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CHAPTER

BOTANY

1

NATURE OF SCIENCE
IN'BIOLOGY:

ZOOLOGY

MICRO
BIOLOGY

l Students will be able to:

Define Biology.

State Quran instructs to reveal the study of life.

Define major fields of biology as Botany, Zoology and Microbiology.
Define with examples that biology has many sub-fields.

¢ Cytology ¢ Embryology ¢ Genetics

¢ Molecular Biology ¢ Pathology ¢ Ecology

¢ Marine Biology ¢ Immunology ¢ Morphology

¢ Anatomy ¢ Histology ¢ Physiology
5




Chapter-1: Nature of Science in Biology

¢ Taxonomy ¢ Paleontology ¢ Pharmacology
¢ Biotechnology

e Relate that biology connects with other natural sciences.

e Distinguish in terms of the broad subject matter in the below fields.

¢ Biophysics ¢ Biochemistry
¢ Computational Biology ¢ Biogeography
¢ Bioeconomics ¢ Biostatistics

e Identify the careers in Biology.
Explain with examples that Biology is a part of the natural sciences and the life sciences.
Justify with examples that science is a collaborative field that requires interdisciplinary
researchers working together to share knowledge and critique ideas.
e Describe the steps of the scientific method that is:

¢ Recognition ¢ Observation
¢ Hypothesis ¢ Deduction
¢ Experiments ¢ Results
e Evaluate the terms 'hypothesis', 'theory' and law in the context of research in the natural
sciences.
Introduction

The word “science” has been derived from a Latin word “Scientia” which
means knowledge or learning. Science is a knowledge in which we study the things
around us or principles of nature and try to prove these observations by experiments to
get logical results. Biology is the study of living organisms e.g., animals, plants etc.
Biology is a significant part of everyday life e.g. progress in biology is providing us
with better quality of food, improved health facilities and a hygienic environment etc.
In this chapter, we will study about different branches of biology, relation of biology
with other branches of science and careers in biology. In this chapter, we will also study
about the details of biological method.

1.1 Definition of Biology

The word “Biology” has been derived from two Greek words; “bios” means life
and “logos” means study, so the scientific study of life or living organisms is called
biology or biological science or life science.

1.2 Quran Instructs to Reveal Study of Life

There are many Quranic injunctions that stress the study of biology. These
verses describe the study of organisms and their different aspects of life. Some
examples are given below.

A.  Origin of Life

Modern biologists believe that life has originated first in oceans and then
migrated to land. They also believe that life must have begun with simple cell and with
the passage of time it evolved into the plants and animals. In this regard, Allah says in
the Holy Quran that:
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“Have not the unbelievers then seen that the heavens and earth were closed up,
then we opened them, and we made of water every living thing,
then do they not believe” (Sura Al-Ambiya-21: Verse-30)
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“He made man of a clattering clay like the earth were” (Surah Al-Rehman-55: Verse-14)

B. Pairs of plants and animals

We know that plants and animals have male and female partners. New
generation of plants and animals are formed by sexual reproduction. In this respect, the
Holy Quran says:
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“ And of everything created we opposite kinds (pairs) that you may thing.”
(Surah Al-Zariyat-51: Verse-49)
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Glorious is the self, who made the pairs of all things of that kind that grows
from the earth, and of themselves and of what they known not.” (Surah Yasin-36: Verse-36)

C. Communal Life

We know that animals of same species live together in the form ofa population.
We also know that different “populations” of animals live in the form of
“community”. For communal life the Holy Quran says:
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“There is not a one walking on earth, and not a bird that flies with its
two wings, but are communities like you.” (Surah Al-Anaam-6: Verse-38)

D. Human Embryology
There are many verses in Holy Quran which stress upon the study of different
branches of biology e.g. To explain the development of embryo. The Holy Quran says:
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“He creates you in your mother s womb in one manner of creation after
the other in three folds shadow.” (Surah Al-Zamar-39: Verse-6)

E. Locomotion in Animals

Some verses in the Holy Quran explain the locomotion in animals. The Holy
Quran says:
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“And Allah has created every living creature from water, then there are some that walks
upon its bellies, and there are some that walk upon two feet and there are some that
walks upon four, Allah creates whatever he will, No doubt Allah is powerful over
every thing.” (Surah Al-Nur-24: Verse-45)

F. Flight of Birds
Birds are mentioned in many verses of the Holy Quran. The Holy Quran says:
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“Do they not see the birds above them spreading their wings and closing them? No one holds
them but the All-Merciful, truly it is He that watches over
all things.” (Surah Al-Mulk-67: Verse-19)

1.3 Major fields of Biology
The subject Biology is divided into three major
divisions. [-‘
— Botany
a)  Microbiology: The scientific study of microorganisms
(e.g. Bacteria) is called Microbiology. M 700l0gy
|,

b)  Botany: The scientific study of plants is called Botany.
¢) Z.oology: The scientific study of animals is called Zoology. = |Baatddlls]

—_—
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1.4 Branches of Biology

To study the different aspects of all living organisms, the science of Biology is
further divided into many branches. Some examples are as follows:

Morphology

Pharmacology, Anatomy

o '{'5'ren'f'_'iii't..;.:s_-'.i

Molecular
Biology

Immunology

BiotechnokE

Taxonomy

’ Cytology

Histology

Biology

Pathology

Marine Palaeontolo
Biology ey

Ecology

Fig.1.1: Branches of Biology

1. Cytology (Cell Biology)

Cell biology is the study of all the aspects of structure and function of cells. It is
also called cytology.

2. Embryology
The study of the development of an embryo to complete individual is called
embryology.

3. Genetics

In this branch of biology, we study about genes, genetic variation and heredity in
living organisms.
4. Molecular Biology

The branch of biology which deals with the study of structure, composition and
interaction of molecules found in the organisms.

5. Pathology
The branch of biology which deals with the causes and treatment of diseases in
organisms.

6. Ecology
This branch of biology deals with the relationship between an organism and
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environment.

7. Marine Biology

This branch of biology deals with the study of organisms found in oceans.
8. Immunology

This branch of biology deals with the study of immune system or immunity of a
body against pathogens.

9. Morphology
Itis the scientific study of form and the external structure of living organisms.

10. Anatomy
The study of internal structures of living organisms is called Anatomy.

11. Histology
Itis the microscopic study of tissues of animals and plants.

12. Physiology

The study of the functions of different parts of living organisms is called
physiology.
13. Taxonomy

It is the study of identification, naming and classification of living organisms
into groups and subgroups.

14. Palaeontology

The study of fossils is called palacontology. It has been further divided in two
branches.

(a)  Palaeobotany: Itis the study of plant fossils.

(b)  Palaeozoology: Itis the study of animal fossils.
15. Pharmacology

Itis the study of drugs and their effects on the cell, tissue, organ or organism.
16. Biotechnology

Biotechnology is the use of living organisms, cells or biological systems, to
form useful products to improve human life, agriculture or environment.

