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FOREWORD 

 
This course has been designed for fulfilling the content expertise of prospectus teachers 

who will be enrolled in B.Ed 4 Year or B.Ed 2.5 Year in Allama Iqbal Open University. 

This book is very useful for making up the need of the advance content for students and 

teachers. This book will be helpful to reduce the controversy that what type of 

knowledge, skills and values Science teachers need.  Some teachers need more content 

knowledge whereas some science teachers want to enhance the knowledge. Further 

Scientific knowledge is expanding at very high speed. This is the era of scientific 

innovation and creations. Innovations and creations need skillful technologies. Allama 

Iqbal Open University and Science Education Department has promised to maintain the 

quality and acceptability. This book is one of those series of books which will enable the 

teachers to cope with changing needs of the society and students. 

 

The focus of this book is to provide with best knowledge, skills and content in the subject 

of biological sciences. With the help of this book science students can explore the natural 

world, maintain their health by avoiding the diseases and discover new dimensions in the 

field of Bio-sciences. Keeping in view the qualitative aspect of education and an 

increasing demand of science teachers, stress is laid upon science content as well as 

strengthening their professional skills and knowledge. The elements of motivation and 

love are also considered.    

 

We welcome suggestions and comments for improvements from the readers, teachers and 

public at large for the improvement of this course. 

 

 

 

 Prof. Dr. Nasir Mahmood 

 Chairman  

 Science Education Department 
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PREFACE 

 
Though there are lot of books available in market, but there is no book which fulfills the 

requirements of University’s approved outlines. Some cover one area of content while 

other covers another area. In this way there would be a lot of financial burden and 

dispersed focus. 

 

Further AIOU has its own requirement either to provide compiled material or text book. 

This book is one of those series for coverage of content area requirement for B.Ed 4 Year 

and B.Ed 2.5 Year in the field of Biology. 

 

This book is written as per prescribed procedure of book development. After approval of 

content from all statuary bodies, approval for starting development of this book was 

sought. Then selection of writers and reviewers was completed. Time and again 

reminders to Unit writers and telephonic conversation were done with the writers to 

expedite the process of writing and review. In spite of very tedious work of writers and 

reviewers, coordinators had to look into everything i.e.  format, self-assessment exercises, 

alignment of the content and addition of some essential things and removal of irreverent 

things.  

 

Great stress has been laid in making the course to facilitate prospectus, in service and pre-

service teachers for content knowledge regarding Biology. The course is equipped with 

illustrations for better understanding of the reader. Each unit is equipped with necessary 

illustrations, activities and self-assessment exercises. 

 

It is hoped that this book will prove best for the content knowledge regarding Biology. 

 

 

  Arshad Mehmood Qamar 

  Course Development Coordinator 
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INTRODUCTION OF THE COURSE 

 
Due to globalizations and frequent expanding knowledge the challenges for teaching and 

learning are emerging at faster rate as compared to past.  Content Knowledge and how 

content knowledge is delivered to the learner are both equally important for researchers 

and society. Demands of society regarding education of their children are very high. 

These demands can be fulfilled by equipping the teachers with high level content 

knowledge along with modern and tested teaching methods and technologies. 

 

With the developed of world, paradigm has been shifted from traditional to most modern 

teaching and learning methodologies. The focus of this course is to reinforce and enhance 

the content knowledge of the perspective teachers in the subject of Biology so that they 

may teach the science students with best of their capabilities to the science students. 

 

In first Unit, students will learn about Place of Zoology in Science. Here genetic unity 

and fundamental Unit of life, evolutionary oneness and diversity of life are described in a 

best way. Further you will learn about environment and world resources, classification of 

animals and scientific method. 

 

Second Unit is about Chemical Basis of Animal Life, which is further explained by 

subheadings of atoms and elements: building blocks of all matter, compounds and 

molecules, acids, basis and buffers, fractional account of carbohydrates, lipids, and 

proteins. The reader will be able to have understanding regarding these concepts in this 

book. 

 

Third Unit is of universal nature in a sense that all students start reading about concepts 

of cell and cell organelles from primary classes. Here you will found comprehensive 

detail of functions and structure of cell organelles, nucleus, tissues and organ systems in 

animals. 

 

Energy is an agent which is driving the life and life processes, but for the regulation of 

energy some other agents are necessary. They are called enzymes. In this unit structure 

and action of enzymes, factors affecting enzymes action, energy and laws of energy, 

enzymes inhibition and classification of enzymes are presented in this unit. 

 

For the production and control of energy lot of processes are involved like 

Photosynthesis, respiration and its types. Water, carbon dioxide, light and enzymes play a 
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vital role for these processes. There are other sources like carbohydrates, fats and proteins 

for the production of ATP. You will learn all about these in unit-5.  

 

Ecology is the study of relationship and interaction of living things (animals) with their 

environment. Populations, population growth and interactions are discussed in Ecology-I 

individuals and Populations. In second part of this unit Communities and Ecosystems are 

described in a very comprehensive way.  

 

Life processes are going on, growth of the body leads to destruction of older cells and 

development of new cells. Further new cells help in growth of the body and reproduction 

of the organisms. There are two type of processes involved in cell division viz; mitosis 

and meiosis. In unit seven all about cell division is discussed. 

 

How characteristics are transferred from parents to offspring is very interesting for 

biology readers to read inheritance patterns, chromosomes and DNA. Unit eight contains 

information about genetics, Chromosomes, genes and cellular control in genetics.  

 

In this book ninth unit is animal behaviours where text about approaches to animal 

behaviour, anthropomorphism, development of behaviours, communication, behavioural 

ecology and social behaviours is given.  

 

This course has been approved by different statuary bodies and is equally important for 

B.Ed 4 Year and B.Ed 2.5 Year in Science Education.  

 

This course is quite comprehensive and is not only useful resource for B.Ed graduates but 

also useful for the students of BS Biology, teachers, coordinators and working science 

teachers. 

 

 Arshad Mehmood Qamar 

 Lecturer 

 Course Development Coordinator 

 

  



ix 

 

OBJECTIVES OF THE COURSE 

 
After completing this course, you will be able to: 

1. Recognize the concept and status of Zoology in life Sciences. 

2. Explain the common processes of life through its Chemical, Biological and 

Molecular process. 

3. Describe the structures and function of cell organelles and how common animal 

cell diversified in various tissues, organs and organ systems. 

4. Elaborate the Biochemical mechanism eventually generating energy for animal 

work.  

5. Describe animals and their relationship with their environment. 

6. Enumerate factors affecting or necessary for life sustainability. 

7. Define the cell division and discuss its significance in cell cycle. 

8. Explain the concepts and mechanisms of inheritance pattern, chromosomes and 

gene linkage and molecular basis of genetics. 

9. Explore the animal behaviors and communication in animals. 

10. Live a healthy life by preserving environment and avoiding environmental hazards. 
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Introduction 

 
Zoology or animal biology is the branch of biology that studies about the animal 

kingdom, including its  structure, embryology, evolution, classification, habits and the 

distribution of all animals, both living and extinct and their interactions with their 

ecosystem. The word zoology is derived from Ancient Greek (Zoo i.e. "animal" and 

logos, i.e. "knowledge, study”). People who studies about zoology are known as 

Zoologists.  They study about specific species or species group, either in the wild or in 

captivity and their interactions with their environment and ecosystems. They deal with 

their physical characteristics including diet, behavior and the impacts humans have on 

them. Zoology is one of the major branch in all of science because of covering large 

variety as well complex processes occurring within the animals. It is sub-divided into 

many disciplines and zoologists study about structural, functional and environmental 

affects of one or more animal groups or about particular group of animals below: 

Examples about sub-disciplines of zoology 

 

Acarology:  Study of mites and ticks 

Anthrozoology:  Study of interaction between humans and other animals 

Arachnology:  Study of spiders and related animals such as scorpions (arachnids) 

Entomology:  Study of insects e.g; Myrmecology is the study about ants 

Ethology:   Study of animal behavior 

Herpetology:  Study of amphibians and reptiles 

Ichthyology:  Study of fishes 

Malacology:  Study of mollusks 

Mammalogy:  Study of mammals 

Ornithology:  Study of birds 

Parasitology:  Study of parasites, their hosts, and the relationship between them 

Protozoology:  Study of  protozoan, the "animal-like" protists 

Endocrinology:  Study of endocrine systems 

Nematology:  Study of nematodes (roundworms) 

 

Entomology, for example, is the scientific study about insects and entomologists 

(persons who study about insects) work about the structural, functional as well various 

evolutionary aspects of insects. Among 1.3 million species which has been already 

discovered and explained, insects comprised about more than two-third of all known 

organisms, with history of about 400 million years ago and having many interactions with 

humans as well other life forms present on earth. Study about insects is related to all 

human cultures since pre-historic times, basically agriculture field such as biological 

control and bee keeping etc, but the start of scientific study is only from 16th century 

(Figure 1.1). Entomology developments starts rapidly in the 19th and 20th centuries and 

studied by many people, including Charles Darwin, Jean-Henri Fabre,  Karl von Frisch 

who got 1973 Nobel Prize in the field of Physiology or Medicine and two-time Pulitzer 

Prize winner E. O. Wilson and many others as well. Many insects can easily be known by 

their orders such as Hymenoptera which includes bees, wasps, ants or Coleoptera 

https://en.wikipedia.org/wiki/Biology
https://en.wikipedia.org/wiki/Anatomy
https://en.wikipedia.org/wiki/Embryology
https://en.wikipedia.org/wiki/Evolution
https://en.wikipedia.org/wiki/Biological_classification
https://en.wikipedia.org/wiki/Ethology
https://en.wikipedia.org/wiki/Animal
https://en.wikipedia.org/wiki/Extinction
https://en.wikipedia.org/wiki/Ancient_Greek
https://en.wikipedia.org/wiki/Animal
https://en.wikipedia.org/wiki/Culture
https://en.wikipedia.org/wiki/Prehistoric
https://en.wikipedia.org/wiki/Agriculture
https://en.wikipedia.org/wiki/Biological_control
https://en.wikipedia.org/wiki/Biological_control
https://en.wikipedia.org/wiki/Beekeeping
https://en.wikipedia.org/wiki/Scientific
https://en.wikipedia.org/wiki/Charles_Darwin
https://en.wikipedia.org/wiki/Jean-Henri_Fabre
https://en.wikipedia.org/wiki/Karl_von_Frisch
https://en.wikipedia.org/wiki/Nobel_Prize_in_Physiology_or_Medicine
https://en.wikipedia.org/wiki/Pulitzer_Prize
https://en.wikipedia.org/wiki/Pulitzer_Prize
https://en.wikipedia.org/wiki/E._O._Wilson
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including beetles and many others. Some insects could only be identified through genus 

or by species and the use of Identification keys and Monographs such as the insects in 

order other than Lepidoptera (butterflies and moths) are typically identifiable to genus or 

species only through the use of Identification keys and Monographs. Sometimes it 

becomes very difficult even for scientist to separate insects on the basis of their 

characteristics because of having large number of species in Insecta (over 330,000 

species of beetles alone). It leads to the development of automated species identification 

system related to insects. 

 

 
 

Figure 1.1: Plate from the transactions of entomological society. Various kinds of insects 

from entomological society of London in 1833 to save information about insects as well 

for communication purpose among entomologists.  

 

Activity 1: Study about various branches of zoology along with examples in each case. 

 

Objectives 
 

After studying this unit you will be able to: 

i. Understand basics about zoology, its various sub-divisions as well its relation with 

other organism as well animal classification on the basis of various characters. 

ii. Understanding about evolutionary and ecological perspectives and their 

relationship with zoology and arose of animals from ancient world i.e; genetic 

diversity. 

  

https://en.wikipedia.org/wiki/Identification_key
https://en.wikipedia.org/wiki/Monograph
https://en.wikipedia.org/wiki/Lepidoptera
https://en.wikipedia.org/wiki/Butterflies
https://en.wikipedia.org/wiki/Moth
https://en.wikipedia.org/wiki/Identification_key
https://en.wikipedia.org/wiki/Monograph
https://en.wikipedia.org/wiki/Species
https://en.wikipedia.org/wiki/Beetles
https://en.wikipedia.org/wiki/Automated_species_identification
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1.1 One-World View: Genetic Unity 
 

Due to similarity in genetic makeup, genetic unity is present among all the organisms. 

Among all living organisms genetic material is transferred in similar way. Deoxyribose 

nucleic acid (DNA) is the basic fundamental unit of life. All kinds of organisms have 

similar genetic material which is in the form of DNA. It carries genetic code from all 

proteins making up the structural and functional unit of life and then transferred from one 

to next generation. Study of DNA molecule is important to know about various aspects of 

life. It bears hydrogen, oxygen, carbon, nitrogen and phosphoru and controls all activities 

of life (Figure 1.2). The DNA is not only the reason of the genetic continuity of 

organisms, but it is also the source of genetic and physical diversity through the process 

of evolution and mutation. 

 
 

Figure 1.2: Structure of DNA. Double stranded structure of DNA depicting hydrogen, 

oxygen, carbon, nitrogen and phosphorus. 

 

DNA is composed of smaller units called genes which are formed by nucleotides on 

DNA. These genes control all the characteristics of the organisms. All organisms 

including animals have millions of genes controlling various characters. All organisms 

have different genes with almost similar nature. Therefore, they show diversity in their 

characters due to having different genes but similarity in nature is evidence about genetic 

unity.  

 

DNA generates genetic code in the form of triplet nucleotides. This genetic code shows 

expression of genetic characters. Each genetic code is universal and specific for single 

kind of amino acid. Similar genetic code for the same amino acids exists among all 

animals. So, genetic unity is shown in the expression of all genetic characters (Table 1.2). 
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Table 1.2: Genetic code  

 

 
 

Activity 2:   Study about genetic unity of life as well about genetic code. Make DNA 

model showing various nucleotide positions. 

 

1.2 The Fundamental Unit of Life 
 

Cell with the lowest level of organization performs all life activities and is considered as 

the fundamental unit of life. It occupies very important place in the hierarchy of 

biological organization. All the organisms are composed of cells which occur in two 

forms. In either case, the cell is basic unit of structure and function in organisms. 

 

a) Unicellular  

Cell occurs singly as a great variety of unicellular organisms. Organisms having single 

cell are known as unicellular organisms or single-celled organisms. Unicellular 

organisms are sub-divided into two general categories: Prokaryotic organisms are those 

in which membrane-bound organelles, such as mitochondria or a nucleus are absent but 

only some prokaryotes contains irregular region along with DNA, known as the nucleoid 

and Eukaryotic organisms are those that contain membrane bound organelles including 

mitochondria, nucleus and chloroplasts. Single-celled organisms are considered to be the 

oldest kind of life, with early proto-cells almost rising about 3.8-4 billion years ago. 

Transition from Prokaryotic into eukaryotic cells possibly occurred between 2.0-1.4 

billion years ago which was a very important step in evolution, leading towards multi-

cellularity of some eukaryotes into plants, animals and fungi. Compare to prokaryotes, 

eukaryotes reproduce by using the processes of mitosis and meiosis. Meiosis, a true 

sexual process, permits for a greater range of genetic diversity by combining the DNA of 

the parents followed by the method of recombination. Metabolic functions in eukaryotes 

are also more specialized (Figure 1.3). 

 

https://en.wikipedia.org/wiki/Protocell
https://en.wikipedia.org/wiki/Plant
https://en.wikipedia.org/wiki/Animal
https://en.wikipedia.org/wiki/Fungus
https://en.wikipedia.org/wiki/Mitosis
https://en.wikipedia.org/wiki/Meiosis
https://en.wikipedia.org/wiki/Genetic_recombination
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Figure 1.3: Prokaryotic and Eukaryotic cell. Prokaryotes do not have nucleus and 

membrane bound organelles while eukaryotes contains nucleus as well membrane bound 

organelles. 

 

(b) Multicellular 

Organisms that consists of more than one cell are multi-cellular organisms and present in 

the form of subunits of organs as well tissues in animals. About all animals species are 

multicellular with only few organisms having partly uni- and partly multicellularity, like, 

slime molds and social amoebae. Multicellular organisms arise in many ways, for 

example by the process of cell division or by colonial formation of many single cells. 

Colonial organisms are the results of many similar individuals present together forming a 

colony. However, it can often be hard to separate colonial protists from true multi-

cellular organisms, because the two concepts are not different; colonial protists could be 

"pluri-cellular" rather than "multi-cellular”. 

 

Activity 3:   Study about various examples of unicellular and multicellular organisms. 

 

All organisms have similar common origin which is present in the form of simple cell or 

prokaryotes. And all other complex organism has been derived from this simple cell by 

the process of evolution. So, cell is also a unit of evolution. Electron microscope 

explained the study of cells about 50 years ago revealing ultra structure of cell. The 

technique of cell fractionation also used to know about various cell organelles. It 

consists of three main parts such as Cell membrane, cytoplasm and Nucleus (Figure 1.4). 

 

1.  Cell membrane: All cells are packed within the membrane which acts as a barrier 

and regulates the passage of materials in and out of the cell. 

2.  Cytoplasm: It is made up of soluble part called cytosol and many cell organelles in 

it including mitochondria, Golgi bodies, Endoplasmic reticulum etc. These 

organelles may be granular like in the case of ribosome or membranous bound such 

as mitochondria. Membrane bound organelles are absent in prokaryotic cells. 

3.  Nucleus: Cell also contains DNA which acts as a heritable material controlling 

cell’s various activities. DNA is present within the nucleus in eukaryotic cells but 

freely dispersed in the prokaryotic organelles. Cells also vary in size, shape and 

https://en.wikipedia.org/wiki/Organism
https://en.wikipedia.org/wiki/Cell_(biology)
https://en.wikipedia.org/wiki/Animal
https://en.wikipedia.org/wiki/Slime_mold
https://en.wikipedia.org/wiki/Cell_division
https://en.wikipedia.org/wiki/Colonial_organism
https://en.wikipedia.org/wiki/Colony_(biology)
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specific structural basis of life. All cells are highly ordered structures carrying out 

all the important processes necessary for the maintainance of life. Thus, cell is a 

fundamental unit of life (Adoptedrom Biology by Neil. A Campbell).  

 

 
 

Figure 1.4: Cell, basic unit of life. Main parts such as Cell membrane, cytoplasm and 

nucleus. Cell membrane controlling transport of material in and out, cytoplasm bearing 

all cell organelles and nucleus controlling cell’s activities. 

 

1.3 Evolutionary Oneness and the Diversity of Life 
 

Animals are united at all levels because of their evolutionary origin and shared forces that 

influence their history. Because of their relative simplicity and effects on life forms on 

earth, evolutionary processes are very important. It has been resulted in about 4 to 30 

million species of organisms living today. Out of these 1.4 million species have been 

explained, many exists only in the past and have now become extinct. Zoologists must 

understand evolutionary processes if they have to understand about an animal and its 

origin. 

 

1.3.1 Evolutionary processes 

Organic evolution is the change in the genetic makeup of organisms with the passage of 

time. It is the source of animal diversity and family relationships among various animal 

groups. For example, it normally involves scientists who have specialities in specific kind 

of organisms such as mammalogy, herpetology or entomology and use those organisms 

to answer different questions raised about evolution. Evolutionary biology is mostly 

based on paleontology (study about fossils), in which fossil record is used to answer 

questions about the evolutionary changes and also on the development in areas such as 

population genetics and evolutionary theory.  

 

In 1859 Charles Darwin (1809–1892) explained evidence for his theory in the origin of 

species by means of Natural selection. Concept that evolution takes place through natural 

selection was known by most biologists until 1900. To understand about the diversity of 

https://en.wikipedia.org/wiki/Organism
https://en.wikipedia.org/wiki/Mammalogy
https://en.wikipedia.org/wiki/Herpetology
https://en.wikipedia.org/wiki/Entomology
https://en.wikipedia.org/wiki/Paleontology
https://en.wikipedia.org/wiki/Fossil
https://en.wikipedia.org/wiki/Population_genetics
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animal’s structure and its functions is one of the important aspects observed by 

zoologists. Darwin gave new direction to morphology and physiology by uniting them in 

a common biological theory which is known as the theory of organic evolution. It results 

in the re-construction animals classification on geological basis, latest findings about the 

development of animals and as well as their attempts to determine their genetic 

relationships. After the development and use of techniques such as DNA fingerprinting in 

late 20th century, the understanding about animal population has much increased. In 

1980s, developmental biology re-entered evolutionary biology from its initial exclusion 

from the modern synthesis through the study of evolutionary developmental biology.  

 

For instance, dependency of African cichlid scale eaters on the scales of other cichlids for 

their diet. Usually, they reached prey cichlid from behind biting mouthful of scales from 

the body which are then stacked and crushed using second set of jaws and pushed 

towards stomach and intestine to digest proteins. Michio Hori of Kyoto University find 

about the existence of two body forms within the species Perissodus microlepis. One 

form with mouth which was asymmetrically curved towards right and the other having 

mouth, asymmetrically curved towards left. The asymmetry allows right-jawed fish to 

reach and bite scales from the left side of the prey and the left-jawed fish to approach and 

bite scales from the right side of the prey (Figure 1.5). Both kinds such as right- as well 

left-jawed fish properly maintained in the population; otherwise, the prey would probably 

become wary of being attacked from only one side. The variety of color patterns within 

the species Topheus duboisi has also been explained in an evolutionary context. Different 

color patterns due to the the isolation of populations among sheltering rock piles 

separated by expanses of sandy bottom. Breeding is more likely to occur within their 

isolated populations because fish that venture over the sand are exposed to predators.  

 

 
 

Figure 1.5. A Scale-Eating Cichlid. Scale-eaters (Perissodus microlepis) attack from 

behind as they feed on scales of prey fish. Two body forms are maintained in the 

population. In one form, the mouth is asymmetrically curved to the right and attacks the 

prey's left side. The second form has the mouth curved to the left and attacks the prey's 

right side. Perissodus microlepis is endemic (found only in) to Lake Tanganyika.  

 

https://en.wikipedia.org/wiki/Morphology_(biology)
https://en.wikipedia.org/wiki/Physiology
https://en.wikipedia.org/wiki/Genealogical
https://en.wikipedia.org/wiki/DNA_profiling
https://en.wikipedia.org/wiki/Developmental_biology
https://en.wikipedia.org/wiki/Modern_synthesis
https://en.wikipedia.org/wiki/Evolutionary_developmental_biology
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1.4 Environment and World Resources 
 

Evolutionary perspective in zoology is also related to ecological perspective. Ecology is 

about the study of the relationships among organisms and their environment. All through the 

history, humans always depend on animals for all basic necessities of life including food, 

medicines and clothing. This dependency may not be noticed until human activities upset the 

delicate ecological balances that evolved over hundreds of thousands of years ago. 

 

In 1950s, the giant Nile perch (Lates niloticus) was introduced into Lake Victoria in order to 

increase the lake's fishery. This important predator reduces the cichlid population from about 

99% to less than 1% of the total fish population resulting in the extinction of many cichlid 

species. Because many of the cichlids fed on algae which grew uncontrolled in the lake. This 

over-growth results in their death and decay with the depletion of oxygen in the lake. The 

introduction of non-native water hyacinth, already having overgrown portions of the lake 

resulted further habitat loss. When Nile perch are caught, their excessively oily flesh must be 

dried. Fishermen cut local forests for the wood needed to smoke the fish. This practice has 

resulted in severe deforestation around Lake Victoria (Figure 1.6). The resulted run-off of soil 

into the lake caused further degradation. Decreased water quality not only presented problems 

for the survival of individual cichlids, but increased turbidity also interfered with critical 

behavioral functions. Many of these species rely on their bright colors as visual cues during 

mating. Mouth-brooding species rely on vision to pick up developing eggs. The loss of Lake 

Victorian cichlids may be the largest extinction event of vertebrate species in modern human 

history (Figure 1.7). 

 

 
 

Figure 1.6: Lake Victoria. It is the place where Giant Nile Perch was introduced to 

increase lake’s fishery. 

http://ellezoology9th.blogspot.com/2013/11/chapter-1-zoology-evolutionary-and.html
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Figure 1.7: Mouth brooding cichlid. They depend on their vision to approach 

developing eggs. 

 

Population 
Global over-population is the basis of all environment related problems. Human 

population growth is expected to continue in the twenty-first century. Virtually all of this 

growth is in less developed countries, where about 5.4 billion out of a total of 7 billion 

humans now live. Since, over- proportion of the population is of childbearing age, the 

growth rate will increase in the twenty-first century. Population growth projections which 

was established in 2015 predicts that the human population will continue to grow until at 

least 2050, with estimation of about 8 billion people in 2024 and 9 billion by 2040, while 

the 7 billion milestone already touched in 2011. As the demographic transition follows its 

course worldwide, the population will grow significantly, with many countries outside 

Africa trending towards rectangular age pyramid. By 2050, the bulk of the world's 

population growth will take place in Africa with additional 2.4 billion people projected 

between 2015 and 2050, 1.3 billion in Africa, 0.9 billion in Asia and only about 0.2 

billion in the rest of the world. As the human population grows, the disparity between the 

wealthiest and poorest nations is also likely to increase. 

 

World Resources 
Human over-population is the reason to stress many world resources. Most of the food 

production done in industrialized countries already having high per-capita food 

consumption along with many new technologies which also continue to play their role in 

food production. Maximum oil production is expected to increase in this millennium. 

Continuous use of fossil fuels adding more carbon dioxide to the atmosphere with 

contributions in the greenhouse effect and climate change. Deforestation of large areas of 

the world results from continued demand for forest products, fuel and agricultural land. 

This trend contributes to climate change by increasing atmospheric carbon dioxide from 

burning forests and impairing the ability of the earth to return carbon to organic matter 

through the process of photosynthesis. Deforestation is also responsible for severe 

regional water shortage resulting in the extinction of many plant and animal species, 

especially in case of tropical forests. Forest preservation would result in the identification 

of new species of plants and animals that could be important human resources: new 

https://en.wikipedia.org/wiki/Population_growth
https://en.wikipedia.org/wiki/Demographic_transition
https://en.wikipedia.org/wiki/Age_pyramid
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foods, drugs, building materials and predators of pest. Nature also has intrinsic value that 

is just as important as its provision of resources for humans. There are no easiest 

solutions to our ecological problems. Unless to deal with human overpopulation problem 

while to solve other problems almost impossible. All must need to work as world 

community for the prevention of disease spread, famine and other forms of suffering that 

accompany over-population. Bold and imaginative steps for the improvement of social 

and economical conditions as well better resource management are required. 

 

Activity 4: Discuss about various ideas which can be helpful to improve world resources. 

 

1.5 The Classification of Animals 
 

Like all organisms, animals are named and classified into a hierarchy of relatedness. 

Although Karl von Linne (1707–1778) primarily remembered for the collection and 

classification of plants, his system of naming binomial nomenclature also adopted for 

animals. A two-part name describes each kind of organism. The first part indicates the 

name of genus and the second part indicates the name of species from which the 

organism belongs. Each kind of organism, for example, the cichlid scale-eater Perissodus 

microlepis is recognized throughout the world by its two-part name. In order to 

understand how all living organisms are related to each other, they are arranged into 

different groups. The more features that animals group shares, the more specific the 

group is. Animals are recognized by their scientific names so that people all over the 

world can communicate about animals; no matter what language they speak (these names 

are traditionally Latin words). Above the species and genus levels, organisms are grouped 

into families, orders, classes, phyla, kingdoms and domains on the basis of hierarchy of 

relatedness (Figure 1.8). Organisms in the same species are more closely related than 

organisms in the same genus while organisms in the same genus are more closely related 

than organisms in the same family and so on. After the classification of animals into 

taxonomic groups by zoologists, they make hypotheses about the extent to which groups 

of animals share DNA, even when they study variations in traits like jaw structure, color 

patterns and behavior, because these traits ultimately based on the genetic material. 

 

 
 

Figure 1.8: Classification of animals. Grouping together of animals on the basis of 

similarity in their characteristics. 

http://ellezoology9th.blogspot.com/2013/11/chapter-1-zoology-evolutionary-and.html
https://a-z-animals.com/reference/glossary/#jump-order
https://a-z-animals.com/reference/glossary/#jump-organism
https://a-z-animals.com/reference/glossary/#jump-group
https://a-z-animals.com/reference/glossary/#jump-animal
https://a-z-animals.com/reference/glossary/#jump-group
https://a-z-animals.com/reference/glossary/#jump-animal
https://a-z-animals.com/reference/glossary/#jump-animal
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Hierarchy of Relatedness 
 

Kingdom 
Starting with the animal kingdom, all animals belong to a number of different groups. All 

living organisms are firstly placed into different kingdoms. There are about five different 

kingdoms to classify life on Earth, which includes Animals, Plants, Fungi, Bacteria, and 

Protists (single-celled organisms). 

 

Phylum 
The animal kingdom is further divided into 40 smaller groups, known as phylum (Plural-

Phyla). Here, animals are grouped by their main features. Animals mostly fall into one of 

five different phyla which are: Cnidaria (invertebrates), Chordata (vertebrates), 

Arthropods, Molluscs and Echinoderms. 

 

Class 
The phylum group is then divided into even smaller groups, known as classes. The 

Chordata (vertebrates) phylum splits up into Mammalia (Mammals), Actinopterygii 

(Bony Fish), Chondrichthyes (Cartilaginous Fish), Aves (Birds), Amphibia (Amphibians) 

and Reptilia (Reptiles). 

 

Order 
Each class  is sub-divided  into  smallest  groups  again  which  are known as orders. The 

class Mammalia (Mammals) splits into different groups including Carnivora, Primate, 

Artiodactyla and Rodentia. 

 

Family 
In every order, there are different families of animals having similar features.The 

Carnivora order breaks into families that includes Felidae (Cats), Canidae (Dogs), 

Ursidae (Bears) and Mustelidae (Weasels). 

 

Genus 
Animal family is then further divided into smaller group known as genus. Each genus 

contain animals having similar features and closely related. For example, the Felidae 

(Cat) family contains genus including Felis (small Cats and domestic Cats), Panthera 

(Tigers, Leopards, Jaguars and Lions) and Puma (Panthers and Cougars). 

 

Species 
Each individual species within the genus is named after its special features and 

characteristics. The names of animals are in Latin so that they can be known worldwide 

and consist of two words. The first word in the name of an animal represents genus and 

the second name indicates the species name. Example- Tiger (Table 1.3). 

 

 

 

https://a-z-animals.com/reference/glossary/#jump-animal
https://a-z-animals.com/reference/glossary/#jump-animal
https://a-z-animals.com/reference/glossary/#jump-group
https://a-z-animals.com/reference/glossary/#jump-organism
https://a-z-animals.com/reference/glossary/#jump-kingdom
https://a-z-animals.com/reference/glossary/#jump-kingdom
https://a-z-animals.com/reference/glossary/#jump-animal
https://a-z-animals.com/reference/glossary/#jump-animal
https://a-z-animals.com/reference/glossary/#jump-kingdom
https://a-z-animals.com/reference/glossary/#jump-group
https://a-z-animals.com/reference/glossary/#jump-phylum
https://a-z-animals.com/reference/glossary/#jump-animal
https://a-z-animals.com/reference/glossary/#jump-animal
https://a-z-animals.com/reference/glossary/#jump-phylum
https://a-z-animals.com/reference/glossary/#jump-arthropod
https://a-z-animals.com/reference/glossary/#jump-mollusc
https://a-z-animals.com/reference/glossary/#jump-echinoderm
https://a-z-animals.com/reference/glossary/#jump-phylum
https://a-z-animals.com/reference/glossary/#jump-group
https://a-z-animals.com/reference/glossary/#jump-group
https://a-z-animals.com/reference/glossary/#jump-phylum
https://a-z-animals.com/reference/glossary/#jump-class
https://a-z-animals.com/reference/glossary/#jump-group
https://a-z-animals.com/reference/glossary/#jump-order
https://a-z-animals.com/reference/glossary/#jump-class
https://a-z-animals.com/reference/glossary/#jump-group
https://a-z-animals.com/reference/glossary/#jump-order
https://a-z-animals.com/reference/glossary/#jump-animal
https://a-z-animals.com/reference/glossary/#jump-order
https://a-z-animals.com/reference/glossary/#jump-family
https://a-z-animals.com/reference/glossary/#jump-group
https://a-z-animals.com/reference/glossary/#jump-genus
https://a-z-animals.com/reference/glossary/#jump-genus
https://a-z-animals.com/reference/glossary/#jump-animal
https://a-z-animals.com/reference/glossary/#jump-family
https://a-z-animals.com/reference/glossary/#jump-genus
https://a-z-animals.com/animals/cat/
https://a-z-animals.com/animals/leopard/
https://a-z-animals.com/animals/jaguar/
https://a-z-animals.com/animals/puma/
https://a-z-animals.com/reference/glossary/#jump-species
https://a-z-animals.com/reference/glossary/#jump-genus
https://a-z-animals.com/reference/glossary/#jump-animal
https://a-z-animals.com/reference/glossary/#jump-animal
https://a-z-animals.com/reference/glossary/#jump-genus
https://a-z-animals.com/animals/tiger/
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Table 1.3: Classification of animals. Example :Tiger 

Kingdom Animalia(Animal) 

Phylum Chordata(Vertebrate) 

Class Mammalia(Mammal) 

Order Carnivora(Carnivore) 

Family Felidae(Cat) 

Genus Panthera 

Species Panthera tigris (Tiger) 

 

Activity 5: Classify the following animals using animal classification method; 

i. Human Beings 

ii. Frog 

iii. Dog & 

iv. Cow 

 

Zoologists worked for about many years to know the evolutionary relationships among 

the hundreds of cichlid species. Groups of individuals are more closely related to each 

other if they share most of their genetic material (DNA) with each other than with 

individuals in other groups. Genetic studies suggest that the oldest populations of African 

cichlids are found in Lakes Tanganyika and Kivu, and from these the fish invaded 

African rivers and Lakes Malawi, Victoria, and other smaller lakes (Figure 1.9). The 

history of these events is beginning to be understood and represents the most rapid known 

origin of species of any animal group. For example, the origin of Lake Victoria's more 

than 500 cichlid species has been traced to an invasion of ancestral cichlids, probably 

from Lake Kivu approximately 100,000 years ago. This invasion continued up to about 

40,000 years ago when volcanic eruptions isolated the fauna of Lakes Kivu and Victoria. 

That time period could be longer from human lifetime perspective, but from the view of 

evolutionary time it’s of very much less time. There is firm geological evidence that Lake 

Victoria nearly dried out and then refilled 14,700 years ago. This event probably did not 

result in the extinction of all cichlids in the lake because the lake basin may have retained 

smaller bodies of water, and thus refuges for some cichlid species. After Lake Victoria 

refilled, these refuge populations could have provided the stock for recolonizing the lake. 

Exactly how many of the more than 500 species of Lake Victoria's cichlids arose in the 

last 14,700 years is an unanswered question. 
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Figure 1.9: Victoria, Tanganyika, and Malawi lakes. These lakes having cichlid 

populations traced by zoologists to an ancestry about 200,000 years old. Cichlid 

populations originates in Lake Kivu and Lake Tanganyika and then spreading towards the 

others. 

 

1.6 The Scientific Method 
 

The scientific method includes various techniques for investigating phenomena, acquiring 

new knowledge and correcting or integrating previous one. It is a method of inquiry 

commonly based on empirical or measurable evidence subject to specific principles of 

reasoning. It is a continuous process, which usually begins with observations about the 

natural world. Scientific method is a series of steps, keeping in mind that new 

information or thinking could cause a scientist to repeat steps at any time during the 

process. Scientific inquiry starts with an observation followed by the question 

formulation about observance. A process like the scientific method that involves such 

backing up and repeating is called an iterative process (Figure 1.10). The steps of the 

scientific method are as follows: 

1.  Observation and description of a phenomenon or group of phenomena. 

2.  Formulation of hypothesis to explain the phenomena.  

3.  Use of the hypothesis to predict the existence of other phenomena, or to predict 

quantitatively the results of new observations. 

4.  Performance of experimental tests of the predictions by several independent 

experimenters and properly performed experiments. 

 

1.  Observation 

 To make observation about something is the first basic step of the scientific 

method. It consists of receiving knowledge about the outside world using our 

senses or recording information using scientific tools and instruments. Any data 

https://en.wikipedia.org/wiki/Scientific_technique
https://en.wikipedia.org/wiki/Phenomenon
https://en.wikipedia.org/wiki/Knowledge
https://en.wikipedia.org/wiki/Inquiry
https://en.wikipedia.org/wiki/Empirical
https://en.wikipedia.org/wiki/Measurement
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which has been recorded during an experiment could be under the term 

observation. 

2.  Questionnaire 

 Formulation of a question on the basis of observatory facts is second step. The 

scientific question must be specific in nature and focuses to identify the problem.  

3.  Hypothesis 

 The hypothesis is a key component of the scientific process. It is an idea suggested 

as an explanation for particular experience or specific condition that can be tested 

through definable experimentation. It states the purpose of experiment, the 

variables used and the predicted outcome of experiment. It is important to note that 

a hypothesis must be testable. It must either be supported or falsified by 

experiment.  

4.  Experiment 

 After the development of hypothesis, next step is to design and conduct an 

experiment that will test it. It includes the development of a procedure that states 

very clearly about how to conduct an experiment. It is important to include and 

identify a controlled variable or dependent variable in procedure. Controlled 

variable allows testing a single variable in an experiment because they are 

unchanged. Observations and comparisons could be made between controls and 

independent variables (things that change in the experiment) to develop an accurate 

conclusion. 

 

Results 
The results are about what happened in the experiment. That includes detailing all 

observations and data made during your experiment. It’s easier to visualize the data by 

charting or graphing the information. Scientists often find their predictions and 

hypothesis un-supported and in such cases they communicate results of their experiment 

and then go back and develop new hypothesis based on the information they learned 

during experimentation. It starts much of the process of scientific method over again. 

Even if they find their hypothesis supported, they may want to test it again on new way. 

 

Conclusion 
 

The final step of the scientific method is developing a conclusion. This is where all of the 

results from the experiment are analyzed and a determination is reached about the 

hypothesis. For many experiments, conclusions are formed based on informal analysis of 

the data.  

 

Activity 6:   State an experiment explaining various steps of scientific method. 

 

https://explorable.com/conducting-an-experiment
https://www.thoughtco.com/controlled-variable-definition-609094
https://www.thoughtco.com/definition-of-independent-variable-605238
https://www.thoughtco.com/steps-of-the-scientific-method-p2-606045
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Figure 1.10: The scientific method. An ongoing process for experimentation and used 

to explore observations and to answer the questions. 

 

Key Points/Summary 
 

1.  Zoology is the study about animals studied by zoologists and one of broad field of 

zoology and zoologists specialize in one of its branches. 

2.  Evolutionary relationships and classification system is present among various 

divisions of animals ensuring genetic diversity among them. 

3.  Ecological relationship among animals depicting their use of similar resources as 

well their interaction among themselves as well with other organisms in the 

environment. 

4.  Scientific method plays important regarding any information, observation and its 

implications. 
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Self Assessment Questions 
 

Q:  Answer the following questions: 

 1. How zoology is related to biology? What are its various disciplines? 

Describe various evolutionary and ecological aspects affecting zoological 

sciences. 

  Ans:  See introduction. Also1.3.1 and 1.4. 

 2.  Why people all over the world concerned about extinction of cichlid in 

Lake Victoria? 

  Ans: See 1.4.  

 3.  How unicellular organisms differ from Multicellular? Also differentiate 

Prokaryotes versus Eukaryotes. 

  Ans: See 1.2 

 4.  How animals could be classified into different levels? Explain with one 

example. 

  Ans: See 1.5  

 5.  What is scientific method? How it could be implement on zoology?  

  Ans: See 1.6 

 

Q:  Fill in the blanks with appropriate answers. 

 1.  ………………….. is the branch of biology related to animals study and 

persons who studied about it are known as ………………... (Zoology, 

Zoologists) 
 2.  …………………………is the scientific study about insects. (Entomology) 

 3. Insects such as bees and wasps belongs to order …………………while 

…………….includes beetles. (Hymenoptera, Coleoptera) 

 4.  …………is the basic fundamental unit of life, made up of smaller units 

known as ……………... (Deoxyribose nucleic acid abbreviate as DNA, 

genes)  
 5. ……………………lack membrane bound organelles while 

………………………have well defined nucleus as well membrane bound 

organelles. (Prokaryotes, Eukaryotes) 

 6.  ……………………..is made up of soluble part including many organelles. 

(Cytoplasm) 
 7.  Study of fossils is related to the branch of biology known as 

…………………. (Paleontology) 

 8.  One of the important technique used in late century 

………………………..and helps to understand much about population. 

(DNA fingerprinting) 
 9.  ………………..is about the study of the relationships among organisms and 

their environment. (Ecology) 

 10.  According to scientific classification rules, giant Nile perch could be named 

as ………………….. (Lates niloticus) 
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Introduction 

 
It would seem that many of the characteristics of life can be found in nonliving things and 

operate by chemical processes. These are essential and without these chemical processes, 

life as we know would not exist.  

 

All living organisms are made up of cells molecules, which are collections of atoms 

bonded to each another through covalent, ionic or coordinate covalent bonding. The life 

processes within an animal are based, to a large degree, on the chemical properties of 

atoms, ions, and molecules. 2. Carbon is the key element of organic molecules because it 

has unique physical and chemical characteristics. 3. Carbohydrates and lipids are 

principal sources of energy for most animals. 4. Proteins, nucleotides, and nucleic acids 

are the molecules that provide the basis for structure, function, information storage, 

energy transfer, and genetic regulation in animals. 

 

This chapter presents the chemistry you need to understand the basic chemical processes 

that enable animals to function in the environment as living entities. 

 

Objectives 
 

After Completing this unit, you will be able to:  

 determine  atoms and elements are the building blocks of animal body. 

 enumerate some important compounds and molecules essential for animal body. 

 find  the effect of acid, bases, and buffers in life processes. 

 value the carbohydrates are the major source of energy for animal cells. 

 discuss the role of lipids (fat molecules) in building cell parts and supply energy for 

cellular activities. 

 describe role of proteins as structural material of cells, energy sources, protection 

against disease in animals. 

 explore the role of nucleotides as the carrier of genetic material from parent to 

offspring. 
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2.1 Atoms and Elements: Building Block of all Matter 
 

Everything around us is made up of Matter like our clothes, shoes, water, air, food, etc. 

These things are composed of particular elements and molecules. Atoms are the smallest 

bits (crumb) of a particular element. Take an example of Water: 

 

Matter Element Atom Molecule 

Water 

(H2O) 

Hydrogen (H) and 

oxygen (O) 

2 atoms of H and 1 

atom of O form 

water molecules 

H-O-H is 

chemically bonded 

together to form 

water 
 

Each atom having three types of particles called Protons, Neutrons and Electrons. Protons 

carry a positive electrical charge; neutrons have no electrical charge, whereas electrons 

carry a negative electrical charge. The protons and neutrons cluster together in the central 

part of the atom, form the nucleus, and the electrons move in the 'orbit' the nucleus.  

 

An element is a species of atoms and each element has a different name, atomic size and 

number. In a water molecule, Hydrogen element has one proton and one electron, so its 

atomic number is one, whereas oxygen has eight protons, neutrons and electrons. There 

are 118 elements that have been identified, of which the first 94 occur naturally on Earth 

with the remaining 24 being synthetic elements.  
 

Activity 2.1: Write first twenty elements from the periodic table and identify its atomic 

size and atomic number. 
 

2.2  Compounds and Molecules: Aggregates of Atoms 
 

Compounds and molecules are chemically formed by the combination of atoms. All 

compounds are molecules, but not all molecules are compounds. Hydrogen gas (H2) is a 

molecule, but not a compound, because it is made of only one type element. Water (H2O) 

can be called both a molecule and a compound, because it is made of hydrogen (H) and 

oxygen (O) atoms, (Gagnon, 2016).  

 

Minerals are composed of elements and over 3000 present naturally in the Earth.  They 

have a definite chemical composition and structure. Some are rare and precious, such as 

gold and diamond, while others are more ordinary, such as quartz. 

 

There are some essential minerals present in our food products like; water contains salt called 

sodium chloride, sugar contains carbon, oxygen and hydrogen, milk contain calcium, 

phosphorous, iodine, zinc, magnesium and some other minerals but found in low quantity. 

Pulses are a low fat source of protein, but rich in iron, potassium, magnesium and zinc.  

 

Activity 2.2: The elements of any minerals are extracted chemically and physically, 

give some suitable examples.    
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2.3  Acid, Bases, and Buffers 
 

Acids and bases are two broad classes of compounds used in our everyday lives that have 

a great deal of importance in both chemistry and biochemistry.  Acids have a sour taste, 

and many of the sour-tasting foods with which we are familiar are acidic in nature, like; 

Vinegar, chilli, citrus fruits (lemon and oranges). While, Bases are bitter in taste and 

alkaline in nature. Karela (Bitter Melon), Saffron, Sesame Seed, Turmeric, Arugula 

(Kulfa Ka Saag), Dill (Sowa), Broccoli Rabe, Dandelion Greens, etc., are vegetables 

bitter in taste. 

 

Activity 2.3: Collect the pictures of fruits and vegetable and classified according to the pH. 

Visit website: http://www.active.com/nutrition/articles/10-bitter-foods-that-cleanse-

the-body-and-boost-performance 

 

Activity 2.4: Do you know Umami? Discus in class 

 

Umami has a mild but lasting aftertaste that is difficult to describe. It induces salivation 

and a sensation of furriness on the tongue, stimulating the throat, the roof and the back of 

the mouth. Persimmon (Japani fruit), cheese, tomato sauce, mushrooms, Soy sauce, etc. 

are some examples. 

 

Umami was first scientifically identified in 1908 by Kikunae Ikeda, a professor of the 

Tokyo Imperial University. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig: 2.1 

Source:http://barbecuebible.com/2014/05/16/umami-ancient-asian-taste-can-help-game-grill/ 

 

Acids and bases both are also essential for life. In our digestive system, the digestion 

cannot take place without the strong acid, which is present in our stomach. More 

importantly, every organism needs to be able to control the level of acid within its cells 

for survival or maintain life. The world’s oceans are able to sustain life in part, because 

http://www.active.com/nutrition/articles/10-bitter-foods-that-cleanse-the-body-and-boost-performance
http://www.active.com/nutrition/articles/10-bitter-foods-that-cleanse-the-body-and-boost-performance
http://barbecuebible.com/2014/05/16/umami-ancient-asian-taste-can-help-game-grill/
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the level of acid (or pH) of the water is kept constant through acid–base chemistry. In the 

same way, the pH of living cells is tightly regulated to allow cells to maintain their 

structural integrity, and for cellular processes to function. 

 

To keep living cells or body fluids at the proper pH, special compounds called buffers are 

used. A solution containing a buffering agent tends to resist changes in pH, so that 

biochemical reactions, which often produce or use up acids, can proceed without 

producing wild fluctuations in cellular pH. In this way, the whole cell is protected from 

high concentrations of acid, but critical acid–base reactions can still proceed in the cell. 

Since pH is so critical to biological molecules, any biochemical experiment that involves 

studying proteins or cellular systems needs to be performed in a buffered solution to keep 

the molecules in their natural, or native, conformation. Thus, an understanding of how 

buffers can help regulate pH is essential for any biochemist. 

 

2.4 Fractional Account of Carbohydrates 
 

Carbohydrates are animals’ major source of energy. Most animal cells have the chemical 

machinery to break down the energy-rich carbon-hydrogen (C±H) bonds in sugars and starches.  

 

Carbohydrates are one of the main types of nutrients. They are the most important source 

of energy for your body. Your digestive system changes carbohydrates into glucose 

(blood sugar). Your body uses this sugar for energy for your cells, tissues and organs. 

 

Carbohydrates are polyhydroxy aldehydes, ketones, alcohols, acids, their simple 

derivatives and their polymers having linkages of the acetal type. They may be classified 

according to their degree of polymerization and may be divided initially into three 

principal groups, namely sugars, oligosaccharides and polysaccharides (see Figure 1). 

 

Class (DP*) Sub-Group Components 

Sugars (1-2) 

Monosaccharides Glucose, galactose, fructose 

Disaccharides Sucrose, lactose, trehalose 

Polyols Sorbitol, mannitol 

Oligosaccharides 

(3-9) 

Malto-oligosaccharides Maltodextrins 

Other oligosaccharides Raffinose, stachyose, fructo-oligosaccharides 

Polisaccharides 

(>9) 

Starch Amylose, amylopectin, modified starches 

Non-starch polisaccharides Cellulose, hemicellulose, pectins, hydrocolloids 

 

Figure 2.2: The major dietary carbohydrates 
DP 

*
 = Degree of polymerization 

 

Each of these three groups may be subdivided on the basis of the monosaccharide 

composition of the individual carbohydrates. Sugars comprise monosaccharides, 

disaccharides and polyols (sugar alcohols); oligosaccharides include malto-

oligosaccharides, principally those occurring from the hydrolysis of starch, and other 
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oligosaccharides, e.g. a -galactosides (raffinose, stachyose etc.) and fructo-

oligosaccharides; the final group are the polysaccharides which may be divided into 

starch (a -glucans) and non-starch polysaccharides of which the major components are 

the polysaccharides of the plant cell wall such as cellulose, hemicellulose and pectin 

(2,3,4). 

 

Total Carbohydrate 
Although the individual components of dietary carbohydrate are readily identifiable, 

there is some confusion as to what comprises total carbohydrate as reported in food 

tables. Two principal measures of total carbohydrate are used, firstly, that derived by 

"difference" and secondly the direct measurement of the individual components which 

are then combined to give a total. Calculating carbohydrates by "difference" has been 

used since the turn of the century. The protein, fat, ash and moisture content of a food are 

determined, subtracted from the total weight of the food and the remainder, or 

"difference", is considered to be carbohydrate. There are, however, a number of problems 

with this approach to total carbohydrate analysis in that the "by difference" figure 

includes a number of non-carbohydrate components such as lignin, organic acids, tannins, 

waxes, and some Maillard products. In addition to this error, it combines all of the 

analytical errors from the other analyses. Finally, a single global figure for carbohydrates 

in food is uninformative because it fails to identify the many types of carbohydrates in a 

food and thus to allow some understanding of the potential physiological properties of 

those carbohydrates (5,6), (The role of carbohydrates in nutrition, 2016) 

 

2.5 Lipids 
 

Lipids are the generic names assigned to a group of fat soluble compounds found in the 

tissues of plants and animals,: and are broadly classified as: a) fats, b) phospholipids, c) 

sphingomyelins, d) waxes, and e) sterols. 

