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Skeletal muscle is one of the first
tissues to differentiate in early ver-
tebrate embryogenesis. Because
muscle is so highly specialized and
contains such high concentrations
of the contractile proteins actin
and myeosin, it is an excellent
model system for investigating the
mechanisms that regulate gene ex-
pression. Accordingly, my re-
search program focuses on eluci-
dating the structure, transcription,
and translation of the myosin-
heavy chain genes. The amphibian
embryo provides a convenient
model system because of its large
size, external development, and
ready availability, so it is used as
the experimental organism.

Rather than containing a single
myosin gene, however, the ge-
nome contains a family of up to a
dozen or, in some animals, even
more numerous closely related my-
osin genes, each coding for a
unique myosin-heavy chain pro-
tein. Some of the genes are ex-
pressed only in skeletal muscle,
while others are expressed in
other muscles as well. Several of
the genes appear to be expressed
only at certain times in develop-
ment (e.g., embryo, larva, adulf).

By isolating and characterizing the
genes at the nucleotide sequence
level, and using recombinant
DNA techniques to generate
novel combinations of coding
sequence/upstream sequence, my
research program seeks to eluci-
date the mechanisms that act to
control when and where individ-
ual myosin genes are expressed.

What advice can you offer to un-
dergraduates who want to become
scholars of molecular biology?

Develop your analytical thinking
skills. Prospective molecular biolo-
gists should take every opportu-
nity during their undergraduate
training to (1) engage in problem
solving exercises; (2) become pro-
ficient in analyzing data (e.g.,
graphs, charts, etc.); and (3) learn
to design experiments. So much of
the day-to-day “goings on” in con-
temporary molecular biology is
data oriented (versus concept ori-
ented). To be successful, one
needs to become highly compe-
tent in those aspects of intellec-
tual activity, and come to feel
comfortable when engaged in
those sorts of endeavors.



Welcome to
Molecular
Biology!

TI{E ULTIMATE GOAL OFMOLECULAR BIOLOGY IS AMBITIOUS:
to understand the five basic cell behavior patterns (growth, division,
specialization, movement, and interaction) in terms of the various mole-
cules that are responsibie for them. That is, molecular biology wants
to generate a complete description of the structure, function, and inter-
relationships of the cell’s macromolecules, and thereby to understand
why living cells behave the way they do.

This goal might appear overly zealous. Yet the rate at which progress
is being made often astonishes even the most optimistic scientists. One
might, in fact, consider these years to represent a golden era for biology,
with the field of molecular biology providing the main driving force.

Significant discoveries are emerging from research laboratories
nearly every day and the front pages of national newspapers frequently
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Welcome to Molecular Biology!

herald exciting announcements of the identification of disease-causing
genes, or promising biotechnology products, or new agricultural processes.
A few decades ago the most important discoveries in molecular biology
were made using the simplest organisms (e.g., viruses and bacteria). Nowa-
days, however, equally important findings are regularly reported for both
plants and mammals. A few key discoveries and the efforts of a small
group of pioneering scientists have set the stage for the present era.

Molecular Biology

The term molecular biology was first used in 1938 by Warren Weaver. As
Director of the Natural Sciences Section of the Rockefeller Foundation,
he advocated that financial support be given to this “new branch of sci-
ence—a new biology—Molecular Biology.” By that time, biochemists
began to discover many fundamental intracellular chemical reactions, and
to appreciate the importance of specific reactions and of protein structure
in defining the numerous properties of cells. However, the development
of molecular biology itself could not begin until this realization was
reached: The most productive advances would be made by studying “sim-
ple” systems such as bacteria and bacteriophages (bacterial viruses). Al-
though bacteria and bacteriophages are still quite complicated, they are
far simpler than animal cells. In fact, they enabled scientists to identify
DNA as the molecule that contains most, if not all, of the genetic informa-
tion of a cell.

Although DNA was first described in 1869 by F. Miescher, its signifi-
cance to cell function and the definitive proof that it is responsible for
inherited traits did not come until almost a century later. The experimental
evidence that led to the assignment of genes to DNA depended heavily
on the use of bacteria and their viruses (described in Chapter 6).

Once it became clear that DNA contains the chemical basis of heredity,
it was not long before J. D. Watson and F. H. C. Crick offered a model
for the physical structure of DNA. That model (described in Chapter 3)
also proposed a mechanism for DNA replication and the spontaneous
origin of mutations. Shortly thereafter, RNA was revealed to be an inter-
mediate for the synthesis of enzymes and other proteins.

Following these discoveries, the new field of molecular genetics pro-
gressed rapidly in the late 1950s and early 1960s. It provided new concepts
at a rate matched only by the development of quantum mechanics in the
1920s. The initial success and the accumulation of an enormous body of
information enabled researchers to apply the techniques and powerful
logical methods of molecular genetics to a variety of subjects: muscle and
nerve function, membrane structure, the mode of action of antibiotics,
cellular differentiation and development, immunology, and others. Faith
in the basic uniformity of life processes was an important factor in this
rapid growth. That is, it was believed that the fundamental biological
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principles that govern the activity of simple organisms, such as bacteria
and viruses (organisms that lack an organized nucleus), 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 separately
and compared and contrasted. Usually prokaryotes will be discussed first,
because they are simpler. In keeping with this practice, we begin by briefly
reviewing the properties of several model living systems, including bacteria
and their viruses.