1.5 Relationship of Biology with other Sciences

In biology, though we study about living organisms yet it is also related with
other branches of science, e.g., biology relies on chemistry to understand
photosynthesis in plants, molecular compositions of nucleic acids, proteins,
carbohydrates, lipids, etc. statistics is essential in biology for data analysis etc. The

10
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biological functions like movement, blood flow in animals etc., are explained by using
laws of physics.

Many new branches of science have been developed by the combination of
biology with other sciences. Some examples are as follows:
a)  Biophysics: In biophysics, methods and principles from physics are used to
study the mechanisms of biological systems, e.g., the principle of lever is used to
understand the movement of arms and legs joints in biology.
b)  Biochemistry: In biochemistry, we study the chemical processes and
substances within living organisms, e.g., compositions and chemical reactions of
carbohydrates, proteins and lipids etc.
¢) Computational Biology: Computational biology is a science in which
computational technique are used to understand and analyze the biological systems.
d) Biogeography: The study of the geographical distribution of living
organisms is called biogeography. Each organism lives in a specific geographical
region e.g. A camel successfully lives in a warm desert and polar bear lives in cold
areas.
e)  Biostatistics (Biometry): In biostatistics, statistical methods are used to
analyze the different aspects in biology.
f) Bioeconomics: Bioeconomics is the study of the living resources using
principles of economics. It helps to estimate about benefits or losses of a business
related with living organisms e.g. The cost value and profit value of the poultry
business can be calculated.

Biophysics Conpoutational Biology

Physics Computer Science

Statistics - BIOLOGY Chemistry

Bidc'he'm'istl;y '

Bibstététist&s '

Geography Economics

Fig.1.2: Relationship of Biology with other Branches of Science
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1.6 Careers in Biology . Class Activity
There are many careers which can be Teacher should ask about the
adopted by students of biology. Some careers areas | future planing of their students in
their classes and guide them
follows: properly.

a) Medicine and Surgery

Medical profession is a noble and one of the most vital profession. There are two
main divisions of medical profession i.e. medicine and surgery. Medicine is concerned
with the diagnosis and treatment of human diseases e.g., the diagnosis and treatment of
malaria of a sick person. Surgery is concerned with the repairing, replacement and
removal of different body parts of human beings e.g., repairing of broken bones, kidney
transplant or removal of appendix from human body, etc.

After passing MBBS, the doctors may specialize in different fields, e.g., general
physician, heart specialist, eye specialist, general surgery, heart surgery etc. BDS and
DVM are also medical professions.

b)  Agriculture

Agriculture is the cultivation of plants for food, biofuel, fibre and other products
used to sustain human life. Agriculturists work for the improvement of crops like
wheat, rice, corn, etc. The students can become agriculturist by getting bachelor degree
or master degree in agriculture.

¢) Horticulture

Horticulture is the branch of agriculture. It is the science of growing gardens,
fruits, vegetables, flowers and ornamental plants. This profession can be adopted by
getting professional degree in horticulture.

d) Forestry

Forestry is the scientific knowledge in which we study about the production of
artificial forest in an area alongwith the protection of natural forest. Forestry is also
important for timber, biodiversity management, providing habitat to wildlife etc.

e) Animal Husbandry

It is the professional study of the care, improvement and breeding of livestock
(domestic animals) e.g. cow, goat, sheep, etc. Professional courses in animal husbandry
can be adopted after F.Sc. The degree holders work in different fields like veterinary,
farming, livestock etc.

12
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f) Farming

A person who has got professional degree in fisheries, agriculture, animal
husbandry etc. can develop different types of farms e.g., poultry, vegetable, fruit,
animal breeding, fish and dairy farms etc.
g)  Fisheries

The study of production of all those animals on commercial scale which are
obtained from sea or rivers is called fisheries, e.g., fish, prawns, lobsters etc. The
experts work to increase the quality and quantity of food obtained from sea and river.

The fisheries profession can be adopted by students after getting BS degree in
marine science or zoology and bachelor degree in fisheries.

1.7 Biology as a part of natural and life science
a) Biology as a part of Natural Science

Natural science is a very vast field of science which deals with the study of all
aspects of natural world in a scientific way. Its main branches are Physics, Chemistry,

Geology, Astronomy and Biology.
Biology is a part of natural science because it helps us to understand living

things, e.g., when we study, how plants make their own food by photosynthesis, we are
learning biology. Photosynthesis is a topic of natural science because it explains a
natural process that occurs in the world around us.
b) Biology as a part of Life Science

Biology deals the study of living organisms but life science is a vast field. In life
science we study about the living organisms and the associated knowledge of those

factors which influence living organisms.
Suppose a biologist studying the human immune system. This study comes

under the heading of biology. For the detailed study he will study cytology for the
detection of those white blood cells which are involved in immune system. He will also
study microbiology, genetics and physiology.

1.8 Scienceis a Collaborative Field
Science is a collaborative field that requires interdisciplinary researchers,

working together to share knowledge and critique ideas. To complete their work,
researchers of different fields have to work together and share their knowledge.
In biotechnology, an organism or the system of an organism is used to produce

13
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useful products for the welfare of humanity on a large scale e.g., insulin is
commercially prepared from bacteria by using methods of modern technology.
Advancement in the field of health care becomes possible by the collaborative work of
experts from different fields e.g., for the research in cancer, a collaboration is required
among biologists, chemists, physicists and pharmacists. A combined knowledge of
neurologist, physiologist and computer expert is necessary to carry out a research on
the human brain. In the same way, collaborative work among agronomists,
environmental scientists and meteorologists has helped in the improvement of
agriculture.

1.9  Steps of Scientific Method
Scientists work in a systematic way to get the answers of their questions. They
want to get a solid answer about a problem without any doubt.

Biological Problem

A problem caused by a living organism or environmental factor that have
harmful effects on other living ones is called biological problem. The systematic
procedure which is adopted by biologists to get a possible answer of solution of a
biological problem is called biological method. This procedure consists of detection of
problem, observation, hypothesis, deduction, experiment, theory and finally to develop
ascientific law.

1.10 StepsInvolved in Biological Method

Following seven steps are involved in biological method

1.  Recognition
When biologists come across a biological problem, they detect it carefully. The
biologists also use five senses to know the nature of problem.