 

Fats are the fatty acid esters of glycerol and are the primary energy depots of animals. 

These are used for long-term energy requirements during periods of extensive exercise or 

during periods of inadequate food and energy intake. Fats may be saturated or 

unsaturated.  

 

Phospholipids are the esters of fatty acids and phosphatidic acid. These are the main 

constituent lipids of cellular membranes allowing the membrane surfaces to be 

hydrophobic or hydrophylic depending on the orientation of the lipid compounds into the 

intra or extracellular spaces. 

 

Sphingomyelins are the fatty acid esters of sphingosine and are present in brain and nerve 

tissue compounds. 

Waxes are fatty acid esters of long-chain alcohols. These compounds can be metabolized 

for energy and to impart physical and chemical characteristics through the stored lipids of 

some plant and several animal compounds. 
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Sterols are polycyclic, long-chain alcohols and function as components of several 

hormone systems, especially in sexual maturation and sex-related physiological 

functions. 

 

Activity 2.5: Classify fatty acid in to unsaturated and saturated types by giving 

examples.   
 

2.6 Proteins 
 

Proteins are large biomolecules, or macromolecules, consisting of one or more long 

chains of amino acid residues. Proteins perform a vast array of functions within 

organisms, including catalysing metabolic reactions, DNA replication, responding to 

stimuli, and transporting molecules from one location to another. Proteins differ from one 

another primarily in their sequence of amino acids, which is dictated by the nucleotide 

sequence of their genes, and which usually results in protein folding into a specific three-

dimensional structure that determines its activity. 

 

A linear chain of amino acid residues is called a polypeptide. A protein contains at least 

one long polypeptide. Short polypeptides, containing less than 20–30 residues, are rarely 

considered to be proteins and are commonly called peptides, or sometimes oligo peptides. 

The individual amino acid residues are bonded together by peptide bonds and adjacent 

amino acid residues. The sequence of amino acid residues in a protein is defined by the 

sequence of a gene, which is encoded in the genetic code. In general, the genetic code 

specifies 20 standard amino acids; however, in certain organisms the genetic code can 

include selenocysteine and—in certain archaea—pyrrolysine. Shortly after or even during 

synthesis, the residues in a protein are often chemically modified by post-translational 

modification, which alters the physical and chemical properties, folding, stability, 

activity, and ultimately, the function of the proteins. Sometimes proteins have non-

peptide groups attached, which can be called prosthetic groups or cofactors. Proteins can 

also work together to achieve a particular function, and they often associate to form 

stable protein complexes. 

 

Once formed, proteins only exist for a certain period of time and are then degraded and 

recycled by the cell's machinery through the process of protein turnover. A protein's 

lifespan is measured in terms of its half-life and covers a wide range. They can exist for 

minutes or years with an average lifespan of 1–2 days in mammalian cells. Abnormal and 

or misfolded proteins are degraded more rapidly either due to being targeted for 

destruction or due to being unstable. 

 

Like other biological macromolecules such as polysaccharides and nucleic acids, proteins 

are essential parts of organisms and participate in virtually every process within cells. 

Many proteins are enzymes that catalyse biochemical reactions and are vital to 

metabolism. Proteins also have structural or mechanical functions, such as actin and 

myosin in muscle and the proteins in the cytoskeleton, which form a system of 

scaffolding that maintains cell shape. Other proteins are important in cell signaling, 
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immune responses, cell adhesion, and the cell cycle. In animals, proteins are needed in 

the diet to provide the essential amino acids that cannot be synthesized. Digestion breaks 

the proteins down for use in the metabolism. 

 

Proteins may be purified from other cellular components using a variety of techniques 

such as ultracentrifugation, precipitation, electrophoresis, andchromatography; the advent 

of genetic engineering has made possible a number of methods to facilitate purification. 

Methods commonly used to study protein structure and function include 

immunohistochemistry, site-directed mutagenesis, X-ray crystallography, nuclear 

magnetic resonance and mass spectrometry. 

 

Activity 2.6: Name some important proteins and their functions. 

 

2.7  Nucleotides and Nucleic Acids 
 

Nucleotides are organic molecules that serve as the monomers, or subunits, of nucleic 

acids like DNA(deoxyribonucleic acid) and RNA (ribonucleic acid). The building blocks 

of nucleic acids, nucleotides are composed of a nitrogenous base, a five-carbon sugar 

(ribose or deoxyribose), and at least one phosphate group. Thus a nucleoside plus a 

phosphate group yields a nucleotide. 

 

Nucleotides also function to carry packets of energy within the cell in the form of the 

nucleoside triphosphates (ATP, GTP, CTP and UTP), playing a central role in 

metabolism.
[1]

 In addition, nucleotides participate in cell signaling (cGMP and cAMP), 

and are incorporated into important cofactors of enzymatic reactions (e.g.coenzyme A, 

FAD, FMN, NAD, and NADP
+
). 

 

A nucleotide is made of a nucleobase (also termed a nitrogenous base), a five-carbon 

sugar (either ribose or2-deoxyribose, depending on if it is RNA or DNA), and one or, 

depending on the definition, more than onephosphate groups. Without the phosphate 

group, the nucleobase and sugar compose a nucleoside. The phosphate groups form 

bondswith either the 2, 3, or 5-carbon of the sugar, with the 5-carbon site most common. 

Cyclic nucleotides form when the phosphate group is bound to two of the sugar's 

hydroxyl groups. Nucleotides contain either a purine or a pyrimidinebase. 

Ribonucleotides are nucleotides in which the sugar is ribose. Deoxyribonucleotides are 

nucleotides in which the sugar is deoxyribose. 

 

Nucleic acids are polymeric macromolecules made from nucleotide monomers. In DNA, 

the purine bases are adenineand guanine, while the pyrimidines are thymine and cytosine. 

RNA uses uracil in place of thymine. Adenine always pairs with thymine by 2 hydrogen 

bonds, while guanine pairs with cytosine through 3 hydrogen bonds, in each case because 

of the unique structures of the bases. 

 

Activity 2.7: Name some common Purine bases involved in nucleotides. 
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Self Assessment Questions 
 

1. Which of the following compounds can be called Organic Compounds? 

A) Carbon dioxide 

B) Carbonic acid 

C) Sucrose (answer) 

D) Calcium Carbonate 

2. Which of the following element is a Chalocogen? 

A) Oxygen       B). Nitrogen   C). Sulpher      d). Both A and C (answer) 

3. Which of the following mineral is abundant in Calcium 

A) Apatite (answer)       B). Boracite           C). Alam    D). Quartz 

4. pH of a solution will be low when 

A) Hydrogen ions in the solution are more (answer) 

B) Hydroxide ions will be more 

C) Hydrogen and Hydroxide ions are same 

D) Hydrogen ions in the solution are less 

5. pH of the solution is represented by the formula 

A) –log[H+](answer)    B). log[H+]      C). log/[H]       D). –log/[H+] 

6. A scientist discovered a 7 residue sugar in a solution. She will classify it in which 

category 

A) Monosaccharide 

B) Oligosaccharide(answer) 

C) Polysaccharide 

D) Disaccharide 

7. Two fatty acids were being studied in a lab. Both the fatty acids had the same 

number of Carbon atom yet their melting point was difference. What might be the 

cause? 

A) The bond strength is greater in one fat than other 

B) The one with the high melting point had a complex structure 

C) The one with higher melting point was saturated and had single bonds 

(answer) 

D) The one with higher melting point was unsaturated and had double bonds  

8. RNA and DNA is same except  

A) Thymine is replaced by Uracil in RNA 

B) Adenine is replaced by Uracil in RNA 

C) RNA is single stranded and DNA double stranded 

D) Both A and C (answer) 

9. Steroids belong to which class of bio molecules 

A) Lipids (answer) 

B) Proteins 

C) Carbohydrates 

D) Nucleic acid 

10. Which of the following compound is involved in cell signaling 

A) cAMP 

B) cGMP 
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C) Hemoglobin 

D) Both A and B  (answer) 

 

References Answers for Activities. Activity 2.1.1 
 

Atomic  

Number 

Element/ 

Symbol 

Atomic 

Size/ Mass 
Type 

1 Hydrogen H 1.0.53 Gas 

2 Helium He 0.31 Noble gas 

3 Lithium Li 1.67 Alkali Metal 

4 Beryllium Be 1.12 Alkaline Earth Metal 

5 Boron B 0.87 Icosagen 

6 Carbon C 0.67 Tetragens 

7 Nitrogen N 14.0076 Pnictogen 

8 Oxygen O 15.9994 Chalcogen 

9 Flourine F 0.42 Halogen 

10 Neon Ne 0.38 Noble gas 

11 Sodium Na 1.90 Alkali metal 

12 Magnisum Mg 1.45 Alkaline earth metal 

13 Almunium Al 1.18 Icosagen 

14 Silicon Si 1.11 Tetragen 

15 Phoshorous P 0.98 Pnictogen 

16 S 0.88 Chalcogen 

17 Chlorine Cl 0.79 Halogen 

18  Argon Ar 0.71 Noble gas 

19 Potassium K 2.43 Alkali metal 

20 Calcium Ca 1.94 Alkaline Earth metal 

 

(Wikipedia) 

Some elements form isotopes because of a change in the number of neutrons.  
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Activity 2.2.1 

 

Number Name of Mineral Predominant Elements  

1 Apatite Ca, F, P 

2 Calcite Ca 

3 Boracite Mg, B 

4 Alam K,Al, S 

5 Beryllonite Na, Be 

6 Molybdenite Mo 

7 Quartz Si 

8 Pyrite Fe 

(https://en.wikipedia.org/wiki/List_of_minerals) 

 

Activity 2.3.1 

Answer 2.3.1: Give names of common F & V on each category  

 

Number Name of Fruit pH 

1 Apples 3-4 

2 Apricots 3.8-4.4 

3 Coconut 5.5-7.8 

4 Dates 6 

5 Grapes 3-4 

6 Guava 5.5 

7 Lime 2 

8 Melon 6 

Number Name of Vegetable pH 

1 Beans 5-6 

2 Cabbage 5.2-6.8 

3 Carrots 5.18 

4 Corn 6-7 
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5 Ginger 5.5 

6 Olives 6-7 

7 Okra 5.5 

8 Onions 5.3 

(http://www.pickyourown.org/ph_of_fruits_and_vegetables_list.htm) 
 

Activity 2.5.1  

 

Number Saturated Fatty 
Melting 

Point ºC 
Number 

Unsaturated  

Fatty acid 
Melting point 

1 Lauric acid 45 1 Palmitoleic  0 

2 Myristic acid 55 2 Oleic 13 

 3 Palmitic Acid 63 3 Linoleic -5 

4 Stearic acid 69 4 Linolenic -11 

5 Arachidic acid 76 5 Archidonic -49 

(https://www2.chemistry.msu.edu/faculty/reusch/virttxtjml/lipids.htm) 
 

Activity 2.6.1 (Answers) 

 

Number Name Function 

1 Actin/myosine Contractility 

2 Collagen Supporting 

3 Immunoglobin Protection 

4 Enzyme Catalysis 

5 Na+ channels Transport of Na+ 

6 Receptor Protein Signal Transduction 

7 Keratin Hair Nail formation 

8 Dynein/Kinin Intra cellular motors 

 

 

 

 

 

https://www2.chemistry.msu.edu/faculty/reusch/virttxtjml/lipids.htm
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Activity 2.7.1 (Answers) 
Answer 

 

Number Name Function 

1 Adenine (two ring) DNA, RNA formation+ cellular energy currency 

2 Guanine (two ring) DNA, RNA formation+ energy source 

3 Cytosine (one ring) DNA, RNA formation 

4 Thymine  (one ring) DNA formation 

5 Uracil (one ring) RNA formation 
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Introduction 

 
In this unit we will discuss cell, cell organelles, tissues and diversity in all types 

of tissues, and organ systems. A brief introduction of cell is present in the 

following lines; both living and non-living things are composed of molecules 

made from chemical elements such as Carbon, Hydrogen, Oxygen, and Nitrogen. 

The organization of these molecules into cells is one feature that distinguishes 

living things from all other matter.  

 

All organisms are composed of structural and functional units of life called 

‘cells’. The cell is the smallest unit of matter that can carry on all the processes of 

life. The body of some organisms like bacteria, protozoan’s and some algae is 

made up of a single cell while the body of fungi, plants and animals are composed 

of many cells. Human body is built of about one trillion cells. 

 

Every human cell has a plasma membrane, a nucleus, and cytoplasm. (Some 

exceptions to this rule exist. A mature erythrocyte, or red blood cell, eliminates its 

nucleus once development is complete. Thus, erythrocytes are anucleate. Cells of 

skeletal muscle, liver, and other tissues may have up to 50 nuclei and are 

multinucleate. The plasma membrane, which surrounds the cell and keeps it 

intact, regulates what enters and exits a cell. The plasma membrane is a 

phospholipids bilayer that is said to be semi permeable because it allows certain 

molecules but not others to enter the cell. Proteins present in the plasma 

membrane play important roles in allowing substances to enter the cell. 

 

The nucleus is a large, centrally located structure that can often be seen with a 

light microscope. The nucleus contains the chromosomes and is the control center 

of the cell. It controls the metabolic functioning and structural characteristics of 

the cell. The nucleolus is a region inside the nucleus. 

 

The cytoplasm is the portion of the cell between the nucleus and the plasma 

membrane. Cytoplasm is a gelatinous, semi-fluid medium that contains water and 

various types of molecules suspended or dissolved in the medium. The presence 

of proteins accounts for the semi-fluid nature of cytoplasm. 

 

Cells vary in size and structure as they are specialized to perform different 

functions. But the basic components of the cell are common to all cells. This unit 

deals with the structure of an animal cell. You will also learn about the tissues, 

organs and organs system of animals in this unit. 
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Objectives  
 

After successful study of this unit, you will be able to: 

 describe the structure of animal cell   

 explain the parts of animal cells  

 justify that cell is the basic structural and functional unit of all organisms; 

list the components of the cell 

 illustrate the structure of animal cells by drawing labelled diagrams;  

 describe the structure and functions of plasma membrane, endoplasmic 

reticulum (ER),  nucleus, ribosomes,  golgi body, and lysosome;  

 identify the four main tissue types 

 discuss the functions of each tissue type 

 relate the structure of each tissue type to their function 

 Identify the organ and prgan system 
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3.1  Structure and Function of Cell Membrane; Various 

Movements across Membranes 
 

Our cells are surrounded by an outer plasma membrane. The plasma membrane 

separates the inside of the cell, termed the cytoplasm, from the outside. Plasma 

membrane integrity is necessary to the life of the cell. 

 

The plasma membrane is a phospholipid bilayer with attached (also called 

peripheral) or embedded (also called integral) proteins. The phospholipid 

molecule has a polar head and non-polar tails. Because the polar heads are 

charged, they are hydrophilic (water-loving) and face outward, where they are 

likely to encounter a watery environment. The nonpolar tails are hydrophobic 

(water-fearing) and face inward, where there is no water. When phospholipids are 

placed in water, they naturally form a spherical bilayer because of the chemical 

properties of the heads and the tails. 

 

At body temperature, the phospholipid bilayer is a liquid; it has the consistency of 

olive oil, and the proteins are able to change their positions by moving laterally. 

The fluid-mosaic model, a working description of membrane structure, suggests 

that the protein molecules have a changing pattern (form a mosaic) within the 

fluid phospholipid bilayer. Our plasma membranes also contain a substantial 

number of cholesterol molecules. These molecules stabilize the phospholipid 

bilayer and prevent a drastic decrease in fluidity at low temperatures. 

 

Short chains of sugars are attached to the outer surfaces of some protein and lipid 

molecules (called glycoproteins and glycolipids, respectively). These 

carbohydrate chains, specific to each cell, mark the cell as belonging to a 

particular individual. Such cell markers account for such characteristics as blood 

type or why a patient’s system sometimes rejects an organ transplant. Some 

glycoproteins have a special configuration that allows them to act as a receptor for 

a chemical messenger such as a hormone. Some integral plasma membrane 

proteins form channels through which certain substances can enter cells, while 

others are carriers involved in the passage of molecules through the membrane. 

 

3.1.1 Movements across the Cell membrane (Plasma Membrane) 

The plasma membrane keeps a cell intact. It allows only certain molecules and 

ions to enter and exit the cytoplasm freely; therefore, the plasma membrane is said 

to be selectively permeable. Both passive and active methods are used to cross the 

plasma membrane 
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3.1.1.1 Simple Diffusion 

Simple diffusion is the random movement of simple atoms or molecules from area 

of higher concentration to an area of lower concentration until they are equally 

distributed. To illustrate diffusion, imagine putting a tablet of dye into water. The 

water eventually takes on the color of the dye as the dye molecules diffuses. 

 

The chemical and physical properties of the plasma membrane allow only a few 

types of molecules to enter and exit a cell by simple diffusion. Lipid-soluble 

molecules such as alcohols can diffuse through the membrane because lipids are 

the membrane’s main structural components. Gases can also diffuse through the 

lipid bilayer; this is the mechanism by which oxygen enters cells and carbon 

dioxide exits cells. For example, consider the movement of oxygen from the lungs 

to the bloodstream. When you inhale, oxygen fills the tiny air sacs, or alveoli, 

within your lungs. Neighboring lung capillaries contain red blood cells with a 

very low oxygen concentration. Oxygen diffuses from the area of highest 

concentration to the area of lowest concentration: first through alveolar cells, then 

lung capillary cells, and finally into the red blood cells. 

 

When atoms or molecules diffuse from areas of higher to lower concentration 

across plasma membranes, no cellular energy is involved. Instead, kinetic or 

thermal energy of matter is the energy source for diffusion. 

 

3.1.1.2 Osmosis 

Osmosis is the diffusion of water across a plasma membrane. Osmosis occurs 

whenever an unequal concentration of water exists on either side of a selectively 

permeable membrane. (Recall that a selectively permeable membrane allows 

water to pass freely, but not most dissolved substances.) In a solution, water is 

more concentrated when it contains fewer dissolved substances, or solutes, (and 

thus is closest to pure water). Water is less concentrated as solute concentration 

increases. Osmotic pressure is the force exerted on a selectively permeable 

membrane because water has moved from the area of higher water concentration 

to the area of lower water concentration (higher concentration of solute). 

 

Tonicity is the degree to which a solution’s concentration of solute-versus-water 

causes water to move into or out of cells. Normally, body fluids are isotonic to 

cells that is, there is an equal concentration of solutes (dissolved substances) and 

solvent (water) on both sides of the plasma membrane, and cells maintain their 

usual size and shape. Medically administered intravenous solutions usually have 

this tonicity. Body fluids which are not isotonic to body cells are the result of 

dehydration or water intoxication. 
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Solutions (solute plus solvent) that cause cells to swell or even to burst due to an 

intake of water are said to be hypo-tonic solutions. If red blood cells are placed in 

a hypotonic solution, which has a higher concentration of water (lower 

concentration of solute) than do the cells, water enters the cells and they swell to 

bursting (Fig. 3.10b). The term lysis refers to disrupted cells: hemolysis, then, is 

disrupted red blood cells. 

 

Solutions that cause cells to shrink or to shrivel due to a loss of water are said to 

be hypertonic solutions. If red blood cells are placed in a hypertonic solution, 

which has a lower concentration of water (higher concentration of solute) than do 

the cells, water leaves the cells and they shrink. The term crenation refers to red 

blood cells in this condition. 

 

 
 

Fig 3.1: Process of Osmosis 

 

3.1.1.3 Filtration 

Because capillary walls are only one cell thick, small molecules (e.g., water or 

small solutes) tend to passively diffuse across these walls, from areas of higher 

concentration to those of lower concentration. However, blood pressure aids 

matters by pushing water and dissolved solutes out of the capillary, through tiny 

pores between capillary cells. This process, called filtration, is the movement of 

liquid from high pressure to low pressure. 

 

You can observe filtration in a drip coffeemaker. Water moves from the area of 

high pressure (the water reservoir) to the area of low pressure (the coffee pot). 

Large substances (the coffee grounds) remain behind in the coffee filter, but small 

molecules (caffeine, flavor) and water pass through. 

 

 



42 

 

3.1.1.4 Transport by Carriers 

Most solutes do not simply diffuse across a plasma membrane; rather, they are 

transported by means of protein carriers within the membrane. During facilitated 

diffusion (facilitated transport), a molecule (e.g., an amino acid or glucose) is 

transported across the plasma membrane from the side of higher concentration to 

the side of lower concentration. The cell does not need to expend energy for this 

type of transport because the molecules are moving down their concentration 

gradient. 

 

During active transport, a molecule is moving contrary to the normal direction—

that is, from lower to higher concentration (Fig. 3.11). For example, iodine 

collects in the cells of the thyroid gland; sugar is completely absorbed from the 

gut by cells that line the digestive tract; and sodium (Na) is sometimes almost 

completely withdrawn from urine by cells lining kidney tubules. Active transport 

requires a protein carrier and the use of cellular energy obtained from the 

breakdown of ATP. When ATP is broken down, energy is released, and in this 

case the energy is used by a carrier to carry out active transport. Therefore, it is 

not surprising that cells involved in active transport have a large number of 

mitochondria near the plasma membrane at which active transport is occurring. 

 

Proteins involved in active transport often are called pumps because just as a 

water pump uses energy to move water against the force of gravity, proteins use 

energy to move substances against their concentration gradients. One type of 

pump that is active in all cells but is especially associated with nerve and muscle 

cells moves sodium ions (Na ) to the outside of the cell and potassium ions (K ) to 

the inside of the cell. 

 

The passage of salt (NaCl) across a plasma membrane is of primary importance in 

cells. First, sodium ions are pumped across a membrane; then, chloride ions 

simply diffuse through channels that allow their passage. Chloride ion channels 

malfunction in persons with cystic fibrosis, and this leads to the symptoms of this 

inherited (genetic) disorder. 

 

3.1.1.5 Endocytosis and Exocytosis 

During endocytosis, a portion of the plasma membrane forms an inner pocket to 

envelop a substance, and then the membrane pinches off to form an intracellular 

vesicle. Two forms of endocytosis exist: phagocytosis, or “cell eating,” is a 

mechanism whereby the cell can ingest solid particles. White blood cells consume 

bacterial cells by phagocytosis. Once inside the cell, the bacterial cell can be 

destroyed. Pinocytosis, or “cell drinking,” allows the cell to consume solutions. 
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An infant’s intestinal lining ingests breast milk by pinocytosis, allowing the 

mother’s protective antibodies to enter the baby’s bloodstream. 

 

During exocytosis, a vesicle fuses with the plasma membrane as secretion occurs. 

This is the way insulin leaves insulin-secreting cells, for instance. 

 

 
Fig: 3.2: Structure of cell membrane 

 

3.2 Cytoplasm  
 

The cytoplasm is the portion of the cell between the nucleus and the plasma 

membrane. Cytoplasm is a gelatinous, semi-fluid medium that contains water and 

various types of molecules suspended or dissolved in the medium. The presence 

of proteins accounts for the semi-fluid nature of cytoplasm.  

Everything within the cell membrane which is not the nucleus is known as the 

cytoplasm. Cytosol is the jelly-like mixture in which the other organelles are 

suspended, so cytosol + organelles = cytoplasm.  

 

3.3 Organelles and Cellular Components   
 

The cytoplasm contains various organelles. Organelles are small, usually 

membranous structures that are best seen with an electron microscope. Each type 

of organelle has a specific function. For example, one type of organelle transports 

substances, and another type produces ATP for the cell. Organelles 

compartmentalize the cell, keeping the various cellular activities separated from 



44 

 

one an-other. Just as the rooms in your house have particular pieces of furniture 

that serve a particular purpose, organelles have a structure that suits their function. 

 

Cells also have a cytoskeleton, a network of interconnected filaments and 

microtubules in the cytoplasm. The name cytoskeleton is convenient in that it 

allows us to com-pare the cytoskeleton to our bones and muscles. Bones and 

muscles give us structure and produce movement. Similarly, the elements of the 

cytoskeleton maintain cell shape and allow the cell and its contents to move. 

Some cells move by using cilia and flagella, which are made up of microtubules.  

 

3.4 Functions of Organelles of Cell 
 

3.4.1 Ribosomes  

Ribosomes are composed of two subunits, one large and one small. Each subunit 

has its own mix of proteins and rRNA. Protein synthesis occurs at the ribosomes. 

Ribosomes are found free within the cytoplasm either singly or in groups called 

polyribosomes (called polysomes for short). Ribosomes are often attached to the 

endoplasmic reticulum, a membranous system of saccules and channels.  

Proteins synthesized by cytoplasmic ribosomes are used inside the cell for various 

purposes. Those produced by ribosomes attached to endoplasmic reticulum may 

eventually be secreted from the cell. 

 

 
 

Fig:3.3: Ribosomes 

 

The ribosomes have the following characteristics: 

1. Unlike most other organelles, ribosomes are not surrounded by a membrane.  

2. Ribosomes are the site of protein synthesis in a cell.  

3. They are the most common organelles in almost all cells.  

4. Some are free in the cytoplasm (Prokaryotes); others line the membranes of 

rough endoplasmic reticulum (rough ER).  

5. They exist in two sizes:  
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 70s are found in all Prokaryotes, chloroplasts and mitochondria, suggesting 

that they have evolved from ancestral Prokaryotic organisms. They are free-

floating. 

 80s found in all eukaryotic cells – attached to the rough ER (they are rather 

larger).  

6. Groups of 80s ribosomes, working together, are known as a polysome. 

 

3.4.2 Endoplasmic Reticulum 

1. The ER is a system of membranous tubules and sacs.  

2. The primary function of the ER is to act as an internal transport system, 

allowing molecules to move from one part of the cell to another. 

3.  The quantity of ER inside a cell fluctuates, depending on the cell's activity. 

Cells with a lot include secretory cells and liver cells 

4. The rough ER is studded with 80s ribosomes and is the site of protein 

synthesis . It is an extension of the outer membrane of the nuclear envelope, 

so allowing mRNA to be transported swiftly to the 80s ribosomes, where 

they are translated in protein synthesis. 

5.  The smooth ER is where polypeptides are converted into functional proteins 

and where proteins are prepared for secretion. It is also the site of lipid and 

steroid synthesis, and is associated with the Golgi apparatus. Smooth ER has 

no 80s ribosomes and is also involved in the regulation of calcium levels in 

muscle cells, and the breakdown of toxins by liver cells. 

6.  Both types of ER transport materials throughout the cell. 

 

 
 

Fig: 3.4: Endoplasmic Reticulum 
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3.4.3 Golgi apparatus  

The Golgi apparatus is named for Camillo Golgi, who discovered its presence in 

cells in 1898. The Golgi apparatus consists of a stack of three to twenty slightly 

curved saccules whose appearance can be compared to a stack of pancakes In 

animal cells, one side of the stack (the inner face) is directed toward the ER, and 

the other side of the stack (the outer face) is directed toward the plasma 

membrane. Vesicles can frequently be seen at the edges of the saccules. 

 

The Golgi apparatus receives protein and/or lipid-filled vesicles that bud from the 

ER. Some biologists believe that these fuse to form a saccule at the inner face and 

that this sac-cule remains a part of the Golgi apparatus until the molecules are 

repackaged in new vesicles at the outer face. Others believe that the vesicles from 

the ER proceed directly to the outer face of the Golgi apparatus, where processing 

and packaging occur within its saccules. The Golgi apparatus contains enzymes 

that modify proteins and lipids. For example, it can add a chain of sugars to 

proteins and lipids, thereby making them glycoproteins and glycolipids, which are 

molecules found in the plasma membrane. 

 

The vesicles that leave the Golgi apparatus move to other parts of the cell. Some 

vesicles proceed to the plasma membrane where they discharge their contents. 

Because this is secretion, note that the Golgi apparatus is involved in processing, 

packaging, and secretion. Other vesicles that leave the Golgi apparatus are 

lysosomes. 

 

 
 

Fig: 3.5: Golgi Apparatus 
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3.4.4 Lysosomes  

Lysosomes, membranous sacs produced by the Golgi apparatus, contain 

hydrolytic digestive enzymes. Sometimes macro-molecules are brought into a cell 

by vesicle formation at the plasma membrane (Fig. 3.5). When a lysosome fuses 

with such a vesicle, its contents are digested by lysosomal enzymes into simpler 

subunits that then enter the cytoplasm. Even parts of a cell are digested by its own 

lysosomes (called auto-digestion). Normal cell rejuvenation most likely takes 

place in this manner, but autodigestion is also important during development. For 

example, when a tadpole becomes a frog, lysosomes digest away the cells of the 

tail. The fingers of a hu-man embryo are at first webbed, but they are freed from 

one another as a result of lysosomal action. 

 

Occasionally, a child is born with Tay-Sachs disease, a metabolic disorder 

involving a missing or inactive lysosomal enzyme in nerve cells. In these cases, 

the lysosomes fill to capacity with macromolecules that cannot be broken down. 

The nerve cells become so full of these lysosomes that the child dies. Someday 

soon, it may be possible to provide the missing enzyme for these children. 

 

 
 

Fig: 3.6: Lysosomes 

 

3.4.5 Mitochondria  

Although the size and shape of mitochondria (sing., mitochondrion) can vary, all 

are bounded by a double membrane. The inner membrane is folded to form little 

shelves called cristae, which project into the matrix, an inner space filled with a 

gel-like fluid Mitochondria are the site of ATP (adenosine triphosphate) 

production involving complex metabolic pathways. As you know, ATP molecules 

are the common carrier of energy in cells.  



48 

 

A shorthand way to indicate the chemical transformation that involves 

mitochondria is as follows: 

 

                          ADP +  P    ATP 

carbohydrate + oxygen    carbon dioxide + water 

 

Read as follows: As carbohydrate is broken down to carbon dioxide and water, 

ATP molecules are built up. 

 

Mitochondria are often called the powerhouses of the cell: Just as a powerhouse 

burns fuel to produce electricity, the mitochondria convert the chemical energy of 

carbohydrate molecules into the chemical energy of ATP molecules. In the 

process, mitochondria use up oxygen and give off carbon dioxide and water. The 

oxygen you breathe in enters cells and then mitochondria; the carbon dioxide you 

breathe out is released by mitochondria. Because oxygen is used up and carbon 

dioxide is released, we say that mitochondria carry on cellular respiration. 

 

Fragments of digested carbohydrate, protein, and lipid enter the mitochondrial 

matrix from the cytoplasm. The matrix contains enzymes for metabolizing these 

fragments to carbon dioxide and water. Energy released from metabolism is used 

for ATP production, which occurs at the cristae. The protein complexes that aid in 

the conversion of energy are located in an assembly-line fashion on these 

membranous shelves. 

 

Every cell uses a certain amount of ATP energy to synthe-size molecules, but many 

cells use ATP to carry out their specialized functions. For example, muscle cells use 

ATP for muscle contraction, which produces movement, and nerve cells use it for the 

conduction of nerve impulses, which make us aware of our environment. 

 

 
 

Fig: 3.7: Mitochondria 
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3.4.6 Cytoskeleton 

Several types of filamentous protein structures form a cytoskeleton that helps 

maintain the cell’s shape and either anchors the organelles or assists their 

movement as appropriate. The cytoskeleton includes microtubules, intermediate 

filaments, and actin filaments. 

 

Microtubules are hollow cylinders whose wall is made up of 13 longitudinal rows 

of the globular protein tubulin. Remarkably, microtubules can assemble and 

disassemble. Microtubule assembly is regulated by the centrosome, which lies 

near the nucleus. The centrosome is the region of the cell that contains the 

centrioles. Microtubules radiate from the cen-trosome, helping to maintain the 

shape of the cell and acting as tracks along which organelles move. It is well 

known that during cell division, microtubules form spindle fibers, which assist the 

movement of chromosomes. 

 

Intermediate filaments differ in structure and function. Because they are tough 

and resist stress, intermediate filaments often form cell-to-cell junctions. 

Intermediate filaments join skin cells in the outermost skin layer, the epidermis. 

Actin filaments are long, extremely thin fibers that usually occur in bundles or 

other groupings. Actin filaments have been isolated from various types of cells, 

especially those in which movement occurs. Microvilli, which project from 

certain cells and can shorten and extend, contain actin filaments. Actin filaments, 

like microtubules, can assemble and disassemble. 

 

3.4.7 Cilia and Flagella 

Cilia and flagella (sing., cilium, flagellum) are projections of cells that can move 

either in an undulating fashion, like a whip, or stiffly, like an oar. Cilia are shorter 

than flagella. Cells that have these organelles are capable of self-movement or 

moving material along the surface of the cell. For example, sperm cells, carrying 

genetic material to the egg, move by means of flagella. The cells that line our 

respiratory tract are ciliated. These cilia sweep debris trapped within mucus back 

up the throat, and this action helps keep the lungs clean. Within a woman’s 

uterine tubes, ciliated cells move the ovum toward the uterus (womb), where a 

fertilized ovum grows and develops. 

 

Recall that each cilium and flagellum is anchored by its basal body, which lies in 

the cytoplasm of the cell. Basal bodies, like centrioles, have a 9+0 pattern of 

microtubule triplets. They are believed to organize the structure of cilia and 

flagella even though cilia and flagella have a 9 2 pattern of microtubules. In cilia 

and flagella, nine micro-tubule doublets surround two central microtubules. This 

arrangement is believed to be necessary to their ability to move. 
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3.4.8 Centrioles 

Centrioles are short cylinders with a 9 + 0 pattern of micro-tubules, meaning that 

there are nine outer microtubule triplets and no center microtubules (see Fig. 

3.8b). Each cell has a pair of centrioles in the centrosome, a region near the 

nucleus. The members of each pair of centrioles are at right angles to one another. 

Before a cell divides, the centrioles duplicate, and the members of the new pair 

are also at right angles to one another. During cell division, the pairs of centrioles 

separate so that each daughter cell gets one centrosome. 

 

Centrioles are involved in the formation of the spindle apparatus, which functions 

during cell division. Their role in forming the spindle is described later in the 

Mitosis/Meiosis section of this chapter on pages 55–56. A single centriole forms 

the anchor point, or basal body, for each individual cilium or flagellum. Basal 

bodies direct the formation of cilia and flagella as well. 

 

 
Fig: 3.8: Centriole 

 

3.4.9 Vacuoles 

Vacuoles are occasionally found within human cells, where they isolate 

substances captured inside the cell. For example, vacuoles may contain parasites 

that are awaiting digestion by lysosomes. 

 

1. The most prominent structure in plant cells is the large vacuole.  

2. The vacuole is a large membrane-bound sac that fills up much of most plant cells.  

3. The vacuole serves as a storage area, and may contain stored organic 

molecules as well as inorganic ions.  

4. The vacuole is also used to store waste. Since plants have no kidney, they 

convert waste to an insoluble form and then store it in their vacuole - until 

autumn!  

5. The vacuoles of some plants contain poisons (eg tannins) that discourage 

animals from eating their tissues.  
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6. Whilst the cells of other organisms may also contain vacuoles, they are 

much smaller and are usually involved in food digestion.  

7.  

 
 

Fig: 3.9: Structure of Cell showing Vacuoles 

 

3.5 The Nucleus  
 

The nucleus is a prominent structure in human cells. The nucleus is of primary 

importance because it stores the genetic in-formation that determines the 

characteristics of the body’s cells and their metabolic functioning. The unique 

chemical composition of each person’s DNA forms the basis for DNA 

fingerprinting. Every cell contains a copy of genetic information, but each cell 

type has certain genes turned on and others turned off. Activated DNA, with 

messenger RNA (mRNA) acting as an intermediary, controls protein synthesis. 

The proteins of a cell determine its structure and the functions it can perform. 

 

When you look at the nucleus, even in an electron micro-graph, you cannot see 

DNA molecules, but you can see chromatin. Chemical analysis shows that 

chromatin contains DNA and much protein, as well as some RNA. Chromatin 

undergoes coiling into rod-like structures called chromosomes just before the cell 

divides. Chromatin is immersed in a semi-fluid medium called nucleoplasm. 

 

Most likely, too, when you look at an electron micrograph of a nucleus, you will 

see one or more regions that look darker than the rest of the chromatin. These are 

nucleoli (sing., nucleolus) where another type of RNA, called ribosomal RNA 

(rRNA), is produced and where rRNA joins with proteins to form the subunits of 

ribosomes. (Ribosomes are small bodies in the cytoplasm that contain rRNA and 

proteins.) 
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The nucleus is separated from the cytoplasm by a double membrane known as the 

nuclear envelope, which is continuous with the endoplasmic reticulum. The 

nuclear envelope has nuclear pores of sufficient size to permit the passage of 

proteins into the nucleus and ribosomal subunits out of the nucleus. Additionally, 

the double membrane of the nuclear envelope surrounds and contains cellular 

DNA, protecting the vital genetic information contained within its molecules. 

 

 
 

Fig; 3.10: Structure of Ncleus 

 

3.6 Tissues  
 

The term tissue is used to describe a group of cells found together in the body. 

The cells within a tissue share a common embryonic origin. Microscopic 

observation reveals that the cells in a tissue share morphological features and are 

arranged in an orderly pattern that achieves the tissue’s functions. From the 

evolutionary perspective, tissues appear in more complex organisms. For 

example, multicellular protists, ancient eukaryotes, do not have cells organized 

into tissues. 

 

Although there are many types of cells in the human body, they are organized into 

four broad categories of tissues: epithelial, connective, muscle, and nervous. Each 

of these categories is characterized by specific functions that contribute to the 
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overall health and maintenance of the body. A disruption of the structure is a sign 

of injury or disease. Such changes can be detected through histology, the 

microscopic study of tissue appearance, organization, and function. 

 

3.6.1 Classifications of Tissues 

The human body is composed of four basic types of tissues; epithelium, 

connective, muscular, and nervous tissues. These tissues vary in their composition 

and their function. A basic understanding of the role of each tissue makes 

understanding the specific functions easier. 

1.Epithelium- lines and covers surfaces 

2.Connective tissue- protect, support, and bind together 

3.Muscular tissue- produces movement 

4.Nervous tissue- receive stimuli and conduct impulses 

 

Now that we have an understanding of the basic roles of the tissues, we turn our 

focus to a more thorough investigation of the form and function of the different 

types of tissues in the human body. 

 

3.6.1.1 Epithelium/ Epithelial Tissues 

Epithelium forms the coverings of surfaces of the body. As such, it serves many 

purposes, including protection, adsorption, excretion, secretion, filtration, and 

sensory reception. When considering the characteristics that make a tissue 

epithelium, it is important to think about the following: 

 Polarity- Epithelium is arranged so there is one free surface (apical surface) 

and one attached surface (basal surface) 

 Cellular nature Cells in epithelium fit closely together side by side and 

sometimes atop each other to form sheets of cells. These sheets are held 

together by specialized junctions. 

 Supported by connective tissue- Attachment to a layer of connective tissue 

at the basal surface forms a layer called the basement membrane, an 

adhesive layer formed by secretions from the epithelial cells and the 

connective tissue cells. 

 Avascular- Epithelium typically lacks its own blood supply. 

 Regeneration- Epithelium cells can regenerate if proper nourished. 

 

Classification of epithelium is based on the shape of the cells and the arrangement 

of the cells within the tissue. Typically, the arrangement of the cells is stated first, 

then the shape, and is followed by “epithelium” to complete the naming (Ex. 

Simple Squamous Epithelium). 
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Arrangements: 

Simple- Cells are found in a single layer attached to the basement membrane 

Stratified- Cells are found in 2 or more layers stacked atop each other 

Pseudostratified- a single layer of cells that appears to be multiple layers due to 

variance in height and location of the nuclei in the cells. 

Transitional- cells are rounded and can slide across one another to allow 

stretching 

Shapes: 

Squamous- (Latin, squama- scale)- flat, thin, scale-like cells 

Cuboidal- cells that have a basic cube shape. Typically the cell's height and width 

are about equal. 

Columnar- tall, rectangular or column-shaped cells. Typically taller than they are 

wide. 

 

 
 

Fig: 3.11: Types of epithelial Tissues 

 

Special Features of Epithelium 

Villi- (singular= villus, Latin= shaggy hair)- finger-like projections that arise 

from the epithelial layer in some organs. They help to increase surface area 

allowing for faster and more efficient adsorption. 

 

Microvilli- smaller projections that arise from the cell's surface that also increase 

surface area. Due to the bushy appearance that they sometimes produce, they are 

sometimes referred to as the brush border of an organ.  

 

Cilia- (singular= cilium, Latin= eyelash)- hair-like appendages attached to the 

apical surface of cells that act as sensory structures or to produce movement. 



55 

 

Goblets Cells specialized cells that produce mucus to lubricate and protect the 

surface of an organ 

 

Observing Epithelial Tissue 

Simple Squamous Epithelium 

1.Obtain a slide of the lung. 

2.Using proper technique, mount the slide on the stage and locate the tissue. 

3.The lungs contain small air sacs called alveoli and these structures are 

composed of a single layer of flattened cells called simple squamous 

epithelium. 

4.Notice that one surface is facing an open space to the inside of the air sac. 

This open space is referred to as the lumen (used to refer to any space or 

opening inside an organ or structure) and the cell surface facing it is the 

apical surface. 

 

 
 

Fig: 3.12: Simple squamouss Epithelium a type of epiyhelial Tissues 

 

Simple Cuboidal Epithelium 
1. Obtain a slide of the kidney. 

2. Using proper technique, mount the slide on the stage and locate the tissue. 

3. The kidney tubules are composed of simple columnar epithelium and will 

appear as thick-walled circlular structures scattered throughout the slide. 

4. Again, notice the lumen in the center of each tubule and take note of the 

single layer of square cells surrounding it. 
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Fig: 3.13: Simple cuboidal Epithelium 

 

Simple Columnar Epithelium 

1. Obtain a slide of the intestine. 

2. Using proper technique, mount the slide on the stage and locate the tissue. 

3. Notice that the lining of the intestine is marked with finger-like 

projections hanging into the lumen. These structures are called villi and 

they act to increase the surface area of the intestine to encourage 

absorption. 

4. The tissue lining the inside of the organ is simple columnar epithelium. 

Notice the large rectangular cells. You might also notice clear looking cells 

which are goblet cells. These cells produce mucus to lubricate and protect 

the lining of the intestine. 

5.  

 
 

Fig: 3.14: Simple columnar Epithelium Tissues 
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Pseudo stratified Columnar Epithelium 

1. Obtain a slide of the trachea. 

2. Using proper technique, mount the slide on the stage and locate the tissue. 

3. The tissue lining the trachea is marked by the presence of goblet cells and 

is covered with tiny hair-like structures called cilia. The cilia act to trap 

debris and to distribute the mucus secreted by the goblet cells across the 

surface of the tissue. 

4. Notice that the cells are irregularly shaped and that the nuclei of the cells 

are found in differing spots within the cells. This is what gives the tissue 

its false layered appearance. If you examine the tissue closely, you will 

see that a single cell stretches from the apical surface to the basement 

membrane. 

 

 
 

Fig; 3.15: Pseudo stratified Columnar Epithelium 

 

Stratified Squamous Epithelium 

1. Obtain a slide of the skin. 

2. Using proper technique, mount the slide on the stage and locate the tissue. 

3. The outer layer of the skin, the epidermis, is composed of multiple layers of 

flattened cells. As the cells are pushed higher, they flatten more and 

eventually die, composing the outer dead layers of the epidermis. 

4. The cells die due to the loss of nutrients, whose source is located in the 

connective tissue underneath. 
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Fig: 3.16: Stratified Squamous Epithelium 

 

Transitional Epithelium 

1. Obtain a slide of the bladder. 

2. Using proper technique, mount the slide on the stage and locate the tissue. 

3. The inner lining of the bladder is composed of rounded cells that resemble a 

mix of cuboidal and columnar shaped cells. This is transitional epithelium. 

This tissue can stretch and distend when necessary without causing gaps or 

perforations in the lining. 

 

 
Fig: 3.17: Transitional Epithelium 
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3.6.1.2 Connective Tissue 
Connective tissue is the most abundant and widely distributed tissue type found in 

the human body. The role of connective tissue is to protect, support, and bind 

together parts of the body. While other functions are attributed to connective 

tissues, these are the main ones and the ones we should focus on in our study. 

When considering the characteristics that make a tissue a connective tissue, we 

should consider the following: 

 

i. Connective tissues tend to be very vascular (have a rich blood supply). 

Some exceptions, such as tendons, ligaments, and cartilages, are less 

vascularized, but overall, connective tissues possess a great blood supply 

than the epithelial tissue previously discussed. 

ii. Connective tissues are made up of many types of specialized cells. 

iii. Connective tissues contain a large amount of non-living material referred to as 

the matrix (composed of ground substance and fibers). Typically, this material 

is manufactured and secreted by the cells of the specific connective tissues. 

 

 
 

Fig: 3.18: Structure of Connective tissues 

 

There are four types of connective tissues found in the human body: 

1. Connective tissue proper 

a. Loose Connective Tissue 

i. Areolar 

ii. Adipose 

iii. Reticular 
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b. Dense Connective Tissue 

i. Dense regular 

ii. Dense irregular 

iii. Elastic 

2. Cartilage 

a. Hyaline 

b. Elastic 

c. Fibrocartilage 

3. Bone (osseous tissue) 

4. Blood 

 

Areolar Tissue 

1. Obtain a slide of areolar tissue and proper mount it on the slide. 

2. Notice as you examine the tissue that it is composed of a jumble of fibers 

and cells. Areolar tissue is a loose connective tissue type and has a very 

diffuse arrangement. 

3. The cells (dark spots within the tissue) are called fibroblasts (fibro= fiber, 

blast= to make or create). These are the cells responsible for secreting the 

fibers present. The larger fibers (typically pink) are called collagen fibers. 

The small black fibers are elastic fibers. Collectively, the fibers and the rest 

of the substance surrounding the cells would be referred to as the matrix. 

 

 
 

Fig: 3.19: Connective Tissues proper, areolar 
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Adipose Tissue 

1. Obtain a slide of adipose tissue (or use a kidney or trachea slide). 

2. Use proper technique to mount the slide and locate the tissue. 

3. Adipose tissue appears as large, irregular, bubble-like cells lumped together. 

4. The cells that you are observing are suspended in a matrix similar to the 

previous slide. The cells themselves are filled with fat, which is used as 

stored energy, insulation, and protection. 

 

 
 

Fig: 3.20: Connective Tissues proper, Adipose 

 

Reticular Tissue: 

1. Obtain a slide of reticular tissue. Use proper technique to place the slide on 

the stage and locate the tissue. 

2. Notice the evident cells (reticular cells) and the large, dark fibers (reticular 

fibers). 

3. These fibers form a soft internal skeleton that support the cells of certain 

organs, such as the spleen, lymph nodes, and bone marrow. 
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Fig: 3.21: Connective Tissues proper, Reticular 

 

Dense Regular Connective Tissue: 

1. Obtain a slide of a tendon. Use proper technique to mount the slide and to 

locate the tissue. 

2. Notice the orderly fibers running throughout the tissue. These fibers are 

collagen fibers. 

3. Embedded within the fibers are the fiber-producing cells called fibroblasts. 

 

This tissue forms tendons and ligaments needed to connect muscles to bones and 

bones to other bones. 

 

 
 

Fig: 3.22: Dense Connective Tissues, Regular 
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Dense Irregular Connective Tissue: 

1. Obtain a slide of skin. Use proper technique to mount the slide and to locate 

the tissue. 

2. The middle layer of the skin is called the dermis, and it is composed of 

dense irregular connective tissue. The composition of the tissue is the same 

as that of dense regular tissue, but the components are not arranged as 

orderly as in that tissue. 

3.  

 
Fig: 3.23: Dense Connective Tissues, Irregular 

 

Hyaline Cartilage 

1. Obtain a trachea slide or a slide labeled hyaline cartilage. Use proper 

technique to mount the slide and locate the tissue. 

2. Earlier, we observed the lining of the trachea. Below that layer of tissue, we 

will find rings of hyaline cartilage embedded within the organ to provide 

structure and support. 

3. The hyaline cartilage will have a smooth, amorphous (no form) matrix 

with cells suspended within it. The matrix is compact fibers of collagen and 

the cells producing the matrix are called chondrocytes. They are contained 

within tiny chambers called lacunae (“little lakes”). 
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Fig: 3.24: Hyaline Cartilage 
 

Elastic Cartilage: 

1. Obtain a slide of elastic cartilage. Use proper technique to mount the slide 

and locate the tissue. 

2. Notice the large chondrocytes located in the lacunae. 

3. Also notice the presence of elastic fibers within the matrix of the tissue. 

While the tissue is similar in composition to hyaline cartilage, the addition 

of more elastic fibers allows it to stretch and maintain its shape. This type of 

tissue is found forming most of the structure of the external ear. 

4.  

 
Fig: 3.25: Elastic Cartilage 
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Fibro cartilage 

1. Obtain a slide of fibrocartilage. Use proper technique to mount the slide and 

locate the tissue 

2. Fibrocartilage is found forming the intervertebral discs in the spinal column, 

the pubic symphysis, and in the discs of the knee. While its composition is 

similar to that of hyaline cartilage, it is not as firm and possesses more 

noticeable collagen fibers. 

3. The cells present are still referred to as chondrocytes and are found in 

lacunae in this tissue as well. 

 

 
 

Fig: 3.26: Fibro Cartilage 

 

Bone (Osseous) Tissue: 

1. Obtain a slide of ground bone. Use proper technique to mount the slide and 

locate the tissue. 

