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the middle; the eyes amweys in our heads, not in our toes or glhis creation of
ordered form is callechorphogenesi. How can the cells form suchorderel
structures?

The question of growth How do our cells know when to stopvdiing? If each cell in
our face were to undergasi one more cell division, we would m®nsidere horribly
malformed. If each cell irour arms underwent just one more rouof cell division,
we could tie our shdaces withoL bending over. Our arms agenerall' the same size
on both sides of the bodiow is cell division so tightly regulated?

The question ofreproduction. The sperm and egg are vesgecialzed cells. Only
they can transmit thenstructions or making an organism from orgeneratio to the
next. How are these cellse apart to form the nexgeneration, ar what are the
instructions in the nucleus @mytoplasm that allow them to function thisay~

The question of evolution Evolution involves inherited changesdevelopmen When
we say that today's oneed horse had a five-toed ancestor, wee saying that
changes in the develogmt of cartilage and muscles occurred ovanygenerations in
the embryos of the horsesscestors. How do changes in devel@mincreat new body
forms? Which heritable chang: are possible, given the constraintsposed by the
necessity of the organismsarvive as it develops?

The question ofenvironmental integration. The development oimany organisms
is influenced by cues fronhé environment. Certain butterflies, fmstance inherit the
ability to produce differenwing colors based on the temperaturetloe amount of
daylight experienced by theaterpilla before it undergoes metarpbosis.

What you will learn in this course

In this courg, you have the course units and a course guidecdtrse guide witell you
briefly what the course is all about. It is a general overvidwthe course materials you w
be using and how to use those materials. It alfmsh@u to allocate the apypriate time to
each unit so that you can successfully completedese within the stipulated time lin

The course guide also helps you to know how tolgmuaiyour Tuto-Markec-Assignment
which will form part of your overall assessmentreg end ofhe course. Also, there will |
tutorial classes that are related to this courseerey you can interact with your facilitatc
and other student. Please | encourage you to dttexse tutorial classt

This course exposes you to Developmental Biologyery important and interesting fie
in Biology.

Course Aims
This course aims tenable you to appreciate and understand some ofutingersal

molecular and cellular events and processes tlatr@s an animal develc from an egg
and a sperm into an adult organi



Course Objectives

To achieve the aim set above, there are objectizash unit has a set of objectives
presented at the beginning of the unit. These tlgscwill give you what to concentrate
focus on while studying the unit and during yowrdstto check your progress.

The Comprehensive Objectives of the Course arengivelow. By the end of the
course/after going through this course, you shbeldble to:

1 Explain the historical background of developmiiology

2 Explain the significance of gametogenesis andifation with relevant examples
to various animals at different level of organiaati

3 Describe the steps in the cleavage formatiormsegation, gastrulation and

invagination.

Explain the process involves in animal and mahama&mbryonic development.

Name the stages at which the first andrsgeneiotic divisions take place

Outline the stages of spermiogenesis and oggaresis

~N o o1 b

Name the functions of Sertoli cells and grasaloells

Define the stages at which meiotic anresiocytes normally occurs

O 0o

Identify the components of developing ovaffahcles and of the oocyte at the time

of ovulation.

Working through the Course

To successfully complete this course. You are reqto read each study unit, read the
textbooks materials provided by the National Op@aiversity.

Reading the reference materials can also be of gssestance.
Each unit has self —assessment exercise which y@w@dvised to doat certain periods
during the course you will be required to submiury@assignment for the purpose of

assessment.

There will be a final examination at the end of ttwurse. The course should take you
aboutl7 weeks to complete.

This course guide provide you with all the compdsenf the course how to go about
studying and how you should allocate your time @asheunit so as to finish on time and
successfully.

The Course Materials

The main components of the course are:

1 The Study Guide



2 Study Units

3 Reference/ Further Readings
4 Assignments

5 Presentation Schedule
STUDY UNITS

The study units in this course are given below:
CONTENTS

Module 1: Introduction to Developmental Biology
Unit 1: Principles of Development in Biology
Unit 2: Anatomical Approach to Development
Module 2: Gametogenesis

Unit 1: Gametes Interaction during fertilization

Unit 2: The Determination of germ cell in differegroup of animals
Unit 3: Mitosis and Meiosis

Unit 4: Fertilization and gamete formation in magwoups of organisms
Module 3: Fertilization and Cleavage Formation in Aimals

Unit 1: Fertilization in Animals

Unit 2: Cleavage, morula and Blastocyst formation

Unit 3: Cleavage patterns in major groups of orgjeusi

Module 4: Gastrulation, Invagination and Organogensis Formation
Unit 1: Gastrulation and Invagination in major goswf organisms

Unit 2: Organogenesis

Module 5: General Embryology

Unit 1: General Embryology

Unit 2: Embryonic membrane and Placenta



In Module One unit one deals with tlearly history, and current understanding of the
beginning of development itself, the second unides onanatomical approach to
development.

Module Two is concerned with the formation of ga@seegg and sperm formation, cell
division and fertilization in major group of orgam

Module Three, unit one, two and three deals withligation in animals ,cleavage
blastocyst formation and major pattern cleavage.

In Module Four,two unit deal with gastrulationrwation and invagination in some
animals, unit three and four deals with the foiormatof germ layer and nervous system
formation.

Module Five is concerned with general embryologynaunit one ,but unit two deal with
early embryonic membrane ,placental function, tilfgrin male and female and birth
control.

Each unit will take a week or two.Lectures will limde an introduction, objectives reading
materials, self assessmentquestion, conclusionmsuy, tutor marked assignment (TMAS),
references and other reading resources.

There are activities related to the lecture in eact which will help your progress and
comprehension of the unit. You are required to watkhese exercises which together with
the TMAs will enable you to achieve the objectifeeach unit.

Presentation Schedule

There is a time-table prepared for the early amefy completion and submissions of your
TMAs as well as attending the tutorial classes. Yaa required to submit all your
assignments by the stipulated date and time. Afadiithig behind the schedule time.
Assessment

There are three aspects to the assessment obtimsec

The first one is the self-assessment exercisessébend is the tutor-marked assignments
and the third is the written examination or therek®tion to be taken at the end of the
course.

Do the exercises or activities in the unit applyithg information and knowledge you
acquired during the course. The tutor-marked asségiis must be submitted to your
facilitator for formal assessment in accordancdwhie deadlines stated in the presentation
schedule and the assignment file.

The work submitted to your tutor for assessmentaatount for 30% of your total work.

At the end of this course you have to sit for alfior end of course examination of about a
three hour duration which will account for 70% oluy total course mark.



Tutor Marked Assignment

This is the continuous assessment component otthisse and it accounts for 30% of the
total score. You will be given four (4) TMAs by yofacilitator to answer. Three of which
must be answered before you are allowed to sthi®end of the course examination.

These answered assignments must be return to gailitator.

You are expected to complete the assignments log tise information and material in your
reading references and study units.

Reading and researching into the references wi# gou a wider via point and give you a
deeper understanding of the subject.

1 Make sure that each assignment reaches your &oilibn or before the deadline
given in the presentation schedule and assignnientfffor any reason you are not
able to complete your assignment, make sure yotacogour facilitator before the
assignment is due to discuss the possibility oeetension. Request for extension
will not be granted after the due date unless tisea@ exceptional circumstance.

2 Make sure you revise the whole course content beditting for examination. The
self-assessment activities and TMAs will be uséulthis purposes and if you have
any comments please do before the examination.€ehideof course examination
covers information from all parts of the course.

Course Marking Scheme

Assignment Marks

Assignment 1-4 Four assignments, best three mdrkised
four count at 10% each - 30% of course
marks.

End of course examination 70% of overall courseksar

Total 100% of course materials

Facilitators/ Tutors and Tutorials

Sixteen (16) hours are provided for tutorials foistcourse. You will be notified f the
dates, times and location for these tutorial cleisse

As soon as you are allocated a tutorial group,thme and phone number of your
facilitator will be given to you.

These are the duties of your facilitator:
* He or she will mark and comment on your assignment
» He will monitor your progress and provide any neeeg assistance you need.

* He or she will mark your TMAs and return to yousa®n as possible.

(You are expected to mail your tutored assignmenyaur facilitators at least two days
before the schedule date).



Do not delay to contact your facilitator by telepkmr e-mail for necessary assistance if

* You do not understand any part of the study incthese material.

* You have difficulty with the self assessment atieg.

* You have a problem or question with an assignmentith the grading of the
assignment.

It is important and necessary you acted the tutol@sses because this is the only chance to
have face to face contact with your facilitator aocsk questions which will be answered
instantly. It is also a period where you can paoiat any problem encountered in the course
of your study.

Summary

Developmental Biology (413) is a course that introes you to the developmental
processes that lead to the establishment of thg plad of a variety of metazoan organisms
from their start at fertilization through the stagef their development and on to entire
organismal and post-embryonic development and treegponding cellular and genetic
mechanisms.

On the completion of this course, you will have warderstanding of basic knowledge of
animal developmental Biology. Gametogenesis andetaformation during fertilization in
both animal and mammals, how fertilization and &g is formed in different organisms
including mammals, also you will understand therfation of invagination and gastrulation
in embryology. In addition you will be able to aresvthe following questions:

1 Explain the historical background of developnmiiology

2 Explain the significance of gametogenesis andifation with relevant examples
to various animals at different level of organiaati

3 Describe the steps in the cleavage formatiormsegation, gastrulation and
invagination

4 Explain the process involves in animal and mahama&mbryonic development.

5 Name the stages at which the first andrsgeneiotic divisions take place

6 Outline the stages of spermiogenesis and oggaresis

7 Name the functions of Sertoli cells and grasaloells

8 Define the stages at which meiotic anrestocytes normally occurs
9 Identify the components of developingreaafollicles and of the oocyte at the time
of ovulation

The list of questions you are expected to answeotdimited to the above list.

| believe you will agree with me that DevelopmerBablogy is a very interesting field of
biology.

| wish you success in this course.
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Module 1: BIO 413DEVELOPMENTAL BIOLOGY
Unit 1: Principles of Development in Biolog
CONTENTS

1.0 Introduction

2.0 Objectives

3.0 Main content

3.1 General Questions Scrutinized By DevelopmeBiologist

3.1.1 Thequestiol of differentiation

3.1.2 Theguestiol of morphogenesis

3.1.3. Theguestiol of growth

3.14 Thegueston of reproduction.

3.1.5 Theuestiol of evolution

3.1.6 The qusstion of environmental integration

4.0 Conclusion

5.0 Summary

6.0  Tutor-Marked Asgnmen
7.0 References/Ftirel Readings

1.0 INTRODUCTION

According to Aristotle, the first embryologist known thistcry, science begins
with wonder: "It isowing to wonder that people began philosofhize, and wonder
remains the beginningf knowledge." The development of amimal from an egg
has been a sourcd wonderthroughout history. The simplerocedure of cracking
open a chick eggon each successive day of its 3-wekakcubatior provides a
remarkable experiencas a thin band of cells is seen to givise to an entire bird.
Aristotle performed thiprocedur and noted the formation of theajol organs. Anyone
can wonder at thissmarkabl yet common place phenomenon, the scientist seeks to
discover how developent ctually occurs. And rather thadissipating wonde new
understanding increases

Multicellular organism:do not spring forth fully formedRather, they arise
by a relatively slowprocess of progressive change that we cieopment. In nearly
all cases, the develomm of a multicellular organism beginsith a single cell the
fertilized egg, orzygote whict divides mitotically to produce all theells of the body.

The study of amnal development has traditionally been caksdbryology, from
that stage of alrganisn that exists between fertilization artarth. But development
does not stop at birthor even at adulthood. Most organismasve stop developing.
Each day we replace meothan a gram of skin cells (the older cdltsnc sloughed off as
we move), and our bormaarrow sustains the development oflimins of new red blood
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cells every minute ofour lives. In addition, some animals caegenerate severed
parts, and many speciesderc metamorphosis (such as the transftion of a tadpole
into a frog, or acaterpilla into a butterfly). Therefore, in recenear: it has become
customary to speak of developmental biology as the discipline that studies
embryonic and other develomental processes.

2.0 OBJECTIVES
At the end of this unit, student should be abl

Explain the historical backgrou of development in biology, objectives accomplished
six general questionscrutinized by developmental biologists.

3.0 MAIN CONTENT
3.1General Questions Scrutinized by Developmental Biodist

Development accompligh two major objectives: it generates celludarersity and order
within each generatioranc it ensures the continuity of life fromne generation to the
next. Thus, there are twiandemental questions in develogmtal biology: How does the
fertilized egg give risdo the adult body, and how does thauk body produce yet
another body? Thes®vo huge questions have beesubdivided ito six general
questions scrutinized bglevelopmental biologists:

*3.1.1 The question oflifferentiation. A single cell, the fertilizeggg gives rise to
hundreds of different cetlypes muscle cells, epidern@@lls neurons, lens
cells, lymphocytes, bloocells, fat cells, and so on. Thgeneration ccellular diversity
is calleddifferentiation . Since each cell of the body (with very fesxceptions contains
the same set of genes, meed to understand how this same sefenieticinstructions can
produce different types aklls. How can the fertilized egg generate so

many different cell types?

:3.1.2 The questionof morphogenesis Our differentiated cellsare not randomly
distributed. Rather, thegre or@nized into intricate tissues and angal hese organs are
arranged in a given wayhe fingers are always at the tips of dwznds, never in the
middle; the eyes are alysin our heads, not in our toes or gut. Tdrsation of ordered
form is calledmorphogenesi. How can the cells form  suchordere( structures?

*3.1.3. The question ofjrowth. How do our cells know when &tog dividing? If each
cell in our face were tandergc just one more cell division, weould be¢ considered
horribly malformed. Ifeach ce in our arms underwent just omaore round of cell
division, we could tieour shoelaces without bending over. Oumarare generally the
same size on both sidekthe body. How is cell division so tigtregulated?

*3.1.4 The questiorof reproduction. The sperm and egg avery specialized cells.

Only they can transmihe instructions for making an organism fincone generation to

the next. How arghese cell set apart to form the negeneration, ar what are the

instructions in theaucleu: and cytoplasm that allow them to
function this way?
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:3.1.5 The question oévolution. Evolution involves inheritedhange in development.

When we say that today'one-toed horse had a fit@ed ancestolwe are saying
that changes inthe develoment of cartilage and musclexcurrec over many
generations in the emjos of the horse's ancestors. How awange in development
create new body formsWhich heritable changes are possilde/er the constraints
imposed by the necessiby the organism to survive as it develops?

*3.1.6 The queBon of environmental integration. The develpment of many
organisms is influenceby cues from the environment. Certddatterflies for instance,
inherit the abilityto produc different wing colors based on themperature or the
amount of daylightexperience by the caterpillar before tindergoe metamorphosis.
How is the developmemf an organism integrated into the largentex of its habitat?

4.0 CONCLUSION
In this unit you learnt, the principles of developmentaillbgy and the variouquestions
that biologist scrutinized which summarise whatelepmental biology entai

5.0 SUMMARY

You areintroduceto the field of developmental biology, includingnse of its mos
fundamental; early history, and current understagdif the beginning of developme
itself. Developmental biology asks questions about howrosgas come into being, ho
life forms, and bw complex structures develop and are differerdi These fundamental
questions have been the subject of research fourdes; accordingl

.0 TUTOR-MARKED QUESTION
Explain the Aristotle first findings in developmesoftbird
State the two gbctives accomplisheby the biologist

Explain the six geanal questions scrutinized by developmtal biolcgists.

.0 REFERENCES

Professor ScotBilbert, Developmental biology" Edition



Unit 2 Anatomical Approach to Developmenal Biology
CONTENTS

1.0 Introduction

2.0 Objectives

3.0 Main content

3.1 Principleof Development: Developmental Anatomy

3.2. Life cycles and the evolution developmental patterns

4.0 Conclusion

5.0Summary
6.0Tutor-Marked Asgnmen
7.0References/Furthere®lings

1.0 INTRODUCTION

A field of science is defined by the questions it seeks aeswer, and most
of the questions indevelomental biology have beenedueathecto it through its
embryological heritagelhere are numerous strands of embryologgct predominating
during a differentera. Somdmes they are very distin¢taditions, an sometimes they
blend. We can identifthree majc ways of studying embryology:

*Anatomical approaches
*Experimentabpproache
*Genetic approaches

While it is true that anatomic approaches gave rise égpermental approaches,
and that geneti@pproaches bu on the foundations of the earlisvo approaches, all
three traditions persist tthis day and continue to play a majole in developmental
biology. In recent gars each of these traditions has becommgo with molecular
genetics to produc vigorou: and multifaceted science of develogmta biology.

But the basis oéll research in developmental biology is thengin¢anatomy of
the organism. What partd the embryo form the heart? How do tedls that form the
retina position themselgehe proper distance from the cells thaim the lens? How do
the tissues that forrtihe birc wing relate to the tissues that form figh fin or the human
hand?

There are severatrand that weave together to form the tomaical approaches
to development.

The first strand ixomparative embryology, the study ohow anatomy changes
during the developmermtf different organisms. For instance, a cangiive embryologist
may study which tissuderm the nervous system in the fly orthe frog

The secondtrand based on the first, isvolutionary enmbryology, the study of
how changes inlevelopmer may cause evolutionary changes andth@iv an organism's
5



ancestry may constrain the types of changes teagi@ssible.

The third anatomical approach to developmentalogilis teratology, the study
of birth defects. These anatomical abnormalitiey i@ caused by mutant genes or by
substances in the environment that interfere wittvetbpment. The study of
abnormalities is often used to discover how nordesfelopment occurs.

The fourth anatomical approach mathematical modeling which seeks to
describe developmental phenomena in terms of epgatCertain patterns of growth and
differentiation can be explained by interactionsosé results are mathematically
predictable. The revolution in graphics technolbgg enabled scientists to model certain
types of development on the computer and to idenméthematical principles upon which
those developmental processes are based.

2.0 OBJECTIVES
At the end of this unit student should be able to:

1 Explain the anatomical approach to study embgyoin development
2 State the principles of development
3 Describe the life cycles and the evolution ofelepmental patterns

3.0 MAIN CONTENT

3.1 Principles of Development: Developmental Anatoyn

1. Organisms must function as they form their orgdiey have to use one set of
structures while constructing others.

2. The main question of development is, how does tge lecomes an adult? This
guestion can be broken down into the componentl@nab of differentiation (How do
cells become different from one another and froeirtprecursors?), morphogenesis
(How is ordered form is generated?), growth (Howsime regulated?), reproduction
(How does one generation create another generatian@ evolution (How do changes
in developmental processes create new anatomioatstes?).

3. Epigenesis happens. New organisms are createdwiteaach generation from the
relatively disordered cytoplasm of the egg.

4. Preformation is not in the anatomical structuraes,ib the instructions to form
them. The inheritance of the fertilized egg inclkidee genetic potentials of the
organism.

5. The preformed nuclear instructions include theitghib respond to environmental
stimuli in specific ways.

6. The ectoderm gives rise to the epidermis, nervgstem, and pigment cells.
7. The mesoderm generates the kidneys, gonads, bwees, and blood cells.
8. The endoderm forms the lining of the digestive tabd the respiratory system.

9. Karl von Baer's principles state that the genezatures of a large group of animals
appear earlier in the embryo than do the spectfieatures of a smaller group. As each
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embryo of a given species develops, it divergesiftoe adult forms of other species.
The early embryo of a "higher" animal species islike the adult of a "lower" animal.

10. Labeling cells with dyes shows that some cellseddhtiate where they form, while
others migrate from their original sites and difatiate in their new locations.
Migratory cells include neural crest cells and frecursors of germ cells and blood
cells.

11."Community of embryonic structure reveals communpitgescent” (Charles Darwin).

12. Homologous structures in different species aredlmgans whose similarity is due
to their sharing a common ancestral structure. égw@is structures are those organs
whose similarity comes from their serving a simfianction (but which are not derived
from a common ancestral structure).

13. Congenital anomalies can be caused by genetic réacfmutations,
aneuploidies, translocations) or by environmenignés (certain chemicals,
certain viruses, radiation).

14.Syndromes consists of sets of developmental abribiesahat "run together."

15. Organs that are linked in developmental syndronh@seseither a common
origin or a common mechanism of formation.

16. If growth is isometric, a twofold change in weighitl cause a 1.26-fold expansion in
length.

17. Allometric growth can create dramatic changes énsnucture of organisms.

18. Complex patterns may be self-generated by readiifmsion events, wherein the
activatorof a local phenomenon stimulates the production ofenadiitself as well as the
production of a

more diffusible inhibitor.

3.2. Life cycles and the evolution of developmentalatterns

Traditional ways of classifying catalog animals @ding to their adult structure.
But, as_Bonner (1965pointed out, this is a very artificial method, hese what we
consider an individual is usually just a brief sliof its life cycle. When we consider a
dog, for instance, we usually picture an adult. Betdog is a "dog" from the moment of
fertilization of a dog egg by a dog sperm. It remsaa dog even as a senescent dying
hound. Therefore, the dog is actually the entieedicle of the animal, from fertilization
through death.

The life cycle has to be adapted to its environmettich is composed of
nonliving objects as well as other life cycles. &afor example, the life cycle @lunio
marinus,a small fly that inhabits tidal waters along thestoof western Europe. Females
of this species live only 23 hours as adults, amely tmust mate and lay their eggs
within this short time. To make matters even maexarious, egg laying is confined to
red algae mats that are exposed only during thedbwbbing of the spring tide. Such
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low tides occur on four successive days shortlgratthe new and full moons (i.e., at
about 15-day intervals). Therefore, the life cyofethese insects must be coordinated
with the tidal rhythms as well as the daily rhythewech that the insects emerge from
their pupal cases during the few days of the sptithg and at the correct hour for its

ebb.

One of the major triumphs of descriptive embryologyas the idea of a
generalizable life cycle. Each animal, whether arthevorm, an eagle, or a beagle, passes
through similar stages of development. The majagest of animal development are
illustrated in_Figure 1The life of a new individual is initiated by tHasion of genetic

material from the two gametes

the

sperm and the egg. This fusion, calléettilization, stimulates the egg to begin
development. The stages of development betweenlizaibn and hatching are

collectively calledembryogenesis
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Figure 1: Circle of Life: The Stages of Animal Deviepment

Throughout the animal kingdom, an incredible variet embryonic types exist,
but most patterns of embryogenesis are variatiarfs/e themes:

1. Immediately following fertilization¢cleavageoccurs. Cleavage is a series of extremely
rapid mitotic divisions wherein the enormous voluofeygote cytoplasm is divided into
numerous smaller cells. These cells are cdlladtomeres and by the end of cleavage,
they generallyorm a sphere known ashdastula.

2. After the rate of mitotic division has slowed dowtine blastomeres undergo dramatic
movements wherein they change their positionsivelab one another. This series of
extensive cell rearrangements is califdtrulation, and the embryo is said to be in the
gastrula stage.As a result of gastrulation, the embryo contains tlgeen layers the
ectoderm, the endoderm, and the mesoderm.

3. Once the three germ layers are established, th®e in&ract with one another and
rearrange themselves to produce tissues and orglhis. process is called
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organogenesisMany organs contain cells from more than one dagmar, and it is not
unusual for the outside of an organ to

be derived from one layer and the inside from agotRor example, the outer layer of
skin comes from the ectoderm, while the inner laftee dermis) comes from the
mesoderm. Also during organogenesis, certain cgltsergo long migrations from their
place of origin to their final location. These nagng cells include the precursors of blood
cells, lymph cells, pigment cells, and gametes. t\bshe bones of our face are derived
from cells that have migrated ventrally from thes#b region of the head.

4. Many species have specialized portion of egg cgplwhich gives rise to cells that
are the precursors of tlgametes(the sperm and egg). The gametes and their precurso
cells are collectively callederm cells and they are set aside for reproductive function.
All the other cells of the body are calledmatic cells This separation of somatic cells
(which give rise to the individual body) and geretl€ (which contribute to the formation
of a new generation) is often one of the first efi#intiations to occur during animal
development. The germ cells eventually migrateh®s donads, where they differentiate
into gametes. The development of gametes, cafjathetogenesisis usually not
completed until the organism has become physicaliyure. At maturity, the gametes
may be released and participate in fertilizatiobeégin a new embryo. The adult organism
eventually undergoes senescence and dies.

5. In many species, the organism that hatches fronedjgeor is born into the world is
not sexually mature. Indeed, in most animals, theng organism is &rva that may
look significantly different from the adult. Larvadten constitute the stage of life that is
used for feeding or dispersal. In many species|ahal stage is the one that lasts the
longest, and the adult is a brief stage solelydproduction. In the silkworm moths, for
instance, the adults do not have mouthparts andot&®ed. The larvae must eat enough
for the adult to survive and mate. Indeed, mostalenmoths mate as soon as they
enclose from their pupa, and they fly only once lajotheir eggs. Then they die.

4.0 CONCLUSION

In this unit you learnt, the anatomical approactsticdy embryology in development, the
principles of development and life cycles and etiotuof developmental patterns.

5.0 SUMMARY

The anatomical approach form the basis of resaardevelopmental Biology. linvolves
changing anatomy of the organisms from cells teutisto organ to systerfgr example
what part of the embryo form the heart, how do ¢kés that form the retina position
themselves the proper distance from the cells fitva the lens?etc. The several strands
weaved together to form anatomical approach toldpwaent are comparative embryology,
evolutionary embryology, teratology embryology andthematical modeling.

6.0 TUTOR-MARKED ASSIGNMENT

1 Explain the anatomical approach to study embiypla development
2 State the principles of development
3 Describe and explain the life cycles and the lwian of
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developmental patterns.
7.0 REFERENCES

Professor Scott Gilbert, Developmental biolodymlition
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1.0 INTRODUCTION

The sperm and the ovum are highly specialized dalells, that are formed through a
complex set of cell divisions, differentiation andhturation steps called gametogenesis. In
mammals, the life history of germ cells begins dgrembryonic life with the extragonadal
appearance of primordial germ cells and the coldium of the genital ridges, where germ
cells associate with somatic cells; it continueghwiheir multiplication, growth and
maturation, and ends at fertilization. The oocytelargoes a tremendous growth and
stockpiles a large amount of macromolecules. Inresh the spermatozoon is an extremely
streamlined, highly polarized cell, containing oelgments for essential functions such as
motility and a few critical enzymes to ensure et transmission of the paternal genome
to the oocyte at fertilization. The union of speamd egg is an extraordinary cell fusion
event that gives rise to an original individual amdggers a very sophisticated
developmental program.

2.0 OBJECTIVES
1 Define Gametogenesis with relevant examplesimal
2 Explain the development of spem and egg in garfeemation

3 Explain the various steps involve in gametesrattion
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3.0 MAIN CONTENT
3.1 Gametogenesis

Gametogenesis is the process of formation of gasrfeden the germ cells in the testes and
ovaries. The diploid or haploid precursor cells engd cell division and differentiation to
form mature haploid gametes. Depending on the gicéd life cycle of the organism,
gametogenesis occurs by meiotic division of diplgadnetocytes into various gametes or by
mitotic division of haploid gametogenous cells.

At the stage of spermatogonia and oogonia, geris palltiply by mitosis, subsequently,
they undergo meiosis to become the fully maturedhedas. Meiosis involves two
consecutive divisions with only one DNA replicatioycle and results in the production of
haploid gametes. The pairing of homologous chrommasois unique to meiosis. The first
meiotic division enhances genetic variability bydependent assortment (random
distribution) of the different maternal and patérdmamologs and by crossing-over between
homologous non sister chromatids. The second noadotision resembles a normal mitosis
without DNA replication. Meiosis is dominated byophase of the first meiotic division,
that occupies a long period and is divided intoefuential stages—Ileptotene, zygotene,
pachytene, diplotene and diakinesis—defined by malggical criteria

3.1.1 Development of the Sperm

Spermatogonia develop from primordial germ cellst thnigrate into the undifferentiated
gonad early in embryogenesis. In the wall of theniag seminiferous tubules two different
kinds of cells are already clearly distinguishaalehis stage: the supporting Sertoli cells,
thought to derive from the surface epithelium & genital ridge, and the spermatogonia,
derived from primordial germ cells. During the fgtariod, spermatogonia enter a dormant
or arrested phase of development, and the Sesgld constitute most of the seminiferous
epithelium. At sexual maturity, spermatogonia begiimcrease in number. It is at this time
that spermatogenesis really starts since this teunally refers to the sequence of events by
which spermatogonia are transformed into spermatodpermatogenesis includes three
main phases: spermatogonial multiplication, mejcansl spermiogenesis. The cells at these
different stages are called spermatogonia, spenyi@® and spermatids, respectively. In
men spermatogonial multiplication occurs throughguter intervals of 16 days.
Spermatogonia can be divided in two main typesnthrecycling ones (Ao), and those that
will differentiate into spermatocytes after six atit divisions. Type (A0) spermatogonia
are able to repopulate the seminiferous epitheliman cycling spermatogonia decrease in
number. The cycling spermatogonia provide the steth population for meiosis, which
begins when preleptotene spermatocytes start Dighcagion. Each primary spermatocyte,
actually the largest germ cell in the tubules, wgdes the first meiotic division, forming
two secondary spermatocytes that are about halfsidte of the primary spermatocyte.
Subsequently, these two secondary spermatocytesrgmdhe second meiotic division,
forming four haploid spermatids that are about hiadf size of secondary spermatocytes.
The spermatids are gradually transformed into neafygrerm by an extensive process of
differentiation known as spermiogenesis; finallg ttifferentiated sperm is released from
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the seminiferous epithelium and becomes a free ngdezoon, a process called
spermiation. In human the process of spermatogemedends over a period of about 60
days.

An intriguing and unique feature of spermatogenessthat the developing male germ cells
fail to complete cytoplasmic division during mitesand meiosis, so that all the daughter
cells, except for the least differentiated spermaida remain connected by cytoplasmic
bridges. These bridges persist until the very dngperm differentiation. It has indeed been
shown that sperm nuclei are haploid but spermdieérentiation is directed by the diploid
genome.

The sperm cell consists of two morphologically dadctionally distinct regions. A head
containing an unusually highly condensed haploicleus and a tail propelling the sperm to
the egg helping to enter through the egg coat. DN& in the nucleus is inactive and
extremely tightly packed as a result of its asgamiawith highly positively charged
proteins, the protamines, instead of histones, hhiave been displaced during
spermiogenesis. The head also contains a membraited organelle, the acrosome, whose
contents are thought to have a function in the fpatien of the spermatozoon into the
ovum. A variety of enzymes, including proteinasegycosidases, phosphatases,
arylsulfatases and phospholipases are presenteirm¢ltosome and in the preacrosomal
membrane.

Sperm released from the seminiferous epitheliumnatecapable of fertilization. The long
series of changes that the spermatozoa endure dreteasting off from the Sertoli cells,
and fusing with the egg, i. e. till the fully funmbal state of the spermatozoa, is referred to
as sperm maturation. Throughout their journey fitestis to the proximity of the ovum,
sperm cells are suspended in transudations andtiees of the male and female genital
tracts. The chemical and physical nature of thiglioma progressively changes and the
spermatozoa also change structurally, chemicalty haviourally. Several proteins from
testicular and epididymal environment have beerwshm bind to specific regions of the
sperm surface that are involved in sperm maturadiwh in part of the gamete recognition
process. Biochemical modifications of some spernfasa components are also involved,
as well as an increase in interchromatin disulbdeds for chromatin condensation during
this travel which lasts several days. Sperm caligetbp gradual motility and ability to bind
and penetrate eggs as they progress from the ttaphé cauda epididymidis.

Ejaculates contain complex secretions from the ssory glands—the Cowper’s gland,
prostate, and seminal vesicles—which, contain @&weanf energy substrates, hormones,
nonenzymatic and enzymatic proteins and various.iofhe last step of sperm cell
maturation is called capacitation, which is a fimal term used to indicate the changes in
mammalian spermatozoa that must occur in the femgatetal tract, or duringn vitro
incubations, as preparation for the acrosome mmacf{see below). Capacitation is a
reversible reaction which does not involve morphalal changes; it is accompanied by a
hyperactivation of sperm motility: the flagellardtgattern changes from a low amplitude
favoring progressive motility to a high amplitudatiwlittle progression. Capacitation
includes a lowering of the cholesterol/phospholig@to in the sperm membrane, a loss of
sperm surface coating components (loss of the eatilify factor from human seminal
plasma) probably involved with the acquisition oha pellucida binding activity, and the
phosphorylation of some plasma membrane proteins.
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Figure 2: Sperm formation
3.1.2 Development of the egg

The unfertilized egg is the end product of a disemous course called oogenesis, that
begins during fetal development and ends in theiagx mature adult. Oogonia develop
from primordial germ cells in the ovary, and mulijpy mitosis only during the fetal life.
By the 8" month of gestation in women, all germ cells stopliferation and enter meiosis
but pause at the prophase of the first meioticsthw; arrest may last from 12 to 50 years.
The spherical dictyate oocytes become enclosednwvéhfew squamous somatic cells to
form what is called primordial follicles; the ooegtare then called primordial oocytes. It is
in this period of life that the ovary contains thighest number of oocytes—about one to
two millions—since many of them will degenerate dvef puberty and through the
reproductive life of a woman. At puberty only ab800’000 primary oocytes remain. They
represent a stockpile from which a few are seleetedny given time for development
towards preovulatory follicles containing fully gva oocytes. The oocyte and its
surrounding follicle grow coordinately, rather thammultaneously. Indeed, the oocyte
completes its growth before the formation of thiidolar antrum, i.e., the major part of
follicular growth occurs after the oocyte has stgpgrowing. The oocyte growth results in
the formation of one of the largest cells in thelyaduring this period its volume increases
more than 300-fold; from a diameter of about 20 @tmhe primordial stage, the oocyte
reaches a maximal diameter of about 120 um. Coropletf growth takes approximately
2.5-3 months. The nucleus of the growing oocytbeddhe germinal vesicle, is particularly
apparent and contains a very refractile nucleduging oocyte growth an extracellular
coat develops around the plasma membrane. Thikiacdhyer, called the zona pellucida
(ZP), is constituted by three major glycoproteid®l, ZP2 and ZP3) that are assembled
into long, interconnected filaments to form a ekl porous coat about 5 um thick.

From the time of puberty, one developing follickestimulated each month to mature to
complete development and to ovulate. This mearigitivang the approximately 40 years of
a woman'’s reproductive life, only 400 to 500 eggl mave been released. All the rest will
have degenerated. The LH surge released by thiapytwill, each month, activate one
antral follicle to mature. Fully grown primary odeg enclosed in Graafian follicles resume
meiosis just prior to ovulation. This phase is e@llmeiotic maturation. The first
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macroscopically observable event of meiotic matomats the dissolution of the nuclear
membrane; this process is referred to as germesithe breakdown or GVBD. The oocyte
then progresses through metaphase, anaphase,l@ptohte of the first division, emits the
first polar body, and, without stopping, enters seeond division up to metaphase. It is
around this time that ovulation occurs, by ruptafehe follicle wall at the surface of the
ovary. In the oviduct, the oocyte remains at medgphl until it is triggered by fertilization
to complete the second meiotic division.

primary oocyte

‘,,.f’

secondary oocyte @ nolarbody

L\

eqq ® olarbodies @ ®

FIGURE 3: Formation of egg

4.0 Gamete Interaction

In comparison to the large number of spermatozimhdawn in the vagina at coitus, only
very few sperm cells reach the ampulla and aredanrhe proximity of the egg. Although
sperm attraction to follicular factor(s) has bedasinced, sperm chemotaxis in mammalian
fertilization has not been demonstrated. The leadole in the sperm-egg encounter is
played by the molecular organization of their scefg and abundant evidence suggests that
the species-specific gamete recognition and binéngediated by receptor molecules at
the gamete surface.

Initial contact between gametes occurs when thernspattach to the unfertilized
extracellular coat or zona pellucida. Capacitatectpsome-intact sperm are capable of
binding to the zona pellucida via the plasma membraf the sperm head. Binding is an
important prerequisite step for zona penetratiocabse it initiates events that culminate in
induction of the acrosome reaction.

One of the components of the zona pellucida (ZR®resenting the primary sperm

receptor, is responsible for both the sperm-bindaetjvity and the ability to induce a

complete acrosome reaction. Acrosome-intact spand to ZP3 in a relatively species

specific manner, this gamete recognition and bdénmediated by carbohydrates and not
by the polypeptide chain. Many sperm are releas®d the zona pellucida after undergoing
the acrosome reaction, yet maintenance of spermiriginis achieved by interaction of

acrosome-reacted sperm with ZP2; thus, ZP2 sessassacondary receptor.
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Putative ZP-binding-glycoproteins of spermatozoeehaeen recognized in various species.
Several egg-binding proteins are envisaged on pleens membrane that impart species
specificity. The postulated candidates are theowdlg: a 95kDa protein (p95SPERM)
showing a tyrosine kinase activity that is stimethton binding and whose activation
requires aggregation, a 56kDa protein (p56) of omkm function, an antigen designated
p200/220 (whose monoclonal antibody is named M4ggessary for zona-induced
acrosomal reaction, another related antigen the-$Asitigen detected on all mammalian
sperm acrosomes, a [3-1,4-galactosyl-transferaseiatimgd fertilization by binding
oligosaccharide residues on zona pellucida glydeproMany evidence suggest also the
possible involvement of protease inhibitor sited arannosidase sites or of other molecules
called spermadhesins showing features of serinegses having lectin-like activity.

Proteolytic enzymes appear to participate in midtiphases of mammalian fertilization,
including acrosome reaction, sperm binding to zmelucida (ZP), ZP penetration and zona
reaction, however, the enzymes involved have nenhbmsmpletely identified. A role for
sperm proacrosin and acrosin, the best charaaesperm protease, in ZP binding and
penetration has been postulated. Several obsemgatsuggest that the plasminogen
activator/plasmin system might play a role in maramafertilization. First, both mouse
gametes express plasminogen-dependent proteolgtiMti@s: ovulated eggs contain and
secrete tissue-type PA (t-PA) and ejaculated sperna exhibit urokinase-type PA (UPA).
Second, t-PA is significantly higher in folliculfluids and granulosa cells from follicles
containing oocytes that can be fertilizedvitro compared to follicles containing oocytes
that fail to fertilize. Third, the addition of plasnogen to the fertilization medium increases
the frequency of eggs fertilized vitro.

