing on an agar surface divides. Since most
bacteria are not very motile on a solid surface, the progeny bacteria
remain very near the location of the original bacterium. The number of
progeny increases so much that a visible cluster of bacteria appears.
This cluster is called a bacterial colony (Figure 1-1). Colony formation
allows one to determine the number of bacteria in a culture. For
instahce, if 100 cells are plated, 100 colonies will appear the next day.

Plating is a method for determining if a bacterium is an auxotroph.
This is done in the following way. Minimal agar and nutrient agar
plates are prepared. Several hundred bacteria are plated on each plate
and the plates are incubated overnight in an oven. Several hundred
colonies are subsequently found on the nutrient agar because it con-
tains s6 many substances that it can satisfy the requirements of nearly
any bacterium. If colonies are also found on the minimal agar, the
bacterium is a prototroph; if no colonies are found, it is an auxotroph
and some required substance is not present in the minimal agar
Minimal plates are then prepared with wvarious supplements. if. the
bacteriurh is a leucine auxotroph, the addition of leucine alene will
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enable a colony to form. If both leucine and histidine must be added,
the bacterium is auxotrophic for both of these substances.

Metabolic Regulation in Bacteria

Bacteria are well-regulated and highly efficient organisms. For example,
they rarely synthesize substances that are not needed. Thus the
enzymatic system for synthesizing the amino acid tryptophan is not
formed if tryp ophan is present in the growth medium, but when the
tryptophan it the medium is used up, the enzymatic system will be
rapidly formed. The systems responsible for utilization of various
energy sources are also efficiently regulated. A well-studied example is
the metabolism of the sugar lactose as an alternate carbon source to
glucose. Control of both tryptophan synthesis and lactose degradation
are two examples of metabolic regulation. This very general phe-
nomenon will be explored extengively throughout the book. Both
simple and complex regulatory systems will be seen, all of which act to
determine how much of a particular compound is utilized and how
much of each intracellular compound is synthesized at different times
and in different circumstances. This will demonstrate the length to
which the so-called simple cells have gone to utilize limited resources
efficiently and to optimize their metabolic pathways for efficient
growth.

BACTERIOPHAGE

Bacteria are subject to attack by smaller organisms called bacterio-
phage or simply phage. These are small particles, part of the general
class of particles called viruses, and they are capable of growing only
inside bacteria. Phage* have been the object of choice for a great many
types of experiments because they are much simpler than bacteria in
their structures (usually haviag between two and ten components) as
well as their life cycles and yet possess the most essential, if minimal,
attributes of life.

Most phages contain only a few different types of molecules,
usually several hundred protein molecules of one to ten types (depend-
ing on the complexity of the phage) and one nucleic acid molecule. The
protein molecules are organized in one of three ways. In the most

*The plural word phages refers to different species; the word phage is both singular and plural and in
the plural scnse refers to particles of the same type. Thus, T4 and T7 are both phages, but a test tube
might contain either 1 T7 phage or 100 T7 phage.



Figure 1-2

An E. coli T4 phage. The
DNA is contained in the
head. Tail fibers come
from the pronged plate at
the tip of the tail.
(Courtesy of Robley
Williams.)

Figure 1-3

A schematic diagram of
the life cycle of a typical
bacteriophage. The num-
ber of phage released
usually ranges from 20
ta 500.
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common mode the protein molecules form a protein shell called the
coat or phage head, to which a tail is generally attached: the nucleic acid
molecule is contained in the head (Figure 1-2). Another form of a phage
is a tailless head. The least common form is a filament in which the
protein molecules form a tubular structure in which the nucleic acid is
embedded. Phages are known that contain double-stranded DNA (the
most common variety), single-stranded DNA, single-stranded RNA, and
double-stranded RNA (least common).

Phage, are parasites and cannot multiply except in a host bac-
terium. Thus, a phage must be able to enter a bacterium, multiply, and
then escape. There are many ways by which this can be accomplished.
However, a basic life cycle is outlined below and depicted in Figure 1-3.

The life cycle of a phage begins when a phage particle adsorbs to
the surface of a susceptible bacterium. The phage nucleic acid then
leaves the phage particle through the phage tail (if the phage has a tail)
and enters the bacterium through the bacterial cell wall. In a compli-
cated but understandable way the phage converts the bacterium to a
phage-synthesizing factorv. Within about an hour, the time varying
with the phage species, the infected bacterium bursts or lyses and
several hundred progeny phage are released. The suspension of newly
synthesized phage is called a phage lysate.

Phage multiply faster than bacteria. A typical bacterium doubles
in about half an hour, while a single phage particle gives rise to more
than 100 progeny in the same time period. Each of these phage can then
infect more bacteria, and those released in this second cycle of infection
can infect even more. Thus, in two hours there are four cycles of
infection for both a bacterium and a phage yet a single bacterium has
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