2. Observations
It is the first phase to solve a biological problem. A biologist uses all the sources to get

information about the problem. The observations are of two types i.e. qualitative and
quantitative. Qualitative observations deal only with qualities or properties. Quant-
itative observation deal with the numerical data. These observations can be understood
by a simple example. Suppose a biologist wants to survey about the healthy and
diseased plants in an area. His observation is called qualitative when he notes the type
of disease. When he records the number of healthy and diseased plants then this

14
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observation is called quantitative. (1) Reco%nition
3. Hypothesis QWM
Hypothesis is a possible |
er_ﬁ

answer to a biological problem. Itisa | Hypothesis |

; ; — Revised
simple logical but untested statement (4] Dedulmon — Hypothesis
which may be the solution of a 9? )

- eriments |-
biological problem. The hypothesis f e \
depends upon previous experience c(’;’ntml ' EXngimental
roup roup
and knowledge about a biological L J L
problem. A good hypothesis helps a /K Results
biologist to make a prediction about | If proved " Analysis of | If not proved
the solution of a biological problem. x Restlts |
A biologist arranges observations in " Reporting |
the form of data. After deep thinking, the r(-l)sults |
discussions and reasoning a emnm
hypothesis is derived from this data. Thelorv |
4.  Prediction/Deduction " Further
There are many hypotheses EXPerilments |
for a biological problem. After —
© Scientific L
careful and logical thinking, a L]

] ] ) Fig.1.3: Biological Method
biologist selects a hypothesis that

may be true. This is called deduction or prediction. In other words we can say that a
deduction is a possible specific belief about the solution of a biological problem. The
deduction is based on “if” and “then” format.
5. Experiment/ Testing

The hypothesis may be true or wrong so it should be tested by experiments.
Incorrect hypothesis is rejected and a new hypothesis is formulated for experiments.
The hypothesis is only accepted when proved by experiments. Experiments are carried
out many times on a hypothesis to get a possible conclusion of biological problem.

Analysis
After the completion of experiments, the biologists collect the facts or figures in
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the form of data. They analyze the results of the
experiments and decide what actions have to be

taken next.
The data is compared statistically. Predictions

of the hypothesis are compared with those of null
hypothesis. If the analysis of data disproves the
hypothesis then the biologist selects another
hypothesis for testing it with experiments. In this way
a final conclusion is drawn on the basis of statistical
analysis.
Reporting the Results

After reaching a certain conclusion about a
biological problem the biologists share their views
with other biologists. It is carried by publishing their
work in the form of research papers in scientific
journals or in books etc. Publishing the scientific work
is an integral part of a biological method.

6.  Scientific Theory

Do You Know?

Control Group and
Experimental Group

The organisms of control group
and experimental group are same
in the same environment.
Experimental group are those
organisms who are used in
experiments to know the effects of
different factors on them.
Organisms of control group are not
exposed to those factors which are
provided to experimental group.
The control group is used to
compare the results of factor, on
experimental group.

e.g. Light is provided to some
plants (experimental group) but
not provided to other plants
(control group). After some days it
was found that carbohydrates were
formed by experimental group
while not formed by control group.

When a hypothesis is proved by a series of experiments then it is called a
scientific theory. A theory remains valid as long as there are no evidences to disprove it.
An explanatory theory which gives the final solution of a biological problem and may
suggest new and different hypotheses is called productive theory.

7. Scientific Law
When a productive theory is established then other scientists ask questions from

different angles to understand this theory. They also formulate other hypotheses to
confirm this theory. If the productive theory satisfies the other biologists then it
becomes a scientific law. Scientific laws are also called laws of nature because these are
permanent rules of nature. Scientific laws are always true. These are in the form of short
statements and are universally accepted. For example, Mendel's laws of inheritance are

common examples of scientific laws. Do You Know?

Malaria— An Example of Biological Method
Malaria is a common example of biological
problem. It is commonly called “chill and fever

That hypothesis in which no
relationship exists between two
sets of data being analyzed is
called null hypothesis.

16
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disease”. According to old belief, the bad air of

swampy places was responsible for this disease.
Recognition: Laveran (French Army physician)
in 1878, was working on the cause of malaria. He

Do You Know?

The Aedes mosquito transmits
dengue virus in human beings.

observed some tiny living creatures in the blood of malarial patients. Later on some
other physicians also noticed these tiny creatures in the blood of other malarial patients.

They called them plasmodium.

Observations of different biologists

Inthe last part of 1 9" century there were following observations about malaria:

1. People live near marshes mostly effected by
malaria.

2. Malaria is not caused by drinking marsh
water.

3. Plasmodia are found in the blood of all
malarial patients.

4. Malaria is treated only by quinine.

Hypothesis

On the basis of these observations, a logical
hypothesis was formulated that “malaria is caused
by plasmodium”.

Deduction

If this hypothesis was true then the
deduction would be stated as “If malaria is due to
plasmodium then all the malarial patients should
have plasmodium in their blood.”

Experiments
Biologists then tested this deduction by

experiments.
“Blood of hundred malarial patients

(experimental group) and hundred healthy persons
(control group) was observed under microscope.
The blood of all the patients had plasmodia. The
plasmodia were not found in the blood of 97

17

Additional Information

The name malaria is derived
from two Italian words i.e.
“Mala” means bad and “‘aria”
means air.

Do You Know?

According to the report of
UNICEF more than I million
people died of malaria each
year throughout the world.

Do You Know?

Incubation Period
The time period between the entry
of parasite in host and appearance
the symptoms of disease is called
incubation period.

Do You Know?

Why female anophelese gets
blood and male does not?

Male anophelese does not suck
blood. He gets food from the
nector of flowers, decomposed
bodies etc. The female anophelese
sucks human blood to get red
blood cells protein which is
needed for the maturation of her

eggs.
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healthy persons but it was quite strange to see that plasmodia were also found in the
blood of 3 healthy persons. This showed that these healthy persons will become

malarial patients in near future because the plasmodia are in incubation period.
Ronald Ross (British Army physician) proved by experiments that female

mosquitoes get plasmodia from malarial patients and transmit them to healthy persons.
Conclusion

The work of different biologists finally proved that plasmodium is the cause of
malaria. Female Anopheles transmits plasmodium from patient to healthy person.
Female Anopheles (having plasmodia)

bites a healthy person and transmits
-\ plasmodia

Female Anopheles
(has no plasmodia)
sucks the blood of a
malarial patient and
takes plasmodia

Plasﬁlodié multiply in
the stomach of mosquito

N

Healthy Person

Person becomes ill
with malaria after
getting plasmodia
from female
Anopheles

Malarial patient

Fig.1.4: Transmission of Malaria

1-11 Role of Hypothesis, Theory and law in the Research Work of

Natural Science

Hypothesis, theory and law are very important concepts in the research work to
study the natural world in a scientific way. These terms represent different stages and
levels of scientific research.
Hypothesis: Hypothesis is a possible answer to a problem. It is the first step of
scientific research. It provides a base to a scientist to predict the possible solution of a
problem. It guides a scientist to collect the facts to prove his hypothesis.
Theory: Theory is an experimentally proved hypothesis. The process of theory
development involves observations, deductions and experiments. It is a well
established and logical explanation of a problem. Theory is a generalized principle and
the back bone of scientific understanding. For example, cell theory, theory of evolution
etc.

