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PREFACE

WHEN I UNDERTOOK to write this book, I did so with the hope that
sharing my own enthusiasm for the subject matter would excite the curi-
osity and interest of students approaching the study of embryology and
developmental biology. To this end, wherever possible I have intro-
duced topics by asking questions: What turns on the complex series of
metabolic reactions that occur in eggs immediately after fertilization?
What is the nature of the molecules that contro] the process of sperm-egg
recognition? What are the mechanisms of morphogenesis that shape the
embryo? What factors turn on specific genes during differentiation?
What is the fascinating relationship between cancer cells and embryonic
cells? It is clear that all of the answers to these sorts of questions are not
yet at hand. The student, I hope, will be left with more than knowledge
of some answers, and will gain an understanding of how the experimen-
tal method leads to the answers.

In this text, I have attempted to provide the reader with a logical
approach to the subject. The book begins at the beginning—with game-
togenesis—and moves through fertilization, cleavage, and each subse-
quent step in embryonic development. Basic embryology is covered in
the first half of the text. With this fundamental background behind the
student, the second half of the book examines molecular mechanisms
involved in controlling morphogenesis and differentiation. The text ends
with a discussion of the intriguing relationship between embryonic cells
and tumor cells. The role of the cell surface in controlling developmental
events is one major theme stressed throughout the text. The large num-
ber of micrographs and drawings should help to convey a concrete sense
of work in various aspects of the field. The key terms that appear in the
margins, and the glossary at the end of the book, should assist the stu-
dent in understanding and reviewing the subject matter. The readings
suggested at the ends of the chapters have, for the most part, been cho-
sen to help the undergraduate gain a better understanding of the topics
discussed.
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YOU AND I BEGAN LIFE as fertilized eggs (zygotes). Fertilized eggs
each contain a set of chromosomes, half from the mother and half from
the father. As the fertilized egg begins to divide (cleave) the chromo-
somes duplicate themselves and all daughter cells usually receive iden-
tical sets of chromosomes. The chromosomes contain genes—DNA
units that code for the synthesis of messenger RNA. The messenger
RNA, in turn, directly codes for the synthesis of specific proteins. We as
students of modern biology realize that if all daughter cells usually
receive identical sets of chromosomes during early embryonic develop-
ment, they also receive identical sets of genes. How, then, can cells with
the same genes become different? We have muscle, nerve, fat, blood,
bone, all different tissues. The “puzzle of differentiation” is one of the
most intriguing questions facing embryologists and developmental biol-
ogists today.

The question of how cells differentiate, or become different, has, in
part, been solved. Much, however, is still to be learned. Throughout this
text we will consider the problem of differentiation in different systems
and at different levels. First, we will look at the problem superficially to
gain some insight into some of the factors that allow cells with identical
genes to form all of the tissues necessary for us to function as living
organisms.

Cells become different because only certain genes become activated
in certain cells. For example, although all of our cells contain the gene
‘that codes for the protein hemoglobin, only red blood cells contain
hemoglobin. Thus the hemoglobin genes must have become activated in
the red blood cells to allow this cell to produce hemoglobin messenger
RNA and, in turn, hemoglobin. In nerve cells or muscle cells, however,
although they possess the hemoglobin gene, this gene is inactive and
hemoglobin is not synthesized.

What are the factors that activate different genes in different cells?
How do these factors work? The first question can, in part, be answered.
The answers to the second question, however, are not well understood.
The factors that activate specific genes include interaction of the genes
with: (1) molecules contained in specific regions of cytoplasm, (2) mole-
cules provided by interaction with neighboring cells, and (3) environ-
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mental factors. Let us briefly examine these three factors here. We will
return to more in-depth discussions on the nature of differentiation
throughout the text.

Interaction of Genes with Molecules in
Specific Regions of Cytoplasm

If all daughter cells in developing embryos usually receive the same
genes during division of the fertilized egg, don’t they also receive the
same cytoplasm during the division process? The answer to this question
is no, not necessarily. Daughter cells can receive different types of cyto-
plasm and therefore can receive different molecules that may interact
with their genes. One very clear example of how cells in early embryos
can receive different cytoplasm is illustrated in Figure I-1. In eggs of
organisms such as Dentalium, one can distinguish three layers of cyto-
plasm: a clear layer, a granular layer, and a second clear layer. Before the
first division of the fertilized Dentalium egg one of the clear cytoplasmic
regions is extruded from the zygote (fertilized egg). This extrusion is
called a polar lobe. The first division (cleavage) then occurs and the polar
lobe containing all of one of the clear regions of cytoplasm is drawn back
into only one of the daughter cells (CD cell). Thus, only one of the
daughter cells contains this specific cytoplasm. This type of cytoplasmic
segregation continues to occur during Dentalium development, resulting
in the parceling out of specific cytoplasm to specific cells in the embryo.
So we can see that although all daughter cells may contain the same

CD cell

polar
lobe

3

polar lobe

Figure I1-1. Cleavage of
the mollusc Dentalium.
After E. B. Wilson, J.
Exp. Zool. 1:1-72 (1904).
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genes, they do not contain the same cytoplasm. The special cytoplasm
contained in some of the daughter cells of the embryo appears to play an
important role in turning on specific genes in these cells. Only the cells
with the special cytoplasm are able to form normal embryos if separated
from the other cells. The special cytoplasm of a cell may therefore help
that cell become different from other cells by activating specific genes.
Evidence to support this statement will be presented in Chapter 8.