2. Bone is arranged in concentric ring structures called osteons. In the center 

of each ring is a structure called a Haversian canal. This canal carries blood 

vessels through the bone to nourish the cells embedded within the tissue. 

3. Around the Haversian canal, rings of bone tissue from called lamellae. 

Within these rings are the chambers called lacunae that would contain the 

cells. The cells themselves are called osteocytes (osteo= bone, cyte= cell). 

4. Radiating out from the lacunae are tiny channels that allow interaction of 

the cells with the blood supply.These tiny channels are called canaliculi. 
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Fig: 3.27: Bone Tissues 

 

Blood: 

1. Obtain a blood smear slide. Use proper technique to mount and locate the 

tissue. 

2. Students typically do not consider blood to be a tissue due to its liquid state. 

However, it meets all the criteria set forward to be designated a connective 

tissue. 

3. Notice that there are two types of cells easily recognizable; red blood cells 

(erythrocytes) and white blood cells (leukocytes). Also seen among the cells 

are tiny fragments of cells called platelets. 

4. The liquid portion of blood is the matrix. This part is typically called plasma 

and is made up of water, salts, gases, and proteins (nonliving materials). 

You will learn more about blood as a tissue, including the functions of the 

components inAP2. For now, we want to be able to recognize the major 

components. 

  

3.6.1.3 Muscular Tissues 

Muscle tissue is a soft tissue that composes muscles in animal bodies, and gives 

rise to muscles' ability to contract. This is opposed to other components 

or tissues in muscle such as tendons or perimysium. It is formed during 

embryonic development through a process known as myogenesis. 

 

There are 3 types of muscle tissue: 

 Skeletal muscle tissue, 

 Cardiac muscle tissue, and 
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 Smooth muscle tissue. 

 

The structure of these muscle tissues can be described from the level of detail of 

the muscle fibres (muscle cells) through all the other muscle structures and parts 

of structures that bind muscle cells together enabling them to perform their 

functions. 

 

The functions of muscle tissues depend on the type of muscle tissues and their 

locations in the body. 

 

(a) Skeletal Muscle Tissue 

Structure 

Skeletal muscle is called "striated" because of its appearance consisting of light 

and dark bands visible using a light microscope. As shown in the diagram (on the 

right), a single skeletal muscle cell is long and approximately cylindrical in shape, 

with many nuclei located at the edges (periphery) of the cell. 

 

Function 

 Movement of the skeleton under concious control, including movement of 

limbs, fingers, toes, neck, etc. 

 Movement of tissues of facial expression under concious control, e.g. 

ability to smile and to frown. 

 

 
 

Fig: 3.28: Skeletal Muscle Tissues 

 

http://www.ivyroses.com/HumanBody/Muscles/Muscle_Filaments.php
http://www.ivyroses.com/HumanBody/Muscles/Muscle_Cell.php
http://www.ivyroses.com/HumanBody/Muscles/Muscle_Structure.php
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(b) Cardiac Muscle Tissue 

Structure: 

Cardiac muscle fibers are striated, branched (sometimes described as Y-shaped), 

and have a single central nucleus. These fibers are attached at their ends to 

adjoining fibers by thick plasma membranes called intercalated discs (shown in 

digram on the right). 

 

Function: 

 Pumping of blood through the heart: Alternate contraction and relaxation 

of cardiac muscle pumps 

 De-oxygenated blood through the Right Atrium and Right Ventricle to the 

lungs, and Oxygenated blood through the Left Atrium and Left Ventricle to 

the aorta, then the rest of the body. 

 
 

Fig: 3.29: Cardiac Muscles 

 

(c) Smooth Muscle Tissue 

Structure 

Unlike Skeletal and Cardiac muscle tissue, Smooth muscle is not striated. Smooth 

muscle fibers are small and tapered - with the ends reducing in size, in contrast to 

the cylindrical shape of skeletal muscle. Each smooth muscle fiber has a single 

centrally located nucleus. 

 

Function 

Contractions of smooth muscle constrict (i.e. narrow = reduce the diameter of) the 

vessels they surround. This is particularly important in the digestive system in 

which the action of smooth muscle helps to move food along the gastrointestinal 

tract as well as breaking the food down further. Smooth muscle also contributes to 
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moving fluids through the body and to the elimination of indigestible matter from 

the gastrointestinal system. 

 

 
 

Fig: 3.30: Smooth Muscle Tissue 

 

3.6.1.4 Nervous Tissue 

Nervous tissue is composed of two types of cells, neurons and glial cells. Neurons 

are the primary type of cell that most anyone associates with the nervous system. 

They are responsible for the computation and communication that the nervous 

system provides. They are electrically active and release chemical signals to target 

cells. Glial cells, or glia, are known to play a supporting role for nervous tissue. 

Ongoing research pursues an expanded role that glial cells might play in 

signaling, but neurons are still considered the basis of this function. Neurons are 

important, but without glial support they would not be able to perform their 

function. 

 

Neurons 

Neurons are the cells considered to be the basis of nervous tissue. They are 

responsible for the electrical signals that communicate information about 

sensations, and that produce movements in response to those stimuli, along with 

inducing thought processes within the brain. An important part of the function of 

neurons is in their structure, or shape. The three-dimensional shape of these cells 

makes the immense numbers of connections within the nervous system possible. 

 

Parts of a Neuron 

As you learned in the first section, the main part of a neuron is the cell body, 

which is also known as the soma (soma = “body”). The cell body contains the 

nucleus and most of the major organelles. But what makes neurons special is that 

they have many extensions of their cell membranes, which are generally referred 
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to as processes. Neurons are usually described as having one, and only one, 

axon—a fiber that emerges from the cell body and projects to target cells. That 

single axon can branch repeatedly to communicate with many target cells. It is the 

axon that propagates the nerve impulse, which is communicated to one or more 

cells. The other processes of the neuron are dendrites, which receive information 

from other neurons at specialized areas of contact called synapses. The dendrites 

are usually highly branched processes, providing locations for other neurons to 

communicate with the cell body. Information flows through a neuron from the 

dendrites, across the cell body, and down the axon. This gives the neuron a 

polarity—meaning that information flows in this one direction shows the 

relationship of these parts to one another. 

 

Parts of a Neuron 

 
Fig: 3.30: Nervous Tissues 

 

The major parts of the neuron are labeled on a multipolar neuron from the CNS. 

 

Where the axon emerges from the cell body, there is a special region referred to as 

the axon hillock. This is a tapering of the cell body toward the axon fiber. Within 

the axon hillock, the cytoplasm changes to a solution of limited components 

called axoplasm. Because the axon hillock represents the beginning of the axon, 

it is also referred to as the initial segment. 

 

Many axons are wrapped by an insulating substance called myelin, which is 

actually made from glial cells. Myelin acts as insulation much like the plastic or 

rubber that is used to insulate electrical wires. A key difference between myelin 

and the insulation on a wire is that there are gaps in the myelin covering of an 
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axon. Each gap is called a node of Ranvier and is important to the way that 

electrical signals travel down the axon. The length of the axon between each gap, 

which is wrapped in myelin, is referred to as an axon segment. At the end of the 

axon is the axon terminal, where there are usually several branches extending 

toward the target cell, each of which ends in an enlargement called a synaptic 

end bulb. These bulbs are what make the connection with the target cell at the 

synapse. 

 

Types of Neurons 

There are many neurons in the nervous system—a number in the trillions. And 

there are many different types of neurons. They can be classified by many 

different criteria. The first way to classify them is by the number of processes 

attached to the cell body. Using the standard model of neurons, one of these 

processes is the axon, and the rest are dendrites. Because information flows 

through the neuron from dendrites or cell bodies toward the axon, these names are 

based on the neuron's polarity. 

 

Neuron Classification by Shape 

 
 

Fig: 3.31: Types of Neurons 
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Unipolar cells have one process that includes both the axon and dendrite. Bipolar 

cells have two processes, the axon and a dendrite. Multipolar cells have more than 

two processes, the axon and two or more dendrites. 

 

Unipolar cells have only one process emerging from the cell. True unipolar cells 

are only found in invertebrate animals, so the unipolar cells in humans are more 

appropriately called “pseudo-unipolar” cells. Invertebrate unipolar cells do not 

have dendrites. Human unipolar cells have an axon that emerges from the cell 

body, but it splits so that the axon can extend along a very long distance. At one 

end of the axon are dendrites, and at the other end, the axon forms synaptic 

connections with a target. Unipolar cells are exclusively sensory neurons and have 

two unique characteristics. First, their dendrites are receiving sensory information, 

sometimes directly from the stimulus itself. Secondly, the cell bodies of unipolar 

neurons are always found in ganglia. Sensory reception is a peripheral function 

(those dendrites are in the periphery, perhaps in the skin) so the cell body is in the 

periphery, though closer to the CNS in a ganglion. The axon projects from the 

dendrite endings, past the cell body in a ganglion, and into the central nervous 

system. 

 

Bipolar cells have two processes, which extend from each end of the cell body, 

opposite to each other. One is the axon and one the dendrite. Bipolar cells are not 

very common. They are found mainly in the olfactory epithelium (where smell 

stimuli are sensed), and as part of the retina. 

 

Multipolar neurons are all of the neurons that are not unipolar or bipolar. They 

have one axon and two or more dendrites (usually many more). With the 

exception of the unipolar sensory ganglion cells, and the two specific bipolar cells 

mentioned above, all other neurons are multipolar. Some cutting edge research 

suggests that certain neurons in the CNS do not conform to the standard model of 

“one, and only one” axon. Some sources describe a fourth type of neuron, called 

an anaxonic neuron. The name suggests that it has no axon (an- = “without”), but 

this is not accurate. Anaxonic neurons are very small, and if you look through a 

microscope at the standard resolution used in histology (approximately 400X to 

1000X total magnification), you will not be able to distinguish any process 

specifically as an axon or a dendrite. Any of those processes can function as an 

axon depending on the conditions at any given time. Nevertheless, even if they 

cannot be easily seen, and one specific process is definitively the axon, these 

neurons have multiple processes and are therefore multipolar. 

 

Neurons can also be classified on the basis of where they are found, who found 

them, what they do, or even what chemicals they use to communicate with each 



73 

 

other. Some neurons referred to in this section on the nervous system are named 

on the basis of those sorts of classifications. For example, a multipolar neuron that 

has a very important role to play in a part of the brain called the cerebellum is 

known as a Purkinje (commonly pronounced per-KIN-gee) cell. It is named after 

the anatomist who discovered it (Jan Evangilista Purkinje, 1787–1869). 

 

Other Neuron Classifications 

 

 
 

Fig: 3.32: Types of Neurons 

 

Three examples of neurons that are classified on the basis of other criteria. (a) The 

pyramidal cell is a multipolar cell with a cell body that is shaped something like a 

pyramid. (b) The Purkinje cell in the cerebellum was named after the scientist 

who originally described it. (c) Olfactory neurons are named for the functional 

group with which they belong. 

 

Glial Cells 

Glial cells, or neuroglia or simply glia, are the other type of cell found in nervous 

tissue. They are considered to be supporting cells, and many functions are 

directed at helping neurons complete their function for communication. The name 

glia comes from the Greek word that means “glue,” and was coined by the 

German pathologist Rudolph Virchow, who wrote in 1856: “This connective 

substance, which is in the brain, the spinal cord, and the special sense nerves, is a 

kind of glue (neuroglia) in which the nervous elements are planted.” Today, 

research into nervous tissue has shown that there are many deeper roles that these 

cells play. And research may find much more about them in the future. 

 

There are six types of glial cells. Four of them are found in the CNS and two are 

found in the PNS.   
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3.7 Organs and Organ Systems 
 

In the human body an organ is composed of two or more different histological 

types of tissue that work together to carry out a complex function. An organ 

system consists of a group of organs that perform intricate functions necessary for 

the survival of an organism. Sometimes an organism can survive with an impaired 

or nonfunctioning organ. However, when a whole system of organs shuts down, 

the life of the organism becomes compromised. Thus, the organ systems work 

together to maintain a constant internal environment called homeostasis within the 

body to ensure survival of the organism. 

 

There are eleven organ systems within the human body: integumentary, skeletal, 

muscular, nervous, endocrine, circulatory, lymphatic, respiratory, digestive, 

urinary, and reproductive. 

 

The integumentary system acts as a protective barrier for the human body 

against microorganisms, dehydration, and injuries caused by the outside 

environment. Additionally, the integumentary system regulates body temperature. 

Organs of the integumentary system include hair, nails, sebaceous glands, 

sudoriferous glands, and the largest organ of the body, the skin. 

 

The skeletal system is a structural framework providing support, shape, and 

protection to the human body. Additionally, the skeletal system provides 

attachment sites for organs. The skeletal system also stores minerals and lipids 

and forms blood cells. Bones, cartilage, tendons, and ligaments are all organs of 

the skeletal system. 

 

The muscular system provides movement to the human body as a whole as well as 

movement of materials through organs and organ systems. Additionally, the 

muscular system functions to maintain posture and produce heat. The muscular 

system consists of skeletal muscle, smooth muscle, and cardiac muscle. 

 

The nervous system conducts electrical impulses throughout the body to regulate 

and control physiological processes of the other organ systems. Organs of the 

nervous system include the brain, spinal cord, and nerves. 

 

The endocrine system also functions to regulate and control physiological 

processes of the body. However, the endocrine system accomplishes its functions 

by sending out chemical signals called hormones into the blood. Glands, the 

organs of the endocrine system, secrete hormones and include: pituitary gland, 

http://science.jrank.org/pages/4898/Organ.html
http://science.jrank.org/pages/6847/Tissue.html
http://science.jrank.org/pages/4906/Organism.html
http://science.jrank.org/pages/3365/Homeostasis.html
http://science.jrank.org/pages/3629/Integumentary-System.html
http://science.jrank.org/pages/4305/Microorganisms.html
http://science.jrank.org/pages/6748/Temperature.html
http://science.jrank.org/pages/3055/Glands.html
http://science.jrank.org/pages/6164/Skeletal-System.html
http://science.jrank.org/pages/4356/Minerals.html
http://science.jrank.org/pages/965/Blood.html
http://science.jrank.org/pages/4507/Muscular-System.html
http://science.jrank.org/pages/4601/Nervous-System.html
http://science.jrank.org/pages/1016/Brain.html
http://science.jrank.org/pages/2481/Endocrine-System.html
http://science.jrank.org/pages/3381/Hormones.html


75 

 

pineal gland, hypothalamus, thyroid gland, parathyroid glands, thymus, adrenal 

glands, pancreas, ovaries, and the testes. 

 

The circulatory system circulates blood throughout the body and in doing so 

transports gases, nutrients, and wastes to and from tissues. Organs of the 

circulatory system include the heart, blood vessels, and blood. 

 

The lymphatic system, also known as the immune system, defends the body 

against microorganisms and other foreign bodies. Additionally, the lymphatic 

system transports fluids from the body's tissues to the blood, thus helping to 

control fluid balance in the body. This system also absorbs substances from 

the digestive system. The organs of the lymphatic system include the lymph, 

lymph nodes, lymph vessels, thymus, spleen, and tonsils. 

 

The respiratory system exchanges gases between the body's tissues and the 

external environment. Oxygen is inhaled from the external environment and 

passes from the lungs into the blood, where it is exchanged for carbon 

dioxide that passes from the blood to the lungs and is expelled. The respiratory 

system consists of the nose, pharynx, larynx, trachea, bronchi, and lungs. 

 

The digestive system functions to digest and absorb nutrients from the food 

ingested into the body. Additionally, the digestive system transports foodstuff 

through the gastrointestinal tract. The primary organs of the digestive system 

include the mouth, pharynx, esophagus, stomach, small intestine, large intestine, 

rectum, and anal canal. Accessory organs that aid the primary organs include the 

teeth, salivary glands, tongue, liver, gallbladder, pancreas, and appendix. 

 

The urinary system removes excess water and nutrients and filters wastes from the 

circulatory system. Additionally, the urinary system aids in red blood cell 

formation and metabolizes vitamin D. The urinary system's organs include the 

kidneys, ureters, urinary bladder, and urethra. 

 

The reproductive system of the human body can be either male or female. The 

male reproductive system synthesizes gametes called spermatozoa that are 

responsible for fertilizing the female gametes, or oocytes, during reproduction. 

The female reproductive system is designed to undergo conception, gestation, and 

birth once a spermatozoon fertilizes an oocyte. The male reproductive system is 

composed of the testes, vas deferens, urethra, penis, scrotum, and prostate. The 

female reproductive system consists of the ovaries, uterus, fallopian tubes, vagina, 

vulva, and mammary glands. 

 

http://science.jrank.org/pages/1501/Circulatory-System.html
http://science.jrank.org/pages/4801/Nutrients.html
http://science.jrank.org/pages/3248/Heart.html
http://science.jrank.org/pages/4031/Lymphatic-System.html
http://science.jrank.org/pages/3524/Immune-System.html
http://science.jrank.org/pages/2080/Digestive-System.html
http://science.jrank.org/pages/5848/Respiratory-System.html
http://science.jrank.org/pages/4970/Oxygen.html
http://science.jrank.org/pages/1209/Carbon-Dioxide.html
http://science.jrank.org/pages/1209/Carbon-Dioxide.html
http://science.jrank.org/pages/7301/Water.html
http://science.jrank.org/pages/1319/Cell.html
http://science.jrank.org/pages/7244/Vitamin.html
http://science.jrank.org/pages/5811/Reproductive-System.html
http://science.jrank.org/pages/933/Birth.html
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Self-Assessment Questions 

 
Q.1 Select the correct option from the given options. 

 1. Which of the following is not a type of tissue? 

a) muscle 

b) nervous 

c) embryonic 

d) epithelia 

 2. Muscle that has a striped appearance is described as being ________. 

a) elastic 

b) nonstriated 

c) excitable 

d) striated 

 3. Which element is important in directly triggering contraction? 

a) sodium (Na
+
) 

b) calcium (Ca
++

) 

c) potassium (K
+
) 

d) chloride (Cl
-
) 

 4. Which of the following properties is not common to all three muscle 

tissues? 

a) excitability 

b) the need for ATP 

c) at rest, uses shielding proteins to cover actin-binding sites 

d) elasticity 

 5.    Proteins produced at cytoplasmic ribosomes are  

a) used in the cell. 

b) used by other cells.  

c) never used at all. 

d) None of the above is correct. 

 6.    Which is associated with DNA? 

a) chromatin 

b) chromosome 

c) nucleus 

d) All of the above are correct. 

 7. Which of these are involved in the movement of structures inside a 

cell? 

a) actin 

b) microtubules 

c) centrioles 

d) All of the above are correct. 
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 8. Which of the following structures would be found in both plant and 

animal cells? 

a) centrioles 

b) chloroplasts 

c) cell wall 

d) mitochondria 

e)  All of these are found in both types of cells. 

 9. Which of these is broken down during cellular respiration? 

a) carbon dioxide 

b) water 

c) carbohydrate 

d) oxygen 

e) Both c and d are correct. 

  10. Match the organelles in the key to the functions listed in questions  

1–5. 

  Key: 

a) mitochondria 

b) nucleus 

c) Golgi apparatus 

d) rough ER 

e) centrioles 

1) packaging and secretion 

2) cell division 

3) powerhouse of the cell 

4) protein synthesis 

5) control center for the cell 

 

Self Assessment Questions 
 

1. Why is elasticity an important quality of muscle tissue? 

2.  Identify the four types of tissue in the body, and describe the major 

functions of each tissue. 

3. Define diffusion and osmosis.  

4. What does active transport mean?  

5. Why cannot the cell survive without the nucleus?  

6. Why is cell membrane vital for the cell? 

7. Why are lysosomes known as “suicidal bags”? 

8. What is the cytoskeleton? What role does the cytoskeleton play in cells? 

9. Define osmosis, and discuss the effects of placing red blood cells in 

isotonic, hypotonic, and hypertonic solutions. 
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Introduction 

 
Energy and enzymes are very importance for life, as they drive the life supporting 

activities. Energy and enzymes is the 4
th
 unit of this book where enzymes and their 

characteristics, enzyme action and models of enzymes action, factors affecting enzymes, 

characteristics of enzymes and other enzymes family descriptions are given in a very 

simple way. The reader will be able to clear the concept of enzymes and energy .enzymes 

control the energy production for the body activities. Energy is stiored in the form of 

ATP inside the Mitochonria of the cells.  

 

Objectives 
 

After completion of this chapter, you will be able to:  

 Understand the energy drives all life processes in a cell and to do the work.  

 Understand the mechanism of cell that obtains energy by utilizing chemical fuel 

and application of the first and second laws of thermodynamics during these 

processes. 

 Describe the enzyme and its characteristics used to speed up a chemical reaction. 

 Identify the factors affecting the rate of enzymatic action and some inhibitor, which 

inactivates the active site of the enzyme. 

 Understand the role of cofactors and coenzyme to activate the enzyme. 

 Compare the role of ATP in cell processes. 
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4.1 Characteristics of Enzymes 
 

In living cells, chemical reactions are accelerated by biological catalysts, known as Enzymes. 

Most all enzymes are proteins and common to many types of cells, whereas others are found 

only in cells carrying out particular functions. Some main characteristics are:  

 

 They have the extraordinary catalytic power, e.g, in the absences of enzyme, 

carbon-dioxide and water reaction forms carbonic acid. CO2 + H2O   H2 CO2 

(Produced 200 molecules per hour). But, in the living cell, the same reaction is 

catalyzed by the enzyme and produced 600,000 molecules every second, (Knox, 

Saint, Evans, & Ladiges, 2008).  

 The small quantity of an enzyme is capable of catalyzing a huge chemical reaction, 

e.g. the unripe fruit (Papaya) contains a particular type of digestive enzyme that is 

often used to tenderize meat. 

 They perform specific functions, e.g. amylase only acts on starch, and not on 

proteins or fats. Similarly, proteases act only on proteins and lipases only on fats.  

 The rate of enzyme reactions is affected by temperature. About 40-45 C
0
, the 

enzyme is most active, while at above 60  C most of the enzymes are completely 

denatured. 

 They are affected by the acidity or alkalinity of the solutions in which they act pH 

range of acidic (from pH 7 to 4.5) or alkaline (from pH 7 to 9), the enzyme activity 

becomes decrease e.g. The amylase enzyme would be denatured completely at pH 

4 or 9.  

 The rate of reaction will also effect by the concentrations of substrate and enzyme.  

 They also need coenzymes (non-protein organic compounds) for organic reactions. 

 They catalyse reversible reactions in living cells, ( Kwan & Lam, 2006). 

 

 

4.2 Enzymes: Structure, Define Enzyme, Apoenzyme, Cofactor, 

Prosthetic Group, Coenzyme and Holoenzyme  
 

Enzymes  

Enzymes are biological or organic catalysts and protein in nature. All bio-chemical 

processes of a living cell are catalyses in the presence of enzymes over a very narrow 

temperature range.  

 

In the digestive system, enzymes break down large food molecules into small ones starch 

and sugar molecules converted into glucose molecules by the action of enzyme called 

amylase. Proteases break down protein into amino acids. Lipase breaks down fats into 

fatty acids and glycerol.  

 

Activity 4.2.1 Find out the function of Cellulase Lactase, Pectinase  
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Answer 4.2.1 

The walls of plant cells produced Cellulose and an enzyme cellulase breaks cellulose 

down into sugar.  

 

Lactase breaks down the sugar in milk (Called Lactose) to glucose.  

 

Pectinase breaks down pectin into sugar. Pectin present in fruits which makes fruit juices 

cloudy. For commercial use, the pectinases are added to crush fruit to get clearer and 

colourful juice out of fruit skins.  

 

Cofactors  

Some enzymes require an additional chemical component, such as a metal ion or an 

organic molecule, to perform their catalytic function. These additional metal ions, organic 

molecules are the cofactor of the enzyme.  

 

Coenzymes 

Some enzymes require an additional non-protein or complex organic molecule, to          

per fore their catalytic function is called coenzyme of the enzyme.  

 

Apoenzyme     

An enzyme without its cofactor is called apo enzymes. It is inactive. 

 

Prosthetic group           

The organic molecules tightly bound to Enzyme is called prosthetic group 

 

Holoenzyme  

Complete enzyme with full functionality containing both apo enzyme and its Co factor 

 

4.3 Mechanism of Enzyme Action  
 

The enzyme action mechanism is a two step process where enzyme-substrate reaction 

take place.  

 

STEP 1: E  +  S                         Es  

       enzyme        substrate                                   enzyme-substrate 

complex  

 

STEP2: Es     E      +   p 

 

The first step shows a reversible chemical binding of the enzyme and substrate, while 

second step releases the product from the enzyme surface.  

 

4.3.1 Lock and Key Model of Enzyme Action  

A German chemist, Emil Fischer (1890) suggested a specific relationship between 

enzyme and its substrate by which they exactly fit each other like a key fits in a lock 
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Later, J. B. S. Haldane, the British biologist, added that the enzyme-substrate complex 

required a certain addition of energy of activation before any reaction. He further said 

that Fischer’s Lock and Key hypothesis be amended to allow that the key does not fit 

perfectly in the lock but exercises a certain strain on it. 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

Figure 4.3.1: Lock and key model of enzyme action, where substrate molecule directly 

fits into the active site of enzyme. 

 

4.3.2 Induced – Fit Model  

A scientist Linus Pauling referred a enzyme action model and presented his view that an 

enzyme is a flexible molecule and accommodate the substrate (s) by slightly change in its 

structure. This concept of Pauling’s lined with the idea of Koshland, who introduced the 

term Induced fit. In induced fit mechanism, the substrate molecule binds at the active site 

of an enzyme and brings it into a Transition state. It is a highly catalytic state of enzyme, 

in which new bonds or products are formed by straining and distorting the existing bonds.  
 

a) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Substrate 

Active 

Site  

Enzyme Enzyme – Substrate 

Complex 

Substrate 

Active 

Site  

Enzyme Enzyme – Substrate 

Complex 



85 

 

b) 

 
 

Figure 4.3.2: a) Induced – fit model, the substrate induces and change, the shape 

of enzyme for reaction. 

 

   b) Stages of an enzyme – substrate reaction, substrate bins and 

comes into a transition state where electrons may flow, breaking 

existing bonds and creating new bonds. 

 

4.4 Function and Factors Affecting the Activity of Enzyme  
 

Knowledge of basic enzyme kinetic theory is important in enzyme analysis in order both 

to understand the basic enzymatic mechanism and to select a method for enzyme 

analysis. The conditions selected to measure the activity of an enzyme would not be the 

same as those selected to measure the concentration of its substrate. Several factors affect 

the rate at which enzymatic reactions proceed - temperature, pH, enzyme concentration, 

substrate concentration, and the presence of any inhibitors or activators.  

 

Enzyme Concentration In order to study the effect of increasing the enzyme concentration 

upon the reaction rate, the substrate must be present in an excess amount; i.e., the reaction 

must be independent of the substrate concentration. Any change in the amount of product 

formed over a specified period of time will be dependent upon the level of enzyme present. 

That is, activity is directly proportional to enzyme concentration. 

 

Substrate Concentration It has been shown experimentally that if the amount of the 

enzyme is kept constant and the substrate concentration is then gradually increased, the 

reaction velocity will increase until it reaches a maximum. After this point, increases in 

substrate concentration will not increase the velocity. 

 

Temperature Effects Like most chemical reactions, the rate of an enzyme-catalyzed 

reaction increases as the temperature is raised. A ten degree Centigrade rise in 
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temperature will increase the activity of most enzymes by 50 to 100%. Variations in 

reaction temperature as small as 1 or 2 degrees may introduce changes of 10 to 20% in 

the results. In the case of enzymatic reactions, this is complicated by the fact that many 

enzymes are adversely affected by high temperatures. As shown in Figure 13, the 

reaction rate increases with temperature to a maximum level, then abruptly declines with 

further increase of temperature. Because most animal enzymes rapidly become denatured 

at temperatures above 40·C, most enzyme determinations are carried out somewhat 

below that temperature. 

 

Effects of pH Enzymes are affected by changes in pH. The most favorable pH value - the 

point where the enzyme is most active - is known as the optimum pH. Extremely high or 

low pH values generally result in complete loss of activity for most enzymes. pH is also a 

factor in the stability of enzymes. As with activity, for each enzyme there is also a region 

of pH optimal stability. 

 

Function of Enzymes Enzymes are in vivo catalytic substances that reduces time for the 

completion of a particular enzymatic reaction and hence are specific, selective, regulated 

and efficient. 

 

4.5 Energy and the Laws of Energy Transformation  
 

Energy transformations are governed by the laws of thermodynamics. The first law states 

that energy can neither be created nor destroyed, whereas it transformed from or state to 

another, but the total energy of the universe remains constant. No energy transformation 

is 100% efficient in any process and there is always lost in the form of heat. In biological 

systems, the cells do not utilize more than 30% energy for various processes. 

 

4.6 Activation Energy 
 

Organic food molecules are used by the living organisms as a source of energy. In this 

food molecule, carbohydrates are the primary source of energy broken down during the 

process of respiration in the presence of oxygen. 

 

C6H12O6 + 6O2             6CO2 + 6H2O + 36 ATP carbohydrates (Glucose) 

 

During this process, living cells used glucose and oxygen, while carbon dioxide, water 

and adenosine triphosphate (ATP) are produced. ATP is an energy rich compound that 

can be use to drive reactions. It is also called energy currency of the cells due to work in 

non-spontaneous or uphill reactions. 

 

4.6.1 ATP as an Energy Carrier  

Each ATP molecule is composed of three other molecules, ribose (back bone of molecule 

structure), nitrogenous base adenine and triphosphate (three-phosphate groups linked by 
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two covalent bonds). This high energy bond release3s energy when the terminal 

phosphate bond is hydrolysed.   

 

4.6.2 ATP: How Cells Convert Energy? 

ATP is a key molecule of biological worked, and it is a main source of energy. For 

example, in the process of glycolysis, glucose molecules are breakdown to form pyruvic 

acid and two molecules of ATP. It is anaerobic catabolism process where free oxygen is 

not present. All organisms, whether plant or animal, use ATP to drive their cellular 

processes. In both processes photosynthesis and respiration provide energy and structural 

molecules for growth and maintenance of organisms. Autotrophic organisms (green 

plants) trap sun light energy by the procwess of photosynthesis, and store this energy as 

chemical bonds in ATP and by synthesising carbohydrates (glucose) by CO2 + H2O. All 

organisms, both autotrophs and the hetrotrophs eat them, use fuel molecules during 

cellular respiration as a chemical source of energy for maintenance and growth.   

 

4.7 Enzyme Inhibition (Competitive and Noncompetitive Inhibitors) 
 

Enzyme inhibitors inhibit the rate of reaction. Some inhibitors are naturally present in the 

body of an organism, while some are artificially prepared and used as drugs, pesticides, 

etc. 

 

There are two types of inhibitors, competitive and non-competitive. 

i. A competitive inhibitor molecule has a similar structure to the normal substrate 

molecule, and it can fit into the active site of the enzyme. 

ii. A non-competitive inhibitor molecule is different in structure from the substrate 

molecule and does not fit into the active site. It binds to another part of the enzyme 

molecule, changing the shape of the whole enzyme, so that it does not attach to the 

substrate molecule for longer time. 

 

4.8 Classification of Enzymes 
 

There are six classes of enzyme according to reaction type. The teacher will start the 

topic with the following activity.  

 

Activity 4.9.1: Give two separate lists, a- List of reactions, and b- list of enzyme 

classes, to the students to observe the reactions and identify their names. Here, the 

teacher will also ask why they give this name. 
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Answer 4.9.1: 

 

 
 

Source: http://www.slideshare.net/MUBOSScz/enzymes-1 
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Key Points 
  

 Energy drives all life processes in a cell. Energy is the capacity to do work. It can 

exist in two forms: Kinetic energy is actively involved in doing work, and potential 

energy is stored for future use. 

 The cell obtains energy by utilizing chemical fuel and by obeying the first and 

second laws of thermodynamics. 

 The speed of a chemical reaction depends on the activation energy necessary to 

initiate it. 

 Catalysts reduce the amount of activation energy necessary to initiate a chemical 

reaction and, therefore, speed up the reaction. Cells use specialized proteins and 

nucleic acids (RNA) called enzymes as biological catalysts. 

 Any factor (e.g., temperature, pH, and other chemicals) that alter an enzyme’s 

shape affects the enzyme’s activity. Cofactors are metal ions or organic molecules 

that facilitate enzyme activity. 

 Specific cofactors that are non-protein organic molecules are called coenzymes. 

 ATP is the universal energy currency of all cells. 

 

Self Assessment Questions 
  

1. What is the term given to the reactant of an enzymatic reaction? (Substrate) 

2. The following is a catalyzed by an enzyme:_____________ (Gluco kinase)  

                    glucose + ATP -------> Glucose-6-phosphate + ADP 

3. What is (are) the substrates for this reaction? ( Glucose and ATP) 

4.  Enzymes act to (increase/decrease) the rate of the reaction. (Increase) 

5. The activity of enzymes can be altered by changing the pH. True or False (True)  

6. What is the term given to the site of the enzyme where the substrate binds? (Active 

Site        ) 

7. What type of regulation is described in the following description? 

 The enzyme protein kinase has only active, when a compound known as cyclic 

AMP binds to the enzyme. Cyclic AMP is not a substrate of this enzyme. 

(allosteric) 

8. Enzymes are able to increase the rate of a reaction by decreasing the _______ 

________ required by the reaction. (activation energy) 

 

Multiple Choices: 
 

i. Salivary amylase is an enzyme in humans that breaks down starch. The optimum 

pH for this reaction is 6.7. The rate of this reaction would not be affected by:  

A. maintaining the pH of the reaction at 6.7 

B. substrate concentration 

C. enzyme concentration 

D. decreasing the temperature of the reaction by 5
0
 C (Answer) 

 



90 

 

 

ii. Vitamins are essential to the survival of organisms because vitamins usually 

function as: 

A. substrates 

B. nucleic acids 

C. coenzymes(Answer) 

D. Nucleotides 

 

iii. Which chemical is classified as an enzyme? 

A. Galactose 

B. Lipid 

C. Protease (answer) 

D. Manganese dioxide 

 

iv. A certain enzyme will hydrolyze egg white, but not starch. Which statement best 

explains this observation? 

A. Starch molecules are too large to be hydrolyzed. 

B. Enzyme molecules are specific in their actions. (answer) 

C. Egg white acts as a coenzyme for hydrolysis 

D. Starch is composed of amino acids.  

 

v. Which of the following enzyme would digest a fat? 

A. Sucrose B. Fatase  C. Protease  D. Lipase 

(answer) 

 

vi. At high temperature, the rate of enzyme action decreases because the 

increased heat…. 
A. change the pH of the system. 

B. alters the active site of the enzyme(Answer). 

C. neutralizes the acids and bases in the system. 

D. increases the concentration of the enzyme.  

 

vii. Enzyme influence chemical reactions in living systems by…. 

A. providing the substrate required for the reaction to occur. 

B. affecting the rate at which reactions occur. (Answer) 

C. absorbing water released when polymers are formed. 

D. combining with excess hydrogen to form gaseous wastes. 

 

viii. Which group of organic compounds includes the enzymes? 

A. Proteins(Answer)   

B. B.  Starches   

C. C.  Carbohydrates    

D. Lipids  
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ix. The lock and key hypothesis attempts to explain in mechanism of 

A. Vocwole formation   

B. Pinocytosis  

C. Sharing of electrons  

D. Enzyme specificity (Answer)  

 

x. Any substance that is acted upon by an enzyme is called a…. 

 A. coenzyme 

 B. substrate (Answer) 

 C. vitamin 

 D. polypeptide  

 

xi. An enzyme that hydrolyzes protein will not act upon starch. This fact is an 

indication that enzymes are… 

 A. hydrolytic  

 B. specific(Answer)  

 C. catalytic  

 D. synthetic  

 

xii. At about 0
o
C most enzymes are…. 

 A. inactive (Answer)  

 B. active   

 C. destroyed   

 D. replicated   
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Introduction 

 
Energy conservation is the effort made to reduce the consumption of energy by using less 

of an energy service. This can be achieved either by using energy more efficiently (using 

energy from sunlight or through chemical reactions). Energy conservation is a part of the 

concept of eco-sufficiency. Energy conservation reduces the need for energy services and 

can result in increased environmental quality. Various sources such as light, carbon 

dioxide, water are involved in energy transformation processes which plays important 

role in energy conservation. 

 

Objectives 
 

After completion of this Unit, you will be able to: 

 understand role of small and large biomolecules and various energy 

transformations in living organisms. 

 know various metabolic pathways such as glycolysis, krebs cycle, electron 

transport chain and oxidative phosphorylation. 

 

  

https://en.wikipedia.org/wiki/Energy_consumption
https://en.wikipedia.org/wiki/Efficient_energy_use
https://en.wikipedia.org/wiki/Eco-sufficiency
https://en.wikipedia.org/wiki/Natural_environment


96 

 

5.1 Role of Light 
 

Plants, are experts at capturing light energy and using it to make sugars through a process 

called photosynthesis. This process begins with the absorption of light by specialized 

organic molecules, called pigments, that are found in the chloroplasts of plant cells. 

Light is a form of energy and pigments such as the chlorophylls that make plants green, 

absorb that energy. Light is a form of electromagnetic radiation, a type of energy that 

travels in waves. Other kinds of electromagnetic radiation that are used includes radio 

waves, microwaves, and X-rays. Together, all the types of electromagnetic radiation 

make up the electromagnetic spectrum. 

 

Every electromagnetic wave has a particular wavelength, or distance from one crest to the 

next, and different types of radiation have different characteristic ranges of wavelengths 

(Figure 1). Types of radiation with long wavelengths, such as radio waves, carry less 

energy than types of radiation with short wavelengths, such as X-rays. 

 

 
 

Figure 5.1: Electromagnetic spectrum. Different waves have different wavelengths. 

 

The visible spectrum is the only part of the electromagnetic spectrum that can be seen by 

the human eye. It includes electromagnetic radiation whose wavelength is between about 

400nm and 700nm. Visible light from the sun appears white, but it’s actually made up of 

multiple wavelengths (colors) of light. When white light passes through a prism, different 

colours can be seen because of the different wavelengths of light bent at different angles 

as they pass through the prism, they spread out and form rainbow. Red light has the 

longest wavelength and the least energy, while violet light has the shortest wavelength 

and the most energy (Figure 2). Although light and other forms of electromagnetic 

radiation act as waves under many conditions, they can behave as particles under others. 

Each particle of electromagnetic radiation, called a photon, has certain amount of energy. 

Types of radiation with short wavelengths have high-energy photons, whereas types of 

radiation with long wavelengths have low-energy photons. 
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Figure 5.2: Diffraction of light. White light scattered into different colours as it passes 

through prism. 

 

Activity 1: Stretch different wavelengths of light. 

 

5.2 Role of Photosynthetic Pigments-Absorption Spectrum and 

Action Spectrum 
 

A photosynthetic pigment is a pigment present in chloroplasts or photosynthetic bacteria 

and captures the light energy necessary for photosynthesis. Some of the pigments are: 

 

Plants pigments (in order of increasing polarity): 

 Carotene - an orange pigment 

 Xanthophyll - a yellow pigment 

 Phaeophytin a - a gray-brown pigment 

 Phaeophytin b - a yellow-brown pigment 

 Chlorophyll a - a blue-green pigment 

 Chlorophyll b - a yellow-green pigment 

 

Chlorophyll a is the most common of the six, present in every plant that performs 

photosynthesis. The reason that there are so many pigments is that each absorbs light 

more efficiently in a different part of the electromagnetic spectrum. Chlorophyll a 

absorbs well at a wavelength of about 400-450 nm and at 650-700 nm; chlorophyll b at 

450-500 nm and at 600-650 nm. Xanthophyll absorbs well at 400-530 nm. However, 

none of the pigments
 
absorbs well in the green-yellow region, which is responsible for the 

abundant green we see in nature. 

 

In photosynthesis, the sun’s energy is converted to chemical energy by photosynthetic 

organisms. However, the various wavelengths in sunlight are not all used equally in 

photosynthesis. Instead, photosynthetic organisms contain light-absorbing molecules 

https://en.wikipedia.org/wiki/Biological_pigment
https://en.wikipedia.org/wiki/Chloroplast
https://en.wikipedia.org/wiki/Bacterium
https://en.wikipedia.org/wiki/Light
https://en.wikipedia.org/wiki/Photosynthesis
https://en.wikipedia.org/wiki/Carotene
https://en.wikipedia.org/wiki/Xanthophyll
https://en.wikipedia.org/wiki/Phaeophytin
https://en.wikipedia.org/wiki/Phaeophytin
https://en.wikipedia.org/wiki/Chlorophyll_a
https://en.wikipedia.org/wiki/Chlorophyll_b
https://en.wikipedia.org/wiki/Electromagnetic_spectrum
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called pigments that absorb only specific wavelengths of visible light, while reflecting 

others. 

 

(a)  Absorption Spectra 
A plot (graph) showing absorption of light of different wavelength a pigment is called 

absorption spectrum. A solution of a pigmy placed in a spectrometer. It gives the 

wavelength absorbed by pigment. The light absorbed by the pigment is plot against 

wavelength gives absorption spectrum (Figure 3). 

 Both chlorophyll a and b show maximum absorption in the violet and orange-

red region of visible spectrum. The blue and red light are used by the green plants 

as energy source for photosynthesis. The absorption of chlorophyll a Shows two 

peaks at about 680 and 700 nm. 

 Carotenoids absorb radiant energy between 449 and 490 nm. Carotenes show 

absorption peaks at 449 and 478 nm. 

 The xanthophylls shows peak at 440 and 490 nm. 

 

 
 

Figure 5.3: Absorption Spectrum. Peaks of Chlorophyll a and b. 

 

b) Action Spectra 
The plot showing relative effectiveness of different wavelengths of ht in 

photosynthesis is called action spectrum. Action spectrum ratifies the pigments 

actually involved in the photosynthesis. The photosystem was also discovered by action 

spectrum. The action spectra are measured by spectrographs. A sample is placed in larger 

area. Monochromatic light is passed through it. Then its action is done by spectrograph 

(Figure 4). 
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Figure 5. 4: Action spectrum. It shows different peaks than that of absorption spectrum. 

Peak shown only by Chlorophyll a. 

 

Comparison of absorption spectrum and action spectrum 
Absorption spectrum is given by all the pigments (Chl a. b, carotene and xanthophylls). 

But the action spectrum is given by only chlorophyll a. It means chlorophyll a forms the 

reaction centre. There is a great difference between the absorption spectrum and action 

spectrum of chlorophyll a. The peaks of its action spectrum have more height and it 

valleys are much narrow than the absorption spectrum. It indicates that all other pigments 

are accessory. They transfer their energy to chlorophyll a. So it performs more 

photosynthesis than it actually absorbs light. Therefore, its action spectrum looks more 

efficient than the absorption spectrum.  

 

Activity 2: Compare the plots of absorption and action spectrum. 

 

Chlorophylls 
There are five main types of chlorophylls: chlorophylls a, b, c and d, plus a related 

molecule found in prokaryotes called bacterio chlorophyll. In plants, chlorophyll a and 

chlorophyll b are the main photosynthetic pigments. Chlorophyll molecules absorb blue 

and red wavelengths, as shown by the peaks in the absorption spectra above. Structurally, 

chlorophyll molecules include a hydrophobic ("water-fearing") tail that inserts into the 

thylakoid membrane and a porphyrin ring head (a circular group of atoms surrounding a 

magnesium ion) that absorbs light (Figure 5). 

 

 
 

Figure 5.5: Structure of chlorophyll. Porphyrin ring containing magnesium with 

hydrophobic tail. 
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Although both chlorophyll a and chlorophyll b absorb light, chlorophyll a plays a unique 

and crucial role in converting light energy to chemical energy. All photosynthetic plants, 

algae and cyanobacteria contain chlorophyll a, whereas only plants and green algae 

contain chlorophyll b, along with a few types of cyanobacteria. Because of the central 

role of chlorophyll a in photosynthesis, all pigments used in addition to chlorophyll a are 

known as accessory pigments including other chlorophylls, as well as other classes of 

pigments like the carotenoids. The use of accessory pigments allows a broader range of 

wavelengths to be absorbed, and thus more energy to be captured from sunlight. 

 

Carotenoids 
Carotenoids are another key group of pigments that absorb violet and blue-green light. 

The brightly colored carotenoids found in fruit such as the red of tomato (lycopene), the 

yellow of corn seeds (zeaxanthin), or the orange of an orange peel (β-carotene) are often 

used as advertisements to attract animals, which can help disperse the plant's seeds. In 

photosynthesis, carotenoids help capture light, but they also have an important role in 

getting rid of excess light energy. When a leaf is exposed to full sun, it receives a huge 

amount of energy; if that energy is not handled properly, it can damage the 

photosynthetic machinery. Carotenoids in chloroplasts help absorb the excess energy and 

dissipate it as heat. 

 

When a pigment absorbs a photon of light, it becomes excited, meaning that it has extra 

energy and is no longer in its normal, or ground, state. At a subatomic level, excitation is 

when an electron is bumped into a higher-energy orbital that lies further from the 

nucleus. Only a photon with just the right amount of energy to bump an electron between 

orbitals can excite a pigment. In fact, this is why different pigments absorb different 

wavelengths of light: the "energy gaps" between the orbitals are different in each 

pigment, meaning that photons of different wavelengths are needed in each case to 

provide an energy boost that matches the gap (Figure 6). An excited pigment is unstable, 

and it has various "options" available for becoming more stable. For instance, it may 

transfer either its extra energy or its excited electron to a neighboring molecule.  

 
 

Figure 5.6: Excitation of electron. It excites from ground to higher energy level after 

absorbing certain wavelength of light. 

https://www.khanacademy.org/science/chemistry/electronic-structure-of-atoms/electron-configurations-jay-sal/v/orbitals
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The Calvin Cycle and the Pentose Phosphate Pathway 
Photosynthesis proceeds in two parts: the light reactions and the dark reactions. The light 

reactions, transforms light energy into ATP and biosynthetic reducing power, NADPH. 

The dark reactions, which constitute the Calvin cycle, named after Melvin Calvin, the 

biochemist who elucidated the pathway, reduce carbon atoms from their fully oxidized 

state as carbon dioxide to the more reduced state as hexose. The components of the 

Calvin cycle and called the dark reactions because, in contrast with the light reactions, 

these reactions do not directly depend on the presence of light. In addition to ATP, the 

dark reactions require reducing power in the form of NADPH, the currency of readily 

available reducing power in cells. The Calvin cycle is sometimes referred to as the 

reductive pentose phosphate pathway. 

 

Activity 3: Compare the excitement of electrons through different energy levels. 

 

Self Assessment Questions 
 

Q: Fill in the blanks.  

 i.  ………………….. is the effort made to reduce the consumption of energy by 

using less of an energy service. (Energy conservation) 

 ii. A ……………… is a pigment present in chloroplasts or 

photosynthetic bacteria and captures the light energy necessary 

for photosynthesis. (Photosynthetic pigment) 

 iii.  The Calvin cycle is sometimes referred to as the reductive ……………….. 

(Pentose phosphate pathway) 

 iv.  When a pigment absorbs a photon of light, it becomes ……………. 

(Excited) 

 v.  Because of the central role of chlorophyll a in photosynthesis, all pigments 

used in addition to chlorophyll a are known as ………………. (Accessory 

pigments) 

 

Q:  Answer the following. 

 i.  What is calvin cycle? 

 ii.  Name various plant pigments. 

 iii.  Which spectrum could be seen naked eye? 

 iv.  How electron gets excited? 

 v.  What is structure of chlorophyll? 

 

Q:  Choose the best answer. 

 i.  All the types of electromagnetic radiation make up the ………………… 

  a.  Electromagnetic spectrum 

  b.  Absorption spectrum 

  c.  Action spectrum 

 ii.  ……………… are another key group of pigments that absorb violet and 

blue-green light. 

  a.  Xanthophyll 

https://en.wikipedia.org/wiki/Energy_consumption
https://en.wikipedia.org/wiki/Biological_pigment
https://en.wikipedia.org/wiki/Chloroplast
https://en.wikipedia.org/wiki/Bacterium
https://en.wikipedia.org/wiki/Light
https://en.wikipedia.org/wiki/Photosynthesis
https://en.wikipedia.org/wiki/Xanthophyll
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  b.  Chlorophyll 

  c.  Carotenoids  

 iii.  …………… spectrum is given by all pigments 

  a.  Action 

  b.  Absorption 

  c.  None 

 iv.  …………….. plays a unique and crucial role in converting light energy to 

chemical energy. 

  a.  Chlorophyll a  

  b.  Chlorophyll b 

  c.  None 

 v.  …………… in chloroplasts help absorb the excess energy and dissipate it as 

heat. 

  a.  Carotenoids 

  b.  Xanthophyll 

  c.  Chlorophyll 

 

5.3 Role of Carbondioxide 

The Calvin Cycle Synthesizes Hexoses from Carbon Dioxide and Water. Glucose could 

be formed from noncarbohydrate precursors, such as lactate and amino acids by 

gluconeogenesis. The synthesis of glucose from these compounds is simplified because 

the carbons are already incorporated into relatively complex organic molecules. In 

contrast, the source of the carbon atoms in the Calvin cycle is the simple molecule carbon 

dioxide. In this extremely important process, carbon dioxide gas is trapped in a form that 

is useful for many processes. The Calvin cycle brings into living systems the carbon 

atoms that will become constituents of nucleic acids, proteins, and fats.  

 

Photosynthetic organisms are called autotrophs ("self-feeders") because they can 

synthesize glucose from carbon dioxide and water, by using sunlight as an energy source, 

and then recover some of this energy from the synthesized glucose through the glycolytic 

pathway and aerobic metabolism. Organisms that obtain energy from chemical fuels only 

are called heterotrophs, which ultimately depend on autotrophs for their fuel.  

 

The Calvin cycle comprises three stages (Figure 7): 

1.  The fixation of CO2 by ribulose 1,5-bisphosphate to form two molecules of 3-

phosphoglycerate. 