18
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Law: An experimentally proved theory that gives the final solution of a problem
without any doubt is called scientific law. Laws are solid explanations about a matter.
Scientific laws are always true and are often expressed mathematically. These are in the
form of short statements. These are universally accepted, for example, Mendel’s laws
of'inheritance

Critical Thinking

Which order of steps is correct to solve a biological problem? Mark \/ or X inthe
circles.

a)

b)

4 ... } . )
Recognition — Hypothesis — observations —— Deduction
|— Experiments — Scientific theory ——> Scientific law

- .. . . . h
Recognition —» Observations —» Hypothesis —— Experiments

— Deduction — Scientific law —— Scientific theory )

Recognition —» Observations —» Hypothesis —— Testing
— Deduction —— Scientific theory — Scientific law

4 .. ] ] - e
Recognition — Observations —» Hypothesis — Prediction

— Testing — Scientific theory — Scientific law )

e ... . . . )
Recognition —» Observations —» Experiments —— Deduction

00000

— Hypothesis —> Scientific theory — Scientific law

The scientific study of living organisms is called biology or biological science.
There are three main divisions of biology i.e. Botany, Zoology and Microbiology.
All aspects of structure and function of cells will be studied in cell biology. It is

also called cytology.

The study of the development of an embryo to a new individual is called

embryology.

In genetics we study about genes, genetic variation and heredity in living

organisms.

In molecular biology we study about the structure, composition and interaction of

19



Chapter-1: Nature of Science in Biology

molecules found in organisms.

In pathology we study about the causes and treatment of diseases in organisms.
Ecology is the branch of biology that deals with the relation between an organism
and environment.

The study of internal structures of living organisms is called anatomy.

The study of the functions of different parts of living organisms is called
physiology.

The scientific study of fossils is called paleontology.

Pharmacology is the study of drugs and their effects on the cell, tissue, organ or
organism.

Biophysics is a science that uses methods and principles from physics to study the
mechanisms of biological systems

The study of different compounds and chemical processes in living organisms is
called biochemistry

Computational biology is that branch of biology in which computers are used to
understand the biological systems and their relationship with other biological
systems.

The scientific study of the geographical distribution of living organisms is called
biogeography.

Biostatistics is the branch of biology in which statistical methods are used to
analyze the different aspects in biology.

Bioeconomics is the study of the living resources using economic principles.

EXERCISE

Multiple choice Questions (MCQs)
ADbiologist is searching new species of plants in an area, the branch of biology
relevant to his work is:

(a)  Microbiology (b)  Zoology

(c)  Botany (d)  Genetics
Metabolism, enzyme actions etc., in a living body are studied in:
(@)  Morphology (b)  Chemistry

(c)  Cytology (d)  Biochemistry

The study of basic units of a living body is called:

(a)  Morphology (b)  Histology

20



10.

Chapter-1: Nature of Science in Biology
(c)  Pathology (d) Cytology
When we observe different organs inside a human body, it means we are
studying:

(a)  Morphology (b)  Anatomy

(c)  Cytology (d)  Histology

How characters are transferred from parents to their off springs is studied in:
(a)  Histology (b)  Embryology

(c)  Genetics (d)  Morphology

The science of growing gardens, fruits and ornamental plants is known as:
(a)  Forestry (b) Farming

(c)  Agriculture (d)  Horticulture

The statement that describes the primary focus of ecology is:

(@)  Thestudy ofindividuals, organisms and their characteristics

(b)  Thestudy of interactions between organisms and their environment
(c)  Thestudy ofevolution of species over time

(d)  Thestudy of structure and functions of ecosystems

Which of the following statements is accurate about microbiology?

(@)  Thestudy of structure and function of cells

(b)  Thestudy of evolution of species over time

(c)  Thestudy ofbacteria, viruses, fungi

(d)  Thestudy ofinteractions between organisms and their environment.
A doctor carried out diagnostic tests of a patient to know the actual cause of
disease. The branch of biology concerned with these investigations is:

(a)  Pharmacology (b)  Immunology

(c)  Pathology (d)  Molecular biology

Encircle the wrong statement:

(@)  Theory is formulated after experiments

(b)  Hypothesis is formulated after observations

(c)  Deduction is formulated after experiments

(d)  Deduction is formulated from untested hypothesis

Short Response Questions.

1. How the knowledge of statistics and economics helps in biological
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studies?
How will you differentiate quantitative and qualitative observations?
Briefly describe horticulture, animal husbandry and fisheries.
Write a brief note on the relation of biology with geography,
technology and physics.
You know that plasmodia are the cause of malaria but a healthy person
having plasmodia in the blood does not show symptoms of malaria
why?
Define the following terms:
(1) Microbiology  (i1) Physiology (ii1)) Embryology
(iv) Histology (v) Paelentology  (vi) Pharmacology
(vil) Horticulture  (viii) Immunology (ix) Biological method
(x) Qualitative observations (xi) Deduction (xii) Scientific theory

Extended Response Questions.

1.

Relate the verses of Holy Quran which stress upon the study of
biology.

Explain four steps (observations, hypothesis formulation, deduction
and experimentation) of a biological method to solve a biological
problem.

Justify that biology is a part of Natural science.

Do you think that science is a collaborative field? Justify.

Malaria in human beings is spread by female anophlese mosquito.
Explain it using biological method.

References of Ayat-e-Quran

Tafseer-e-Usmani:

i)
ii)
iii)
v)
V)
Vi)
vii)

Ayat: Page 1458, Volume-I
Ayat: Page 2294, Volume-III
Ayat: Page 2252, Volume-III
Ayat: Page 1926, Volume-III
Ayat: Page 571, Volume-I
Ayat: Page 2002, Volume-III
Ayat: Page 1583, Volume-II

viii) Ayat: Page 1240, Volume-I1
ix) Ayat: Page 2421, Volume-III

22



CHAPTER

2

l Students will be able to:

e Define Biochemistry / molecular biology.

e Qutline the various types of common biomolecules nucleic acids (DNA, RNA, Proteins,
Lipids, Carbohydrates) including their locations inside the cell and main roles.

e Define protein.

e Outline the structure and function and sources of proteins.
e Outline the structure, function and sources of lipids.

e Define Carbohydrates.
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Outline the structure, function and sources of Carbohydrates.
e Identify carbohydrates as monosaccharides, disaccharides and polysaccharides.

e Describe briefly the structure of DNA as a double helix macromolecule made of nucleotides
with base pairing in between the two helices through complementary base pairing.

e OQutline function of DNA as carrier of hereditary information.

e Describe briefly the structure of RNA as single stranded macromolecule made of nucleotides
with nitrogenous base overhangs.

e Describe briefly types of RNA.

e Outline the function of RNA as aid in converting hereditary information into useful proteins.

e OQOutline how information in the DNA is converted to information on RNA and then into
proteins.