Sperm cells must undergo the acrosome reactionrddfiey can penetrate the zona
pellucida and fuse with the egg plasma membraneosdmme reaction progresses from
multiple fusion-points between the plasma and oateosomal membranes, which expose
the inner acrosomal membrane and the acrosomalemsntenzymes), to complete
vesiculation and loss of the integrity of the aome. The acrosome reaction bears a strong
resemblance to ligand-mediated exocytotic reactiors®matic cells proceeding through an
intracellular signal transduction system, it invedvthe participation of a Gi protein, of
phospholipase C and of protein kinase C. In adulitam increase in intracellular calcium is
concomitant with the induction of acrosomal losgr@some reaction can be induced by
biological agents such as follicular fluid (progasie), cumulus cells or zonae pellucidae
or by physiochemical agents such as calcium ionggshaysophosphatidylcholine and
electropermeabilization or by the aggregation afazbinding sites on the sperm heads.

4.1 Sperm-egg fusion

After sperm entry into the perivitelline space, tiiveal stages of sperm-egg interaction
include the binding and fusion of the sperm and plggma membranes, and entry of the
sperm into the egg. Sperm binding to the egg serfmcurs on the lateral face of the head,
with the firm point of attachment between the spamd egg plasma membranes occurring
at the equatorial segment. Little is known concegnithe sperm and egg surface
complementary molecules (binding sites) that pigdie in gamete plasma membranes
fusion in mammals. It has been recently shown thaperm surface protein (PH-30, a
guinea-pig sperm antigen), known to be involvedperm-egg fusion, shares biochemical
characteristics with viral fusion proteins and @m$ an integrin ligand domain. These
results suggest that an integrin-mediated adhesient takes place and leads to fusion.
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Fusion of a single sperm sets in motion a seriegygfreactions to prevent additional sperm
entry, thus avoiding the lethal consequences oygparmy. Egg cortical reaction takes
place soon after fusion, causing the zona pelluideecome " hardened " and refractory to
both binding and penetration of supernumerary sp&woma binding is prevented by the
inactivation of the sperm primary receptor (andoaome inducer) ZP3 and zona
penetration is stopped through modification of #perm secondary receptor ZP2. The
cortical reaction involves the exocytosis of catigranules and the release of their
enzymatic content into the perivitelline space. Bhgosaccharides of ZP3 responsible for
gamete recognition and adhesion are modified bticabrgranule glycosidase(s) and the
glycoprotein ZP2 undergoes limited proteolysis mgkihe zona pellucida more insoluble
and " hardened ", preventing the maintenance dfibgnof acrosome-reacted sperm to the
zona pellucida. It has been suggested that thete@tgsminogen activator may participate
in this proteolytic process although the eviderscedor.

4.2 Egg activation and pronuclei formation

Gamete fusion triggers responses within the egg ¢bbminate in the activation of the
embryonic developmental program. Activation mayoat® induced partheno genetically
under various physical or chemical stimuli, in@kes, calcium is an obligatory mediator.
In mammals, sperm may cause both a persistent giiodwf inositol trisphosphate (InsP3)
and an increase in calcium permeability of the mpanembrane to maintain internal
calcium oscillations. The early calcium increaseluices cortical granule exocytosis
(cortical reaction), which involves a signal tramstion system that is similar to that of
somatic cells, and that leads to the hardenindgp@fzona pellucida. Activation leads to the
resumption of the cell cycle: the second meiotidsiion is achieved, by the extrusion of the
second polar body and the egg enters into integphaish formation of pronuclei.
Pronuclear formation takes place a few hours d#dilization, and requires a calcium
increase and a cytoplasmic alcalinization of thgotg. Following anaphase Il, the egg
chromosomes remaining in the cytoplasm disperse thedfemale pronucleus forms.
Similarly, after cell fusion, the sperm nucleusiecondensed and transformed into a male
pronucleus. The biochemical transitions responsfblethe remodelling of the sperm
nucleus consist of changes in the majority of spspecific chromatin proteins and the
acquisition of chromosomal proteins which inducehaomatin conformation compatible
with fusion of male and female pronuclei. Matermhlromatin and sperm pronuclear
development are regulated by common egg cytoplafauiors involved in the regulation of
the cell cycle and dependent on oocyte maturalibe.pronuclear development in fertilized
eggs is known to proceed through a series of toamsftions, which restore the
transcriptional competence of the inactive gamateroatin and re-establish the functional
diploid genome of the embryo. Two stages of decosaion are observed: i) a very rapid
chromatin expansion dependent on egg nucleoplasmahji) a slow membrane-dependent
decondensation involving protein migration into tmecleus reliant on nuclear envelope
formation recruited from maternal pool.

The two pronuclei move towards the egg center, spetmaster increases in size during
their migration. The end result of the migration tbé pronuclei is their juxtaposition,
following pronuclear envelope breakdown, givingeri® a group of chromosomes for the
ensuing division. The spatial organization of migbmle arrays in a cell is largely
dependent on organizing centers, the centrosonespiioximal centriole of the sperm and
its centrosomal material between apposed pronadeinvolved in the fertilization events.
Human centrioles as those of other animals exdeptnbouse are paternally derived.
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Eventually, there is an intermixing of the matelypahd paternally derived chromosomes to
establish the genome of the embryo and hence tieegs of fertilization can be considered
as concluded

5.0 CONCLUSION

In this unit, you learnt about the formation of gdes from the developed sperm and egg.
Gamete interraction through sperm-egg fusion arglaagivation and pronuclei formation
which lead to fertilization.This is a brief reviewsf some aspects of gametogenesis and
fertilization in mammals.

6.0 SUMMARY

Gametogenesis is the process of formation of gasrfeden the germ cells in the testes and
ovaries. The diploid or haploid precursor cells engd cell division and differentiation to
form mature haploid gametes. Depending on the gicéd life cycle of the organism,
gametogenesis occurs by meiotic division of diplpgehetocytes into various gametes or by

mitotic division of haploid gametogenous cells.

7.0 TUTOR-MARKED ASSIGNMENT
1 Define Gametogenesis with relevant examples
2 Explain the development of spem and egg in garfeemation
3 Explain the various steps involve in gametesrattion
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1.0 INTRODUCTION

Gametogenesis, the processes by which the sperrtharebg are formed. Germ
cells provide the continuity of life between gertienas, and the mitotic ancestors of
our own germ cells once resided in the gonads pftiles, amphibians, fishes, and
invertebrates.

In many animals, such as insects, roundworms, a&mtkbrates, there is a clear
and early separation of germ cells from somatit tgples. In several other animal phyla
(and throughout the entire plant kingdom), thisigion is not as well established. In
these species (which include cnidarians, flatworarg] tunicates), somatic cells can
readily become germ cells even in adult organisiie zooids, buds, and polyps of
many invertebrate phyla testify to the ability afnsatic cells to give rise to new
individuals.

In those organisms in which there is an establigfezth line that separates from
the somatic cells early in development, the gerfis a0 not arise within the gonad
itself. Rather, their precursors tipgimordial germ cells (PGCy9 arise elsewhere
and migrate into the developing gonads. The fitegb $n gametogenesis, then, involves
forming the PGCs and getting them into the genitide as the gonad is forming. Our
discussion of the germ line will include

1. The formation of the germ plasm and the deternonatf the PGCs
2. The migration of the PGCs into the developing genad

3. The process of meiosis and the modifications obsisifor forming sperm and eggs

4. The differentiation of the sperm and egg
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5. The hormonal contradf gamete maturation and ovulation

2.0 OBJECTIVE

3.0 MAIN CONTENT
3.1 Germ Plasm and théDetermination of the Primordial Germ Cells

All sexually reproducini organisms arise from the fusion gdmete  sperm
and eggs. All gametesise from the primordial germ cells. In moahimal species, the
determinationof the prmordial germ cells is brought abouty the cytoplasmic
localization of specificproteins and mRNAs in certain cells ofhe early embryo
(mammals being a majaxception to this general rule). Theseopysmic components
are referred to as tlgeerm plasm

3.2.1 Germcell determinationin nematodes

This nematode has gnltwo chromesomes per haploid cedl|lowing for detailed

observations ofhte individua chromosomes. The cleavage planehaf first embryonic
division is unusual in that is equatorial, separating the animal Hadim the vegetal half
of the zygote. Howevers the behavior of the chromosomesglie subseque division of

these first two blastomese
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The ends of the chromosomes in the animal-deriiadtdmere fragment into
dozens of pieces just before this cell divides.sTphenomenon is callechromosome
diminution, because only a portion of the original chromos@m®ives. Numerous genes
are lost in these cells when the chromosomes fragraad these genes are not included in
the newly formed nucle. Meanwhile, in the vegetalstomere, the chromosomes remain
normal. During second cleavage, the animal ceitsspheridionally while the vegetal cell
again divides equatorially. Both vegetally derivedlls have normal chromosomes.
However, the chromosomes of the more animally xtaif these two vegetal blastomeres
fragment before the third cleavage. Thus, at ticeldstage, only one cell the  most
vegetal contains a full set of genes. At
successive cleavages, nuclei with diminished chsmm@s are given off from this
vegetalmost line, until the 16-cell stage, whémere are only two cells with
undiminished chromosomes. One of these two blas&srgives rise to the germ cells; the
other eventually undergoes chromosome diminutioth fonms more somatic cells. The
chromosomes are kept intact only in those cell$irtes to form the germ line. If this were
not the case, the genetic information would degeedrom one generation to the next. The
cells that have undergone chromosome diminutioeigde the somatic cells.

In the nematodeC. elegans,the germ line precursor cell is the P4
blastomere. The P-granules enter this cell, anyg #ppear critical for instructing it to
become the germ line precursor. The componentshef R-granules remain largely
uncharacterized, but they appear to contain sewemascriptional inhibitors and RNA-
binding proteins, including homologues of tBrosophila Vasa and Nanos proteins,
whose function we will see below.
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3.1.2.Germ cell determination in insects

In Drosophila,PGCs form as a group of cellsole cell§ at the posterior pole of
the cellularizing blastoderm. These nuclei migrate the posterior region at the ninth
nuclear division, and they become surrounded byptile plasm a complex collection
of mitochondria, fibrils, ancpolar granules. If the pole cell nuclei are prevented from
reaching the pole plasm, no germ cells will be m&ture has provided confirmation
of the importance of both pole plasm and its pgianules. One of the components of
the pole plasm is the mRNA of tlgerm cell-less (gcl) gene. The wild-typgcl gene is
transcribed in the nurse cells of the fly's ovanyd its mRNA is transported into the egg.
Once inside the egg, it is transported to the pimsteost portion and resides within what
will become the pole plasm. This message gets la@usinto protein during the early
stages of cleavaggcl-encoded protein appears to enter the nucleusit @anéssential for
pole cell production. Flies with mutations of thisne lack germ cells.

()

Wild-type Mutant

el
mENA

(A) : o (B)

Cicl -
protein: B

Oskar appears to be the critical protein of this groupgce injection ofoskar
MRNA into ectopic sites of the embryo will cause thuclei in those areas to form germ
cells. The genes that restrict Oskar to the past@ole are also necessary for germ cell
formation. Moreover, Oskar appears to be the Imgitstep of germ cell formation, since
adding morenskarmessage to the oocyte causes the formation of geora cells. Oskar
functions by causing the localization of the pnoteand RNAs necessary for germ cell
formation. One of these RNAs is tmanosmessage, whose product is essential for
posterior segment formatiorNanos is also essential for germ cell formation. Pole
cells lacking Nanos do not migrate into the goraris fail to become gametes.
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Nanos appears to be important in preventing mitast$ transcription during germ cell
development. Another one of these RNAs encM#ess, an RNA-binding protein. The
MRNAs for this protein are seen in the germ plagmany species.

A third germ plasm component was a big surpriséochondrial ribosomal
RNA (mtrRNA). Moreover, in normal fly eggs, the small and &rmitochondrial
rRNAs are located outside the mitochondria solety the pole plasm of cleavage-

stage embryos. Here,

they appear as compowéritse polar granules. While

mitochondrial RNA is involved in directing the foation of the pole cells, it does not

enter them.

A fourth component oDrosophilapole plasm (and one that becomes localized in
the polar granules) is a nontranslatable RNA caflethr granule component(Pgg.
While its exact function remains unknown, the packdis of transgenic female flies
making antisense RNA against Pgc fail to migraténéogonads.

3.1.3 Germ cell Determination in amphibian

Cytoplasmic localization of germ cell determinahés also been observed in
vertebrae embryos. Scientists showed that the vegetgion of fertilized frog eggs
containsmaterial with staining properties similar to tha$érosophilapole plasm . He
wasable to trace this cortical cytoplasm into the fesils in the presumptive endoderm
thatwould normally migrate into the genital ridge. By traresping genetically
mﬁm@g cells fromone embryo into another of a differently marksuain,

(A} Germ plasm Vegetal pole
of zygote

They showed that these cells are the
primordial germ cell precursors.

They found that the germ plasm of
unfertilized eggs consists of tiny "islands" that
appear to be tethered to the yolk mass near the
vegetal cortex. These germ plasm islands move
with the vegetal yolk mass during the cortical
rotation of fertilization. After the rotation, the
islands are released from the yolk mass and begin
fusing together and migrating to the vegetal pole.

Their aggregation depends on microtubules, and

the movement of these clusters to the vegetal pole

' is dependent on a kinesin- like protein that may

act as the motor for germ plasm movement.

Later, periodic
contractions of the vegetal cell surface also appea
to push this germ plasm along the cleavage
furrows of the newly formed blastomeres,
enabling it to enter the embryo.



When ultraviolet light is applied to the végesurface (but nowhere else)
of frog embryos, the resulting frogs are normat lack germ cells in their gonads.
Very few primordial germ cells reach the gonadssthfew that do have about one- tenth
the volume of normal PGCs and have aberrantly shapelei. TheXenopushomologues
of nanosandvasaare specifically localized to this region So, likee Drosophilapole
plasm, the cytoplasm from the vegetal region offtbg zygote contains the determinants
for germ cell formation. Moreover, several of tremponents are the same.

The components of the germ plasm have not all lbaéslogued. Indeed, in the
birds and mammals, such a list has hardly even btsted. Moreover, we still do not
know the functions of the proteins and nontrandl@As found in the germ plasm.
One hypothesis is that the components of the géasnpinhibit both transcription and
translation, thereby preventing the cells contaninfrom differentiating into anything
else. According this hypothesis, the cells becoerengcells because they are forbidden to
become any other type of cell.

Germ Cell Migration
3.1.4 Germ cell migration in amphibians

The germ plasm of anuran amphibians (frogs andshoadllects around the
vegetal pole in the zygote. During cleavage, thagemal is brought upward through the
yolky cytoplasm, and eventually becomes assochatddthe endodermal cells lining the
floor of the blastocoels.

Germ plasm
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pole Cleavage furrow
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The PGCs
% become concentrated in the

posterior region of the larval
gut, and as the
abdominal cavity forms, they
migrate along the dorsal side of
Q .ﬂ the gut, first along the dorsal
mesentery (which connects the gut
. » / to the region where the
" Germ eel ' *®s, mesodermal organs are forming)

and then along the abdominal
wall and into the genital ridges.



They migrate up this tissue until they reach thevetbping gonads<enopus
PGCs move by extruding a single filopodium and te#eaming their yolky cytoplasm
into that filopodium while retracting their "tail.Contact guidance in this migration
seems likely, as both the PGCs and the extracellaktrix over which they migrate
are oriented in the direction of migration. Furthere, PGC adhesion and migration
can be inhibited if the mesentery is treated withibmdies againsKenopudibronectin .
Thus, the pathway for germ cell migration in th&sgs appears to be composed of an
oriented fibronectin-containing extracellular matriThe fibrils over which the PGCs
travel lose this polarity soon after migration lessled.*As they migrateXenopusPGCs
divide about three times, and approximately 30 P@@enize the gonads. These will
divide to form the germ cells.

The primordial germ cells of urodele amphibiafsslamanders) have an
apparently different origin, which has been trackd reciprocal transplantation
experiments to the regions of the mesoderm thatlue through the ventrolateral lips of
the blastopore. Moreover, there does not seem t@nye particular localized "germ
plasm" in salamander eggs. Rather, the interaatfothe dorsal endoderm cells and
animal hemisphere cells creates the conditionsateénl form germ cells in the areas
that involute through the ventrolateral lips. 8o salamanders, the PGCs are formed
by induction within the mesodermal region andspmably follow a different path into
the gonads.

3.1.5 Germ cell migration in mammal

There is no obvious germ plasm in mammatg] amammalian germ cells
are not morphologically distinct during early demment. However, by using
monoclonal antibodies that recognize cell surfatferénces between the PGCs and their
surrounding cells, localized this region to the aarthat becomes extraembryonic
mesoderm just posterior to the primitive streakhef 7-day mouse embryo. Here, about
eight large, alkaline phosphatase-staining ceks seen. If this region is removed,
the remaining embryo becomes devoid of germ cellkjle the isolated region
develops a large number of PGCs.

In normal mouse embryos, the germ cell precursaggate from the extraembryonic

mesoderm back into the embryo, by way of the atiantThe route of mammalian PGC
migration from the allantois resembles that ofranuPGC migration. After collecting at
the allantois (by day 7.5 in the mouse: The PGGyate to the adjacent yolk sac. By
this time, they have already split into two popigias that will migrate to either the right
or the left genital ridge. The PGCs then move chydeom the yolk sac through the

newly formed hindgut and up the dorsal mesentety the genital ridge. Most of the

PGCs have reached the developing mouse gonad bsldhenth day after fertilization.

During this trek, they have proliferated from aitial population of 10 100 cells to the
2500 5000 PGCs present in the gonads by day 12.

Like the PGCs ofXenopus,mammalian PGCs appear to be closely associated
with the cells over which they migrate, and theyvendy extending filopodia over the
underlying cell surfaces. These cells are also ldapaf penetrating cell monolayers and
migrating through the cell sheets. The mechanismiigh the PGCs know the route of
this journey is still unknown.
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Fibronectin is likely to be an important substreae PGC migration, and germ
cells that lack the integrin receptor for such as#ilular matrix proteins cannot migrate
to the gonads. Directionality may be provided bygradient of soluble protein. In
vitro evidence suggests that the genital ridgesl@b-day mouse embryos secrete a
diffusible TGF$1-like protein that is capable of attracting mol¥8Cs. Whether the
genital ridge is able to provide such cues in \gtih must be tested.

Although no germ plasm has been found in mammiaésrdtention of totipotency
has been correlated with the expression ohuglear transcription factorQct4.
This factor is expressed in all of the early-chege blastomere nuclei, but its expression
becomes restricted to the inner cell mass.



During gastrulation, it becomes expressed solelthase posterior epiblast cells
thought to give rise to the primordial germ celdter that, this protein is seen only in
the primordial germ cells and oocytes.

The proliferation of the PGCs appears to be procthdme stem cell factor, the
same growth factor needed for the proliferatiometiral crest-derived melanoblasts and
hematopoietic stem cells. Stem cell factor is poeduby the cells along the migration
pathway and remains bound to their cell membralesppears that the presentation of
this protein on cell membranes is important foratgivity. Mice homozygous for the
White mutation are deficient in germ cells (as wadl melanocytes and blood cells)
because their stem cells lack the receptor for stelnfactor. Mice homozygous for the
Steel mutation have a similar phenotype, as thel the ability to make this growth
facto. The addition of stem cell factor to PGCsetakrom 11-day mouse embryos will
stimulate their proliferation for about 24 hoursdaappears to prevent programmed cell
death that would otherwise occur



3.1.6 Germ cell migration in birds and reptiles

In birds and reptiles, the primordial germ cells derived from epiblast cells that
migrate from the central region of the area petlacio a crescent-shaped zone in the
hypoblast at the anterior border of the area pelducThis extraembryonic region is

called thegerminal crescent and the PGCs multiply there.
W (B) 1 2 S
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Unlike those of amphibians and mammals, the PGQsrdé and reptiles migrate
to the gonads primarily by means of the bloodstredthen blood vessels form in the
germinal crescent, the PGCs enter those vesselarancarried by the circulation to the
region where the hindgut is forming. Here, theytexom the circulation, become
associated with the mesentery, and migrate intogiwtal ridges. The PGCs of the
germinal crescent appear to enter the blood vebsaisapedesis a type of movement
common to lymphocytes and macrophages that enaelks to squeeze between the
endothelial cells of small blood vessels .
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AN i In some as yet undiscovered way, the PGCs are

R ;7( instructed to exit the blood vessels and entegtireads.

b =447 Evidence for chemotaxis comes from studies in twvhic
s %1 circulating chick PGCs were isolated from the blaod
U YGonadat  Mesenthyme cultured between gonadal rudiments and other

4_}{"?- o embryonic tissues. The

PGCs migrated into the gonadal rudiments duringhald
incubation.



Germ cell migration in Drosophila
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During Drosophila
embryogenesis, the primordial germ
cells move from the posterior pole to
the gonads. The first step in this
migration is a passive one, wherein the
30 40 pole cells are displaced into the
posterior midgut by the movements of
gastrulation. In the second step, the gut
endoderm triggers active amoeboid
movement in the PGCs, which travel
through the blind end of the posterior
midgut, migrating into the

visceral mesoderm. In the
third step, the PGCs split into  two
groups, each of which  will
becomes associated with a
developing gonad primordium.

In the fourth step, the

PGCs migrate to the gonads, which are
derived from the lateral mesoderm of
parasegments
10- 12. This step involves both
attraction and repulsion. The product
of the wunen gene appears to be
responsible for directing the migration
of the PGCs from the endoderm into
the mesoderm. This protein is expressed
in the endoderm immediately

before PGC migration, and it
repels the PGCs. In loss- of-function
mutants of this gene, the PGCs wander
randomly. Another gene needed for
proper migration of theDrosophila
PGCs is the product of theolumbus
gene. This protein is made in the
mesodermal cells of the gonad, and it is
necessary for the gonad to attract
the PGCs. In loss-of-function mutants,
the PGCs wanderrandomly

from the endoderm, and if
columbusis expressed in other tissues
(such as the nerve cord), those tissues
will attract the PGCs. In the last
stage, the gonad coalesces around the
germ cells, allowing the germ cells to
divide and mature into gametes.



*This does not necessarily hold true for all anstan the frogRana pipiensthe germ
cells follow a similar route, but may be passivavélers along the mesentery rather than
actively motile cells. The migration of fish PGQsléws a similar route, too, and there
may be species differences as to whether the P@&Cxctive or passive travellers.

3.2 Embryonic germ (EG) cells

Stem cell factor increases the proliferation of maimmg mouse primordial germ
cells in culture, and this proliferation can betlfier increased by adding another growth
factor, leukemia inhibition factor (LIF). Howevehe life span of these PGCs is short,
and the cells soon die. But if an additional mdeggulator ~ basic fibroblast
growth factor (FGF2) is added, a remarkable chatayes place. The cells
continue to proliferate, producing pluripotent egdnic stem cells with characteristics
resembling the cells of the inner cell mass. THESE-derived cells are called embryonic
germ (EG) cells, and they have the potential téetehtiate into all the cell types of the
body. EG cells are often considered as embryomrin ES) cells and the distinction of
their origin is ignored.

3.2.1Embryonic stem (ES) cells

Embryonic stem (ES) cells are the cells that arévelé from the inner cell
mass. ES cells and EG cells can be transfected meithmbinant genes and inserted
into the blastocyst to create transgenic mice. Suchammalian germ cell or stem cell
contains within it all the information needed farbsequent development. What would
happen if such a cell became malignant? In one ¢fpemor, the germ cells become
embryonic stem cells, like the FGF2-treated PGChénexperiment above. This type of
tumor is called deratocarcinoma. Whether spontaneous or experimentally produced, a
teratocarcinoma contains an undifferentiated steoell population that has
biochemical and developmental properties remayksiphilar to those of the inner cell
mass. Moreover, these stem cells not only divide,dan also differentiate into a wide
variety of tissues, including gut and respiratopytteelia, muscle, nerve, cartilage, and
bone. Once differentiated, these cells no longéddj and are therefore no longer ma

lignant. Such tumors can give rise to most of tb&ue types in the body.
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cells

Erythrocytes .
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Thus, the teratocarcinoma stem cells mimic earlgnmalian development, but the
tumor they form is characterized by random, haptiedavelopment.

4.0 Conclusion
In this unit you learnt about the determinatiorgefm cell in various group of animals.
Example nematode ,insect, amphibian , bird antllesgand mammal

5.0 Summary
All gametes arise from the primordial germ cells inost animal species, the
determination of the primordial germ cells is brbugabout by the cytoplasmic
localization of specific proteins and mRNAs in et cells of the early embryo
(mammals being a major exception to this genetal).rhese cytoplasmic components
are referred to as thgeerm plasm
The components of the germ plasm have not all ba&alogued. Indeed, in the birds and
mammals, such a list has hardly even been started.
The germ plasm of anuran amphibians (frogs andsjoeallects around the vegetal pole
in the zygote. During cleavage, this material i®ught upward through the yolky
cytoplasm, and eventually becomes associated witlehdodermal cells lining the floor
of the blastocoels.

6.0 Tutor-marked Assignment

1 Explain the term germ plasm and the positidakies during cleavage formation in
various group of animals

2 Explain the migration of germ cell in insect,antg@n bird and reptiles and mammal
3 Explain the ternembryonic germ (eg) cells aethbryonic stem (es) cells

REFERENCES
Professor Scott Gilbert, Developmental biolodymlition
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UNIT 3: MITOSIS AND MEIOSIS
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1.0 INTRODUCTION

These describe the process by which the body memalls to participate in either asexual
or sexual reproduction to make an entire organibor. either of these processes of
reproduction we must first understand the basio@imsome structure that the body uses in

either Mitosis or Meiosis.
2.0 OBJECTIVES

At the end of this unit, student should be able to:
1 Explain the significance of meiosis sexual repiciion
2 Identify the different stages of gametogenasisiales and females in  micrographs of
testis and ovary
3 Name the stages at which the first and seomidtic divisions take place
4  Describe the stages of mitosis in cell division.
3.0 MAIN CONTENT

3.1 Mitosis
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Mitosis is the reproduction of skin, heart, stomadheek, hair etc. cells. These cells are
"Autosomal” cells. This is also a form of "Asexua#production, where one organism or
cell reproduces itself. Some organisms that repredasexually are hydra, bacteria, and

single celled organisms.

Mitosis produces two daughter cells that are idahtio the parent cell. If the parent cell is
haploid (N), then the daughter cells will be hagloi If the parent cell is diploid, the
daughter cells will also be diploid.

NN

2N 1 2N

3.1.1Function of Mitosis

It allows multicellular organisms to grow and rapdamaged tissue. The drawings below
show chromosome movement and alignment in a cath fa species of animal that has a
diploid number of 8. As you view the drawings, keepmind that humans have a diploid

number of 46.

3.1.2 Mitotic Division

Interphase

Chromosomes are not visible because they are @aicoll

Cell mermbrane

Prophase

The chromosomes coill.

The nuclear membrane disintegrates.
Spindle fibers (microtubles) form.

The drawing shows a cell with 8 chromosomes.
chromosome has 2 chromatids for a total of 16 chtmis.
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Metaphase
The chromosomes become aligned.

The drawing shows a cell with 8 chromosomes.

chromosome has 2 chromatids for a total of 16 chtmis.

Anaphase

The chromatids separate; the number of chromos
doubles.

The drawing shows a cell with 16 chromosomes.
chromosome has 1 chromatid for a total of 16 chtmsa

Telophase

The cell divides into two.

The chromosomes uncoil.

The nucleus reforms.

The spindle apparataus disassembles.

The drawing shows a cell with 16 chromosomes.
chromosome has 1 chromatid for a total of 16 chtmaa

G, Interphase
The chromosomes have one chromatid.
The drawing shows two cells. Each cell has 8 chsmmes

Each chromosome has 1 chromatid for a total ofr8rohtid:
per cell
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G2 Interphase

@ @ The chromosomes have two chromatids each.
The drawing shows two cells. Each cell has 8 chsmomes
Each chromosome has 2 chromatids for a total c
chromatids per cell

3.2. Meiosis

Meiosis is the sperm and egg production of cellesk cells are "Gamete" or "Sex" cells.
Each cell has to go through the division processewn order for the cell to end up with
half the number of chromosomes. The cells passemetg information to the offspring.
This is a form of "Sexual" reproduction, where omganism or cells reproduces by
crossing with another organism or cell. Types ajamisms that reproduce sexually are;

plants, animals, and insects.

Meiosis produces daughter cells that have one thalfnumber of chromosomes as the
parent cell.

2NN
3.2.1 Function of Meiosis

1 Meiosis functions to reduce the number of chramues to one half. Each daughter cell
that is produced will have one half as many chramees as the parent cell.

Meiosis is part of the sexual process because gan(eperm, eggs) have one half the
chromosomes as diploid (2N) individuals.

In animals, meiosis occurs only when gametes (speggs) are formed.

o meiosis
mitosis

N

eqos (M) sperm (M)

zygote (2M)
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2 Meiosis enables organisms to reproduce sexualiynetes (sperm and eggs) are haploid.

It involves two divisions producing a total of fodaughter cells.

A cell undergoing meiosis will divide two timeshé first division is meiosis 1 and the
second is meiosis 2. The phases have the same rasn@gsse of mitosis. A number
indicates the division number (1st or 2nd).

meiosis 1: prophase 1, metaphase 1, anaphase telaplklase 1

meiosis 2: prophase 2, metaphase 2, anaphase &laplase 2

In the first meiotic division, the number of caldssdoubled but the number of chromosomes
IS not. This results in 1/2 as many chromosomes@ler

The second meiotic division is like mitosis; themher of chromosomes does not get
reduced.

3.2.1 Meiotic Division
Prophase |

Homologous
chromosomes becomt
paired.

Crossing-over occurs
between homologo!
chromosomes.

—_— Crossing over

' J
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Metaphase |

Homologous pail
become aligned in tl
center of the cell.

The random alignme
pattern is calle
independent assortme
For example, a cell wi
2N = 6 chromosome
could have any of tt
alignment patterns sho\
at the left..

Anaphase |

Homologous
chromosomeseparate.

Telophase |

This stage is absent
some species

Interkinesis



St
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Interkinesis is similar 1
interphase except DN#
synthesis does not occur.

Prophase I

Metaphase Il

Anaphase I

Telophase II

Daughter Cells



8  Major Differences between Meiosis and Mitosis
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3.2 b Meiosis

Once in the gonad, the primordial germ cells cargito divide mitotically, producing
millions of potential gamete precursors. The PGCbath male and female gonads are
then faced with the necessity of reducing theirooiwsomes from the diploid to the
haploid condition. In the haploid condition, eadiranosome is represented by only
one copy, whereas diploid cells have two copiesaafh chromosome. To accomplish
this reduction, the germ cells undergo meiosis.

After the germ cell's last mitotic division, a pmtiof DNA synthesis occurs, so
that the cell initiating meiosis doubles the amoohDNA in its nucleus. In this state,
each chromosome consists of two sisteromatids attached at a common kinetochore
(centromere). (In other words, the diploid nuclecsntains four copies of each
chromosome, but each chromosome is seen as twmatids bound together. Meiosis
entails two cell divisions. In the first divisiomomologous chromosomes (e.g., the
chromosome 3 pair in the diploid cell) come togetland are then separated into
different cells. Hence, the first meiotic divisiseparates homologous chromosomes
into two daughter cells such that each cell hay onk copy of each chromosome. But
each of the chromosomes has already replicateqd éaeh has two chromatids). The
second meiotic division then separates the twoersishromatids from each other.
Consequently, each of the four cells produced byjosie has a single (haploid) copy
of each chromosome.

The first meiotic division begins with a long pr@se, which is subdivided into
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five stages. During thdeptotene (Greek, "thin thread") stage, the chromatin of the
chromatids is stretched out very thinly, andisit not possible to identify individual
chromosomes. DNA replication has already occurhedyever, and each chromosome
consists of two parallel chromatids. At tlggotene (Greek, "yoked threads") stage,
homologous chromosomes pair side by side. Thisngais calledsynapsis and it is
characteristic of meiosis. Such pairing does naetioduring mitotic divisions. Although
the mechanism whereby each chromosome recognigesoihologue is not known,
synapsis seems to require the presence of theamutlembrane and the formation of a
proteinaceous ribbon called tlsynaptonemal complex This complex is a ladderlike
structure with a central element and two lateratsbaThe chromatin becomes
associated with the two lateral bars, and ctivemosomes are thus joined together.
Examinations of meiotic cell nuclei with the elestrmicroscope suggest that paired
chromosomes are bound to the nuclear membrane, lea®sd suggested that the nuclear
envelope helps bring together the homologous chsomes. The configuration formed
by the four chromatids and the synaptonemal com@eveferred to as &etrad or a
bivalent.
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therefore been called thpachytene (Greek, "thi

thread") stage. Individual chromatids can now be

distinguished under the light microscope, and

crossing-over

may occur. Crossing-over represents exchanges métige

material

whereby genes from one chromatid are exchanged waimologous

genes from

another chromatid. Crossing-over may continue ihéonext stage, thdiplotene (Greek,

"double threads") stage. Here, the synaptonemalpmbreaks down, and the two

homologous chromosomes start to separate. Usuallyever, they remain attached at

various places called¢hiasmatg which are thought to represent regions where

crossing-over is occurring. The diplotene stageharacterized by a high level of gene

transcription. In some species, the chromosomé®itf male and female germ cells take

on the "lampbrush" appearance characteristic abrobsomes that are actively making
40
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RNA. During the next stagealiakinesis (Greek, "moving apart”), the centromeres
move away from each other, and the chromosoreenain joined only at the tips
of the chromatids. This last stage of meioticphi@se ends with the breakdown of the
nuclear membrane and the migration of the chromesdm thenetaphase plate

During anaphase |, homologous chromosomes are atedafrom each other in an
independent fashion. This stage leads to telophad#ring which two daughter cells are
formed, each cell containing one partner die t homologous chromosome pair.
After a briefinterkinesis, the second division of meiosis takes place. Qutims division,
the centromere of each chromosome divides duriaglamse so that each of the new cells
gets one of the two chromatids, the final resulbdpe¢he creation of four haploid cells.
Note that meiosis has also reassorted the chronexsorto new groupings. First, each of
the four haploid cells has a different assortmdntimomosomes. In humans, in which

there are 23 different chromosome pairs, therebea g3 (nearly 10 million) different
types of haploid cells formed from the genome o$ilagle person. In addition, the
crossing-over that occurs during the pachytenedipidtene stages of prophase | further
increases genetic diversity and makes the numbdiffefent gametes incalculable.

The events of meiosis appear to be coordinatedigfiraytoplasmic connections between
the dividing cells. Whereas the daughter cells Emrby mitosis routinely separate from
each other, the products of the meiotic cell donsi remain coupled to each other by
cytoplasmic bridges These bridges are seen during the formation efnspand eggs
throughout the animal kingdom.

3.3 Mitosis or Meiosis? Sperm or Egg?

In many species, the germ cells migrating intodgbaad are bipotential and can
differentiate into either sperm or ova, dependingtweir gonadal environment. When the
ovaries of salamanders are experimentally transdrmto testes, the resident germ cells
cease their oogenic differentiation and begin dmueh as sperm. Similarly, in the
housefly and mouse, the gonad is able to directdifferentiation of the germ cell
Thus, in most organisms, the sex of the gonad &itd germ cells is the same.

But what about hermaphroditic animals, in which tbleange from sperm
production to egg production is a naturally ocawgrphysiological event? How is the
same animal capable of producing sperm during @art of its life and oocytes
during another part? UsinGaenorhabditis elegansKimble and her colleagues
identified two "decisions" that presumptive gerniscbave to make. The first is whether
to enter meiosis or to remain a mitotically divigistem cell. The second is whether to
become an egg or a sperm.

Recent evidence shows that these decisions arenaitely linked. The
mitotic/meiotic decision is controlled by a singtendividing cell at the end of each
gonad, thedistal tip cell. The germ cell precursors near this cell dividdotigally,
forming the pool of germ cells; but as these cgdisfarther away from the distal tip cell,
they enter meiosis. If the distal tip cell is deged by a focused laser beam, all the germ
cells enter meiosis, and if the distal tip cellplaced in a different location in the
gonad, germ line stem cells are generated near ftew position.
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(A} Intact gonad The distal tip cell extends
| Regionof ‘Fransition Region of long filaments that touch the distal
—— meiosis ——— zone ~———— mitosis —— germ cells. The extensions contain in
their cell membranes the Lag-2
protein, aC. eleganshomologue of

Delta.

it The Lag-2 protein maintains
ipeell these germ cells in mitosis and
inhibits their meiotic differentiation.

It is not surprising that this mutation

encodes GlIp-1, theC. elegans
homologue of Notch the

receptor for Delta. All the germ
— cell

precursors of nematodes homozygous for the re@essivtationglp-1 initiate meiosis,
leaving no mitotic population. Instead of the 15#m cells usually found in the fourth
larval stage of hermaphroditic development, thesgants produce only 5 to 8 sperm
cells. When genetic chimeras are made in which-tyjie¢ germ cell precursors are found
within a mutant larva, the wild-type cells are abderespond to the distal tip cells and
undergo mitosis. However, when

mutant germ cell precursors are found within wildd larvae, they all enter meiosis.
Thus, theglp-1 gene appears to be responsible for enabling tha gells to respond to
the distal tip cell's signal.

After the germ cells begin their meiotic divisiorniey still must become either
sperm or ova. Generally, in each ovotestis, thet paximal germ cells produce sperm,
while the most distal (near the tip) become egdss Mmeans that the germ cells entering
meiosis early become sperm, while those enteringpsise later become eggs. The
genetics of this switch are currently being anallyZEhe laboratories of have isolated
several genes needed for germ cell pathway setedtiat the switch appears to involve

the activity or inactivity ofem-3mRNA. Presents a scheme for how these genes might
function. EARLY: SPERM L ATE: BGGS
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During early development, thé&m genes, especiallfem-3, are critical
for the specification of sperm cells. Loss-of-ftion mutations of these genes
convert XX nematodes into females (i.e., spermhemsnaphrodites). As long as the
FEM proteins are made in the germ cells, spernparéuced. The actiiemgenes are
thought to activate thdog genes (whose loss- of-function mutations cause the
feminization of the germ line and eliminate spemganesis). Théog gene products
activate the genes involved in transforming thergeell into sperm and also inhibit
those genes that would otherwise direct the getl® teinitiate oogenesis.