We have looked at only one example of cytoplasmic specialization.
Later on we will examine other examples, such as the gray crescent of
amphibian embryos. Gray crescent cytoplasm is special material local-
ized in only one region of the fertilized egg, needed by specific amphib-
ian embryo cells to differentiate into specific tissue that plays a key role
in controlling normal development of the embryo. We will examine
these specializations in detail in Chapter 8.

Interaction of Genes with Molecules
Provided by Interaction
with Neighboring Cells

We saw how special cytoplasm is parceled out to only certain cells in the
embryo, causing differences in cells that contain similar genes. Let us
now briefly consider an example of a situation in which contact with
other cells can cause differentiation to occur in the responding cells.
Many examples of this type of cell-cell interaction will be described
throughout the text. Here we will consider one of these examples, the
amphibian embryo. We just mentioned that the gray crescent in the
amphibian embryo appears to contain special cytoplasm. This gray cres-
cent material becomes localized in a specific region of the amphibian
embryo that begins to migrate from the surface to the inside of the
embryo. This region (the prospective notochord) finally underlies the
prospective nervous system of the embryo. Thus the special cytoplasm
contained in the original gray crescent is now found in cells that underlie
the area that will become the nervous system (Figure 1-2). Unless
contact is made between the prospective notochord and prospective
nervous system, the nervous system does not develop. If a sheet of mica
is placed between the prospective notochord and prospective nervous
system, preventing contact of the two regions, nervous system differen-
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prospective
/ nervous system

g——— Prospective

notochord

tiation (formation of the brain, spinal cord, and accessory structures)
does not take place. In Chapter 8, we will examine the interaction
between these regions in greater detail. We can conclude that in order for
the genes that cause nervous system differentiation to become activated
in the prospective nervous system cells, interaction with prospective
notochord cells must occur. This is an example of differentiation caused
by interaction with other cells. The nature of this interaction at a molec-
ular level, however, is not yet well understood.

Environmental factors such as light and temperature can also influ-
ence differentiation. Flowering in plants, for example, is controlled by
length of light exposure. The development of flowers, in turn, controls
the whole reproductive process in plants. Insect development is clearly
influenced by light and temperature. As will be seen in Chapter 8,
nervous system differentiation can also be influenced by environmental
factors such as acidity and salt concentration.

We have introduced embryology by briefly examining cell differen-
tiation caused by rather poorly understood components in special cyto-
plasm, neighboring cells, and the environment. We will return to this
theme in more depth throughout this text to help understand some of
the events that occur during the development of different parts of the
organism. Toward the end of the text we will return to study differenti-
ation at the molecular level, after the component processes of develop-
ment have been explored.

In Chapter 1, we will start our study of embryology at the begin-
ning—with the gametes, the sperm and egg, that unite to form the new
organism. A study of the fertilization process will help us to understand
the complex series of events that must occur before life begins as a divid-
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Figure I-2. Contact of
two regions in
amphibian embryo.
Prospective notochord
and prospective nervous
system (only areas
shown) must contact
each other for nervous
system differentiation to
occur.
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ing embryo. We will continue the study of embryology by examining the
factors involved in determining how fertilized eggs cleave. An examina-
tion of the events that transform the early embryo, a simple ball of cells,
into the complex being that begins to resemble the adult, will follow.
Throughout the text, emphasis will be placed upon attempts at under-
standing the mechanisms involved in controlling the component pro-
cesses involved in embryonic development. For example, how do cells
rearrange themselves in embryos to get their final destinations? Evi-
dence will be presented that suggests that cellular rearrangements in
embryos are, in part, caused by adhesive recognition between the cells.
Cells stop migrating because they specifically adhere tenaciously to cer-
tain other cells. We will examine what is known about the molecular
nature of such cell-cell interactions in embryos.

In this text, we will deal with many intriguing questions. How does
an egg cell grow to 100,000 times its original volume in preparation for
nourishing the new embryo? How does a sperm cell become trans-
formed from a little sphere into a sleek swimming gamete that is able to
touch home to fertilize the egg? What turns on the complex series of
metabolic reactions that occur in eggs immediately after fertilization?
How can a tiny sperm that fuses with only 0.0002 percent of the egg
surface trigger the multitude of changes that occur in the new zygote?
What is the nature of the molecules involved in the process of sperm-egg
recognition? What controls cleavage? How does a conglomeration of
cells become transformed into a layered embryo that begins to resemble
a “real” organism? What structures are derived from each germ layer
and what is the mechanism of their formation? What are the forces that
shape the embryo-—the mechanisms of morphogenesis? What is the
nature of the molecules that appear to “turn on” specific genes during
differentiation? How do amphibian limbs regenerate and might this
information eventually help us develop means of promoting regenera-
tion of limbs in man? How do our eyes, heart, kidneys, and limbs de-
velop? How does German measles virus cause blindness in human
babies? How does one go about studying differentiation? How have
modern techniques in molecular, cell, and developmental biology been
used to examine the nature of differentiation? How does differentiation
at the protein level come about? How are higher orders of structure such
as microtubules, microfilaments, flagella, and ribosomes assembled in
differentiating cells? What is the nature of the intriguing relationship
between cancer cells and embryonic cells? Under what conditions will
certain tumor cells become transformed into normal differentiating
tissue?

This text will not answer all of these questions completely. We will,
however, deal in depth with these questions and many more in what is
hoped to be an organized, clear and enthusiastic manner. Some of you
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may become excited about this field and eventually participate in uncov-
ering the unsolved problems that still remain in developmental biol-

ogy.
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