Introduction

All organisms are chemically made up of biological molecules or biomolecules,
which include proteins, carbohydrates, lipids and nucleic acids. The study of
biomolecules, their processing and significance for living organisms is called
biochemistry. In this chapter, we will study about the sources, structures, chemical
compositions, types and functions of biomolecules.

2.1 Biochemistry and Molecular Biology
Biochemistry

Biochemistry deals with the study of chemical compounds and the chemical
reactions occur in living organisms.

It is a combination of biology and chemistry. Due to this reason it is called
biological chemistry or biochemistry. Biochemistry explains the chemical composition
of living organisms and the vital processes occurring in them, e.g. respiration,
photosynthesis

Molecular Biology
Molecular biology explains the structure, composition and interactions of
macromolecules (protein, lipid, nucleic acids etc.) present in living organisms.

2.2 Common Biomolecules Do You Know?

Living organisms contain four types of Protoplasm is the living content of
biological molecules the cell that is surrounded by a

. plasma membrane. It is a general
1. Proteins 2. Carbohydrates term for cytoplasm and nucleo-

3. Lipids 4. NucleicAcids plasm.
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. . Cellular X
Biomolecules Introduction Composition Main Roles

Proteins Proteins the most They are the They help in the
abundant important constituents | building and repairing
biomolecules in living | of cell membrane, of tissues. Enzymes
bodies. They are Ribosomes, are proteins which
made up of smaller Mitochondria, regulate chemical
units called amino Chromosomes etc. reactions in
acids. organisms.

Sources:
Fish, egg, Beef

Carbohydrates | Carbohydrates are They are present in The main role of
nature’s most the membranous carbohydrates is to
abundant bio- organelles i.e. provide energy (ATP)
molecuels. Mitochondria, by the break down of
They are composed Lysosome etc. They | glucose. They are the
off C, H and O in the [are also found in RNA | principal source of
ratio of 1 : 2 : 1. Their | and DNA. energy.
general formula is
CH,O.

Sources:
Sugar, Potato, Rice,
Cotton etc.

Lipids Lipids are They are the They help the
heterogeneous bio- |constituents of movement of
molecules in nature. | membranous materials in and out of
Source: organelles e.g., the cells. They are the
Fats, Oils, Butter etc. | Mitochondria, Golgi | reserve energy source

bodies, lysosome etc. |in the body.

Nucleic Acids Nucleic acids are very

important
biomolecules and are
made up of smaller
units called
nucleotides. They are
present in all living
organisms as well as
viruses.
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It is also found in
nucleolus, ribosomes,
mitochondria and
chloroplast.

Biomolecules Introduction C ocnf;l)l(l)lsl?tli.on Main Roles

Types

The nucleic acids are

of two types i.e. DNA

and RNA.

(A) DNA DNA is present in the | Genes, the unit of

(Deoxyribo Nucleic | nucleus of cell coiled | heridity, are

Acid) over the protein to composed of DNA.
form chromosomes. | Genes control the
DNA is also found in | production of specific
mitochondria and proteins.
chloroplast.

(B) RNA RNA is mainly found |RNA plays a very

(Ribo Nucleic Acid) |in cytoplasm of cell. [important role in the

protein synthesis.

2.3 Proteins

Berzelius in 1838 suggested the name

protein derived from Greek word "Proteios" which

means first or prime. Proteins are very important
organic compounds of the cell. Proteins comprise
over 50% of'the total dry weight of the cell.

Sources

There are two main sources of proteins i.e.,
animals and plants. Animal sources of proteins
includes mutton, beef, chicken, fish, egg, milk,
daily products (yogurt, cheese) etc. Plant sources of

What are Vitamins?

“= Vitamins are organic substances
that are essential for normal
growth and nutrition. They are

needed in minute quantities in the
diet, act especially as coenzymes

proteins include: beans, peas, spinach, pumpkins,

pumpkin seeds, dry fruits (almond, peanuts), etc.
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Cheese Egg

Beans Nuts and seeds
Fig. 2.1: Sources of Proteins

Proteins are made up of amino acids. Amino acids are the structural units or
building blocks of proteins. Majority of protein molecules have 300 to 3000 amino-
acids. Most of the proteins are made up of 20 common types of amino acids. e.g.
Alanine, Glycine, Valine etc. All amino acids are built on a common plan. Each
contains a central carbon atom called “Alpha Carbon” bonded with hydrogen atom
(H), amino group (~NH,), carboxyl group (~COOH) and a variable group (R).

l|1 (Variable side chain)
HN — C.— COOH
(Amino Group) | (Carboxyl Group)
H

e
Hydrogen Afom Alpha Carbon

Amino acids mainly differ due to the nature of R-group which determines the
individual chemical properties of amino acids.

Example:-
H CH,
| |
HN — C — COOH HN — C — COOH
H (Glhcine) H (Alanine)

In a protein molecule, the amino acids are arranged like beads on a string linked
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by peptide bonds. A peptide bond forms when the carboxyl group of one amino acid
reacts with the amino group of next amino acids. An OH is released from COOH
group of one amino acid while an H' is released from NH, group of adjacent amino
acid. As a result, a water molecule is released forming a bond between N and C called
the peptide bond, for example, glycine and alanine combine to form glycylalanine.

Carboxyl Amino
group Group

H H O H CH O H H O CH, O
\ | 4 \ | 4 \ | |7
N—c—¢c + N—c—C —» N—Cc—C-“+N—cCc—C +HO

R group R group Peptide bond

/ | \ / | \ / | | |
H H H OH H H H H OH
Glycine Alanine Glycylalanine (a dipeptide)
Functions of Proteins
. . . . 2?
Proteins are involved in the synthesis of every Do You Know?

A heterogeneous compound is

part of the cell, for example, nuclear membrane, I A — —

ribosome, mitochondria, chromosomes, lysosomes

etc. Enzymes are also proteins and are very important for the chemical reactions in cell.
Our muscles, nails, skins etc. are all made of protein. Haemoglobin, a protein found in
blood, carries oxygen to all parts of the body. It also transports a part of CO,. Proteins
are the important source of human food, for example, meat, beef, fish. proteins help in
the repairing and building of body tissues.

2.4  Lipids

Lipids are heterogeneous oily bio-molecules. The main sources of lipids are
animals and plants. The important animal sources of lipids are fatty meat, fatty fish
(e.g.salmon), milk, egg and dairy products (yogurt, butter, ghee, cheese) etc.

Fatty meat Cheese Butter Egg

Fig.2.2: Animal Sources of Fats

The plant sources are corn, peanuts, dry fruits (walnut, pistachio, almond),
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coconut etc. Oil is obtained from the seeds of many plants, for example, soyabean,

sunflower, coconut, corn, cotton etc.