Oogenesis can begin only whésm activity is suppressed. This suppression
appears to act at the level of RNA translation. Bhentranslated region (3~ UTR) of
the fem-3 MRNA contains a sequence that binds a repressdeiprduring normal
development. If this region is mutated such that mépressor cannot bind, them-3
MRNA remains translatable, and oogenesis neverscthe result is a hermaphrodite
body that produces only sperm. Ttnans-acting repressor of theem-3message is a
combination of the Nanos and Pumilio proteins @hene combination that represses
hunchback message translation irDrosophilg. The up-regulation of Pumilio
expression may be critical in regulating the gemme lswitch from spermatogenesis to
oogenesis, since Nanos is made constitutively. Blaappears to be necessarydn
elegangas it is inDrosophilg for the survival of all germ line cells.

5.0 CONCLUSION

In this unit, you learnt about different stagescell division; mitosis and meiosis. Mitosis
division for asexual reproduction, meiosis division sexual reproduction, their functions
and differences.

6.0 SUMMARY

Mitosis and Mitosis describe the process by whiehiody prepares cells to participate in
either asexual or sexual reproduction to make direenrganism. For either of these
processes of reproduction we must first understhadasic Chromosome structure that the
body uses in either Mitosis or MeiosisMitosis produces two daughter cells that are
identical to the parent cell while meiosis produdasighter cells that have one half the
number of chromosomes as the parent cell. Mitdkisva multicellular organisms to grow
and repair damaged tissue while meiosis is thevsp@id egg production of cells, this cells
form gamete of sex cells.
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7.0  Tutor-Marked Assgnment

Thequestions below refer to the following diagra

A
-
N

Diagram A represents a cell from an organism witlpéoid chromosome number of 1

1

mooOw>

N

Therefore, the diagram represents which one ofall@ving stages

. interphase of mitosis

. anaphase of mitosis

. metaphase | of meiosis
. prophase Il of meiosis
. anaphase Il of meiosis

. Diagram B represents a cell from an organism withipéoid chromosome number of

Therefore the diagram represents which one ofdif@ving stages

A.
B.
C.
D.
E.

prophase of mitosis
metaphase of mitosis
metaphase | of meiosis
telophase | of meiosis
metaphase Il of meiosis
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3. Diagram B represents a cell from an organisnh &itliploid chromosome number of 4.
Therefore, the diagram represents which one ofali@wving stages?

A. prophase of mitosis

B. metaphase of mitosis
C. metaphase | of meiosis
D. telophase | of meiosis
E. metaphase Il of meiosis

4. Diagram B represents a cell from an organisrh witliploid chromosome number of 6.
Therefore, the diagram represents which one ofalh@wving stages?

A. Prophase of mitosis
B Metaphase of mitosis
C. Metaphase I of meiosis
D. Telophase I of meiosis
E. Metaphase Il of meiosis
F. None of the above

5. Diagram C represents a cell from an organisth widiploid chromosome number of 6.
Therefore, the diagram represents which one ofali@wving stages?

A. prophase of mitosis

B. metaphase of mitosis
C. metaphase | of meiosis
D. prophase Il of meiosis
E. metaphase Il of meiosis

6. Diagram D represents a cell from an organisth widiploid chromosome number of 2.
Therefore, the diagram represents which one ofali@wving stages?

A. prophase of mitosis

B. prophase | of meiosis
C. prophase Il of meiosis
D. metaphase of mitosis
E. metaphase | of meiosis
F. metaphase Il of meiosis
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1.0 INTRODUCTION

Fertilization is the process whereby two sex cglametes) fuse together to create

GROUPS OF

a new individual with genetic potentials deriveconfr both parents. Fertilization
accomplishes two separate ends: sex (the combimingenes derived from the two
parents) and reproduction (the creation of new rasgas). Thus, the first function of
fertilization is to transmit genes from parent féspring, and the second is to initiate in

the egg cytoplasm those reactions that permit dpweént to proceed.
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Although the details of fertilization vary from spes to species, conception
generally consists of four major events:

1. Contact and recognition between sperm and egg.olst mases, this ensures that the
sperm and egg are of the same species.

2. Regulation of sperm entry into the egg. Only onerspcan ultimately fertilize the egg.
This is usually accomplished by allowing only opersn to enter the egg and inhibiting
any others from entering.

3. Fusion of the genetic material of sperm and
egog.

4. Activation of egg metabolism to start
development.

2.0 OBJECTIVES

At the end of this unit the student should be #tle

1 Explain Structure and function of sperm and egfpimation of Gametes
2 Explain acrosomal reaction in sea-urchin and maimm

3 Describe the fusion of genetic material in mamaral sea- urchin

3.0 MAIN CONTENT

3.1Structure of gametes

A complex dialogue exists between egg and sperra.€éldy activates the sperm
metabolism that is essential for fertilization, ahd sperm reciprocates by activating the
egg metabolism needed for the onset of developniritbefore we investigate these
aspects of fertilization, we need to consider #teictures of the sperm and egg the
two cell types specialized for fertilization.

3.1.1Sperm

It is only within the past century that the spermgke in fertilization has been
known. Anton van Leeuwenhoek, the Dutch micopsst who co-discovered sperm
in 1678, first believed them to be parasitic asnliving within the semen (hence
the term spermatozoameaning "sperm animals”). He originally assumedat thhey
had nothing at all to do with reproducing tirganism in which they were found, but
he later came to believe that each sperm contanpteformed embryo. Leeuwenhoek
(1685) wrote that sperm were seeds (beffermaand sememmean "seed") and that the
female merely provided the nutrient soil in whitle tseeds were planted. In this, he was
returning to a notion of procreation promulgatedArnstotle 2000 years earlier. Try as
he might, Leeuwenhoek was continually disappointedhis attempts to find the
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preformed embryo within the spermatozoa. Nicolastsdeker, the other co-discoverer
of sperm, drew a picture of what he hoped to faagreformed human ("homunculus")
within the human sperm. This belief that the speromtained the entire embryonic
organism never gained much acceptance, as it icthpfieenormous waste of potential life.
Most investigators regarded the sperm as unimportan
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The first evidence suggesting the importance ofrrspén
reproduction came from a series of experimentsopaedd by Lazzaro
Spallanzani in the late 1700s. Spallanzani dematestrthat filtered
toad semen devoid of sperm would not fertilize edgs concluded,
however, that the viscous fluid retained

by the filter paper, and not the sperm, was theniagé
fertilization. He, like many others, felt that tepermatic "animals"
were parasites.

The combination of better microscopic lenses armdctll theory
led to a new appreciation of spermatic function. 1824, J. L.
! Prevost and J. B. Dumas claimed that sperm werepaiasites, but
i' rather the active agents of fertilization. They ambtthe universal
" existence of sperm in sexually mature males andr thlesence in
immature and aged individuals. These observatioogpled with the
| known absence of spermatozoa in the sterile moleyinced them that
"there exists an intimate relation between thegspnce in the organs
and the fecundating capacity of the animal." Thegppsed that the
sperm entered the egg and contributed materialtydamext generation.

These claims were largely disregarded until theO$84vhen A.
von Kolliker described the formation of sperm fraeils within the adult
testes. He ridiculed the idea that the semen cbalchormal and yet
support such an

enormous number of parasites. Even so, von Kolliaried that there was any physical
contact between sperm and egg. He believed thaspgben excited the egg to develop,
much as a magnet communicates its presence to liravas only in 1876 that Oscar
Hertwig and Herman Fol independently demonstrapeins entry into the egg and the
union of the two cells' nuclei. Hertwig had sougimt organism suitable for detailed
microscopic observations, and he found that

the Mediterranean sea urchiipxopneustes lividuswas perfect. Not only was it
common

throughout the region and sexually mature throughmost of the year, but its
eggs were available in large numbers and weregesast even at high magnifications.
After mixing sperm and egg suspensions togethertwite repeatedly observed a sperm
entering an egg and saw the two nuclei unite. He abted that only one sperm was seen
to enter each egg, and that all the nuclei of thirgo were derived from the fused
nucleus created at fertilization. Fol made similaibservations and detailed the
mechanism of sperm entry. Fertilization was at lasbgnized as the union of sperm and
egg, and the union of sea urchin gametes remaiasobithe best-studied examples of
fertilization.

Each sperm consists of a haploid nucleus, a prigoulsystem to move the
nucleus, and a sac of enzymes that enable theusubbeenter the egg. Most of the
sperm's cytoplasm is eliminated during maturatieaying only certain organelles that
are modified for spermatic function. During the s®iof sperm maturation, the haploid
nucleus becomes very streamlined, and its DNA besotightly compressed. In front
of this compressed haploid nucleus lies déliteosomal vesicle or acrosome which is
derived from the Golgi apparatus and contains eesythat digest proteins and complex
sugars; thus, it can be considered a modified smgreesicle. These stored enzymes are
used to lyse the outer coverings of the egg. Inyns@ecies, such as sea urchins, a region



of globular actin molecules lies between the nuxland the acrosomal vesicle. These
proteins are used to extend a fingerldeosomal processrom the sperm during the
early stages of fertilization. In sea urchins aedesal other species, recognition between
sperm and egg involves molecules on the acrosomegleps. Together, the acrosome
and nucleus constitute the head of the sperm.
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Figure7: Formation of Sperm head.
The means by which sperm are propelled vary aaegri how the species has
adapted to environmental conditions. In some spedguch as the parasitic
roundworm Ascari9, the sperm travel by the amoeboid motion of ldipedial
extensions of the cell membrane. In most specesgeber, each sperm is able to travel
long distances by whipping itdagellum. Flagella are complex structures. The major
motor portion of the flagellum is called trexoneme It is formed by microtubules
emanating from the centriole at the base of thenspricleus (Figure 7)
The core of the axoneme consists of two centrarotubules surrounded by a row of
nine doublet microtubules. Actually, only one micioule of each doublet is complete,
havin
13 prgtofilaments; the other is C-shaped and h&g ih protofilaments_(Figure 7BA
three- dimensional model of a complete microtubslshown in_Figure 7CHere we
can see the 13
interconnected protofilaments, which are made eskedly of the dimeric protein
tubulin.

Although tubulin is the basis for the structuretiogé flagellum, other proteins are also
critical for flagellar function. The force for sperpropulsion is provided bgynein,

a protein that is attached to the microtubulegyfgé 7B. Dynein hydrolyzes molecules

of ATP and can convert the released chemical enirgythe mechanical energy that
propels the sperm.

This energy allows the active sliding of the outlerublet microtubules, causing the
flagellum to bend. The importance of dynein can deen in individuals with the

genetic syndrome called the Kartagener triad. s&hedividuals lack dynein on all their



ciliated and flagellated cells, rendering thesecétires immotile.
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Males with this disease are sterile
(immotile sperm), are susceptible to
bronchial infections
(immotile respiratory cilia), and have
a 50% chance of having the heart on
the right side of the body
Another important flagellar
protein appears to be histone H1.
This  proteinis usually
found inside the nucleus, where it
folds the chromatin into tight
clusters. However, Multigner and
colleagues (1992) found that this
same protein stabilizes the flagellar
microtubules so that they do not
disassemble.
The "9 + 2"
microtubule
arrangement with the dynein arms
has been conserved in axonemes
throughout the eukaryotic kingdoms,
suggesting that this arrangement is
extremely well suited for transmitting
energy for movement. The ATP
needed to whip the flagellum and
propel the sperm comes from rings
of mitochondria located in the
neck region of the sperm (see Figure
7).
In many species (notably mammals),
a layer of dense fibers has interposed
itself between the mitochondrial
sheath and the axoneme. This fiber
layer stiffens the sperm tail. Because
the thickness of this layer decreases
toward the tip, the fibers probably
prevent the sperm head from being
whipped around too  suddenly.
Thus, the sperm has undergone
extensive  modification for the
transport of its nucleus to the egg.

The differentiation of
mammalian sperm is not completed
in the testes. After being expelled into
the lumen of the seminiferous
tubules, the sperm are stored in



the epididymis, where they acquire
the ability to move. Motility is
achieved through changes in the ATP-
generating system (possibly through
modification of dynein) as well as
changes in the plasma membrane that
make it more fluid (Yanagimachi
1994.



The sperm releaseduringc ejaculation are able to move, yet théy not yet have the
capacity to bind to antertilize an egg. These final stages of spenaturation (called
capacitation) dmot occu until the sperm has been inside the femeproductivi tract for
a certain period of time. Vitelline envelope

| Plasma membrane

3.1.2.The egg

Sperm Cortical granule

All the material necessary for
the beginning of growth and
development must bestorec in the : :
mature egg (theovum). Wherea the — ' © N\ Nudeus
sperm has eliminatedmost of its
cytoplasm, the developg egg (called
the oocyte beforeit reactes the stage of
meiosis at which it idertilized) not only
conserves its materialput is actively
involved in accumulabhg more. The
meiotic divisions thatform the oocyte
conserve its cytoplasm
(rather than giving halfof it away), and the
oocyte either sythesize or absorbs proteins,
such as yolk, that act dsod reservoirs for the
developing embryo.

Thus, birds' eggs arenomous single cells, swollen with their acawiated yolk. Even
eggs with relatively spae yolk are comparatively large. The volumga sea urchin egg

is about 200 picoliterg2 x 10 4 mm3, more than 10,000 timethe volume of the

sperm) (Figure 7)Y So, while sperm and egg have equal haploigtlear components,
the egg also has r@markable ytoplasmic storehouse that it hascemulated during its
maturation. This cytoplasic trove includes the following:*

Mitochondrion

*Proteins. It will be a lon¢ while before the embryo is able to feiesklf or obtain food
from its mother. Thesarly embryonic cells need a supply of enesgye amino acids. In
many species, this is agoplished by accumulating yolk proteins retegg. Many of the
yolk proteins are made iothe organs (liver, fat body) and travelrtugh the maternal
blood to the egg.

‘Ribosomes and tRNAThe early embryo needs to make many ©biwn proteins, and
in some species, theise a burst of protein synthesis soon aftertilization. Protein
synthesis is accontiphec by ribosomes and tRNA, which exish the egg. The
developing egg haspecial mechasms to synthesize ribosomesic certain amphibian

oocytes produce as maElg/lO12 ribosomes during their meiotic priogse

*Messenger RNA.In most organisms, the instructions for protemade during early
development are alreadyackaged in the oocyte. It is estimatiba! the eggs of sea
urchins contain25,000to 50,000 different types of mRNA. ThisRNA, however,

remains dormanintil aftei fertilization.

*Morphogenetic factors. Molecules that direct the differentiatiar cells into certain

cell types are present the egg. They appear to be localizeddifferent regions of the

egg and becomsegregate into different cells during cleavage

‘Protective chemicalsThe embryo cannot run away from predatorsnove to a safer



environment, so it must come equipped to deal witteats. Many eggs contain
ultraviolet filters and DNA repair enzymes that t@a them from sunlight; some eggs
contain molecules that potential predators findedieful; and the yolk of bird eggs even
contains antibodies.



Within this enormous volume of cytoplasm residesai@ge nucleus. In some
species (e.g., sea urchins), the nucleus is alrbagioid at the time of fertilization. In
other species (including many worms and most mas)yiile egg nucleus is still diploid,
and the sperm enters before the meiotic divisioescampleted. The stage of the egg
nucleus at the time of sperm entry in differentcsgeis illustrated in figure below.

Germinal Pemale
vesicle: " | @) pronucleus

Primary cocyte First metaphase “Second metaphase Meiosis complete |
|
The roundworm The nemertean worm The lancelet Cnidarians
Ascaris Cerebratulus Branchipstoma (e, g anemones)
The mesozoan Dicyema The polychaete worm Amphibians Sea urchins
The sponge Grantia  Chaetapterus Mast mammals
The polychaete worm The molluse Fish
Myzostona Dentalium
The clam worm Nerers The core worm
The clam Spisula Pectinaria
The echiuroid worm Many insects
Urechis Starfish
Dags and foxes

Enclosing the cytoplasm is the egtasma membrane This membrane must
regulate the flow of certain ions during fertiliwat and must be capable of fusing with
the sperm plasma membrane. Outside the plasma raeels thevitelline envelope,
which forms a fibrous mat around the egg. This &pe contains at least eight different
glycoproteins and is often involved in sperm-eggognition. It is supplemented by
extensions of membrane glycoproteins from the ptasmembrane and by proteinaceous
vitelline posts that adhere the vitelline envelop&ée membrane.

The vitelline envelope is essential for the spesjgcific binding of sperm. In
mammals, the vitelline envelope is a separate hiu extracellular matrix called the
zona pellucida
The mammalian egg is also surrounded by a layeeks called theumulus (Figure 7,
whichis made up of the
ovarian follicular
cells that were
nurturing the egg at
the time of its release
from the ovary.
Mammalian  sperm
have to get past
these
cells to fertilize
theegg. The
innermost
layer of cumulus
cells, immediately
adjacent to the
zona pellucida,
is called the corona
radiata.
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Lying immediately beneath the plasma membrane efetyg is a thin shell (about 5

pm)
of gel-like cytoplasm called theortex. The cytoplasm in this region is stiffer than the
internal cytoplasm and contains high concentratiafis globular actin molecules.
During fertilization, these actin molecules polymerto form long cables of actin known
asmicrofilaments. Microfilaments are necessary for cell divisiongdahey also are used
to extend the egg surface into small projectiotledanicrovilli , which may aid sperm
entry into the cell. Also within the cortex are thertical granules (Fig 7b)These
membrane-bound structures, which are homologouthé¢o acrosomal vesicle of the
sperm, are Golgi-derived organelles containing emiytic enzymes. However, whereas
each sperm contains one acrosomal vesicle, eachreem egg contains approximately
15,000 cortical granules. Moreover, in addition d@mestive enzymes, the cortical
granules contain mucopolysaccharides, adhesive oplgteins, and hyaline
protein. The enzymes and mucopolysaccharides aigeaim preventing other sperm
from entering the egg after the first sperm hasreat and the hyalin and adhesive
glycoproteins surround the early embryo and prowsdpport for the cleavage-stage
blastomeres.

Many types of eggs also have agg jelly outside the vitelline envelope. This
glycoprotein meshwork can have numerous functibnsmost commonly is used either
to attract or to activate sperm. The egg, then, dell specialized for receiving sperm and
initiating development.

3.2 Recognition of Egg and Sperm

The interaction of sperm and egg generally proceedsrding to five basic steps

1. The chemoattraction of the sperm to the egg byld®lmnolecules secreted by
the egg

2. The exocytosis of the acrosomal vesicle to reletse
enzymes

3. The binding of the sperm to the extracellular eopel (vitelline layer or zona
pellucida) of the egg

4. The passing of the sperm through this extracellular
envelope

5. Fusion of egg and sperm cell plasma
membranes
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Sometimes steps 2 and 3 are reversed (as in maamfelitilization) and the sperm
binds to the egg before releasing the contentbefatrosome. After these five steps are
accomplished, the haploid sperm and egg nucleinoaet, and the reactions that initiate

development can begin.

In many species, the meeting of sperm and egg isangimple matter. Many
marine organisms release their gametes into thieocement. That environment may be as
small as a tide pool or as large as an ocean. Mered is shared with other species
that may shed their sex cells at the same timesd&loeganisms are faced with two
problems: How can sperm and eggs meet in suchugedibncentration, and how can
sperm be prevented from trying to fertilize eggs afother species? Two major
mechanisms have evolved to solve these problenesiesp specific attraction of sperm
and species-specific sperm activation.

3.2.1. Sperm attraction: Action at a distance

Species-specific sperm attraction has been docwheint numerous species,
including cnidarians, molluscs, echinoderms, amathiordates. In many species, sperm
are attracted toward eggs of their specieshmwmotaxis that is, by following a gradient
of a chemical secreted by the egg. In 1978, Milemonstrated that the eggs of the
cnidarianOrthopyxis caliculatanot only secrete a chemotactic factor but alsoletguhe
timing of its release. Developing oocytes at vasigtages in their maturation were fixed
on microscope slides, and sperm were releasedetain distance from the eggs. Miller
found that when sperm were added to oocytes thétniba yet completed their second
meiotic division, there was no attraction of speomeggs. However, after the second
meiotic division was finished and the eggs werelyda be fertilized, the sperm migrated
toward them. Thus, these oocytes control not dmytype of sperm they attract, but also



the time at which they attract them.



The mechanisms of chemotaxis differamong specias. €demotactic molecule,
a 14-amino acid peptide calledsact, has been isolated from the egg jelly of the
sea urchinArbacia punctulata.Resact diffuses readily in seawater and has a

profound effect at very low concentrations whenezbtb a s}gjspension gfbacia
[A) (B}

sperm (Figure 7.)When a drop of
seawater containingrbacia sperm is placed g%
on a microscope slide, the sperm general
swim in circles about 5Qum in diameter. @&
Within seconds after a minute amount Of
resact is injected into the drop, spernise
migrate into the region of the injection an kS g i8r
congregate there. ol D
As resact continues to diffuse from the aregs : ;
of injection, more sperm are recruited into th§e
growing cluster. Resact is specific fox. &
punctulata and does not attract sperm off
other species.A. punctulata sperm have §
receptors in their plasma membranes that
bind resact can swim up a concentration
gradient of this compound until they reach the

€gg.

Resact also acts assperm-activating
peptide. Sperm-activating peptides cause dramatic and ohatee increases in
mitochondrial respiration and sperm motility. Thpesn receptor for resact is a
transmembrane protein, and when it binds resact tlm extracellular side, a
conformational change on the cytoplasmic side at#w the receptor's enzymatic
activity. This activates the mitochondrial ATBrgrating apparatus as well as the
dynein ATPase that stimulates flagellar movenrettie sperm .

3.3 Acrosomal Reaction in Sea-urchin

A second interaction between sperm and egg ithesomal reaction.In most
marine invertebrates, the acrosomal reaction has deamponents: the fusion of the
acrosomal vesicle with the sperm plasma membranesXacytosis that results in the
release of the contents of the acrosomal vesiaie) tae extension of the acrosomal
process. The acrosomal reaction in sea urchinsitiated by contact of the sperm with
the egg jelly. Contact with egg jelly causeg téxocytosis of the sperm's acrosomal
vesicle and the release of proteolytic enzythas can digest a path through the jelly
coat to the egg surface. The sequence of thesetsev® outlined in_Figure 7.10
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containing polysaccharide in the egg jelly thatdsirio the sperm and allows calcium to
enter into the sperm head. The exocytosis of tresamal vesicle is caused by the
calcium-mediated fusion of the acrosomal membraith the adjacent sperm plasma
membrane (Figures 7.18nd 7.1). The egg jelly factors that initiate the acrosbma
reaction in sea urchins are often highly specdieach species*
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The second part of the acrosomal reaction inwltlee extension of the
acrosomal process (see Figure J.Tis protrusion arises through the polymerizatd
globular actin molecules into actin filaments.

Species-specific recognition in sea urchins



Once the sea urchin sperm has penetrated the #ggtlee acrosomal process
of the sperm contacts the surface of the egg (Eiqui4A. A major species-specific
recognition step occurs at this point. The acrod@ratein mediating this recognition is
calledbindin. In 1977, Vacquier and co-workers isolated thisnsoluble 30,500-Da
protein from the acrosome Sfrongylocentrotus purpurat@nd found it to be capable
of binding to dejellied eggs of the same speciegufe 7.14B). Further, its interaction
with eggs is relatively species-specific bindinglaged from the acrosomes ofS.
purpuratus N
binds to its own dejellied”
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Biochemical studies have shown that the bindinsl@dely related sea urchin species are
indeed different. This finding implies the existe of species-specific bindin receptors
on the egg, vitelline envelope, or plasma membr8uoeh receptors were also suggested
by the experiments of who saturated sea urchin egtssperm. As seen in_Figure
7.16A sperm binding does not occur over the entire ggdgace. Even at saturating
numbers of sperm (approximately 1500), there agpeabe room on the ovum for more
sperm heads, implying a limiting number of spermeing sites. The bindin receptor on
the egg has recently
. been isolated. This 350-kDa protein may have

355 interact with bindin. At least one of these sites.
: recognizes only the bindin of the same species.
The
.&other site or sites appear to recognize a
general bindin structure and can
recognize .
the bindin of many species. Thigeindin receptors are
thought to be aggregated into complexes on ethg cell

surface, and hundreds of these complexes may luedie
ether the sperm to the egqg (Figure 7.16B




Thus, species-specific recognition of sea urclametes occurs at the levels of
sperm attraction, sperm activation, and sperm adhés the egg surface.

MAMMALS
3.4. Gamete binding and recognition in mammals

ZP3: the sperm-binding protein of the mouse zonlagda.

The zona pellucida in mammals plays a role analegouthat of the vitelline
envelope in invertebrates. This glycoprotein matwkich is synthesized and secreted by
the growing oocyte, plays two major roles duringtilieation: it binds the sperm,
and it initiates the acrosomal reaction after ers is bound. The binding of sperm to
the zona is relatively, but not absolutely, spesigscific. (Species- specific gamete
recognition is not a major problem when fertilibatioccurs internally.)

The binding of mouse sperm to the mouse zona petuzan be inhibited by first
incubating the sperm with zona glycoproteins. B&id Wassarman (1980, 1986 1988)
isolated an 83-kDa glycoproteirgP3, from the mouse zona that was the active
competitor for binding in this inhibition assay. &tother two zona glycoproteins they
found, ZP1 and ZP2, failed to compete for sperndibig (Figure 7.1Y. Moreover,
they found that radiolabeled ZP3 bound to the heafdsnouse sperm with intact
acrosomes. Thus, ZP3 is the specific glycoproteithe mouse zona pellucida to which
the sperm bind. ZP3 also initiates the acrosonedtien after sperm have bound to it.

The mouse sperm can thereby concentrate its pyite@nzymes directly at the point
of attachment at the zona pellucida.
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The molecular mechanism by which the zondupiela and the mammalian
sperm recognize each other is presently being eddudihe current hypothesis of
mammalian gamete binding postulates a set of protein the sperm capable of



recognizing specific carbohydrate regions of ZPRjfe 7.18A Florman et al. 1984
Florman and Wassarman 198%assarman
1987 Saling 1989%.




Removal of these
threonine- or serine-linked
carbohydrate groups fro
ZP3 abolishes its ability to
bind sperm. Severalg
proteins have bee
identified on the sperm
cell surface that
specifically bind to the ZP3 carbohydrates. Moreoptree deletion
of these proteins from the sperm can inhibit anglate sperm-
zona binding (see Kopf 19988

I nduction of the mammalian acrosomal reaction by ZP3.

Unlike the sea urchin acrosomal reaction, the anad reaction in mammals
occurs only after the sperm has bound to the zalagda (Figure 7.8 The mouse
sperm acrosomal reaction is induced by the crdsafjnof ZP3 with the receptors for it
on the sperm membrane. This crosslinking opensiutalacchannels to increase the
concentration of calcium in the sperm. The mecmani®sy which ZP3 induces the
opening of the calcium channels and the subseguemytosis of the acrosome remains
controversial, but it may involve the receptor'sivting a cation channel (for sodium,
potassium, or calcium), which would change theimgspotential of the sperm plasma
membrane. The calcium channels in the membranedalmeilsensitive to this change in
membrane potential, allowing calcium to enter thers.

The difference between the acrosomal reaction anusehins and mammals may
be due to the thickness of the extracellular ermpedosurrounding the egg. In the sea
urchin, the vitelline envelope is very thin and gas. Once a sperm has bound there, it is
very close to the egg plasma membrane, and, indéed bindin receptor may extend
through the vitelline envelope. In mammals, beer, the zona pellucida is a very
thick matrix, so the sperm is far removed from #gg. By undergoing the acrosomal
reaction directly on the zona, the sperm h#e &o concentrate its proteolytic enzymes
to lyse a hole in this envelope. Indeed, sperm uhaergo the acrosomal reaction before
they reach the zona pellucida are unable to pdedtra

Secondary binding of sperm to the zona pellucida.

During the acrosomal reaction, the anterior portioh the sperm plasma
membrane is shed from the sperm (see Figure.7This region is where the ZP3-binding
proteins are located, and yet the sperm mustrstilain bound to the zona in order to lyse
a path through it. In mice, it appears that secontianding to the zona is accomplished
by proteins in the inner acrosomal membrane thadl lsipecifically to ZP2. Whereas
acrosome-intact sperm will not bind to ZP2, acrosapacted sperm will. Moreover,
antibodies against the ZP2 glycoprotein will notyant the binding of acrosome-intact
sperm to the zona, but will inhibit the attachmeftacrosome-reacted sperm. The
structure of the zona consists of repeating urigR8 and ZP2, occasionally crosslinked
by ZP1 (Figure 7.18 It appears that the acrosome-reacted spemnsfer their
binding from ZP3 to the adjacent ZP2 moleculeseA#i mouse sperm has entered the
egg, the egg cortical granules release their comt@ne of the proteins released by these
granules is a protease that specifically alters.ZFRis inhibits other acrosome-reacted
sperm from moving closer toward the egg.



In guinea pigs, secondary binding to the zona mught to be mediated by the
protein PH-20. Moreover, when this inner acrosomembrane protein was injected into
adult male or female guinea pigs, 100% of them imecaterile for several months. The
blood sera of these sterile guinea pigs had extselmgh concentrations of antibodies to
PH-20. The antiserum from guinea pigs sterilizedthis manner not only bound
specifically to PH-20, but also blocked sperm-zadaesion in vitro. The contraceptive
effect lasted several months, after which fertilitgis restored. These experiments show
that the principle of immunological contraceptiswiell founded.

*Such exocytotic reactions are seen in thkease of insulin from pancreatic cells
and in the release of neurotransmitters fromaptic terminals. In all cases, there is a
calcium-mediated fusion between the secretory ieeamd the cell membrane. Indeed, the
similarity of acrosomal vesicle exocytosis and gfitavesicle exocytosis may actually be
quite deep. Studies of acrosomal reactions in sekhins and mammals suggest that
when the receptors for the sperm-activating ligabitsl these molecules, they cause a
depolarization of the membrane that would openagatdependent calcium ion channels
in a manner reminiscent of synaptic transmissiome Pproteins that dock the cortical
granules of the egg to the plasma membrane alseaapp be homologous to those used
in the axon tip.

Bindin is probably the fastest evolving protein wm Closely related species may have
near-identity of every other protein, but theirdims may have diverged significantly. For
more information on bindin evolution,

3.4. Action at a Distance: Mammalian Gametes

It is very difficult to study the interactions thatight be occurring between
mammalian gametes prior to sperm-egg contact. dngows reason for this is that
mammalian fertilization occurs inside the oviduofsthe female. While it is relatively
easy to mimic the conditions surrounding sea urdértilization (using either natural or
artificial seawater), we do not yet know the comgms of the various natural
environments that mammalian sperm encounter asttaegl to the egg. A second reason
for this difficulty is that the sperm populatioraeplated into the female is probably very
heterogeneous, containing spermatozoa at diffesemgfes of maturation. Of the 280 x

108 human sperm normally ejaculated into the vagindy about 200 reach the
ampullary region of the oviduct, where fertilizatitakes place. Since fewer than 1 in
10,000 sperm get close to the egg, it is diffidoltassay those molecules that might
enable the sperm to swim toward the egg and becmtneated. There is a great deal of
controversy concerning the mechanisms underlying tianslocation of mammalian
sperm to the oviduct, the possibility that the eggy be attracting the sperm through
chemotaxis, and the capacitation and hyperactivagactions that appear necessary for
some species' sperm to bind with the egg.

3.4.1Translocation and Capacitation

The reproductive tract of female mammals plays ay \&ctive role in the
mammalian fertilization process. While sperm mutilis required for mouse sperm to
encounter the egg once it is in the oviduct, speratility is probably a minor factor in
getting the sperm into the oviduct in the firstqggdaSperm are found in the oviducts of
mice, hamsters, guinea pigs, cows, and humansna@iminutes of sperm deposition in
the vagina, a time "too short to have been attalme@ven the most Olympian sperm
relying on their own flagellar power". Rather, thgerm appear to be transported to the



oviduct by the muscular activity of the uterus.

By whatever means, mammalian sperm pass throughutitreis and oviduct,
interacting with the cells and secretions of thedke reproductive tract as they do so.
These interactions are critical for their ability interact with the egg. Newly ejaculated
mammalian sperm are unable to undergo the acrosoeaation without residing for
some time in the female reproductive tract. Thie sé€ physiological changes that
allow the sperm to be competent to fertilize #gg is calleccapacitation. The
requirement for capacitation varies from speciespecies. Capacitation can be mimicked
in vitro by incubating sperm in tissue culture n@edf{containing calcium ions,
bicarbonate, and serum albumin) or in fluid frone thviducts. Sperm that are not
capacitated are "held up" in the cumulus and snalaeach the egg

As mentioned above (and contrary to the openingnesceof theLook Who's
Talking movies), "the race is not always to the ftest." Although some human
sperm reach the ampullary region of the oviduithiw a half hour after intercourse,
those sperm may have little chance of fertilizihg £gg. Wilcox and colleagues (1995)
found that nearly all human pregnancies result fiserual intercourse during a 6-day
period ending on the day of ovulation. This medra the fertilizing sperm could have
taken as long as 6 days to make the journey. Irothgsis wherein capacitation is a
transient event, and sperm are given a relativelf bvindow of competence in which
they can successfully fertilize the egg. As therspesach the ampulla, they acquire
competence, but if they stay around too long, fleg it. Sperm may also have different
survival rates depending on their location withive treproductive tract, and this may
allow some sperm to arrive late but with betterndeaof success than those that have
arrived days earlier.

The molecular changes that account for capacitatrenstill unknown, but there
are four sets of molecular changes that mayirbportant. First, the fluidity of the
sperm plasma membrane is altered by the removaholesterol by albumin proteins
found in the female reproductive tract. If serunbuahin is experimentally preloaded
with cholesterol, it will not permit capacitatioo bccur in vitro. Second, particular
proteins or carbohydrates on the sperm surfacéateluring capacitation. It is possible
that these compounds block the recognition siteghe proteins that bind to the zona
pellucida. Third, the membrane potential Ofisumen-
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and to what extent each of them
causes sperm  capacitation

(Figure 7.12.



There may be an important connection between sp&anslocation and
capacitation. Timothy have documented that Ileefentering the ampulla of the
oviduct (where mammalian fertilization occurs), thecapacitated sperm bind actively to
the membranes of the oviduct cells in the narrowgspge (isthmus) preceding it
(Figure 7.13. This binding is temporary and appears to be émolwhen the sperm
become capacitated. Moreover, the life span ofsgierm |s significantly Iengthened by
this binding, and its capacitation is slowed dowhis r@8 o6 ‘
entry into the ampulla, the slowing down of capetin,
and the expansion of sperm life span may have v
important consequences. First, this binding maytion
as a block to polyspermy by preventing many spe
from reaching the egg at the same time. If themsthis
excised in cows, a much higher rate of polysper
results. Second, slowing the rate of sperm capamita
and extending the active life of sperm may maxintiee
probability of there being some sperm in the angptdl
meet the egg if ejaculation does not occur at Hraes
time as ovulation.

3.4.2 Hyperactivation and chemotaxis

Different regions of the female reproductitect may secrete different,
regionally specific molecules. These factors majueance sperm motility as well as
capacitation. For instance, when sperm of certaammals (especially hamsters, guinea
pigs, and some strains of mice) pass from the sitemto the oviducts, they become
hyperactivated, swimming at higher velocities and generating gmeéorce than before.
Suarez and co-workers (1991) have shown that whitebehavior is not conducive to
traveling in low-viscosity fluids, it appears to bgtremely well suited for linear sperm
movement in the viscous fluid that sperm might emter in the oviduct.

In addition to increasing the activity of spermlufibe factors in the oviduct may
also provide the directional component of sperm enoent. There has been speculation
that the ovum (or, more likely, the ovarian follicin which it developed) may secrete
chemotactic substances that attract the sperm totie egg during the last stages of
sperm migration tested this hypothesis using foldic fluid from human follicles
whose eggs were being used for in vitro fertiliaatiPerforming an experiment similar to
the one described earlier with sea urchins, theyraiijected a drop of follicular fluid
into a larger drop of sperm suspension. When theyhds, some of the sperm changed
their direction to migrate toward the source ofliéolar fluid. Microinjection of other
solutions did not have this effect. These studidsndt rule out the possibility that the
effect was due to a general stimulation of spernveneent or metabolism. However,
these investigations uncovered a fascinating crosl: the fluid from only about half
the follicles tested showed a chemotactic effectl Bn nearly every case, the egg was
fertilizable if, and only if, the fluid showed chemactic ability P
< 0.0001). It is possible, then, that like certanvertebrate eggs, the human egg
secretes a chemotactic factor only when it is clgpaftbeing fertilized.

The female reproductive tract, then, is not a passonduit through which the
sperm race, but a highly specialized set of tisthas regulate the timing of sperm



capacitation and access to the egg.



Gamete Fusion and the Prevention of
Polyspermy

Recognition of sperm by the vitelline—envelope—@mna

* pellucida is followed by the lysis of that portiohthe envelope or
zona in the region of the sperm head by the acrakenzymes

This lysis is followed by the fusion of the spernagma
membrane with the plasma membrane of the egg. hhg ef a
sperm into a sea urchin egg is illustrated in Spegn binding
appears to cause the extension of several miarawgilform the
fertilization cone

.Homology between the egg and the sperm is aganodstrated,
because the transitory fertilization cone, like therosomal process, appears to be
extended by the polymerization of actin. The spanmid egg plasma membranes then join
together, and material from the sperm membrane laggr be found on the egg
membrane. The sperm nucleus and tail pass thrtheghmesulting cytoplasmic bridge,
which is widened by the actin polymerization. A ganprocess occurs during the fusion
of mammalian gametes

In the sea urchin, all regions of the egg plasmabrane are capable of fusing
with sperm. In several other species, certain regmf the membrane are specialized for
sperm recognition and fusion Fusion is an actikecgss, often mediated by specific
"fusogenic” proteins. It seems that bindin playsezond role as a fusogenic protein.
Scientist has shown that sea urchin bindin will ssayphospholipid vesicles to fuse
together and that, like viral fusogenic proteinsndin contains a long stretch of
hydrophobic amino acids near its amino terminuss Tégion is able to fuse phospholipid
vesicles.

In mammals, théertilin proteins in the sperm plasma membrane are esséontial
sperm membrane-egg membrane fusion. Mouse ferslifocalized to the posterior
plasma membrane of the sperm head. It adherepéimmdo the egg by binding to the
6B1 integrin protein on the egg plasma membrane. Ma@e like sea urchin bindin (to
which it is not structurally related), fertilin haa hydrophobic region that could
potentially mediate the union of the two membrariésis, fertilin appears to bind the
sperm plasma membrane to the egg plasma membrdnthem to fuse the two of them
together. Mice homozygous for mutant fertilin hasperm with several defects, one of
them being the inability to fuse with the egg plasmembrane. When the membranes
are fused, the sperm nucleus, mitochondria, céat@md flagellum can enter the egg.