2.  The reduction of 3-phosphoglycerate to form hexose sugars. 

3.  The regeneration of ribulose 1,5-bisphosphate so that more CO2 can be fixed. 
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Figure 5.7: Calvin cycle. The first step in the Calvin cycle is the fixation of CO2. The 

CO2 molecule condenses with ribulose 1, 5-bisphosphate to form an unstable six-carbon 

compound, which is rapidly hydrolyzed to two molecules of 3-phosphoglycerate. It is 

next converted into three forms of hexose phosphate: glucose 1-phosphate, glucose 6-

phosphate, and fructose 6-phosphate. The third phase of the Calvin cycle is the 

regeneration of ribulose 1,5-bisphosphate, the acceptor of CO2 in the first step.  

 

What is the energy expenditure for synthesizing a hexose? 
Six rounds of the Calvin cycle are required, because one carbon atom is reduced in each 

round. Twelve molecules of ATP are expended in phosphorylating 12 molecules of 3-

phosphoglycerate to 1,3-bisphosphoglycerate, and 12 molecules of NADPH are 

consumed in reducing 12 molecules of 1,3-bisphosphoglycerate to glyceraldehyde 3-

phosphate. An additional six molecules of ATP are spent in regenerating ribulose 1,5-

bisphosphate. We can now write a balanced equation for the net reaction of the Calvin 

cycle. Thus, three molecules of ATP and two molecules of NADPH are consumed in 

incorporating a single CO2 molecule into a hexose such as glucose or fructose 

 

5.4 Role of Water 
 

Water splits into oxygen, hydrogen ions, and electrons to replace the lost electrons of 

photosystem II in light-dependent reaction (Figure 8). Also, as hydrogen ions pass 

through ATP synthase, ATP is formed to use in the light-independent reaction. 

 

The general equation for photosynthesis as first proposed by Cornelis van Niel is 

therefore:  

CO2+ 2H2A+light energy → [CH2O] + 2A+ H2Owater 

https://en.wikipedia.org/wiki/Chemical_equation
https://en.wikipedia.org/wiki/C._B._van_Niel
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Since water is used as the electron donor in oxygenic photosynthesis, the equation for this 

process is: 

CO2 + 2H2O+ light energy → [CH2O] + O2 + H2O 

 

This equation emphasizes that water is both a reactant in the light-dependent reaction and 

a product of the light-independent reaction, but canceling n water molecules from each 

side gives the net equation: 

CO2 + H2O+ light energy → [CH2O] + O2 

 

 
 

Figure 5.8: Photosynthesis. Plants using energy in the form of sunlight as well as carbon 

dioxide alongwith water evolving oxygen and carbohydrates as byproduct. 

 

Photosynthesis occurs in two stages. In the first stage, light-dependent reactions or light 

reactions capture the energy of light and use it to make the energy-storage 

molecules ATP and NADPH. During the second stage, the light-independent 

reactions use these products to capture and reduce carbon dioxide. 

 

Light Dependent Reactions 
In the light-dependent reactions, one molecule of the pigment chlorophyll absorbs 

one photon and loses one electron. This electron is passed to a modified form of 

chlorophyll called pheophytin, which passes the electron to a quinone molecule, starting 

the flow of electrons down an electron transport chain that leads to the ultimate reduction 

of NADP to NADPH. In addition, this creates a proton gradient (energy gradient) across 

the chloroplast membrane, which is used by ATP synthase in the synthesis of ATP. The 

chlorophyll molecule ultimately regains the electron it lost when a water molecule is split 

in a process called photolysis, which releases a dioxygen (O2) molecule as a waste 

product (Figure 9). 

https://en.wikipedia.org/wiki/Photosynthesis#Light-dependent_reactions
https://en.wikipedia.org/wiki/Photosynthesis#Light-independent_reactions
https://en.wikipedia.org/wiki/Adenosine_triphosphate
https://en.wikipedia.org/wiki/NADPH
https://en.wikipedia.org/wiki/Light-dependent_reactions
https://en.wikipedia.org/wiki/Pigment
https://en.wikipedia.org/wiki/Chlorophyll
https://en.wikipedia.org/wiki/Photon
https://en.wikipedia.org/wiki/Electron
https://en.wikipedia.org/wiki/Pheophytin
https://en.wikipedia.org/wiki/Quinone
https://en.wikipedia.org/wiki/Electron_transport_chain
https://en.wikipedia.org/wiki/Nicotinamide_adenine_dinucleotide_phosphate
https://en.wikipedia.org/wiki/Nicotinamide_adenine_dinucleotide_phosphate
https://en.wikipedia.org/wiki/Electrochemical_gradient
https://en.wikipedia.org/wiki/Chloroplast_membrane
https://en.wikipedia.org/wiki/ATP_synthase
https://en.wikipedia.org/wiki/Adenosine_triphosphate
https://en.wikipedia.org/wiki/Photodissociation
https://en.wikipedia.org/wiki/Dioxygen
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The overall equation for the light-dependent reactions under the conditions of non-cyclic 

electron flow in green plants is:  

 

2 H2O + 2 NADP
+
 + 3 ADP + 3 Pi + light → 2 NADPH + 2 H

+
 + 3 ATP + O2 

 

 
 

Figure 5.9: Light dependent reaction. It is also known as Z-scheme due to its shape. It 

takes place only in the presence of light. Electrons are excited through two photosystems 

generating ATP and NADPH. 

 

Light Independent Reactions 
In the light-independent (or "dark") reactions, the enzyme Rubisco captures CO2 from 

the atmosphere and, in a process called the Calvin-Benson cycle, it uses the newly 

formed NADPH and releases three-carbon sugars, which are later combined to form 

sucrose and starch. 

 

Activity 4: Explain differences among light dependent and light independent reactions. 

 

5.5 Glycolysis: The First Phase of Nutrient Metabolism 
 

Glycolysis is the initial step of catabolic chemical reactions. It takes place in the cytosol 

of cells. Six-carbon glucose molecule is broken down into two molecules pyruvate during 

glycolysis. Pyruvate is a .three carbon compound. There is net production of two 

molecules of ATP during glycolysis. Each molecule of glucose produces four molecules 

of ATP during glycolysis. But two ATP molecules are used to rearrange the glucose 

molecule. They form new six-carbon compounds. Therefore, the net energy yield from 

glycolysis is only two ATP molecules. Glycolysis does not efficiently harvest energy 

from glucose. But it was the only process which generated ATP molecules for millions of 

years during the anaerobic stages of early life on earth. Following reactions take place 

during glycolysis (Figure 10). 

https://en.wikipedia.org/wiki/Light-independent_reactions
https://en.wikipedia.org/wiki/Enzyme
https://en.wikipedia.org/wiki/Carbon_dioxide
https://en.wikipedia.org/wiki/Earth%27s_atmosphere
https://en.wikipedia.org/wiki/Calvin-Benson_cycle
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Figure 5.10: Glycolysis. Glucose is converted into pyruvate through series of reactions 

with net gain of 2 ATP molecules.  

 

Energy Investment Phase 
Step 1 
Glucose enters the cell. It is phosphorylated by the enzyme hexokinase. This enzyme 

transfers a phosphate group from ATP to the glucose to form glucose-6- phosphate. The 

plasma membrane is impermeable to ions. So the electrical charge of the phosphate group 

traps the sugar in the cell. Phosphorylation of glucose also makes the molecule more 

chemically reactive. 

 

 
Step 2 
Glucose 6-phosphate is rearranged. It is converted it to its isomer, fructose 6- phosphate. 
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Step 3 
In this step, another molecule of ATP is used in glycolysis. An enzyme transfers a 

phosphate group from ATP to the sugar. It forms fructose
 
1, 6- biphosphate. 

 

 
 

Step 4 
An enzyme breaks the fructose1-6- biphosphate into two different three- carbon sugars: 

glyceraldehydes-3-phosphate and dihydroxyacetone phosphate. These two sugars are 

isomers of each other. 

 

 
 

Step 5  
Another enzyme catalyzes the reversible conversion between the two three carbon sugars. 

It converts all the molecules of dihydroxyacetone phosphate into glyceraldehydes-3-

phosphate. The next enzyme in glycolysis uses only glyceraldehyde phosphate as its 

substrate. 

 

Energy-Yielding Phase 
Step 6 
An enzyme now catalyzes two reactions. First, the sugar is oxidized by the transfer of 

electrons and H
+
 to NAD. It forms NADH

+
. This reaction is very exergonic (-10.3 

kcal/mol). The enzyme uses this energy to attach a phosphate group to the oxidized 

substrate. It forms 1,3-biphosphoglycerate. The source of the phosphate is inorganic 

phosphate. It is always present in the cytosol. 
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Step 7 
Finally glycolysis produces some ATP. The phosphate group added in the previous step 

is transferred to ADP. It forms 3-phosphoglyCerate. This compound is not a sugar. 

 

 
Step 8 
Next, an enzyme relocates the remaining phosphate group to form 2-phoshoglycerate. 

This prepares the substrate for the next reaction. 

 

 
Step 9 
An enzyme removes a water molecule from 2-phosphoglyceric acid and form a double 

bond in the substrate. It forms phosphoenol pyruvate, or PEP. This makes the substrate 

very unstable. 
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Ste 10 
The fast reaction transfers the phosphate group from PEP to ADP. So it produces ATP. 

Since this step occurs twice for each glucose molecule, so there is a net amount of two 

ATP molecules. In the meantime, glucose has been broken down and oxidized to two 

molecules of pyruvate. It is the end-product of the glycolytic pathway. 

 

 
 

Activity 5: Compare energy investing and energy yielding reactions of glycolysis. 

 

Evolutionary Perspective of Glycolysis 
 

1. Advantage of Glycolysis in the earlier environment 
 Glycolysis is an inefficient method of harvesting energy. But it still persists. One 

reason is that evolution is a slow process. When glycolysis first evolved, it had an 

advantage. Oxygen was absent in the early atmosphere of the earth. Glycolysis 

takes place without oxygen. Thus only organisms performing glycolysis survived 

in t e early life on earth. Later evolutionary changes took place in catabolism. But 

glycolysis was not discarded during this building process. Rather, it was used as a 

set for the evolution of another process. This process is aerobic respiration. It 

completes breakdown of glucose. 

2. Evolution of aerobic respiration 
 Evolution added another layer of chemical reactions. This reaction is aerobic 

respiration. It comes on the foundation layer (glycolysis). It has produced an 

efficient method of harvesting energy. Therefore, all forms of animal life carry on 

glycolysis within their cells. Thus glycolysis is a metabolic memory of an 

evolutionary past. 

 

The Nature of Electron Transfers 
T e flow of energy through cells involves the transfer of electrons from one molecule to 

another. This electron transfer is called an oxidation-reduction reaction, or redox 

reaction. Oxidation reduction reactions always occur together. 

  Oxidation: The molecule that gives up electrons is oxidized. Thus, oxidation is 

the loss of electrons. 

 Reduction: The molecule that accepts electrons is reduced. Thus, reduction is the 

gain of electrons. 
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Self Assessment Questions 
 

Q:  Fill in the blanks.  

 i.  Glucose could be formed from noncarbohydrate precursors, such as lactate 

and amino acids by …………………. (Gluconeogenesis) 

 ii.  Glycolysis takes place without …………… (Oxygen) 

 iii.  ………………. is the initial step of catabolic chemical reactions.( 

Glycolysis) 

 iv. captures CO2 from the atmosphere and in a process called the Calvin-Benson 

cycle. (Rubisco) 

 v.  Photosynthetic organisms are called ……………… (Autotrophs) 

 

Q:  Answer the following. 

 i.  What is glycolysis? 

 ii.  Write equation for photosynthesis. 

 iii.  What do you meant by oxido-reduction reaction? 

 iv.  What are three stages of calvin cycle? 

 v.  Name the products formed during light reaction. 

 

Q:  Choose the best answer. 

 i.  The Calvin Cycle Synthesizes Hexoses from …………… 

  a.  Carbon Dioxide 

  b.  Water 

  c.  Both a and b 

 ii.  Organisms that obtain energy from chemical fuels only are called 

…………………. 

  a.  Autotrophs 

  b.  Heterotrophs 

  c.  None 

 iii.  Process of photosynthesis includes…………………. 

  a.  Light reactions 

  b.  Dark reactions 

  c.  Both a and b 

 iv.  Glucose is converted into glucose 6-PO4 by………… 

  a.  Hexokinase 

  b.  Phospho glucose isomerase 

  c.  Phospho fructo kinase 

 v.  Water splits into oxygen, hydrogen ions, and electrons to replace the lost 

electrons of ……………. in light-dependent reaction 

  a.  Photosystem I 

  b.  Photosystem II 

  c.  None 

 

 

 

https://en.wikipedia.org/wiki/Carbon_dioxide
https://en.wikipedia.org/wiki/Earth%27s_atmosphere
https://en.wikipedia.org/wiki/Calvin-Benson_cycle
https://en.wikipedia.org/wiki/Calvin-Benson_cycle
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5.6 Fermentation: Life without Oxygen 
 

 There are two views about the origin of fermentation: 

 It is an evolutionary bypass. Some organisms use to keep glycolysis functioning 

under anaerobic conditions. . 

 It is a biochemical remnant. It has evolved very early in the history of life. At that 

time the earth’s atmosphere contained no oxygen. 

 

Strong evidences shows that the common descent of organisms from primitive cells. In 

these cells glycolysis and fermentation first appeared. Glycolysis generates hydrogen 

atoms. These atoms are donated to organic molecules during fermentation. Following 

reactions occur: 

Pyruvate + NADH —-Reduced compound + NAD
+ 

 

1. Lactic acid fermentation 
The NADH reduces the Pyruvate to form lactic acid (Lactate). This reaction occurs in the 

animal cell in the absence of oxygen. Lactate, in addition to being an end-product of 

fermentation, serves as a mobile form of nutrient energy, & possibly as a signal molecule 

in mammalian organisms. Cell membranes contain carrier proteins that facilitate transport 

of lactate. Skeletal muscles ferment glucose to lactate during exercise, when the exertion 

is brief and intense.  Lactate released to the blood may be taken up by other tissues, or by 

skeletal muscle after exercise, and converted via Lactate Dehydrogenase back to 

pyruvate, which may be oxidized in Krebs Cycle or (in liver) converted to back to 

glucose via gluconeogenesis.  

 

 
 

2. Alcoholic fermentation 
The NADH reduces the pyruvate into alcohol. It takes place in some fungi and bacteria. 

The glucose is not completely degraded during fermentation. So, considerable unusable 

energy still remains in the products. Only two molecules of ATP are formed during 

glycolysis and no more ATP is produced. Fermentation is used only to regenerate NAD. 
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Two types of organisms can carry out fermentation: 

(a) Obligative anaerobic: Obligative anaerobic organisms include certain types of 

bacteria. These organisms survive only in the complete absence of molecular oxygen. 

(b)     Facultative anaerobic: Facultative anaerobic organisms and tissues include 

certain bacteria, yeasts, and cells. These organisms can ferment nutrients in absence 

of oxygen. It also generates some ATP. It also provides NAD for glycolysis. 

Facultative anaerobic organisms and tissues carry out more efficient energy 

harvesting in the presence of oxygen. 

 

Activity 6: Differentiate various forms of fermentation. 

 

Gluconeogenesis 
Glycolysis and gluconeogenesis constitute oppositely directed conversions with different 

ATP-ADP stoichiometries. Several features of Glycolysis and gluconeogenesis systems 

indicate that regulations of these conversions are of special importance to organisms. In 

mammalian liver, massive glycogen synthesis takes place after a meal. If meal contains 

much protein, glucose that is incorporated into glycogen is produced from pyruvate and 

oxaloacetate through gluconeogenesis. During fasting much or all of the glycogen into 

glucose 6-PO4 and then metabolized to pyruvate (Figure 5.11). 

 

 
 

Figure 5.11. Gluconeogenesis. It is the reversal of glycolysis in which glucose is the 

end-product. It forms from other then carbohydrates substances such as pyruvate, alpha 

ketoglutarate, gluconeogenic amino acids, lactate and gluconeogenic glycerol. 

 

Activity 7: Explain differences among glycolysis and gluconeogenic reactions. 
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5.7 Aerobic Respiration 
 

Aerobic respiration is the process of producing cellular energy involving oxygen. 

Organisms turns fuel such as fats and sugars into energy. Cells break down food in the 

mitochondria in a long, multistep process that produces roughly 36 ATP. The first step is 

glycolysis (See 5.5), the second is the citric acid cycle and the third is the electron 

transport system. 

 

5.8  The Major Source of ATP; Metabolism of Fats and Proteins 
 

The glycolysis and fermentation are inefficient processes. Thus the end product of 

glycolysis (pyruvate) still contains large amount of energy. This energy can be released 

by further oxidation. Free oxygen accumulated in the atmosphere of the earth as a result 

of photosynthesis. Therefore, evolution of aerobic respiration took place in 

microorganisms and in the mitochondria. The evolution of aerobic respiration has made 

the organism efficient. It provides them powerful and efficient way of removing energy 

from nutrient molecules. Life would become slow without mitochondrial ATP 

production. Thus most of animals could not have evolved. 

 

The pyruvate enters into Krebs cycle or citric acid cycle or tricarboxylic acid 

cycle. The NADH goes to the electron transport chain. During aerobic metabolism, free 

oxygen accepts electrons and reduces to H2O as follows: 

 

Pyruvate + 02 —3 CO2 + H20 + 34ATP 

 

34 molecules of ATP are produced during this reaction. The aerobic respiration is 

organized into a number of reactions. Each reaction is catalyzed by a specific enzyme. 

There are two steps of aerobic respiration: 

 Krebs cycle 

 Electron transport chain 
 

Krebs cycle is a series of reactions in which the pyruvate from glycolysis is oxidized to 

CO2. The Krebs cycle was discovered by Hans Krebs in the 1930s. Two electron carriers 

act as hydrogen acceptors. These are 

 Nicotinamide adenine dinucleotide (NAD) 

 Flavin adenine dinucleotide (FAD) 
 

These are reduced to NADH and FADH2. Three molecules of CO2 are generated from 

each pyruvate molecule during this phase of the cycle (Figure 5.12). Some energy is also 

produced in the form of ATP. Most of the remaining energy is in the form of NADH and 

FADH2. These two molecules are transferred into the electron transport chain.  
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Figure 5.12: Krebs cycle. It is the process which harvest high energy electrons from 

acetyl-CoA. 

 

The pyruvate is first changed in Acetyl CoA. The Acetyl CoA then enters into the Krebs 

cycle. Following reactions occur during Kreb’s cycle: 

 

Step 1  
Acetyl-CoA adds its two-carbon fragment to oxaloacetate. Oxaloacetae is a four-carbon 

compound. The unstable bond of acetyl CoA is broken and acetyl group is attached to 

oxaloacetate. The product is the citrate. 

 
 

Step 2 

Elimination of H2O from citrate to form C=C bond of cis-aconitate. Stereospecific 

addition of H2O to cis-aconitate to form isocitrate. 
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Step 3 

It is one of the four oxidation-reduction reactions of the cycle during which oxidative de-

carboxylation of isocitrate to α-ketoglutarate (a metabolically irreversible reaction). 

 

 
 

Step 4 

α-ketoglutarate that’s oxidized, reducing NAD into NADH and releasing a molecule of 

carbon dioxide in the process. The remaining four-carbon molecule picks up Coenzyme 

A, forming the unstable compound succinyl-CoA. The enzyme catalyzing this step, α-

ketoglutarate dehydrogenase, is also important in regulation of the citric acid cycle. 

 

 
 

Step 5 

The CoA of succinyl CoA is replaced by a phosphate group, which is then transferred 

to ADP to make ATP. In some cells, GDP-guanosine diphosphate is used instead of ADP 

forming GTP-guanosine triphosphate as a product. The four-carbon molecule produced in 

this step is called succinate. 
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Step 6 

Succinate is oxidized, forming another four-carbon molecule called fumarate. In this 

reaction, two hydrogen atoms alongwith their electrons are transferred to FAD producing 

FADH2.The enzyme that carries out this step is embedded in the inner membrane of the 

mitochondrion, so FADH2 can transfer its electrons directly into the electron transport 

chain. 

 
 

Step 7 

In this step, water is added to the four-carbon molecule fumarate, converting it into 

another four-carbon molecule called malate. 

 

 
Step 8 

In the last step of the citric acid cycle, oxaloacetate, the starting four-carbon compound is 

regenerated by oxidation of malate. Another molecule of NAD is reduced to NADH in 

the process. 

 

 
 

Electron transport Chain 

Electrons carried by reduced coenzymes, NADH or FADH2, are passed through a chain 

of proteins and coenzymes, finally reaching O2, the terminal electron acceptor and to 

drive the generation of a proton gradient across the inner mitochondrial membrane 

(Figure 5.13). 

Succinate 

Dehydrogenase

Fumarase
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Figure 5.13: Electron transport chain. The electrons from NADH and FADH2 are not 

transported directly to O2 but are transferred through series of electron carriers that 

undergo reversible reduction and oxidation. 

 

Oxidative Phosphorylation 

The proton gradient runs down hill to drive the synthesis of ATP. Formation of ATP 

through ATP Synthase or ATP-ase using the energy released by the transfer of electrons 

from NADH and FADH2 through a series of electron carriers (Figure 5.14). 

 

 
 

Figure 5.14: Oxidative phosphorylation. Proton diffusion through the ATP-synthase 

drives ATP synthesis  

 

Metabolism of Fats and Proteins 

The catabolism of glucose is the most common metabolic pathway in cells. But animals 

also consume fats and proteins. These may be used to harvest energy (Figure 5.15). 
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Fats are built from long chain fatty acids and glycerol. They form triglycerides. The 

initial catabolism of a fat begins with the digestion of the triglycerides to glycerol and 

three fatty acid molecules. The glycerol is phosphorylated. It can enter the glycolytic 

pathway at the level of glyceraldehydes 3-phosphate. The free fatty acids move into the 

mitochondrion. Where their carbons are removed. They form acetyl coenzyme. The 

acetyl coenzyme A is then oxidized by the Krebs cycle. It produces additional NADH 

and FADH2 which are oxidized via the electron transport chain. The number of hydrogen 

atoms per unit weight of fat is greater than in carbohydrates or protein. Therefore, 1 g of 

fat provides about 2.5 times more ATP energy than 1 g of carbohydrate or protein. 

Therefore, many animals store energy in the form of fat in adipose tissue. 

Animals digest proteins into amino acids. Some of these are distributed throughout 

the body. They are used to synthesize new proteins. Other amino acids are transported 

into the blood or extracellular fluid. These amino acids can be used as fuel. Therefore, 

these amino acids can be further degraded. The amine group is removed to yield 

ammonia. This process is called a deamination. 1g of protein yields about the same 

amount of energy as 1 g of glucose. The ammonia is highly toxic and must be excreted. 

 

1. An oxygen atom replaces an amine group to form keto acid. 

2. The keto acid can enter into the Krebs cycle. 

3. Finally, the carbon skeleton of the amino acid is broken and oxidized to CO2. 

 

 
 

Figure 5.15: Metabolism of fats and proteins. Fats are hydrolysed into fatty acids while 

proteins into amino acids which in turn forms acetyl-CoA carrying various metabolic 

cycles. 

 

  

https://biologyboom.com/wp-content/uploads/2014/07/Capture50.png
https://biologyboom.com/wp-content/uploads/2014/07/Capture50.png
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5.9 Control of Metabolism 
 

Metabolism is the set of life-sustaining chemical transformations within the cells of 

organisms. The three main purposes of metabolism are the conversion of food/fuel to 

energy to run cellular processes, the conversion of food/fuel to building blocks for 

proteins, lipids, nucleic acids, and some carbohydrates, and the elimination of 

nitrogenous wastes. These enzyme-catalyzed reactions allow organisms to grow and 

reproduce, maintain their structures, and respond to their environments. The word 

metabolism can also refer to the sum of all chemical reactions that occur in living 

organisms, including digestion and the transport of substances into and between different 

cells, in which case the set of reactions within the cells is called intermediary 

metabolism or intermediate metabolism. 

 

Metabolism is usually divided into two categories: catabolism, the breaking down of 

organic matter for example, the breaking down of glucose to pyruvate, by cellular 

respiration, and anabolism, the building up of components of cells such as proteins and 

nucleic acids. Usually, breaking down releases energy and building up consumes energy. 

 

The chemical reactions of metabolism are organized into metabolic pathways, in which one 

chemical is transformed through a series of steps into another chemical, by a sequence of 

enzymes. Enzymes are crucial to metabolism because they allow organisms to drive desirable 

reactions that require energy that will not occur by themselves, by coupling them to 

spontaneous reactions that release energy. Enzymes act as catalysts that allow the reactions to 

proceed more rapidly. Enzymes also allow the regulation of metabolic pathways in response 

to changes in the cell's environment or to signals from other cells. 

 

The metabolic system of a particular organism determines which substances it will find 

nutritious and which poisonous. For example, some prokaryotes use hydrogen sulfide as a 

nutrient, yet this gas is poisonous to animals. The speed of metabolism, the metabolic 

rate, influences how much food an organism will require, and also affects how it is able 

to obtain that food. 

 

5.10 The Metabolic Pool 
 

The destructive chemical reactions (catabolism) of glycolysis and the Kreb’s cycle 

perform many functions. They constitute a metabolic pool. This pool supplies materials 

for synthesis (anabolism) of many important cellular components. Therefore, the balance 

between catabolism and anabolism is maintained. It maintains homeostasis in the cell and 

in the whole animal. For example, glycolysis and the Krebs cycles are open systems. An 

open system has a two-way flow of materials into and out of it: 

a) Various compounds enter the pathways at different points. Thus, carbohydrates, 

fats and proteins can all be oxidized. 

b) At the same time, some of the intermediates of these pathways can be withdrawn. 

They are used in synthesis reactions. 
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Thus, the products of glycolysis and the Krebs cycle form a metabolic pool. The 

materials can be added or withdrawn from this pool according to the need of the body. 

 

 
 

Figure 5.16: Metabolic pool. Different pathways showing inter relation during various 

energy gaining and energy releasing reactions constituting metabolism.  

 

Activity 8: How various metabolic reactions are interrelated to each other. 
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Summary/Key Points 
 

1.  Photosynthetic “light” reactions produce ATP and reducing potential NADPH + 

H
+
. 

2.  Dark reactions use ATP and reducing potential to synthesize carbohydrates. 

3.  O2 interferes with carbon fixation by Rubisco enzyme. 

4.  The two types of metabolism are catabolism are those reactions in which complex 

molecules (carbohydrates, lipids, and proteins) are broken down to simpler ones 

with the concomitant release of energy and anabolism are those reactions that 

consume energy to build complex molecules. 

 

Self Assessment Questions 
 

Q:  Fill in the blanks.  

 i.  Different pathways showing inter relation during various energy gaining and 

energy releasing reactions constituting ……………… (Metabolism) 

 ii.  The NADH reduces the Pyruvate to form …………….. during lactic acid 

fermentation.  (Lactic acid) 

 iii.  The proton gradient runs down hill to drive the synthesis of ………. (ATP) 

 iv.  1 g of fat provides about ………….. more ATP energy than 1 g of 

carbohydrate or protein. (2.5 times) 

 v.  ……………… is the set of life-sustaining chemical transformations within 

the cells of organisms. (Metabolism) 

 

Q:  Answer the following. 

 i.  How gluconeogenesis takes place? 

 ii.  What is the process of deamination? 

 iii.  What do you meant by metabolic pool? 

 iv.  How proteins metabolism takes place? 

 v.  What is aerobic respiration? 

 

Q:  Choose the best answer. 
 i.  …………………. is the reversal of glycolysis 

  a.  Gluconeogenesis 

  b.  Krebs cycle 

  c.  Calvin cycle 

 ii.  ………………. is a series of reactions in which the pyruvate from glycolysis 

is oxidized to CO2.  

  a.  Calvin cycle 

  b.  Krebs cycle 

  c.  Glycolysis 

 iii.  ………….. are built from long chain fatty acids and glycerol 

  a.  Carbohydrates 

  b.  Proteins 

https://en.wikipedia.org/wiki/Life
https://en.wikipedia.org/wiki/Chemical_reactions
https://en.wikipedia.org/wiki/Cell_(biology)
https://en.wikipedia.org/wiki/Organisms
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  c.  Fats 

 iv.  An oxygen atom replaces an amine group to form …………….. 

  a.  Keto acid 

  b.  Amino acid 

  c.  Both a and b 

 v.  The catabolism of ……………. is the most common metabolic pathway in 

cells. 

  a.  Pyruvate 

  b.  Glucose 

  c.  Citrate 
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  Self Assessment Questions 
 

Q:  Answer the following questions: 

 1.  Compare absorption spectrum against action spectrum. 

  Ans: See 5.2. 

 2.  Dfferentiate light reactions verses dark reactions. 

  Ans: See 5.4. 

  Ans: See 5.8. 

 

Q:  Fill in the blanks with appropriate answers. 

 1.  ……………………….. is the effort made to reduce the consumption of 

energy by using less of an energy service. (Energy conservation) 

 2.  ……………….. is the end product of glycolytic pathway. (Pyruvate) 

 3.  Cells break down food in the mitochondria in a long, multistep process that 

produces roughly ……… of ATP. (36 molecules) 

 4.  Both chlorophyll a and b show maximum absorption in the ………… 

and …………. region of visible spectrum. (Violet, Orange-red) 

 5.  In the structure of chlorophyll, Porphyrin ring contains ………….. with 

hydrophobic tail. (Magnesium) 

 6.  An enzyme breaks the fructose1-6- biphosphate into two different three- 

carbon sugars: glyceraldehydes-3-phosphate and 

…………………………….. (Dihydroxyacetone phosphate) 

 7.  ………………. light is passed through action spectrum. (Monochromatic) 

 8.  The flow of energy through cells involves the transfer of electrons from one 

molecule to another. This electron transfer is called an …………………….. 

(Oxidation-reduction reaction) 

 9.  Skeletal muscles ferment glucose to ………….. during exercise. (Lactate) 

 10.  …………….. anaerobic organisms and tissues include certain bacteria, 

yeasts, and cells. (Facultative) 

 

  

https://en.wikipedia.org/wiki/Energy_consumption
https://en.wikipedia.org/wiki/Energy_consumption
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Introduction 

 
Environment is the sum total of all surroundings of a living organism, including natural 

forces and other living things both biotic and abiotic components form environment. 

These two components interact with each other and they are interdependent. This is the 

6
th
 Unit of Bioklogy-III. .The writer has very smoothly described about animals and 

abiotic factors, population growth and interactions of different components of 

environment and organisms.Further structure and diversity , conservation and heath and 

diseases are also part of thuis unit. 

 

Biotic factors are all of the living organisms within an ecosystem. These may be plants, 

animals, fungi, and any other living things. 

 

Abiotic factors are all of the non-living things in an ecosystem. Abiotic factors come in 

all types and can vary among different ecosystems. 

 

For example, abiotic factors found in aquatic systems may be things like water depth, pH, 

sunlight, turbidity (amount of water cloudiness), salinity (salt concentration), available 

nutrients (nitrogen, phosphorous, etc.), and dissolved oxygen (amount of oxygen 

dissolved in the water). Abiotic variables found in terrestrial ecosystems can include 

things like rain, wind, temperature, altitude, soil, pollution, nutrients, pH, types of soil, 

and sunlight. 

 

Objectives 
 

After completion of this unit, you will be able to: 

 Define the terms related to Ecology, Individual and Populations. 

 Describe animals and their abiotic environment. 

 Critically analyse the populations and human population growth. 

 Evaluate interspecifc interaction 

 Explore Ecosystems and Ecosystems of the Earth. 

 Try to reduce pollution and understand hazards of pollution. 

 Protect and conserve Environment 

 BE aware about diseases of Pollutions and take measures to avoids the diseases. 
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6.1 Animals and their Abiotic Environment 
 

An animal’s habitat (environment) includes all living (biotic) and nonliving (abiotic) 

characteristics of the area in which the animal lives. Abiotic characteristics of a habitat 

include the availability of oxygen and inorganic ions, light, temperature, and current or 

wind velocity. 

 

The way in which plants and animals grow and carry out their different activities is a 

result of several abiotic factors. These factors are light, temperature, water, atmospheric 

gases, wind as well as soil (edaphic) and physiographic (nature of land surface) factors. 

 

6.1.1 Light 
Light energy (sunlight) is the primary source of energy in nearly all ecosystems. It is the 

energy that is used by green plants (which contain chlorophyll) during the process of 

photosynthesis; a process during which plants manufacture organic substances by 

combining inorganic substances. Visible light is of the greatest importance to plants 

because it is necessary for photosynthesis. Factors such as quality of light, intensity of 

light and the length of the light period (day length) play an important part in an 

ecosystem. 

 

Plants absorb blue and red light during photosynthesis. In terrestrial ecosystems the 

quality of light does not change much. In aquatic ecosystems, the quality of light can be a 

limiting factor. Both blue and red light are absorbed and as a result do not penetrate 

deeply into the water. To compensate for this, some algae have additional pigments 

which are able to absorb other colours as well. 

 

The intensity of the light that reaches the earth varies according to the latitude and season 

of the year. The southern hemisphere receives less than 12 hours of sunlight during the 

period between the 21st March and the 23rd of September, but receives more than 12 

hours of sunlight during the following six months. 

 

Certain plants flower only during certain times of the year. One of the reasons for this is 

that these plants are able to "measure" the length of the night (dark periods). However, it 

was thought that it is the day length (light periods) to which plants reacted and this 

phenomenon was termed photoperiodism. Photoperiodism can be defined as the relative 

lengths of daylight and darkness that effect the physiology and behaviour of an organism. 

 

These plants flower only if they experience nights which are longer than a certain critical 

length. The chrysanthemum (Chrysanthemum sp.), the poinsettia (Euphorbia 

pulcherrima) and the thorn-apple (Datura stramonium) are examples of short day plants. 
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The following definitions are also important: 

 

Phototropism 
Phototropism is the directional growth of plants in response to light where the direction 

of the stimulus determines the direction of movement; stems demonstrate positive 

phototropism i.e. they came towards the light when they grow. 

 

Phototaxis 
Phototaxis is the movement of the whole organism in response to a unilateral light 

source, where the stimulus determines the direction of movement. 

Variation in intensity of locomotory activity of animals which is dependent on the 

intensity of light stimulation, and not the direction, is called photokinesis. 

 

Photonasty 
Photonasty is the movement of parts of a plant in response to a light source, but the 

direction of the stimulus does not determine the direction of the movement of the plant. 

Light requirements of plants differ and as a result distinct layers, or stratification, can be 

observed in an ecosystem. Plants which grow well in bright sunlight are called 

heliophytes (Greek helios, sun) and plants which grow well in shady conditions are 

known as sciophytes (Greek skia, shade ) 

 

6.1.2 Temperature 
The distribution of plants and animals is greatly influenced by extremes in temperature 

for instance the warm season. The occurrence or non-occurrence of frost is a particularly 

important determinant of plant distribution since many plants cannot prevent their tissues 

from freezing or survive the freezing and thawing processes. The following are examples 

of temperature effects with ecosystems: the opening of the flowers of various plants 

during the day and night is often due to temperature difference between the day and 

night; the seed of some plants (biennials) normally germinate in the spring or summer; 

this phenomenon is well observed in carrots and is called vernalization; some fruit trees 

such as the peach require a cold period each year so that it can blossom in the spring; 

deciduous trees lose their leaves in winter and enter into a state of dormancy, where the 

buds are covered for protection against the cold; the seeds of many plants, e.g. peach and 

plum, must be exposed to a cold period before they germinate; this chilling ensures that 

seeds don't germinate during autumn, but after winter, when the seedlings have better 

chances to survive; in animals, a distinction is made between ectothermic ("cold-

blooded" or poikilothermic) animals and endothermic ("warm-blooded" or homothermic) 

animals although the difference is not clear cut; in desert conditions are a greater 

temperature variation between day and night and organisms have distinct periods of 

activity, for e.g. many cacti flower at night and are pollinated by nocturnal insects; 

seasonal changes have also a great influence on animal life in an ecosystem; torpor in 

winter is common in reptiles and some mammals in South Africa, but a winter sleep 

occurs in bears of the northern hemisphere; some animals collect fat or other resources 

during favourable periods (often summer and autumn) and become dormant (this is called 

hibernation), there are also animals that are dormant during warm and dry conditions and 
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this is known as aestivation; examples of such animals are snails and the African lung-

fish; seasonal movements occur in some animals; this phenomenon is called seasonal 

migration, examples of such animals are migratory locusts, butterflies and various marine 

animals like whales, penguins and marine turtles. 

 

6.1.3 Water 
Plant and animal habitats vary from entirely aquatic environments to very dry deserts. 

Water is essential for life and all organisms depend on it to survive in especially desert 

areas. 

 

Water requirements of plants 

 

Plants can be classified into 3 groups according to their water requirements: 

 

Hydrophytes 

Hydrophytes are plants which grow in water e.g. water-lilies and rushes. 

 

Mesophytes 

Mesophytes are plants with average water requirements e.g. roses,sweetpeas. 

 

Xerophytes 

Xerophytes are plants which grow in dry environments where they often experience a 

shortage of water e.g. cacti and often succulents. 

 

Adaptations of plants to survive without water include reversed stomatal rhythms, sunken 

stomata, thick cuticles, small leaves (or the absence of leaves) and the presence of water-

storage tissues. 

 

Terrestrial animals are also exposed to desiccation and just a few interesting adaptations 

are mentioned here: 

 

the body covering limits water loss e.g. the chitinous body covering of insects, the scales 

of reptiles, the feathers of birds and the hair of mammals; some mammals have few or no 

sweat glands and use other cooling devices, less dependant or independent of evaporative 

cooling; Springbok are mammals who use other forms of cooling devices. 

 

The tissues of animals may be tolerant to water loss e.g. a camel can live without water 

for long periods because its body tissues have this adaptation; 

 

there are also known cases where insects are able to absorb water in the form of water 

vapour directly from the atmosphere for example the dew from the coastal fog is an 

important source of moisture for insects of the Namib. 
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The Water Cycle in Nature 
Water cycles through the biosphere in the manner is described in the figure below. Freshwater 

is distilled from salt water. The sun's rays cause fresh water to evaporate from sea water and 

the salts are left behind. Vapourized fresh water rises into the atmosphere, cools and falls as 

rain over the oceans and the land. A smaller amount of water also evaporates from bodies of 

fresh water. Since land dies above sea level, gravity eventually returns all fresh water to the 

sea, but in the meantime, it is contained within the standing waterbodies such as lakes and 

ponds, flowing water (streams and rivers) and groundwater. 

 

When rain falls, some of the water sinks or percolates into the ground and saturates the 

earth to a certain level. The top of the saturation level is called the groundwater table or 

simply the water table. Ground water is also sometimes located in a porous layer, called 

an aquifer, that lies between two sloping layers of impervious rock. Wells can be used to 

extract some of this water for human consumption. 

 

Atmospheric Gases 
The most important gases used by plants and animals are oxygen, carbon dioxide and 

nitrogen. 

 

Oxygen 

Oxygen is used by all living organisms during respiration. 

 

Carbon Dioxide 

Carbon dioxide is used by green plants during photosynthesis. 

 

Nitrogen 

Nitrogen is made available to plants by certain bacteria and through the action of lightning. 

 

Wind 
Winds or air currents arise on a world-wide scale as a result of a complex interaction 

between hot air expanding and rising (convection) in the mid latitudes. This has various 

effects on the rotation of the earth and results in a centrifugal force which tends to lift the 

air at the equator. This force is known as the Coriolis force and tends to deflect winds to 

their left of the southern hemisphere and to the right in the northern hemisphere. Winds 

carry water vapour which may condense and fall in the form of rain, snow or hail. Wind 

plays a role in pollination and seed dispersal of some plants, as well as the dispersal of 

some animals, such as insects. Wind erosion can remove and redistribute topsoil, 

especially where vegetation has been reduced. Warm bergwinds results in desiccation 

which creates a fire hazard. If plants are exposed to strong prevailing winds are they 

usually smaller than those in less windy conditions. 

 

6.1.4 Soil (edaphic factors) 
These factors include soil texture, soil air, soil temperature, soil water, soil solution and 

pH, together with soil organisms and decaying matter.  
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The Main Soil Factors 
 

Soil Texture 
The size of soil particles varies from microscopic particles called clay to larger particles 

called sand. Loam soil is a mixture of sand and clay particles. Sandy soils are suitable for 

growing plants because they are well aerated, excess water drains away quickly, they 

warm up quickly during the day and is easy to cultivate. Sandy soils is unsuitable because 

they do not retain much water and soon dry out and contain few soil nutrients required for 

plant growth. Clay soils are suitable for plant growth because they hold large quantities 

of water and are rich in mineral nutrients. They are unsuitable in that they are badly 

aerated, soon becomes waterlogged and is difficult to cultivate; it also cold during winter. 

Loam soils possess desirable properties of both sand and clay - it has a high water 

retaining capacity, good aeration, good nutrient content and is easily cultivated. 

 

Soil Air 
Soil air is found in those spaces between the soil particles that are not filled with soil 

water. The amount of air in a soil depends on how firmly the soil is compacted. In well-

aerated soil at least 20% of its volume is made up of air. 

 

Soil Temperature 
Soil temperature is an important ecological factor. It has been found that the temperature 

of soil below a depth of about 30cm is almost constant during the day but seasonal 

temperature differences do occur. At low temperature there is little decay by decay-

causing micro-organisms. 

 

Soil water 
Soil water can be classified into three types, namely hygroscopic, capillary and 

gravitational water. Hygroscopic water occurs as a thin film of water around each soil 

particle. Capillary water is that water held in the small spaces between the soil particles 

and gravitational water is the water which drains downwards through the soil. 

  

Soil Solution 
Soil solution is the decaying remains of plants and animals, together with animal 

excretory products and faeces, form humus. This increases the fertility of the soil. 

 

pH 
Acidity or alkalinity of soil (the pH of the soil) influences the biological activity in soil 

and the availability of certain minerals. Thus the pH of soil has a greater influence on the 

growth and development of plants. Some plants e.g.azaleas, ericas, ferns and many protea 

species grow best in acid soils ( soils with a pH below 7), while lucerne and many 

xerophytes grow better in alkaline soils (soils with a pH above 7) 

 

Physiographic Factors 
These factors are those associated with the physical nature of the area, such as altitude, 

slope of land and the position of the area in relation to the sun or rain-bearing winds. 
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Altitude plays a role in vegetations zones. Slopes are important when considering the 

temperature of the soil surface on land with a northern slope, on level and on land with 

south facing slopes. In South Africa the south-eastern slopes face the rain-bearing winds 

and in some areas are covered with forest, whilst the slopes on the leeward side are in a 

rain-shadow and thorn scrub is often found growing on these slopes. A very good 

example of this is the South Eastern Wind blowing in Cape Town. 

 

Limiting Factor 

Combinations of abiotic factors are necessary for an animal to survive and reproduce. 

When one of these is out of an animal’s tolerance range, it becomes a limiting factor. 

 

For example, even though a stream insect may have the proper substrate for shelter, 

adequate current to bring in food and aid in dispersal, and the proper ions to ensure 

growth and development, inadequate supplies of oxygen make life impossible. 

 

Self Assessment Questions 
 

Q.1 Fill in the blanks 

 i. Plants ------------------and ------------------- are examples of short day plants. 

ii. ---------------- is the movement of parts of a plant in response to a light 

source. 

 iii. The seeds of carrot  normally germinate in the spring or summer; this 

phenomenon is well observed in carrots and is called ------------------------ 

 iv. Cacti are an example of ----------------plants. 

 v. Clay soils are suitable for plant growth because they hold large quantities of -

-----and are rich in -----------l nutrients 

 vi. Ferns and many protea species grow best in ___________ soils. . 

 

Q.2 Write a note on the following; 

 Biotic factor, PH, Soil texture, xerophytes and Hydrophytes. 
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6.2 Populations 
 

Definition 
A population is the number of organisms of the same species that live in a 

particular geographic area at the same time, with the capability of interbreeding. 

 

Explanation 
For interbreeding to occur, individuals must be able to mate with any other member of a 

population and produce fertile offspring. However, populations contain genetic variation 

within themselves, and not all individuals are equally able to survive and reproduce. Most 

populations are not stable, fluctuating in size over time (the letter ‘N’ often denotes the 

number of individuals in a population). The fluctuations are usually in response to 

changes in the abiotic and biotic factors, which act as limiting factors against indefinite 

exponential growth of populations 

 

For example; when food resources are plentiful and environmental conditions are 

favorable, populations may grow. Conversely, when predation is strong  populations may 

become depleted. 

 

Population Examples 
Pond population: Within a habitat there can be many different populations; a small-scale 

example is a lake. A lake may provide a habitat for birds, fish, insects, amphibians and 

mammals such as otters or rats. Although each species is provided with resources from 

the lake, their populations are likely to rely on the habitat in unique ways.  

Amphibians such as toads may spawn in the lake, and use several nearby lakes within a 

valley for feeding. However, because they cannot get across mountains, their local 

population is restricted to the inside of the valley. If environmental conditions within the 

valley differ from other surrounding valleys, and the toads are isolated from other 

populations of the same species for long enough, the behavior or morphology of the toad 

may change sufficiently enough so that it cannot mate with toads outside of the valley. 

This isolation would drive the process of speciation and thus the formation of new 

species. 

 

Definition 

Population growth is increase in number of individuals in a population. 

 

OR 

 

Overpopulation is an undesirable condition where the number of existing human  

population exceeds the carrying capacity of earth. 

 

Explanation 

Population growth is known as one of the driving forces behind environmental problems, 

because the growing population demands more and more (non-renewable) resources for 

https://biologydictionary.net/speciation/
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its own application. So why exactly does the human population expand to rapidly? To 

understand this, we must first explain a little about the difference between linear and 

exponential growth, in otherwords, add a little basic math to the equation. 

 

Growth is usually thought of as a linear process: an increase by a constant amount over a 

period of time. The new amount is not influenced by the amount already present. For 

exponential growth, this is different, because the increase of a factor is proportional to 

what is already there. When cells divide, there will be a constant doubling of the cells 

already present. In terms of population growth, the numbers of people already present 

always influences the number of children born in any country. It is however not a simple 

matter of a constant doubling of the amount. Other factors, such as fertility and mortality 

rates, influence population growth, and the sex and age of people already present, and 

rational decisions influence whether or not people will actually have one or more 

children. 

 

6.3 Population Growth = Birth Rates – Death Rates 
 

An increase in the number of people that reside in a country, state, county, or city. To 

determine whether there has been population growth, the following formula is used: 

(birth rate + immigration) - (death rate + emigration). Businesses and governmental 

bodies use this information to make determinations about investing in certain 

communities or regions 

 

Source: http://www.businessdictionary.com/definition/population-growth.html 

 

6.3.1 Factors involve in Human population growth 

1) Decline in the Death Rate: At the root of overpopulation is the difference between 

the overall birth rate and death rate in populations. If the number of children born 

each year equals the number of adults that die, then the population will stabilize. 

Talking about overpopulation shows that while there are many factors that can 

increase the death rate for short periods of time, the ones that increase the birth rate 

do so over a long period of time. 

2) Better medical facilities: Health care/medical technology to fight or prevent     

disease. 

3) Technological Advancement in Fertility Treatment: With latest technological 

advancement and more discoveries in medical science, it has become possible for 

couple who are unable to conceive to undergo fertility treatment methods and have 

their own babies. Today there are effective medicines which can increases the 

chance of conception and lead to rise in birth rate.  

4) Immigration: Many people prefer to move to developed countries like US, UK, 

Canada and Australia where best facilities are available in terms of medical, 

education, security and employment. The end result is that those people settle over 

there and those places become overcrowded. Difference between the number of 

people who are leaving the country and the number of people who enter narrows 

down which leads to more demand for food, clothes, energy and homes. This gives 

http://www.businessdictionary.com/definition/population-growth.html
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rise to shortage of resources. Though the overall population remains the same, it 

just affects the density of population making that place simply overcrowded. 

5) Technology: (industrialization, waste disposal technology, building technology, 

agricultural technology, energy technology, etc.) 

 

6.3.2 Solutions to Overpopulation 

Better Education: One of the first measures is to implement policies reflecting social 

change. Educating the masses helps them understand the need to have one or two 

children at the most. Similarly, education plays a vital role in understanding latest 

technologies like Cloud Desktop Online that are making huge waves in the world of 

computing. Families that are facing a hard life and choose to have four or five children 

should be discouraged. Family planning and efficient birth control can help in women 

making their own reproductive choices. 

 

Tax Benefits or Concessions: Government of various countries might have to come with 

various policies related to tax exemptions to curb overpopulation. One of them married 

couples who have single or two children. As we humans are more inclined towards 

money, this may produce some positive results. 

 

6.3.3 Types of population growth 

There are two types of population growth  

1) Logistic Growth 

2) Exponential Growth 

 

Logistic Growth: 
In logistic growth, carrying capacity is taken into account. Carrying capacity is defined as 

the size in which a specific population ultimately reaches stabilization. When this 

happens, the population’s growth rate fluctuates. It either goes a bit above or a bit below 

the carrying capacity. The logistic growth model is more realistic than the exponential 

growth model. Therefore it is applicable to more kinds of populations which exist on this 

planet 

 

Examples of logistic growth 
Yeast, a microscopic fungus used to make bread and alcoholic beverages, can produce a 

classic S-shaped curve when grown in a test tube. In the graph shown below, yeast 

growth levels off as the population hits the limit of the available nutrients. (If we 

followed the population for longer, it would likely crash, since the test tube is a closed 

system – meaning that fuel sources would eventually run out and wastes might reach 

toxic levels). 

 

https://www.clouddesktoponline.com/
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Fig: 6.1: Graphing Logistic Population Growth 

 

Interpretation of the Graph 
If we look at a graph of a population undergoing logistic population growth, it will have a 

characteristic S-shaped curve. The population grows in size slowly when there are only a 

few individuals. Then the population grows faster when there are more individuals. 