)

Sunflower Olive Nuts and seeds Soyabean
Fig.2.3: Plant Sources of Fats

Lipids are composed of C, H and O but the
proportion of oxygen is less. They as compared to

From the liver of cod fish, an oil is
lipids obtained called cod liver oil,
carbohydrates. There are many types of lipids but which contains vitamin A and D
that keep our immune system
strong. It also lowers the

fats and oil. A neutral fat is formed by the inflammation in the body.
combination of two compounds, i.e., glycerol and H
fatty acid. |

the most abundant lipids in living organisms are

1. Glycerol: It consists of a chain of three H— C — OH
carbon atoms. Each carbon has one Hydroxyl |
group (OH). |

2.  FattyAcid
It is a long straight chain of carbon atoms with a carboxylic group (COOH) at

one end. There are single covalent bonds between carbon and hydrogen atoms. At the
end there is double covalent bond between carbon and oxygen atom while single
covalent bond between carbon atom and hydroxyl group (OH).

H H H H H H H H H H

O s e O Y I
H—C—C—C—C—C—C—C—C—C—C—C

T Dom
H HHHHHEUHEHEHH

Triglycerol is a common lipid. It is formed by the combination of one glycerol
and three fatty acids with the release of three H,O molcules.
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ﬁl (0)
]
W —ofi WO ¢ w
(0}
| —C — R
H—C—0 (ﬁ 3H,0
|
H — C — R
Glycerol 3 - Fatty acids

Functions of Lipids
Lipids are reserve energy source in the body.

Butter and ghee are important in human diet. Lipids

help in the transportation of materials in and out of .

the cells. Prostaglandins, hormone like compounds
that control blood pressure, regulate the contraction

and relaxation of smooth muscles are lipid in nature.

i i
H—C—0—C—R
‘ (0]

|
H—C—0—C—FR
| i

H—C—0—¢—FR

H Triglycerol

Critical Thinking

Name that attractive force which
holds two amino acids together.

Lipids combine with other molecules to form conjugated molecules, for example,
phospholipids are important constituents of cell membrane. Vitamin A and D are also

lipid in nature. The deficiency of vitamin A causes night blindness. Vitamin “D” is

necessary for bone growth.

2.5 Carbohydrates

Carbohydrates are complex biomolecules
made of C, H and O in the ratio of 1 : 2 : 1. Their
general formula is CH,O. For example, glucose
(C,H,,O,). These are commonly called sugars. The
carbohydrates are mostly obtained from plants, for
example, sugarcane, potato, carrot, cereals (wheat,
rice, beans, barley, corn, grams etc.), fruits (grapes,
mango, pineapple etc.). Milk is the only
considerable example of animal source of

carbohydrates.
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Do You Know?

Too much fats in diet makes a
person obese and also causes
cardio vascular disorder like high
B.P, heartattack etc.

Do You Know?

Carbohydrates are 50-80% of the
plant’s dry weight. There is less
than 1% CH,O in the bodies of
animals.
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Starchy vegetables Whole grains Legumes and Pulses

Fig.2.4: Sources of carbohydrates

Functions of Carbohydrates

Carbohydrates are the main source of energy in living organisms. This energy
(ATP) is generated during respiration by the break down of glucose with oxygen.
Carbohydrates are stored in plants in the form of starch and are the important source of
human diet, for example, potato, rice, corn, sugarcane etc. Carbohydrates are the
constituents of nucleic acids, for example, ribose sugar in RNA and deoxyribose in
DNA. Glucose is the major product of photosynthesis. We know that the life of other
organisms directly or indirectly depends upon autotrophic plants. Carbohydrates
combine with other compounds to form new compounds, e.g. Glycoproteins,
Glycolipids etc. These compounds are the constitutents of plasma membrane.
Carbohydrates provide energy for cell division.

2.6 Types of Carbohydrates
Carbohydrates are divided into

three classes i.e., Monosaccharides,

Disaccharides and Polysaccharides.

H,OH H

A) Monosaccharides
OH H,OH

(Simplest Sugar) OH

Monosaccharides are true ‘ :
carbohydrates. These are simple OH OH H
sugars with only one saccharide Monosaccharides
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molecule (3-7 carbon). These are colourless, crystalline solids. These are sweet in taste
and are easily soluble in water. Their general formula is C H,,O,, for example, glucose,

fructose etc.

B) Disaccharides

Disaccharides are made up of two
monosaccharide units. The most common
disaccharides found in nature are maltose, lactose,
sucrose, etc. These are less sweet in taste than
monosaccharides. These are less soluble in water as

Activity

Write down the general formula of
mono, Di and polysaccharides:

i) Monosaccharide=

i) Disaccharide=

iii) Polysaccharide=

compared to monosaccharides. Their general formula is C,,H,,0,,. Disaccharides give

two monosaccharide units on hydrolysis.

Example
It is formed by the union of two glucose molecules forming a glycosidic
linkage. Glucose + Glucose — > Maltose + H,O
CH,OH CH,OH CH,0H
H H H O H H
H H H
s OH H OH H - OH H L
OH v H H OH
H,0
Glucose Glucose Maltose
It is formed by the union of glucose and fructose forming a
glucosidic linkage.
Glucose + Fructose —— > Sucrose + H,0
CH,OH cH, OH

H , cn,ono

2
Glucose Fructose

C) Polysaccharides
Polysaccharides contain a large
number of monosaccharide units (more than 10).

These are the most common and complex
carbohydrates in nature. Their general formula is
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Sucrose

Additional Information

Lipids provide 9Kcal/gm energy
while proteins and carbohydrates
provide 4Kcal/gm energy.
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(C{H,,05),. These are not very reactive chemically. Critical Thinking
Polysaccharides usually have branched structure.
These are non-crystalline, tasteless and insoluble in
water but sparingly soluble in hot water.

What is difference between ribose
and deoxy ribose sugars?

CH,OH H OH

q H OH ;

oH OH

H 1) H
CH,OH " o o

2
Cellulose CH,O0H
2.7 Structure of DNA Activity

DNA (Deoxyribonucleic Acid) is a

Write down the structural formula

polynucleotide chain made up of many nucleotides. of alanine, glycerine, glycerol,
] o triglycarole, glucose and fructose.
Each nucleotide is itself a complex compound

composed of three components.

Critical Thinking

How will you identify the three
types of carbohydrates on the basis

b) Pyrimidine (Cytosine, Thymine) of'taste and solubility in water.

1. Nitrogenous bases: These are two types:

a) Purine (Adenine, Guanine)

Pentose (5-carbon) Sugar (Deoxyribose sugar)
3. Phosphate group (—PO,)

In DNA molecule, there | Nycleotide Purine: A/G }
Pyrimidine: T/C} DNA

Purine: A/G }
Pyrimidine: C/U} RNA

are four types of nucleotides.
The nucleotides are named due

to the nitrogenous base they N Nitrogenous

.. . . base
contain i.e., Adenine nucleotide,

Guanine nucleotide, Cytosine

nucleotide and Thymine S-Carbon | b Ribose Sugar

. In DNA: Deoxyribose Sugar
nucleotide.