3.5 Fusion of the genetic
material

3.5.1 Fusion of genetic material in sea
urchins

In sea urchins, the sperm nucleus enters the eggmdicular to the egg surface.
After fusion of the sperm and egg plasma membrahessperm nucleus and its centriole
separate from the mitochondria and the flagellutme Titochondria and the flagellum
disintegrate inside the egg, so very few, if arperm-derived mitochondria are found in
developing or adult organisms. In mice, it is estied that only 1 out of every
10,000 mitochondria is sperm-derived. Thus, altioegch gamete contributes a haploid
genome to the zygote, the mitochondrial genomeisstnitted primarily by the maternal
parent. Conversely, in almost all animals studi¢idle mouse being the major
exception), the centrosome needed to produce thetienspindle of the subsequent
divisions is derived from the sperm centriole.

The egg nucleus, once it is haploid, is calledfémeale pronucleus Once inside
the egg, the sperm nucleus decondenses to formmtde pronucleus The sperm
nucleus undergoes a dramatic transformation. Theleau envelope vesiculates into
small packets, thereby exposing the compact spémonwatin to the egg cytoplasm.
The proteins holding the sperm chromatin in itsd=rsed, inactive state are exchanged
for other proteins derived from the egg cytoplasihis exchange permits the
decondensation of the sperm chromatin. Ira a&chins, decondensation appears
to be initiated by the phosphorylation wibtsperm-specific histones that bind
tightly to the DNA. This process begins when thersap comes into contact with a
glycoprotein in the egg jelly that elevates theclenf

cAMP-dependent protein kinase activity. These pnokénases phosphorylate several of
the basic residues of the sperm-specific histonédstlaereby interfere with their binding
to DNA. This loosening is thought to facilitate theplacement of the sperm-specific
histones with other histones that have been staorethe oocyte cytoplasm. Once
decondensed, the DNA can begin transcription aplicegion.



After the sea urchin sperm enters the egg cytopl#senmale pronucleus rotates
180° so that the sperm centriole is between thenspeonucleus and the egg pronucleus.
The sperm centriole then acts as a microtubuimrozing center, extending its own
microtubules and integrating them with egg microdeb to form an aster.*

These

microtubule
s extend throughout the egg
and contact the female
pronucleus, and the two
pronuclei migrate toward
each other

Their fusion forms the diploidzygote nucleus
The initiation of DNA synthesis can occur either
in the pronuclear stage (during migration) or after
the formation of the zygoteucleus.

3.5.2. Fusion of genetic material in mammals

In mammals, the process of pronuclear migrationegalabout 12 hours,
compared with less than 1 hour in the sea urchive mammalian sperm enters almost
tangentially to the surface of the egg rather thpproaching it perpendicularly, and it
fuses with numerous microvilli. The mammalian spematleus also breaks down as its
chromatin decondenses and is then reconstructeddlgscing vesicles. The DNA of the
sperm nucleus is bound by basic proteins calletbprimes, and these nuclear proteins
are tightly compacted through disulfide bonds.He €gg cytoplasm, glutathione reduces
these disulfide bonds and allows the uncoilinghaf $perm chromatin. The mammalian
male pronucleus enlarges while the oocyte nuclengptetes its second meiotic division
The centrosome (new centriole) accompanying thes mppednucleus produces its asters
(largely from proteins stored in the oocytaehd contacts the female pronucleus.
Then each pronucleus migrates toward the othelicatipg its DNA as it travels. Upon
meeting, the two nuclear envelopes break down (EBJu However, instead of
producing a common zygote nucleus (as happens a@n usehin fertilization), the
chromatin condenses into chromosomes that oriegthgblves on a common mitotic

spindle (Figure @

Thus, a true diploid nucleus in mammals is firgrseot in the zygote, but at the 2-cell
stage.



*When Oscar Hertwig observed this radial array pérsn asters forming in his newly

fertilized sea urchin eggs, he called it "the sarthe egg," and he thought it the happy
indication of a successful fertilization. More radg, found that certain types of human
male infertility are due to defects in the centislability to form these microtubular

asters. This deficiency causes the failure of pctear migration and the cessation of
further development.

3.6 Rearrangement of the Egg Cytoplasm

Fertilization can initiate radical displacementstiod egg's cytoplasmic materials.
While these cytoplasmic movements are not obviousiammalian or sea urchin eggs,
there are several species in which these rearragsmf oocyte cytoplasm are crucial
for cell differentiation later in development. Ihet eggs of tunicates, as we will see in,
cytoplasmic rearrangements are particularly obviobscause of the differing
pigmentation of the different regions of the eggcl® cytoplasmic movements are also
easy to see in amphibian eggs. In frogs, a singens can enter anywhere on the animal
hemisphere of the egg; when it does, it changescyteplasmic pattern of the egg.
Originally, the egg is radially symmetrical abobetanimal-vegetal axis. After sperm
entry, however, the cortical (outer) cytoplasm tshabout 30° toward the point of sperm
entry, relative to the inner cytoplasm . In soneg# (such aRang, a region of the
egg that was formerly covered by the dark ticalr cytoplasm of the animal
hemisphere is now exposed. This underlying cysipldocated near the equator on the
side opposite the point of sperm entry, contairiusk pigment granules and therefore
appears gray. Thus, this region has been refeored thegray crescent As we will see
in subsequent chapters, the gray crescent markegen where gastrulation is initiated
in amphibian embryos.
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In frogs such asXenopus,in which no gray crescent appears, dye labeling
confirms that the cortical cytoplasm rotates 3Ofatiree to the internal, subcortical

cytoplasm (Vincent et al.

1986. The motor for these cytoplasmic movements in labipn eggs appears to be an
array of parallel microtubules that form betwethe cortical and inner cytoplasm
of the vegetal hemisphere parallel to the dicectof cytoplasmic rotation. These
microtubular tracks are first seen immediately obefthe rotation commences, and

they disappear when rotation ceases



Treating the egg with colchicine or ultraviotadiation at the beginning of rotation
stops the formation of these microtubules, thergbybiting the cytoplasmic rotation.
Using antibodies that bind to the microtubules, kson and Elinson (1991a) found that
these tracks are formed from both sperm- and eggedk microtubules, and that the
sperm centriole directs the polymerization of thierotubules so that they grow into the
vegetal region of the egg. Upon reaching the vdagmetex the microtubules angle
away from the point of sperm entry, toward
The off-center position of the sperm centrio
as it initiates microtubule polymerizatio
provides the directionality to the rotation. Th
motive force for the rotation may be provide
by the ATPasekinesin. Like dynein and
myosin, kinesin is able to attach to fibers a
produce energy through ATP hydrolysis. Thi
ATPase is located on the vegetal microtubul
and the membranes of the cortical endoplasmic
reticulum.

The movement of the cortical
cytoplasm with respect to the inner cytoplast
causes profound changes within the inng
cytoplasm have labeled yolk platelets wit
Nile blue and watched their movement by
fluorescent microscopy (the bound dy
fluoresces red). During the middle part of th€
first cell cycle, a mass of central egg cytoplasm
flows from the presumptive ventral (belly) to
the future dorsal (back) side of the embryo. By
the end of first division, the cytoplasm of the
prospective dorsal side of the embryo is
distinctly different from that of the prospective
ventral side. What had been a radially
symmetrical embryo is now a bilaterally
symmetrical embryo. These cytoplasmic
movements initiate a cascade of events that
determine the dorsal-ventral axis of the frog.
Indeed, the parallel microtubules that allow
these rearrangements to stretch along what will
become the dorsal-ventral axis of the frog




3.6.1.Preparation for cleavage

The increase in intracellular free calcium ionstthetivates DNA and protein
synthesis also sets in motion the apparatus fordogkion. The mechanisms by which
cleavage is initiated probably differ among speciEpending on the stage of meiosis at
which fertilization occurs. However, in all specs&sdied, the rhythm of cell divisions is
regulated by the synthesis and degradation of geipra@alledcyclin. As we will see in
cyclin keeps cells in metaphase, and the breakduvayclin enables the cells to return
to interphase. In addition to their other actigfiecalcium ions appear to initiate the

degradation of cyclin. Once the cyclin is degradkd, cycles of cell division can begin
anew.

Cleavage has a special relationship to the eggomsegiestablished by the
cytoplasmic movements described above. In tunieatbryos, the first cleavage bisects
the egg, with its established cytoplasmic pattarg mirror-image duplicates. From that
stage on, every division on one side of the cleeaagow has a mirror-image division
on the opposite side. Similarly, the gray creseemisected by the first cleavage furrow
in amphibian eggs (Figure 7.3R0rhus, the position of the first cleavage is rastdom,
but tends to be specified by the point of spermmyeand the subsequent rotation of the
egg cytoplasm. The coordination of cleavage plam® @toplasmic rearrangements is
probably mediated through the microtubules of {hers aster.

Toward the end of the first cell cycle, then, thgoplasm is rearranged, the
pronuclei have met, DNA is replicating, and newtents are being translated. The stage
is set for the development of a multicellular origam

4.0 CONCLUSION

In this unit you learnt how gametes is formed wiité structure it forms before and after
fertilization, with specific reference to seaurchimd mammals. Also, you learnt about
acrosomal reaction of sperm and egg in sea uasidrmammals and finally fusion of
genetic materials in both sea urchin and mammal.

5.0 SUMMARY

Fertilization accomplishes two separate activitgex (the combining of genes derived
from two parents) and reproduction (the creatioa nEw organism).

The events of conception usually include: (1) coingend recognition between sperm and
egg; (2) regulation of sperm entry into the egg;f(&ion of genetic material from the
two gametes; and (4) activation of egg metabolsstart development.

The sperm head consists of a haploid nucleus arsdrasome. The acrosome is derived
from the Golgi apparatus and contains enzymes wetaaligest extracellular coats
surrounding the egg. The neck of the sperm contamsnitochondria and the centriole
that generates the microtubules of the flagellunerBy for flagellar motion comes from
mitochondrial ATP and a dynein ATPase in the flagal

The egg contains a haploid nucleus, and an enlacg&aplasm storing ribosomes,
MRNAs, and nutritive proteins. Other mRNAs and eid, used as morphogenetic
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factors, are also stored in the egg. Cortical demiie beneath the egg's plasma
membrane. Many eggs also contain protective ageaexled for survival in their
particular environment.

Surrounding the egg plasma membrane is an extuerelhyer often used in sperm
recognition. In most animals, this extracellulayda is the vitelline envelope. In
mammals, it is the much thicker zona pellucidamany species, eggs secrete diffusible
molecules that attract and activate the sperm.

In sea urchins, the acrosome reaction is initiddgccompounds in the egg jelly. The
acrosomal vesicle undergoes exocytosis to reledseenzymes. Globular actin
polymerizes to extend the acrosomal process. Bimtinthe acrosomal process is
recognized by a protein complex on the

sea urchin egg surface.

In mammals, sperm must be capacitated in the femegleductive tract before
they are capable of fertilizing the eddammalian sperm bind to the zona pellucida
before undergoing the acrosome reaction. In theseaahis binding is mediated by
ZP3 (zona protein 3) and one or many sperm prot#ias recognize it. The
mammalian acrosome reaction is initiated on theazmilucida, and the acrosomal
enzymes are concentrated there.

Fusion between sperm and egg is mediated by prateiecules whose hydrophobic
groups can merge the sperm and egg plasma membiangsa urchins, bindin may
mediate gamete fusion. In mammals, fertilin prataim the sperm bind to integrins in
the egg and allow the membranes to fuse.

The male pronucleus and the female pronucleus tigoavard each other, replicating
DNA as they move.In sea urchins, the two pronuclei merge and a dipdggote nucleus

is formed. In mammals, the pronuclei disintegratdley approach each other, and their
chromosomes gather around a common metaphase plate.

Some genes are transmitted differently depending/togther they are from the egg or
the sperm. Methylation differences determine ifsthgenes are to be expressed in the
early embryo.Microtubular changes cause cytoplasmmeovements. These
rearrangements of cytoplasm can be critical in ifggag which portions of the egg are
going to develop into which organs.

6.0 TUTOR-MARKED ASSIGNMENT
1 Discuss the structure of gametes in sea urcldmammals
2 Explain acrosomal reaction in sea urchin and malsim

3Differentiate between sea urchin and mammals gastaicture

7.0 REFERENCES/FURTHER

Professor Scott Gilbert, Developmental Biolog$},Hition.
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1.0 INTRODUCTON

Fertilization is the fusion of gametdés produce a new organism. It is also known as
conception, fecundation and syngamy. In animalsijiiation is the fusion of a sperm cell
with an egg cell. The penetration of the egg ceglthe chromosome-containing part of the
sperm cell causes a reaction, which prevents additisperm cells from entering the egg.
The egg and sperm each contribute half of the nganism'’s genetic material. A fertilized
egg cell is known as a zygote. The zygote undergmedginuous_cell divisionwhich
eventually produces a new multicellular organisiertilization in humans occurs in
oviducts (fallopian tubes) of the female reprodeetiract and takes place within hours
following sexual intercourse. Only one of the apmately 300 million sperm released
into a female's vagina during intercourse can liegtithe single female egg cell. The
successful sperm cell must enter the uterus aneh $yi the fallopian tube to meet the egg
cell, where it passes through the thick coatingaurding the egg. This coating, consisting

of sugars and proteins known as the zona pellucida. The tip of thachef the sperm cell
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contains enzymes which break through the zona @dduand aid the penetration of the
sperm into the egg. Once the head of the spernsida the egg, the tail of the sperm falls

off, and the perimeter of the egg thickens to pnéamother sperm from entering.

The sperm and the egg each contain only half threnmlonumber of chromosomes, a
condition known as haploid. When the genetic mateof the two cells fuses, the
fertilization is complete.

In humans, a number of variables affect whethematr fertilization occurs following
intercourse. One factor is a woman's ovulatoryeyEluman eggs can only be fertilized a
few days after ovulation, which usually occurs oahce every 28 days. In other species
fertilization occurs either internally (as above) externally, depending on the species
involved.

2.0 OBJECTIVES
By the end of the unit, the student should be abl®:
1. Explain what you understand by fertilization

2. Explain with examples internal and external fezéition with example in animals
3. Explain fertilization with a specific example in) (lammals (b) Human

3.0 MAIN CONTENT

3.0Types of Fertilization: There two methods of fertilization; external amdernal
fertilization.

3.1External Fertilization

External fertilization occurs mostly in wet envirnants and requires both the male and the
female to release their gametes into their surrmgsd(usually water). An advantage of
external fertilization is that it results in theoduction of a large number of offspring. One
disadvantage is that environmental hazards sugireakators greatly reduce the chance of
surviving into adulthood.

The entire process of development of new individual called_procreatigrthe act of
species reproductiolConsideration as to whether an animal (more fpalty a vertebrate)
uses internal or external fertilisation is ofterpéeledent on the method of birth. Fertilization
outside of the animal's body occurs in aquatic afsnsuch as sea urchjrish, and_frogs
In sea urchins, several billion sperm are releastml the waterand swim towards eggs
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released in the same area, in most of fish andanynamphibians, the eggs and sperms are
released in the water around the animals andifatibn takes place there. When the fish
are about to reproduce, the males and females sloge together.

Oviparous animals laying eggs with thick calciunelt) such as chickens, or thick leathery
shells generally reproduce via internal fertilisatso that the sperm fertilise the egg without
having to pass through the thick, protective, aeytilayer of the egg. Ovoviviparouwshd

euviviparous animals also use internal fertilisatitt is important to note that although
some organisms reproduce via amplextey may still use internal fertilisation, as hwit
some salamanders. Advantages to internal fertdisahclude: minimal waste of gametes;
greater chance of individual egg fertilisation,atalely "longer" time period of egg
protection, and selective fertilisation; many feesahave the ability to store sperm for
extended periods of time and can fertilize theigsegt their own desire, minimal contact
and transmission of bodily fluids; decreasing tis& of disease transmission, and greater
genetic variation (especially during broadcast spagvexternal fertilisation methods).
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External Fertilization

3.1.1.Aquatic Animals with External fertilization

1 The sea urchin

To illustrate the gametes and fertilization prodessnimals, we will begin with the sea
urchin, an aquatic invertebrate.

Sea urchins are echinoderms

live in marine environmen
throughout the world. We &€
using the sea urchinArbacia
punctulat: from the Florida coas
Like most aquatic animals, the :
urchin sheds its gametes into

water and fertilization is external.

Gametes are produced by meiosis as described maievelopment I. The production of
sperm by the male (spermatogenesis) entails thal aseiotic divisions to produce haploid
daughter cells. However, these cells are not spentii they undergo morphological
changes. Review the structure of spdrefore proceeding. The production of eggs by the
female (oogenesis) is also by meiosis, but theeesaweral deviations from the "classic"
meiotic process. A major feature of oogenesis ésatrest of meiosis at the first meiotic
prophase during which large quantities of yolk atlder substances are stored within the
cell cytoplasm. When these large cells divide &iptease | and telophase Il, they divide
unequally so that all stored materials are retawétin one cell. Thus oogenesis of a
mother cell produces one large egg and 3 tiny (ooctional) cells called polar bodies
Also, eggs are surrounded by protective coveriagstelline envelope and jelly coat in the
case of sea urchins. Review oogenesigl egg structurédbefore proceeding to the
fertilization experiment.

We can perform fertilization in the laboratory lglucing fertile sea urchins to release their
gametes. Play the following video to see how thidane, then observe the eggs and sperm
as they appear using the light microscope.

Sperm are obtained using the same procedure, ettapthe milky sperm suspension is

collected from the urchin's body surface and ddute a small amount of sea water. The
resulting sperm suspension can be viewed in theoviklow.
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Unfertilized sea urchin egg Suspension of sea urchin sperm

Note the difference in size of egg vs. sperm (ngcaphs are at similar magnification)

To view fertilization, a drop of sperm is addedhe slide containing eggs, and the eggs are
observed under the microscope as shown in thewoitp video. Note that shortly after a
sperm has contacted the egg surface, the surraundeiline envelope rises creating what
is called the "fertilization membrane". Prior tatfization, the vitelline membrane adheres
to the egg surface and is not visible as a sepanateture. The fertilization membrane soon
hardens to provide a protective covering for theetteping embryo. The rising fertilization
membrane also pushes other sperm away from theaeggorms a permanent block to
polyspermy (i.e. no additional sperm can enteretg).

You have learned from the topic Animal Developmighat the sperm of one species canno
usually t fertilize the eggs of a another speci&& will now put this to the test. The
following video shows a slide containing eggs fromo species of sea urchin. The eggs of
Lytechinus pictusare large and those @trongylocentrotus purpuratuare small and
brown. Sperm fronLytechinus pictusare added to the mixture at the beginning of the
video.

To complete the fertilization process, the nucleissperm and egg must fuse. The
compacted DNA within the sperm nucleus expands amdbe seen within the egg. The
fusing nuclei are called pronuclei and the resgltiiploid cell is called a zygote. Observe
pronuclear fusion in the following video.

2 Frog and Zebrafish eqggs

Many aquatic species produce eggs containing nalketlyan the sea urchin. Thus these
eggs are much larger, relative to the size of thétanimal. Two examples of large, yolk-
filled eggs are shown below. Note that the yolasgmmetrically distributed within these
eggs, whereas in the sea urchin egg the relatiadl amount of yolk is present as small
granules throughout the egg cytoplasm.
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Several frog eggs are shown here. They are
large, about 1 mm in diameter.Tthe brown part e
egg is mainly cytoplasm and the yelloarpis mainly
yolk. Frog eggs have relatively more yolk than
urchin eggs, and the frog embryo develops lo
before hatching. Thus the newly hatched larva e
frog embryo is more mature than that of the
urchin. The frog egg is surrounded by #eNine
membrane which lies so close to the egg surfadeat
® is not visible as a separate structure.

This zebrafish egg is physically smaller than treg
egg and must be viewed under a microsc
However, the adult fish is smaller than a frog,tls®
egg is actually larger than the frog egg relatio
animal size. Like all fish eggs, it contains a h
amount of yolk. In fact the entire egg, except &
small patch near the arrow, is yolk. With so m
yolk, the embryo develops into a matureKimgy larve
before hatching. The covering around the egg ied
a "chorion" but is analogous to the vitelline meaniz
of other species.

3.2Internal Fertilization

Animals that use internal fertilization specialinethe protection of the developing egg. For
example,_reptilesand birds secrete eggs that are covered by actkaeshell that is
resistant to water loss and damage. Mammvailh the exception of monotremeéske this
idea of protection a step further by allowing tmebeyo to develop within the mother. This
extra protection increases the chances of surbeehuse mom supplies everything that the
embryo needs. In fact, most mammalian mothers woatio care for their young for several

years after birth.

3.2.1Mammals and internal fertilization

To complete our activity on animal gametogenestsfartilization, we will now examine
these processes in mammals. Gametogenesis in mansnuglique in that the resulting
eggs do not contain yolk (why?). Thus, they arellemthan the eggs of most other
animals. Since mammals live on land, gametes cdmehed into water, so fertilization is
internal. As compared to external fertilizatiorrgéatively small number of sperm arrive at
the location of the egg, so the block to polyspeisrigss robust and slower to take effect.

84



Gametes

While all sperm have the same basic structuregetlaee often distinguishing features in
different species. Note the different shape of sperm head and/or acrosome in these
sperm:

Human Hamster Opossum

Did you notice that sperm of the opossum have &ie? This condition is extremely rare
and the reason for it is unknown. One might woritithese sperm can swim. Watch the
following video of opossum sperm and decide forrgeif.

This light micrograph shows a human eg
is typical of mammalian eggs and cont:
no yolk. The first meiotic division has be
completed and the firgpolar body is visible
As in many mammalian species, the se«
meiotic division will not occur until the el
is fertilized. The covering that surrounds
egg and polar body is called the z
pellucida. It bears sperm binding sites ar
analogous to the vitelline membrane of non-
mammalian eggs.

Fertilization in mammals occurs internally, asypital of terrestrial animals. The sperm
utilizes the acrosomal reaction to penetrate thnothg zona pellucida and is then pulled
into the egg cytoplasm. After the second meiotidsibn is complete, the sperm and egg
pronuclei fuse as in all animal species.
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Sperm  within  uterus Fertilization

Sperm will traverse ttRed arrow: a polar bod
uterus and enter a fallopiwhite arrow: entry poinof
tube the sperm

Pronuclear fusion
Circle surrounds the spe
and egg pronuclei

3.0 Conclusion

In this unit you were introduce to the term fersliion, types with specific examples to
sea urchin , frog and zebra. Other example were etplain in mammal as internal
fertilization. External fertilization is also found aquatic organism e.g fish etc.

4.0 Summary

Fertilisation (also known as conception, fecundatiad syngamy), is the fusion of
gametes to produce a new organism. There are pas tyf fertilization, internal and
external. In animals, the process involves a sgasimg with an ovum, which

eventually leads to the development of an embrgpddding on the animal species, the
process can occur within the body of the femal@at@rnal fertilisation, or outside in the
case of external fertilisation. The fertilized ezl is known as the zygote. Examples of
internal and external fertilization in mammal arsa-urchin and frog are explained
respectively.

5.0 Tutor-marked Assignment

1 Explain what you understand by fertilization
2 Explain with examples internal and external fezéition with example in animals
3 Explain fertilization with a specific example in) (lammals (b) Human

7.0 References

Regina Bailey, 1977. Sexual Reproduction: FertiimaAbout.com Guide, 1997

http://biology.northwestcollege.edu/biology/b10Xdhitwfish.htm

Forgacs, G. & Newman, Stuart A. (2005). "Cleavagd blastula formation"Biological

physics of the developing embrg@ambridge University Press. |
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1.0 INTRODUCTION

Remarkable as it is, fertilization is but the iaithg step in development. The
zygote, with its new genetic potential and its nawangement of cytoplasm, now
begins the production of a multicellular orgamisBetween these events of
fertilization and the events of organ formateme two critical stages: cleavage and
gastrulation. During cleavage, rapid cell divisiahgide the cytoplasm of the fertilized
egg into numerous cells. These cells then undemgmonatic displacements during
gastrulation, a process whereby they move to diffeparts of the embryo and acquire
new neighbors (see Chaptér Puring cleavage and gastrulation, the major afdbe
embryo are determined, and the cells begin to aedjueir respective fates.

While cleavage always precedes gastrulation, aasdtion can begin as early
as oocyte formation. It can be completed duringavdge (as is the case with
Drosophilg or extend all the way through gastrulation (aslaes inXenopuy There
are three axes that need to be specified: the ianfsterior (head-anus) axis, the
dorsal-ventral (back-belly) axis, and the left-tigixis. Different species specify these
axes at different times, using different mechanisms

2.0 OBJECTIVES

At the end of this unit the student should be &le

1.0 Explain cleavage and the significance mitosis primgdactor in cleavage
formation.
2.0 State and explain the different pattern of embiyaleavage
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3.0 MAIN CONTENT
3.1 Cleavage

After fertilization, the development of a multiadlr organism proceeds by a
process calledleavage a series of mitotic divisions whereby the enorsgalume of
egg cytoplasm is divided into numerous smallenucleated cells. These
cleavage-stage cells are callddstomeres In most species (mammals being the
chief exception), the rate of cell division and fhiecement of the blastomeres with
respect to one another is completely under therabwof the proteins and mRNAs
stored in the oocyte by the mother. The zygoticogss, transmitted by mitosis to all the
new cells, does not function in early-cleavage gmodrFew, if any, mMRNAs are made
until relatively late in cleavage, and the embryan cdivide properly even when
chemicals are used experimentally to inhibit trapson. During cleavage, however,
cytoplasmic volume does not increase. Rather, thernsous volume of zygote
cytoplasm is divided into increasingly smaller selFirst the egg is divided in half,
then quarters, then eighths, and so forth. Thissidn of egg cytoplasm without
increasing its volume is accomplished by abolighthe growth period between cell
divisions (that is, the Gand & phases of the cell cycle). Meanwhile, the cleavaige
nuclei occurs at a rapid rate never seen again gwen in tumor cells). A frog egg,
for example, can divide into 37,000 cells jirst 43 hours. Mitosis in cleavage-
stageDrosophila embryos occurs every 10 minutes for over 2 hourd ianjust 12
hours forms some

50,000 cells.

This dramatic increase in
cell number can be

appreciated by comparing cleavage with
other stages of development. Figure 8.1
shows the logarithm of cell number
! . . in a frog embryo plotted against the time
& 8120180 200 of development. It illustrates a sharp

Homyis1ne discontinuity between cleavage and
gastrulation.

One consequence of this rapid cell division is that ratio of cytoplasmic to
nuclear volume gets increasingly smaller as cleavamgresses. In many types of
embryos (such as those ¥&nopusand Drosophila, but not those ofC. elegansor
mammals), this decrease in the cytoplasmic to auslelume ratio is crucial in timing
the activation of certain genes. For example, & fthg Xenopus laevidranscription
of new messages is not activated until after 12saims. At that time, the rate of
cleavage decreases, the blastomeres become nentidenuclear genes begin to be
transcribed. This stage is called ttm&d-blastula transition. It is thought that some
factor in the egg is being titrated by the newlydem&hromatin, because the time of

88

W.F
: .

Lag,, number of cells per embryo




this transition can be changed by experimentaltgrialg the ratio of chromatin
to cytoplasm in the cell. Thus, cleavage beginssafter fertilization and ends shortly
after the stage when the embryo achieves a newndmldetween nucleus and
cytoplasm.

3.1.1From fertilization to cleavage

The transition from fertilization to cleavage raused by the activation
of mitosis promoting factor (MPF). MPF was first discovered as the major factor
responsible for the resumption of meiotic cell dions in the ovulated frog egg. It
continues to play a role after fertilization, ré&ging the biphasic cell cycle of
early blastomeres. Blastomeres generally pregiesugh a cell cycle consisting of
just two steps: M (mitosis) and S (DNA synthesi8)PF undergoes cyclical changes
in its level of activity in mitotic cells. The MP&ctivity of early blastomeres is highest
during M and undetectable during demonstrated EMNA replication (S) and mitosis
(M) are driven solely by the gain and loss of MRfiwaty. Cleaving cells can be
experimentally trapped in S phase by incubatingntha an inhibitor of protein
synthesis. When MPF is microinjected into thesdsceéhey enter M. Their nuclear
envelope breaks down and their chromatin condeimmgeschromosomes. After an
hour, MPF is degraded and the chromosomes reti8rptmase.

Mitosis

(&)

Active cdel protein
kinase (MPF)

Cyclin .
synthesis Inactive

protein kinase

{ad)
Interphase

What causes this cyclic activity of MPF? Mitosis4moting factor contains two
subunits. The large subunit is callegiclin B. It is this component that shows a
periodic behavior, accumulating during S and theimdp degraded after the cells have
reached. Cyclin B is often encoded by mRNAs stanethe oocyte cytoplasm, and if
the translation of this message is specificallyibiid, the cell will not enter mitosis.
The presence of cyclin B depends upon its synthesisits degradation. Cyclin B
regulates the small subunit of MPF, thelin-dependent kinase

This kinase activates mitosis by phosphorylatingressl target proteins,
including histones, the nuclear envelope lamin ginst, and the regulatory subunit of
cytoplasmic myosin. This brings about chromatin d=rsation, nuclear envelope
depolymerization, and the organization of the nitepindle.

Without cyclin, the cyclin-dependent kinase willtfanction. The presence of
cyclin is controlled by several proteins that eesits periodic synthesis and degradation.
In most species studied, the regulators of cyaind(thus, of MPF) are stored in the
egg cytoplasm. Therefore, the cell cycle is indeleem of the nuclear genome for
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numerous cell divisions. These early divisions tend be rapid and synchronous.
However, as the cytoplasmic components are usethamucleus begins to synthesize
them. The embryo now enters the mid-blastula ttemsi in which several new
phenomena are added to the biphasic cell divisainthe embryo. First, the growth
stages (@ and @) are added to the cell cycle, permitting the caigrow. Before this
time, the egg cytoplasm was being divided into snand smaller cells, but the total
volume of the organism remained unchangéhopusmbryos add those phases to the
cell cycle shortly after the twelfth cleavadg#osophilaadds @ during cycle 14 and G
during cycle 17. Second, the synchronicity of adilfision is lost, as different cells
synthesize different regulators of MPF. Third, nevirRNAs are transcribed. Many of
these messages encode proteins that will becomessey for gastrulation. If
transcription is blocked, cell division will occat normal rates and at normal times in
many species, but the embryo will not be able ittate gastrulation.

3.1.2. Pattern of embryonic cleavage

The cell, manifestly, entertains a very differepinion.” Indeed, different organisms
undergo cleavage in distinctly different ways. Tpattern of embryonic cleavage
particular to a species is determined by two mgarameters: the amount and
distribution of yolk protein within the cytoplasrand factors in the egg cytoplasm that
influence the angle of the mitotic spindle andtih@ng of its formation.
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2. Spiral
Annelids, molluses,
flatwarms

3. Bilateral
Tunicates

4. Rotational
Mammals, nematodes

I ‘maﬁiﬁa‘ﬁc.(mtammt:Lﬁbémmﬂi
{Dense yolk throughout most of cell)
1. Bilatersl

Cephalopod molluscs

 (Yolk in center of egg)

Superficial
Most insects

The amount and distribution of yolk determines meheleavage can occur
and the relative size of the blastomeres. Whenpmie of the egg is relatively
yolk-free, the cellular divisions occur there dtater rate than at the opposite pole.
The yolk-rich pole is referred to as thegetal pole the yolk concentration in the
animal poleis relatively low. The zygote nucleus is freuerndigplaced toward the
animal pole. In general, yolk inhibits cleavageuf&fprovides a classification of
cleavage types and shows the influence of yolkleavage symmetry and pattern.

91



At one extreme are the eggs of sea urchins, mamaradssnails. These eggs have
sparse, equally spaced yolk and are thlamdecithal (Greek, "equal yolk"). In these
species, cleavage wloblastic (Greek holos, "complete™). meaning that the cleavage
furrow extends through the entire egg. These ensbrjast have some other way of
obtaining food. Most will generate a voracious &rform, while mammals get their
nutrition from the placenta.

At the other extreme are the eggs of insects, disteptiles, and birds. Most of
their cell volumes are made up of yolk. The yolksibe sufficient to nourish these
animals. Zygotes containing large accumulationgadk undergomeroblastic cleavage,
wherein only a portion of the cytoplasm is cleavétie cleavage furrow does not
penetrate into the yolky portion of the cytopladrne eggs of insects have their yolk in
the center (i.e., they acentrolecithal), and the divisions of the cytoplasm occur only in
the rim of cytoplasm around the periphery of thd @ee., superficial cleavage). The
eggs of birds and fishes have only one small afeth® egg that is free of yolk
(telolecithal eggs), and therefore, the cell divisions occur onlythis small disc of
cytoplasm, giving rise to theiscoidal pattern of cleavage. These are general rules,
however, and closely related species can evolvierdiit patterns of cleavage in a
different environment.

However, the yolk is just one factor influencingspecies' pattern of cleavage.
There are also inherited patterns of cell divisibiat are superimposed upon the
constraints of the yolk. This can readily be seensolecithal eggs, in which very little
yolk is present. In the absence of a large conagoir of yolk, four major cleavage
types can be observed: radial holoblastic, spicdbltiastic, bilateral holoblastic, and
rotational holoblastic cleavage. We will see exaspbdf these cleavage patterns below
when we take a more detailed look at the early ldgweent of four different invertebrate
groups.

3.2 Blastula formation

The blastula stage of sea urchin development begins at the &R&tage. Here
the cells form a hollow sphere surrounding a cémtaity, or blastocoel(Figure 8). By
this time, all the cells are the same size, therameres having slowed down their cell
division. Every cell is in contact with the protageous fluid of the blastocoel on the
inside and with the hyaline layer on the outsidetiAs time, tight junctions unite the
once loosely connected blastomeres into a seandpgkelial sheet that completely
encircles the blastocoels. As the cells continuditide, the blastula remains one cell
layer thick, thinning out as it expands. This is@uoplished by the adhesion of the
blastomeres to the hyaline layer and by an influxater that expands the blastocoels.
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These rapid and invariant cell cleavages
last through the ninth or tenth cell
division, depending upon the species.
After that time, there is a mid-blastula
transition, when the synchrony of cell
division ends, new genes become
expressed, and many of the nondividing cells dgveiba on their outer surfaces. The
ciliated blastula begins to rotate within thertilization envelope. Soon afterward,
differences are seen in the cells. The cells atvdgetal pole of the blastula begin to
thicken, forming avegetal plate The cells of the animal half synthesize and secae
hatching enzyme that digests the fertilization éowe The embryo is now a free-
swimming hatched blastula.

4.0 CONCLUSION

In this unit you leaent a briefly introduction d¢teavage as the next stage from fertilization
and how mitosis promoting factor accelerate thenfdion of cleavage. Also, different
pattern of cleavage were shown structurally arplas.

5.0 SUMMARY

This unit introduce you to cleavage as the nexgestmom fertilization and how mitosis
promoting factor accelerate the formation of clegvaAlso, different pattern of cleavage
were shown structurally and explain. E.g holobtasi{icomplete cleavage) and
meroblastic(incomplete cleavage).

6.0 TUTOR-MARKED ASSIGNMENT

1.0 Briefly explain cleavage and the significand&osis promoting factor in cleavage
formation .

2.0 State and explain the different pattern of gimiic cleavage

7.0 REFERENCES

Professor Scott Gilbert, Developmental Biolog,Hition.
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1.0 INTRODUCTION

Fertilization is the initiating step in developmeithe zygote, with its new genetic
potential and its new arrangement of cytoplasm, m®gins the production of a
multicellular organism. Between these events eftilization and the events of
organ formation are two critical stages: cleavagé gastrulation. During cleavage,
rapid cell divisions divide the cytoplasm of thetifezed egg into numerous cells.
These cells then undergo dramatic displacementsxglugastrulation, a process
whereby they move to different parts of the embaym acquire new neighbors.
During cleavage and gastrulation, the major axeth@fembryo are determined, and
the cells begin to acquire their respective fatdhile cleavage always precedes
gastrulation, axis formation can begin as earlyoasyte formation. It can be
completed during cleavage (as is the case Wrtbsophilg or extend all the way
through gastrulation (as it does Xenopuy There are three axes that need to be
specified: the anterior-posterior (head-anus) akis,dorsal-ventral (back-belly) axis,
and the left-right axis. Different species spedifigse axes at different times, using
different mechanisms
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2.0 OBJECTIVE
3.0 MAIN CONTENT
3.1 Cleavage formation in Sea urchin

Sea urchins exhibiiadial holoblastic cleavage The first and second cleavages are both
meridional and are perpendicular to each othert Tt say, the cleavage furrows pass
through the animal and vegetal poles. The thirdwdge is equatorial, perpendicular to

the first two cleavage planes, and separates tineahand vegetal hemispheres from one
another. The fourth cleavage, however, is veryed#it from the first three.

The four cells of the animal tier divide meridioilyahto eight blastomeres, each
with the same volume. These cells are calle@someres The vegetal tier,
however, undergoes amequalequatorial cleavage to produce four large cellg, th
macromeres and four smallemicromeres at the vegetal pole. As the 16-cell embryo
cleaves, the eight mesomeres divide to produce"smimal” tiers, am and ar2, one
staggered above the other. The macromeres dividaliorelly, forming a tier of eight
cells below ap. The micromeres also divide, albeit somewhat Jgiezducing a small
cluster beneath the larger tier. All the cleavagerdivs of the sixth division are
equatorial, and the seventh division is meridionahroducing a 128-

Animal pole

Vegetal pole

Anirmal balf

Micromeres Macromeres
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3.2 Blastula formationin sea urchin

The blastula stage of sea urchin development begins at the éR&tage. Here
the cells form a hollow sphere surrounding a céwctmity, orblastocoel(Figure 8.11A.
By this time, all the cells are the same size, rtieromeres having slowed down their
cell division. Every cell is in contact with thegpeinaceous fluid of the blastocoel on
the inside and with the hyaline layer on the owsit this time, tight junctions unite the
once loosely connected blastomeres into a seandpgkelial sheet that completely
encircles the blastocoel As the cells continue itadd, the blastula remains one cell
layer thick, thinning out. as it expands. This x@mplished by the adhesion of the
blastomeres to the hyaline layer and by an inflixater that expands the blastocoel.
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These rapid and invariant cell
cleavages last through the ninth or
tenth cell division, depending upon the
species. After that time, there is a mid-
blastula transition, when the synchrony
of cell division ends, new genes

become
expressed, and many of the nondividing cells dgvelba on their outer surfaces; The
ciliated blastula begins to rotate within thertilization envelope. Soon afterward,
differences are seen in the cells. The cells atvdgetal pole of the blastula begin to
thicken, forming avegetal plate The cells of the animal half synthesize and decae
hatching enzyme that digests the fertilization éope. The embryo is now a free-
swimming hatched blastula.