Finally, having lots of individuals in the population causes growth to slow because 

resources are limited. In logistic growth, a population will continue to grow until it 

reaches carrying capacity, which is the maximum number of individuals the 

environment can support. 

 

Exponential Growth 
In exponential growth, the population’s growth rate increases over time, in proportion to 

the size of the population. 

 

Example 

Bacteria reproduce by binary fission (splitting in half), and the time between divisions is 

about an hour for many bacterial species. To see how this exponential growth, let's start 

by placing 10001000 bacteria in a flask with an unlimited supply of nutrients. 

 After 11 hour: Each bacterium will divide, yielding 20002000 bacteria (an increase 

of 10001000 bacteria). 

 After 22 hours: Each of the 20002000 bacteria will divide, producing 40004000 (an 

increase of 20002000 bacteria). 

 After 33 hours: Each of the 40004000 bacteria will divide, producing 80008000 (an 

increase of 40004000 bacteria). 

 

The key concept of exponential growth is that the population growth rate —the number 

of organisms added in each generation—increases as the population gets larger. And the 

results can be dramatic: after 11 day (2424 cycles of division), our bacterial population 

would have grown from 10001000 to over 1616 billion! When population size, NN, is 

plotted over time, a J-shaped growth curve is made. 
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Fig: 6.2: Exponential Growth 

 

6.4 Interspecific Interaction 
 

Interspecific interactions are defined as relationships between different species that 

result in better growth, reproduction and/or survival for at least one species involved in 

the interaction without negatively affecting the other species. 

 

Types of Interspecific Interactions 
 

Mutualism 
When both species benefit from the interaction. 

In this example the bird is cleaning the crocodiles teeth, which helps the crocodile, and 

the bird is getting a meal. 

 

 
 

Fig: 6.3: Mutualism 

Exploitation 
When one species benefits from the interaction at the cost of the other species. Examples 

of this include: 

predation – where one species huts and kills another species 

parasitism - where a parasite lives in close association with and feeds off a host organism 
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Fig: 6.4: Exploitation 

 

Commensalism 
When one species benefits from the interaction with no effect on the other species.Most 

species of hermit crabs have long soft abdomens which are protected from predators by 

the adaptation of carrying around a salvaged empty seashell. As the hermit crab grows in 

size, it has to find a larger shell and abandon the previous one. It only uses empty shells, 

so the species that produced them are unaffected. 

 

 
 

Fig: 6.5: Commensalism 

 

Antibiosis/Amensalism 
When organisms interact and one species is unaffected but the other organisms have a 

negative effect. Penicillium is a group of common mould species, many of which produce 

antibiotics (such as penicillin). These antibiotics kill certain types of bacteria. The 

antibiotics produced by the moulds are simply a waste product, produced during their 

metabolism (as they break down their food). While the waste product kills bacteria, the 

Pencillium are unaffected. 
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Fig: 6.6: Antibiosis 

 

Competition  
Where both organisms living in a similar niche are in competition for resources or space. 

This results in a negative outcome for each organism as it reduces the available resource 

for both parties. The image shows a lioness competing with some hyena for its kill. 

 

 
 

Fig: 6.7: Competition 
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Self Assessment Questions 
 

Q.1  Fill in the Blanks 

i. Population growth can be determined by 

formula…………………………………. 

ii. There are two types of population growth, One is exponential Growth and the 

second one is------------------------------------. 

iii. A type of interaction where  both species benefit from the interaction is 

known as------------------------- 

iv. -------------------- is an example of commensalism. 

v. --------------------is an example of amensalism.  

Q.2 Write factors which promote population growth. 

Q.3 Give solutions for overpopulation. 

 

Ecology II: Communities and Ecosystem 

 

Concept of an Ecosystem 

Living organisms cannot live isolated from their non-living environment because the 

latter provides materials and energy for the survival of the former i.e. there is interaction 

between a biotic community and its environment to produce a stable system; a natural 

self-sufficient unit which is known as an ecosystem. 

 

Definition of Ecosystem 

An ecosystem is, therefore, defined as a natural functional ecological unit comprising of 

living organisms (biotic community) and their non-living (abiotic or physio chemical) 

environment that interact to form a stable self-supporting system. A pond, lake, desert, 

grassland, meadow, forest etc. are common examples of ecosystems. 

 

6.5 Structure of an Ecosystem 
 

Each ecosystem has two main components: 
(1) Abiotic 

(2)  Biotic 

 

(1)  Abiotic Components: 

The non living factors or the physical environment prevailing in an ecosystem form the 

abiotic components. They have a strong influence on the structure, distribution, behaviour 

and inter-relationship of organisms. 

 

Abiotic components are mainly of two types: 

(a)  Climatic Factors: 
 Which include rain, temperature, light, wind, humidity etc. 

(b)  Edaphic Factors: 
 Which include soil, pH, topography minerals etc.? 



142 

 

(2)  Biotic Components 

The living organisms including plants, animals and micro-organisms (Bacteria and 

Fungi) that are present in an ecosystem form the biotic components. 

 

On the basis of their role in the ecosystem the biotic components can be classified 

into three main groups: 
(A)  Producers 

(B)  Consumers 

(C)  Decomposers or Reducers. 

 

(A)  Producers: 
The green plants have chlorophyll with the help of which they trap solar energy and 

change it into chemical energy of carbohydrates using simple inorganic compounds 

namely water and carbon dioxide. This process is known as photosynthesis. As the green 

plants manufacture their own food they are known as Autotrophs (i.e. auto = self, trophos 

= feeder) 

 

The chemical energy stored by the producers is utilised partly by the producers for their 

own growth and survival and the remaining is stored in the plant parts for their future use. 

 

(B)  Consumers 
The animals lack chlorophyll and are unable to synthesise their own food. Therefore, they 

depend on the producers for their food. They are known as heterotrophs (i.e. heteros = 

other, trophos = feeder) 

 

The consumers are of four types, namely: 

 

a)  Primary Consumers or First Order Consumers or Herbivores: 
 These are the animals which feed on plants or the producers. They are called her-

bivores. Examples are rabbit, deer, goat, cattle etc. 

b)  Secondary Consumers or Second Order Consumers or Primary Carnivores: 
 The animals which feed on the herbivores are called the primary carnivores. 

Examples are cats, foxes, snakes etc. 

c)  Tertiary Consumers or Third Order Consumers: 
 These are the large carnivores which feed on the secondary consumers. Example 

are Wolves. 

d)  Quaternary Consumers or Fourth Order Consumers or Omnivores: 
 These are the largest carnivores which feed on the tertiary consumers and are not 

eaten up by any other animal. Examples are lions and tigers. 

 

(C) Decomposers or Reducers 
Bacteria and fungi belong to this category. They breakdown the dead organic materials of 

producers (plants) and consumers (animals) for their food and release to the environment 

the simple inorganic and organic substances produced as by-products of their 

metabolisms. 
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These simple substances are reused by the producers resulting in a cyclic exchange of 

materials between the biotic community and the abiotic environment of the ecosystem. 

The decomposers are known as Saprotrophs (i.e., sapros = rotten, trophos = feeder) 

 

 
 

Fig: 6.8: Diversity of ecosystem 

 

6.6  Ecosystem & Ecosystems of the Earth 
 

Definition: An ecosystem include all living things(plants, animals and organism)in a 

given area, interacting with each other and also with non-living environment (weather, 

earth, sun, soil, climate, atmosphere). 

 

Ecosystems are the foundation of biosphere and they determine the health of the entire 

earth system. 

 

Pond Ecosystem 

A pond ecosystem refers to the freshwater ecosystem where there are communities of 

organism dependent on each other with the prevailing water environment for their 

nutrients and survival. Ponds are shallow water bodies with a depth of 12-15 feet in 

which the sun rays can penetrate to the bottom permitting the growth of plants there. 

 

 

 

http://cdn.yourarticlelibrary.com/wp-content/uploads/2014/02/image178.png
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 Light zonation of pond 

On the basis of the depth of water, penetration of light and the types of plants and animals 

in the pond, the pond is divided into different zones. They are: 

 

Littoral 
It is a peripheral shallow water zone in which light can reach up to the bottom. It contains 

warm and oxygen rich circulating water. So, this zone includes abundant rooted 

vegetations and different types of consumers. 

 

Limnetic 
The limnetic zone is a central part of a pond up to where there is penetration of effective 

light. The associated organisms are small crustaceans, rotifers, insects and their larvae 

and algae. The water level, oxygen content, and temperature in this zone varies time to 

time. Decomposers are almost absent here. 

 

Profundal 
This is the deep-water region where there is no effective light penetration. There the 

microscopic plants and decomposers are present. So it is called Hypolimnion. 

 

Role of temperature in stratification, biological oxygen demand, and dissolved oxygen: 

The thermal stratification of ponds refers to a change in the temperature at different depth 

in the pond and it is due to change in water's density with temperature. Thermal variation 

influences the aquatic life and leads to the stratification of the pond. There are three 

different regions in the pond which are epilimnion, thermocline, and hypolimnion. 

Epilimnion is the zone of gradually decreasing temperature from the surface, thermocline 

of rapidly falling temperature and hypolimnion is a bottom zone where no temperature 

gradient evident. 

 

Biological oxygen demand ( BOD ) 
It is the amount of oxygen required by bacteria in the pond in a unit volume of water at a 

specified time. 

 

Dissolved oxygen 
Dissolved oxygen refers to the level of free, non-compound oxygen dissolved or present 

inwater or any other liquid. BOD and DO govern the kind of organisms present in water. 

 

Structure of pond ecosystem 

It contains two main components i.e. abiotic and biotic. 

 

Abiotic components 
The abiotic substances of Pond ecosystem are formed as a result of the mixture of some 

organic and inorganic materials. They have directly or indirectly effect in aquatic 

organisms of the pond. These includes: 

 Light 

 Temperature 
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 Dissolved oxygen 

 Carbon dioxide 

 Other gases 

 PH of water 

 Turbidity 

 Dissolved minerals 

 

Biotic Components 
The biotic components of Pond ecosystem are the living components which consist of: 

 

Producers 
The producers are the aquatic green plants, which may be divided into two groups. 

 Microphytes (phytoplanktons): They are microscopic autotrophs, which fix solar 

energy. Eg. Spirogyra, Zygnema, Volvox, Oedogonium. 

 Macrophytes: They are large plants, which manufacture complex food. Eg; 

Pistea, Hydrilla etc. 

 

Consumers 
The consumers are those heterotrophic organisms, which consume producers as food. 

Their types are: 

 

Primary Consumer: 

These herbivorous animals depend on autotrophic organisms such as microscopic plant 

eatersorzooplanktons, Mollusks, Beetles, Cyclops, and Daphnia etc. 

 

Secondary Consumer: 

These are primary carnivores, which depend on herbivorous animals for food. Eg: 

Insects, fishes, frogs, crab etc. 

 

Tertiary Consumer: 

These are the second grade of carnivores. They feed upon plants or animals (secondary 

consumer) therefore are called omnivores. Eg: Large fishes and frogs. 

 

Decomposer 
Most of the decomposers of Pond ecosystem are saprophytes but some parasites are also 

found. Bacteria, fungi like AspergillusCladosporiumRhizopus, Alternaria, Fusarium, 

Saprolegnia etc. are decomposers. Generally, the decomposers either live in the soil layer 

beneath water or in the mud. They act on dead and decayed organic matter of plants and 

animals and supply raw materials to the producers. 
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6.7 Pollution 
 

Pollution is the introduction of harmful materials into the environment. These harmful 

materials are called pollutant 

 

6.7.1  Types of pollution 

There are three types of pollution 

i. Air Pollution 

ii. Water Pollution 

iii. Land Pollution 

 

Air Pollution 

Air pollution can be defined as the presence of toxic chemicals or compounds (including 

those of biological origin) in the air, at levels that pose a health risk. In an even broader 

sense, air pollution means the presence of chemicals or compounds in the air which are 

usually not present and which lower the quality of the air or cause detrimental changes to 

the quality of life (such as the damaging of the ozone layer or causing global warming). 

 

Explanation 

Volcanic gases, such as sulfur dioxide, can kill nearby residents and make 

the soil infertile for years. Natural disasters can also cause air pollution to increase 

quickly. When volcanoes erupt, they eject volcanic ash and gases into the atmosphere. 

Volcanic ash can discolor the sky for months. Most air pollution is not natural, however. 

It comes from burning fossil fuels—coal, oil, and natural gas. When gasoline is burned to 

power cars and trucks, it produces carbon monoxide, a colorless, odorless gas. The gas is 

harmful in high concentrations, or amounts. City traffic produces highly concentrated 

carbon monoxide. 

 

Smog 

Chemicals like nitrogen oxide, sulfur dioxide and hydrocarbons that release from cars 

and factories react with sunlight to produce smog, a thick fog. 

 

Smog makes breathing difficult, especially for children and older adults. Some cities that 

suffer from extreme smog issue air pollution warnings. 

 

Acid Rain 

When air pollutants such as nitrogen oxide and sulfur dioxide mix with moisture, they 

change into acids. They then fall back to earth as acid rain.  

 

Acid rain can kill all the trees in a forest. It can also devastate lakes, streams, and other 

waterways. When lakes become acidic, fish can’t survive. Acid rain can kill all the trees 

in a forest. It can also devastate lakes, streams, and other waterways. When lakes become 

acidic, fish can’t survive.  
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Green House Effect 

It's the phenomenon by which certain gases – so-called greenhouse gases like carbon 

dioxide, methane – in the atmosphere trap heat that would otherwise escape to space, 

thereby keeping the planet warm. This is called green house effect. 

 

But human activities such as burning fossil fuels and destroying forests have increased 

the amount of greenhouse gases in the atmosphere. This has increased the greenhouse 

effect, and average temperatures across the globe are rising. The decade that began in the 

year 2000 was the warmest on record. This increase in worldwide average temperatures, 

caused in part by human activity, is called global warming. Global warming is causing 

ice sheets and glaciers to melt. Global warming also contributes to the phenomenon of 

ocean acidification. Ocean acidification is the process of ocean waters absorbing more 

carbon dioxide from the atmosphere. Fewer organisms can survive in warmer, less salty 

waters. The ocean food web is threatened as plants and animals such as coral fail to adapt 

to more acidic oceans. 

 

Ozone Depletion 

 

What is ozone layer 

The ozone layer is a deep layer in the stratosphere, encircling the Earth, that has large 

amounts of ozone in it. The layer shields the entire Earth from much of the harmful 

ultraviolet radiation that comes from the sun.  

 

Interestingly, it is also this ultraviolet radiation that forms the ozone in the first place. 

Ozone is a special form of oxygen, made up of three oxygen atoms rather than the usual 

two oxygen atoms. It usually forms when some type of radiation or electrical discharge 

separates the two atoms in an oxygen molecule (O2), which can then individually 

recombine with other oxygen molecules to form ozone (O3) 

 

Ozone Layer Depletion 
Credible scientific studies have substantiated that the cause of ozone layer depletion is 

human activity, specifically, human-made chemicals that contain chlorine or bromine. 

These chemicals are widely known as ODS, an acronym for Ozone-Depleting 

Substances. The scientists have observed reduction in stratospheric ozone since early 

1970’s. It is found to be more prominent in Polar Regions. 

 

Ozone-Depleting Substances have been proven to be eco-friendly, very stable and non-

toxic in the atmosphere below. This is why they have gained popularity over the years. 

However, their stability comes at a price; they are able to float and remain static high up 

in the stratosphere. When up there, ODS are comfortably broken down by the strong UV 

light and the resultant chemical is chlorine and bromine. Chlorine and bromine are known 

to deplete the ozone layer at supersonic speeds. They do this by simply stripping off an 

atom from the ozone molecule. One chlorine molecule has the capability to break down 

thousands of ozone molecules. 

http://www.weatherquestions.com/What_is_the_stratosphere.htm
https://www.conserve-energy-future.com/top-eco-friendly-gardening-ideas.php
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Ozone-depleting substances have stayed and will continue to stay in the atmosphere for 

many years. This, essentially, implies that a lot of the ozone-depleting substances human 

have allowed to go into the atmosphere for the previous 90 years are still on their journey 

to the atmosphere, which is why they will contribute to ozone depletion. 

 

The chief ozone-depleting substances include chlorofluorocarbons (CFCs), carbon 

tetrachloride, hydrochlorofluorocarbons (HCFCs) and methyl chloroform. Halons, 

sometimes known as brominated fluorocarbons, also contribute mightily to ozone 

depletion. However, their application is greatly restricted since they are utilized in 

specific fire extinguishers. The downside to halons is they are so potent that they are able 

to deplete the ozone layer 10 times more than ozone-depleting substances. 

 

Scientists in this age are working around the clock to develop Hydrofluorocarbons 

(HFCs) to take the place of hydrochlorofluorocarbons (HCFCs) and chlorofluorocarbons 

(CFCs) for use in vehicle air conditioning. Hydrochlorofluorocarbons are powerful 

greenhouse gases, but they are not able to deplete ozone. Chlorofluorocarbons, on the 

other hand, significantly contribute to climate change, which means Hydrofluorocarbons 

continue to be the better alternative until safer alternatives are available. 

 

Land Pollution 
The destruction and contamination of the land through the direct and indirect actions of 

humans. The pollution results in changes to the land, such as soil erosion. Some of the 

changes are irreversible, while others are not. 

 

Causes of Land Pollution 
There are several known causes of land pollution. Of those, there are six factors that 

contribute more than others. 

 

1.  Deforestation and soil erosion 

 When forests are cleared for development and to meet the demand for wood 

supply, the soil is loosened in the process. Without the protection of the trees, the 

land becomes barren over time and starts to erode. 

2.  Agricultural chemicals 

 Part of the farming process often involves the use of harmful pesticides and 

insecticides to protect crops. However, the chemicals can cause the land to become 

barren. The once-fertile soil is then more susceptible to environmental elements, 

such as the wind. 

3.  Industrialization 

 The Industrial Revolution may have resulted in significant positive changes to the 

economy and society, but it also led to significant pollution of the land. Through 

unsafe disposal practices for chemicals used in manufacturing, poor regulation, and 

the overwhelming number of industries and factories that are polluting the land 

daily, industrialization has become one of the main contributors to the pollution 

problem. 

https://www.conserve-energy-future.com/15-wonderful-ways-reduce-greenhouse-gases.php
https://www.conserve-energy-future.com/15-wonderful-ways-reduce-greenhouse-gases.php
https://www.history.com/topics/industrial-revolution
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4.  Mining 

 The mining process can lead to the creation of large open spaces beneath the 

surface of the earth. This can result in the land caving in, which compromises the 

integrity of the land. Mining also results in harmful chemicals, such as uranium, 

being disturbed and released into the environment. 

5.  Landfills 

 The garbage found at landfills is filled with toxins that eventually seep into the 

earth. During rains, the toxins are washed into other areas and the pollution is 

spread. As the population grows, the amount of garbage filling landfills also grows. 

6.  Human sewage 

 Untreated human waste can produce toxic gases that can seep into the ground. As 

with air pollution, the soil quality is negatively impacted, and land nearby can be 

contaminated. In addition to this, the probability of human illnesses occurring 

increases. 

 

Effects of Land Pollution 
The contamination of the land has far-reaching consequences that can be catastrophic for 

water, soil, and animals. There are several possible consequences of land pollution to the 

environment and animals, including these top five: 

 

1.  Ground water poisoning 

 Depending on the soil and whether the chemicals were improperly disposed of on 

the land, the chemicals could end up in the ground water. The process is known as 

leaching. It can occur on farms, industrial sites, and landfills. 

2.  Water nutrient enrichment 

 Chemicals, such as nitrogen, are used frequently on farms. Only a small portion of 

the nutrients end up benefitting the crops. The remainder usually ends up in water 

that is populated by fish, algae, andother lifeforms. The nutrient-heavy water saps 

up most of the oxygen in the water, which leaves little for fish and other life. When 

this happens, the water is unable to support most life forms.  

3.  Loss of topsoil 

 As chemical fertilizers and pesticides are used to maintain crops, the topsoil’s 

composition becomes altered. The soil becomes more susceptible to harmful 

fungus species and begins to erode. It is important to conserve our soil to maximize 

land productivity. 

4.  Shifting habitat 

 As deforestation and soil erosion progress, animals are forced to move to find 

shelter and food. For some animals, the change is too traumatic, and this has led to 

some dying. As a result, some species are at a greater risk of extinction. 

5.  Increased risk of wildfires 

 The dry conditions created by pollutants in the soil help to create the perfect 

environment for wildfires. The fires can grow quickly because of the dry conditions 

and widening area of polluted land. 

 

 

https://www.cdc.gov/diseasesconditions/az/a.html
https://www.conservationinstitute.org/soil-conservation/
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Effects of Land Pollution on Humans 
The impact of land pollution is not limited just to the earth and animals. Humans can also 

experience negative consequences that can influence quality of life and health. 

 

Some of the potential consequences include birth defects, the development of breathing 

disorders, skin diseases, and cancer. Most of these develop after exposure to waste from 

water poisoning and soil contamination. 

 

Land pollution has also been linked to developmental deficits in children. Chemicals that 

are commonly found in contaminated soil and water, such as lead, have can impact a 

child’s cognitive development even if the exposure is very low. 

 

Solutions to Land Pollution 
 

There are several possible solutions to land pollution, including conservation. 

Conservation focuses on preserving natural resources, such as soil and plants. The efforts 

to conserve resources can start with utilizing sustainable practices. 

 

For instance, leaving some of the trees in a forest to naturally die and decay. This not 

only leaves the cover needed for the soil and other vegetation, but it helps to provide the 

nutrients that the soil needs to remain fertile. Other solutions include: 

 Proper waste disposal that focuses on treating waste and disposing it in the safest 

manner possible. 

 Reusing materials to reduce the need for harvesting of resources. Products that are 

not reusable can likely be recycled. 

 Reducing the usage of non-biodegradable materials, such as plastic shopping bags. 

The simple act of switching to a reusable cloth bag for groceries can help cut down 

on the need for non-biodegradable materials. 

 Organic gardening can reduce the usage of pesticides and insecticides. Non-

gardeners can help by buying organic food. 

 

Water Pollution 
 

Definition 

Water pollution occurs when harmful substances—often chemicals or microorganisms—

contaminate a stream, river, lake, ocean, aquifer, or other body of water, degrading water 

quality and rendering it toxic to humans or the environment. 

 

There are Two Types of Water Pollution 

1. Organic pollution due to microorganisms - bacteria and viruses - present in the 

water, generated by excrement, animal and vegetable waste 

2. Chemical pollution generated by the nitrates and phosphates of pesticides, human 

and animal drugs, household products, heavy metals, acids and hydrocarbons used 

in industries 

 

https://helpsavenature.com/conserving-natural-resources
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Causes of Water Pollution 
 

Eutrophication and Water Pollution 

Eutrophication is when the environment becomes enriched with nutrients. This can be a 

problem in marine habitats such as lakes as it can cause algal blooms. 

 Fertilisers are often used in farming, sometimes these fertilisers run-off into nearby 

water causing an increase in nutrient levels. 

 This causes phytoplankton to grow and reproduce more rapidly, resulting in algal 

blooms. 

 This bloom of algae disrupts normal ecosystem functioning and causes many 

problems. 

 The algae may use up all the oxygen in the water, leaving none for other marine 

life. This results in the death of many aquatic organisms such as fish, which need 

the oxygen in the water to live. 

 The bloom of algae may also block sunlight from photosynthetic marine plants 

under the water surface. 

 Some algae even produce toxins that are harmful to higher forms of life. This can 

cause problems along the food chain and affect any animal that feeds on them. 

 

Suspended Matter 

Some pollutants do not dissolve in water as their molecules are too big to mix between 

the water molecules. This material is called particulate matter and can often be a cause 

of water pollution.  

 The suspended particles eventually settle and cause a thick silt at the bottom. This 

is harmful to marine life that lives on the floor of rivers or lakes. 

 Biodegradable substances are often suspended in water and can cause problems by 

increasing the amount of anaerobic microorganisms present. 

 Toxic chemicals suspended in water can be harmful to the development and 

survival of aquatic life. 

 

Atmospheric Water Pollution 

Atmospheric deposition is the pollution of water caused by air pollution. 

 In the atmosphere, water particles mix with carbon dioxide sulphur dioxide and 

nitrogen oxides, this forms a weak acid. 

 Air pollution means that water vapour absorbs more of these gases and becomes 

even more acidic. 

 When it rains the water is polluted with these gases, this is called acid rain. 

 When acid rain pollutes marine habitats such as rivers and lakes, aquatic life is 

harmed. 
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Effect of Polluted Water on Humans 
Infectious diseases can be spread  through contaminated water. Some of these water-

borne diseases are Typhoid, Cholera, Paratyphoid Fever, Dysentery, Jaundice, 

Amoebiasis and Malaria.  

 

Chemicals in the water also have negative effects on our health.  

Pesticides – can damage the nervous system and cause cancer because of the carbonates 

and organophosphates that they contain. Chlorides can cause reproductive and endocrinal 

damage. 

Nitrates – are especially dangerous to babies that drink formula milk. It restricts the 

amount of oxygen in the brain and cause the “blue baby” syndrome. 

Lead – can accumulate in the body and damage the central nervous system.  

Arsenic – causes liver damage, skin cancer and vascular diseases 

Flourides -  in excessive amounts can make your teeth yellow and cause damage to the 

spinal cord. 

Petrochemicals – even with very low exposure, can cause cancer. 

 

Effect of Polluted Water on Environment 

Water pollution causes an algal bloom in a lake or marine environment, the proliferation 

of newly introduced nutrients stimulates plant and algae growth, which in turn reduces 

oxygen levels in the water. This dearth of oxygen, known as eutrophication, suffocates 

plants and animals and can create “dead zones,” where waters are essentially devoid of 

life. In certain cases, these harmful algal blooms can also produce neurotoxins that affect 

wildlife, from whales to sea turtles.Chemicals and heavy metals from industrial and 

municipal wastewater contaminate waterways as well. These contaminants are toxic to 

aquatic life—most often reducing an organism’s life span and ability to reproduce—and 

make their way up the food chain as predator eats prey. That’s how tuna and other big 

fish accumulate high quantities of toxins, such as mercury. 

 

Marine ecosystems are also threatened by marine debris, which can strangle, suffocate, 

and starve animals. Much of this solid debris, such as plastic bags and soda cans, gets 

swept into sewers and storm drains and eventually out to sea, turning our oceans into 

trash soup and sometimes consolidating to form floating garbage patches. Discarded 

fishing gear and other types of debris are responsible for harming more than 200 different 

species of marine life. 

 

Meanwhile, ocean acidification is making it tougher for shellfish and coral to survive. 

Though they absorb about a quarter of the carbon pollution created each year by burning 

fossil fuels, oceans are becoming more acidic. This process makes it harder for shellfish 

and other species to build shells and may impact the nervous systems of sharks, 

clownfish, and other marine life. 

https://www.nrdc.org/experts/ann-alexander/new-study-algae-pollution-makes-coastal-communities-vulnerable-ocean
https://www.nrdc.org/onearth/devil-deep-blue-sea
https://www.nrdc.org/resources/tides-trouble-increased-threats-human-health-and-ecosystems-harmful-algal-blooms
https://www.nrdc.org/stories/smart-seafood-buying-guide
https://www.nrdc.org/stories/ocean-pollution-dirty-facts
https://oceanservice.noaa.gov/facts/garbagepatch.html
https://coast.noaa.gov/states/fast-facts/marine-debris.html
https://coast.noaa.gov/states/fast-facts/marine-debris.html
https://www.nrdc.org/stories/what-you-need-know-about-ocean-acidification
https://www.nrdc.org/issues/reduce-ocean-acidification
https://www.nrdc.org/onearth/biggest-loser-shark-edition
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What Can You Do to Prevent Water Pollution? 

With your actions 

It’s easy to tsk-tsk the oil company with a leaking tanker, but we’re all accountable to 

some degree for today’s water pollution problem. Fortunately, there are some simple 

ways you can prevent water contamination or at least limit your contribution to it: 

 Reduce your plastic consumption and reuse or recycle plastic when you can. 

 Properly dispose of chemical cleaners, oils, and non-biodegradable items to keep 

them from ending up down the drain. 

 Maintain your car so it doesn’t leak oil, antifreeze, or coolant. 

 

6.8 Environmental Conservation and Protection 
 

Environmental awareness has increased enormously in recent years. Environmental 

conservation and protection is now a familiar and important issue for us all. 

Environmental issues require us to take a broader perspective, since they cannot be 

resolved by one region or one country alone. The cumulative effects of individual efforts 

can have a big impact on environmental conservation and protection. It is vital that each 

of us adopts a sincere attitude toward environmental laws. 

 

1.  Efforts to reduce environmental impact 

 Always remembering to take the global environment into consideration, we 

actively promote efforts to reduce the environmental impact of our business 

activities, including taking various measures to prevent global warming. 

2.  Regulations governing waste  

 All laws and ordinances relating to the proper disposal of industrial waste as well 

as those relating to recycling and the In order to reduce the environmental impact 

of our corporate activities, we comply with conservation and effective use of 

resources. 

3.  Regulations governing chemicals 

 In order to ensure chemical safety, when using chemical substances anywhere in 

the course of our corporate activities we comply with national laws and regulations 

as well as international law and internationally accepted chemical substance control 

standards. 

4.  Pollution prevention 

 In order to conserve and protect the environment, we comply with all laws and 

regulations aimed at preventing pollution, including air, water and soil pollution, as 

well as noise, vibration, odors. 

 

6.9 Health and Diseases with Respect to Environment 
 

What are environmental disease? 

 Illnesses and conditions caused by factors in the environment are collectively 

called environmental diseases 

https://www.nrdc.org/stories/6-ways-you-can-help-keep-our-water-clean
https://www.nrdc.org/stories/6-ways-you-can-help-keep-our-water-clean
https://www.nrdc.org/stories/10-ways-reduce-plastic-pollution
https://www.nrdc.org/stories/6-ways-you-can-help-keep-our-water-clean
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Pesticides, chemicals, radiation, air pollution, and water pollution, are some of the 

manmade hazards that are believed to contribute to human illnesses. Potential illness-

causing agents are everywhere: at home, at work, and at play. However, the likelihood of 

an individual developing a specific disease depends on the hazards present in their 

particular environment and their genetic susceptibility to a specific hazard. For example, 

x-ray technicians are at risk for radiation-induced illnesses, whereas coal miners are 

prone to lung diseases caused by inhalation of dust. Proper use of safeguards can prevent 

these and other environmental diseases 

 

Common Environmental Diseases 

Lung Diseases 

Any substance other than air that is breathed into the lungs has the potential to cause 

damage to these organs. For example, air pollution, including smoke from other peoples' 

cigarettes (secondhand smoke), and workplace chemicals can lead to lung diseases. 

Examples of lung diseases include: 

 Asthma (AZ-ma), a condition in which breathing is difficult, affects millions of 

Americans. Environmental triggers for asthma are everywhere and include 

naturally occurring triggers such as animal dander, plant pollen, dust, and mold, 

and manmade triggers such as chemicals. Not everyone is sensitive to these 

triggers, but many people are sensitive to some of them. 

 Black lung disease is an illness in which coal miners' lungs become coated with 

coal dust, causing a chronic condition in which breathing becomes difficult and 

painful. 

 Bronchitis (brong-KY-tis), an inflammation of the airways of the lungs, can be 

caused by breathing in certain chemicals or smoke. Welders and fire fighters are 

some of the people at risk for this condition. Smokers are also at increased risk for 

the development of bronchitis and lung cancer 

 

Cancers 

In addition to lung cancer, other cancers have been linked to environmental 

toxins (poisons). For example, pesticides, herbicides, and radioactive substances have the 

potential to cause cancer. People working in plastics manufacturing are at risk for liver or 

bladder cancer. People who work with radioactive substances are at increased risk for 

cancer caused by radiation 

 

Birth Defects 

Infertility 
* 
, miscarriage 

* 
, stillbirth (the baby is born dead), childhood cancer, and birth 

defects may have links to various environmental toxins. When a pregnant woman is 

exposed to lead, her child has a higher than usual risk of being born with behavior and 

nervous system problems. Exposure to radiation, chemical wastes, pesticides, solvents, 

paints, lead, and methyl mercury all can cause problems in a developing fetus. 

 

Chemical Poisonings 

Lead is a serious environmental hazard to children in many parts of the world, including 

the United States. It affects children's mental and physical development, and high doses 

http://www.humanillnesses.com/knowledge/Respiratory_disease.html
http://www.humanillnesses.com/knowledge/Inflammation.html
http://www.humanillnesses.com/knowledge/Pollution.html
http://www.humanillnesses.com/knowledge/Pollution.html
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can cause paralysis and death. People can be exposed to lead through lead paint, leaded 

gasoline, lead water pipes, and certain ceramics. Although lead is no longer used in most 

of these products in the United States, it can still be found in older homes and in some 

imported products. 

 

The metals mercury and cadmium can cause nerve damage, cancer, and liver and skin 

diseases. Mercury has been used since the beginning of the nineteenth-century in many 

industrial processes. In earlier times, people who worked with mercury were often 

unknowingly poisoned. Mercury can accumulate in the food chain and present a health 

risk. For example, some fish in the Great Lakes are contaminated with mercury they 

acquired through eating plants and other fish. Eating a lot of these contaminated fish can 

transfer unhealthy levels of mercury to a person. The effects are cumulative, (build up), 

because the body cannot rid itself of mercury. Mercury can be found in fluorescent lights, 

latex paint, batteries, dental fillings, and mercury thermometers. 

 

Other sources of environmental poisoning can arise from the manufacture of refrigerants, 

plastics, and other industrial products and from the manufacture and misuse of pesticides. 

 

What is Environmental Health 

The environment can directly and indirectly impact on our health and wellbeing. 

Environmental health examines the interaction between the environment and our health.  

We use the following definitions: 

 Environmental health refers to aspects of human health (including quality of life) 

that are determined by physical, chemical, biological, social and psychosocial 

factors in the environment. 

 Environment broadly includes everything external to ourselves, including the 

physical, natural, social and behavioral environments.  

 Health is a state of complete physical, mental and social wellbeing, and is not 

merely the absence of disease or illness.    

 

Why is the Environment Important for Health? 

We need safe, healthy and supportive environments for good health. The environment in 

which we live is a major determinant of our health and wellbeing.  We depend on the 

environment for energy and the materials needed to sustain life, such as: 

 clean air 

 safe drinking water 

 nutritious food 

 safe places to live. 

 

Many aspects of our environment – both built and natural environment – can impact on 

our health. It’s important that we interpret health issues in the wider context of our 

environment and where we live 

 

 

 

http://www.humanillnesses.com/knowledge/Fluorescence.html
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Figure 6.9: Determinants of health and well-being in our neighborhoods 

 

 
 

Source: Barton and Grant 2006   

 

Health effects related to the environment 

Many aspects of the environment can affect our health. Environmental hazards can 

increase the risk of disease, including cancer, heart disease and asthma [2]. 

Table 1 gives examples of how different aspects of the environment can affect our health. 

 

  

http://www.ehinz.ac.nz/indicators/overview/what-is-environmental-health/#References
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Table 1: Environmental exposures and related human health effects 

 

Environmental exposure Examples of health effects 

Outdoor air pollution Respiratory conditions, cardiovascular disease, lung 

cancer 

Unsafe drinking water Diarrhoeal (gastrointestinal) illnesses 

Contaminated recreational water  Diarrhoeal (gastrointestinal) illnesses; eye, ear, nose 

and throat infections 

Mosquitoes, ticks and other 

vectors 

Malaria, dengue fever, Rickettsial disease 

UV (ultraviolet light) exposure  Too much: melanoma, non-melanoma skin cancer, eye 

cataracts 

Too little: vitamin D deficiency, leading to rickets, 

osteoporosis and osteomalacia 

Second-hand smoke exposure In infants: low birthweight, sudden unexpected death 

in infancy (SUDI) 

In children: asthma, lower respiratory infections, 

middle ear infections 

In adults: ischaemic heart disease, stroke, lung cancer  

Household crowding Infectious diseases, including lower respiratory 

infections 

Cold and damp housing Excess mortality 

Climate change  Infectious diseases, including giardiasis, 

cryptosporidiosis and salmonellosis; heat stroke 

Hazardous substances Poisoning, burns, dermatitis 

Lead In children: developmental delays, behavioural 

problems 

In adults: increased blood pressure 

Asbestos Breathing difficulties, lung cancer, mesothelioma 

Noise Hearing loss, cardiovascular problems, insomnia, 

psychophysiological problems 

 

 

  

http://www.ehinz.ac.nz/indicators/air-quality/
http://www.ehinz.ac.nz/indicators/drinking-water-quality/
http://www.ehinz.ac.nz/indicators/recreational-water/
http://www.ehinz.ac.nz/indicators/border-health/
http://www.ehinz.ac.nz/indicators/border-health/
http://www.ehinz.ac.nz/indicators/uv-exposure/
http://www.ehinz.ac.nz/indicators/indoor-environment/
http://www.ehinz.ac.nz/indicators/indoor-environment/
http://www.ehinz.ac.nz/indicators/indoor-environment/
http://www.ehinz.ac.nz/indicators/climate-change/
http://www.ehinz.ac.nz/indicators/hazardous-substances/
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Self Assessment Questions 
 

Q.1  Fill in the blanks 

 i.   PH is an example of ----------type of abiotic factor. 

 ii.  ------is an example of consumers. 

 iii.  ------------------is an example of decomposers. 

 iv.  ------------------is an example of producers. 

 v. Peripheral shallow water zone in which light can reach up to the bottom is 

called ----------------- 

 vi. Hypolimnion is also known as ------------------ 

 vii. Amount of oxygen required by bacteria in the pond in a unit volume of water 

at a specified time is   known as.----------------------------. 

 viii. Formula of Ozone is  -------------------------. 

 

Q.2 Answer the question. 

          i.       Define health. 

          ii.       Environmental Health. 

 iii. Write steps for prevention of Environment. 

 iv. Effects of water pollution on human health. 

 v. Effects of air pollution on humsn health. 
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Introduction 

 
Cell division is the process by which a parent cell divides and gives rise to two or more 

daughter cells. It is a means of reproduction for single-cell organisms. In multicellular 

organisms, cell division contributes to growth, development, repair, and the generation of 

reproductive cells (sperms and eggs). Cell division is a tightly regulated process, and 

aberrant cell division can cause diseases, notably cancer. There are two types of cell 

division generally called mitosis and meiosis but, strictly, these terms refer to the stages 

of division of the cell nucleus for somatic (non-reproductive) and reproductive cells, 

respectively. This unit will discuss mitosis, cytokinesis and the cell cycle, control of the 

cell cycle, meiosis and gametes formation. 

 

Objectives 
 

After completing this unit, you will be able to 

 Recognize the concept of cell division.  

 Describe the phases of the mitosis. (and what happens in each) 

 Describe cytokinesis and the cell cycle 

 Explain the control of cell cycle.  

  Describe and draw the stages of meiosis. 

  Explain the gamete formation. 
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7.1 Cell Cycle: Mitosis and Meiosis 
 

To understand the concept of cell cycle it is necessary to understand the following terms 

 Chromosome 
 A chromosome is a thread-like structure found in the nucleus of cells. 

Chromosomes are composed of a long double filament of DNA (deoxyribonucleic 

acid) coiled into a helix together with associated proteins. Genes (the most basic 

units of genetic material) are arranged in a line along the length of chromosomes. 

The nucleus of each human somatic cell (i.e. those relating to the nonreproductive 

parts of the body) contains 46 chromosomes - 23 of maternal origin (from the 

mother) and 23 of paternal origin (from the father). 

 Diploid & Haploid 
 The word "diploid" is an adjective that may be used to describe cells, nuclei or 

organisms in which each chromosome (except the Y sex chromosome) is 

represented twice, a situation sometimes summarised as 2n. This is better 

understood when compared with the term "haploid":  

 The word "haploid" (and also the word "monoploid") is an adjective that may be 

used to describe cells, nuclei or organisms that contain a single set of "n" unpaired 

chromosomes.  

An example of use of these adjectives is: "In the case of the human species, the 

gametes are haploid following meiosis." 

 But what is n? 

 n is a number that varies according to species. In the human species, n=23, 

therefore there are 46 chromosomes in all human body parts except for the 

gametes, which contain only 23. 

 Chromatid 
 The simplest complete definition of a chromatid is that it is one-half of a replicated 

chromosome.The more detailed version is that a chromatid is one of two identical 

strands of DNA that, together, form a chromosome - each chromosome being 

composed of two sister chromatids joined together at a centromere. 

 The term "chromosome" applies provided that the centromeres remain in contact. 

When the centromeres separate (during anaphase of mitosis and anaphase 2 of 

meiosis), the strands previously called "chromosomes" are referred to as "daughter-

chromosomes". 

 Centromere 
 A kinetochore is another term for a centromere. 

 A centromere (or "kinetochore") is the part of a chromosome at which the two 

chromatids (see above) are attached together. This (centromere) becomes attached 

to the spindle during mitosis and meiosis. 

 

Mitosis is further divided into four phases. 

1. Prophase 

 Early in the prophase stage the chromatin fibres shorten into chromosomes 

that are visible under a light microscope. (Each prophase chromosome 

consists of a pair of identical double-stranded chromatids.) 

http://www.ivyroses.com/Define/Nucleus
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 Later in prophase, the nucleolus disappears, the nuclear envelope breaks 

down, and the two centrosomes begin to form the mitotic spindle (which is 

an assembly of microtubules, which are components of the cytoskeleton). 

 As the microtubules extend in length between the centrosomes, the 

centrosomes are pushed to opposite "poles" (extremes) of the cell. 

  Eventually, the spindle extends between two opposite poles of the cell. 

2. Metaphase  

 Metaphase is characterized by the "metaphase plate". This is a mid-point region 

within the cell that is formed/defined by the centromeres of the chromatid pairs 

aligning along the microtubules at the centre of the miotic spindle. 

3.  Anaphase 

 The centromeres split seperating the two members of each chromatid pair - 

which then move to the opposite poles of the cell: When they are seperated 

the chromatids are called chromosomes. 

 As the chromosomes are pulled by the the microtubules during anaphase, 

they appear to be "V"-shaped because the centromeres lead the way, 

dragging the trailing arms of the chromosomes towards the pole/s. 

4. Telophase 

 Telophase begins after the chromosomal movement stops. 

 The identical sets of chromosomes - which are by this stage at opposite poles 

of the cell, uncoil and revert to the long, thin, thread-like chromatin form. 

 

 The cell cycle 
  

Actively dividing eukaryote cells pass through a series of stages known 

collectively as the cell cycle: two gap phases (G1 and G2); an S (for synthesis) 

Phase, in which the genetic material is duplicated; and an M phase, in which 

mitosis partitions the genetic material and the cell divides. 

 

 
 

Fig: 7.1: The cell cycle 

http://www.ivyroses.com/Biology/Organelles/Microtubules-Function.php
http://www.ivyroses.com/Biology/Cells/Cytoskeleton.php
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 G1 phase. Metabolic changes prepare the cell for division. At a certain point - the 

restriction point - the cell is committed to division and moves into the S phase. 

 S phase. DNA synthesis replicates the genetic material. Each chromosome now 

consists of two sister chromatids. 

 G2 phase. Metabolic changes assemble the cytoplasmic materials necessary for 

mitosis and cytokinesis. 

 M phase. A nuclear division (mitosis) followed by a cell division (cytokinesis). 

 The period between mitotic divisions - that is, G1, S and G2 - is known as 

interphase. 

 

7.1.1 Mitosis 

 

Mitosis is a form of eukaryotic cell division that produces two daughter cells with the 

same genetic component as the parent cell. Chromosomes replicated during the S phase 

are divided in such a way as to ensure that each daughter cell receives a copy of every 

chromosome. In actively dividing animal cells, the whole process take about one hour. 

 

The replicated chromosomes are attached to a 'mitotic apparatus' that aligns them and 

then separates the sister chromatids to produce an even partitioning of the genetic 

material. This separation of the genetic material in a mitotic nuclear division (or 

karyokinesis) is followed by a separation of the cell cytoplasm in a cellular division (or 

cytokinesis) to produce two daughter cells. 

 

In some single-celled organisms mitosis forms the basis of asexual reproduction. In 

diploid multicellular organisms sexual reproduction involves the fusion of two haploid 

gametes to produce a diploid zygote. Mitotic divisions of the zygote and daughter cells 

are then responsible for the subsequent growth and development of the organism. In the 

adult organism, mitosis plays a role in cell replacement, wound healing and tumour 

formation. 

 

Mitosis, although a continuous process, is conventionally divided into five stages: 

prophase, prometaphase, metaphase, anaphase and telophase. 

 

Prophase 

Prophase occupies over half of mitosis. The nuclear membrane breaks down to form a 

number of small vesicles and the nucleolus disintegrates. A structure known as the 

centrosome duplicates itself to form two daughter centrosomes that migrate to opposite 

ends of the cell. The centrosomes organise the production of microtubules that form the 

spindle fibres that constitute the mitotic spindle. The chromosomes condense into 

compact structures. Each replicated chromosome can now be seen to consist of two 

identical chromatids (or sister chromatids) held together by a structure known as the 

centromere. 
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Prometaphase 

The chromosomes, led by their centromeres, migrate to the equatorial plane in the mid-

line of the cell - at right-angles to the axis formed by the centrosomes. This region of the 

mitotic spindle is known as the metaphase plate. The spindle fibres bind to a structure 

associated with the centromere of each chromosome called a kinetochore. Individual 

spindle fibres bind to a kinetochore structure on each side of the centromere. The 

chromosomes continue to condense. 

 

 
 

Fig: 7.2: Mitosis and cytokinesis 

 

Metaphase 

The chromosomes align themselves along the metaphase plate of the spindle apparatus. 
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Anaphase 

The shortest stage of mitosis. The centromeres divide, and the sister chromatids of each 

chromosome are pulled apart - or 'disjoin' - and move to the opposite ends of the cell, 

pulled by spindle fibres attached to the kinetochore regions. The separated sister 

chromatids are now referred to as daughter chromosomes. (It is the alignment and 

separation in metaphase and anaphase that is important in ensuring that each daughter 

cell receives a copy of every chromosome.) 

 

Telophase 

The final stage of mitosis, and a reversal of many of the processes observed during 

prophase. The nuclear membrane reforms around the chromosomes grouped at either pole 

of the cell, the chromosomes uncoil and become diffuse, and the spindle fibres disappear. 

 

Cytokinesis 

The final cellular division to form two new cells. In plants a cell plate forms along the 

line of the metaphase plate; in animals there is a constriction of the cytoplasm. The cell 

then enters interphase - the interval between mitotic divisions. 

 

Self Assessment Questions 
 

Fill in the blanks 

1.  Prophase occupies over --------------- of mitosis. 

2. Region of the mitotic spindle is known as the---------------. 

3. The chromosomes ---------themselves along the metaphase plate of the spindle 

apparatus. 

4. Shortest stage of mitosis is ----------- 

5. A mitotic nuclear division is also called---------------. 

 

Give short answers. 

1. What is cell cycle? 

2. How many stages of mitosis. 

3. Describe the role of mitosis. 

4. Name the structure through which two identical chromatids held together. 

5. How much time is required for whole process of mitosis in actively dividing animal 

cells? 

 

Answers 

1. Half 

2. Metaphase plate 

3. Align 

4. Anaphase 

5. Karyokinesis 
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7.2 Cytokinesis and Cell Cycle: An Overview 
 

Cytokinesis is the physical process of cell division, which divides the cytoplasm of a 

parental cell into two daughter cells. It occurs concurrently with two types of nuclear 

division called mitosis and meiosis, which occur in animal cells. Mitosis and each of the 

two meiotic divisions result in two separate nuclei contained within a single cell. 

Cytokinesis performs an essential process to separate the cell in half and ensure that one 

nucleus ends up in each daughter cell. Cytokinesis starts during the nuclear division 

phase called anaphase and continues through telophase. A ring of protein filaments called 

the contractile ring forms around the equator of the cell just beneath the plasma 

membrane. The contractile ring shrinks at the equator of the cell, pinching the plasma 

membrane inward, and forming what is called a cleavage furrow. Eventually, the 

contractile ring shrinks to the point that there are two separate cells each bound by its 

own plasma membrane. 

 

 
 

Fig: 7.3: Cytokinesis 

 

Animal Cell Cytokinesis 

Contractile Ring Positioning 

Animal cell cytokinesis begins shortly after the onset of sister chromatid separation in the 

anaphase of mitosis. A contractile ring, made of non-muscle myosin II and actin 

filaments, assembles equatorially (in the middle of the cell) at the cell cortex (adjacent to 

the cell membrane). Myosin II uses the free energy released when ATP is hydrolysed to 

move along these actin filaments, constricting the cell membrane to form a cleavage 

furrow. Continued hydrolysis causes this cleavage furrow to ingress (move inwards), a 

striking process that is clearly visible through a light microscope. Ingression continues 

until a so-called midbody structure (composed of electron-dense, proteinaceous material) 

is formed and the process of abscission then physically cleaves this midbody into two. 

Abscission depends onseptin filaments beneath the cleavage furrow, which provide a 

structural basis to ensure the completion of cytokinesis. After cytokinesis, non-

kinetochore microtubules reorganize and disappear into a new cytoskeleton as the cell 

cycle returns to interphase (see also cell cycle). 

https://en.wikipedia.org/wiki/Chromatid
https://en.wikipedia.org/wiki/Anaphase
https://en.wikipedia.org/wiki/Mitosis
https://en.wikipedia.org/wiki/Myosin
https://en.wikipedia.org/wiki/Actin
https://en.wikipedia.org/wiki/Cell_cortex
https://en.wikipedia.org/wiki/Adenosine_triphosphate
https://en.wikipedia.org/wiki/Cleavage_furrow
https://en.wikipedia.org/wiki/Cleavage_furrow
https://en.wikipedia.org/wiki/Hydrolysis
https://en.wikipedia.org/wiki/Light_microscope
https://en.wikipedia.org/wiki/Midbody_(cell_biology)
https://en.wikipedia.org/wiki/Abscission
https://en.wikipedia.org/wiki/Septins
https://en.wikipedia.org/wiki/Microtubules
https://en.wikipedia.org/wiki/Interphase
https://en.wikipedia.org/wiki/Cell_cycle
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The position at which the contractile ring assembles is dictated by the mitotic spindle.
[1]

 

This seems to depend upon the GTPase RhoA, which influences several downstream 

effectors (such as the protein kinases ROCK and citron) to promote myosin activation (by 

influencing the phosphorylation of Myosin regulatory light chain (rMLC)) and actin 

filament assembly (by regulating formin protein) at a particular region of the cell cortex.  