Fig.2.5: Nucleotide
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Watson and Crick Model of DNA

James Watson (an American biologist) and Francis Crick (an English chemist)
designed amodel of DNA in 1953. Due to their unique work, they were awarded Nobel
prizein 1962.

Each DNA molecule is made up of two polynucleotides chains / strands which
run in opposite direction to each other, twisted into a double helix. The backbone of the
ladder (chains) are made of alternately arranged units of phosphate group and pentose
sugar. One complete turn of the helix has ten base pairs and 3.4 nm in length. The
diameter of DNA molecule is about 2nm (20A°). The two chains are linked just like
rungs (steps) in a ladder by the pairs of bases (Purines and Pyrimidines). Each rung
consist of a purine matched with pyrimidine. The matching of the bases in highly
specific, i.e. A=T, C=G. In a DNA molecule, the amount of adenine is equal to that of
thymine and the amount of guanine is equal to that of cytosine.

5"end Hydrogen-bonded

..... base pairs
. Phosphate

3.4 nm

Minor Groove

Fig.2.6: DNA
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2.8 Function of DNA

DNA is the hereditary material. It transfers characters from parents to offsprings
for example, skin colour, blood groups, etc. DNA controls the development and
functioning and all living organisms. The transfer of hereditary informations is carried
out by genes. It is the short specific portion of DNA. It is the unit of heredity. Each gene
contains instructions to build specific proteins. The proteins are responsible for traits
and functions in the body.

Additional Information

Arrangement of bases (A.G.C.T) in a gene is highly specific. Any change in the base
arrangement will change the gene. This change is called mutation. Due to mutation, faulty
informations are transferred to next generation. As a result, the structure of protein will be
changed. This faulty protein may become fatal for an organism. (e.g.) in sickle cell anemia,
the shape and function of RBCs are changed due to the replacement of only one amino acid
outof5741i.e., glutamic acid (in normal RBC’s) by valine (Sickle RBC’s).

(0) Normal amino acid sequence (b) Single change in amino acid sequence
{T™ H Pre H Glu H Glu — Thr }H{ Pro }4 Val | Glu }
4 5 6 7 a4 5 6 T

!

Normal Sickled

red blood red blood

cells cells
Sickle Cell

2.9 Structure of RNA

RNA is a single polynucleotide chain. In this chain, many nucleotides are
arranged in a linear sequence. Each nucleotide is made up of three different
components.

1. Nitrogenous Bases: These are of two types:

(a) Purine (Adenine, Guanine)
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(b) Pyrimidine (Cytosine, Uarcil)
2. Pentose Sugar (5-Carbon) (Ribose Sugar)
3. Phosphate Group (—PO,)
There are four types of nucleotide i.e., Adenine nucleotide, Guanine nucleotide,
Cytosine nucleotide and Uracil nucleotide.
These nucleotides link together to form a polynucleotide chain of RNA.

c
6
yar Phosphate
Backbone
i
u

Fig.2.7: RNA
RNA Model

The RNA is a single stranded structure. It is an un-branched poly nucleotide
chain. The single strand is made up of sugar and phosphate i.e. in the S — P — S manner.

Nitrogenous bases are attached with the sugar.

Types of RNA Do You Know?

There are three types of RNA i.e., e o
messenger RNA (mRNA), transfer RNA (tRNA) ;rII{lI{\IIiAi;S goﬁ/()/"o}“tig;;f A/O iing
and ribosomal RNA (rRNA). cell.

1. Messenger RNA (mRNA)

It is formed by DNA inside the nucleus. It is the direct complimentary copy of
DNA. It consists of single strands of variable lengths. Its length depends upon the size
of gene. For example, for a molecule of protein consisting of 10 amino acids, the
mRNA will have the length of 30 nucleotides.
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2. Transfer RNA (tRNA)
It is formed by DNA inside the nucleus. It is the smallest RNA. It is clover

shaped and made up of 73-94 nucleotides.
3. Ribosomal RNA (rRNA)
It is also formed by DNA inside the nucleus. It consists of a single strand which

coils at many places. In human beings one rRNA consists of about 1800 nucleotides.
Ribosome
Uracil

iy %

Messenger RNA Ribosomal RNA Transfer RNA

Fig.2.8: Types of RNA

2.10 Function of RNA

RNA is a carrier of information from DNA. Most plant viruses and some animal
viruses have RNA as their genetic material instead of DNA. All the three types of RNAs
are used in the process of protein synthesis.

Messenger RNA carries the genetic information in the form of codons from
DNA to ribosomes. The tRNA brings the amino acids according to the information in
the mRNA to form specific protein molecule. Each tRNA picks a specific amino from
cytoplasm and takes it to a specific codon on mRNA for protein synthesis. The rRNA is
associated with ribosome. It helps in the assembly of amino acids in protein molecules.

2.11 Protein Synthesis
The process of protein synthesis is same in all organisms. In this process the
information in DNA is converted to information on mRNA and this information is used

to form protein. This whole process is called gene expression or central dogma.
The process of protein synthesis is

completed in two main phases i.e. transcription and

Why are DNA and RNA called
nucleic acids?

translation.
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A. Transcription

It is a process by which information in a strand of DNA is directly copied in
mRNA strand. This process occurs inside the nucleus. In this process, a specific portion
of DNA (gene) that codes for a specific protein, opens by the breaking of hydrogen
bonds between nitrogenous bases. A single strand of mRNA (messenger RNA) is
formed by pairing the exposed bases on one strand of DNA. The bases on mRNA are
complimentary to the bases on DNA.

After the formation of mRNA, the two strands of DNA recoil to resume their
double helical structure. The newly formed mRNA now comes out into the cytoplasm
through the nuclear pores.

%ﬁ‘

Anticod
nlcocjzf RNA
]

!

—_—
Anticodon\

\ ' Free

Nucleus A 2% ) . /N Amino

; \ : \V A N acids

/ Amino acid

Aoz ®
L

Cytoplasm

Nuclear

pore \ Translation
Protein S

Ribosome \

MRNA Fig.2.9: Protein synthesis
B. Translation

It is a process in which proteins are formed by using RNA molecules. This
process occurs in the cytoplasm. The mRNA binds to a ribosome. The information for
protein synthesis are present on mRNA in the form of codons (a set of three adjacent
bases on mRNA). Each codon codes for a specific amino acid. These codons are
translated by tRNA. There are about 40-60 different types of tRNA in cytoplasm. Each

transfer tRNA has a set of three bases called anticodon. This anticodon is
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complimentary to codon on mRNA. After matching its anticodon with codon on
mRNA, it transfers its amino acid to mRNA. In this way, all amino acids are transferred
by tRNA to all the codons on mRNA after matching their anticodons. The amino acids
are linked by peptide bonds. In this way, a specific protein is formed by the information
provided by DNA.