3.2.1 Fate maps and the determination of sea
urchin blastomeres

Cell Fate Determination

The fate map of the sea urchin embryo was origimakated by observing each of the cell
layers and what its descendants became. Meent investigations have refined
these maps Dby following the fates of individuals injected with fluorescent dyes such as
dil. These studies have shown that by the 60-tafjles most of the embryonic cell fates are
specified, but that the cells are not irreversibhmmitted. In other words, particular

blastomeres consistently produce the same cellstypeeach embryo, but these cells
remain pluripotent and can give rise to other ¢glles if experimentally placed in a

different part of the embryo.

A fate map of the 60-cell sea urchin embryo is shdvelow. The animal half of the
embryo consistently gives rise to the ectodermlaheal skin and its neurons. The veg
layer produces cells that can enter into eitheretttedermal or endodermal organs. The
ve layer gives rise to cells that can populdteee different structures the
endoderm, the coelom (body wall), and secondary enckgyme (pigment cells,
immunocytes, and muscle cells). The first tier oicnameres produces the primary
mesenchyme cells that form the larval skeleton,leviihe second tier of micromeres
contributes cells to the coelom.



Although the early blastomeres have consistens fate
—— dnasplanited in the larva, most of these fates are achieved by
RN conditional specification. The only cells whosesfat
are determined autonomously are the
Macromeres skeletogenic micromeres. If these micromeres are
isolated from the embryo and placed in test tubes
they will still form skeletal spicules. Moreovef,
these micromeres are transplanted into the animal

Primary :nesench}mgmmlglt)]tbgﬂsplaStu la,

T A &1 . .
ransplanted cells induce endoderm ot only will their descendants form
gene expression and structares from

Mesomeres

Micromeres

animal pole cells skeletal spicules, but the transplanted
2 micromeres will alter the fates of
Mormal endoderm . :

and mesenchyme nearby cells by inducing a secondary

site for gastrulation.

Cells that would normally have
Skeletal rods from transplanted produced ectodermal skin cells will
micromeres; induced archenteron  perespecified as endoderm  and
E— will produce a secondary
: gut. The  micromeres  appear to
e A ettesdol produce a signal that tells the cells
adjacent to them to become
endoderm and induces them to
invaginate into the embryo.

Their ability to reorganize the embryonic cells 98 pronounced that if the
isolated micromeres are recombined with an isolateidnal cap (the top two animal
tiers), the animal cap cells will generate ermtod and a more or less normal larva
will develop.

In a normal embryo, the vegells become specified by the micromeres, and they,
in turn, help specify the vaglayer. Without the veg layer, the veg cells are able to
produce endoderm, but the endoderm is not spec#gedoregut, midgut, or hindgut.
Thus, there appears to be a cascade wherein thetalggple micromeres induce the
cells above them to become the geglls, and the veg cells induce the cells
above them to assume the wvedates.Thus, the micromeres undergo autonomous
specification to become skeletogenic mesenchyme, taese micromeres produce the
initial signals that specify the other tiers oflsel



(4) Normal development The identities of the signaling

o o R ey molecules involved in this process are
}heml— just now becoming known. The

i molecule responsible for specifying the
micromeres (and their ability to induce
the neighboring cells) appears to pe
catenin. As we saw im3-catenin is a
transcription factor that is often
activated by the Wnt pathway, and
several pieces of evidence suggest it
for this role. First, during normal
sea urchin developmeng-catenin
Complete  accumulates in the nuclei of those cells
fated to become endoderm and
mesoderm accumulation is autonomous
and can occur even if the micromere
precursors are separated from the rest
ootk of the embryo. Second, this
endodermfrom  @CCUMulation appears to be responsible
anisyal lavers for specifying the vegetal half of the

embryo.

3.1.2 Axis specification

In the sea urchin blastula, the cell fates linealpng the animal-vegetal axis
established in the egg cytoplasm prior to fertima The animal-vegetal axis also
appears to structure the future anterior-postenas, with the vegetal region sequestering
those maternal components necessary for posteri@apment.

In most sea urchins, the dorsal-ventral and lghiriaxes are specified after
fertilization, but the manner of their specificatics not well understood. Since the first
cleavage plane can be either parallel, perpendicola obligue with respect to the
eventual dorsal-ventral axis, it is probable tHa torsal-ventral axis is not specified
until the 8-cell stage, when there are cell bouiedathat correspond to these positions.
Interestingly, in those sea urchins that bypassldneal stage to develop directly into
juveniles, the dorsal- ventral axis is specifiedenaally in the egg cytoplasm.



4.0 Cleavage in Snail eggs

Spiral holoblastic cleavage is characteristic ofesal animal groups, including
annelid worms, some flatworms, and most molluscsliffers from radial cleavage in
numerous ways. First, the cleavage planes arearatl@l or perpendicular to the animal-
vegetal axis of the egg; rather, cleavage is aiqobl angles, forming a "spiral”
arrangement of daughter blastomeres. Second, tiset@ech one another at more places
than do those of radially cleaving embryos. In fathey assume the most
thermodynamically stable packing orientation, milikk that of adjacent soap bubbles.
Third, spirally cleaving embryos usually undergavée divisions before they begin
gastrulation, making it possible to follow the fateeach cell of the blastula. When the
fates of the individual blastomeres from annelldiworm, and mollusc embryos were
compared, many of the same cells were seen in dhee glaces, and their general
fates were identical. Blastulae produced by radiehvage have no blastocoel and are
called stereoblastulae.

(A) VIEW FROM ANIMAL POLE

(B) SIDEVIEW

Polar body




The figure above the cleavage of mollusc embryde first two cleavages are nearly
meridional, producing four large macromeres (latbels, B, C, and D). In many
species, the blastomeres are different sizes (Dgb#ie largest), a characteristic that
allows them to be individually identified. In eashccessive cleavage, each macromere
buds off a small micromere at its animal pole. Esgbcessive quartet of micromeres is
displaced to the right or to the left of its sistaacromere, creating the characteristic
spiral pattern. Looking down on the embryo from &mémal pole, the upper ends of the
mitotic spindles appear to alternate clockwise emahterclockwise. This causes alternate
micromeres to form obliquely to the left and to tight of their macromere. At the third
cleavage, the A macromere gives rise to two dawugbédls, macromere 1A and
micromere la. The B, C, and D cells behave simyilgstoducing the first quartet of
micromeres. In most species, the micromeres ar¢héoright of their macromeres
(looking down on the animal pole). At the fourtleavage, macromere 1A divides to
form macromere 2A and micromere 2a; and micromeralivides to form two more

micromeres, 1h and 14. Further cleavage yields blastomeres 3A and 3an fro
macromere 2A, and micromereZldivides to produce cells 2L and 182

The orientation of the cleavage plane to te# or to the right is controlled by
cytoplasmic factors within the oocyte. This wascdigred by analyzing mutations
of snail coiling. Some snails have their coils apgrto the right of their shellsléxtral
coiling), whereas other snails have their coils mopg to the left ginistral coiling).
Usually, the direction of coiling is the same fdi members of a given species.
Occasionally, though, mutants are found. For instaim species in which the coils open
on the right, some individuals will be found witbils that open on the left. He analyzed
the embryos of such aberrant snails and foundttieat early cleavage differed from the
norm. The orientation of the cells after the secatehvage was different in the
sinistrally coiling snails owing to a different entation of the mitotic apparatus. All
subsequent divisions in left-coiling embryos ar@ron images of those in dextrally
coiling embryos. In Figure,®ne can see that the position of the

4d blastomere (which is extremely important, aspitsgeny will form the mesodermal
organs) is different in the two types of spiraliambryos. Eventually, two snails are
formed, with their bodies on different sides of tod opening.

{A) Left-handed coiling .




The direction of snail shell coiling is controlléy a single pair of genes.
In the snailLimnaea peregramost individuals are dextrally coiled. Rare mutants
exhibiting sinistral coiling were found and matedhmvild-type snails. These matings
showed that there is a right-coiling all&ewhich is dominant to the left-coiling allete
However, the direction of cleavage is determinetdlyothe genotype of the developing
snail, but by the genotype of the snail's motherddAfemale snail can produce only
sinistrally coiling offspring, even if the offspgis genotype i®d. A Dd individual will
coil either left or right, depending on the nggpe of its mother. Such matings
produce a chart like this:

Genotype Phenotype
pDYwddid — Dd All right-coiling
DD xddQ —  Dd Al left-coiling
Dd = Dd — 1DD:20d:1dd All right-coiling

The genetic factors involved in snail coiling amought to the embryo by the
oocyte cytoplasm. It is the genotype of the ovarywhich the oocyte develops that
determines which orientation cleavage will take. a¥hnjected a small amount of
cytoplasm from dextrally coiling snails into the gsgof dd mothers, the resulting
embryos coiled to the right. Cytoplasm from sirayr coiling snails did not affect the
right-coiling embryos. These findings confirmedtttiee wild-type mothers were placing a
factor into their eggs that was absent or defedtithedd mothers.

Cleavage in Early Amphibian Development

3.4 Cleavage in Amphibians

Cleavage in most frog and salamander embryos iglladsymmetrical and
holoblastic, just like echinoderm cleavage. The hilmpn egg, however, contains much
more yolk. This yolk, which is concentrated in tregetal hemisphere, is an impediment
to cleavage. Thus, the first division begins at @hémal pole and slowly extends down
into the vegetal region (Figureln the axolotl salamander, the cleavage furrovemos
through the animal hemisphere at a rate closertonlper minute. The cleavage furrow
bisects the gray crescent and then slows downnmera 0.02 / 0.03 mm per minute as it
approaches the vegetal pole.
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Figure 10is a scanning electron micrograph showing the Glsavage in a frog
egg. One can see the difference in the furrow betwihe animal and the vegetal
hemispheres. Figurehows that while the first cleavage furrow isl stikaving the yolky
cytoplasm of the vegetal hemisphere, the secoralate has already started near the
animal pole. This cleavage is at right angles &fitst one and is also meridional.

(A) (Bl

The third cleavage, as expected, is equatorial. é¥ew because of the vegetally
placed yolk, this cleavage furrow in amphibian eggsnot actually at the equator,
but is displaced toward the animal pole. It dividke frog embryo into four small
animal blastomeres (micromeres) and four lardastbmeres (macromeres) in the
vegetal region. This unequal holoblastic cleavagtablishes two major embryonic
regions: a rapidly dividing region of micromeresan the animal pole and a more
slowly dividing vegetal macromere area.(Figure $. @&eavage progresses, the animal
region becomes packed with numerous small cellgewine vegetal region contains only
a relatively small number of large, yolk-laden ntaweres.

An amphibian embryo containing 16 to 64 cells is
commonly called anorula (plural: morulae; from

the Latin, "mulberry,” whose shape it vague
resembles). &
At the 128-cell stage, the blastocoel beco €
apparent, and the embryo is considered a blastg
Actually, the formation of the blastocoel has be
traced back to the very first cleavage furro
demonstrated that in the frdgenopus laevighe first
cleavage furrow widens in the animal hemisph -
to create a small 3

intercellular cavity that is sealed off from thetgide by tight intercellular junctions
(Eigure 10. This cavity expands during subsequent cleavmgbecome the blastocoel.

The blastocoel probably serves two major functiarfeog embryos:

(1) it permits cell migration during gastrulaticemd (2) it prevents the cells beneath it
from interacting prematurely with the cells aboveWhen took embryonic newt cells

from the roof of the blastocoel, in the animal hgphiere, and placed them next to the
yolky vegetal cells from the base of the blastoctiedse animal cells differentiated into
mesodermal tissue instead of ectoderm. Becausederesal tissue is normally formed

from those animal cells that are adjacent to thgetad endoderm precursors, it seems
plausible that the vegetal cells influence adjaassils to differentiate into mesodermal

tissues. Thus, the blastocoel appears to preventdhtact of the vegetal cells destined
to become endoderm with those cells fated to gseeto the skin and nerves.



While these cells are dividing, numerous cell adivesnolecules keep the
blastomeres together. One of the most importanthese molecules is EP-cadherin.
The mRNA for this protein is supplied in the oocytgoplasm. If this message is
destroyed (by injecting antisense oligonucleotidesiplementary to this mRNA into
the oocyte), the EP-cadherin is not made,and thadhesion  between  the
blastomeres is
dramatically reduced, resulting in the
obliteration of the blastocoel.

3.5 Cleavage in Fish Eggs

In fish eggs, cleavage occurs only in thlastodisg a thin region of yolk-free
cytoplasm at the animal cap of the egg. Most ofdbg cell is full of yolk. The cell
divisions do not completely divide the egg, so thjse of cleavage is calladeroblastic
(Greek,meros,"part"). Since only the cytoplasm of the blastodigcomes the embryo,
this type of meroblastic cleavage is caltisicoidal. Scanning electron micrographs show
beautifully the incomplete nature of discoidal ni#astic cleavage in fish eggs (Figure
11). The calcium waves initiated at fertilizationnstilate the contraction of the actin
cytoskeleton to squeeze non-yolky cytoplasm inte #mimal pole of the egg. This
converts the spherical egg into a more pear-shspecdture, with an apical blastodisc .
Early cleavage divisions follow a highly reguzible pattern of meridional and
equatorial cleavages.




These divisions are rapid, taking about 15 mineg@sh. The first 12 divisions
occur synchronously, forming a mound of cells thié at the animal pole of a large
yolk cell. These cells constitute tH#astoderm. Initially, all the cells maintain some
open connection with one another and with the uUyithgy yolk cell so that moderately
sized (17-kDa) molecules can pass freely from dastbmere to the next.

Beginning at about the tenth cell division, the einsf the midblastula transition
can be detected: zygotic gene transcription bego®l divisions slow, and cell
movement becomes evident. At this time, thastinct cell populations can be
distinguished. The first of these is thelk syncytial layer (YSL). The YSL is formed
at the ninth or tenth cell cycle, when the cellshat vegetal edge of the blastoderm fuse
with the underlying yolk cell. This fusion producgsing of nuclei within the part of the
yolk cell cytoplasm that sits just beneath the toldsrm. Later, as the blastoderm
expands vegetally to surround the yolk cell, som#he yolk syncytial nuclei will move
under the blastoderm to form theternal YSL, and some of the nuclei will move
vegetally, staying ahead of the blastoderm marginform external YSL (Figure 1.
The YSL will be important for directing some of tbell movements of gastrulation. The
second cell population distinguished at the midblastransition is thenveloping layer.

It is made up of the most superficial cells of thlastoderm, which form an epithelial

sheet a single cell layer thick. The EVL eventualigcomes theperiderm, an

extraembryonic protective covering that is slougb#diuring later development.
Between the EVL and the YSL are ttheep cells These are the cells that give rise to the
embryo proper. The fates of the early blastoderlis @e not determined, and cell
lineage studies (in which a nondiffusible fluorestcgye is injected into one of the cells so
that the descendants of that cell can be followsadv that there is much cell mixing
during cleavage. Moreover, any one of these calisgive rise to an unpredictable
variety of tissue descendants. The fate of thediesm cells appears to be fixed shortly
before gastrulation begins.
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At this time, cells in specific regions of the awib give rise to certain tissues in
a highly predictable manner, allowing a fate ntapbe made _(Figurell)



3.6 Cleavage in Bird

Ever since Aristotle first followed its 3-week developent, the domestic
chicken has been a favta organism for embryological studies. Itascessible all year
and is easily raed. Moreove at any particular temperature, itsvdlmpmental stage can
be accuratelypredicted. Thu: large numbers of embryos can bletained ¢ the same
stage. The chick embrycan be surgically manipulated and, sincéorms most of its
organs in ways very siilarly to those of mammals, it has ofte@rve( as a surrogate for
human embryos.

Fertilization of the chick eg occurs in the oviductefore th aloumen and the

shell are secreted updn The egg is telolecithal (like that of tifish), with ¢ small disc
of cytoplasm sitting atop large yolk. Like fish eggs, the yolleggs o birds undergo
discoidal merblastic cleavag Cleavage occurs only in tH#astodisc, small disc of
cytoplasm 23 mm irdiamete at the animal pole of the egg cellhe first cleavage
furrow appears cdrally in the blastodisc, and other cleavageow to create a
single-layeredlastodern As in the fish embryo, these cleavagesndb extend into the
yolky cytoplasm, so theary-cleavage cells are continuous wéhclt other and with the
yolk at their basesThereafer, equatorial and vertical cleavag#iside the blastoderm
into a tissue five to sixell layers thick. These cells becorteked together by tight
junctions . Between thielastodrm and the yolk is a space called gubgerminal cavity.
This space is creategher the blastoderm cells absorb fluid frothe albumin ("egg
white") and secrete it beeen themselves and the yolk.
At this stage, the deegells in the center of the blastoderm afeec and die, leaving
behind a one- cell-thickrea pellucida This part of the blastodar forms most of the
actual embryoThe peripher: ring of blastoderm cells that have sbtec their deep cells
constitutes tharea opa@.
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Between the area pellucida and the area opacahim dayer of cells called the
marginal zone (or marginal belt)



3.7 Cleavage in Mammal

It is not surprising that mammalian cleavages lbeen the most difficult to
study. Mammalian eggs are among the smallest ianireal kingdom, making them hard
to manipulate experimentally. The human zygote, ifstance, is—only 10Qum in
diameter barely visible to the eye and less thastbousandth the volume ofXenopus
egg. Also, mammalian zygotes are not produced mbsus comparable to sea urchin or
frog zygotes, so it is difficult to obtain enouglaterial for biochemical studies. Usually,
fewer than ten eggs are ovulated by a female avengime. As a final hurdle, the
development of mammalian embryos is accomplishetlinvianother organism, rather
than in the external environment. Only recently ihdseen possible to duplicate some of
these internal conditions and observe developmeritro.



The unigue nature of mammalian cleavage

2-cell stage

Blastocyst

Early stage of
implantation

s With all these
pellucida difficulties, knowledge
of mammalian cleavage
wasworth waiting for,
as  mammalian

cleavageturnedout to be
strikingly different from
most other patternsof
embryonic celdivision.
7 The mammalian oocyte is

fTH released from the ovary and swept
Owlation Fimbriae py the fimbriae into the oviduct .

) Ampulla
4| region

Fertilization

Fertilization occurs in  the ampulla of the oviduct, a region close the ovary.
Meiosis isccompleted at this time, and first clegdegins about a day later. Cleavages in
mammalian eggs are among the slowest in the akimgdlom  about 12/24  hours
apart. Meanwhile, the cilia in the oviduct push #mabryo toward the uterus; the first
cleavages occur along this journey.

In addition to the slowness of cell division, thare several other features of mammalian
cleavage that distinguish it from other cleavageety The second of these differences is
the unique orientation of mammalian blastomere$ wetation to one another. The first
cleavage is a normal meridional division; howevuithe second cleavage, one of the two
blastomeres divides meridionally and the other d#isi equatorially. This type of
cleavage is callembtational cleavage.

The third major difference between

Cleavage ;f;‘t:"‘f” Cleavage ;j[]ff::"‘[ge mammalian cleavage and that of most other

RET | % t‘*“"[!{t | embryos is the marked asynchrony of early
Fime ] cell division. Mammalian blastomeres do not
o ?f'l"'-- all divide at the same time. Thus,
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\lmammallan embryos do not increase

1 ;gg””‘ expoggntlallyfrom 2-10

4- to 8-cell stages, but frequently
contain odd numbers of cells.

Vo J Cleavage Fourth, unlike  almost all
== planellB other animal  genomes, the
{A) ECHINODERM (B) MAMMAL mammalian genome is activated

AN AMPHIBLAN

during early cleavage, and produces
the  proteins  necessary for
cleavage to occur. In the mouse
andgoat, the switch from

maternal to zygotic control occurs
at the 2-cell stage.

Most research on mammalian development has foomsdtle mouse embryo, since mice
are relatively easy to breed throughout the yeareharge litters, and can be housed easily.
Thus, most of the studies discussed here will conoeirine (mouse) development.



Compaction 5 (© §

The fifth, and perhaps the most crucial, differebeéveen mammalian cleavage
and all other types involves the phenomenoncompaction As seen in mouse
blastomeres through the 8-cell stage form a loosangement with plenty of space
between them. Following the third cleavage, howevbe blastomeres undergo a
spectacular change in their behavior. They suddbeafidle together, maximizing their
contact with one another and forming a compact lodlicells. This tightly packed
arrangement is stabilized by tight junctions tloaitrf between the outside cells of the ball,
sealing off the inside of the sphere. The cellshinitthe sphere form gap junctions,
thereby enabling small molecules and ions to passden them.

The cells of the compacted 8-cell embryo divideroducg
16-cell morula. The morula consists of a small group @

internal cells surrounded by a larger group of ek cells. (e
Most of the descendants of the external cells becdhe ZOH
trophoblast (trophectoderm) cells. This group of cells§ b 3&

produces no embryonic structures. Rather, it foimastissue of = = =
the chorion, the embryonic portion of thelacenta The
chorion enables the fetus to get oxygen and nouesih from

the mother. It also secretes hormones that cawesentither's
uterus to retain the fetus, and produces regulatdrghe

derived from the descendants of the inner cellthefl6-cell
stage, supplemented by cells dividing from the hodpast 8
during the transition to the 32-cell stage. Theskisgeneratej ey
the inner cell mass(ICM ), which will give rise to the;“"
embryo and its associated yolk sac, allantmisl amnion. ™
By the 64-cell stage, the inner cell mass (apprexaty 13
cells) and the trophoblast cells have become

separate cell layers, neither contributing cellsthie other group. Thus, the distinction
between trophoblast and inner cell mass blastonreq@esents the first differentiation
event in mammalian development. This differentiaticc required for the early
mammalian embryo to adhere to the uterus. The dprednt of the embryo proper can
wait until after that attachment occurs. The inmedl mass actively supports the
trophoblast, secreting proteins that cause thehtblast cells to divide.



Initially, the morula does not have an internalisavHowever, during a process
calledcavitation, the trophoblast cells secrete fluid into the neto create a blastocoel.
The inner cell mass is positioned on one side @fiting of trophoblast cells.

The resulting structure, called thiastocyst is another hallmark of mammalian cleavage.

Escape from the Zona Pellucida

While the embryo is moving through the oviduct emte to the uterus, the
blastocyst expands within thena pellucida (the extracellular matrix of the egg that
was essential for sperm binding during fertilizatioThe plasma membranes of the

trophoblast cells contain a sodium pump (a+M(§-ATPase) facing the blastocoel,
and these proteins pump sodium ions into the dentraity. This accumulation of
sodium ions draws in water osmotically, thus entggghe blastocoel. During this time,
the zona pellucida prevents the blastocyst fromeadf to the oviduct walls. When such
adherence does take place in humans, it is caflesttopic ortubal pregnancy. This is

a dangerous condition because the implantatiohe®mbryo into the oviduct can cause
a life-threatening hemorrhage. When the embryohesche uterus, however, it must
"hatch” from the zona so that it can adhere tauteene wall.

The mouse blastocyst hatches from the zona by dyairsmall hole in it and
squeezing through that hole as the blastocyst @gah trypsin-like proteasatrypsin,
is located on the trophoblast cell membranes aselsly hole in the fibrillar matrix of the
zona. Once out, the blastocyst can make directacomith the uterus. The uterine
epithelium éndometrium) "catches" the blastocyst on an extracellular matontaining
collagen, laminin, fibronectin, hyaluronic acid, darheparan sulfate receptors. The
trophoblast cells contain integrins that will bitwlthe uterine collagen, fibronectin, and
laminin, and they synthesize heparan sulfate pgbyean precisely prior to implantation.
Once in contact with the endometrium, the trophstid@cretes another set of proteases,
including collagenase, stromelysin, and plasminogetivator. These protein-digesting
enzymes digest the extracellular matrix of the ingetissue, enabling the blastocyst to
bury itself within the uterine wall.
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4.0 CONCLUSION

In this unit you learnt about cleavage formationaimmals with specific example to sea
urchin, snail, amphibian, bird and mammal.

5.0 SUMMARY

Sea urchin embryos

In all animal embryos, the initial divisions of thggote are called cleavagdss cleavage
proceeds, the mitotic divisions are rapid with imoet for cell growth between divisions.
Thus the cells become smaller after each cleavegythe blastuldegins to form, the
cleavage rate slows down. Future cell divisionsséower, allowing the cells to grow. The
formation of a mature blastula marks the end ofctkavage period. Observe cleavage and
blastula formation in the video below.

When the blastula is fully formed, gastrulatitkegins. In almost all animal embryos,
gastrulation forms a new internal cavity that beeenthe digestive tract, and additional
cells move inside the embryo to form mesodefine mesoderm eventually gives rise to
internal organs such as the heart, kidneys, andodeptive tract. Gastrulation is
accomplished in various ways by different animaugps. In echinoderms (such as the sea
urchin), it is a 2-step process. Study the follayviideo and micrographs to learn how
mesoderm and the digestive tract are formed is¢aeurchin.

When gastrulation is complete, a mouth forms atethe of the digestive tract opposite to
the anus, and spicules (the larval skeleton) aceetsd by mesoderm cells. The embryo
then changes into the larval body form which iswnaas a_pluteus larvahe larva can
swim and feed. After a few weeks of growth and Hert morphological changes, it
undergoes metamorphosis to the adult sea urchip foooh. Observe transformation of the
gastrula into a pluteus in the animation and furgewth of the larva in the micrographs
below.
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Young pluteus larva 2-Week old pluteus larva(l mm in length)

Amphibian embryos

All animal embryos go through cleavage in which¢k#s are reduced in size. In eggs that
have a large amount of unequally distributed ytiik, cleavage pattern is asymmetrical and
not all cells are the same size. In amphibian endyryuch as the frog, those cells
containing mainly yolk divide more slowly and therg larger than cells contain mainly
cytoplasm during most of the cleavage period.

b

8-Cell frog embryo: " a" is viewed from the top and "
from the side. Cells containing yolk are lightercwlor.

Study the following video of frog development fratime first cleavage division to the
gastrula stage. Note the similarities and diffeesndoetween frog and sea urchin
gastrulation. Examine the micrographs of the blas&nd gastrula stages to compare an
external vs. internal view of the embryo. The hlstage is difficult to detect unless the
blastocoel cavity can be seen within the embryo.

Cut blastula showing
blastocoel cavity

Blastula (external view)
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yolk {inside
b1as{upara} =

Cut gastrula showing nev

Gastrula (external view) . .
internal cavity

Now we will examine further development of the frembryo to the neurula stage and then
to a hatched tadpole larva. First view the shouckland-white video that shows
gastrulation with the blastopore facing forward|deed by formation of the neural tube
Remember that the neural tube is extremely impbranvertebrate animals because it
forms the brain and spinal cord. Then study thegéoncolor video that begins with
neurulationand ends with a tadpole larvilote that development of the embryo occurs
within the tough_vitelline membranehich can be clearly seen at later developmental
stages. The emergence of the larva from the wigeliac constitutes "hatching”

Zebrafish embryos

The embryos of fish develop from eggs with so mymlk that cytoplasm is segregated into
a small patch at the egg periphery. This is thg palt of the egg that divides during the
cleavage period. As a result, the developing embegoon top of the yolk mass throughout
development.

vitelli
("cho

Adult zebrafish in an aquarium 2-Cell stage of zebrafish embryo

Now view this time lapse video of zebrafish deveh@mt. The entire embryonic period
from the 2-cell stage to larva takes only 48 hanithis fast-developing species.

Cleavage to Late Fetal Stage in Mammals

The development of mammalian embryos has some @rjaracteristics. Because there is

no yolk in the egg, the entire egg divides and\adga cells are the same size. The blastula
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of mammals is called a blastocy#itis unique in that it contains an inner cellgg&rom

which the embryonic body develops and an outer oihgells, the trophoblaswhich will
assist in implantation and form part of the plaaelRemember that implantation of the
embryo within the uterine wall occurs at the blagsh stage.

Early cleavage Late cleavage Early blastocyst Late blastocyst

The inner cell mass forms a disk which develops the embryonic body. Gastrulation is a
bit different than in the other embryos we havedigtd, but neurulation is essentially the
same in all vertebrate embryos so is like that seemhe frog. View the following
animation. It is a realistic view of the human egabfrom fertilization to the late fetal
stage.

6.0 TUTOR-MARKED ASSIGNMENT
1 Discuss the cleavage formation in aquatic an{ged urchin and fish )

2 Discuss the cleavage formation in in amphibiam and mammal

7.07.0References

Professor Scott Gilbert, Developmental Biolog$},Eition.
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Module 4: Gastrulation, Invagination and Organogensis Formation
Unit 1: Gastrulation and Invagination in major groups of organisms
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1.0 INTRODUCTION

Gastrulation is the process of highly coordinatell and tissue movements
whereby the cells of the blastula are dramaticedigrranged. The blastula consists of
numerous cells, the positions of which were estébll during cleavage. During
gastrulation, these cells are given new positiotsreew neighbors, and the multilayered
body plan of the organism is established. The dékld will form the endodermal and
mesodermal organs are brought inside the embryde vthe cells that will form the
skin and nervous system are spread over its ouwsigiace. Thus, the three germ
layers outer ectoderm, inner endoderm, and inteistmesoderm are first produced
during gastrulation. In addition, the stage is &®t the interactions of these newly

positioned tissues.

The movements of gastrulation involve the entirdogm, and cell migrations in
one part of the gastrulating embryo must be intatyatoordinated with other movements
occurring simultaneously. Although the patterns gdstrulation vary enormously
throughout the animal kingdom, there are only a feasgic types of cell movements.
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Gastrulation usually involves some combination leé following types of movements:
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Invagination: Involution: Ingression:

Infolding of cell Inturning of cell sheet  Migration of *Invagination.The infolding
sheet into embryo over the basal surface  individual cells of a regior of cells, much

of an outer laver into the embryo . . .
i i like the indentin¢ of a soft

rubber ball when it is
poked.

Involution. The inturning or

Esample Branapts fotiiiple: inward movement of an

Sea urchin Amphibian Sea urchin mesoderm, .

endoderm mesoderm Drosophila neuroblasts _expandlng uter |ayer_ so that
it spreads ov¢ the internal

Splitting or migration The expansion of externalcells

of one sheet into one cell sheet

two sheets over other cells

'Ingression. The migration of individual cells

from the surface layer intothe interior
p of the embryo.
*?mm;*fff Example : Delamination. The splittingof one cellular sheet
Mammalian and bird Ectoderm formation
nypeblst formation. id acnphibians, sea into two more or less parallel
urchins, and tunicates sheets.

Epiboly. The movementof epithelial sheets
(usually of ectodermal cellghat spread as a unit,
rather than individually, tenclos: the deeper layers
of the embryo.

As we look atgastrulatiol in different types of embryosye should keep in
mind the following qustions.

‘What is the unit of migration? Is migration dependent othe movements of
individual cells, or are theells part of a migrating sheet or region?

:Is the spreading orfolding of a cell sheet due to intrinsic factorsvithin the sheet or
to extrinsic forces stetching or distorting it? It is essential t&kcnow the answer to this
guestion if we are tanderstan how the various cell movement$ gastrulation are
integrated. Foinstance, d involuting cells pull epibolizing cells @ toward them, or
are the two ravements independt?

*Is there activespreadinc of the whole tissue, or does thieading edge expand and
drag the rest of acell shee passively along?

*Are changes incell shap¢ and motility during gastrulation the consequence of
changes in cell surfaceroperties, such as adhesiveness to gubstrat or to other
cells?



Contrary to expectations, some regional migratigmaperties may be totally controlled
by cytoplasmic factors that are independent ellutarization. Many of the events of
early development occurred even in the absencelts. cThe cytoplasm of the zygote
separated into defined regions, and cilia diffeéegat in the appropriate parts of the egg.
Moreover, the outermost clear cytoplasm migratedrdover the vegetal regions in a
manner specifically reminiscent of the epiboly afraal hemisphere cells during normal
development.

This occurred at precisely the time thatbely would have taken place during
normal gastrulation. Thus, epiboly may be (at l@asome respects) independent of the
cells that form the migrating region.

2.0 OBJECTIVES
At the end of this unit the student should be #le
1 Explain gastrulation and invagination in sedurcsnai and fish

2 Describe the process of gaastrulation in amphjl@aes and mammal.

4.0 MAIN CONTENT

3.1 Gastrulation

Gastrulation is the process of highly coordinatedl eand tissue movements
whereby the cells of the blastula are dramaticedigrranged. The blastula consists of
numerous cells, the positions of which were estbdbll during cleavage. During
gastrulation, these cells are given new positiotsreew neighbors, and the multilayered
body plan of the organism is established. The ablé will form the endodermal and
mesodermal organs are brought inside the embryde vthe cells that will form the
skin and nervous system are spread over its outsiglace. Thus, the three germ
layers outer ectoderm, inner endoderm, and intedstmesoderm are first produced
during gastrulation. In addition, the stage is &®t the interactions of these newly
positioned tissues.

The movements of gastrulation involve the entirdogm, and cell migrations in
one part of the gastrulating embryo must be intalyatoordinated with other movements
occurring simultaneously. Although the patterns gdstrulation vary enormously
throughout the animal kingdom, there are only a feasgic types of cell movements.
Gastrulation usually involves some combination g following types of movements

(Eigure 8.6:
3.1.1 Gastrulation in Sea Urchin

The late sea urchin blastula consists of singlerlay about 1000 cells that form a



hollow ball, somewhat flattened at the vegetal emte blastomeres, derived from
different regions of the zygote, have differenesiand properties. Figures 8.416d 8.17
show the fates of the various regions of the blasis it develops through gastrulation to
the pluteus larva stage characteristic of sea urchins. The fate ol e=ll layer can be
seen through its movements during gastrulation.
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slngression of primary
mesenchyme

Function of primary mesenchyme
cells

Shortly after the blastula hatches
from its fertilization envelope, the vegetal
| side of the spherical blastula begins to
y thicken and flatten. At the center of this flat
¥ vegetal plate, a cluster of small cells begins
| to change. These cells begitending
and contracting long, thin (30 x 5
© um) processes callefilopodia from their
inner surfaces. The cells  thewlissociate
from the epithelial
.~ monolayer and ingress into the
blastocoel (Flgure 89 10 hours). These
iveduffomgthe micromeres, are
nchyme Theywill
keleton, so they are
the skeletogenic

k4 At first the cells appear to move randomly
along the inner blastocoel surface, actively
making and breaking filopodial connections
to the wall of the blastocoel. Eventually,
however, they become localized
within theprospective ventrolateral

region of the blastocoel. Here they fuse into
syncytial cables, which will form the axis of
the calcium carbonate spicules of the
larval skeleton.




But these gulanct cues cannot be sufficient, since thégratinc cells "know"
when to stop theimovement an form spicules near the equatortbe blastocoel. The
primary mesenchymeells arrange themselves in a ring as@ecific position along the
animal-vegetal axis. Awto sites near the future ventral side of theva many of these
primary mesenchym cells cluster together, fuse with each otheanc initiate spicule
formation. If a labeleanicromere from another embryo is injectatb the blastocoel of
a gastrulating sea urchambryo, it migrates to the correct locatianc contrlbutes to the
formation of the emponic spicules. It is thought that thipsitions masen is
provided by therospective ectormal cells and their basal lamit
mesenchyme cells (ambi other cell types or latex beadse
these patterning cueshd existenc of extremely fine (0.3um
skeleton-forming mesencyme. These filopodia are n un
locomotion; rather, theyappear to explore and sense biastée y be
responsible for pickingip dorsal-ventral and animal-vegetat
ectoderm . %,

3.2 Invagination
3. 2.1First stage ofrchenteroninvagination

As the ring ofprimary mesenchyme cells leaves
the vegetal region of thkelastocoel, important changes are
occurring
in the cells that remain #ite vegetal plate. These cells remain botsndne another and
to the hyaline layer of thegg, and they move to fill the gaps caubgdhe ingression of
the primary mesenchyen Moreover, the vegetal plate bengwvarc and invaginates
about one-fourth to onéalf the way into the blastocoel (Figure 8. -

8.17, 10.5 11.5 hours)Then invagination suddenly ceases. Timeaginate: region is
called thearchenteron (primitive gut), and the opening of tlaechentero at the vegetal
region is called thblastopore.

A) (B) KL
WA) () ) Vegetal plate cells pushed upward

Elastocoel interior
Vegﬁtal plare cdls

/ /
Inner lamina 'HI Secretory vesicles CSPG secreted into ¢
Hyaline layer Microvillus with chendroitin the inner lamina
F sulfate proteoglycan  absorbs water,
Oater lamina (CSPG) causing swelling

Scientist haverovidec evidence that the mechansimtbis invaginatiol is
similar to that of thducklinc produced by heating a bimetallic striphe hyaline layer is
actually made up of twayers, an outer lamina made primarily of liygrotein and an
inner lamina composedf fibropellin proteins.