 

Simultaneous with contractile ring assembly during prophase, a microtubule based 

structure termed the central spindle (or spindle midzone) forms when non-kinetochore 

microtubule fibres are bundled between the spindle poles. A number of different species 

includingH. sapiens, D. melanogaster and C. elegans require the central spindle in order 

to efficiently undergo cytokinesis, although the specificphenotype described when it is 

absent varies from one species to the next (for example, certain Drosophila cell types are 

incapable of forming a cleavage furrow without the central spindle, whereas in both C. 

elegans embryos and human tissue culture cells a cleavage furrow is observed to form 

and ingress, but then regress before cytokinesis is complete). Seemingly vital for the 

formation of the central spindle (and therefore efficient cytokinesis) is a heterotetrameric 

protein complex called centralspindlin. Along with associated factors (such as SPD-1 in 

C. elegans), centralspindlin plays a role in bundling microtubules to form the spindle 

midzone during anaphase. 

 

Timing Cytokinesis 

Cytokinesis must be temporally controlled to ensure that it occurs only after sister 

chromatids separate during the anaphase portion of normal proliferative cell divisions. To 

achieve this, many components of the cytokinesis machinery are highly regulated to 

ensure that they are able to perform a particular function at only a particular stage of the 

cell cycle Cytokinesis happens only after APC binds with CDC20. This allows for the 

separation of chromosomes and myosin to work simultaneously. 

 

The Plant Cell Cytokinesis  

Due to the presence of a cell wall, cytokinesis in plant cells is significantly different from 

that in animal cells, Rather than forming a contractile ring, plant cells construct a cell 

plate in the middle of the cell. The stages of cell plate formation include: 

1) Creation of the phragmoplast, an array of microtubules that guides and supports the 

formation of the cell plate; 

2) Trafficking of vesicles to the division plane and their fusion to generate a tubular-

vesicular network;  

3) Continued fusion of membrane tubules and their transformation into membrane 

sheets upon the deposition of callose, followed by deposition of cellulose and other 

cell wall components; 

4) Recycling of excess membrane and other material from the cell plate; and  

5) Fusion with the parental cell wall 
.
  

 

The phragmoplast is assembled from the remnants of the mitotic spindle, and serves as a 

track for the trafficking of vesicles to the phragmoplast midzone. These vesicles contain 

lipids, proteins and carbohydrates needed for the formation of a new cell boundary. 

https://en.wikipedia.org/wiki/Mitotic_spindle
https://en.wikipedia.org/wiki/Cytokinesis#cite_note-1
https://en.wikipedia.org/wiki/GTPase
https://en.wikipedia.org/wiki/RhoA
https://en.wikipedia.org/wiki/Myosin
https://en.wikipedia.org/w/index.php?title=Myosin_regulatory_light_chain&action=edit&redlink=1
https://en.wikipedia.org/wiki/Actin
https://en.wikipedia.org/wiki/Formin
https://en.wikipedia.org/wiki/Cell_cortex
https://en.wikipedia.org/wiki/Central_spindle
https://en.wikipedia.org/wiki/Homo_sapiens
https://en.wikipedia.org/wiki/Drosophila_melanogaster
https://en.wikipedia.org/wiki/Caenorhabditis_elegans
https://en.wikipedia.org/wiki/Phenotype
https://en.wikipedia.org/wiki/Embryos
https://en.wikipedia.org/wiki/Tissue_culture
https://en.wikipedia.org/wiki/Centralspindlin
https://en.wikipedia.org/wiki/Anaphase
https://en.wikipedia.org/wiki/Cell_cycle
https://en.wikipedia.org/wiki/Cell_wall
https://en.wikipedia.org/wiki/Cell_plate
https://en.wikipedia.org/wiki/Cell_plate
https://en.wikipedia.org/wiki/Cell_plate
https://en.wikipedia.org/wiki/Phragmoplast
https://en.wikipedia.org/wiki/Microtubules
https://en.wikipedia.org/wiki/Cell_plate
https://en.wikipedia.org/wiki/Callose
https://en.wikipedia.org/wiki/Cellulose
https://en.wikipedia.org/wiki/Cell_wall
https://en.wikipedia.org/wiki/Cell_plate
https://en.wikipedia.org/wiki/Cell_wall
https://en.wikipedia.org/wiki/Phragmoplast
https://en.wikipedia.org/wiki/Mitotic_spindle
https://en.wikipedia.org/wiki/Vesicle_(biology)
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Electron tomographic studies have identified the Golgi apparatus as the source of these 

vesicles, but other studies have suggested that they contain endocytosed material as well.  

 

These tubules then widen and fuse laterally with each other, eventually forming a planar, 

fenestrated sheet. As the cell plate matures, large amounts of membrane material are 

removed via clathrin-mediated endocytosis eventually, the edges of the cell plate fuse 

with the parental plasma membrane, often in an asymmetrical fashion, thus completing 

cytokinesis. The remaining fenestrae contain strands of endoplasmic reticulum passing 

through them, and are thought to be the precursors of plasmodesmata. 

 

The construction of the new cell wall begins within the lumen of the narrow tubules of 

the young cell plate. The order in which different cell wall components are deposited has 

been determined largely by immuno-electron microscopy. The first components to arrive 

are pectins,hemicelluloses, and arabinogalactan proteins carried by the secretory vesicles 

that fuse to form the cell plate. The next component to be added is callose, which is 

polymerized directly at the cell plate by callose synthases. As the cell plate continues to 

mature and fuses with the parental plasma membrane, the callose is slowly replaced with 

cellulose, the primary component of a mature cell wall. Themiddle lamella (a glue-like 

layer containing pectin) develops from the cell plate, serving to bind the cell walls of 

adjoining cells together.  

 

7.3 Control of Cell Cycle 
 

The division of cell to produce two daughter cells is fundamental to most forms of life. 

 

The ‘life cycle’ of a dividing eukaryotic non-embryonic cell starts with the cell 

triggered to enter the cell cycle and ends with the equal partitioning of the genetic 

material and cleavage of the cell during cytokinesis. The whole process is called the cell 

cycle and consists of four main phases. 

 

Entry to the cycle is made in Gap 1 (G1) phase and this is followed in sequence by a 

DNA synthesis (S) phase, Gap 2 (G2) phase, and Mitosis (M). After mitosis (M) some 

cells enter the G1 phase of a new cell cycle whilst others may diverge at the start of G1 

into a phase called Gap O (zero). Phases G1, S and G2 are often grouped and called 

‘interphase’. 

 

Cells in G-0 (zero) are quiescent and not dividing (hence zero), this may be permanent or 

temporary. 

Mitosis (M phase) had been observed and described in some detail by the start of the 20th 

century, but it was not until about 50 years later that it was discovered that DNA 

synthesis took place as a separate process ahead of mitosis. Between mitosis (M) in a 

previous cell cycle and DNA synthesis (S) there was a time gap. This was designated Gap 

1 (G1). The time gap between DNA synthesis (S) and mitosis (M) was designated Gap 2 

(G2). 

 

https://en.wikipedia.org/wiki/Golgi_apparatus
https://en.wikipedia.org/wiki/Cell_plate
https://en.wikipedia.org/wiki/Endocytosis
https://en.wikipedia.org/wiki/Plasma_membrane
https://en.wikipedia.org/wiki/Endoplasmic_reticulum
https://en.wikipedia.org/wiki/Plasmodesmata
https://en.wikipedia.org/wiki/Cell_wall
https://en.wikipedia.org/wiki/Cell_plate
https://en.wikipedia.org/wiki/Pectins
https://en.wikipedia.org/wiki/Hemicellulose
https://en.wikipedia.org/wiki/Arabinogalactan_protein
https://en.wikipedia.org/wiki/Callose
https://en.wikipedia.org/wiki/Cellulose
https://en.wikipedia.org/wiki/Middle_lamella
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After cell division the daughter cells follow ONE of several pathways: 

 Cells that can divide again immediately enter the G1 phase of a new cell cycle. 

 Other cells enter G-0 phase. Some of them are quiescent for a time but then re-enter 

G1 phase. 

 Some specialist cells, for example nerve cells, do not divide again. 

 Other cells can be triggered by activities such as wound repair to enter G1 phase of 

the cell cycle to divide as required. 

 

Mitosis is visually very dramatic but it only occupies about 5% of the total cell cycle 

time. Within the ‘big picture’ of the life cycle of a dividing cell, interphase (phases G1, S, 

and G2) account for the other 95% of cell cycle time. Research evidence shows 

interphase (once called resting phase!) operates in a beautifully ordered systematic way. 

It has also been shown to be more complicated than previously thought. 

 

The time taken for a eukaryotic cell to divide varies widely with cell type and 

environment. Yeast cells take from 1.5 to 3 hours, intestinal epithelial cells about 12 

hours and cells in culture about 22 hours. In different organisms and at different 

developmental times the details of the cell cycle vary. Embryonic cells in many 

organisms run a cycle that is shorter than similar cells in the adult. Cells of yeast and 

mammal show differences in cycle detail but the general mechanism of the cell cycle has 

been highly conserved over the years. 

 

During the cell cycle cytoplasmic chemistry influences to a large extent the activities of 

the whole cell. At all other times we think in terms of the cell nucleus determining 

cytoplasmic activity. 

 

The cell cycle system of a eukaryotic organism includes:  

1. a biomolecular surveillance capability that integrates extracellular and intracellular 

signals and informs the cell’s QA and QC about: the need for a new cell; the 

availability of raw materials including a considerable amount of chemical energy; 

whether the microenvironment is suitable for cell division; and, the integrity of the 

genome and the fidelity of its replication (Mainly QA). 

2. a system that controls the cycling of the cycle and ensures the cell only enters the 

next phase when passage through the previous one is complete; also that the phases 

of the cell cycle are entered in the correct order. Satisfactory passage through all 

four phases and usually the various checkpoints of the cell cycle are critical for cell 

division (QC). 

3. a control system that initiates and terminates chemical reactions in the cell cycle 

and, with the use of a form of ‘licensing’ ensures that DNA is replicated once and 

once only during S phase (QC and IS). 

4. cell cycle arrest and delay functions (QC). 

5. DNA damage detection and repair facilities and a system that detects unreplicated 

DNA and, in mitosis, a system to ensure adequate spindle assembly and 

chromosome attachment (QA/QC), – otherwise known as “checkpoints”, and 
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6. the capability and facility to trigger programmed cell death (apoptosis) (QC). 

 

A cell is ‘cycled’ through each phase and from phase to phase by the action of proteins 

including specific cyclins and cyclin dependent kinases (cdks). Different cyclins and cdks 

rise and fall in activity during the cell cycle. 

 

Sometimes faults go undetected (as in industry). Quality control and assurance systems 

can also fail. Quality control system failure is associated with cell and organ disease and 

probably as many as 50% of cancers (but this does not mean one single system failure 

alone will cause cancer). 

 

Cells Of Eukaryotes normally only divide when instructed to do so. Chemicals called 

mitogens signal cells to start dividing. Cells competent to divide join the cell cycle in G1 

phase and remain in this phase for a bit less than half of the total cell cycle time. This is 

the longest phase and microenvironmental conditions and signals received from other 

cells can shorten or lengthen G1. 

 

Early G1 Phase 
Recent work suggests that a licensing system for ‘one DNA copy only’ is set up early in 

G1 phase and expires only after DNA replication has started in S phase. During G1 phase 

only one set of the genome is present. 

 

Late G1 Phase 
The main drivers of progression through the cell cycle are called protein kinases. There 

are several of these and each is a combination of a cyclin and a catalytic enzyme called a 

cyclin dependent kinase (cdk). 

 

The different combinations operate in specific parts of the cell cycle and rise and fall in 

activity during the cycle. In so doing they contribute to the mechanism of phase entry and 

exit. The raised level of activity of the various cyclin and cdk combinations is terminated 

by proteolysis of cyclins after polyubiquitination. (Ubiquitins are a group of proteins that 

are covalently linked to proteins targeted for degradation. After molecular binding the 

target proteins, in this case cyclins, are degraded by proteolysis – protein loosening from 

Greek lusis, ‘loosening’) 

 

The first cyclin combination (cyclin D and cdk 4 and 6) trips in about three quarters of 

the way through G1 phase to be joined later by the cyclin E and cdk 2 combination, both 

cyclins driving the cell into S phase 

 

At about this time the cell passes through the ‘Restriction Point’ (in yeasts called 

START). This is a point of ‘no return’, the cell cycle equivalent of ‘Caesar crossing the 

Rubicon’. Once the cell passes this point it is restricted, there is no going back; the cell is 

committed to replicate in ‘S’ phase. 
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Checkpoints 
As the cell progresses through the cycle, checkpoints are encountered. Although not 

absolutely essential for cell division they are well-established features of most cells. 

Checkpoints in the cell cycle are not unlike those found at some border crossings where 

passports, papers and merchandise are checked. At the molecular level a cell cycle 

checkpoint consists of (1) sensor/detector (2) a signal sender and (3) a receiver/effector. 

 

G1 Checkpoint 
The first of the ‘surveillance checkpoints’ is found towards the end of Gap1 (G1) phase 

and is the G1 DNA damage checkpoint. At this checkpoint and just ahead of it the DNA 

of the cell selected to divide is subjected to biomolecular surveillance for integrity. In 

humans DNA damage is ‘self-signalled’ mainly by the damaged DNA itself raising the 

level and activity of the protein products of certain genes, especially those of the tumour 

suppressor gene p53 from chromosome 17. Gene p53 is called the ‘guardian of the 

genome’ and is largely responsible for determining whether the cell should be admitted to 

the next synthesis (S) phase. If DNA is not too damaged a repair may be possible and the 

cell cycle arrested and slowed down until repairs are effected. Cell cycle ‘quality control’ 

may determine that the damage cannot be repaired. In this case ‘p53’ will trigger the 

programmed cell death (apoptosis) facility. 

 

The division cycle of a cell with badly damaged DNA may end at this checkpoint. 

 

Unfortunately, quality control in cells is not perfect. Very occasionally DNA damage is 

missed by QC and slightly changed DNA slips through the system. Sometimes this is 

because the damaged DNA does not trigger the checkpoint system. The quality control 

system may also be damaged itself. DNA of the p53 gene can be damaged by sunlight 

(u.v. radiation) and mutagenic chemicals including those from cigarette smoke and 

aflatoxin from, for example, mouldy peanuts. 

 

At the G1 checkpoint in yeast cell cycle, a check is made to ensure cell size is correct for 

division, but cell size has been found not to be so critical a factor in some cells of higher 

eukaryotes 

 

S (DNA Synthesis) Phase 
S phase occupies about a third of total cell cycle time. It is here that under the ‘licensing’ 

system only one new copy of the cell’s DNA is synthesized. This includes acceptable 

alterations but also questionable ones not detected by QC because of system errors and 

breakdown. The failure of the ‘guardian of the genome’ p53 gene to operate due to 

damage within its own DNA is an example of this. 

 

In S phase the double-stranded DNA unwinds into two component strands that serve as 

templates for the synthesis of a new strand on each. Newly formed units of the bases 

adenine (A), thymine (T), guanine (G) and cytsosine (C) are attached to compliment 

bases on the unwound DNA. One set of DNA is now produced for each of the two 

daughter cells. The process of DNA synthesis consumes a considerable amount of 
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energy. (For details of this process see the textbooks listed on our website for example: 

Pollard, T. D. & Earnshaw, W. C., ‘Cell Biology’ 1st Edit. 2002. 2nd printing, with 

additions 2004. Publ: W. B. Saunders). 

 

S Phase Checkpoints 
There appear to be three types of checkpoint in S phase. Not surprisingly all respond in 

some way to problems with DNA replication. These problems range from a shortage of 

deoxyribonucleotides for making new DNA, to the presence of enzyme inhibitory 

chemicals and breaks in the DNA molecule. The cell cycle can arrest here if the DNA is 

unreplicated or in any way incomplete and not competent to proceed to phase G2. 

If everything goes smoothly by the end of S phase the cell will contain two identical sets 

of its genome. 

 

The cycle is driven through S phase and into G2 phase by the cyclin A and cdk 2 

combination. 

 

G2 (GAP 2) Phase 
G2 phase is generally shorter than that of G1. Much of this time is spent in developing 

and preparing organelles for dividing and sharing during cytokinesis at the end of mitosis. 

Cyclins A and B coupled to cdk 1 drive the cell through the end of S phase, through G2 

phase and M phase This phase contains the G2 checkpoint. After G2 the cell is 

committed to division. 

 

G2 Checkpoint 
This DNA structure checkpoint is encountered towards the end of the G2 phase. The G2 

checkpoint is very critical in that it has the ‘responsible’ function of providing a quality 

assurance check before the cell enters mitosis. 

 

At the G2 checkpoint: 

1. Monitoring takes place to ensure that there is no unreplicated DNA and that TWO 

identical sets of the genome are now present and intact. 

2. Both sets of the genome are ‘proof-read’ with a high level of surveillance. A check 

is made for molecular damage within the DNA and this evidence will determine 

whether the genome will be retained, repaired or rejected. 

3. If repair of the damaged DNA is possible the cell cycle is arrested for as long as the 

repair takes. Cell cycles operate in ‘real time’ so delay can be accommodated 

within the system by QC delaying future events. 

4. Badly damaged DNA will be identified and the p53 gene products will trigger the 

programmed death (apoptosis) programme. 

5. ‘Quality control’ will check the overall competence of the cell to enter mitosis. On 

the list of competences will be such items as “is the mechanism leading to the 

separation of the sister chromatids in place?” 
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Mphase (Mitosis) 

Mitosis presents the drama of division. An awesome and beautiful presentation, it 

occupies just 5% of the total cell cycle time, or roughly an hour in higher eukaryotic 

cultured cells. It is the shortest phase but the final production is the culmination of work 

done during the rest of the cell cycle. 

 

Cyclin A and B coupled to cdk 1 drives the cell through mitosis (the student is referred to 

a textbook at the desired level for detailed information about mitosis). At the end of 

mitosis the sister chromatids, joined as pairs by cohesive ‘glue’ since they were replicated 

in S phase, are separated to form two new equivalent sets of chromosomes. This event is 

chromosome segregation. 

 

Some organelles in the cytoplasm are disassembled into molecular units to be divided 

during division of the cytoplasm (kinesis), and then new ones constructed in the daughter 

cells. Other cytoplasmic inclusions are shared (not always evenly) between the daughter 

cells. 

 

M Phase (Mitosis) Checkpoints 
The working of one checkpoint within mitosis, the metaphase checkpoint, is well 

established. There may be more checkpoints but further work is needed to establish their 

existence. 

 

Metaphase Checkpoint 
Also called ‘spindle assembly or kinetochore attachment checkpoint’ it operates during 

metaphase and before the cell enters anaphase. It checks for misaligned chromosomes 

and also that microtubules are attached to kinetochores – a very critical mechanism. The 

start of anaphase is delayed until all the chromosomes are aligned and appropriately 

attached. 

 

When telophase is complete cytokinesis – (the division of cytoplasm) takes place. After 

this the two daughter cells will be directed to G-0 (zero) or G1 phase. 

 

7.4  Meiosis: The Basis for Sexual Reproduction Meiosis 
 

Meiosis is the form of eukaryotic cell division that produces haploid sex cells or 

gametes (which contain a single copy of each chromosome) from diploid cells (which 

contain two copies of each chromosome). The process takes the form of one DNA 

replication followed by two successive nuclear and cellular divisions (Meiosis I and 

Meiosis II). As in mitosis, meiosis is preceded by a process of DNA replication that 

converts each chromosome into two sister chromatids. 
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Meiosis I 

Meiosis I separates the pairs of homologous chromosomes. 

 

 
 

Fig: 7.4: In Meiosis I a special cell division reduces the cell from diploid to haploid. 
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Prophase I 

The homologous chromosomes pair and exchange DNA to form recombinant 

chromosomes. Prophase I is divided into five phases: 

 Leptotene: chromosomes start to condense. 

 Zygotene: homologous chromosomes become closely associated (synapsis) to 

form pairs of chromosomes (bivalents) consisting of four chromatids (tetrads). 

 Pachytene: crossing over between pairs of homologous chromosomes to form 

chiasmata (sing. chiasma). 

 Diplotene: homologous chromosomes start to separate but remain attached by 

chiasmata. 

 Diakinesis: homologous chromosomes continue to separate, and chiasmata move 

to the ends of the chromosomes. 

 

Prometaphase I 

Spindle apparatus formed, and chromosomes attached to spindle fibres by kinetochores. 

 

Metaphase I 

Homologous pairs of chromosomes (bivalents) arranged as a double row along the 

metaphase plate. The arrangement of the paired chromosomes with respect to the poles of 

the spindle apparatus is random along the metaphase plate. (This is a source of genetic 

variation through random assortment, as the paternal and maternal chromosomes in a 

homologous pair are similar but not identical. The number of possible arrangements is 2
n
, 

where n is the number of chromosomes in a haploid set. Human beings have 23 different 

chromosomes, so the number of possible combinations is 2
23

, which is over 8 million.) 

 

Anaphase I 

The homologous chromosomes in each bivalent are separated and move to the opposite 

poles of the cell 

 

Telophase I 

The chromosomes become diffuse and the nuclear membrane reforms. 

 

Cytokinesis 

The final cellular division to form two new cells, followed by Meiosis II. Meiosis I is a 

reduction division: the original diploid cell had two copies of each chromosome; the 

newly formed haploid cells have one copy of each chromosome. 
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Meiosis II 

Meiosis II separates each chromosome into two chromatids. 

 

 
 

Fig: 7.5: Meosis –II 

 

The events of Meiosis II are analogous to those of a mitotic division, although the 

number of chromosomes involved has been halved. 
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Meiosis generates genetic diversity through: 

 the exchange of genetic material between homologous chromosomes during 

Meiosis I 

 the random alignment of maternal and paternal chromosomes in Meiosis I 

 the random alignment of the sister chromatids at Meiosis II 

                            

 
 

Fig: 7.6: Meosis in Female 
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Fig: 7.7: Meosis –II in Female 
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7.5  Gamete Formation 
 

Definition of Gametes 

Gametes are the reproductive cells used during sexual reproduction to produce a new 

organism called a zygote. The gametes in males and females are different. The male 

gamete is called sperm. It is much smaller than the female gamete and very mobile. It 

has a long tail, flagellum that allows it to move towards the female gamete. The female 

gamete is called an egg or ova. It is much larger than the sperm and is not made to move. 

 

Formation of Gametes  

Both the male and female gametes are formed during a process of cellular reproduction 

called meiosis. During meiosis, the DNA is only replicated or copied one time. However, 

the cells are divided into four separate cells. This means that the new gamete cells have 

only half of the number of chromosomes as the other cells. So, during meiosis DNA or 

chromosomes are copied, then split into two cells (with one full set of chromosomes 

each), then again split into two more cells, leaving only half of the pairs of chromosomes 

in each new cell. 

 

These new cells with only half of the chromosomes will mature into the gametes. The 

gametes are haploid cells because they have only one set of chromosomes. When they 

unite they will join their single sets of chromosomes to make a complete set, and then 

they will be considered diploid cells. In the female, the eggs or ova mature in the 

female's ovaries. The sperm will mature in the male's testes. 

 

Fusion 

During sexual reproduction a male and female gamete will merge together to form a 

new organism. The two haploid cells will fuse together to form a diploid cell called a 

zygote. The zygote will undergo massive cellular reproduction and develop into a new 

individual organism with half of the chromosomes from the mother and half from the 

father. 

 Meiosis is the form of eukaryotic cell division that produces haploid sex cells or 

gametes from diploid cells. 

 Cytokinesis is the physical process of cell division, which divides the cytoplasm of 

a parental cell into two daughter cells. 
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Key Points 
 

 Mitosis is a form of eukaryotic cell division that produces two daughter cells with 

the same genetic component as the parent cell. 

 Mitosis is divided into five stages: prophase, prometaphase, metaphase, anaphase 

and telophase. 

 In prophase the nuclear membrane breaks down to form a number of small vesicles 

and the nucleolus disintegrates. 

 In Prometaphase the chromosomes, led by their centromeres, migrate to the 

equatorial plane in the mid-line of the cell - at right-angles to the axis formed by 

the centrosomes. 

 In metaphase chromosome align themselves along metaphase plate. 

 In anaphase the centromeres divide, two daughter chromosomes are formed. 

 In Telophase reversal of many of the processes observed. 

 The cell cycle is a high quality cell production facility. 

 An efficient production facility must have a controlled, co-ordinated and sequential 

system for producing products. Also needed is a system to monitor incoming raw 

materials, product processing, the processing environment and the facility to 

anticipate and deal with production problems. 

 The eukaryotic cell is a ‘good manufacturer’ – most of the time! During the cell 

division cycle it has the biological equivalent of the following systems in place: Quality 

Assurance (QA), Quality Control (QC) and as part of QC, Internal Security (IS). 

 At certain points in the cycle critical ‘reviews and decisions’ are made by QA and 

QC. These events are called ‘checkpoints’. 
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Important Links  
 

 A good animation of animal cell mitosis: http://www.cellsalive.com/mitosis.htm 

 A meiosis animation: http://meiosistutorial.net/ 

 Another good meiosis animation: http://www.cellsalive.com/meiosis.htm  

 A meiosis tutorial that includes 

:http://www.biology.arizona.edu/cell_bio/tutorials/meiosis/main.html 

 Mitosis tutorial: 

http://www.biology.arizona.edu/cell_bio/tutorials/cell_cycle/main.html 

  Good animation with audio of mitosis and cytokinesis: http://highered.mcgraw-

hill.com/sites/0072437316/student_view0/chapter11/animations.html  

 Java animation of mitosis: http://micro.magnet.fsu.edu/electromag/java/mitosis/ 

 Meiosis 

animation:http://www.rothamsted.bbsrc.ac.uk/notebook/courses/guide/movie/meio

sis.htm 

 mitosis and meiosis 

movies:http://www.mhhe.com/socscience/anthropology/stein2003/stein.html 

 Meiosis animation: 

http://www.csuchico.edu/~jbell/Biol207/animations/meiosis.html 

 Comparisons of mitosis and 

meiosis:http://www.accessexcellence.org/RC/VL/GG/comparison.php 

 An animated comparison of mitosis and meiosis: 

http://www.pbs.org/wgbh/nova/body/how-cells-divide.html 

  Animations with audio of meiosis and the comparison between meiosis and 

mitosis:http://highered.mcgraw-

hill.com/sites/0072437316/student_view0/chapter12/animations.html# 

 An introduction to mitosis with animation and 

quiz:http://www.sumanasinc.com/webcontent/anisamples/majorsbiology/mitosis.html 

 Another good meiosis animation: http://www.johnkyrk.com/meiosis.html  
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Introduction 

 
Inheritance is the transmission of characters from parents to progeny (offspring). Modern 

molecular genetics gives biochemical explanations about the expression of information in 

organisms. It helps to understand the basics about inheritance. Information is carried in 

DNA in the form of proteins present in all organisms. Protein helps in the observance of 

various traits such as eye colour, hair colour etc and also functions as enzymes for the 

regulation of rates of chemical reactions among organisms.  

 

At organism level, reproduction involves transferring DNA from one to next generation 

(genetic approach). And classical approach to genetics involves experimental 

manipulations of reproduction and to observe inheritance patterns among generations. 

 

Objectives 
 

After Completion of this Unit, you will be able to: 

 Understand the classical genetics principles which explains inheritance patterns of 

most of the animal traits such as dominance, segregation and independent 

assortment. 

 Describe Patterns of inheritance at organism level and its expression at molecular 

level. 

 Explain that alternative forms of gene existing in population could interact in 

different ways. 

 Set genetic material organization into chromosomes which are explained in 

different ways in males and females. However, their number may be constant. 

 State growth and repair processes are results of mitosis in which chromosomes 

divides equally during cell cycle. Karyokinesis is nuclear division while 

cytokinesis is the process of cytoplasmic division. 

 Define meosis and write a note on its steps. 

 Draw and Model double helical structure explains about replication and genetic 

code represents the sequence of amino acids that makeup the proteins. 

 Describe transcription and translation. Transcription is the process of mRNA 

formation from DNA while translation involves the synthesis of proteins through 

the information coded by mRNA. 
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8.1 The Birth of Modern Genetics 
 

Classical genetics starts with the work of Gregor Mendel (1822-1884) helps to 

understand gene transfer among animals. To understand these genetic principles helps to 

provide information about expression of traits in offspring before their production. One 

of challenge of modern genetics is to understand the molecular basis for inheritance 

patterns.  

 

The fruit fly, Drosophila melanogaster, is classical tool to study inheritance patterns. Its 

utility is because of its easy use of handling, short life cycle and easily recognizable 

characteristics. Comparisons always make between any fruit fly to its wild-type. If a fly 

has characteristics similar to that of wild-fly, then it is said to have wild type expression 

of that trait. 

 

8.2 Mendelian Inheritance Patterns 
 

8.2.1 Principle of Segregation 
The law of Mendel states that the alleles of gene are present on homologous 

chromosomes segregates during the process of meiosis in such a way that each gamete 

gets one allele not both. During gamete formation, the genes in each parent are 

incorporated into separate gametes. The homologous chromosomes move towards 

opposite poles of the cell during anaphase-I of meiosis. Therefore, the gamete receives 

only one member of each chromosome pair. The allele of gene present on one member of 

pair of homologous chromosomes enters into one gamete. While the other member 

receives the other allele of that gene. So, these alleles segregated into different gametes 

results different gamete combinations during fertilization. It results in the formation of 

homologous chromosomes together again. 

 

Proof of Principle of segregation 
There are two types of fruit flies (Drosophila): 

 Wild-type fruit flies: They have normal wings. 

 Vestigial wings: They have very reduced wings. 

 

True breeds 

These flies are taken from the true breed stock. These flies already been inbred for many 

generations. Thus, they breed true for wild type wings or vestigial wings (F1 Cross). 

 

F2 Cross 

It includes the F1 flies mating with one another. The off-springs of F2 generation has: 

 One fourth has vestigial wings. 

 Three-fourths have wild wings. 
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The vestigial characteristics do not appear in the F1 generation. But it again appears 

among the members of F2 generation. It results in the ratio of 3:1in the F2 generation of 

wild-type to vestigial-winged flies (Figure 8.1). 

 

Reciprocal Cross 

The cross with similar characteristics but reversal of individual sexes is called reciprocal 

cross. This cross gives similar results. 

 

 
 

Figure 8.1: Law of segregation. Cross having single trait. It is the cross among parent 

flies (P) having wild-type (vg+) wings and vestigial (vg) wings, transferred upto two 

generations (F1 and F2). 

 

Interpretation of the Crosses 
 

Gene and Alleles 

Genes of a particular trait exists in alternative forms. And these alternative forms of gene 

are called alleles. 

 

a.  Dominant and recessive alleles  
The vestigial allele is present in among members of F1 generation in the fruit fly but 

masked by the wild-type allele for wing shape. But it kept its uniqueness and re-appear 

during F2 generation. 

b.  Dominant allele hides the expression of recessive allele 
The wild-type allele being dominant hiding the expression of the vestigial allele. 

c.  Recessive alleles masked expression 
The allele of vestigial wing is recessive.  

 

Representation of Alleles 
Crosses are expressed by letter or letters. These letters are descriptive of the trait in 

question. The first letter of the dominant allele description is mostly used. In fruit flies, 

the mutants are compared with the wild-type. The symbol taken from wild type allele 

derived by mutation with superscript “+”written next to it. Capital letter explains about 

the dominancy of mutant allele. While small letter represents that the mutant allele is in 

recessive form. 
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d.  Phenotypes and genotypes 
The physical expression of a gene is called phenotype while genetic makeup of an 

organism is called its genotype. Phenotypic expression never reveals about the genetic 

makeup. The F1 generations have the same phenotype as one member of the parental 

generation. But they have both types i.e; dominant as well recessive alleles and differs 

genotypically. They are called hybrids. Cross involving only one pair of gene and single 

trait is monohybrid. 

 

5.  Homozygous and heterozygous 

An organism having two identical genes for any given trait is said to be homozygous but 

it is said to be heterozygous if the genes are different. Thus, parental generation members 

are homozygous and members of the F1 generation are heterozygous. 

 

6. Punnett square 

Punnett square is used to predict the result of crosses. To know about the kinds of 

gametes is first step. One of the two axes of a square is designated for each parent with 

different kinds of gametes listed along the axis. Results of random fertilization are shown 

by combining the gametes in the squares interior. The figure 8.2 shows that the F1 flies 

are heterozygous having one wild-type and one vestigial allele. 

 

 
 

Figure 8.2: Punnett Square Use. It helps in finding the results of a cross with gametes 

that each member of a cross produces when placed along the axis of a square and results 

obtained by combining gametes in the interior of a square i.e; Phenotypic ratio of three 

flies with wild-type wings (Vg
+
) to one fly with vestigial wings (Vg). 
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The two phenotypes of the F2 generation shows 3:1 ratio in Punnett square. The 

phenotypic ratio expresses the results of a cross obtained from the relative numbers of 

progeny in each class. The Punnett square also shows that F2 individuals could have one 

of the three different genotypes. According to relative numbers of progeny among each 

genotypic category, the genotypic ratio of a cross could be expressed which includes 1 vg 

+ vg: 2 vg + vg: 1 vg vg. 

 

Activity 1: Study about Genetics activity and an analysis of the genetics of sex 

determination, which helps to understand the probabilistic nature of inheritance and the 

strengths and limitations of Punnett squares as models of inheritance. 
 

8.2.2 Law of Independent Assortment 
It states that, “When alleles of more than one trait are followed together in cross, the 

alleles of these traits assort independently to each other during gamete 

formation.” Crosses can also be made using flies having two pairs of characteristics 

(Figure 8.3). 

 

 
 

Figure 8.3: Flies with pair of characteristics. Distinguishing sexes as well physical 

expression of Drosophila melanogaster. (A) Male flies having wild-type wings and eyes. 

Posterior aspect of male abdomen with wide, dark band and round tip (B) Female with 

vestigial wings and sepia eyes.  

 

 Mutants: These are flies having vestigial wings and sepia eyes (dark brown eyes). 

These are represented as vg, se. 

 Wild type: The flies are wild for these characteristics. The wild-type eyes are red. 

These are represented as vg, se
+
. 

 

F1 Cross 
The parent generation flies are homozygous for each trait with production of only one 

kind of gamete and alleles for each parent. Fertilization takes place. It produces 

heterozygous offspring for both of the traits. The F1 flies having the wild type phenotype 

are dominant to sepia eyes and are said to be hybrid. The cross involves two pairs of gene 

with two traits. Therefore, it is a dihybrid. 
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F2 cross 
The F1 hybrids are crossed to obtain F2. The F2 gives 9:3:3:1 ratio. It is a typical ‘hybrid 

cross ratio. This ratio shows that the alleles have assorted independently (Figure 8.4). 

 

 
 

Figure 8.4: Law of independent assortment. Construction of punnett square for cross 

having two characteristics. Each gamete receives one allele and all combinations of 

alleles for each trait are represented. 

 

Interpretation of Independent Assortment from Meiosis  
Gene’s distribution for one trait does not influence distribution of other gene during 

gamete formation. F1 gametes have vg gene for wing condition and se or se+ gene for eye 

color. All combinations of eye color and wing conditioned genes form equally. This 

shows the principle of independent assortment and the pair of factors segregate 

independently from one another. 

 

The steps of meiosis explain the principle of independent assortment. Meiosis reduces 

haploid daughter cells. These cells have one member of each homologous pair of 
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chromosomes which lines up at metaphase-I. They then, segregate from each other. The 

behavior of one pair of chromosomes does not influence the behavior of any other pair. 

The maternal and paternal chromosomes are distributed randomly among cells after 

meiosis-I. Meiosis-II results in chromatids separation without any further reduction 

in chromosome number (Figure 8.5). 

 

 
 

Figure 8.5: Independent assortment of chromosomes during the process of meiosis. 

Colour distinguishing maternal and parental chromosomes with homologous 

chromosomes and diploid (2n) number. During first meiotic division, only one 

homologous pair of chromosomes segregates. All chromosomal combinations are 

possible until the end of meiosis-I while chromatids separation takes place at the end of 

Meiosis-II.  

 

Activity 2: Students analyze the results of independent assortment, crossing over and 

fertilization to learn how meiosis and fertilization contribute to genetic and phenotypic 

variation.  
 

8.3 Other Inheritance Patterns 
 

8.3.1 Multiple Alleles 

The presence of more than two alleles in a single gene in different combination is 

called multiple alleles. Normally two genes determine the trait in one individual with 

one gene carrying on each chromosome of homologous pair. Some populations have 

many different alleles. They can transfer these alleles to any member of the population 

and are called multiple alleles. Genes for any specific trait are present at the same 

position of chromosome. The position of gene on the chromosome is called its locus.  

 

 



192 

 

Example: 

Humans can have red blood cells of type A (I
A
), type B (I

B
), or type O (i) So, the human 

ABO blood type represents example of multiple alleles. These three different alleles 

could form different combinations following Mendel's Laws of Inheritance. The resulting 

genotypes could be type A, type B, type AB, or type O blood (Table 8.1). 

 

Table 8.1: Multiple Alleles 

 

Genotypes Phenotypes (Blood types) 

I
A
I

A
 or I

A
i A 

I
B
I

B
 or I

B
i B 

I
A
I

B AB 

ii O 
 

Three alleles, symbolized I
A
, 1

8
 and i, determine the ABO blood types. 

 The allele i is recessive both to I
A
 and to 1

B
. 

 I
A
 and 1

B
 are neither dominant nor recessive to each other. So, when I

A
 and 1

B 
are 

present together, both are expressed. 

 

Incomplete Dominance and Co-dominance 
When interaction between two alleles is expressed more or less equally with differentiation 

among heterozygote and homozygote, it is called incomplete dominance. 

 

Example 1: 
In cattle, the alleles for red coat color and white coat color interact with each other to 

produce intermediate coat color called as roan. Both red as well white alleles are not 

dominant. Therefore, capital letters and superscript represents genes. Thus, red colour 

cattle symbolized as RR and white as RˈRˈ and roan RRˈ (Figure 8.5). 

 

 
Figure 8.5: Incomplete dominance. R allele is representing red colour while R’ for 

white colour.  

https://www.thoughtco.com/red-blood-cells-373487
https://www.thoughtco.com/genotype-vs-phenotype-1224568
https://www.thoughtco.com/genotype-vs-phenotype-1224568
https://www.thoughtco.com/blood-types-373447
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Example 2:  Type-A blood is a combination of either two A alleles (I
A
 I

A
) or one A allele 

with one O allele (I
A
i). Similarly, type-B blood coded by two B alleles (I

B
 I

B
) or one B 

allele with one O allele (I
B
i). Type O blood can only be obtained by two recessive O 

alleles (ii). This is called simple or complete dominance (Table 8.1). 

 

Co-dominance 
The phenomenon in which heterozygote expresses the phenotypes of both homozygote is 

called Co-dominance. In the ABO blood types, the 1
A
, I

B
 heterozygote expresses both 

alleles. 

 

Example 

Blood type-AB is an example of co-dominance. Both alleles A and B are equal in their 

dominance and expressed equally if present together into the genotype I
A
 I

B
. Neither A or 

B allele is dominant over each other, so each type is expressed equally in the phenotype 

giving the human AB blood type (Table 8.1). 

 

Activity 3: Students learn about co-dominance and multiple alleles of a single gene. 
 

Molecular Basis of Inheritance Patterns 
The product of gene function is the result of metabolic steps of sequence mediated by 

enzymes encoded by gene(s). Presence of dominant allele does not mean that recessive 

allele is turned off. Functional enzyme is encoded by dominant gene and in the presence 

of enzyme resulting in the formation of particular product. While in case of recessive 

allele enzyme for product formation is changed and unable to function due to dominant 

gene mutation. In homozygous dominant state, both dominant genes codes for the 

enzyme that produces the product. While in heterozygous, activity of single dominant 

allele is responsible for product formation and dominant phenotype. In case of 

homozygous recessive condition, there is no product formation which results in recessive 

phenotype. 

 

8.4 Environmental Effects and Gene Expression 
 

Mutations and the various mechanisms of genetic recombination cause genetic 

recombination. These variations make natural selection possible. And natural selection 

also over many generations. It can increase the proportion of mutants in bacterial 

population. These mutants are adapted to some new environmental condition. They can 

resist specific antibiotics. All variations are produced by environment. Thus environment 

greatly affects the gene expression. For example: E. coli bacterium lives in the changing 

environment of a human gut. It depends in its host for nutrients. 

 

a) Sometimes, its host does not provide it tryptophan amino acid. This amino acid is 

necessary for its survival. Therefore, the bacteria activate its genes of tryptophan 

synthesis. It stimulates the metabolic pathway to make its own tryptophan by using 

another compound. 
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b)  Later, if the human host eats tryptophan rich meal, the cell stops its production for 

itself. It saves the cell from wasting its resources for the production of substance 

which is available in surroundings.  Thus, it stops the expression of genes of 

tryptophan. It shows that the environment directly affect the expression of 

tryptophan gene. 

 

Control of Metabolism 
Metabolic control occur up to two levels. Cells can vary the numbers of specific enzymes 

regulating gene expression. Secondly, cells can vary the activities of enzymes which are 

already present giving more immediate control. It depends on the sensitivity of many 

enzymes. These enzymes can increase or decrease their catalytic activity.  

 

For example, during feed-back inhibition, end product inhibits the activity of the starting 

enzyme of the tryptophan synthetic pathway. Thus, if tryptophan accumulates, it shuts 

down its own synthesis. If the environment continues to provide all the tryptophan the 

cell needs, then regulation of gene expression also cores into play (Figure 8.6). The cell 

stops making enzymes of the tryptophan pathway. This control of enzyme occurs at 

transcription level. The synthesis of messenger RNA coding for these enzymes is stopped 

resulting that many genes of the bacterial genome switched on or off by changes in the 

cells metabolism. So, it is the basic mechanism for control of gene expression. 

 

 
 

Figure 8.6: Regulation of gene expression. Feedback mechanism for tryptophan 

synthesis. 

 

Activity 4: Study about various examples about synthesis of various products through 

feedback mechanism. 
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8.5 Chromosomes and Gene Linkage 
 

i.  Eukaryotic chromosomes 

The chromosome is composed of DNA (double helix) and histone protein. Genetic 

material, DNA exists along with protein in the fix form (Figure 8.7). The chromosome 

shows following phases: 

 

a.  Chromatin 

The highly dispersed state of chromosomes is called chromatin. The chromosome 

remains in chromatin state during most of the life cycle of cell. Therefore, the genes 

actively participate in the formation of protein. 

 

b.  Chromosome 

The highly condensed form of chromatin during division of cell is called chromosomes. 

This condensed state distributes chromosomes equally between newly formed cells. 

 

Organization of chromosome 
DNA and histone proteins together make chromatin which provides basis for complex 

packing of DNA into chromosomes. So, it regulates the DNA activity. There are five 

different types of histone proteins. These are: 

 H1or H5 

 H2A 

 H2B 

 H3 

 H4 

Both H1 and its homologous protein H5 are responsible for higher-ordered chromatin 

structure. 

 

 
 

Figure 8.7: Schematic representation showing organization and packaging of genetic 

material. Nucleosome shown by DNA (grey) wrapped around eight histone proteins, 

H2A, H2B, H3, and H4 (colored circles). N-terminal histone tails (blue) are shown 

protruding from H3 and H4. 
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1.  Nucleosome 

Four types of Histone protein form a core particle called nucleosome (Figure 8.8). These 

proteins are H2A, H2B, H3, H4. The nucleosome is composed of eight molecules of 

histones. DNA coil around the nucleosome. Histones having positively charged amino 

acids bind tightly to the negatively charged DNA forming chromatin. The unfolded 

chromatin shows like beads on a string under electron microscope. Chromatin 

organization controls the transcription of DNA. Therefore, nucleosome influences the 

gene expression. 

 

 
 

Figure 8.8: Nucleosome organization. Histone proteins wrapped by DNA strand. While 

Linker histone proteins are attached to DNA.  

 

2.  Linker protein H1 
The fifth histone HI which is linker protein is not included in nucleosome formation. 

Rather it fixes the DNA with nucleosomes. 

 

3.  Solenoid 
Embedded string undergoes higher order packing. The chromatin coils further to produce 

thickened, compact chromosomes during mitosis. This string can coil tightly with the 

help of histone HI. It makes a cylinder 31 nm in diameter. It is called solenoid. 

 

4.  Looped domains 
The solenoid fiber forms loops called loop domains.  

 

5.   Metaphase chromosomes 
The metaphase chromosome themselves coil and fold in a mitotic chromosome. It further 

compact all the chromatin. Thus, it produces characteristic metaphase chromosomes. All 

chromatin is not active because some of the human genes become active only after 

adolescence (Figure 8.9).  
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Figure 8.9: Chromosome organization. (A) First order of packaging, nucleosome (B) 

Second order of packaging, Solenoid fiber (C) Scaffold loop (D) Chromatid (E) 

Chromosome. 

 

So there are two areas of chromosomes: 

 Heterochromatic region: These are inactive portions of chromosomes. They show 

a banding pattern with certain stains. So they are called heterochromatin. The DNA 

of heterochromatin is not transcribed. 

 Euchromatic region: Active chromosome portions are called euchromatic regions 

(Figure 8.10). 

 

 
 

Figure 8.10: Heterochromatin and Euchromatin regions of chromosome. Both 

regions showing inactive and active portions of chromosome respectively. 
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Sex Chromosomes and Autosomes 
Chromosomes representing differently in females and males with sex determining 

functions are called sex chromosomes. Chromosomes that are alike and other than sex 

chromosome are called autosomes. Work was started on the sex determination in the 

early 1900s. This work was done on insect Protenor. It gave evidences about the 

chromosomal basis for sex determination. The Protenor has one darkly stained 

chromosome. It is called the X-chromosome and behaves among males and females in 

separate forms. 

 All males have only one X-chromosome (XO). Therefore, half sperms contains 

single X while other half contains no X-chromosomes 

 All somatic (body) cells of females contains two X-chromosomes (XX). All female 

gametes contain single X. 

 

This pattern suggests that if X-bearing sperm fertilize an egg it produces female 

offspring. If a sperm with no X chromosome fertilize an egg. It results in the production 

of male offspring giving 50:50 ratios of females to males in this insect species (Figure 

8.11). 

 
 

Figure 8.11: Sex determination in protenor (Insect). (a) All females except gametes 

have two X-chromosomes. During meiosis, homologous X-chromosomes segregates with 

eggs having one X-chromosome. Male possess one X-chromosome per cell. Meiosis 

results that half sperms have one X and half with no X (b) Fertilization results that half of 

all off-springs receive one X-chromosome (Male) and half with two X-chromosomes 

(Female). 

 

There are following systems of sex determination: 

1.  XO system: The system of sex determination in Protenor (insect) is called the XO 

system. It involves only one kind of chromosome. So, it is the simplest system for 

sex determination. 
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2.  XY system: In the XY system, males and females contains equal number of 

chromosomes with male having XY and female with XX chromosomes. This 

system is present in many animals like man and drosophila. 

3.  ZW system: The XY system in birds and butterfly is called ZW system. In this 

case the male is XX and female is XY. 

4.  Haploid-diplod system: Haplo-diploid is a type of  sex-determining system in 

which males develop from unfertilized eggs and are always haploid while females 

develop from fertilized eggs are diploid (Figure 8.12). 

 

 
 

Figure 8.12: Sex determination systems. (1) sex determination among humans and fruit 

flies is same (XX = female, XY = male) (2) In some of the insects sex is determined by 

the X-O system, in which females have two X-chromosomes and males have only one (3) 

The Z-W system occurs in some birds, insects and fish. In this system the chromosomes 

found in the ovum are variable and sperm always contribute a Z chromosome (4) Bees 

and ants shows the haplo-diploid system. Females develop from fertilized eggs are 

diploid while males develop from unfertilized eggs are haploid.  

 

Activity 5: Study about various sex-linked patterns among different organisms. Find 

out the differences and similarities. 
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ii.  Linkage Relationships 

The genes present on the same chromosomes are called linked gene and the phenomenon 

is called linkage. Number of genes in a cell is more than chromosomal number. 

Therefore, each chromosome contains hundreds to thousands of genes. These genes are 

part of a single chromosome. They are passed as a unit. Genes present on the same 

chromosome tend to inherit together in genetic crosses. Such genes are said to be linked 

genes. The results of linked gene deviate from expected results of Mendels principle 

of .independent assortment. 

 

Morgan performed experiments on Drosophila. He studied the affect of linkage of the 

inheritance of two different characters. He followed two characters, body color and wing 

size of drosophila: 

 Wild type: Wild-type flies having gray bodies and normal wings. 

 Mutants: Mutant phenotypes with black body and vestigial wings. The vestigial 

wings are much smaller than normal wings. The alleles for these traits are 

represented as: V = gray, b= black; vg + = normal wings, vg = vestigial wings. 

They are not sex linked and their loci are on autosomes. 