vius  The simplest living organism is of course the virus. As a minimalist life
form, it consists of a DNA (or, in some cases, an RNA) inner core sur-
rounded by a protein coat. The key to the virus’s simplicity is its parasitic
nature. It borrows functions from its host cell. The host is, for some kinds
of viruses, a bacterial cell, while for others it is a plant cell, and for yet
others it is an animal cell. Of these hosts, the bacterial cell is the simplest.
We will review its general features here briefly, then return to viruses.
bacteria 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 as consisting of
several thousand chemicals and a few organized particles, all in liquid
solution, 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 can be 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 grown in a 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

minimal medium other than a carbon source, such as a sugar, it is called a minimal medium.
A typical minimal medium contains each of the ions Na*, K*, Mg**, Ca*”,
NH;, Cl-,HPO?", SO, 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, vita-
mins_and linids.-the beate=1vmis.c2id to he a nentotronh If.anv.areanic
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used for growing bacteria was a slice of raw potato. This was eventually
replaced by agar, a jelling agent obtained from seaweed. It is resistant to
the action of bacterial enzymes and hence is considered biologically inert.
Figure 1-1 illustrates growth of bacteria on an agar surface.

Metabolism in bacteria is precisely regulated. Thus, bacteria represent
the most efficient free-living organisms yet discovered. They rarely synthe-
size substances that are not needed. For example, the amino acid trypto-
phan is not formed if tryptophan is present in the growth medium, but
when the tryptophan in the medium is used up, the tryptophan-synthesizing
enzymatic system will be quickly activated. 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
phenomenon will be explored extensively throughout the book, especially
in Chapter 11. Both simple and complex regulatory systems will be de-
scribed, 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. We will learn about the
lengths to which the so-called simple cells go to utilize limited resources
efficiently and to optimize their metabolic pathways for efficient growth.

The ease with which bacteria can be grown in the laboratory on agar
surfaces or even in liquid growth medium in large, industrial-scale tanks
has facilitated rapid progress in the physical and chemical characterization
of macromolecules. For example, the original descriptions of nucleic acids
(Chapter 3) and proteins (Chapter 4) were largely made with components
fractionated and isolated from mass quantities of bacterial cells. And
knowledge of metabolic regulation, discussed in Chapters 11 and 13, can
be traced back to early studies of bacteria, and more recently to plant
and animal cells, grown under conditions similar to those illustrated in

Figure 1-1.

Figure 1-1 A glass dish displaying col-
onies of E. coli grown on the surface of
an agar-containing growth medium.
Each colony contains a dluster, or clone,
of cells that represents the progeny of
a single cell that divided many times.
For instance, if 100 cells were spread on
the agar surface, 100 colonies would ap-
pear the next day.
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Figure 1-2 An E. coli T4 phage. The DNA is con-
tained in the head. Tail fibers come from the
pronged plate at the tip of the tail and serve to at-
tach the virus to the host bacterium’s surface.

Bacteriophage :

Once the culture conditions for growing bacteria were established and
many of the metabolic processes of normal bacterial life were known,
bacterial viruses (bacteriophage, or the shortened form phage) were stud-
ied in earnest. Being much simpler than bacteria (unlike bacteria, they
are not “free-living”), they could be studied in a relatively straightforward
fashion. Since they indeed represent the simplest form of life, as their
biochemical features became known, several physicists began to study
them in the hopes of discovering new laws or first principles of physics!

Figure 1-2 illustrates a bacteriophage that is relatively complex. It
contains a protein coat, or phage head, to which is attached a tail. Some.
phages are simpler yet, and lack well-defined tail structures.

Molecular biologists have utilized viruses as simple model systems for
many kinds of studies. One of the most significant used the minimalist
protein coat/ DNA core composition of phage to establish whether protein
or DNA carries heredity information. Chapter 6 will explain the life cycle
of a typical bacteriophage and review how phage, like the one illustrated
in Figure 1-2, were used in pioneering experiments that helped prove that
DNA rather than protein contains genetic information.

Another favorable model system that shares many of the advantages of
bacteria is yeast [Figure 1-3 (a, b)]. They are, however, eukaryotes. Having
a true nuclear membrane surrounding their chromosomes, they represent
a higher level of organization than bacteria. That level approaches the
complexity of animal (e.g., human) cells. Yet being a microorganism, yeast
can be grown and manipulated much like E. coli.

Yeasts have been used for millennia for producing wine and beer. A
great deal of early biochemical research was carried out with yeasts rather
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(a)

Figure 1-3 (a) A light micrograph of the yeast Saccharo-
myces cerevisiae. Many cells are budding by outgrowth
from the cell wall of the mother. (Courtesy of Breck By-
ers.) (b) A fluorescence micrograph of a single cell stained
with a fluorescent dye that binds to nucleic acids. The
bright spot is the nucleus. The dark region is the vacuole,
(b) a liquid-filled sac that is free of nucleic acids.

than bacteria, work stimulated mainly by interest in understanding and
improving beer.

In contemporary molecular biology, mutant strains of yeast are often
employed to discover genes which control growth, division, and cell behav-
ior patterns. As well, yeasts are presently employed as tools for producing
large numbers of copies of human chromosome fragments. So-called “yeast
artificial chromosomes” represent miniature chromosomes that contain
foreign (e.g., human) DNA. They are propagated within yeast cells, provid-
ing the molecular biologist with opportunities for genetic engineering.

Many types of animal cells, including several kinds of human cells, can
be cultured using methods based on bacteria and yeast culture techniques.
Primary cell cultures represent normal animal tissue that is usually derived
from either skin cells (Figure 1-4) or embryos. They grow well initially,
but eventually die off. Tumor cells, however, grow indefinitely, and are

Figure 1-4 A microcolony of Chinese hamster fibroblasts that
have been growing for a few days on a glass surface. (Cour-
tesy of Theodore Puck.)