Fibropellins are stored in secretory granules witlihe oocyte, and are
secreted from those granules after cortical graexteytosis releases the hyalin protein.
By the blastula stage, the fibropellins have fedma meshlike network over the
embryo surface. At the time of invaginatiorg tegetal plate cells (and only those
cells) secrete a chondroitin sulfate proteoglycda the inner lamina of the hyaline layer
directly beneath them. This hygroscopic (water-giisg) molecule swells the inner
lamina, but not the outer lamina. This causes #dgetal region of the hyaline layer to
buckle (Figure 8.21% Slightly later, a second force arising from tmevements of
epithelial cells adjacent to the vegetal plate rfeglitate this invagination by drawing
the buckled layer inward

At the stage when the skeletogenic mesenchgells begin ingressing into
the blastocoel, the fates of the vegetal platescblive already been specified. The
endodermal cells adjacent to the micromere-derimegsenchyme become foregut,
migrating the farthest distance into the blastocdéle next layer of endodermal cells
becomes midgut, and the last circumferential rownt@ginate forms the hindgut and

anus. (("' @ e g,

Ectoderm

3.2.2 Second and third stages of archenteron invagition

The invagination of the vegetal cells occurs ireéhdiscrete stages. After a brief
pause, the second phase of archenteron formatigineDuring this time, the
archenteron extends dramatically, sometimes tgplits length. In this process of
extension, the wide, short gut rudiment is transixa into a long, thin tube (see Figure
8.17, 12 hours; Figure 8.23To accomplish this extension, the cells of thehanteron
rearrange themselves by migrating over one ano#met by flattening themselves.
This phenomenon, wherein cells intercalate to martiee tissue and at the same time
move it forward, is callecconvergent extension Moreover, cell division continues,
prodiycing more endodermgal and secondary mesenctgitseas the archenteron extends

GASTRULATION GASTRULATION

In at least some species of sea urchins, a thagesbf archenteron elongation
occurs. This last phase is initiated by the tengioovided by secondary mesenchyme
cells, which form at the tip of the archenteron aechain there. Filopodia are extended
from these cells through the blastocoel flaid contact the inner surface of the



blastocoel wall. The filopodia attach to the waltlze junctions between the blastoderm
cells and then shorten, pulling up the archentefiome secondary mesenchyme cells
with a laser, with the result that the archentezould elongate to only about two-thirds

of the normal length. If a few secondary mesenchymils were left, elongation
continued, ' :

although at a slower rate. The
secondary mesenchyme cells, the
play an essential role in pulling
the archenteron up to the
blastocoel wall during the last
phase of invagination. :

But can the secondary mesenchyme filopodia at@aemy part of the blastocoel wall, or is
there a specific target in the animal hemisphéia tmust be present for attachment to
occur? Is there a region of the blastocoel thak is already committed to becoming the
ventral side of the larva? Studies show that tieee specific "target” site for the filopodia
that differs from other regions of the animal hgrhisre. The filopodia extend, touch the
blastocoel wall at random sites, and then retrdowever, when the filopodia contact a
particular region of the wall, they remain attachieere, flatten out against this region, and
pull the archenteron toward it.
When Hardin and McClay poked in the other side h& blastocoel wall so that the
contacts were made most readily with that regiba,filopodia continued to extend and
retract after touching it. Only when the filopodicauind their "target” did they cease these
movements. If the gastrula was constricted so fitgtodia never reached the target
area, the secondary mesenchyme cells continuegplore until they eventually moved
off the archenteron and found the target tissuesdy migrating cells. There appears,
then, to be a target region on what is to becomeevintral side of the larva that is
recognized by the secondary mesenchyme cells, &nchwpositions the archenteron in
the region where the mouth will form.

As the top of the archenteron meets the blastowa#lin the target region, the
secondary mesenchyme cells disperse into the blzstovhere they proliferate to form
the mesodermal organs. Where the archenteron d¢snthe wall, a mouth is
eventually formed. The mouth fuses with the arobemt to create a continuous
digestive tube. Thus, as is characteristic of destemes, the blastopore marks the
position of the anus.



3.3 Gastrulation in Snails

The snail stereoblastula is relatively small, asccell fates have already been
determined by the D series of macromeres. Gasitnles accomplished primarily by
epiboly, wherein the micromeres athe animal cap multiply and "overgrow" the vegetal
macromeres. Eventually, the micromeres will coer éntire embryo, leaving a small slit
at the vegetal pole.

The shell gland is an ectodermal organ formedutinoinduction by mesodermal cells.
Without the mesoderm, no cells are present to iedhe competent ectoderm. Here we
see an example of limited induction within a mosaithryo. For more information on the
formation of snail embryos.

Adaptation by Modifying Embryonic Cleavage

Evolution is caused by the hereditary alteration eofibryonic development.
Sometimes we are able to identify a modificatioreofbryogenesis that has enabled the
organism to survive in an otherwise inhospitablgirmmment. One such modification,
discovered by Frank Lillie in
1898, is brought about by altering the typical g@attof spiral cleavage in the unionid
family of clams.

Unlike most clamsPnio and its relatives live in swift-flowing streams.ré&tms
create a problem for the dispersal of larvae: beeahe adults are sedentary, free-
swimming larvae would always be carried downstrdaynthe current. These clams,
however, have adapted to this environment by tiffgctwo changes in their
development. The first alters embryonic cleavagethke typical cleavage of molluscs,
either all the macromeres are equal in size oR2ihdlastomere is the largest cell at that
embryonic stage. However, the divisionWio is such that the 2d blastomere gets the
largest amount of cytoplasm. This cell divides toduce most of the larval structures,
including a

(D)

gland capable of producing a large shell.



The resulting larva (called glochidia) resemble tinybea traps; they have
sensitive hairs that cautig valves of the shell to snap shut wherythee touched by the
gills or fins ofa wanderin fish. They attach themselves to the fislal dhitchhike" with
it until they are readyo drof off and metamorphose into adult claimsthis manner, they
can spread upstream.

In some speciesglochidia are released from the femalbl®od pouch and
merely wait for a fish to come wandering by. Some othspecies, such as
Lampsilis ventricosahave increase the chances of their larvdmding a fish by yet
another modification otheir develoment any clams develop tain mantle that flaps
around the shelind surrounc the brood pouch. In some unionids; #hape of the brood
pouch (marsupium) anthe undulédons of the mantle mimic thehap: and swimming
behavior of a minnowTo make the deception all the bettergyhdevelop a black
"eyespot” on one endnc a flaring "tail" on the other. The "fistseel in Figure 8.30is
not a fish at all, buthe brood pouch and mantle of the cldmneat it. When a
predatory fish is luredvithin range, the clam discharges thlechidia fron the brood
pouch. Thus, the adificatior of existing developmental patterhas permitted unionid
clams to surviven challengin environments

3.3 Gastrulation in Amphibian

The study of amphibiagastrulatioi is both one of the oldest and ookthe newest areas
of experimental embryoby.Even though amphibian gastrulatidvas been extensively
studied for the pastentuy, most of our theories concerning theecharsms of these
developmental movementiave been revised over the past dec@tle study of amphibian
gastrulation has been moplicated by the fact that there is m®ingle way amphibians
gastrulate. Differenspecie employ different means toward the sagual In recent years,
the most intensivenvestigations hay focused on the frogkenopu: laevis, so we will
concentrate on its mode géstrulatior

3.4.1.The fate mapf Xenopus

Amphibian blastulz are faced with the same tasks asitivertebrate blastuli
to bring inside the emmpo-those areas destined to form #edoderm: organs, to
surround the embryavith cells capable of forming the ectoderamnd to place the
mesodermal cells in therope positions between thermhhe movemen whereby this is
accomplished can basualizecby the technique of vital dye staining.

Fate mapping hashowr that cells of theXenopusblastula have different fates
depending on whethdahey are located in the deep or thepsrficia layers of the
embryo.
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In Xenopusthe mesodermal precursors exist mostly in the dieggr of cells,

while the ectoderm and endoderm arise from therfoja layer on the surface of the
embryo. Most of the precursors for the notochord ather mesodermal tissues are
located beneath the surface in the equatorial (mal)gregion of the embryo. In
urodeles (salamanders such a@siturus and Ambystompand in some frogs other
than Xenopusmany more of the notochord and mesoderm precueseramong the
surface cells.

As we have seen, the unfertilized egg has a pyglatdng the animal-vegetal
axis. Thus, the germ layers can be mapped ontmdogte even before fertilization.
The surface of the animal hemisphere will becothe cells of the ectoderm
(skin and nerves), the vegetal hemisphere cairfiall form the cells of the gut and
associated organs (endoderm), and the mesodertigagk form from the internal
cytoplasm around the equator. This general fate im#ipought to be imposed upon the
egg by the transcription factdMegT and the paracrine factdfgl. The mRNAs for
these proteins are located in the cortex of theetaghemisphere oKenopus
oocytes, and they are apportioned to the veget#d cering cleavage. By using
antisense oligonucleotides,were able to depleteemmalt VegT protein in early
embryos. The resulting embryos lacked the normial faap. The animal third of the
embryo produced only ventral epidermis, while thargmal cells (which normally
produced mesoderm) generated epidermal and nessatt The vegetal third (which
usually produces endoderm) produced a mixture dodecm and mesoderm
demonstrated that embryos that lacked functional \agked endoderm and dorsal
mesoderm.

UNTREATED VegT- DEPLETED

Animal Animal

Epidermis —_

Epidermis —
and nearons P

Mesoderm
and newrons

Epidermis —
and neurons
Epidermis,
mesoderm,

and neurons
Vegetal Vegetal

These findings tell us nothing, however, about wtpart of the egg will form the
belly and which the back. The anterior-posteriansdl-ventral, and left-right axes are
specified by the events of fertilization and ar&ized during gastrulation.

Cell movements during amphibian gastrulation

Endoderm —

Before we look at the process of gastrulation imaidlelet us first trace the
movement patterns of the germ layers. Gastrulatioftog embryos is initiated on the
future dorsal side of the embryo, just below theatqgr in the region of the gray crescent



Here, the cells invaginate to form a slitlike btgsire. These cells change their shape
dramatically. The main body of each cell is dispth¢oward the inside of the embryo
while the cell maintains contact with the outsideface by way of a slender neck). These
bottle cellsline the archenteron as it forms. Thus, as in thstrglating sea urchin, an
invagination of cells initiates archenteron forroati However, unlike gastrulation in
sea urchins, gastrulation in the frog begins ndha most vegetal region, but in the
marginal zone: the zone surrounding the equator of the blastuteerev the animal and
vegetal hemispheres meet. Here the endodermal ar@lsot as large or as yolky as the
most vegetal blastomeres.
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The next phase of gastrulation involves the involubf the marginal zone cells
hile the animal cells undergo epiboly and convexgthe blastopore. When the migrating
marginal cells reach théorsal lip of the blastopore, they turn inward and travel glon
the inner surface of the outer animal hemisphelts.CEhus, the cells constituting the lip
of the blastopore are constantly changing. The ¢els to compose the dorsal blastopore
lip are the bottle cells that invaginated to fohme teading edge of the archenteron. These
cells later become the pharyngeal cells of thedateAs these first cells pass into the
interior of the embryo, the dorsal blastopore lgcdomes composed of cells that involute
into the embryo to become thgrechordal plate (the precursor of the head
mesoderm). The next cells involuting into the eyobthrough the dorsal blastopore
lip are called thechordamesoderm cells. These cells will form th@otochord, a
transient mesodermal "backbone" that plays an itaporrole in distinguishing and
patterning the nervous system.

As the new cells enter the embryo, the blastoceelisplaced to the side
oppositethedorsal lip of the blastopore. Meanwhile, the blpste lip expands laterally
and ventrally aghe processes of bottle cell formation and involutiaontinue about
the blastopore. Thevideningblastopore "crescent" develops lateral lipgd dmally
a ventral lip over whichadditionalmesodermal and endodermal precursor cells pass.
With the formation of the ventral ligheblastopore has formed a ring arouthe

i large endodermal cells that remain
exposed on the vegetal surface.
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This remaining patch of endoderm is called yioék plug; it, too, is eventually
internalized (Figure 10)9At that point, all the endodermal precursorsenbgen brought
into the interior of the embryo, the ectoderm haxireled the surface, and the
mesoderm has been brought between them.

3.4.2.The midblastula transition: preparing for gasrulation

Now that we have seen an overview of amphibianrglasion, we can look more
deeply into its mechanisms. The first precondifiengastrulation is the activation of the
genome. InXenopusthe nuclear genes are not transcribed until latthentwelfth cell
cycle. At that time, different genes begin to banscribed in different cells, and the
blastomeres acquire the capacity to become mdiliés dramatic change is called the
midblastula transition. It is thought that diffetetranscription factors (such as the
VegT protein, mentioned above) become active ifediht cells at this time, giving the
cells new properties. For instance, the vegetad$ ¢plobably under the direction of the
maternal VegT protein) become the endoderm andhbeggreting the factors that cause
the cells above them to become the mesoderm.

Positioning the blastopore

The vegetal cells are critical in determining tbedtion of the blastopore, as is
the point of sperm entry. The microtubules of tperm direct cytoplasmic movements
that empower the vegetal cells opposite the pdisperm entry to induce the blastopore
in the mesoderm above them. This region of cellsosjte the point of sperm entry will
form the blastopore and become the dorsal portidineobody.

we saw that the internal cytoplasm of the fertidizegg remains oriented with
respect to gravity because of its dense yolk actation, while the cortical cytoplasm
actively rotates 30 degrees animally ("'upward"yaaod the point of sperm entry (see
Figure
7.33). In this way, a new state of symmetry is @&egli Whereas the unfertilized egg was
radially symmetrical about the animal-vegetal axig fertilized egg now has a dorsal-
ventral axis. It has become bilaterally symmetr{gaving right and left sides). The inner
cytoplasm moves as well. Fluorescence microscopgasfy embryos has shown that
the cytoplasm of the presumptive dorsal cells diffeom that of the presumptive
ventral cells. These cytoplasmic movements actittagecytoplasm opposite the point of
sperm entry, enabling it to initiate gastrulati®he side where the sperm enters marks the
future ventral surface of the embryo; the oppositee, where gastrulation is initiated,
marks the future dorsum of the embryo. If corticahtion is blocked, there is no dorsal
development, and the embryo dies as a mass ofavéptimarily gut) cells.

Although the sperm is not needed to induce theseements in the egg
cytoplasm, it is important in determining tltBrection of the rotation. If an egg is
artificially activated, the cortical rotation stiihkes place at the correct time. However,
the direction of this movement is unpredictablee Tdirectional bias provided by the
point of sperm entry can be overridden by mechdlgiceedirecting the spatial
relationship between the cortical and internal plaems. When Xenopusegg is turned
90 degrees, so that the point of sperm entry fapesard, the cytoplasm rotates such that



the embryo initiates gastrulation on tbemeside as sperm entry. One can even produce
two gastrulation initiation sites by combining thatural sperm-oriented rotation with
an artificially induced rotation of the egg.

3.4 Invagination and involution in Amphibian

Amphibian gastrulation is first visible when a gpoaf marginal endoderm cells
on the dorsal surface of the blastula sinks ineoeimbryo. The outerpical) surfaces of
these cells contract dramatically, while their in(lsasal) ends expand. The apical-basal
length of these cells greatly increases to yield tharacteristic "bottle” shape. In
salamanders, these bottle cells appear to hame aative role in the early
movements of gastrulation, found that bottldlscérom early salamander gastrulae
could attach to glass coverslips and lead theement of those cells attached to them.
Even more convincing were Holtfreter's recombinatiexperiments. When dorsal
marginal zone cells (which would normally give rigethe dorsal lip of the blastopore)
were excised and placed on inner prospective emdotssue, they formed bottle cells
and sank below the surface of the inner endoderroreter, as they sank, they
created a depression reminiscent of the eaasttypore. Thus, Holtfreter claimed that
the abilityaito invaginate into the deep endodermais innate property of the dorsal

marginaszone cells.
I-:'P' gratt Endodermal “Blastopore™

groove”

The situation in the frog embryo is somewhat défér The peculiar shape change of the
bottle cells is needed to initiate gastrulationisithe constriction of these cells that first
forms the slit-like blastopore. However, after stay these movements, théenopus
bottle cells are no longer needed for gastrulatidmen bottle cells are removed after
their formation, involution and blastopore formatiand closure continue.

The major factor in the movement of cells into #mbryo appears to be the
involution of the subsurface marginal cells, ratitban the superficial ones. The
movements of the vegetal endoderm place the progpgiharyngeal endoderm adjacent
to the roof of the blastocoel. This places the pectve pharyngeal endoderm
immediately ahead of the migrating mesoderm. THis ¢ken migrate along the basal
surface of the blastocoel roof. The superficiayer of marginal cells is pulled
inward to form the endodermal lining of the amcteron, merely because it is attached
to the actively migrating deep cells. While expesiital removal of the bottle cells does
not affect the involution of the deep or superficiwmrginal zone cells into the embryo,
the removal of the deep involuting marginal zorMZ) cells and their replacement with
animal region cells (which do not normally undergwolution) stops archenteron
formation.
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3.5.1 The convergent extension of the dorsal mesooe

Involution begins dorsally, led by the pharyngeademesoderm*and the
prechordal plate. These tissues will migrate mastréorly beneath the surface ectoderm.
The next tissues to enter the dorsal blastoporectptain notochord and somite
precursors. Meanwhile, as the lip of the blastopoqgands to have dorsolateral, lateral,
and ventral sides, the prosepective heart mesodkidney mesoderm, and ventral
mesoderm enter into the embryo.

Figures Fdepict the behavior of the IMZ cells at successitages ofXenopus
gastrulation. The IMZ is originally several laydtsck. Shortly before their involution
through the blastopore lip, the several layers eépdIMZ cells intercalate radially to
form one thin, broad layer. This intercalation het extends the IMZ vegetally. At the
same time, the superficial cells spread out bydiing and flattening. When the deep
cells reach the blastopore lip, they involute itite embryo and initiate a second type
of intercalation. This intercalation causes @onvergent extensionalong the
mediolateral axis that integrates several mesodestregams to form a long, narrow band.
This is reminiscent of traffic on a highway whervesal lanes must merge to form a
single lane. The anterior part of this band migra@vard the animal cap. Thus, the
mesodermal stream continues to migrate toward niirea pole, and the overlying layer
of superficial cells (including the bottle cells) passively pulled toward the animal pole,
thereby forming the endodermal roof of the archemtie The radial and mediolateral
intercalations of the deep layer of cells appearbéoresponsible for the continued
movement of mesoderm into the embryo.

The adhesive changes driving convergent extengipeaa to be directed by two
cell adhesion moleculeparaxial protocadherin andaxial protocadherin. The former
is initially found throughout the dorsal mesodebmt then is turned off in the precursors
of the notochord. At that time, axial protocadhdr@tomes expressed in the notochordal
tissue



An experimental dominant negative form of
paraxial protocadherin (which is secreted mdtef
being bound to the cell membrane) prevents eaent
extension. Moreover, the expression domain ohraxal
protocadherin separates the trunk mesodermas, celhich
undergo convergent extension, from the head meswderells,
which.do n

Migration of the involuting
mesoderm

3.5.2 Migration of the involuting mesoderm

As mesodermal movement progresses, convergentsésteoontinues to narrow
and lengthen the involuting marginal zone. The Ibbatains the prospective endodermal
roof of the archenteron in its superficial layeMASs) and the prospective mesodermal
cells, including those of the notochord, in iteep region (IMB). During the
middle third of gastrulation, the expandingethef mesoderm converges toward the
midline of the embryo. This process is driven bg tontinued mediolateral intercalation
of cells along the anterior-posterior axis, ther&byher narrowing the band. Toward the
end of gastrulation, the centrally located notodmseparates from the somitic mesoderm
on either side of it, and the notochord cells eldageparately. This may in part be a
consequence of the different protocadherins énakial and paraxial mesoderms. This
convergent extension of the mesoderm appears toautenomous, because the
movements of these cells occur even if this regbrthe embryo is experimentally
isolated from the rest of the embry.

During gastrulation, th@animal cap and noninvoluting marginal zone (NIMZ)
cells expand by epiboly to cover the entire embfjoe dorsal portion of the NIMZ
extends more rapidly toward the blastopore thanvéral portion, thus causing the
blastopore lips to move toward the ventral side.ilgVthose mesodermal cells entering
through the dorsal lip of the blastopore give tsehe dorsal axial mesoderm (notochord
and somites), the remainder of the body mesoderhcfwforms the heart, kidneys,
blood, bones, and parts of several other organ®rsithrough the ventral and lateral
blastopore lips to create thmesodermal mantle. The endoderm is derived from the
IMZs cells that form the lining of the archenteron r@ofd from the subblastoporal

vegetal cells that become the archenteron floor.
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3.5.3 Epiboly of the ectoderm
While involution is i
occurring at the blastopore
lips,the ectodermal precursors™* s 1 1ns
are expanding overtheentire ® ;
embryo. have used scannings
electron  microscopy to
observeahe

changes in both the superficial cells and the des{s of the animal and marginal
regions. The major mechanism of epiboly Xenopusgastrulation appears to be an
increase in cell number (through division) coupledh a concurrent integration of
several deep layers into one.

During early gastrulation, three rounds of cellision increase the number of
the deep cell layers in the animal hemisphere.h&t game time, complete integration
of the numerous deep cells into one layer curhe most superficial layer
expands by cell division and flattening. Theegling of cells in the dorsal and ventral
marginal zones appears to proceed by the same nisghaalthough changes in cell
shape appear to play a greater role than in theaniegion. The result of these
expansions is the epiboly of the superficial andpdeells of the animal cap and NIMZ
over the surface of the embryo. Most of the malginane cells, as previously
mentioned, involute to join the mesodermal celeatn within the embryo. As the
ectoderm epibolizes over the entire embryo, it ety internalizes all the endoderm
within it. At this point, the ectoderm covers thmal@yo, the endoderm is located within
the embryo, and the mesoderm is positioned betibesn.

*The pharyngeal endoderm and head mesoderm camnegjarated experimentally at
this stage, so they are therefore sometimes refaoecollectively as the pharyngeal
endomesoderm. The notochord is the basic unitefitrsal mesoderm, but it is thought
that the dorsal portion of the somites may alseetamilar properties.

1Dominant negative proteins are mutated forms ofwiid-type protein that interfere
with the normal functioning of the wild-type prateiThus, a dominant negative protein
will have an effect similar to a loss-of-functionutation in the gene encoding the
particular protein.

3.6 Gastrulation in Fish Embryo

The first cell movement of fish gastrulation is #boly of the blastoderm cells
over the yolk. In the initial phase, the deep lddstm cells move outwardly to
intercalate with the more superficial cells. Latéese cells move over the surface of the
yolk to envelop it completely.

This movement is not due to the active crawlinghefblastomeresiowever.

Rather, the movement s provided by the
autonomouslyexpanding YSL "within" the animal
pole yolk gtoplasm.The EVL is tightly joined to the
YSL and is draggedlongwith it. The deep cells of the
blastoderm then fill inthe space between the YSL
and the EVL as epiboly proceeds. This can be
demonstrated by severirige



attachments between the YSL and the EVL.
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When thisiis-dore@ithe EVL and deep cells Sprirtjiidasthis 38D Of thexyolk,
while the YSL contlnues its expansion around thieyel: The —EXpa
depends on a netwdtk B microtubules in the YSId eadiation'8F“Yiligs that block the
polymerization of tubulin inhibit epiboly. Dugnmigration, one side of the blastoderm
becomes noticeably thicker than the other. Ceklialy experiments indicate that the

thicker side marks the site of the future dorsalee of the embryo.
3.6.1 formation of germ layers

After the blastoderm cells have covered about tredf zebrafish yolk cell (and
earlier in fish eggs with larger yolks), aclkening occurs throughout the margin of
the epibolizing blastoderm. This thickening islealthegerm ring, and it is composed
of a superficial layer, theepiblast, and an inner layer, thbBypoblast We do not
understand how the hypoblast is made. Some resgavaps claim that the hypoblast is



formed by thanvolutionof superficial cells under the margin followed it migration
toward the animal pole. The involution begins a& thture dorsal portion of the embryo,
but occurs all around the margin. Other laborasodaim that these superficial cells
ingressto form the hypoblast. It is possible that botlecmanisms are at work, with
different modes of hypoblast formation predomimgtiin different species. Once
formed, however, the cells of both the epibd&asl hypoblast intercalate on the future
dorsal side of the embryo to form a localized thitkg, theembryonic shield

As we will see, this shield is functionally equigat to the dorsal blastopore
lip of amphibians, since it can organize a secondary emnliryaxis when transplanted to
a hostembrya Thus, as the cells undergo epiboly around thek,ytiley arealso
involuting at the margins and converging anteriahd dorsally toward the embryonic
shield The hypahlast cells of the embryonic shietthverge

Extension
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Epibaly

———Yalk cell
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" {, eventually n;arrowi_ng alohg dorsalmidline of the hypoblast.
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The cells adjacent t erm pgheaxial mesoderm cells, are the
precursors of the mesodermal s > The concotrgtavergence and extension in the
epiblast brings the presumptive neural cells fraln over the epiblast into the dorsal

midline, where they form theeural keel The rest of the epiblast becomes the skin of
thefish.

The zebrafish fate map, then, is not much diffefeotn that of the frog or other
vertebrates (as we will soon see).

If one conceptually opensXenopudlastula at the vegetal pole and stretches theilogen
into a marginal ring, the resulting fate map clgsedsembles that of the zebrafish
embryo at the stage when half of the yolk has lwesered by the blastoderm.



Like the amphibian dorsal blastopore lip, the embiy shield forms the
prechordal plate and the notochord of the devetppmbryo. The precursors of these two
regions are responsible for inducing the ectoderinecome neural ectoderm. Moreover,
the presumptive notochord and prechordal plate apyedo this in a manner very much
like that of their homologous structures in ampéuits.* In both fishes and amphibians,
BMP proteins made in the ventral and lateral regioh the embryo would normally
cause the ectoderm to become epidermis. The natbdidoth fishes and amphibians
secretes factors that block this induction andebrallow the ectoderm to become
neural. In fishes, the BMP that ventralizes the mmbis BMP2B. The protein
secreted by the chordamesoderm that binds withrerafivates BMP2B is a chordin-like
paracrine factor calle@hordino.
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If the chordinogene is mutated, the neural tube fails to forms lhypothesized
that different concentrations of BMP2B pattern thentral and lateral regions of the
zebrafish ectoderm and mesoderm, and that thelyatigeen Chordino and BMP2B may
specify the position along the dorsal-ventral akistishes, however, the notochord may
not be the only structure capable of producing gheteins that block BMP2B. If the
notochord fails to form (as in tHeating heador no tail mutations), the neural tube will
still be produced. It is possible that the notodabprecursor cells (which are produced in
these mutations) are still able to induce the deulze, or that the dorsal portion of the
somite precursors can compensate for the lacknot@chord.

The embryonic shield appears to acquire its orgaqiability in much the same
way as its amphibian counterparts. In amphibidmes,endoderm cells beneath the dorsal
blastopore lip (i.e., the Nieuwkoop center) acclatesfp-catenin. This protein is critical
in amphibians for the ability of the endoderm tdune the cells above them to become
the dorsal lip (organizer) cells. In zebrafish, theclei in that part of the yolk syncytial
layer that lies beneath the cells that will becote embryonic shield similarly
accumulatep-catenin. This protein distinguishes the dorsal Yf&m the lateral and
ventral YSL regions. Inducinfi-catenin accumulation on the ventral side of thg eg
causes dorsalization and a second embryonic axis. [k
addition, just prior to gastrulation, the cellsf dhe
dorsal blastopore margin synthesize and secretealNod
related proteins. These induce the precursors @ th
notochord and prechordal plate to activgtosecoidand
other genes. Thus, the embryonic shield is consiber
equivalent to the amphibian organizer, and the alquart
of the yolk cell can be thought of as the Nieuwkaepter
of the fish embryo.

Anterior-posterior axis formation: two signaling
centers

As is evident from figure above when a second daomsatral axis is
experimentally induced in zebrafish eggs, bothrégular and the induced axes have the
same anterior-posterior polarity. Both heads arthatformer animal cap, and both tails
are located vegetally. Indeed, the anterior-pastexxis is specified during oogenesis, and
the animal cap marks the anterior of the embryds Hxis becomes stabilized during
gastrulation through two distinct signaling centéiisst, a small group of anterior neural
cells at the border between the neural and sudetmlerm (a region that become the
pituitary gland, nasal placode, and antefiorebrain) secrete compounds that cause
anterior development. If these anterior neuralscete experimentally placed more
posteriorly in the embryo, they will cause the réuwells near them to assume the
characteristics of forebrain neurons. The secogdading center, in the posterior of the
embryo, consists of lateral mesendoderm precurgbithe margin of the gastrulating
blastoderm. These cells produce caudalizing comge®unmost likely Nodal-related
proteins and activin.. If transplanted adjacenanterior neural ectoderm, this tissue
will transform the presumptive forebrain tiesinto hindbrain-like structures.



3.7 Gastrulation of theAvian Embryo
The hypoblast

By the time aher has laid an egg, the blastoderm contaome 20,000 cells.
At this time, most of theells of the area pellucida remain at theface forming the
epiblast, while other argzellucida cells have delaminated and migeandividually into
the subgerminal edty to form the polyinvagination islands (primary hypoblasf), an
archipelago ofdisconnected cluste containing 5 20 cells eac&hortly thereafter, a
sheet of cells from theosteriol margin of the blastodernfdistinguishe from the
other regions of themargir by Koller's sickle;—a local tickening migrates
anteriorly to join the pginvagination islands,

thereby forming thesecondary hypoblast The two-layered lbastodern (epiblast and
hypoblast) is joinedogether ¢ the margin of the area opaca, d@hd spac between the
layers forms alastocoel. Thu although the shape and formationtiod avian blastodisc
differ from those of theamphibian, fish, or echinoderlastula, the over: spatial

relationships are retained.

The avian embryocomes entirely from the epiblast. The typoblast does not
contribute any cells to ¢hdevelopingembryo. Rather, the hypoblasdlls form portions

of the external memhanes especially the yolk sac arle stalk thatinks the yolk mass to
the endodermal digestivebe All three germ layers of thenbryo proper (plus a
considerable amount da#xtraembryonic membrane) are formedrom the epiblastic
cells. Fate maps of thehick epiblast.

The primitive streak

The major structural chagteristic ofavian, reptilian, and mammadr gastrulation ighe
primitive streak. This streal is first visibleas a thickening ofthe epiblast at the
posterior region of themlryo, justanterior to Koller's sickle . This thickening is
caused by theingressiol of endodermal precursors fronthe epildast into the
blastocoel and by the igration of cells from the lateral region @he posteriorepiblast
toward the center. Asthese cells enter the primitive streak,the streak elongates
toward the future heacdegion At the

same time, thesecondaryhypoblast cells continue to migratanteriorly fron the
posterior margin ofhe blastodem. The elongation of the primitive  streak appearsto
be coextensive with thanterio migration of these secondaryguoblas cells. The streak
eventually extend60 75% of the length of the area pellucida.

The primitivestreal defines the axes of the embryoektend from posteriorto
anterior, migrating cellsente through itsdorsal side and move to itgentral side; and it
separates thkeft portion of the embryo from theght. Those elerants clos to the streak
will be themedial (central structures, while those farther fromitill be the distal
(lateral) structures.

As cells converge tdorm theprimitive streak, a depression forms within
the streak. Thisdepressior is called theprimitive groove, and itservesas an opening
through which migratingcells pass into the blastocoel. Thubge primitive groove is
analogous to he anphibiar blastopore. At the anteri@ndof the primitive streak is
a regionalthickening of cells called theprimitive knot or Hensen'snode The center of
thisnode contains a funnshapediepressiorfsometimes called therimitive pit) through



which cells can pass intbeblastocoel. Hensen's
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As soon as the primitive streak
has formed, epiblast cells begin to migrate thratighd into the blastocoel
The primitive streak has a continually changind pebpulation. Cells migrating through
Hensen's node pass down into the blastocoel andataignteriorly, forming foregut,
head mesoderm, and notochord; cells passing thrabgh lateral portions of the
primitive streak give rise to the majority of eneéoghal and mesodermal tissues.
Unlike theXenopusnesoderm, which migrates as sheets of cells irdlastocoel, cells
entering the inside of the avian embryo ingress as individuals afterundergoing
an epithelial-to-mesenchymal transformation. At staris node and throughout the
primitive streak, the breakdown of the basal lanand the release of these cells into the
embryo is thought to be accomplisheddwatter factor, a 190-kDa protein secreted by
the cells as they enter the streak. Scatter factor convert epithelial sheets into
mesenchymal cells in several ways, and it is prigbmlvolved both in downregulating
E-cadherin expression and in preventing E- cadleym functioning

Migration through the primitive streak: formation o f endoderm and
mesoderm.

The first cells to migrate through Hensen's enodre those destined to
become the pharyngial endoderm of the foregut. Onsele the blastocoel, these
endodermal cells migrate anteriorly and eventudigplace the hypoblast cells, causing
the hypoblast cells to be confined to a regiomh@dnterior portion of the area pellucida.



This region, thegerminal crescent does not form any embryonic structures, but
it does contain the precursors of the germ cellsichvlater migrate through the blood
vessels to the gonads ..
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The next cells entering the blastocoel through Idieiss node also move
anteriorly, but they do not move as far ventrallg the presumptive foregut
endodermal cells. Rather, they remain between eéhdoderm and the epiblast to
form the head mesenchymeand theprechordal plate mesoderm These early-
ingressing cells all move anteriorly, pushing ue #émterior midline region of the epiblast
to form thehead procesqFigure 11. Thus, the head of the avian embryo forms anterior
(rostral) to Hensen's node. The next cells migrating thihottensen's node become
chordamesoderm (notochord) cells. These cells dxtgnto the presumptive midbrain,
where they meet the prechordal plate. The hindbmd trunk form from the
chordamesoderm at the level of Hensen's node ardhbto it.

Meanwhile, cells continue migrating inwardly thrduthe lateral portion of the
primitive streak. As they enter the blastocoelstheells separate into two layers. The
deep layer joins the hypoblast along its midline aisplaces the hypoblast cells to the
sides. These deep-moving cells give rise to thé endodermal organs of the
embryo as well as to most of the extraemhigyonembranes (the hypoblast forms
the rest). The second migrating layer spreads ltwiis endoderm and the epiblast,
forming a loose layer of cells. These middle lagelts generate the mesodermal portions
of the embryo and extraembryonic membranes. By @&#shof incubation, most of the
presumptive endodermal cells are in the interioth& embryo, although presumptive
mesodermal cells continue to migrate inward fasreger time.



Regression of the primitive streak.

Now a new phase of gastrulation begins. While mesudl ingression continues,
the primitive streak starts to regress, moving leatssnode from near the center of the
area pellucida to a more posterior position. livésin its wake the dorsal axis of the
embryo and the notochord. As the node moves posterthe notochord is laid down,
starting at the level of the future midbrain. White anterior portion of the notochord is
formed by the ingression of cells through Hensande, the posterior notochord (after
somite 17 in the chick) forms from the condensat@n mesodermal tissue that has
ingressed through the primitive streak (i.e., twbtigh Hensen's node). This portion
of the notochord extends posteriorly to form thi ¢d the embryo Finally, Hensen's
node regresses to its most posterior position, ifayrthe anal region. At this time, all the
presumptive endodermal and mesodermal cells haeeeeihthe embryo, and the epiblast
is composed entirely of presumptive ectodermakcell

As a consequence of the sequence by which the inesdderm and notochord
are established, avian (and mammalian) embryosbgxdidistinct anterior-to-posterior
gradient of developmental maturity. While cellstbé& posterior portions of the embryo
are undergoing gastrulation, cells at the antesiat are already starting to form organs .
For the next several days, the anterior end of @hbryo is more advanced in its
development (having had a "head start," if you)whlan the posterior end.

Epiboly of the ectoderm

While the presumptive mesodermal and endodermid aet moving inward, the
ectodermal precursors proliferate. Moreover, thedsrmal cells migrate to surround the
yolk by epiboly. The enclosure of the yolk Iblye ectoderm (again reminiscent of
the epiboly of amphibian ectoderm) is a Hercultesk that takes the greater part of 4
days to complete. It involves the continuous préidacof new cellular material and the
migration of the presumptive ectodermal cells aldhg underside of the vitelline
envelope. Interestingly, only the cells of the owdge of the area opaca attach firmly to
the vitelline envelope. These cells are inheredifferent from the other blastoderm
cells, as they can extend enormous (p@®) cytoplasmic processes onto the vitelline
envelope. These elongated filopodia are believeldetohe locomotor apparatus of these
marginal cells, by which they pull the other ectoadal cells around the yolk. The
filopodia appear to bind tfibronectin,a laminar protein that is a component of the chick
vitelline envelope. If the contact between the nrelgcells and the fibronectin is
experimentally broken (by adding a soluble polypkptsimilar to fibronectin), the
filopodia retract, and epidermal migration ceases.

Thus, as avian gastrulation draws to a close, ttederm has surrounded the
yolk, the endoderm has replaced the hypoblast,th@dnesoderm has positioned itself
between these two regions. We have identified nadnyne processes involved in avian
gastrulation, but we remain ignorant as to the raeidms by which many of these
processes are carried out.



3.8 Gastrulation in Mammals

Birds and mammals are both descendants of repsli@cies. Therefore, it is not
surprising that mammalian development parallels tfareptiles and birds. What is
surprising is that the gastrulation movements gftiian and avian embryos, which
evolved as an adaptation to yolky eggs, are rafaéwven in the absence of large amounts
of yolk in the mammalian embryo. The mammalian incedl mass can be envisioned as
sitting atop an imaginary ball of yolk, followingstructions that seem more appropriate
to its reptilian ancestors.

Modifications for development within another
organism

The mammalian embryo obtains nutrients directlynfids mother and does not
rely on stored yolk. This adaptation has entailetiaanatic restructuring of the maternal
anatomy (such as expansion of the oviduct to fohm uterus) as well as the
development of a fetal organ capable of absorbirmtemal nutrients. This fetal
organ the chorion is derived
primarily from embryonic trophoblast cells, supptanted with mesodermal cells
derived from the inner cell mass. The chorion fothes fetal portion of the placenta. It
will induce the uterine cells to form the materpaktion of the placenta, theéecidua
The decidua becomes rich in the blood vesselswhiaprovide oxygen and nutrients to
the embryo.
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The origins of early mammalian tissues are sanmed in _Figure 11.The
first segregation of cells within the inneelicmass results in the formation of the
hypoblast (sometimes called tpamitive endoderm) layer (Figure 13. The hypoblast
cells delaminate from the inner cell mass to line blastocoel cavity, where they give
rise to theextraembryonic endoderm which forms the yolk sac. As in avian embryos,
these cells do not produce any part of the newboganism. The remaining inner cell
mass tissue above the hypoblast is now referres tihe epiblast. The epiblast cell layer
is split by small clefts that eventually coalesoeséparate thembryonic epiblastfrom
the other epiblast cells, which form thenionic cavity . Once the lining of the amnion
is completed, it fills with a secretion callachnionic (amniotic) fluid, which serves as a
shock absorber for the developing embryo whileeventing its desiccation. The




embryonic epiblast is believed to contain all tedls that will generate the actual
embryo, and it is similar in many ways to the awegiblast.