 Test cross 
 Morgan crossed female di-hybrids with males. These males were mutant with black 

bodies and vestigial wings. It is a Mendelian test cross. According to Mendel’s law 

of independent assortment, Morgan’s testcross should produce four phenotypic 

classes of offspring. These classes should be equal in number: 

 1 gray-normal (wings) 

 1 black-vestigial 

 1 gray-vestigial 

 1 black-normal 

 

But the actual results were different with dis-proportionate number of wild-type (gray-

normal) and double mutant (black-vestigial) flies among the offspring. These two 

phenotypes correspond to the phenotype of the two parents. Morgan concluded that body 

color and wing shape are inherited together in a specific combination. The genes for these 

two characters are located on the same chromosome. The other two phenotypes (gray-

vestigial and black-normal) had much less number. These phenotypes were present 

among the offspring of Morgan’s cross. These new combinations of the two characters 

were formed by crossing over (Figure 8.13). 
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Figure 8.13: Test cross. It is used to determine either dominant phenotype is 

homozygous or heterozygous. 

 

Recombination of Linked Genes: Crossing Over 
Linked genes are located on the same chromosomes. So, they do not assort 

independently. They move together during meiosis and fertilization. Therefore, linked 

genes should not recombine by the assortments of alleles. But, combination between 

linked genes occurs.    

  

a) The offspring of entire testcross did not give 1:1:1:1 phenotypic ratio. This ratio 

comes if the genes for these two characters present on different chromosomes and 

assort independently. 

b)  But, if the two genes completely linked then ratio observed is 1:1. The parental 

phenotypes should be present among the offspring. 

 

The actual results are different from both these expectations. Most offsprings comprises 

parental phenotypes suggesting linkage between two genes. But almost 17% flies 

were recombinants with incomplete linkage. Morgan proposed the process of crossing 

over for these different results. Crossing over breaks the linkage between the two genes. 

Crossing over occurs due to the exchange of chromosomal segments at prophase-I of 

meiosis. This exchange of non-sister chromatids breaks linkage in the parental 

chromosomes forming recombinants. The recombinant brings alleles in new 

combinations. Distribution of recombinant chromosomes to gametes takes place during 

later stages of meiosis. 

 

 

 



202 

 

iii.  Changes in chromosome number and structure 

Any numerical or structural change in the usual chromosome complement of a cell or 

organism is called chromosomal aberration. There are two types of chromosomal 

aberrations: 

a)    Changes in the number of chromosomes: Aneuploidy and euploidy. 

b)    Changes in structure of chromosome: Deficiency (deletion), duplication, inversion 

and translocation. 

 

a)  Changes in Chromosome Number 
In some cases, number of chromosome in an affected person could be increased or 

decreased. Following types of chromosomal abnormalities are produced due to change in 

chromosomal number. 

 

Aneuploidy 

The randomly distribution of abnormal number of chromosomes in animals is 

called as aneuploidy. Aneuploidy is mostly caused by non-disjunction. The members of 

a pair of homologous chromosomes do not move apart properly during non-disjunction. 

Therefore, the sister chromatids fails to separate at meiosis-II. In these cases, one gamete 

receives the same type of chromosome and another receives no copy. The other 

chromosomes are usually distributed normally. If these abnormal gametes unite with a 

normal one, the offspring will have an abnormal chromosome number. It causes 

aneuploidy (Figure 8.14). 

 

 
 

Figure 8.14: Non-Disjunction. Failure of homologues to separate at Anaphase-I results 

in four affected daughter cells where as failure of sister chromatids to separate 

atAnaphase-II results of only two affected daughter cells.  
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There are following types of aneuploidy: 

I.  Monosomic (2n-1)  

Monosomy is a form of aneuploidy with only one chromosome from pair. Partial 

monosomy occurs when only a portion of the chromosome has one copy, while the rest 

has two copies (Figure 8.15).  

 
Figure 8.15: Monosomy. The condition of having a diploid chromosome complement in 

which one chromosome lacks its homologous partner.  

 

Human genetic abnormalities due to monosomy are: 

Turner’s syndrome : People with Turner syndrome have one X-chromosome instead of 

the normal two sex chromosomes. It is the only form of monosomy in humans while all 

other cases of full monosomy are lethal and the individual will not survive development 

(Figure 8.16). 

 
 

Figure 8.16: Turner’s syndrome. Condition in which female partly or completely 

missing X-chromosome. 

 

Cri du chat syndrome  
"Cry of the cat" after the distinctive noise by affected persons due to malformed larynx, a 

partial monosomy which is caused due to deletion of the end of the short p arm 

of chromosome 5 (Figure 8.17). 

https://en.wikipedia.org/wiki/Aneuploidy
https://en.wikipedia.org/wiki/Chromosome
https://en.wikipedia.org/wiki/Turner_syndrome
https://en.wikipedia.org/wiki/Cri_du_chat
https://en.wikipedia.org/wiki/Larynx
https://en.wikipedia.org/wiki/Chromosome_5
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Figure 8.17: Cri du chat syndrome. Chromosomal abnormality resulting when a piece 

of chromosome 5 is missing.  

 

1p36 Deletion Syndrome 
Partial monosomy due to the deletion at the end of the short p arm of chromosome 1. It is 

also known as monosomy 1p36 and is a congenital genetic disorder and characterized by 

moderate to severe intellectual disability, delayed growth, limited speech ability, 

malformations, hearing and vision impairment and distinct facial features. 

 

2.  Disomic 

It is the presence of a pair of chromosome and normal condition for diploid organisms 

including humans while organism with triploid or above, it is an aneuploidy. It can occur 

in haploid cells, such as gametes. In uni-parental disomy, it means two copies of the 

chromosome from only one parent (without any involvement from the other parent) 

(Figure 8.18). 

 

 
 

Figure 8.18: Uni-parental Disomy. It takes place when only one parent is involved in 

the distribution of chromosomes. In this case, individual receives two copies of a 

chromosome, or of part of a chromosome. 

https://en.wikipedia.org/wiki/1p36_deletion_syndrome
https://en.wikipedia.org/wiki/Chromosome_1
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3.  Trisomic (2n + 1)  
If in fertilized egg the chromosome is present in triplicate, the aneuploid cell is called 

trisomic. and the person has 47 instead of 46 number of chromosomes. Down’s 

syndrome, Edward syndrome and Patau syndrome are the most common abnormalities 

of trisomy. The cell has a total of 2n + 1 chromosome (figure 8.19). There are two types 

of trisomy: 

 
Figure 8.19: Trisomy. Chromosomal disorder characterised by an additional 

chromosome. 

 

(a)  Partial trisomy: In this case, extra chromosomal part is attached to one of the 

other chromosomes. Sometimes, one of the chromosomes has two copies of part of 

its chromosome. 

(b)  Mosaic trisomy: In this case, an extra chromosomal material exists in only some 

of the organism’s cells. The conditions of trisomy that survive without spontaneous 

abortion in humans are Trisomy 21 (Down syndrome), Trisomy 18 (Edwards 

syndrome) and many others (Figure 8.20) 

 

 
 

Figure 8.20: Trisomy disorders. (A) Part of regular cell showing chromosomes 

18,19,20 and 21 pairs (B) Down syndrome child’s cell showing chromosome 21 pair with 

1 extra chromosome (C) Edwards syndrome child’s cell showing chromosome 18 pair 

with 1 extra chromosome. 
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4.  Tertrasomics 

If the presence of chromosome is in tetrad form in the fertilized egg, the aneuploid cell is 

called tertrasomics. This condition is due to non-disjunction when cells are dividing  

during meiosis-I or II to form egg and sperm cells resulting extra chromosome number.  

After fertilization, the resulting fetus receives 48 chromosomes instead of the normal 46. 

 

5.  Nullisomics 

If chromosome is missed, the aneuploidy is nullisomics. Therefore, cell has 2n - 0 

chromosomes. 

 

Affects of aneuploidy 
Aneuploidy is produced in sperm or egg. Later it is transmitted to the zygote. Mitosis 

transmits the aneuploidy to all embryonic cells. Such organism may not survive. If the 

organism survives, it becomes abnormal. Non disjunction can also occur during mitosis. 

The early aneuploid condition is transfered to many of cells by the process of mitosis. It 

has greater effect on the organism. Aneuploid variations normally results in disorders 

such as mental retardation and sterility. 

 

Polyploidy (euploldy) 
A condition in which an organism has more than two complete sets of chromosomes is 

called polyploidy. The natural occurrence of polyploids in the animal kingdom is 

extremely rare such as triploid, tetraploid. But polyploidy can be induced experimentally 

in certain animals, such as frogs and rabbits (Figure 8.21).  

 

 
 

Figure 8.21: Haploid (single), diploid, triploid and tertraploid sets of chromosomes. 

Triploid and tetraploid chromosomes are examples of polyploidy.  

 

Variation in Chromosome Structure 
It includes mutations involving chromosomal breaks. After breaking, chromosomal 

pieces lost or re-attach other than original position. Structural chromosome 

abnormalities occur when part of a chromosome is missing, or an extra part is attached to 

chromosome or part has been exchanged with another part. It results in chromosome 

https://en.wikipedia.org/wiki/Non-disjunction
https://en.wikipedia.org/wiki/Cell_division
https://en.wikipedia.org/wiki/Meiosis
https://en.wikipedia.org/wiki/Chromosome
https://en.wikipedia.org/wiki/Chromosomes
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having different gene sequences, multiple copies or some missing genes. Many 

environmental factors including ionizing radiations and many chemicals are also 

responsible for the induction of these changes. Effects maybe mild or severe, depending 

on the amount of genetic material duplicated or lost. The upset in number of sex 

chromosomes apparently interferes with reproductive success. Asexual reproduction 

often accompanies polyploidy. Altered chromosome's structure takes several forms 

(Figure 8.22). 

 

 Deletion: It is due to the missing or deletion of the chromosomal part. Some of the 

disorders in humans include Wolf-Hirschhorn syndrome due to partial deletion of 

the short arm of chromosome 4 and Jacobsen syndrome which is due to terminal 

11q deletion. 

 Duplication: It is due to the duplication of chromosome part, resulting extra 

genetic material. It includes Charcot-Marie-Tooth disease type 1A due to gene 

duplication with peripheral myelin protein 22 (PMP22) on chromosome number 

17. 

 Translocation: It is due to exchange of chromosomal part with other. 

 Inversion: It occurs when chromosome portion broken off, turned upside down or 

re-attached with the reversal of genetic material. 

 Insertion: Chromosomal portion deleted from one chromosome and inserted into 

another. 

 Ring formation: Chromosomal part  broken off and forming circle or ring. It 

happens with or without the loss of genetic material. 

 Iso-chromosome: It forms due to mirror image copy of chromosomal segment 

including the centromere. 

 

 
 

Figure 8.22: Chromosomal structural abnormalities. 

https://en.wikipedia.org/wiki/Deletion_(genetics)
https://en.wikipedia.org/wiki/Wolf-Hirschhorn_syndrome
https://en.wikipedia.org/wiki/Jacobsen_syndrome
https://en.wikipedia.org/wiki/Chromosomal_duplication
https://en.wikipedia.org/wiki/Charcot-Marie-Tooth#Types_of_the_disease
https://en.wikipedia.org/wiki/Peripheral_myelin_protein_22
https://en.wikipedia.org/wiki/Chromosomal_translocation
https://en.wikipedia.org/wiki/Chromosomal_inversion
https://en.wikipedia.org/wiki/Insertion_(genetics)
https://en.wikipedia.org/wiki/Ring_chromosome
https://en.wikipedia.org/wiki/Isochromosome
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Activity 6: Study about various structural and functional chromosomal abnormalities 

due to change in number and structure of chromosome. 

 

Mitotic Cell Division 

It is the type of cell division which takes place in all animals during the processes of 

growth and repair. Cell divides into two basic stages: Mitosis is a division of nucleus 

while cytokinesis is the cytoplasmic division. Between divisions (interphase) the cell 

must grow and carry out its activities. 

 

The Cell Cycle 
The period from time a cell is produced until it completes mitosis is called cell cycle. It 

includes the growth and repair processes (Figure 8.23). It has following basic stages: 

 

(a)   Mitosis: It is the division of the nucleus. 

(b)   Cytokinesis: It is the division of the cytoplasm. 

(c)   Interphase: The cell grows and carries out its various metabolic activities during 

interphase. The cell cycle is divided into following stages: 

1. The G1 (first growth or gap) phase: It is the early growth phase of the cell. 

2. S (DNA synthesis) phase: During this phase the growth continues and it 

involves DNA replication. 

3. G2 (second growth or gap): It prepares the cell for division. It includes 

replication of the mitochondria and other organelles, synthesis of 

microtubules and protein. These microtubules and proteins will make up 

mitotic spindle fibers and chromosomal condensation. 

4.  The M (Mitotic) phase: Partitioning of chromosomes and daughter cells 

take place in this phase.    

5.  Go Phase: A phase where the cell left the cycle and stop dividing.   

 

 
 

Figure 8.23: Cell cycle. Series of events which takes place in a cell leading to its division 

and DNA duplication (replication) for the production of two daughter cells.  
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Interphase: Replicating the Hereditary Material  
Interphase comprises about 90% of the cell cycle including G1 S, and G2 phases. Normal 

cell activities take place during this phase. DNA replication is completed during the S 

phase of interphase. Thus, it also prepares the cell for division. Before the onset of cell 

division, an exact copy of the DNA is formed. This process is called replication. The 

double stranded DNA makes a copy of itself with each daughter cell receiving the same 

genetic material as in case of parent cell. Thus, a pair of sister chromatids is formed. A 

chromatid is chromosome copy formed by replication. Sister chromatids are attached at 

centromere which is a specific DNA sequence of about 220 nucleotides with specific 

location on chromosome. A disk of protein called a kinetochore is attached to each 

centromere forming attachment site for the micro-tubules of the mitosis. The cell cycle 

then moves into G2 phase and chromosomes condenstion begins. The cell also begins to 

assemble different structures during G2 phase which helps to move the chromosomes 

towards opposite poles of the cell. For example, centrioles replicate and there is extensive 

synthesis of the proteins making up the microtubules (Figure 8.24). 

 

 
 

Figure 8.24: Interphase. Phase of cell cycle during which DNA and histones are 

duplicated and various proteins which are necessary for cell division are synthesized. 

 

Mitosis 

It is the type of cell division in which number of chromosomes remains constant in the 

daughter cells. It is divided into four phases: prophase, metaphase, anaphase and 

telophase. However, the process is continuous in a dividing cell. Therefore, each phase 

smoothly enters into the next (Figure 8.25).  

 

1.  Prophase 
It is the first phase of mitosis. Following changes take place during prophase: 

i)    The chromosome becomes visible with the help of light microscope and looks like 

threadlike structures. 
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ii)    The nucleoli and nuclear envelope disappear. 

iii)  The two centrioles pairs move apart from each other. The centrioles pairs reached 

at the opposite poles at the end of prophase.  

iv)  Microtubules arise from the centrioles. These micrtubules are called asters. These 

esters tie each centriole with the plasma membrane. 

v)  The microtubules forms spindle between the centrioles and these spindle fibers 

extended from pole to pole. 

vi)  The asters, spindle, centrioles and microtubules are collectively form mitotic 

spindle (or mitotic apparatus). 

vii)  Later, another group of microtubules grows out froming kinetochore towards the 

poles of the cell connecting sister chromatids to spindle poles. 

 

2.  Metaphase 
The chromatids align in the center of the cell. They are attached at the equator of spindle. 

The centromeres divide at the end of metaphase. The two sister chromatids are detached 

from each other at the end of the metaphase. But the chromatids remain aligned at the 

equator. The centromere divide. Now the sister chromatids are considered complete 

chromosomes. Now they are called daughter chromosomes. 

 

3.  Anaphase 
The microtubules in the mitotic spindle shortens pulling each daughter chromosome 

toward its respective pole. At the end of anaphase each daughter chromosomes move 

towards the poles of the cell with each pole having complete and same set of 

chromosomes. 

 

4. Telophase 

In this phase, the mitotic spindle disassembles and re-appearance of nucleus as well 

nuclear envelope. Uncoiling of daughter chromosomes for gene expression and cell 

pinches itself in the middle resulting end of mitotic division. 

 

Cytokinesis: Division of Cytoplasm 
The last stage of cell division is cytokinesis which results in cytoplasm partitioning. It 

starts during late anaphase or early telophase. A contracting belt of microfilaments are 

present in the middle of the cell forming contractile ring. The ring contracts and pinches 

the plasma membrane inward resulting cleavage furrow which deepens and joins each 

other. Thus two new, genetically identical daughter cells are formed. 
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Figure 8.25: Mitosis or somatic cell division. Type of cell division resulting in the 

formation of two daughter cells with same number of chromosomes as the parent cell, 

typical of ordinary tissue growth. 

 

Activity 7: Students learn about the basic process of mitosis and use model 

chromosomes to simulate mitosis. Throughout, students respond to analysis and 

discussion questions to further develop their understanding of mitosis. 

 

Meiosis: The Basis of Sexual Reproduction 
Meiosis is a type of cell division in which parent cell divides to form four daughter cells 

each receiving half the number of chromosomes. Male gamete known as sperm unites 

with female gametes which is called as egg or ovum and forms zygote by the process of 

fertilization. The fusion of gametes is called syngamy.  The sexually reproducing animals 

produce gametes by meiosis. The somatic cells in the bodies of most animals have the 

diploid (2n) number of chromosomes. This process takes place in reproductive organs 

such as testes in males and ovaries in females and as result reducing the number of 

chromosomes to haploid (1n) which re-unite during fertilization restoring the diploid 

number. Meiosis is a continuous process and divides into two phases (Figure 8.26). 
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The First Meiotic Division 

 

Prophase-I 
Following processes take place during prophase-I: 

 

1. Leptotene 

 Chromosomes become visible with cell containing the double number of 

chromosomes. The chromosomes are present in homologous pairs. The 

homologous chromosomes are chromosome which are similar to each other in 

shape and size. 

2. Zygotene 

 Chromosomes began to pair with each other and this pairing is called synapsis. It is 

also called bivalent or tetrad because of having two homologous chromosomes and 

four chromatids respectively. Sister chromatids are held together by RNA and 

proteins network.  

3.  Pachytene 

 The chromosomes began to exchange their parts by the process of crossing-over. It 

is a form of genetic recombination and is a major source of genetic variation among 

population of a given species. 

4. Diplotene 

 The homologous chromosomes repel each other resulting in the opening of tetrad 

lengthwise. 

5. Diakinesis 

 The chaismata between the homologous chromosomes are dissolved with the 

distribution of homologous chromosomes along entire cell. 

 

Metaphase-I  
The microtubules form a spindle apparatus. Each pair of homologues lines up in the 

center of the cell. Their centromeres are on each side of the equator of the spindle. 

 

Anaphase-I 
The homologous chromosomes separate and begins to move toward opposite poles.  

 

Telophase-I                              
It is similar to mitotic telophase. The chromosome uncoils with the re-appearance nucleus 

and nuclear membrane. 

 

Interkinesis 
The transition to the second nuclear division is called intrerkinesis. The DNA does not 

replicate during intrerkinesis. After a varying time period, meiosis-II occurred. 

 

The Second Meiotic Division 
The second meiotic division resembles an ordinary mitotic division. The number of 

chromosomes reduced to half. The phases include prophase-II, metaphase-II, anaphase-II, 
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and telophase-II. The final products of these divisions of meiosis are four haploid cells 

which finally form gametes (sex cell). 

 

 
Figure 8.26: Meiosis or sex cell division. Type of cell division forming four daughter 

cells each with half the number of chromosomes as compared to parent cell such as the 

production of gametes and plant spores. 

 

Spermatogenesis and Oogenesis 
 

Spermatogenesis 

Sperm formation takes place in the testes and is called spermatogenesis. By the process 

of meiosis it forms mature sperm cells with cap like structure for egg penetration and 

flagellum for locomotion. A primary spermatocyte divides forming two secondary 

spermatocytes by meiosis-I. Then, meiosis-II forms four spermatids and four 

spermatozoa until differentiation releasing mature sperms at the end (Figure 8.27). 

 

Oogenesis 
OOgenesis is the formation of mature egg in testes. It differs from spermatogenesis 

because after the formation of four meiotic products, only one becomes functional while 

other three disintegrates and are called polar bodies. In some animals, the mature egg is 
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the product of the first meiotic division which completes the process of meiosis after 

fertilization (Figure 8.27). 

 

 
 

Figure 8.27: Spermatogenesis and Oogenesis. Spermatogenesis takes place in the testes 

releasing flagellated sperms while oogenesis occurs in female reproductive organ 

releasing ovum or egg. 

 

Importance of Meiosis 
 

1.  Variations 

Two significant processes take place during meiosis. These are: 

 

a)  Crossing over 

The parental chromosomes exchange segments with each during crossing over other. It 

results in large number of recombinations. 

b)  Random assortment of chromosomes 

The separation of homologous chromosomes is random during anaphase. It gives a large 

variety of gametes. Both these phenomena cause variations and modifications in the 

genome. These variations are the bases of evolution. These variations also make every 
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individual specific particular and unique in his characteristics. Even the progeny of very 

same parent, i.e. brothers and sisters are not identical to each other. 

 

2.  Constant Chromosome Number  
Meiosis takes place during sexual cell (gamete) formation and spore formation in plants. 

Thus it reduces the number of chromosomes to one half in each gamete or spore. The 

original number of chromosome is restored after fertilization. So it maintains 

chromosome number constant generation after generation. The chromosome number will 

become double after every generation without meiosis. 

 

Activity 8: Students learn how genes are transmitted from parents to offspring through 

the processes of meiosis and fertilization. 

 

8.6.  Molecular Genetics: Ultimate Cellular Control 
 

i.  DNA: The genetic material 

According to twentieth century biologists, genetic material must code for the sequence of 

specific amino acids in proteins and to change over time for evolutionary changes. It 

must have the ability to replicate and to reside in the nucleus of eukaryotic cells. And 

DNA (deoxyribonucleic acid) is the only molecule which fulfills all of these 

requirements. 

 

The Double Helix Model of DNA 
Two kinds of nucleic acids plays important role in protein synthesis.  

 Deoxyribonucleic acid or DNA, which is the genetic material. 

 Ribonucleic acid or RNA, produced in the nucleus and moves to the cytoplasm 

participating in protein synthesis.  

 

DNA and RNA are large molecules made up of building blocks called nucleotides. It 

consists of a nitrogenous base either in the form of double ring i.e; purine or single ring 

i.e; pyrimidine, a pentose sugar and phosphate group. However, DNA and RNA differ in 

several ways. They both contain adenine and guanine among purines while cytosine 

among pyrimidiens. Another pyrmidine base is thymine in DNA while uracil in case of 

RNA. Sugar present in DNA is deoxyribose while ribose in RNA. DNA is the double 

stranded while RNA is single stranded which may fold back on itself and re-coil (Figure 

8.28). 
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Figure 8.28: Comparison between DNA and RNA. DNA is a long polymer with 

deoxyribose sugar having phosphate backbone and nitrogenous bases such as adenine, 

guanine, cytosine and thymine. RNA is a polymer with sugar ribose, phosphate backbone 

and same bases with the exception of uracil in RNA instead of thymine in DNA. 

 

The scientists started working on discovery of the three-dimensional structure of DNA 

Watson and Crick proposed the DNA model: 

1. The DNA is in the form of helix with two strands and width of 2 rim. 

2. Nitrogenous bases are about 0.34 nm apart with ten layers of base pairs on each 

turn of the helix. These bases are present within the helix with the phosphate group 

present outside.  

3. The double helix is a ladder like twisted in a spiral fashion. The side ropes are the 

equivalent sugar phosphate backbones. Franklin’s X-ray data indicate that the helix 

makes one full turn after every 3.4 nm of its length. 

4. Adenine base pairs with thymine (T) and guanine (C) with cytosine. Adenine and 

Guanine are larger bases forming two ringed structures known as purines. While 

cytosine and thymine forms pyrimidine bases comprising single ring. In this way 

one purine and one pyrimidine combination keep the diameter of the DNA 

uniform. 

5. Both strands of the DNA are anti parallel. One strand runs in the 5 – 3 direction 

while other strand in the opposite direction (Figure 8.29). 
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Figure 8.29: DNA: Double helix model. (A) Key features of DNA structures: Ribbon 

model (B) Adenine linked with thymine while cytosine with guanine: Chemical structure 

(C) Computer assisted model. 

 

ii.  DNA replication in Eukaryotes; genes in action 

Following steps take place during DNA replication: 

1. Origin of Replication 
DNA replication starts with protein which recognizes sequences of origins at special sites 

which are known as origin of replication. It separates the two strands which opens up to 

form application bubble. Multiple replication bubbles are formed in eukaryotes. These 

bubbles fuse with each other. The replication of DNA then starts in both directions with 

the copy of entire molecule. Replication fork which is a Y-shaped region is present at 

each and of a replication bubble. New strands of DNA elongates along this replication 

fork (figure 8.30). 
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Figure 8.30: DNA replication. Biological process for the production of two identical 

DNA copies from one original DNA molecule.  

 

2.  Elongating a New DNA Strand 
An enzyme DNA polymerase catalyzes the elongation of new DNA at a replication fork. 

The nucleotides align with complementary basis on template strand of DNA. The rate of 

elongation is about 500 nucleotides per second in human cells. The substrates for DNA 

are nucleoside triphosphate containing three phosphate groups like ATP. Each ATP loses 

two phosphates and joins to the growing end of a DNA strand. Hydrolysis of the 

phosphate is exergonic reaction and it drives polymerization of nucleotides forming 

DNA. 

 

3.  The Problem of Antiparallel DNA Strands 
The two DNA strands are anti-parallel (3-5 and 5-3) with sugar phosphate backbones 

running in the opposite directions. Phosphate group of each nucleotide is attached to the 

5′ deoxyribose. The phosphate group of one nucleotide is joined to the 3′ carbon of the 

adjacent nucleotide. So, different mechanism of replication in both strands. 

a)   Leading strand 
 The enzyme DNA polymerase adds nucleotides to the free 3′ end of a DNA strand 

forming new DNA strand is formed in 5′— 3′ directions and this is continuous 

along 5′ —3′ direction. This DNA strand is known as leading strand. 

b)   Lagging strand 

 The DNA polymerase moves away from the replication fork for elongation in the 

3′-5′ DNA strand. The DNA synthesized in this direction is called lagging and as a 

series of segments. These segments were discovered by Japanese scientist Okazaki 
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and are called Okazaki fragments with length of about 100 to 200 nucleotides in 

eukaryotes.              

 

4.  RNA Primer 
DNA polymerase can only add nucleotides to a polynucleotide chain that is already 

paired with the complementary strand. It cannot actually initiate synthesis of a DNA 

strand. Nucleotides must be added to the end of an already existing chain known as 

primer which is a short stretch of RNA. It is synthesized by enzyme primase and is about 

10 nucleotides long in eukaryotes. Only one primer is required for the leading strand of 

new DNA. Each fragment must have separate primer in the lagging strand. An enzyme 

then replaces the RNA nucleotides of the primer with DNA. Another enzyme Ligase acts 

as molecular glue joining all the DNA fragments into a strand. 

 

5.  Protein assisting the DNA replication 
Following proteins assist in the synthesis of DNA: 

1.  DNA polymerase 

  One of the key molecules in DNA replication is the enzyme DNA polymerase. 

DNA polymerases are responsible for synthesizing DNA adding nucleotides one by 

one, incorporating complementary bases to that of the template strand. 

2.  Ligase 

 DNA ligase close nicks in the phosphodiester backbone of DNA and essential for 

the joining of Okazaki fragments during replication.  

3.  Primase 

 It is a type of RNA polymerase and functions by synthesizing short RNA 

sequences complementary to single-stranded DNA, which acts as template. Primers 

must be synthesized by primase before DNA replication occurs. 

4.  Helicase
 

 DNA and RNA helicases are enzymes that bind and re-model nucleic acid or 

nucleic acid protein complexes. During DNA replication DNA helicases separates 

double-stranded DNA into single strands.  

5.  Single strand binding protein
.
 

 It is attached to the separated strands of DNA and does not allow them to re-coil. It 

has high affinity for single-stranded (ss) DNA participating in DNA replication, 

recombination and repair as accessory protein. SSB plays a role in separating DNA 

strand during replication and prevent ssDNA from re-forming double helix. 

6.  Proofreading 
 The errors in the completed DNA molecule are very rare and about only one in 

billion nucleotides. These errors must be corrected with the help of enzyme (Figure 

8.31). 
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Figure 8.31: Molecular mechanism of DNA replication. DNA replication is semi-

conservative, so that each strand in the DNA double helix acts as a template for the 

synthesis of new complementary strand. This process takes from one starting molecule to 

two daughter molecules with each newly formed double helix containing one new and 

one old strand. 

 

Activity 9: Student understand DNA structure, function and replication including 

additional analysis and discussion questions and hands-on modeling of DNA 

replication. 
 

Genes in Action 

Sequence of bases in DNA coding for the synthesis of polypeptide chain is termed as 

gene. It transmits information from the nucleus to the cytoplasm where protein synthesis 

takes place. The synthesis of an RNA molecule from DNA is called transcription and 

the formation of a protein from RNA at the ribosome is called translation. This whole 

process is also known as central dogma of molecular biology (Figure 8.32). 

 

 
 

Figure 8.32: Central dogma of life. Flowing down of genetic information within the 

biological system. It involves both transcription and translation. 
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Activity 10: Students learn how genes provide the instructions for making a protein 

via transcription and translation. 

 

Three Major Kinds of RNA 
There are three major types of RNA with each RNA having special role in protein 

synthesis (Figure 8.33).  

a)   Messenger RNA (mRNA) carries information for protein synthesis. 

b)   Transfer RNA (tRNA) transfers amino acids in the cytoplasm to ribosome. It joins 

these amino acids for the synthesis of polypeptide.  

c)  Ribosomal RNA (RNA) with proteins makes up ribosomes. 

 

 
 

Figure 8.33: Types of RNA (A) mRNA (B) tRNA (C) rRNA 

 

The Genetic Code 
It is a sequence of three bases (triplet code) which codes for the 20 different amino 

acids and carrying information in the form of nitrogenous bases of DNA. Each three-base 

combination is a codon. There is a total of four bases and three amino acids in one codon, 

So 4
3
 = 64 possible codons for 20 kinds of amino acids. And thee can be more than one 

codon for the same amino acid. This characteristic of the code is called degeneracy. 

Some codons acts as initiation and some as termination codes. 

a)    Termination codons: The base sequences UAA, UAG, and UGA are stop codes 

indicating the termination point of the polypeptide synthesis. 

b)    Initiation codon:  AUG which codes for the amino acid methionine is the start 

codon (Figure 8.34). 

 



222 

 

 
 

Figure 8.34: Genetic code. Information encoded in the form of DNA bases termed as 

codon and then translated into proteins by living cell. 

 

Transcription 
The process of messenger RNA synthesis from DNA is called transcription (Figure 

8.35). The information coded in DNA is not translated directly into proteins but firstly 

transcribed into mRNA. It involves many enzymes performing many functions. They 

unwind a region of DNA while initiating and ending mRNA synthesis and its 

modification. Only one or a few genes are exposed during transcription with only one 

strands being transcribed. Eukaryotes have three enzymes located in nucleus involving in 

the transcription of different RNAs. These are: 

a)    RNA Polymerase I which transcribes ribosomal RNA (rRNA). 

b)    RNA Polymerase II transcribes messenger RNA (mRNA) and most small nuclear 

RNAs (snRNAs). 

c)  RNA Polymerase III transcribes transfer RNA (tRNA) and other small RNAs 

(including the small 5S rRNA). 

 

There are following steps of transcription:  

1.  Initiation 
 The site of DNA where DNA polymerase attached is called promoter and it 

normally composed of 50 nucleotides. It is present at the start of gene. The 

promoter for polymerase II contains a TATA box recognized by TATA box 

binding protein (TBP) and attached the RNA polymerase on promoter. Double-

stranded DNA is (“closed”) and RNA Polymerase wound DNA structure 

called closed complex which becomes single-stranded (“open”) near initiation site. 

This RNA Polymerase/unwound-DNA structure is called the open complex. The 

RNA polymerase transcribes DNA producing about 10 nucleotides (transcripts). 

These are unable to leave the RNA polymerase because the exit channel is blocked 

by the a-factor which dissociates from the holo-enzyme and starts elongation. 
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2.  Elongation 

 RNA polymerase starts joining complementary ribose nucleotides at 3′ end of the 

DNA strand with same complementary bases but only uracil in RNA replaces 

thymine in DNA. Newly RNA transcripts uses adenosine 5′triphosphate (ATP), 

guanosine-5′ triphosphate (GUP), Uridine-5′ triphosphate (UTP) and cytidine-5′ 

triphosphate (CTP).  

3.   Termination 
 Finally, RNA polymerase reaches the termination sequences. Thus, transcription 

stops. There are two types of termination mechanisms. 

 a)  Rho-independent termination 

  It involves the terminator sequences within RNA that signals RNA 

polymerase to stop. It is usually palindromic sequence which forms stem-

loop hairpin structure. It dissociates the RNA polymerase from DNA 

template. Therefore, dissociation of the nascent DNA-RNA hybrid. 

 b)  Rho-dependent termination 

  In this case termination factor called p-factor (rho factor) stops RNA 

synthesis. This protein binds and runs with mRNA towards the RNA 

polymerase which when approached by p-factor dissociates RNA polymerase 

from DNA, terminating transcription. 

 

 
 

 Figure 8.35: Process of transcription. Process in which information in DNA is 

transcribed into messenger RNA (mRNA).  

 

4.  Processing of primary transcript 
 Newly transcribed mRNA is known as primary transcript and modify before 

leaving the nucleus. It contains both non-coding regions called as introns and 

coding regions exons. RNA splicing cut out these non-coding regions while 

joining exons together again.  

5.  Transport of newly formed RNA 

 a)  In Prokaryotes: The newly synthesized mRNA is directly released into the 

cytoplasm in bacteria and converted into polypeptide chain in cytoplasm. 

 b)   In eukaryotes: The mRNA in eukaryotes has to travel from inside the 

nucleus to ribosomes outside in the cytoplasm. Therefore, eukaryotic mRNA 

is modified in several ways. These modifications help it in its journey. A cap 
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and a tail are added. Thus the molecule remains stable during long journey to 

ribosome. The caps and tails save the mRNA from the action of variety of 

nucleases and phosphatase enzymes. 

 Cap: It is in the form of methyl GTP. It is linked to 5′ end with the 

first nucleotide of mRNA. 

 Tail: It is in the form of poly-A tail. It is linked to 3′ end of the RNA 

(Figure 8.36). 

 

   
 

  Figure 8.36: RNA splicing and mature mRNA. (A) Introns are snipped out 

while exons rejoined by ligase (B) Pre-mRNA modifies and each end 

receives 5 cap and 3 Poly-A tail.  

 

Translation 
The synthesis of polypeptide chain at the ribosomes form the information encoded by 

mRNA is called translation (Figure 8.37). 

 

1. Role of tRNA in Translation 
 Transfer RNA plays an important role in translation reading codes on the mRNA 

and bringing amino acids forming polypeptide chain. It has complementary  

pairing of bases with some unusual bases which disrupts the normal base pairing 

forming loops in the molecule. The central loop is called anticodon loop which has 
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a sequence of three unpaired bases called anticodon. The mRNA codon form 

pairing with its complementary anti-codon of tRNA. This tRNA carries amino 

acids with it. 

 

2. Role of ribosomes in protein synthesis 
 Ribosomes are the main sites for protein synthesis comprising larger and smaller 

subunit organizing codon and anticodon pairing. It has three main binding sites for 

mRNA and tRNA .  

 a)  P site (peptidyl site): It is the site of the ribosome where peptide bonds are 

formed. 

 b)  A site (aminoacyl site): This site contains successive (next) amino acid with 

its rRNA. 

 c)  E site (exit site): It is a site of ribosome where empty tRNA is present. 

 

Steps of Protein Synthesis 
There are following steps of protein synthesis: 

 

Initiation 
The mRNA binds to a small ribosomal subunit. Initiation codon on mRNA is AUG 

aligning at P (peptidyl) site of the ribosome. A tRNA with methionine binds to the 

mRNA on initiation codon. The large subunit joins this complex. It forms a complete 

ribosome.  

 

2. Elongation 
 The A (aminoacyl) site containing second codon is present after P site. A second 

tRNA attaches on this codon with its anticodon. Two tRNA molcules with their 

amino acids are now side-by-side in the A site. Guanine triphosphate (GTP) 

provides energy to this step. In the P site the bond between the amino acid and 

tRNA is broken by an enzyme peptidyl transferase. This enzyme also catalyzes 

the formation of a peptide bond in the A site. Then, mRNA strand starts moving 

along with the ribosome. It exposes new codon. The tRNA with their two amino 

acids moves to P site. A third tRNA can then enters the exposed A site. This 

process continues until the translation of entire mRNA completes. 

3. Termination 
 The ribosome reaches at the end of the mRNA. The polypeptide chain has been 

synthesized. Termination codon (stop codon) like UAG comes and translation 

ends. 
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Figure 8.37: Process of translation. In this process, mRNA decoded outside the nucleus 

by ribosome to produce polypeptide chain made up of aminoacids. 

 

Export of Protein 

Protein synthesis occurs on ribosomes. Some of them attached at the surface of the rough 

endoplasmic reticulum. Newly synthesized protein moves into the Endoplasmic 

reticulum. And then moves into the Golgi apparatus. It is packed into a secretary vesicle 

or a lysosome (Figure 8.38). 

 

 
 

Figure 8.38: Translated protein export. Protein moves into endoplasmic reticulum, 

golgi apparatus or lysosomes. 
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iii.  Control of gene expression in eukaryotes 

 The gene expression can be controlled at different levels in the eukaryotes. 

 

Transcriptional Control of Gene Expression 
The RNA synthesis depends on RNA polymerase enzymes. Numerous transcription 

factors helps in the function of these enzymes. RNA polymerase and transcription factor 

bind to specific sequences of the promoter. This promoter is present at the start of the 

coding sequence of a gene. Then, the polymerase moves along DNA template. It 

produces complementary RNA strand. The transcription factors known as activators bind 

selectively to enhancer regions of DNA speeding up transcription. This enhancer region 

of the DNA is present thousands of nucleotides away from the promoter. The specific 

associations between transcription factors and enhancer sites in the genome playing 

important role to control eukaryotic gene expression. According to one hypothesis, 

a hairpin loop is formed in DNA. This hairpin loop brings the transcription factor 

attached to the enhancer in contact with the transcription factors. It activates the 

polymerase at the promoter region to start transcription. Over 100 transcription factors 

already discovered in eukaryotes (Figure 8.39). 

 

 
 

Figure 8.39: Transcriptional gene expressional control in eukaryotes. It is controlled 

by repressors and transcriptional activators. Eukaryotic repressors bind DNA sequences 

to stop transcription. 
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2. Post-transcriptional Control of Gene Expression 
Gene expression could be blocked or stimulated at any post-transcriptional step. It can be 

controlled during RNA Processing and export of mRNA. The cell must process its initial 

transcripts before they can act as mRNA, tRNA, or rRNA. An mRNA transcript must 

receive a 5
’
 cap and 3’ poly-A tail. Similarly, the introns of the RNA segments must he 

removed and the exons (coding segments) spliced together. Then this RNA passes from 

the nucleus to the cytoplasm through a nuclear pore. In the cytoplasm, the mRNA 

interacts with a number of specific proteins and may associate with ribosomes to undergo 

translation. Each step in RNA processing provides an opportunity for control of 

expression (Figure 8.40). 

 

 
 

Figure 8.40: Post-transcriptional control of gene expression. It includes processes of 

splicing and formation of mature mRNA. 

 

Regulation of mRNA Degradation 

Protein synthesis can be controlled by mRNA molecule in cytoplasm. The mRNA 

molecules of eukaryotes can have lifetimes of hours, or even weeks. The mRNAs for 

hemoglobin are translated continuously in the developing blood cells of most vertebrate 

species. The egg cell can store a large number of mRNA. 

 

3. Translational and Post-Translational Control 
Translation in eukaryotic cells involves many protein factors like initiation factors. Thus, 

gene expression can be controlled at the translational level. It can also be controlled at 

post-translational level. Sometimes, eukaryotic polypeptides used to get the final active 

protein. The post-translational processing of the hormone insulin is an example of this 

control (Figure 8.41). 
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Figure 8.41: Control of gene expression at transcriptional level. It involves the 

synthesis of mRNA and then protein synthesis that takes place downstream between the 

processes of transcription and translation. 

 

4. Role of hormones in Control of Gene Expression 

 a)  Action of hormones in invertebrates 
  Giant (polytene) chromosomes are present in the salivary glands in certain 

insect larvae. The presence of these chromosomes provides an evidence for 

the control of gene expression at the transcriptional level. The chromosome 

puffs appear at specific sites of the polytene chromosomes. It makes the 

DNA in that region more accessible to RNA polymerase. The formation of 

puff is controlled by a hormone ecdysone. It causes molting in insects. 

 b)  Action of steroid hormones in vertebrates 

  Sex hormones and steroids are responsible for change in gene expression 

among target cells of vertebrates. Steroids are lipids soluble. When a cell is 

exposed to a steroid, the hormone diffuses across the plasma membrane, 

crossing the cytoplasm and entering the nuclei and finally combining soluble 

receptor protein. If the steroid is not present, the receptor protein becomes 

associated with inhibitory protein causing its release. So, the activated 

receptor protein attaches on the specific sites of DNA within the enhancer 
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regions that controls steroid responsive genes. Thus steroid acts as a 

chemical signal to switch on specific genes in certain cells (Figure 8.42). 

 

 
 

Figure 8.42: Role of steroid hormones to control gene expression. The 

protein hormones or steroids do not enters the cell but binds receptor in the cell 

membrane and mediate gene expression through intermediate molecules. 

 

Activity 11: Differentiate between transcriptional, translations as well post-

transcriptional and post-translational studies both in eukaryotes and prokaryotes. 

 

iv.  Mutations 

Change in the genetic makeup of an organism is called mutation. The mutations alter the 

structure of chromosomes. Sometimes, point mutation occurs in the gamete or cell which 

is transferred to next generation. When mutation has opposite effect on phenotype, it is 

taken as genetic disorder or hereditary disease. For example, sickle-cell anemia affects 

single nucleotide in the gene which codes for the synthesis of haemoglobin. 

 

Types of Mutations 
Point mutations could be divided in to two sub-types: base-pair substitutions and base 

pair insertions or deletions (Figure 8.43). 

 

1)  A base-pair substitution 

Replacement of one nucleotide and its partner from the complementary DNA strand with 

another pair of nucleotides is base-pair substitution. There may be following types of 

base pair substitution: 
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(i)    Missense mutation 

 In this case altered codons still code for amino acids and thus make sense. But 

these sense may not be the right sense. There are two types of missense mutations: 

 a)     Harmless missense mutation  
  There is redundancy of the genetic code. So, some substitution mutations 

have no effect on the protein codes. Change in base pair may transform one 

codon into other which also translates into the same amino acid. 

 b)     Lethal missense mutations 
  The change of single amino acid in important area of protein is called lethal 

missense mutation. This alteration significantly alters protein. Such 

mutations are dangerous. They create useless or less active proteins that 

impair cellular function. 

(ii)  Non-sense mutation 

It is an alteration in change of codon of amino acid to a stop signal. In such case, point 

mutation changes codon for amino acid into a codon that signals termination. 

 

2)  Base pair Insertions and Deletions or frame shift mutations 

 Insertions and deletions are related to the addition or loss of one or more nucleotide pairs 

which can have more dangerous effect. The mRNA reads as a series of triple nucleotide 

during translation. So, the nucleotides mutation changes the reading frame of the genetic 

message. Such mutations are called frames shift mutations. These mutations occur when 

nucleotides insertion or deletion number is not a multiple of 3. 

 

 
Figure 8.43: Base pair mutations. Nucleotide may be missing, or an extra is added. 
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Mutagenesis 
The creation of mutations is called mutagenesis. In the 1920s, Hermann Muller 

discovered X-rays which is responsible for the genetic changes in the drosophila. Muller 

obtained mutant Drosophila. He used this drosophila in his genetic studies. But he also 

found dangerous aspects. X-rays and other radiations can cause many lethal effects. 

Mutagenesis takes place in many ways. Errors during the processes of DNA replication, 

repair and recombination lead towards base-pair substitutions, insertions or deletions. 

Mutations resulting from such errors are called spontaneous mutations. Mutagen is a 

chemical or physical agent that interacts with DNA causing mutations. There are two 

categories of mutagens: 

1. X-rays and ultraviolet (UV): 
 X-rays and ultraviolet (UV) light are examples of physical mutagens. The UV of 

sunlight can produce mutations in DNA (Figure 8.44). 

2. Chemical mutagens 
 Chemical mutagens have several categories. Some of these are base analogues 

which are chemicals similar to normal DNA bases pairing incorrectly (Figure 

8.44). 

 

. 

 

Figure 8.44: Mutagens involved in base-pair substitutions. Radiations and chemicals 

affecting structures and causing mutations. 

 

Activity 12: Make models showing different DNA mutations and various factors 

affecting them. 
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v.  Applications of genetic technologies 

Today biotechnology products are produced from genetically engineered criteria, plants 

and animals. Organisms with the insertion of any foreign gene in them are called 

transgenic organisms. 

 

a)  Transgenic Bacteria 
The bacteria with foreign DNA is called transgenic bacteria. Recombinant DNA 

technology is used to produce transgenic bacteria. These bacteria have following uses: 

 

(i)  Synthesis of pharmaceutical products 

A foreign gene is replicated and expressed in these bacteria. Thus a large amount of 

protein product is obtained. Many biotechnology products are produced by 

bacteria. These products are now available in markets. Some of these products 

are: Insulin, Human growth hormone and many others. 

 

Promoting health in plants: Transgenic bacteria are used to promote health of plants. 

For example: A bacterium normally forms colonies in the roots of corn plants. Some 

genes from another bacterium have been inserted into these bacteria. These genes code 

for an insect toxin. The toxin protects the roots from insects. 

Biodegradation: Bacteria can degrade a particular substance. The ability of degradation 

of bacteria can be enhanced by genetic engineering. 

Biofilters: The transgenic bacteria can be used as bio-filter in industries. 

 

(ii)  Synthesis of organic compounds 

The catalysts act on precursor molecules during synthesis- of organic chemicals. Bacteria 

can be used in place of these catalysts. These bacteria carry out the synthesis of these 

compounds. For example, aspartame is di-peptide sweetener. It is prepared by transgenic 

bacteria. 

 

Use in Mining industry: Bacteria can be used for extraction of metals. Genetic engineer 

enhances bacterial abilities for the extraction of copper, uranium and gold from less grade 

sources. 

 

Transgenic crops: In 1999, these transgenic crops were planted on more than 70 million 

acres worldwide. Agribusiness companies are also developing transgenic varieties of 

wheat, rice and corn. 

 

(iii) Synthesis of human products 
Plants are being engineered for the production of human hormones, clotting factors and 

anti-bodies in their seeds. For example: an antibody made by corn can deliver radio 

isotopes to tumor cells. 

 

(iv) Transgenic Animals 
There are following uses of transgenic plants: 
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Higher growth rate of animals: The genes for bovine (cattle) growth hormone are 

injected by this technique into many types of animal eggs. Thus many larger fishes, cows, 

pigs, rabbits and sheep are produced by this procedure. 

Gene pharming: Use of transgenic farm animals for the production of pharmaceuticals is 

called gene pharming. Many antibiotics, hormones are produced by these techniques. 

 

(v)  Gene Therapy 
The insertion of genetic material into human cells to control diseased conditions is called 

gene therapy. Gene therapy is used in two ways: i.e; Ex-vivo and in Vivo. 

 

Ex-Vivo gene therapy: The gene therapy in which genes are inserted into the cell 

outside the body is called Ex-vivo gene therapy. Following diseases are treated by ex-

vivo gene therapy: SCID (Severe combined immunodeficiency syndrome), 

hypercholesterolemia (Figure 8.45). 

 

 
 

Figure 8.45: Ex-vivo gene therapy. Cell is taken outside the organism, mutated and 

inserted back into the body.  

 

In-Vivo gene therapy: The gene therapy in which genes are inserted in the cells within 

the body is called In Vivo gene therapy (Figure 8.46). Following diseases are treated by 

these techniques: Cystic fibrosis, cancer, Coronary artery, angioplasty, hemophilia, 

diabetes, Parkinson disease and AIDS.  
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Figure 8.46: In-vivo gene therapy. Targeted tissue is mutated within the body of 

patient.  

 

(v)  DNA finger printing 
Nucleic acid analysis can be used for following purposes: 

Diagnosis: Analysis of DNA is used for the diagnosis of viral infections, genetic 

disorders and cancer. 

 

Use in forensic laboratories: DNA analysis is used to identify criminals. 

Parentage: The DNA is inherited. Thus the finger print of offspring resembles the finger 

prints of one’s parents. So it can be used to establish parentage. 

 

(vi)  Recombinant DNA 

The DNA which contains DNA from two different sources is called Recombinant DNA 

and the technology for the formation of recombinant DNA is called DNA technology. 

Following materials are required for producing recombinant DNA: 

Gene of interest: The genes are to be cloned. 

Molecular scissors: These are used for the cutting of gene of interest. 

Molecular carrier or vector: The genes of interest can be placed on it for transrport. 

 

(vii)  Expression system 
The gene of interest with the vector is inserted into an expression system to make specific 

product. 
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a)  Gene of interest 
It includes the genes isolated from chromosomes  and cutting by restriction 

endonucleases at the flanking sites. Small genes can be synthesized in the laboratory. 

Making gene from mRNA is common method of getting the gene. In this case, gene is 

synthesized in the laboratory using mRNA by reverse transcriptase enzyme. 

b)  Molecular Scissors: Restriction Endonucleases 
The restriction enzymes are present in bacteria. The bacteria use these enzymes for their 

protection against viruses. These enzymes cut down the viral DNA. But do not harm the 

bacterial chromosome. And restrict the growth of viruses. So they are called restriction 

enzymes. EcoRI is a common restriction enzyme which cuts double-stranded DNA at the 

specific sequence of bases. So, a gap is produced in this DNA. A piece of foreign DNA 

with complementary ends can be placed in this gap. The single stranded DNA with 

complementary ends produces sticky ends. And, then binding with the help of 

complementary base pairing. The restriction enzymes help in the insertion of foreign 

DNA in to vector DNA (Figure 8.47). 

 

 
 

Figure 8.47: Action of EcoRI Restriction endonuclease enzyme. EcoR1acts as cutting 

enzyme producing sticky end which joins together to form recombinant DNA. 

 

Molecular Carrier Vector 
The means by which recombinant DNA can be introduced into host cell is called vector. 

A vector is selected to make recombinant DNA. 

 

Plasmids: Plasmids are natural extra chromosomal part of DNA. Plasmid is common type of 

vector. The investigators discovered Plasmids during their study of the life of the intestinal 

bacterium, Escherichia coli. They carry genes for antibiotic resistance, fertility etc. 
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DNA of bacterial viruses: The DNA of bacterial virus could also be used as vector. For 

example, lambda phage which attaches to host bacterium. The recombinant DNA from the 

virus enters into the bacterium. The recombinant DNA replicates and many copies of the 

viruses are formed. Each virus in bacteriophage clone contains a copy of the gene of choice. 

 

Expression System: Bacteria are mostly used as expression system. The clone of 

bacteria is prepared. A clone can be a large number of molecules (i.e. cloned genes) or 

cell (i.e. cloned bacteria) or organisms that are identical to an original specimen. 

 

Process of synthesis of recombinant DNA 
1. The bacterial cells are treated with calcium chloride. It makes the bacterial 

membrane more permeable. Now the bacterial, cells take up recombinant 

2. These bacteria reproduce and bacterial clones are formed. Each new cell contains at 

least one plasmid. Therefore, each clone of bacteria contains the gene of interest, 

3.   The clone bacteria express themselves and make a product. 

4.    The protein product can be separated from the clone bacteria. 

5.   The cloned gene can be isolated from this bacterial clone for further analysis 

(Figure 8.48). 

 

 
 

Figure 8.48: Synthesis of recombinant DNA. Plasmid DNA and foreign DNA cutting 

with same restriction enzyme produces sticky end which helps in the joining of both to 

produce recombinant DNA. It then enters into host bacterium where it multiplies and then 

plated onto agar plate. At end pure recombinant DNA could be obtained. 
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Key Points 
 

1.  Law of segregation states that gene pairs are randomly distributed between gametes 

during gamete formation during the distribution of homologous chromosomes 

during meiosis. 

2.  The law of independent assortment states that during gamete formation gene pairs 

segregate independently of one another.  

3.  Incomplete dominance is an interaction between two alleles which contributes 

more or less equally towards phenotype while Co-dominance is where two alleles 

are expressed in the heterozygote. 

4.  Patterns of inheritance observed up to molecular level by enzymes. Dominant allele 

represents functional enzyme while recessive allele encodes non-functional 

enzyme. 

5.  Changes in DNA and chromosomes include point mutations, which changes DNA 

bases and changes in chromosomes number and structure. 

6.  Mitosis maintains the parental number of chromosomes constant in each in each 

daughter cell while Meiosis reduces chromosome number to half.  

7.  DNA is hereditary material while RNA participates in protein synthesis. 

Nucleotides are building blocks consisting of nitrogenous base, phosphate and 

pentose sugar. DNA replication is semi-conservative resulting formation of two 

daughter strands from one original copy of DNA. 

8.  Protein synthesis involves transcription which is the formation of mRNA from 

DNA and translation which involves movement of mRNA to cytoplasm, where 

transfer RNA and ribosomes link amino acids in proper sequence to produce 

polypeptide. 
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Self Assessment Questions 
 

Q:  Answer the following questions: 

 1.  What do you meant by inheritance and its patterns? How information 

transferred from one to next generation?   

       Ans: See Introduction 

 2.  Explain Mendelian inheritance patterns by keeping in mind Law of 

segregation and Laws of independent assortment. 

  Ans: See 8.2.1 and 8.2.2 

3. How will you differentiate multiple alleles, In-complete dominance and 

Co-dominance? Expalin by using examples. 

       Ans: See 8.3 

 4.  Write a note on nucleosome and its organization. 

          Ans: See 8.5 

5. Differentiate sex chromosomes and autosomes. Explain various sex 

linked relationships along with examples. 

        Ans: See 8.5 

6. Write note on various chromosomal abnormalities on basis of number as 

well structure. 

  Ans: See 8.5 

 7.  What do you meant by cell cycle? Explain processes of cell division by 

mitosis and meiosis.  

  Ans: See 8.5 

 8.  What is basic unit of genetic material? Explain DNA replication in 

Eukaryotes. 

  Ans: See 8.6 

 9.  How proteins could be translated? Explain by keeping in view the 

central dogma of molecular biology. 

  Ans: See 8.6 

 10.  What do you meant by Gene therapy? How Ex-Vivo and In-Vivo gene 

therapy could be used in treatment. Write down application of genetic 

technology. 

  Ans: See 8.6 

 

Q:  Fill in the blanks with appropriate answers. 

 1.  ………………… is the transmission of characters from parents to progeny. 

(Inheritance) 

 2.  …………………..is the classical tool used for transmission of inheritance 

patterns. (Drosophila melanogaster) 

 3.  The physical expression of a gene is called ……………..while genetic 

makeup of an organism is called its ………….. (Phenotype, genotype) 

 4.  The position of gene on the chromosome is called its…………… (Locus) 

 5.  ………….. is the highly dispersed state of chromosomes while its condensed 

form is called …………………. (Chromatin, Chromosome) 



240 

 

 6.  DNA and histones aggregate to form ……………….. which influences gene 

expression. (Nucleosome) 

 7.  Inactive parts of chromosome represents ………………region while active 

portions shows…………………….. (Heterochromatin, Euchromatin) 

 8.  Genes present on the same chromosome are said to be linked and this 

phenomena is called ……………………….. (Gene linkage) 

 9.  …………………….is the process of chromosomal segregation during 

meiosis. (Non-Disjunction) 

 10.  ……………………..is division of nucleus while ……………………….is 

related to division of Cytoplasm. (Karyokinesis, Cytokinesis) 

 11.  Pairing of homologous chromosomes is called …………………….while 

exchange of chromosomal segments is termed as ………………… 

(Synapsis, Crossing-over) 
 12.  The process of sperm formation is ………………….while egg formation in 

ovaries is called …………………. (Spermatogenesis, Oogenesis) 

 13.  Biological process for the production of two identical DNA copies from one 

original DNA molecule is called …………………………… (DNA 

Replication) 

 14.  ……………………..adds new nucleotides along DNA strand. (DNA 

Polymerase ) 
 15.  ……………………….are used for cutting DNA molecules while 

……………………joins them. (Restriction enzymes, Ligase) 

 16.  Flowing down of genetic information within the biological system involves 

……………………….. and ……………………… (Transcription, 

Translation) 
 17.  …………………..is the sequence of three bases coding for different amino 

acids also known as …………... (Genetic code, Codon)  

 18.  ……………………….is process of transcribing mRNA from DNA which is 

then translated into proteins by……………………… (Transcription, 

Translation) 
 19.  Joining of exons and removing introns comes under the term ……………… 

(Splicing) 
 20.  Change in the genetic makeup of an organism is called ………….. 

(Mutation) 
 21.  Organisms with the insertion of any foreign gene in them are called 

………………….. (Transgenic Organisms) 

 22.  The insertion of genetic material into human cells to control diseased 

conditions is called ……………… (Gene Therapy) 

 23.  ……………….are natural extra chromosomal part of DNA. (Plasmids) 

 24.  During DNA replication,…………………. strand is continuous formation of 

complementary DNA strand while laaging strand is in the form of small 

fragments known as …………………. (Leading, Okazaki fragments) 

 25.  Adenine and Guanine are larger bases forming two ringed structures known 

as ……………..While cytosine and thymine forms …………. (Purines, 

Pyrimidines) 
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Introduction 

 
Ethology is the scientific and objective study of animal behaviour, as a rule with an 

emphasis on conduct under normal conditions and to observe behaviour as an 

evolutionarily adaptive trait. Behaviorism, likewise depicts the logical and target 

investigation of creature conduct, usually referring to measured responses to stimuli or 

trained behavioural responses, without a particular emphasis on evolutionary adaptivity. 

It is quickly developing field. Since the 21st century, numerous parts of creature 

correspondence, culture and learning that established researchers long idea it 

comprehended have been rethought, and new conclusions came to. New fields, for 

example, neuroethology, have created. Understanding ethology or animal behaviour  

can be important in animal training. Considering the natural behaviours of various 

species or breeds enables the trainer to select the individuals best suited to perform the 

required task.  

 

Objectives 
 

After Completion of this unit you will be able to: 

1. Describe basic approaches to amimal behavior. 

2. Define and explain anthropomorphism. 

3. Explain development of behavior and learning control of behavior 

4. Acquire sense of communication 

5. Discuss behavioural ecology. 

6. Tell what is social behavior. 

 

 
  

https://en.wikipedia.org/wiki/Scientific_method
https://en.wikipedia.org/wiki/Animal_training
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9.1 Four Approaches to Animal Behavior 
 

Since, centuaries Naturalists and philosophers are observing animal behavior. 

But understanding of this behavior was developed in last century. There are different 

approaches to study animal behavior. 

 

1. Comparative Psychology 
It is the study of differences as well similarities among behaviour of different animals 

belonging to various species. For instance, raising of youthful among flying creatures, 

whales, tigers and others. They also observe the complete behaviour patterns of more 

than two related species. Comparative psychologists studies about genetic, neural and 

hormonal bases of animal behavior. The psychologists performed experiments in 

laboratory and field which helps to understand animal learning and behavioural 

development. They study about the processes of receiving information by animals as well 

about the nature of the behavior patterns. This pattern consists of the animals responses to 

their surroundings. 

 

A wide assortment of animal varieties have been considered by comparative 

psychologists. However, a small number have dominated the scene. Ivan Pavlov's initial 

work utilized dogs; in spite of the fact that they have been the subject of occasional 

studies, since then they have not figured prominently. Increasing interest in the study of 

abnormal animal behavior has led to a return to the study of most kinds of domestic 

animal. Thorndike began his studies about cats, but American comparative psychologists 

quickly shifted to the more economical rat, which remained the almost invariable subject 

for the first half of the 20th century and keeps on being utilized. 

 

Skinner presented the utilization of pigeons and they continue to be important in some 

fields. There has always been interest in studying various species of primate; important 

contributions to social and developmental psychology were made by Harry F. Harlow's 

studies of maternal deprivation in rhesus monkeys. Cross-fostering studies have shown 

similarities between human infants and infant chimpanzees. Kellogg and Kellogg (1933) 

aimed to look at heredity and ecological impacts of youthful primates. They found that a 

cross-fostered chimpanzee named Gua was better at perceiving human smells and 

clothing and that the Kelloggs newborn child (Donald) perceived people better by their 

appearances. The study ended 9 months after it had started, after the infant began to 

imitate the noises of Gua. 

 

Non-human primates have been utilized to show the development of language in 

comparison with human development. For instance, Gardner (1967) effectively taught the 

female chimpanzee Washoe 350 words in American Sign Language. Washoe 

subsequently passed on some of this teaching to her adopted offspring, Loulis. A 

criticism of Washoe's acquisition of sign language focused on the extent to which she 

actually understood what she was signing. Her signs may have just based on an 

association to get a reward, for example, food or a toy. Other studies concludes that apes 

do not understand linguistic input, but may form an intended meaning of communication. 

https://en.wikipedia.org/wiki/Edward_Thorndike
https://en.wikipedia.org/wiki/Rat
https://en.wikipedia.org/wiki/Primate
https://en.wikipedia.org/wiki/Harry_F._Harlow
https://en.wikipedia.org/wiki/Maternal_deprivation
https://en.wikipedia.org/wiki/Rhesus_monkey
https://en.wikipedia.org/wiki/Gua_(chimpanzee)
https://en.wikipedia.org/wiki/Washoe_(chimpanzee)
https://en.wikipedia.org/wiki/American_Sign_Language
https://en.wikipedia.org/wiki/Loulis_(chimpanzee)


247 

 

All great apes have been reported to have the capacity of allospecific symbolic 

production. Interest in primate studies has increased with the increase in studies of animal 

cognition. Other animals thought to be intelligent have also been studied. Examples 

include various species of corvid, parrots especially the African gray parrot and dolphins. 

Alex (Avian Learning experiment) is a well known case study (1976–2007) which was 

developed by Pepperberg, who found that the African gray parrot Alex did not only 

mimic vocalisations but understood the concepts of same and different between objects 

(Figure 9.1) .  

 

 
 

Figure 9.1: Alex parrot. African grey parrot and able to distinguish between colours, 

shapes and sizes. 

 

The study of non-human mammals also included the study about dogs. Due to their 

domestic nature and personalities, dogs have lived closely with humans, parallels in 

communication and cognitive behaviours have been recognised with further research. 

Joly-Mascheroni and colleagues (2008) demonstrated that dogs may be able to catch 

human yawns suggesting a level of empathy in dogs, point that is strongly debated. Pilley 

and Reid found that a Border Collie named Chaser  ables to successfully identify and 

retrieve 1022 distinct objects or toys. 

 

2.  Ethology 

The study of animal behavior on the basis of evolution and the natural environment is 

called ethology. This approach was used by Konrad Lorenz, Niko Tinbergen and Karl 

von Frisch who got Nobel Prize in Physiology or Medicine in 1973. Ethologists studied 

behavior of different animals and closely related species in their natural environments 

including information about evolutionary aspect and origin of behavioural patterns. 

Ethologists are not interested in learning. They are interested in animal communication, 

mating.behavior and social behavior (Figure 9.2). 

 

https://en.wikipedia.org/wiki/Intelligence_(trait)
https://en.wikipedia.org/wiki/Corvid
https://en.wikipedia.org/wiki/African_gray_parrot
https://en.wikipedia.org/wiki/Dolphin
https://en.wikipedia.org/wiki/Alex_(parrot)
https://en.wikipedia.org/wiki/Border_Collie
https://en.wikipedia.org/wiki/Chaser_(dog)
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Figure 9.2: Range of animal behaviours. Different animals showing different kinds of 

behaviours according to their habits, their relations among themselves and impact on 

environment. 

 

3.  Behavioral ecology 

Behavioural ecology is the study of the evolutionary basis about animal behavior due 

to ecological pressures. If an organism has a trait which provides them with a selective 

advantage (i.e. has an adaptive significance) in its environment, then natural selection can 

potentially favor it. Adaptive significance therefore refers to the beneficial qualities such 

as in terms of increased survival and reproduction. For example, genetic differences 

between individuals may lead to behavioral differences, some of which in turn may drive 

differences in reproductive success and ultimately over generations, the increase of 

individuals with those favoured traits, i.e; evolution. Individuals are always 

in competition with others for limited resources including food, territories and mates. 

Diffeences will occur between predators and prey, between rivals for mates, between 

siblings, mates and even between parents and their offspring (Figure 9.3). 

 

It emphasizes the ecological aspects of animal behavior. The behavioral ecologists 

studies: 

 Predator-prey interactions 

 Foraging techniques 

https://en.wikipedia.org/wiki/Natural_selection
https://en.wikipedia.org/wiki/Competition


249 

 

 Reproductive behaviour 

 Selection for Habitat  

 Intraspecific and interspecific competition 

 Socialism 

 

 
 

Figure 9.3: Animal behavior. (A) Huddling Penguins in the Antarctic (B) Flying Geese 

in aerodynamic (C) An African elephant crossing a river (D) Bee waggle dance 

conveying information (E) Frog having vocal sac (F) Stotting gazelle. 

 

4.  Sociobiology 

The study of the evolution of social behavior is called sociobiology.  Sociobiologist 

explains the importance of natural selection, investigating social behaviors including 

mating patterns, territorial fights, pack hunting and the hive society of social insects. It 

states that selection pressure lead animals evolving useful ways of interaction with the 

natural environment, so it also lead towards genetic evolution of advantageous social 

behavior. 

 

Activity 1: Study and compare different approaches towards animal behavior. 
 

  

https://en.wikipedia.org/wiki/Hive_(disambiguation)
https://en.wikipedia.org/wiki/Social_insect
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9.2 Proximate and Ultimate Causes 
 

Behavioral scientist wants to know about the behavior of animals performing different 

things. There can be two causes of doing different things: 

1. Proximate causes 
 More immediate ecological and physiological causes of 

.
behavior are called 

proximate causes. For example, eating to satisfy hunger. 

2. Ultimate causes 
 It is another level of causation in behavior and occurs on the evolutionary time 

scale. For example, a display attracts a mate increasing the chances of transfer of 

genetic information to the next generation. 

 

An example of incorporation of both proximate and ultimate causes is among Beldings 

ground squirrels. When males touched the age of about two months, they leave their 

burrows where they were born. It is due to increase in testosterone or hormonal changes 

that trigger this behavior. So, the proximate cause of the nest leaving behavior involves 

the increase in testosterone levels in the squirrel and ultimate cause is that this behavior is 

due to better survival as well for the purpose of reproduction enhancement (Figure 9.4). 

 

 
 

Figure 9.4: Belding ground squirrel. It represents example of both proximate and 

ultimate cause of behaviour. Proximate is nest leaving while ultimate is to leave for the 

purpose of survival. 

 

A zebra is drinking at water hole hearing another zebra nearby making an alarm call. First 

zebra immediately runs away. The proximate cause of the zebra running away would be 

the alarm call. But the ultimate cause to run is survival. It runs away because for its 

survival. The alarm call is not the source of danger but it alerts the zebra about the 

danger, maybe nearby and lion can threaten the zebras chance to survive. 
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A male stickleback fish attacks other male of same species invading its nesting territory. 

In proximate reason, the red belly of the intruding male acts as sign stimulus releasing 

aggression in male stickleback. By ultimate reason, chasing away other male stickleback 

decreases the chance that eggs laid in his nesting territory could be fertilized by another 

(Figure 9.5). 

 

 
 

Figure 9.5: Aggressive behavior by male stickleback. An example of Proximate and 

ultimate perspectives. 

 

Activity 2: Study and conduct different examples revealing differences between 

ultimate and proximate causes of animal behavior. 

 

9.3 Anthropomorphism 
 

The application of human characteristics to anything other than humans is called 

anthropomorphism. The human feelings cannot be assigned to animal behavior. These 

animals (especially invertebrate) do not give accurate human behavior. For example, an 

earthworm is placed on a fishhook. It can be explained in two ways: 

 

(a)   Anthropomorphic explanation 

It can be thought that the fish can hurt the earthworm. Or it can cause pain in it? Hurt and 

pain are human feelings. These are present in our conscious. Thus application of hurt and 

pain to earthworm is anthropomorphism. 

 

(b)   Physiological explanation 
This problem can be explained in another way which reduces the anthropomorphic 

interpretation. When the earthworm is placed on the hook, certain receptors are 

stimulated. These receptors generate nerve impulses. This impulse travel through neuron 

and causes reflex action. The impulses stimulate muscles. The contraction of muscles 

allows the worm to escape from the hook. This explanation gives the actual mechanism 

of reflex. It does not give the feelings of earthworm. 
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9.4 Development of Behavior; Learning Control of Behavior 
 

Normal behavioral patterns require genes for its development. For instance, limbs are 

locomotory organs among vertebrates. There are some genes of the limbs. But the normal 

development of limbs requires interaction with the environment of animals. Maintainance 

of normal development in this environment includes proper nourishment, water balance 

and many other factors. 

 

Maturation 

Some behavior patterns appear only after some specific stage or time of developmental. 

This stage or time is called maturation: The development of nervous system and other 

structures is completed during maturation. Therefore, the performance of the behavior 

pattern improves. Its example is tail movement in frog embryos. Tail is developed in egg 

near hatching. But the embryo is present still in the egg membranes. It starts moving its 

tail inside the egg membrane. It looks as it is swimming in water. This movement 

improves with time due to maturation. In metamorphosis, Frogs start as eggs which hatch 

and grow into tadpoles. After a week or more, the tadpole begins swimming and feeding 

on algae. Tadpoles feed on vegetation and have a long, coiled intestine to digest algae. 

They have fish-like movement with tail and undulating body movements. The respiratory 

organs of tadpoles are external gills. At around four weeks, tadpoles lose their gills and 

rely on lungs for respiration. 

 

By six to nine weeks, hind limbs appear and then forelimbs. The organism may start 

consuming insects and other plant material and the length of intestine is reduced. The tail 

shortens over time, is not much more than a stub around twelve weeks, and eventually it 

disappears altogether. In short the fish form is changed into a land dwelling form (Figure 9.6). 

 

 
 

Figure 9.6: Metamorphosis. An example of maturation in which frogs physical 

development after birth or hatching involving abrupt changes in the animal's body 

structure through cell growth and differentiation. 
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Instinct Learning Interactions 
The inherited behavior is called instincts. The change of behavior by life experiences 

is called learning.  Interactions of inherited and learned components develop many 

behavior patterns. There are following examples of interaction of instincts and learning. 

For example, Young bobcats were kept in isolation along with white rat which was 

placed there. They did not attack it. They attacked the rat only when it tries to escape. 

The attack was not perfect in th begining. But with the passage of time and many 

attempts, they captured the prey by neck and killed it in no time. Thus, learning refines 

inherited behavior. Learning occurs during play with litter mates under normal 

conditions. 

 

Imprinting  

The attachment of a young animal toward another animal or object is called 

imprinting. The attachment is formed only during a specific critical period. This period 

is soon after hatching or birth. Imprinting is not reversible. Imprinting is a rapid learning 

process. It occurs without reinforcement. Kcnrad Lorenz (1903-1989) conducted 

experiments on geese. He allowed the geese to imprint on him. The goslings (offspring of 

geese) followed him like their mother. Imprinting occurs in many species of birds. They 

young follow the parent soon after birth. They recognize their parents by imprinting. 

Then parents lead them towards the nest. Both visual and auditory cues (sign) are 

important in imprinting systems (Figure 9.7). 

 

 
 

Figure 9.7: Imprinting in young birds. Circular area where duckling with the help of 

audio signals gain its sense of species identification. 

 

Imprinting occurs only at specific stage of life. Hatching ducks perceive the primary 

grown-up they see their mom and make relation. One of the well-known sights is 

duckling strolling after their moms (Figure 9.8). This is type of non-acquainted adapting, 

yet critical in the development procedure of these creatures as it urges them to remain 

close to their mom so they will be ensured, enormously expanding their survival chances. 
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In any case, if infant duckling sees human being before their mom, they will follow the 

human in the same manner as in the case of their real mother.  

 

 
 

Figure 9.8: Imprinting. Duckling attachment with their mother after hatching. 

 

Activity 3: Clear out the differences among instinct behavior and imprinting by 

discussion. 

 

Learning 

The changing behavior due to life experiences is called learning. It is an adaptive process 

and allowing animal to respond according to environmental changes. The behavioral 

choices of an animal increases with learning. The learning ability correlates with 

environment. The animal rapidly responds to stimulus with instinctive behavior. An 

animal may modify its behavioral responses through learning or experience in certain 

environmental changes. This modification is adaptive and allows an animal to change its 

response according to given situation. There are different categories of learning. These 

are habituation which is the simplest form of learning to insight learning which is 

considered as the most complex form. 

 

1. Habituation (become used to) 

The decrease in response to continuous stimulations is called habituation. It is the 

simplest form of behavior. Some environments are constant and unimportant. An animal 

need not respond to stimuli in these environments. Therefore, it becomes habitual to 

unimportant stimuli. Habituation conserves energy and time of an animal. This energy 

can be spent on other important functions. 

 

Examples                                                                                          
1. A turtle steps its head once again into its shell when its shell is touched. 

Subsequent to being touched over and over, the turtle realizes no more danger and 

does not hide anymore. 

2. Squirrels in adjust themselves to the movements of humans and automobiles in city 

park.  
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Physiology of Habituation 

The response returns rapidly with removal, of stimulus. Habituation does not involve any 

conditioning and controlled through central nervous system. It differs from sensory 

adaptation and is repeated stimulation of receptors. Finally, these receptors stops giving 

response. For example, one person enters in a room. He feels unusual odor in the room. 

His olfactory sense organs soon stop responding to these odors. 

 

a.  Classical Conditioning 

Exchaning of an irrelevant stimulus with a natural primary stimulus that produces an 

automatic response is called classical conditioning. It was discovered by Russian 

physiologist, Ivan Pavlov (1849-1936) who performed experiment on dogs. In this 

experiments, the dogs start secreting saliva after seeing or smelling food. Researcher rung 

the bell every time food was given to the animal. After several trials, the dog starts 

secreting saliva only after listening bell rining. At first unconditioned response was to 

salivate after seeing food with ringing of bell acting as conditioned stimulus.  But with 

the passage of time salivation became the conditioned response. (Figure 9.9). 

 

 
 

Figure 9.9: Classical conditioning. In the Pavlov experiment, the dog learns to 

associate the bell ringing with food. 

 

According to some scientists that this type of conditioning requires many exposures to 

the paired stimulus and response, but with the passage of time it was known that it is not 

necessary in all cases and some conditioned responses can be learned in a single pairing 

experiment. Classical conditioning is important in behaviorism which is a branch of 

psychological philosophy which states that all actions, thoughts and emotions of living 

things are behaviors that can be change by modification and as result of changes in the 

environment. 

 

b.  Instrumental conditioning 

Trial and error learning is called instrumental conditioning. The animals learn during 

searching actions. For example, an animal finds food by walking and moving here and 

there. The food reinforces the behavior in turn associating the reward with behavior.  
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Examples 
Skinner box is a classic example of instrumental conditioning. It was developed by B. F. 

Skinner (1904-1990). He placed the rat in the box. The rat started exploring the box. It 

moves all boxes accident pressing a lever and rewarded with food pellet. It gets food after 

pressing lever each time. Therefore, the rat associates the reward with the behavior and 

learns to press the lever to receive the reward. The animal is instrumental in this type of 

learning. It provides its own reinforcement. Reinforcement (fed) which can be positive or 

negative shapes the behavior in instrumental conditioning. Finally, the animal learns to 

press the lever to get food. In positive reinforcement there will be some kind of reward 

while punishment in case of negative reinforcement. For example, tricks performed by 

dolphin at marine amusement park which get food in turn is type of positive 

reinforcement (Figure 9.10). 

 

 
 

Figure 9.10: Instrumental conditioning. Dolphins training to get reward in the form of 

food (positive reinforcement). 

 

c.  Latent Learning 

To make associations without immediate reinforcement or reward is called latent 

learning. It is also called exploratory learning. Animal is allowed to learn about its 

surroundings. Knowledge about living area of the animal is important for its survival. It 

enables the animal to escape from predator and to capture prey. 

 

Example 
A rat which was placed in a maze without any kind of food or reward. It starts exploring 

the maze slowly. After some time food was provided and rat quickly runs to explore it. 

Thus some learning of the maze occurs. But this learning remains latent or hidden. The 

reinforcement (food) exposed this learning in future (Figure 9.11). 
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Figure 9.11: Latent learning. At first day rat finds it difficult and take more time to 

reach hidden platform to get food. But at second and third day, time duration decreases 

until at fourth day results to get food in no time. 

 

d.  Insight Learning  

Association of experiences and solving problems by using cognitive or mental 

processes is called insight learning.  

 

Examples 
Wolfgang Kohler (1887-1967) performed experiments on chimpanzees. He trained the 

chimpanzee to use tools for obtaining food rewards. Animal was provided with some 

bamboo poles which can be joined together to become longer pole while some bananas 

were hanging from the ceiling. The chimpanzee formed the longer pole and used it to 

knock down the bananas which fall on the floor of cage. The animal used insight learning 

to get bananas. In the same way if they were provided with many boxes, animal could 

stack up them to perform the action. This type of learning is much better than 

conditioning (Figure 9.12). 

 

 
 

Figure 9.12: Insight learning. Its sudden realization that Kohler chimpanzees had when 

they realized that they could use the sticks and stack up the boxes to get the food. 
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Primates are more efficient to use cognitive learning but it is not limited only to them. 

H.C. Blodgett in the 1920s explains cognitive skills in a simple mammal such as rats 

running through the maze. Rats were divided into three groups I, II and III and allowed to 

run through the maze for several days with food provided at the end of run. Group-I acts 

as control and get food after completion of run. Group-II got no food for the first six days 

but got food after that while group-III starts getting food from third day. As a result, 

Group-I learned very quickly while group-II and group-III showed slow responses and 

learned only after getting rewad in the form of food (Figure 9.13). Rats simply learned to 

find their way through a conditioned series of right and left turns. E.C.Tolman proves 

later that the rats were making representation of the maze in their minds and termed it 

“cognitive map.” This was an early demonstration of the power of cognitive learning and 

these abilities were not only limited to humans. 

 

 
 

Figure 9.13: Cognitive or insight learning.  Rats learn faster and catch up the control 

group only after getting food. The orange dots on the group-II and III lines showing the 

number of days when food was provided. 

 

Activity 4: Find out the similarities and differences between various types of learning 

process through behavior. 
 

  



259 

 

9.5 Communication 
 

Transfer of information among various animals is called communication. It requires 

both sender and receiver with mutual adaptation of both animals. One animal sends 

signals to the receiver.  

 

a)  Intra-specific communication 

 It occurs within species and important especially for reproductive success. 

b)   Inter-specific communication 

 These commutations occur between species. Examples of interspecific 

communication are warning signals. Animals use many ways including visual, 

auditory, tactile and chemical signals. Animals involving combinations of signals 

are more effective than single signal and these signals also influenced by natural 

selection. 

 

(a)  Visual Communication 
It is very important for many animals transferring more information in a very less time. 

1. Many animals e.g., molluscs and vertebrates other than mammals have well 

developed eyes with color vision. 

2. Many fishes, reptiles and birds show brilliant color patterns showing signaling 

function.  

3. Some mammals are nocturnal with darker colour, usually come at night. So they 

lack color vision and their ancestors are nocturnal as well. 

4. Primates (man, monkey etc) have both color vision and colorful displays. 

5. There are bright facial markings on a male mandrill. Therefore, visual signal are 

present in them at all times. 

6. The signal may be hidden or located on less exposed area of the body. For 

example, some lizards like green anoles able to change their color through 

activities of pigment cells in the skin.  

 

Visual signals has disadvantage because sometimes various objects in the environment 

block the line of sight. Therefore, it is difficult to see these signals from long distances. 

Similarly, the signals are not effective at night. These signals can be detected by 

predators. 

 

(b)  Acoustic or Sound Communication 

Acoustic or sound communication mostly used by arthropods and vertebrate which use 

energy for its production. Sounds can be used during night or day. They travel around 

objects. Therefore, open or hidden animals can produce or receive these signals. Sounds 

have many variations in frequency, duration, volume and tone. Therefore, sounds could 

convey a lot of information. Acoustic communications send signal according to 

environmental conditions. For example: 

1. Production of low frequency calls by tropical forest birds and sounds by primates 

which can pass easily through dense vegetation. 
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2. Some territorial birds sit on a high perch. It delivers the signal more perfectly. 

Many small species of birds gives alarm calls. 

3. Most complex acoustic signals are studied in human and birds. These are birdsong 

and human speech. 

 

(c)  Tactile Communication 
The communications between animals by physical contact are called tactile 

communications. Their examples are antennae of invertebrates and the touch receptors in 

vertebrate’s skin. The birds clean the feathers of other birds.  

 

(d)  Chemical Communication 
It is a common method of communication. Single-celled Organisms have chemoreceptors 

which help in the recognition of other members of same species. Chemical signals are 

well-developed among insects, fishes and mammals. These signals have many advantages 

conveying simple message which lasts for long time. They also transport over long 

distances. It also needs little energy for production. While disadvantages are that they act 

slowly and cannot be changed quickly.  

 

Pheromones 

Chemicals synthesized by one organism and affecting the behaviour of another member 

of the same species are called pheromones. Detection of chemical signal is due to the 

presence of olfactory receptors in the receiving animals. Among many animals marking 

of territories by depositing odors acts as chemical signals. Differences in the chemical 

structure of pheromones are related to their function. Pheromones are used for marking 

territories. They are used to attract mate. The pheromones have higher molecular weights. 

Therefore, they last long time. Airborne signals dispersed easily because of having less 

molecular weight. For instance, the mate attracted air borne pheromones are present in 

female moths. The males can detect them from several kilometers away. 

 

Activity 5: Find out the examples for various communicating behavior among animals. 

 

9.6 Behavioral Ecology 
 

Behavioral ecologists investigate following aspects of animals: 

1. Orientation and navigation: Animals finding their way. 

2. Habitat selection: Finding a place to live. 

3. Foraging behavior: Selection of food to eat. 

 

1.  Orientation and Navigation 

Innate or instinctual behaviors depend on response towards stimuli. For example, reflex 

action is an involuntary and rapid response towards stimulus. A doctor taps at tendon 

below knee cap with rubber hammer to test about the knee-jerk reflex. Then, nerves 

stimulation leads towards reflex of leg extension at knee. This is similar when person 

pulls her hand instantly away after touching hot stove. Kinesis is another example of 
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innate behavior which is the undirected movement towards stimulus such as, orthokinesis 

is the increased or decreased speed movement of an organism towards stimulus. 

Woodlice increase their speed of movement when exposed to high or low temperatures. 

This movement, although random, increases the probability that insect spends less time 

under unfavorable environment.  

 

Kinesis is related to taxis which are the directed movement towards or away from 

stimulus. The response can be towards light (phototaxis), chemical signals (chemotaxis) 

or gravity (geotaxis) and directed toward (positive) or away (negative) from stimulus. An 

example of a positive chemotaxis is unicellular protozoan Tetrahymena thermophila 

which swims with the help of its cilia either in a straight line or moving in zig-zag 

manner.  

 

A fixed action pattern is a series of movements Affected by stimulus but even after 

stimulus removal complete its path. An example of such a behavior occurs in the three-

spined stickleback, a small freshwater fish (Figure 9.14). Males of this species develops 

red belly during breeding season showing instinctual aggressiveness to other males 

during this time. In the laboratory, even after the exposure towards artificial fishes similar 

to original ones, male sticklebacks responded aggressively to them  and attack them as 

they are real male sticklebacks. 

 

 
 

Figure 9.14: Fixed action pattern showing by male three-spined stickleback. During 

mating season, the male fishes having bright red belly, attacks aggressively red-bottomed 

objects that in no way resemble fish. 

 

2.  Habitat Selection 
The animal’s choice about choosing a place to live is called habitat selection. Two types 

of factors affect the habitat selection. 
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i.  Physiological tolerance limits of the animals 

 It is determined by the evolutionary history of the species. It involves temperature, 

humidity, water salinity and other environmental parameters. 

ii.  Choices of the animals 

 The choice of the animals is based on availability of food resources, nest sites, lack 

of predators and past experience. 

 

Example 
Woodland deer unable to bear high temperature in the field environment. So, they 

preferred to live in forests rather than fields. It is physiological limit of these animals. But 

they prefer areas with larger trees within the West which provides them with more food. 

They also provide better shelter and more nest sites.  

 

Due to seasonal change most of the animals migrate to other place in search of better 

food and shelter. For example, in winter season birds fly towards warm climates and 

salmon move towards spawning grounds. It has been shown in the popular documentary 

March of the Penguins that they move about 62 miles away in search of food and then 

bring that back to their nesting places and feed their young ones. Wildebeests (Figure 

9.15) migrates about1800 miles every year to find new grassland. Although migration is 

thought of as innate behavior, only some migrating species always migrate (obligate 

migration). Animals that exhibit facultative migration can choose either they have to 

migrate or not. In some animals, only some members of the population migrates while 

others take rest (incomplete migration). For example, owls that live in the tundra may 

migrate in years while small rodents do not migrate during the years even in the presence 

of less food. 

 

 
 

Figure 9.15: Habitat selection. Wild-beests migrates about 1800 miles in a clockwise 

fashion each year in search of rain-ripened grass in search of better habitat. 
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3.  Foraging Behavior 
It is the process used to search food. All animals consume food to survive and spend most 

of their time in finding and consuming it. It includes the choice about various food items 

that may not be distributed evenly in the environment and in the form of patches or 

clumps. There is always energy gain in order to search and digest the food. When this 

energy gain exceeds than that of energy lost it is known as optimal foraging behaviors 

which is favored by natural section. For instance, use of long beaks by painted stork to 

search at the bottom of a freshwater marshland for crabs and other food particles (Figure 

9.16). Humming birds and different bee species visit flower clumps to obtain nectar. 

Owls eat small rodents present in fields and forests.  

 

 
 

Figure 9.16: Foraging behavior. Painted stork searching for food with its long beak. 

 

Specialists and Generalists 
1. Specialists: Some animals are specialists to serach for for diet and habitat 

selection. Evolution has made them very efficient for using particular 

resource. Koala is an Australian marsupial mammal, eats the leaves of some 

species of eucalyptus trees. Its digestive system is adapted for deriving energy from 

the leaves of these trees. Thus it is a specialist. It can exploit a particular resource 

only but also risky. In case of extinction of this plant species, koalas will not be 

able to survive. 

2. Generalists: The animals eating variety of foods or living organism in a variety of 

habitats are called generalists and able to survive under wide range of conditions. 

Humans are a good example of a generalist species. The generalists has 

disadvantage to compete with others because of eating and living anywhere which 

is not faced by specialists. 
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9.7 Social Behavior 
 

The interactions among members of the same species are called social behavior. It is also 

applied to animals of different species excluding predator-prey interactions. 

 

Living in Groups 
Animal aggregation for simple purpose like feeding, drinking or mating is called 

group. Several Drosophila flies live on a piece of rotting fruit which is an example of 

aggregation. Individuals of the same species maintaining cooperative social relationship 

forms animal society. This association typically extends beyond the level of mating and 

taking care of young. Social behavior has also evolved independently in many species of 

animals. Therefore, invertebrates and vertebrates have complex social organizations. 

Advantages of social grouping are: 

 

1. Living in groups gives protection against predators. Several group members warn 

each other about an intruder. Cooperative hunting and capturing of prey also 

increase the feeding behaviour of predators. 

2. Social grouping protects its members from harsh environment. They huddle 

together in cold weather. The members of the social groups help each other for 

finding mate and rearing of young. 

3. Many insects have developed social grouping. These social groups have evolutionary 

division of labor with specialization of different individuals performing different tasks 

such as defense, food procurement and feeding of young ones.  

 

There are following disadvantages of social groupings: 

1. Competition for resources developed between the members of the social groups. 

2. The diseases and parasites spreads more rapidly in animal groups. 

3. They interfere each other for reproduction and rearing of young.  

 

Communication within Species  

Animals communicate with each other by using stimuli which are known as signals. 

These signals could be chemical (pheromones), aural (sound) or tactile (touch). These are 

not the same as the communication in humans in the form of language and perhaps in 

some primate species. 

 

A pheromone is a secreted form of chemical signal in some insects and used to attract the 

mate, to sound alarms and to elicit other complex behaviors. Humans secrete pheromones 

in the form of axillary steroids which influence human perception of other people. The 

role of these chemical messengers in human-to-human communication is still 

controversial and need to access. 

 

Songs displays an example of aural signals that needs to be heard by the recipient. 

Perhaps the best known of these are bird songs, which identify the species and used to 

attract mates. Courtship displays are a series of ritualized visual behaviors (signals) 

designed to attract and convince a member of the opposite sex to mate. These displays are 
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ubiquitous in the animal kingdom. Often these displays involve a series of steps, 

including an initial display by one member followed by a response from the other. If at 

any point, the display is performed incorrectly or a proper response is not given, the 

mating ritual is abandoned and the mating attempt will be unsuccessful. The mating 

display of the common stork is shown in Figure 9.17. 

 

Aggressive displays are also common in the animal kingdom. An example is when dog 

bares its teeth and wants another dog to back down. Presumably, these displays 

communicate not only the willingness of the animal to fight, but also its fighting ability. 

Distraction displays are seen in birds and some fish. They are designed to attract a 

predator away from the nest that contains their young. This is an example of an altruistic 

behaviour, it benefits the young more than the individual performing the display, which is 

putting itself at risk by doing so. Many animals, especially primates, communicate with 

other members in the group through touch. Activities such as grooming, touching the 

shoulder or root of the tail, embracing, lip contact and greeting ceremonies have been 

observed in the Indian langur, an Old World monkey. Similar behaviors are found in 

other primates, especially in the great apes. 

 

 
 

Figure 9.17: Communicating behavior.  This stork’s courtship display is designed to 

attract potential mates.  

 

Agnostic Behavior, Territories and Dominance Hierarchies 

 

Agnostic behavior 
The behavior in which one animal becomes aggressive and attacks another animal and in 

turn the other animal responds also by aggression is called agnostic behavior. A society 

of animals maintains social structure. Agnostic behavior is lethal in rare cases. Usually 
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the animals are not killed or severely injured. The males show their aggression in the 

form of threat displays. The aggression displays involve signals. It warns other males of 

an intention to defend an area or territory. Agnostic behavior seems anti-social but 

maintains the social order. It is important in the maintenance of territories and dominance 

hierarchies. 

 

Territory 
The site defend by territorial animal by agnostic behavior is called territory of the animal. 

They excluded the competing individuals from this site. Many male birds and mammals 

occupy breeding territory. A male actively defends his area against other males. He 

attracts a female in his territory and mates with her without interference. Some 

territories
.
 contains food supply while some provides shelter. It also protects the animal 

from predators and unfavorable climate conditions. 

 

Dominance Hierarchies (Grouping) 
The organization of animal groups in such a way that some members have more access to 

resources like food or mates than others is called dominance hierarchies. Some animals 

are present near the top of the order with first choice of resources. The animals present 

near the bottom do not get sufficient resources. 

 

Example 
1. Pecking (fight with beaks) order is an example of a dominance hierarchy. Peck 

order is present in chickens which are placed together. They fight among 

themselves. Finally, a linear hierarchy of dominance is formed. Higher-ranked 

chickens are first to eat. They peck lower-ranked chickens. Peaceful co-existence is 

possible after the setting of the hierarchy. Sometimes, a bird tries to move up in the 

order. Therefore, occasional fights occur. 

2. The most common dominance hierarchy is present in the form of linear 

relationships in many vertebrates. Most of the times, triangular relationships also 

form. For example, when the strongest male is highest in the rank order among 

baboons but older males suppress a stronger male leading the troop. 

 

Altruism (Sacrifice for others) 

Giving up or sacrificing its reproductive potential by one individual to benefit another 

ones is called altruism.  

 

Advantages of Altruism 
An animal produce a large number of Offspring. It makes him successful in a biological 

sense. Thus it passes its genes to succeeding generations. This animal also shares some 

genes with its relatives and their young. Therefore, he helps his relative and his young. It 

increases his reproductive potential or output. Therefore, he helps his relatives in their 

survival. Thus an individual pass more gen s theoretically to the next generation than by 

rearing his own young. 
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Examples 
1.  Altruism in crows: One individual of group of crows gives an alarm call warning 

the other individuals of the group of a predator. This call may attract the predator to 

the sender of the signal. 

2.  Altruism in Honey bee: Altruism is also present in societies of insects like 

honeybees. The male drones are haploid while female workers and queen are 

diploid. It develops genetic asymmetry. Diploid workers share three fourths of their 

genes with their full sisters. If they reproduced, they will share only half of their 

genes with hypothetical offspring. Thus, female honeybees have more genes 

common with their sisters than their offspring. The workers help their mother to 

produce more sisters. Thus, the worker passes more genes to the next generation by 

their mother with some of their sisters becoming reproductive queens. 

 

All animals do not reproduce sexually but sometimes they have to find suitable mate after 

competing with other individuals. Most of the energy is spent in this process of locating, 

attracting and mating with the opposite partner. Two types of selection occurs during this 

process that leads to important traits for reproduction called secondary sexual 

characteristics. Intersexual selection is the choosing of a mate where individuals of one 

sex selects mate of the other sex while intrasexual selection, the competition for mates 

between species members having same sex. Intersexual selection is often complex 

because choosing a mate may be based on a variety of visual, aural, tactile and chemical 

signals. An example of intersexual selection is when female peacocks choose to mate 

with the male with the brightest plumage. This type of selection often leads to traits in the 

chosen individual that do not enhance survival but are those traits most attractive. 

Intrasexual selection involves mating displays and aggressive mating rituals such as rams 

butting heads among which the winner is the one that is able to mate. Many of these 

rituals use up considerable energy but results in the selection of the healthiest, strongest 

and most dominant individuals for mating. Three general mating systems, all involving 

innate as opposed to learned behaviors present in animal populations: monogamous, 

polygynous and polyandrous. 

 

In monogamous system, Pairing occurs between one male and one female for one 

breeding season. In some animals, such as the gray wolf, these associations lasts much 

longer, even a lifetime. Several explanations have been explained for this type of mating 

system. The “mate-guarding hypothesis” during which males stays with the female 

preventing other males to mate with her. This behavior is advantageous in such situations 

where mates are scarce and difficult to find. Another ones is “male-assistance 

hypothesis,” where males that remains with female to help guard and rear their young 

having healthier offspring. Monogamy is observed in many bird populations where along 

with parental care from the female, the male is also a major provider of parental care for 

the chicks. A third explanation for the evolutionary advantages of monogamy is the 

“female-enforcement hypothesis” where the female ensures that male does not have 

other offspring that competes with her own, so she actively interferes with the male’s 

signaling to attract other mates. 
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Polygynous mating refers to mating one male with multiple females. The female must be 

responsible for parental care as the single male is not capable to provide care to many 

offsprings. In resourced-based polygyny, males compete for territories with the best 

resources and mate with females that enters the territory, drawn to its resource richness. 

The female benefits by mating with a dominant, genetically fit male; however, it is at the 

cost of having no male help in caring for the offspring. An example is seen in the yellow-

rumped honeyguide, a bird whose males defend beehives because the females feed on 

their wax. As the females approach, the male defending the nest will mate with them. 

Harem mating structures are a type of polygynous system where certain males dominate 

mating while controlling a territory with resources. Elephant seals, where the alpha male 

dominates the mating within the group are an example. A third type of polygyny is a lek 

system. Here there is a communal courting area where several males perform elaborate 

displays for females, and the females choose their mate from this group. This behavior is 

observed in several bird species including the sage grouse and the prairie chicken. 

 

In polyandrous mating systems, one female mate with many males and such systems are 

very rarer. In pipe-fishes and sea-horses, males receive the eggs from the female, 

fertilizing them, protecting them within a pouch and giving birth to the offspring (Figure 

9.18). Therefore, the female is able to provide eggs to several males without the burden 

of carrying the fertilized eggs. 

 

 
Figure 9.18: Polyandrous mating.  In which mating of one female with many males as in 

the (A) seahorse (B) pipefish. 

 

Kin Selection 
William Hamilton (1936) proposed the idea of kin (relatives) selection. It explains that 

selection act on related animals. This selection of related animals can affect the fitness of 

an individual. A gene that a particular individual carries passes to the next generation 

through a related animal. Therefore, the fitness of an individual is based on the genes it 

passes on. It is -also based on those common genes that its relatives pass on. Therefore, 

altruism is a genetically based tendency. It is passed on by the individual carrying it or by 

a relative who also carries it. But the individuals of a group must identify its relatives for 

kin selection to work. It is done by small groups of primates and social insects 
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Key Points  
 

1.  Animal behavior adapted to environment and proximate and ultimate causation is 

playing important role. 

2.  Behaviors are responses to stimuli and can either be instinctual or innate behaviors, 

which are not influenced by the environment or learned behaviors while influenced 

by environmental changes.  

3.  Instinctual behaviors include mating systems and communication ways. Learned 

behaviors include imprinting and habituation, conditioning and most powerfully 

cognitive learning.  

4.  Although the connection between behavior, genetics and evolution is well 

established, the explanation of human behavior as entirely genetic is controversial. 

 

Self Assessment Questions 
 

Q:  Answer the following questions: 

 1.  What do you meant by animal behavior? Explain four different 

approaches to animal behavior. 

  Ans: See 9.1 

 2.  Explain and differentiate proximate as well ultimate causes of behavior. 

  Ans: See 9.2 

 3.  Define imprinting. What do you meant by instinct learning interactions. 

How will you differentiate latent and instrumental type of learning. 

  Ans: See 9.4 

 4.  How different animals communicate with each other? What are the 

affects of environment on animal behaviour. 

  Ans: See 9.5 and 9.6 

 

Q:  Fill in the blanks with appropriate answers. 

 1. …………….. is the scientific and objective study of animal behavior. 

(Ethology) 
 2.  The study of animal behavior on the basis of evolution and the natural 

environment is called ……………….. (Ethology) 

 3.  ………………………is the study of the evolutionary basis about 

animal behavior due to ecological pressures. (Behavioural Ecology) 

 4.  The application of human characteristics to anything other than humans is 

called ………………………… (Anthropomorphism) 

 5.  Specific stage in animals life where most behavior related patterns formed is 

……………………… (Maturation) 

 6.  Process for the development of tadepole in to frog is ………………. 

(Metamorphosis) 
 7.  The attachment of a young animal toward another animal or object at the 

time of birth is called …………………….. (Imprinting) 

https://en.wikipedia.org/wiki/Scientific_method
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 8.  The changing behavior due to life experiences is called……………. 

(Learning) 

 9.  The decrease in response to continuous stimulations is 

called………………… (Habituation) 

 10. Trial and error learning is called ……………………conditioning. 

(Instrumental) 
 11.  Process to make associations without immediate reinforcement or reward is 

called ………………… (Latent Learning) 

 12.  Association of experiences and solving problems by using cognitive or 

mental processes is called ……………………. (Insight Learning) 

 13.  Transfer of information among various animals is called …………………. 

(Communication) 
 14.  ……………………. are chemicals synthesized by one organism and 

affecting the behaviour of another member of the same species and secreted 

by humans in the form of…………………... (Pheromones, Axillary 

steroids) 

 15.  The site defend by territorial animal by agnostic behavior is called 

…………………of the animal. (Territory) 
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