By labeling individual cells of the epiblast witlodseradish peroxidase, a detailed
fate map of the mouse epiblast was constructedr@atson begins at the posterior end of
the embryo, and this is where tm®de forms . Like the chick epiblast cells, the
mammalian mesoderm and endoderm migrate througtnatipe streak, and like their
avian counterparts, the migrating cells of the mafran epiblast lose E-cadherin,
detach from their neighbors, and migrate uglo the streak as individual cells.
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Those cells migrating through the node give riseéhi notochord. However, in
contrast to notochord formation in the chick, thlelscthat form the mouse notochord
are thought to become integrated into the endodérine primitive gut. These cells can
be seen as a band of small, ciliated cells extgndistrally from the node (Figure
11.29. They form the notochord by converging medialhydaolding off in a dorsal
direction from the roof of the gut.
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The ectodermal precursors end up anterior to the éxtended primitive streak,
as in the chick epiblast; but whereas the mesoaétime chick forms from cells posterior
to the farthest extent of the streak, the mouseodesn forms from cells anterior to the
primitive streak. In some instances, a single gelés rise to descendants in more than
one germ layer, or to both embryonic andraexhbryonic derivatives. Thus, at the
epiblast stage, these lineages have not becomeasegeom one another. As in avian
embryos, the cells migrating in between the hypsildad epiblast layers are coated with
hyaluronic acid, which they synthesize as they dethe primitive streak. This acts to
keep them separate while they migrate. It is thoulgat the replacement of human
hypoblast cells by endoderm precursors occurs g8 dd 15 of gestation, while the
migration of cells forming the mesoderm does nattsintil day 16.

Formation of extraembryonic
membranes

While the embryonic epiblast is undergoing cé
movements reminiscent of those seen in reptilianaaan
gastrulation, the extraembryonic cells are makinige
distinctly mammalian tissues that enable the usfetto
survive within the maternal uterus. Althougte timitial
trophoblast cells of mice and humans divide likesmother
cells of the body, they give rise to a population cells
wherein nuclear division occurs in the absenceytiflinesis.
The original type of trophoblast cells constitute layer
called the
cytotrophoblast, whereas the multinucleated type of cell rnf® the
syncytiotrophoblast The cytotrophoblast initially adheres to the endtrium through a
series of adhesion molecules. Moreover, these akdts contain proteolytic enzymes that
enable them to enter the uterine wall and remaddel uterine blood vessels so that the
maternal blood bathes fetal blood vessels. Theysynimphoblast tissue is thought to
further the progression of the embryo into theingewall by digesting uterine tissue. The
uterus, in turn, sends blood vessels into this,andeere they eventually contact the
syncytiotrophoblast. Shortly thereafter, mesodertedue extends outward from the
gastrulating embryo . Studies of human and rhesuskey embryos have suggested that
the yolk sac (and hence the hypoblast) is the soafahis extraembryonic mesoderm.




The extraembryonic mesoderm joins the trophoblasttensions and gives rise to the
blood vessels that carry nutrients from the motbdghe embryo. The narrow connecting stalk
of extraembryonic mesoderm that links the embrydhi trophoblast eventually forms the
vessels of theumbilical cord. The fully developed extraembryonic organ, comgistof
trophoblast tissue and blood vessel-containing oo, is called the chorion, and it fuses
with the uterine wall to create the placenta. Thie,placenta has both a maternal portion (the
uterine endometrium, which is modified during pragoy) and a fetal component (the
chorion). The chorion may be very closely apposedmiaternal tissues while still being
readily separable from them (as in the contactguitec of the pig), or it may be so intimately
integrated with maternal tissues that the two calbleioseparated without damage to both the
mother and the developing fetus (as in the deciglysacenta of most mammals, including
humans).

Figure 11.30shows the relationships between the embryonic extdaembryonic
tissues of a 6-week human embryo. The embryo is seeased in the amnion and is further
shielded by
thechorion. To fetus

From fetus

From letus
=1 tetus

e LImbilical arteries

— Amnion

|

%—— Trophoblast cells

Chorionic villus

Chorien (fetal
partion of placenta)

Maternal portion of
placenta {decidual cells)

To mother
From mother

2 — harernal vein
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The blood vessels extending to and from the choaien readily observable, as are
the villi that project from the outer surface oétbhorion. These villi contain the blood vessels
and allow the chorion to have a large area exptséde maternal blood. Although fetal and
maternal circulatory systems normally never medifsion of soluble substances can occur
through the villi (Figure 11.31 In this manner, the mother provides the fetuth wutrients
and oxygen, and the fetus sends its waste produonetmly carbon dioxide and urea) into the
maternal circulation. The maternal and fetal bloells, however, usually do not mix.

4.0 CONCLUSION

In this unit you learnt about formation of gastidatand invagination in some animals. For
example; sea urchin, snail and amphibian, fishs ae mammal.
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5.0 SUMMMARY

Gastrulation and invagination is the next stagdeselopment in animal after cleavage and
blastula formation. Gastrulation is highly coordaethcell and tissue movements whereby the
cells of the blastula are dramatically rearrandét blastula consists of numerous cells, the
positions of which were established during cleav&ayeing gastrulation, these cells are given
new positions and new neighbors, and the multikegdrody plan of the organism is established.

The cells that will form the endodermal and meso@iorgans are brought inside the embryo,
while the cells that will form the skin and nervosystem are spread over its outside surface.
Thus, the three germ layers outer ectoderm, inndogerm, and interstitial mesoderm are
first produced during gastrulation (cell movemérttg infolding of cells into the embryo is

called invagination.

6.0 TUTOR-MARKED ASSIGNMENT

1.0 Explain gastrulation and invagination in sea ungBhai and fish
2.0 Describe the process of gaastrulation in amphjl@eas and mammal.

7.0 REFERENCES

Professor Scott Gilbert, Developmental Biolog$,Hition.
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1.0INTRODUCTION

In animal development, organogenesis (organo-genesimpound of the Greek words
opyovov "that with which one works, andveoic "origin, creation, generation") is the process
by which the ectoderm, endoderm, and mesoderm alevato the internal organs of the
organism. Internal organs initiate development umhns within the 3rd to 8th weeks in
utero. The germ layers in organogenesis differ byed processes: folds, splits, and
condensation. Developing early during this stagehiordate animals are the neural tube and
notochord. Vertebrate animals all differentiatenirthe gastrula the same way. Vertebrates
develop a neural crest that differentiates into ynatructures, including some bones,
muscles, and components of the peripheral nervgsters. The coelom of the body forms

from a split of the mesoderm along the somite axis.
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2.00BJECTIVE

3.0MAIN CONTENT

3.1 Organogenesig animal

At some point after the different germ layers arergefjorganogenesisegins. The first stage

vertebrates is calledeurulatiol, where the neural platelds forming theneural tube. Other

common organs or structures which arise at thig tinclude theheartand somites, but from

now on embryogenesis follows no common pattern gmie differenttaxa of the animal

kingdom In most animals organogenesis along vmorphogenesisvill result in alarva. The

hatching of the larva, which ust then undergo metamorphgsisarks the end of embryor

development.

3.1.1Product of Three Germ Laye

The proceeding graph belaepresents the produgroduced by the three germ lay
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The endodernproduces tissue within tHungs, thyroid, and pancreaBhemesoderm aids in the

production ofcardiac musc, skeletal muscle, smooth musctssues within thkidneys, and
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red blood cells. The ectoderm produces tissuesmilie epidermis and aids in the formation of

neurons within the brain, and melanocytes.
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Endoderm

Endoderm

Endoderm

Mesoderm

Mesoderm

Mesoderm
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Urinary System
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Ectoderm General Skin (‘along with glands, hailspai
Ectoderm Vertebrate Epithelium of the mouth andaheavity
Ectoderm Vertebrate Lens and cornea of the eye
Ectoderm Vertebrate Melanocytes

Ectoderm Vertebrate Peripheral nervous system
Ectoderm Vertebrate Facial cartilage

Ectoderm Vertebrate Dentin(in teeth)

Ectoderm Vertebrate Brain ( rhombencephalon, megdraton and prosencephalon)
Ectoderm Vertebrate Spinal cord and motor neuron
Ectoderm Vertebrate Retina

Ectoderm Vertebrate Posterior pituitary

3.1.2 Formation of the germ layers

The embryonic disk becomes oval and then pear-shape wider end being directed forward.

Near the narrow, posterior end, an opaque strealkedc the primitive streak, makes its

appearance and extends along the middle of the fdiskebout one-half of its length; at the

anterior end of the streak there is a knob-likekéning termed Hensen's knot. A shallow
groove, the primitive groove, appears on the serfaicthe streak, and the anterior end of this
groove communicates by means of an aperture, tstdpore, with the yolk sac. The primitive

streak is produced by a thickening of the axiat pathe ectoderm, the cells of which multiply,

grow downward, and blend with those of the subjaeatoderm. From the sides of the primitive
streak a third layer of cells, the mesoderm, exeladeralward between the ectoderm and
entoderm; the caudal end of the primitive streaknBthe cloacal membrane. The blastoderm
now consists of three layers, named from withoutaird: ectoderm, mesoderm, and entoderm;

each has distinctive characteristics and gives taseertain tissues of the body. For many
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mammals, it is sometime during formation of thengéatyers that implantation of the embryo in

the uterus of the mother occurs.

3.1.3 Formation of the early nervous system - neurgroove, tube and notochord

In front of the primitive streak, two longitudinatlges, caused by a folding up of the ectoderm,
make their appearance, one on either side of tlelleiine formed by the streak. These are
named the neural folds; they commence some litéagce behind the anterior end of the
embryonic disk, where they are continuous with eattter, and from there gradually extend
backward, one on either side of the anterior enth@fprimitive streak. Between these folds is a
shallow median groove, the neural groove. The geogradually deepens as the neural folds
become elevated, and ultimately the folds meetcadesce in the middle line and convert the
groove into a closed tube, the neural tube or c¢ahal ectodermal wall of which forms the
rudiment of the nervous system. After the coaleseef the neural folds over the anterior end of
the primitive streak, the blastopore no longer gpamthe surface but into the closed canal of the
neural tube, and thus a transitory communicatibe, teurenteric canal, is established between
the neural tube and the primitive digestive tublee Toalescence of the neural folds occurs first
in the region of the hind brain, and from thereeexs forward and backward; toward the end of
the third week, the front opening (anterior neurepmf the tube finally closes at the anterior
end of the future brain, and forms a recess wiscin icontact, for a time, with the overlying
ectoderm; the hinder part of the neural groovegntssfor a time a rhomboidal shape, and to this
expanded portion the term sinus rhomboidalis han kepplied. Before the neural groove is
closed, a ridge of ectodermal cells appears albagtominent margin of each neural fold; this
is termed the neural crest or ganglion ridge, anthfit the spinal and cranial nerve ganglia and
the ganglia of the sympathetic nervous system areeldped. By the upward growth of the

mesoderm, the neural tube is ultimately separated the overlying ectoderm.

The cephalic end of the neural groove exhibits sé\whblatations which, when the tube is closed,
assume the form of three vesicles; these constthegethree primary cerebral vesicles, and
correspond respectively to the futdoee-brain (prosencephalonjid-brain (mesencephalon),
and hind-brain (rhombencephalon). The walls of the vesicles aeelbped into the nervous

tissue and neuroglia of the brain, and their casitare modified to form its ventricles. The
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remainder of the tube forms the medulla spinalisgnal cord; from its ectodermal wall the
nervous and neuroglial elements of the medullaadigimre developed, while the cavity persists
as the central canal.

3.1.4 Formation of the early septum

The extension of the mesoderm takes place througheuwhole of the embryonic and extra-

embryonic areas of the ovum, except in certainoregyiOne of these is seen immediately in front
of the neural tube. Here the mesoderm extends fdnivathe form of two crescentic masses,

which meet in the middle line so as to enclose r@hthem an area which is devoid of

mesoderm. Over this area, the ectoderm and entodemme into direct contact with each other

and constitute a thin membrane, the buccopharyngeaibrane, which forms a septum between
the primitive mouth and pharynx.

3.1.5. Early formation of the heart and other primtive structures

In front of the buccopharyngeal area, where therdditcrescents of mesoderm fuse in the middle
line, the pericardium is afterward developed, ahid tregion is therefore designated the
pericardial area. A second region where the mesoderabsent, at least for a time, is that
immediately in front of the pericardial area. Tiéstermed the proamniotic area, and is the
region where the proamnion is developed; in humlaowgever, a proamnion is apparently never
formed. A third region is at the hind end of thebepo where the ectoderm and entoderm come

into apposition and fornthe cloacal membrane.
3.1.6 Somitogenesis

Somitogenesis is the process by which somites avduped. These segmented tissue blocks
differentiate into skeletal muscle, vertebrae, dadnis of all vertebrates.

Somitogenesis begins with the formation of somit@ae(whorls of concentric mesoderm)
marking the future somites in the presomitic mesod@insegmented paraxial). The presomitic
mesoderm gives rise to successive pairs of somitemtical in appearance and which

differentiate into the same cell types but thedtmes formed by the cells vary depending upon
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the anteroposterior (e.g. the thoracic vertebrdigge ribs, the lumbar vertebrates do not).
Somites have unique positional values along this amxd it is thought that these are specified by

the Hox (homeotic) genes.

Toward the end of the second week after fertil@atitransverse segmentation of the paraxial
mesoderm begins, and it is converted into a sefiegell-defined, more or less cubical masses,
also known as thprimitive segments which occupy the entire length of the trunk cihei side

of the middle line from the occipital region of thead. Each segment contains a central cavity
(known as a myocoel) which, however, is soon fillgth angular and spindle-shaped cells. The
primitive segments lie immediately under the ectoden the lateral aspect of the neural tube
and notochord, and are connected to the laterabdees by the intermediate cell mass. Those
of the trunk may be arranged in the following greupiz.: cervical 8, thoracic 12, lumbar 5,
sacral 5, and coccygeal from 5 to 8. Those of tbeipital region of the head are usually
described as being four in number. In mammals, ipvien segments of the head can be
recognized only in the occipital region, but a stwd the lower vertebrates leads to the belief
that they are present also in the anterior pathefhead and that, altogether, nine segments are

represented in the cephalic region.

4.0 CONCLUSION

In this unit you learnt about organogenesis asgs® of organ formation from three germ
layer(product of gastrulation). The ectoderm, eralodand mesoderm develop into internal
organs of the organism.

5.0 SUMMARY

The process by which the ectoderm, endoderm, arsdaeemn develop into the internal
organs of the organism is called organogenesigriteeal organs initiate development in
humans within the 3rd to 8th weeks in utero. Thengayers in organogenesis differ by
three processes: folds, splits, and condensatieveldping early during this stage in
chordate animals are the neural tube and notochord.

6.0 TUTOR-MARKED ASSIGNMENT

1 Explain the term organogenesis
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2 Explain the germ layers with the aid of a sugatibgram in animal development
3 Explain

7.0REFERENCES

Professor Scott Gilbert, Developmental Biolog$,Hition.
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1.0 INTRODUCTION

The literal meaning of embryology is the study tfe developmental changes
(structurally and physiologically) that a zygotedergoes till the formation of an adult form. The
study of all these sequential orderly processespases developmental biology or embryology.
Developmental biology includes the study of (i) ay#nic development, which involves
transformation of fertilized egg into a new addi). phylogenetic development, which involves
gradual transformation of forms of life. Embryonitevelopment involves gametogenesis,
fertilization, cleavage, blastulation, gastrulateomd organogenesis.

2.0 OBJECTIVES
At the end of this unit the student should be &ble

1 Explain the formation of embryo through the depehental processes
2 Decribe and explain the pattern of cleavage ffohh

2.0 OBJECTIVES

At the end of this unit the student should be #le

1 Explain the formation of embryo through the depehental processes
2 Decribe and explain the pattern of cleavage ffohh

2.0 OBJECTIVES

At the end of this unit the student should be &ble

1 Explain the formation of embryo through the depehental processes

2 Decribe and explain the pattern of cleavage ffohkh

3.0 MAIN CONTENT
3.1 GAMETOGENESIS

It involves the fusion of gametes to form a digdlaygote, already discussed in previous
chapter. Yolk is a morphological term used to déscthe reserve food in the oocyte, formed of
proteins, neutral fats, phospholipids, carbohydrated glycogen. The process of synthesis and
accumulation of yolk is called astellogenesis Based on the distribution and amount of yolk
the eggs are classified into following categories-

160



|. Based on Amount of Yolk.

1. Microlecithal. Small sized egg with only a small amount of yolkreserve food. E.g.
Amphioxus, sea urchin, starfish. According to sosuientists,alecithal term is also used,
meaning no yolk, but this term is not approprisgea egg is without yolk.

2. Mesolecithal. Eggs containing moderate amount of yolk. E.g. abighs.

3. Macrolecithal. Eggs containing enormous amount of yolk. E.g.ileptbirds.

Il. Based on Distribution of Yolk.

1. Isolecithal. In microlecithal eggs the amount of yolk is sdiditthat it is evenly distributed
throughout the egg cytoplasm. E.g. protochordateéseghinoderms.

2. Telolecithal. In mesolecithal and macrolecithal eggs the yolkaacentrated in the lower
part of the egg (vegetal pole), while the upper paryolk free called animal pole. E.g.
reptiles and birds.

3. Centrolecithal. In macrolecithal eggs the yolk is concentratedhim centre of the egg with
the cytoplasm surrounding it. E.g. insects.

3.2Types of Egg Membranes.

» Primary Egg Membranes. Formed outside the plasma membrane of the oocyteted by
the follicle cells. These are of following types:

1. Viteline membrane- Closely applied to the plasma membrane, found sedts, molluscs,

amphibians and birds formed of mucopolysaccharaekfibrous proteins.

2. Zona radiata- It is striated in appearance or perforated by meirmores, found in sharks,

bony fishes, some amphibians and reptiles.

3. Zona pellucida- It is unstriated in appearance, formed by theetexrs of the ovum and the

follicle cells, found in mammals.

4. Jdly envelope- It is jelly like and thicker in appearance alsamwm as jelly coat, found in

echinoderms and marine invertebrates.

» Secondary Egg MembranesSecreted outside the primary egg membranes bipliiee cells
surrounding the oocyte. E.g. chorion present arameégg of insect. In mammalian eggs the
secondary egg membrane is absent; instead a laf@lide cells surrounds the zona pellucida
known ascorona radiata. It is not a true membrane because its cells ee¢ed off as the egg
passes through the oviduct.

» Tertiary Egg Membranes. Secreted either by the oviduct or some other aocgparts of the
maternal genital tract when the egg passes dowsughr the oviduct to the exterior. E.g.
outermost calcareous shell of hen’s egg, jelly esatind the amphibian oocyte.
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3.2FERTILIZATION

All mammals rely on internal fertilization througlopulation. To deliver the sperm to
the female, the male inserts his sexual organ,pdrgs, into the opening of the vagina; the
passage into the female’s other sexual organs. ecamale ejaculates, a large number of sperm
cells swim from the upper vagina through the ceauxl across the length of the uterus toward
the ovum- a considerable distance compared toizkeo$ the sperm cell. The spermatozoon and
the oocyte meet and interact in mpulla of the fallopian tube. It is probable that chematax
is involved in directing the sperm to the egg, th#é mechanism has yet to be worked out.
Human fertilization is the union of a human egg and sperm, usuallyroog in the ampulla of
the fallopian tube. There is a specific sequenaavehts that occur in fertilization:

* The sperm passes through the corona radiata, teenmst cell layer of the egg.

* The sperm breaks through the zona pellucida. Tbeuirs with the aid of several enzymes
possessed by the sperm that break down the praitthe zona pellucida, the most important
one being acrosin. When the sperm penetrates tiee ellucida, the cortical reaction occurs.
This makes the egg impermeable to any other spandgrevents fertilization by more than
one sperm.

* The cell membranes of the egg and sperm fuse tegeth

» The female egg, also called a secondary oocytéiststage, completes its second meiotic
division. This results in a mature ovum.

» The sperm’s tail and mitochondria degenerate wighformation of the male pronucleus. This
is why all mitochondria in humans are of maternajio.

» The male and female pronuclei fuse to form a nealaus that is a combination of the genetic
material from both the sperm and egg.
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3.2.1.Mechanism of Fertilization.

(a) Approximation of Sperm and ovum.This is done by fertilizin-antifertilizin compailly
reaction. A chemical substance, the fertilizin stgnl from the cortical region of the egg
cytoplasm interacts with the antifertilizin of tlsperm of the same species. This makes the
sperms stick to the surface of the egg. Both feiriland antifertilizin are species specific;
fertilizin acts as a receptor for antifertilizindamakes the sperm capable of fertilizing the egg of
the same species. This process is callethpacitation.

(b) Acrosomal Reaction.The acrosome is a highly modified lysosome derifrech the golgi
apparatus during spermiogenesis. The sperm, dfsmhaent to the egg surface has to penetrate
the egg membranes so as to reach the egg plasmararem Acrosome contains following
enzymes which assists in fertilization:

» Zona lysins. These are proteolytic enzymes produced from thesame and are capable of
dissolving the zona pellucida and clear the patlsf@rm to reach the plasma membrane of the

egg.

» Hyaluronidase. The mammalian egg is covered by a membrane cedlezha radiata, formed
of single layer of follicular cells, connected ttiger by an adhesive substance, the hyaluronic
acid. Hyaluronidase dissolves the hyaluronic aseparates the follicular cells of corona
radiata so that the sperm can propel inward. Thesame is not able to release hyaluronidase
and zona lysins till it has undergone capacitation.

* Neuraminidase. It is a hydrolytic enzyme which checks the entfynwre than one sperm
from entering the ovum and thus prevents polyspermy

(c) Activation of Ovum. As the sperm enters the ovum (actually a secondacyte), it gets
activated and undergoes second meiotic divisiomifog a haploid sperm and a secondary polar
body. This is followed by the breakdown of nuclesgmbrane of sperm and ova at their pint of
contact and their contents gets surrounded by armmmuclear membrane forming the diploid
zygote nucleus, which contains the maternal andrpak chromosomes. The zygote begins to
divide and form a blastocyst and when it reachesuterus, it implants in the endometrium. At
this point the female is said to peegnant. If the embryo emplants in any tissue other than t
uterine wall, arectopic pregnancyresults, which can be fatal to the mother.
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3.3 CLEAVAGE

Immediately after fertilization, the fertilized @gindergoes a series of repeated mitotic
cell divisions to form a multicellular blastula. g2vage can be defined awhé process of
progressive subdivision of the zygote by mitotltdigisions into an increasing number of cells
of progressively decreasing siz€leavage differs from mitosis in the followingects:

v' There is no growth phase between the successii&@atis, so the resulting blastomeres are
half the original size. Since, the growth phasabisent, interphase is very short.
v" The metabolic activity is very high including higbnsumption of oxygen and rapid DNA
synthesis.
Cleavage continues till the reserves are exhawstddthe average size of the daughter

cells (blastomeres) reaches the characteristic cfizbe differentiated somatic cells of parent

organisms. The pace of cleavage is determined dgytoplasm rather than by the nucleus. The
nuclear-cytoplasmic ratio is very high at the begig of the cleavage; it gradually increases

during cleavage and at the end it is brought tostimae level as is found in the ordinary somatic
cells. The rate of cleavage is rapid during eadyalopment and is synchronous, but it becomes
very slow and asynchronous by the completion dfthla.

3.3.1. Types of Cleavage.

Yolk is a non-living component of the egg which dot participate in cleavage or
formation of embryo. Its function is only to proeidiourishment to the developing embryo. Yolk
has a pronounced influence on the process of deavetarding and interfering with it. The
cleavage occurs more rapidly inactive yolk-freeopydsm than in yolk-laden cytoplasm, because
the yolk granules remain inert and passive durleguage. Therefore, the blastomeres which are
richer in yolk remain larger in size than thoseihgJess yolk. Depending on the amount and
distribution of yolk, cleavage may be holoblasticianeroblastic.

» Holoblastic. In this type of cleavage, the cleavage pass tlirdabg entire egg, dividing it
completely into equal or almost equal blastomelesccurs in alecithal, microlecithal and
mesolecithal eggs. It is of two typestoloblastic equal- It occurs in mesolecithal or
telolecithal eggs, where the yolk is distributedng vegetal animal axis and the blastomeres
are of unequal size e.g. Amphioxus, marsupialspackental mammalgdoloblastic unequal-

It occurs in microlecithal or isolecithal eggs atiek blastomeres are of equal size called
micromeres (small) and macromeres (large) e.qg. éigns and lower fishes.
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» Meroblastic. Such type of cleavage occurs in megalecithal ovihetelolecithal eggs, whicl
have enormous amount of yolk. The active portiontled egg is confined to a sm
cytoplasmic region at the animal pole, called germinal disc or blastodis«. The cleavage
furrow do not completely pass through the egg amains confined to the germinal disc
the yolk provides restriction to cleavage e.g. atsereptiles

{A) (C)

Fig. 13.2. (A) First vertical cleavage; (B) Second vertical cleavage; (C) Third latitudinal
cleavage; (D) Fourth vertical cleavage; (E) Fifth equatorial cleavage; (F) Irreqular

3.3.2 Planes of Cleavage.

* Meridional. The cleavage furrow passes through the polar @the egg and bisects both 1
animal and vegetal pole through the middle e.g.rabigns

» Vertical. The cleavage furrow passes through the animal agdtal pole but not through t
median axis. It passes either through the leftghtof the axis e.g.hick.

» Equatorial. The cleavage furrow is horizontal and is laid dawithe equatorial plane at rig
angles to the main axis between the animal andtakgeles e.g. mamma

 Latitudinal. The cleavage furrow is laid down transversely atizomtally noton the equator
but on either side of it e.g. Amphiox

3.3.3.Patterns of Cleavage.

» Radial. Successive cleavage planes cut straight througbgyeat right angles to each othel
that the resultant blastomeres are arranged radialSynapta paracdrotus.

* Biradial. The first three division planes do not cut straityji# axis of the egg and are not |
down at right angle to each other e.g. Ctenop

» Spiral. It is a modified form of radial cleavage where ther rotational movement of cell pa
around the egg axis leading to displacement oftroigpindle, so that the four blastomere:
upper tier do not lie over the corresponding blasies of the low: tier but between them e.
annelids, molluscs, nematodes, turbulleri
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* Bilateral. It is also a modified form of radial cleavage wh#re two of the four blastomer
are smaller than the other two and thus remaintdoddly arranged at four c-stage e.g.
tunicates and nematodes.

(A)

©) (D)

(E)
(F)
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©) (H)

Fig. 13. (A) An unfertilized egg, differentiated from zygote by the presence of a large
conspicuous nucleus (large arrow) with obvious nueblus (smaller arrow) and lack of ¢
fertilization membrane.

(B) A zygote, recognized by the presence of the f#ization membrane (arrows)
surrounding it and the peripheral, fluid-filled previtelline space.

(C) Cleavage showing zell stage. The zygote has completed its first chege (equal anc
holoblastic). The division (cleavage) has passedrtiugh the animal-vegetal axi, producing
two similar blastomeres.

(D) The 4-<cell stage. The second cleavage also passes throtigh animal-vegetal axis, but
perpendicular to the first cleavage. Four equesized blastomeres are formed at the en:

(E) The 8-<ell stage. The third cleaage has occurred in the equatorial plane (perpendidar
to the first two cleavages and the anim-vegetal axis). Note that the upper fou
blastomeres are slightly smaller than the lower foublastomeres. NOTE: The 16 cell stag
is not shown - its divisionis once again vertical, along the anim-vegetal axis

(F) The 32-cell stage. After the 1-cell stage, the cleavages become more difficult follow,
due to the increasing number of cells and to the wdision of blastomeres becomini
asynchronous. Cleavageontinues, forming a mass of cells which organizeatself into the
blastula. The lighter area in the centre of the emtyo is the beginning of the blastocoe

(G) The early blastula. With continuing cleavage, lte cells in centre begin to lose conta
with one another, and a central fluic-filled cavity (the blastocoel) forms. This blastocel is
surrounded by a single layer of cells, forming théollow sphere know as the blastul

(H) The late blastula, characterized by a single fger of cells surrounding the blastocoel
(B). The blastomeres are seen to be smaller and aredividually not as obvious. The
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blastomeres at the vegetal pole (VP) are taller tlmathose at the animal pole (AP), making
the vegetal pole appears slightly thicker.

Cleavage in mammalian ovum takes place about idshafter fertilization, during its
passage through the fallopian tube to the uterdsav@ge results in smaller cells, the
blastomeres. During early cleavage the blastomerastain spherical shape but during later
stage those surfaces of blastomeres that rematontact with one another, become flattened
because of compression. However, the free outemared surfaces remain spherical. As a result,
the external surface of the developing embryo assuarcharacteristic mulberry-like appearance.
The embryo at this stage is calledrasrula which takes approximately 3 days in humans. It
reaches the uterus about 4-6 days after fertiimatA true morula is absent in all vertebrates
because the blastocoel appears very soon in the @aavage stages whereas a morula is
regarded to be a solid ball of cells as found irshiovertebrates.

According to the development abilities of the egdoplasm and fate of the blastomeres,
cleavage is classified as determinate and indeteteni

» Determinate. In this type of cleavage the blastomeres haveedgtermined future i.e. the fate
of blastomeres is fixed and determined to give tisespecific parts of the embryo e.g.
annelida, mollusca.

* Indeterminate. In this type of cleavage, the fate of blastomesasot predetermined having no
characteristic position and alterable fate. Fongpla, each of the two blastomeres of a zygote,
if separated after the first cleavage, can produte complete embryo e.g. echinoderms and
chordates.

3.4 BLASTULATION

The formation of a segmentation cavity blastocoel within a mass of cleaving
blastomeres and rearrangement of blastomeres atbisidavity in such a way as to form the
type of definitive blastula is a characteristic
of each species. Th#astocoeloriginates as
an intercellular space, which sometim
arises as early as the four or eight-cell sta|
Thus blastulation is initiated during early
cleavage stages, and formation of t
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definitive blastula is thought to terminate cleagaamnd to initiate gastrulatian

The blastula is an early stage of embryonic devebag in animals. It is also called
blastosphere It is produced by cleavage of a fertilized ovumd @onsists of a spherical layer of
around 128 cells surrounding a central fluid-filledvity called theblastocoel The blastula
follows the morula and precedes the gastrula indéneelopmental sequence. The blastula is
usually a hollow sphere. Its wall may vary from doeseveral cells in thickness. In eggs, which
contain considerable amounts of yolk, the blastbo@s be eccentric in position, i.e. shifted

Blastq_coel

Fig. 13.5. (A) Blastula- exterior view. (B) Blastla-exterior view.

toward the animal pole. The animal portion of itslvs always completely divided into
relatively small cells, whereas the vegetative ipartends to be composed of relatively large
cells and may be incompletely cellulatéd
in certain species. The blastocoel conta|ns Cleavage
a gelatinous or jellylike fluid, which
originates in part as a secretion by the
blastomeres and in part by passage | of
water through the blastomeres or
intercellular material, or both, into the
blastocoel

In mammals, blastulation leads fo
the formation of theblastocyst which |
must not be confused with the blastula; g _
even though they are similar in StrUCtUIE, coss section—a. &
their cells have different fates. The of blastula i
blastocyst consists of three parts: the

- -

Blastopore — Gastrula




inner cell mass thetrophoblast and theblastocoel The inner cell mass is the inner cluster of
blastomeres, which is the source of embryonic stelts and gives rise to all later structures of
the adult organism. The trophoblast combines witd maternal endometrium to form the
placenta in eutherian mammals.

3.4 GASTRULATION

Prior to gastrulation, the embryo implants in therus. The blastocyst hatches from the
zona pellucida at about the time it enters theusteThe trophoblast cells attach to the
endometrial cellsof the uterus by adhering to extracellular matnilecules such as fibronectin,
collagen, hyaluronic acid, and heparan sulphateptecs. After contact, the cells directly in
contact with the endometrium fuse to fosyncytiotrophoblast while the remaining trophoblast
cells are calledytotrophoblast cells. The syncytiotrophoblast cells produce enzytiat allow
for the invasion of the embryo into the uterine Iveadd to induce the necessary changes in the
uterine tissue. The inner cell mass, meanwhilejdds/ into two layers: thepiblast and
hypoblast The hypoblast spreads out and covers the blastéadorm theyolk sac The yolk
sac is an extraembryonic tissue that produces btetid similar to the structure that surrounds
the yolk in birds. The epiblast further dividesarttvo more layers. Thamnion layer forms the
fluid filled cavity to surround and protect the emryio during pregnancy. Thembryonic epiblast
undergoes gastrulation.

Gastrulation is the morphogenetic movements ofceiks of the blastoderm, present on
the surface of blastula to their specific positiomgere these occur in the adult. It is the
differentiation of three primary germinal layers.itheectoderm mesodermandendoderm
formed by a single layer of cells, tiastoderm. The cells of inner cell mass nearest to the
blastocoel split off to form the endoderm. Thikiown asdelamination. The endoderm cells
spread rapidly and line the blastocyst as a relbtilarge sac. Its cavity is known wslk-sac or
gastrocoel Mesoderm is formed fro the cells moving sidewdy@m the streak between
ectoderm and endoderm. During gastrulation a caathed thearchenteroneoccurs inside the
gastrula forming the future alimentary canal. Aétmorphogenetic movements in gastrulation
are divided into following categories:

(&) Epiboly. It is the spreading of ectodermal cells (microrsgrever the inwardly moving
endodermal and mesodermal cells (macromeres). Tibemmeres divide rapidly to form
large number of cells which migrate downwards gréad over the macromeres.

(b) Emboly. It involves the inward movement of mesodermal andodermal cells, which are
different in different animals, as follows-

(c) Invagination. It is the inward folding of endodermal cells torfothe archenterone.

(d) Involution. It is the inward rotation of mesodermal and endo@e cells from the surface of
the blastula to go into the blastocoel.
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(e) Delamination. Cells split off from the pre-existing layer of nsamito the blastocoel. These
separated cells form the hypoblast and the blastapaot formed.

Gastrulation is a very significant stage in thevedlepment bringing the presumptive
organs rudiments from the external surface of fastbla to their prospective normal positions,

Some blastoderm | | Other blastoderm |  (Cells along the sides| [ 1he mouth will form

cells invaginate to cells ingress, of archenterone | where the
form the | becoming primary | elongate. | archenteron meets
mesenchyme. = " | the ectoderm.
archenterone. ¥m = f e Secondary
', —" mesenchyme
— = Ectoderm
— ——— Endoderm

" Archenterone

/
Blastopore A /G("

T Primary
mesenchyme

3 :
The blastopore will
form the anus of the
mature animal.

which will develop into the organs of the adultsa0® the presumptive organ rudiments have
reached their future position in the gastrula, ¢hegluce the development of different organ
systems.

Mesenchyme cells will
| form the mesoderm. |

3.5 ORGANOGENESIS

Gastrulation results in the establishment of thmemary germ layers namely, ectoderm,
mesoderm and endoderm. All the organs of the emhbrgoformed from these layers. The

development of morphologically recognizable tissaed organs of the new individual is called
organogenesis

S Systems: Central Nervous Systems: Circulatory, Linings of: respirator
Excretory, Respiratory,system, urinary bladde
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U System, Sense organs. Reproductive. vagina, digestivd
epithelium, middle ear.
M Glands: Adrenal medulla, Glands: Adrenal cortex,
Pituitary, Pineal. Gonads. Glands: Thyroid,
M _ _ Parathyroid, Pituitary
A Others: Epidermis, Others: Vertebral Column., Thymus, digestive.
Receptors. muscles, Skeleton, Dermis,
R Mesenteries, Peritoneum,
Connective tissue.
Y
D Epidermis, epidermalDermis of skin, vertebralLining of mid gut, gastrig
derivatives (hair, nails, etc.)column, skeletal musclesglands (liver, pancreas),
E internal ear, auditorykidneys, adrenal cortex,ntestinal glands, anterigr
T Vesicles, lens of eyegonads, excretory andobe of pituitary, thyroid
nervous system, adrenateproductive ducts, heartgland, parathyroid gland,
A medulla, intermediate andblood and lymph vesselsthymus gland, lining o
posterior lobe of pituitary, spleen, gut wall, parietal andragina, urethra
! pineal gland, lining of visceral peritoneum, reproductive glands, lining
L foregut and hindgut. mesenteries, body cavity. of lungs and middle ear.
S

Table. 13.1. Structures formed by the three germ lgers.

4.0 CONCLUSION

In this unit you learnt about general embryologgyelopment from gamete to embryo through
the following process; gametogenesis, fertilizaticleavage formation,blastula, gastrulation,
and organogenesis. The last stage is embryo

5.0 SUMMARY

Embryology is the formation embryo through diéfiet processes of development; for example,
gametogenesis, fertilization, cleavage formati@stulla, gastrulation, and organogenesis. The
last stage is embryo formation.

TUTOR-MARKED ASSIGNMENT
1 Explain the formation of embryo through the depehental processes

2 Decribe and explain the pattern of cleavage ffohkh
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1.0 INTRODUCTION

Embryogenesiss the process by which the embryo is formed aneld@s, until it develops into
a fetus. It starts with the fertilization of theumn (or egg) by sperm. The fertilized ovum is
referred to as a zygote. The zygote undergoes rafiatic divisions with no significant growth
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(a process known as cleavage) and cellular diffexééon, leading to development of an embryo.

Although embryogenesis occurs in both animal aadtplilevelopment, this article addresses the
common features among different animals, with sem@hasis on the embryonic development
of vertebrates and mammals.

2.0 OBJECTIVES

At the end of this unit the student should be atvle

1Explain and describe the structure of embryonimbrane.

2 Explain the structure and function of placenta

3 Which method and treatment is suggest for iitgrin male and female
4 How can you control birth?

3.0 MAIN CONTENT

3.1 EXTRAEMBRYONIC MEMBRANES

The extraembryonic membranes or foetal membrame®emed of embryonic tissue, the
trophoblast that lies outside the embryo. The embryos of atesjoi.e. reptiles, birds and
mammals produce four extraembryonic membranes, afm@ion, yolk sac chorion and

ANIMAL POLE

Epidermis

(8kin) == __ Neural plate

(Mervous system)

N

Mesoderm __JJJ;-“IK
(muscle, kidney, | \
bone, gonads) 4

__l_ Endoderm

(Digestive organs, lungs)

VEGETAL POLE

MFia 14N 0O MNianmuvamaimamdin vammvnm mmbadinm Aaf dlhina fabn AL btlhuvnn mAavimn latimava Alhaciiliia
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allantois. In birds and most reptiles, the embryo with ksr&mbryonic membranes develops
within a shelled egg.

1. Amnion. It is formed of mesoderm on outside and ectod@sitde and is devoid of blood
vessels. The space between amnion and foetus lexd dile amniotic cavity filled with
amniotic fluid. The embryo is fully immersed andhed in the amniotic fluid which serves
as an efficient shock absorber. Being viscous aitatigous, it protects the delicate embryo
from external as well as internal mechanical pressu

2. Chorion. It is formed of ectoderm externally and mesodamside. It forms the placenta
along with the allantois. It participates in thecleange of gases between the embryo and the
outside air and also provides nourishment to thveldping embryo.

3. Allantois. It is formed of mesoderm externally and endodmside. It is the precursor of the
mature umbilical cord. It is primarily found in th@astocyst stage of early embryological
development, and its purpose is to collect liquidste from the embryo. This sac-like
structure is primarily involved in respiration amdkcretion, and is webbed with blood
vessels.

4. Yolk sac. The yolk sac is situated on the ventral aspecthef embryo; it is lined by
endoderm, outside of which is a layer of mesoddmmammals yolk sac begins to form
during early gastrulation. As compared to the ysdk of birds, the mammalian yolk sac is
not filled with yolk as a nutritive material becausn mammals the function of nutrition is
performed by the placenta. It is filled with fluithe vitelline fluid, which possibly may be
utilized for the nourishment of the embryo durihg earlier stages of its existence. Blood is
conveyed to the wall of the sac by the primitivetaoand after circulating through a wide-
meshed capillary plexus, is returned by the vitellveins to the tubular heart of the embryo.
This constitutes theitelline circulation, and by means of it nutritive material is absorbed
from the yolk sac and conveyed to the embryo. Immals the yolk sac functions as the site
of blood cell formation until about the sixth weekhen the liver takes over this role. There

Reptile and Bird Mammal

Chorion

Amnion

. - & ‘l\_"
Maternal portion of placemaw Umbilical

cord
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after the yolk sac starts to shrink.

With these four membranes, the developing embryoable to carry on essential
metabolism while sealed within the egg. Surroundgdamniotic fluid, the embryo is kept as
moist as a fish embryo in a pond. Although most mahs do not make a shelled egg, they do
also enclose their embryo in an amnion. For thésaoe, the reptiles, birds, and mammals are
collectively referred to as th@mniota. In placental mammals, the extraembryonic memisrane
form aplacentaandumbilical cord, which connect the embryo to the mother's utemus inore
elaborate and efficient way. The blood supply & tleveloping fetus is continuous with that of
the placenta. The placenta extracts food and oxjigen the uterus. Carbon dioxide and other
wastes (e.g., urea) are transferred to the motheti$posal by her excretory organs.

3.2 PLACENTA

In viviparous animals, the egg has no reserve foaterial and the developing embryo
depends completely on the mother for (s
nourishment. So the embryo gets attached to |the
uterine wall and obtains nourishment from her until ' hEe W
birth. This organic connection between the foe ug, i - IL&
and uterine wall is called aplacenta which cord r
develops at the point of implantation. It is fornafd |/
both foetal and maternal tissues; the allantoiggi w‘l
rise to umbilical cord which contains blood vessgls %§

connecting foetus and placenta. Since, the placgnt ’t

F'Iaclenta

K
is formed only after implantation, i.e. after 8-10
days, so before implantation, the embryo
(blastocyst) is nourished by secretion of uterine

glands called thaterine milk. Oxygen, nutrients and hormones
delivered to the bahy
The most primitive type of true placenta |is

formed of following layers of foetal and maternpl
tissues:

Wastes and carbon dioxide
delivered from the baby

Foetal layers. 1. Foetal blood capillaries; 2. Foetal connectiigsue; 3. Foetal chorionic
epithelium.

Maternal layers: 1. Uterine epithelium; 2. Uterine connective tissiB. Maternal blood
capillaries.
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3.2.1 Types of Placenta.

|. Based on Histology.

1.

2.

Epitheliochorial. It is the most primitive type of placenta with #ile six barriers between
foetal and maternal blood. E.g. marsupials, ungsl§big, horse, etc.).

Syndesmochorial. The chorionic villi erode the uterine wall andtbe uterine epithelium is
ruptured, with only five barriers left. E.g. sheepw (i.e. ruminant ungulates).
Endotheliochorial. The chorionic villi erode not only the uterine tglium but also the
uterine connective tissue, with only four barriéeff. E.g. lion, tiger, dog, cat and other
carnivores.

Haemochorial. Here all the three layers of maternal part is edydso the placenta is left
with three barriers only. E.g. humans, apes.

Haemoendothelial. All the barriers except the foetal capillaries areded. E.g. rat, rabbit.

Il. Based on Degree of Association.

1.

Non-deciduate. The implantation of the embryo in the uterus isesfipial. At the time of
birth, no part of uterine portion of placenta i®ken off and no bleeding occurs. E.g. pigs,
cattle, horse and other ruminants.

Deciduate. In this case the degree of contact between faetdl maternal tissue is more
intimate. At the time of birth the foetal part ofapenta separates from the uterine part of
placenta as a result of which a portion of utetisgue calledleciduais detached and passes
out at birth. Therefore it causes tearing of tisstrem the uterine wall and extensive
haemorrhage. E.g. man, rabbit, dog, cat and mdseaihammals.

Contradeciduate. The degree of contact between foetal and matersgld is same as in
deciduate type but at the time of birth the mateana even the foetal part of the placenta is
retained to provide nourishment. ETglpa(mole),Parameles

. Based on Distribution of Villi.

Diffused. Villi distributed evenly all over the surface ofetlthorion. E.g. ungulates (horse,
pig).

Cotyledonary. Villi distributed in the form of isolated patchds.g. ruminants (sheep, cow).
Zonary. Villi arranged in definite transverse bands odlgis. E.g. carnivores (cat, dog, lion).
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4. Discoidal. Villi confined to one (monodiscoidal) or two (bétioidal) disc-like areas. E.g. rat,
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3.2.2.Functions of Placenta.

1.

Filtration and transfer. The placenta receives nutrients, oxygen, antiboales hormones
from the mother's blood and passes out wasterrtid@ barrier, the placental barrier, which
filters out some substances which could harm thesféMany substances are not filtered out,
however, including alcohol and some chemicals aasat with smoking cigarettes. Several
types of viruses, such as Human Cytomegalovirug; also cross this barrier; this often
leads to various degrees of birth defects in tfenin

Metabolic and endocrine activity. In addition to the transfer of gases and nutrietits,
placenta also has metabolic and endocrine actiltitproduces, amongst other hormones,
progesterone, which is important in maintaining gnegnancy; somatomammotropin (also
known as placental lactogen),

which acts to increase the amount of glucose gidslin the maternal blood; oestrogen;

relaxin, and  human chorionic gonadotrophin HCGisTlasults in increased transfer of these
nutrients to the fetus and is also the main casthe increased blood sugar levels seen in
pregnancy.

After delivery. When the fetus is delivered, the placenta is dedefterwards (and for this
reason is often called tredterbirth ). After delivery of the placenta the umbilical dois
usually clamped and severed or may be left attathéal off naturally which is referred to
as a Lotus Birth. In most mammalian species, theherobites through the cord and
consumes the placenta, primarily for the benefipafstaglandin on the uterus after birth.
This is known agplacentophagy The site of the former umbilical cord attachmanthe
center of the front of the abdomen is known asuthéilicus, navel, or belly-button.

3.3.PLACENTA PREVIA

Bleeding may occur at various times in pregna@dthough it is alarming, it may or may

not be a serious complication. The time of bleedmthe pregnancy, the amount and whether or
not there is pain may vary depending on the caBieeding in the first trimester of pregnancy is
qguite common and may be due to implantation of phecenta in the uterus, miscarriage
(pregnancy loss), ectopic pregnancy (pregnanchenfallopian tube), gestational trophoblastic
disease (a rare condition that may be cancerowsich a grape-like mass of fetal and placental
tissues develops) or infection. Bleeding in lategorancy (after about 20 weeks) may be due to
placenta previa (placenta is near or covers the cervical openmgplacental abruption
(placenta detaches prematurely from the uterus).
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Placenta previa is a condition in which the plaaas attached close to or covering the
cervix. Placenta previa occurs in about one in &0 live births. There are three types of

Foetus

' Endometrium =
Placenta

Umbilical cord

placenta previa:

1. Total placenta previa- the placenta completely covers the cervix.
2. Partial placenta previa - the placenta is partially over the cervix.
3. Marginal placenta previa - the placenta is near the edge of the cervix.

The cause of placenta previa is unknown, but &ssociated with certain conditions including
the following:

* Women who have scarring of the uterine wall fromvpsus pregnancies.
* Women who have fibroids or other abnormalitieshef titerus.

* Women who have had previous uterine surgeriessarean deliveries.

e Older mothers (over age 35).

» Cigarette smoking.

* Placenta previa in a previous pregnancy.

The greatest risk of placenta previa is bleedorghémorrhage). Bleeding often occurs as
the lower part of the uterus thins during the thirdhester of pregnancy in preparation for
labour. This causes the area of the placenta dneceérvix to bleed. The more of the placenta
that covers the cervical, the greater the riskbfeeding. Other risks include the following:

« Abnormal implantation of the placenta.
» Slowed fetal growth.

e Preterm birth.

* Birth defects.

* Infection after delivery.
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The most common symptom of placenta previeaginal bleedingthat is bright red and
not associated with abdominal tenderness or papeasally in the third trimester of pregnancy.
However, each woman may exhibit different symptoohighe condition or symptoms may
resemble other conditions or medical problems.

Treatment.

Specific treatment for placenta previa will beetstined by a physician based on (a)
pregnancy, overall health, and medical history; €kdent of the condition; (c) ttolerance for
specific medications, procedures, or therapiesréltseno treatment to change the position of the
placenta. Once placenta previa is diagnosed, additiultrasound examinations are often
performed to track its location. It may be necessadeliver the baby, depending on the amount
of bleeding, the gestational age, and conditiotheffoetus. Cesarean delivery is necessary for
most cases of placenta previa. Severe blood logg@gaire a blood transfusion.

3.4 PLACENTAL ABRUPTION

Placental abruption is the premature separatian gécenta from its implantation in the
uterus. Within the placenta are many blood vestels allow the transfer of nutrients to the
foetus from the mother. If the placenta beginsdtach during pregnancy, there is bleeding from
these vessels. The larger the area that detadiegréater the amount of bleeding. Placental
abruption occurs about once in every 120 birthis. diso callecbruptio placenta.

Other than direct trauma to the uterus such asnmotor vehicle accident, the cause of
placental abruption is unknown. It is, however cagsted with certain conditions, including the
following:

* Previous pregnancy with placental abruption.
» Hypertension (high blood pressure).
» Cigarette smoking.
* Multiple pregnancies.
Placental abruption is dangerous because of tek df uncontrolled bleeding

(haemorrhage). Although severe placental abrupsorare, other complications may include
hemorrhage and shock, disseminated vascular cdeguléDIC) - a serious blood clotting
complication, poor blood flow and damage to matieama/or foetal kidneys or brain, stillbirth,
postpartum (after delivery) haemorrhage.
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The most common symptom of placental abruptiodask redvaginal bleeding with
pain during the third trimester of pregnancy. kaakan occur during labour. However, each
woman may experience symptoms differently. Symptamey include vaginal bleeding,
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Placenta

Concealed
haemorrhage

Umbilical cord” |

°

Endometriumﬁ

abdominal pain, uterine contractions that do n&xteblood in amniotic fluid, nausea, thirst,
faint feeling and decreased foetal movements.

The diagnosis of placental abruption is usuallgenby the symptoms and the amount of
bleeding and pain. Ultrasound may also be usechdwv ghe location of the bleeding and to
check the foetus. There are three grades of plakcantuption, including the following:

Grade 1 - small amount of vaginal bleeding and some ugedantractions, no signs of foetal
distress or low blood pressure in the mother.

Grade 2 - mild to moderate amount of bleeding, uterinet@mstions, the foetal heart rate may
shows signs of distress.

Grade 3 - moderate to severe bleeding or concealed (h)daeeding, uterine contractions that
do not relax (called tetany), abdominal pain, Idaod pressure, foetal death.

Sometimes placental abruption is not diagnosed afier delivery, when an area of
clotted blood is found behind the placenta.
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Treatment.

Specific treatment for placental abruption will deetermined by a physician based on (a)
pregnancy, overall health, and medical history; €kdent of the condition; (c) ttolerance for
specific medications, procedures, or therapiesrdigeno treatment to stop placental abruption
or reattach the placenta. Once placental abrupgiailagnosed, a woman’s care depends on the
amount of bleeding, the gestational age and camditif the foetus. Vaginal delivery is still
possible when placental abruption occurs, howeeengrgent caesarean delivery may be
necessary if severe hemorrhage or foetal heartratatities occur. Severe blood loss may
require a blood transfusion.

4.0 BIRTH CONTROL METHODS

All women and men should have control over if andew they become parents. Making
decisions about birth control, or contraceptiomat easy— there are many things to think
about. Learning about birth control methods cantagaevent pregnancy and talking with a
doctor are two good ways to get started. Thereoisbest” method of birth control. Each
method has its own pros and cons. Some methods beattér than others do at preventing
pregnancy. Researchers are always working to dealonprove birth control methods.

It must be noted that no method of birth contr@vants pregnancy all of the time. Birth
control methods can fail, but a couple can greaityease a method’s success rate by using it
correctly all of the time. The only way to be swemen never get pregnant is to not have sex
(abstinencg. There are many methods of birth control thatoanan can use. Most birth control
does NOT protect from HIV or other sexually tranged diseases (STDs) likgonorrhea
herpes andchlamydia Other than not having sex, the best protectiairsg STDs and HIV is
the male latex condom. The female condom may giveesSTD protection. Here is a list of
birth control methods with estimates of effectivesieor how well they work in preventing
pregnancy when used correctly, for each method:

1. Continuous Abstinence— This means not having sexual intercourse atteng. It is the
only sure way to prevent pregnancy and protectsg&ilV and other STDs. This method is
100% effective at preventing pregnancy and STDs.

2. Periodic Abstinence or Fertility Awareness Methods— A woman who has a regular
menstrual cycle has about seven or more fertiles daydays when she is able to get
pregnant, each month. Periodic abstinence meahshiado not have sex on the days that
she may be fertile. These fertile days are apprateiy 5 days before ovulation, the day of
ovulation, and one or more days after ovulatiorntilig awareness means that she can be
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abstinent or have sex but use a “barrier” methobimh control to keep sperm from getting

to the egg. Barrier methods include condoms, degs, or cervical caps, used together
with spermicides, which kill sperm. These methods & to 99% effective at preventing

pregnancy.

. The Male Condom— Condoms are called barrier methods of birth roditecause they put
up a block, or barrier, which keeps the sperm frogaching the egg. Only latex or
polyurethane (because some people are allergate®)lcondoms are proven to help protect
against STDs, including HIV. "Natural” or “lambskinondoms made from animal products
also are available, but lambskin condoms are remimenended for STD prevention because
they have tiny pores that may allow for the passafgeiruses like HIV, hepatitis B and
herpes. Male condoms are 84 to 98% effective atemteng pregnancy.

. Oral Contraceptives — Also called “the pill,” contains the hormonestregen and
progesterone and is available in different hormadosages. A pill is taken daily to block the
release of eggs from the ovaries. Oral contraceptiighten the flow of period and can
reduce the risk of pelvic inflammatory disease (RPl@varian cancer, benign ovarian cysts,
endometrial cancer, and iron deficiency anemialoks not protect against STDs or HIV.
The pill may add to risk of heart disease, inclgdimgh blood pressure, blood clots, and
blockage of the arteries, especially if a woman lssnd/omen over the age of 35 smoke, or
have a history of blood clots or breast, livereadometrial cancer, they are advised not to
take the pill. The pill is 95 to 99.9% effectivepaeventing pregnancy. Some antibiotics may
reduce the effectiveness of the pill in some women.

. The Mini-Pill — Unlike the pill, the mini-pill only has one hoome, progesterone, instead of
both estrogen and progesterone. Taken daily, theprli thickens cervical mucus to prevent
sperm from reaching the egg. It also prevents @lifed egg from implanting in the uterus
(womb). The mini-pill also can decrease the flowpefriod and protect against PID and
ovarian and endometrial cancer. Mothers who breadttan use it because it will not affect
their milk supply. The mini-pill is a good optioarfwomen who can’t take estrogen, are over
35, or have a risk of blood clots. The mini-pilledonot protect against STDs or HIV. Mini-
pills are 92 to 99.9% effective at preventing peawy if used correctly.

. Copper T IUD (Intrauterine Device) — An IUD is a small device that is shaped in tberf

of a “T.” An expert gynaecologist places it insithe uterus. The arms of the Copper T IUD
contain some copper, which stops fertilization lbgventing sperm from making their way
up through the uterus into the fallopian tubesfeHtilization does occur, the IUD would

prevent the fertilized egg from implanting in theinng of the uterus. The Copper T IUD can
stay in uterus for up to 12 years. It does notgmoagainst STDs or HIV. This IUD is 99%

effective at preventing pregnancy.
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7.

10.

11.

12.

Progestasert IUD (Intrauterine Device)-This IUD is a small plastic T- shaped device that
is placed inside the uterus by a doctor. It comstaime hormone progesterone, the same
hormone produced by a woman’s ovaries during thenthtpy menstrual cycle. The
progesterone causes the cervical mucus to thickesperm cannot reach the egg, and it
changes the lining of the uterus so that a feetllizgg cannot successfully implant. The
Progestasert IUD can stay in uterus for one yehis TUD is 98% effective at preventing
pregnancy.

Intrauterine System or IUS (Mirena) — The IUS is a small T-shaped device like the 1UD
and is placed inside the uterus by a doctor. Eaghitlreleases a small amount of a hormone
similar to progesterone called levonorgestrel teises the cervical mucus to thicken so
sperm cannot reach the egg. The IUS stays in uferugp to 5 years. It does not protect
against STDs or HIV. The IUS is 99% effective. TReod and Drug Administration
approved this method in December 2000.

The Female Condom- Worn by the woman, this barrier method keepsmnsgeom getting
into her body. It is made of polyurethane, is pagedawith a lubricant, and may protect
against STDs, including HIV. It can be insertedta®4 hours prior to sexual intercourse.
Female condoms are 79 to 95% effective at prevgmiiegnancy. There is only one kind of
female condom, calle@eality.

Depo-Provera— With this method women get injections of therhone progesterone in the
buttocks or arm every 3 months. It does not praageinst STDs or HIV. Women should not
use Depo-Provera for more than 2 years in a rovauseit can cause a temporary loss of
bone density that increases the longer this methoded. The bone does start to grow after
this method is stopped, but it may increase tHeafdracture and osteoporosis if used for a
long time. It is 97% effective at preventing pregog

Diaphragm, Cervical Cap or Shield— These are barrier methods of birth control, whbe
sperm are blocked from entering the cervix andhiegcthe egg. The diaphragm is shaped
like a shallow latex cup. The cervical cap is antblie-shaped latex cup. The cervical shield
is a silicone cup that has a one-way valve thaatesesuction and helps it fit against the
cervix. Before sexual intercourse, they are layewét spermicide (to block or kill sperm)
and placed up inside the vagina to cover the cdthix opening of womb). The diaphragm is
84 to 94% effective at preventing pregnancy. Thevical cap is 84 to 91% effective at
preventing pregnancy for women who have not hatild and 68 to 74% for women who
have had a child. The cervical shield is 85% effectat preventing pregnancy. Barrier
methods must be left in place for 6 to 8 hoursrafigercourse to prevent pregnancy and
removed by 24 hours for the diaphragm and 48 fpracal shield.

Contraceptive Sponge- This is a barrier method of birth control thaaswe-approved by
the Food and Drug Administration in 2005. It isadtsdisk shaped device, with a loop for
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14.

15.

16.

17

removal. It is made out of polyurethane foam andta@ios the spermicide nonoxynol-9.
Before intercourse, the sponge is made wet anc plaloop side down, up inside the vagina
to cover the cervix. The sponge is 84 to 91% effecat preventing pregnancy in women
who have not had a child and 68 to 80% for women Wave had a child. The sponge is
effective for more than one act of intercourseupr24 hours. It needs to be left in for at least
six hours after intercourse to prevent pregnandyranst be removed within 30 hours after it
is inserted. There is a risk of getting Toxic Shegkdrome or TSS if the sponge is left in for
more than 30 hours. The sponge does not protestsadal Ds or HIV.

The Patch (Ortho Evra) —This is a skin patch worn on the lower abdomarttoleks, or
upper body. It releases the hormones progestenotheestrogen into the bloodstream. One
may put on a new patch once a week for three wealdthen do not wear a patch during
the fourth week in order to have a menstrual peridte patch is 98 to 99% effective at
preventing pregnancy, but appears to be less sftect women who weigh more than 198
pounds. It does not protect against STDs or HIV.

The Hormonal Vaginal Contraceptive Ring (NuvaRing)— The NuvaRing is a ring that
releases the hormones progesterone and estrogensdiueezed between the thumb and
index finger and inserted into the vagina. One mvagr the ring for three weeks, take it out
for the week to have period, and then put in a neg. The ring is 98 to 99% effective at
preventing pregnancy. This birth control methochad recommended while breastfeeding
because the hormone estrogen may decrease brdaptrodiuction.

Surgical Sterilization (Tubal Ligation or Vasectomy) — These surgical methods are meant
for people who want a permanent method of birthtrobnin other words, they never want to
have a child or they do not want more children. dldigation or “tying tubes” is done on the
woman to stop eggs from going down to her uterusrevkthey can be fertilized. The man has
a vasectomy to keep sperm from going to his peaid)is ejaculate never has any sperm in
it. They are 99.9% effective at preventing pregiyanc

Nonsurgical Sterilization (Essure Permanent Birth @ntrol System) — This is the first
non-surgical method of sterilizing women. A thirbéuis used to thread a tiny spring-like
device through the vagina and uterus into eaclodalh tube. Flexible coils temporarily
anchor it inside the fallopian tube. A Dacron-likeesh material embedded in the coils
irritates the lining of the fallopian tubes to causcar tissue to grow and eventually
permanently plug the tubes. It can take about threeths for the scar tissue to grow, so it is
important to use another form of birth control digrthis time. Essure has been shown to be
99.8 % effective in preventing pregnancy.

. Emergency Contraception— This is not a regular method of birth controtiamould never

be used as one. Emergency contraception, or enwrderth control, is used to keep a
woman from getting pregnant when she has had usgsat vaginal intercourse. Emergency
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contraception consists of taking two doses of horahpills taken 12 hours apart and started
within three days after having unprotected sex.s€hare sometimes wrongly called the
“morning after pill.” The pills are 75 to 89% eftae at preventing pregnancy. Another type
of emergency contraception is having the CoppddD put into uterus within seven days of

unprotected sex. This method is 99.9% effectiveratenting pregnancy. Neither method of
emergency contraception protects against STDs @r Hl

4.1 INFERTILITY

Most experts define infertility as not being abdeget pregnant after at least one year of
trying. Women who are able to get pregnant but tiere repeat miscarriages are also said to be
infertile. Infertility is not always a woman's piein. In only about one-third of cases is
infertility due to woman (female factors). In anettone third of cases, infertility is due to man
(male factors). The remaining cases are causedmixtare of male and female factors or by
unknown factors. Pregnancy is the result of a cemphain of events. In order to get pregnant:

* A woman must release an egg from one of her ovéoiadation).

* The egg must go through a fallopian tube towarditeeus (womb).

* A man’s sperm must join with (fertilize) the eggd the way.

» The fertilized egg must attach to the inside ofuterus (implantation).
Infertility can result from problems that interfexdth any of these steps.

Male Infertility.
Infertility in men is most often caused by:

1. Problems making sperm; producing too few spermooerat all

2. Problems with the sperm's ability to reach the agg fertilize it; abnormal sperm shape or
structure prevent it from moving correctly

3. Sometimes a man is born with the problems thattffes sperm. Other times problems start
later in life due to illness or injury. For exampleystic fibrosis often causes infertility in
men.

Female Infertility.

Infertility in men is most often caused by:

1. Problems with ovulation account for most casestdrtility in women. Without ovulation,
there are no eggs to be fertilized. Some signsalaman is not ovulating normally include

irregular or absent menstrual periods.
2. Less common causes of fertility problems in wonreshude:
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3. Blocked fallopian tubes due to pelvic inflammatdigease, endometriosis, or surgery for an
ectopic pregnancy

4. Physical problems with the uterus

5. Uterine fibroids

6. Affect of female’s age.
More and more women are waiting until their 30s 46d to have children. Actually, about

20 percent of women now have their first child aeige 35. So age is an increasingly common
cause of fertility problems. About one third of ptes in which the woman is over 35 have
fertility problems. Aging decreases a woman's charf having a baby in the following ways:

(i) The ability of a woman's ovaries to release eggdyéor fertilization declines with age.
(i) The health of a woman's eggs declines with age.
(i) As a woman ages she is more likely to have healtiblpms that can interfere with
fertility.
(iv) As a women ages, her risk of having a miscarriageeases.
Some health issues also increase the risk ofifgrgfoblems. So women with the following

issues should speak to their doctors as soon agfhpms

* Irregular periods or no menstrual periods.
* Very painful periods.

* Endometriosis.

* Pelvic inflammatory disease.

* More than one miscarriage.

Combined Infertility.

In some cases, both the man and woman may beilefertsub-fertile, and the couple’s
infertility arises from the combination of thesenddions. In other cases, the cause is suspected
to be immunological or genetic; it may be that eaehtner is independently fertile but the
couple cannot conceive together without assistance.

Unexplained Infertility.

In about 15% of cases the infertility investigatiill show no abnormalities. In these
cases abnormalities are likely to be present butdetected by current methods. Possible
problems could be that the egg is not releaseteabptimum time for fertilization, that it may
not enter the fallopian tube, sperm may not be &bleeach the egg, fertilization may fail to
occur, transport of the zygote may be disturbed,ingplantation fails. It is increasingly
recognized that egg quality is of critical importarand women of advanced maternal age have
eggs of reduced capacity for normal and successtfilization.
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4.2 Treatment.

Infertility can be treated with medicine, surgemgtificial insemination or assisted
reproductive technology. Many times these treatmere combined. About two-thirds of
couples that are treated for infertility are aldenaive a baby. In most cases infertility is treated
with drugs or surgery. Doctors recommend specigatments for infertility based on (a) test
results, (b) how long the couple has been tryingebpregnant, (c) the age of both the man and
woman, (d) the overall health of the partners, @)greference of the partners.

4.1.2. Treatment of Male Infertility.

» Sexual problems:If the man is impotent or has problems with prameatejaculation,
doctors can help him address these issues. Behhtta@rapy and/or medicines can be used
in these cases.

» Too few sperm: If the man produces too few sperm, sometimes syrgan correct this
problem. In other cases, doctors can surgicallyokarsperm from the male reproductive
tract. Antibiotics can also be used to clear upgatibns affecting sperm count.

4.1.3.Treatment of Female Infertility.

* Intrauterine insemination (lUI) is another type of treatment for infertilityJl is known by
most people as artificial insemination. In thisqgagdure, the woman is injected with specially
prepared sperm. Some common medicines used tartfedtlity in women include:

* Clomiphene citrate (Clomid): This medicine causes ovulation by acting on thaitary
gland. It is often used in women who have Polycy§ivarian Syndrome (PCOS) or other
problems with ovulation. This medicine is takenrbguth.

* Human menopausal gonadotropin or hMG Repronex, Pergonal): This medicine is often
used for women who don't ovulate due to problenth wheir pituitary gland. hMG acts
directly on the ovaries to stimulate ovulationisiain injected medicine.

* Follicle-stimulating hormone or FSH Gonal-F, Follistim): FSH works much like hMG. It
causes the ovaries to begin the process of ovaolalisese medicines are usually injected.

» Gonadotropin-releasing hormone (Gn-RH) analog:These medicines are often used for
women who don't ovulate regularly each month. Womka ovulate before the egg is ready
can also use these medicines. Gn-RH analogs atteopituitary gland to change when the
body ovulates. These medicines are usually injeategiven with a nasal spray.

» Metformin ( Glucophage): Doctors use this medicine for women who have ing@lsistance
and/or Polycystic Ovarian Syndrome (PCOS). Thigydrelps lower the high levels of male
hormones in women with these conditions. This hehes body to ovulate. Sometimes
clomiphene citrate or FSH is combined with metferniihis medicine is usually taken by
mouth.

» Bromocriptine (Parlodel): This medicine is used for women with ovulationlpeons due to
high levels of prolactin. Prolactin is a hormonattbauses milk production.
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4. 3 Prevention of Infertility.

A. Male Infertility. Some cases of male infertility may be avoided bipng the following:

Avoid drugs and medications known to cause feytiptoblems, like steriods and some
antifungal medications.

Avoid excessive exercise.

Avoid exposure to environmental hazards such atscppbss.

Avoid frequent hot baths or use of hot tubs.

Avoid tight underwear or pants.

Eat a diet with adequate folic acid, and vitaminard zinc loaded food.

Get early treatment for sexually transmitted dissas

Have regular physical examinations to detect esiggs of infections or abnormalities.
Keep diseases, such as diabetes and hypothyroidigter control.

Practice safer sex to avoid sexually transmittseases.

Take a lycopene supplement.

Wear protection over the scrotum during athletiivaees.

B. Female Infertility. Some cases of female infertility may be preventethking the following
steps:

Avoid excessive exercise.

Avoid smoking.

Control diseases such as diabetes and hypothymoidis

Follow good weight management guidelines.

Get early treatment for sexually transmitted dissas

Have regular physical examinations to detect esiggs of infections or abnormalities.
Limit caffeine and alcohol intake.

Use birth control to prevent unwanted pregnancyabuattions.

Assisted Reproductive Technology.

Assisted reproductive technology (ART) is a terhatt describes several different

methods used to help infertile couples. ART invelvemoving eggs from a woman's body,
mixing them with sperm in the laboratory and pujtthe embryos back into a woman’s body.
ART can be expensive and time-consuming. But itdllsved many couples to have children
that otherwise would not have been conceived. Tlostrsommon complication of ART is
multiple foetuses. Common methods of ART include:

1.

In vitro fertilization (IVF) means fertilization outside of the body. IVF ig timost effective

ART. It is often used when a woman's fallopian tubee blocked or when a man produces
too few sperm. Doctors treat the woman with a diteg causes the ovaries to produce
multiple eggs. Once mature, the eggs are remowea fihe woman. They are put in a dish in
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the lab along with the man's sperm for fertilizatié\fter 3 to 5 days, healthy embryos are
implanted in the woman's uterus.

2. Zygote intrafallopian transfer (ZIFT) or Tubal Embryo Transfer is similar to IVF.
Fertilization occurs in the laboratory. Then theaywgoung embryo is transferred to the
fallopian tube instead of the uterus.

3. Gamete intrafallopian transfer (GIFT) involves transferring eggs and sperm into the
woman's fallopian tube. So fertilization occurstie woman's body. Few practices offer
GIFT as an option.

4. Intracytoplasmic sperm injection (ICSI) is often used for couples in which there are
serious problems with the sperm. Sometimes itgs alsed for older couples or for those
with failed IVF attempts. In ICSI, a single spermimnjected into a mature egg. Then the
embryo is transferred to the uterus or fallopidretu

4.3 ARTIFICIAL INSEMINATION

In humans, artificial insemination is usually atpafrinfertility treatment; either the woman'’s
partner's sperm (artificial insemination by husba®dH) or donor sperm (artificial
insemination by donotAID) can be used. Earlier, a popular form of artificrsemination
was AIC, in which the sperm of the husband andredavere mixed. The advantage of this
procedure was that it could not be conclusivelyestdhat the husband was not the father of
the child. The woman’s menstrual cycle is closddgerved, using ovulation kits, ultrasounds
or blood tests. When an ovum is released, semem drdonor is inserted into her body. Just
as with in vitro fertilization, the male donor iscommended not to ejaculate for a few days
before the procedure. This is to ensure a highemsount. After the donation the sperm
must immediately be “washed” in a laboratory. Thecpss of “washing” the sperm
increases the chances of fertilization and remawgschemicals in the semen that may cause
discomfort for the woman. A chemical is added te #perm that will separate the most
active sperm in the sample. If the procedure isassgful, she conceives and bears to term a
baby as normal, making her both the genetic anthty@sal mother.

Of course, there are various gradations of treatjeermd more technical procedures are
sometimes needed. For example, semen can be ohjeaotectly into a woman’s uterus to
improve the chance of conception in a processdaliigauterine insemination.
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4.4. IN-VITRO FERTILIZATION (IVF)

In vitro fertilization is a medical technique which a woman’s egg is placed with her
husband’s sperm in a laboratory environment to jatenfiertilization. The result is a so-called
test-tube baby The first IVF baby in the world was born on J@ly of 1978 at Bourne Hall, in
Cambridge, England, namedouise Brown. Subhash Mukhopadhyay became the first
physician inindia, and the second in the world afféteptoeandEdwards, to performin vitro
fertilization resulting in a test tube babyirga (aliasKanupriya Agarwal) on October 3, 1978.
Facing social ostracism, bureaucratic negligeneprimand and insult instead of recognition
from the Marxist West Bengal government and refa$ghe Government of India to allow him
to attend international conferences, he committgcide in his Calcutta residence in 1981.

Initially IVF was developed to overcome infertjlilue to problems of the fallopian tube,
but it turned out that it was successful in manheotinfertility situations as well. The
introduction of intracytoplasmic sperm injection (ICSl) addresses the problem of male
infertility to a large extent. Thus, for IVF to Beiccessful it may be easier to say that it requires
healthy ova, sperm that can fertilize, and a utdrascan maintain a pregnancy.

IVF Technique. The main medical techniques of in vitro fertilipat are:

An egg (ovum or oocyte) is taken from the ovariethe mother.

It is then placed with the sperm of the husbana leboratory test tube.

The fertilized egg is transferred to the uteruthefmother, usually 2 or 3 days later.

In 9 months, the delivery of a healthy baby, atebe baby occurs.

The fertilization rates of 70-80% are currentlyrgeachieved, with healthy pregnancies and
deliveries. These advanced fertility treatments raneor outpatient procedures and do not

involve hospitalization. The cost is between $3,808 $10,000.

PwnhE

Variations.

The mother usually undergoes ovarian stimulatianafeveek with fertility medications
so that several mature eggs develop. In order termée the best time to stop the fertility
medications and recover the eggs, ultrasound exdions and blood tests are performed.

* GIFT (Gamete Intra-Fallopian Transfer), is to place the eggs and sperm into the wife’s
fallopian tubes directly, instead of in a laborgttest tube.

* ICSI (Intra-Cytoplasmic Sperm Injection), it is a micromanipulation technique to help
achieve fertilization for couples with severe mtletor infertility, in which sperm counts or
motility are low but there are enough to allowifezdtion in the laboratory: The semen sample
is prepared by centrifuging (spinning the sperntscéllrough a special medium), to separate
live sperm from debris and death sperm. Then, tloeomanipulation specialist picks up the
single live sperm in a glass needle and injeagéctly into the egg in the laboratory.
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Who can benefit of the IVF?

1. Women with problems in the uterus: Endometriosidyps, malformations, amenorrhea.

2. Problems in the ovaries: Polycystic ovarian syndrpatvanced female age with egg quality
problems.

3. Women with problems in the fallopian tubes, or tulation, or block due to infections,

scars, tumors, congenital.

Genetic diseases that result in miscarriage orrabaidirths.

Men with vasectomy (ligation of the tube from tlesticle to the prostate), or with problems

of the tubes due to infections, tumors, scarspagenital, not solved surgically.

A male with low sperm counts or motility.

Infertility secondary to sperm antibodies.

Unexplained infertility that has not responded tioeo treatments.
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Complications.

The major complication of IVF is the risk of muligpbirths. This is directly related to the
practice of transferring multiple embryos at embtyansfer. Multiple births are related to
increased risk of pregnancy loss, obstetrical carapbns, prematurity, and neonatal morbidity
with the potential for long term damagdgpontaneous splittingof embryos in the womb after
transfer does occur, but is rare and would |leadi¢atical twins. Recent evidence suggest that
singleton offspring after IVF is at higher risk ftower birth weight for unknown reasons.
Another risk of ovarian stimulation is the develaprofovarian hyperstimulation syndrome
If the underlying infertility is related to abnorfitees in spermatogenesis, it is plausible, but too
early to examine that male offspring is at highsk for sperm abnormalities

Social Problems.

(i) If the egg is taken from a woman different of thd#ewthe baby born has no hereditary
characteristics of the wife, but those of the womdio donated the egg, even if the embryo
is placed in the uterus of the wife, and the wigdivetrs him. This procedure is against the
ethics. It is like the husband having a child franother woman, but without sex.

(i) If the semen is taken from a man different thanhirgband, the child will have no hereditary
characteristics of the husband, but of the one ddmated the sperm. This is also against the
ethics. It is a wife having a baby from another piart without sex.

(iii) If the egg is from the wife and the sperm from llnsband, and the uterus used is the one of
another woman, the hereditary characteristics efcthild will be those of the husband and
wife, and none of the woman who had the pregnandydelivered the baby. This procedure
goes along with the ethics, though the surrogatinenonay feel the baby is hers.
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5.0 CONCLUSION

In this unit you learnt about the embryonic membrand placental processes and function in
embryo development.Also, birth control and childHpiinfertility in bothmale and
female,artificial insemination and invitro fertiéiion.

SUMMARY

The extraembryonic membranes or foetal membranesfamed of embryonic tissue, the
trophoblast that lies outside the embryo. The embryos of atesjoi.e. reptiles, birds and
mammals produce four extraembryonic membranes, atfm@ion, yolk sag chorion and
allantois. In birds and most reptiles, the embryo with ksr@&embryonic membranes develops
within a shelled egg. With these four membranes, dbveloping embryo is able to carry on
essential metabolism while sealed within the egg.

This organic connection between the foetus andingewall is called agplacenta which
develops at the point of implantation. It is formetl both foetal and maternal tissues; the
allantois gives rise to umbilical cord which contiblood vessels connecting foetus and
placenta.

All women and men should have control over if andew they become parents. Making

decisions about birth control, or contraceptionas easy— there are many things to think about.
Learning about birth control methods can use tegmepregnancy and talking with a doctor are
two good ways to get started. Some other methadiacussed in the unit.

7.0 TUTOR-MARKED ASSIGNMENT

1Explain and describe the structure of embryonimbrane.

2 Explain the structure and function of placenta

3 Which method and treatment is suggest for infigrtin male and female

4 How can you control birth?
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