Construct the models of DNA and RNA by using different materials like strips
of cardboard, wooden sticks (used in barbecue), beads, metal wires,
soft candies, small plastic balls, wooden toothpick

©99
%»g@“;
290 @

Candies 3 @

Barbecue Sticks

A = Adenine

T = Thymine
G = Guanine
C = Cytosine Strip of cardboard
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® & & o o o

Biochemistry is the branch of science in which we study about chemical
compounds and the chemical reactions that occur in living organisms.

Molecular biology is the branch of biology in which we study about the living
organisms at their molecular level.

There are four types of organic compounds in living bodies i.e. proteins,
carbohydrates, lipids and nucleic acids.

Two amino acids join with each other by a special bond called peptide bond or
peptide linkage.

Lipids are oily heterogeneous biomolecules related to fatty acids.

The carbohydrates are of three types i.e. monosaccharides, disaccharides and
polysaccharides.

DNA is apolynucleotide. It is a polymer of many nucleotides.

The model of DNA was proposed by James Watson and Francis Crick in 1953.
Each DNA molecule is made up of two polynucleotide chains which are twisted
around each other. It looks like a twisted ladder.

Gene is a unit of heredity. It is a specific portion of DNA with specific sequence of
nucleotides.

The change in the DNA or gene is called mutation.

RNA is a single stranded polynucleotide chain.

RNA is a carrier of genetic information from DNA.

RNA helps the DNA in protein synthesis.

There are three types of RNAi.e. mRNA, tRNA and rRNA.

The process of protein synthesis is same in all organisms. In this process
information in DNA is converted to information on mRNA and this information is
used to form protein. This whole process is called gene expression or central
dogma.

The process of protein synthesis is completed in two main steps. i.e. transcription
and translation.

A set of three adjacent bases or nucleotides on mRNA is called codon.

Aset of three bases or nucleotides on tRNA are called anticodon.
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EXERCISE

Multiple choice Questions (MCQs)

One of the following groups contains all polysaccharides:

(@)  Sucrose, glucoseand fructose (b) Maltose, lactose and fructose
(c)  Glycogen,sucroseand maltose d)  Glycogen, cellulose and starch
The most abundant biomolecules in living bodies are:

(a)  Lipids (b)  Proteins

(c)  Carbohydrates (d)  Nucleicacids
Sucrose is found by the combination of:

(a)  Twoglucose (b)  Glucose and Fructose
(c)  Two fructose (d)  Maltose and Manose
The carbohdyrate abundant in plants is:

(@)  Glucose (b)  Cellulose

(c)  Maltose (d)  Sucrose

The diametr of DN A molecule is about;

(a) 2A° (b) 4A°

(c) 20A° (d)  40A°

Proteins are synthesized from;

(a)  Glucose (b)  Fattyacids

(c)  Aminoacids (d)  Nucleotide

Which one is not true about lipids?

(a)  VitaminAand D are lipids in nature

(b) Lipidsarereserve energy in the body

(c)  Thereare the main source of energy in living organisms
(d)  Prostaglandins are lipids in nature

The pyrimidine nitrogeous bases in RN A are:

(a)  Cytocine and uracil (b)  Adanine and Guanine
(c)  Thiamine and cytocine (d)  Thiamine and Uracil
The primary function of carbohydrates in living organisms is to:
(a)  Provide structural support

(b)  Serveasprimary source of energy

(c)  Store genetic information

(d)  Catalyze biochemical reactions

The primary difference between DNA and RNA in terms of structure is:
(a) DNAissingle stranded and RNA is double stranded
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(b)  DNA contains the base uracil while RNA contains thymine
(c)  DNAhas2-OH groups while RNA does not
(d) DNAisdoublestranded while RNA is typically single stranded

The term for the process by which genetic information is passed from DNA to
RNAs:

(a)  Translation (b)  Transcription

(c)  Replication (d)  Mutation

Which of the following is responsible for converting information in DNA to
form protein?

(a) Messenger RNA(mRNA) (b)  Transfer RNA (tRNA)

(c) Ribosomal RNA(rRNA) (d)  Smallnuclear RNA (SnRNA)
Short Response Questions.

1. Name the four common biomolecules alongwith their main roles.
Write a note on the general structure of amino acids.

What are monosaccharides?

Write functions of lipids.

What do you understand by term glycosidic linkage?

What are the hydrolysis product of sucrose and Maltose?

Give acomparison of DNA and RNA.

Write down the names of nucleotides found in RNA and DNA.
Write down the functions of DNA.

The two strands in DNA are not identical but are complementary. Give
reason.

11.  Write the important structural and functional differences between DNA
and RNA.

12.  Name the different types of RNA found in the cell?
13.  Define the following terms.

A AL ol

_
e

(1) Biochemistry (i)  Molecular biology
(i11)  Carbohydrates (iv)  Proteins
(v)  Glycerol (vi)  Protoplasm
(vil) Polysaccharides (viii) Peptide bond
(ix)  Transcription (x)  Translation
Extended Response Questions.
1. How are amino acids linked to form proteins?
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What are the two kinds of subunits that make up a fat molecule, and
how are they arranged in the molecule?

Write down the functions of proteins.

What are carbohydrates? Write down the properties of disaccharides
and polysaccharides.

Explain the Watson and Crick model of DNA.

What are the three components of a nucleotide? How are nucleotides
linked to form nucleic acids?

What s central dogma or gene expression? Explain.
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Students will be able to:

Describe cell as the basic unit of life.
Compare with diagrams the structure of animal and plant cells.

Sketch different sub-cellular organelles (nucleus, mitochondria, cell membranes, etc)
and outline theirroles.

Outline structural advantages of plant and animal cells.

Identify different types of cells (mesophyll cell, epidermal cell, neurons, muscle, red
blood cell, liver cell) and sketch their structures.

Describe the concept of division of labor and how it applies to:
¢ within cells (across sub-cellular organelles)
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¢ multicellular organisms (across cells)

° Describe Cell Specialization.
° Describe Cell cycle.
° Explain mitosis, meiosis and stages of mitosis, meiosis (by use of sketch and diagrams)
° Explain meiosis and stages of meiosis (by use of sketch and diagram).
° Compare the processes of mitosis and meiosis.
° Outline the signification of mitosis and meiosis.
° Define Stem cells as unspecialized cell.
Introduction

All organisms are made up of cells. We know that new cells arise from the
division of pre-existing cells. The division of cells is completed after passing through
many phases. The specific process of cell division is called cell cycle. There are two
types of cell divisions in living organisms i.e mitosis and meiosis. The division of body
cells is called mitosis. In this process one diploid cell (2n) divides to form two new
diploid daughter cells. The growth of organisms depend upon mitosis. The division of
sex cells is called meiosis. In this process one diploid cell (2n) divides to form four
haploid (n) cells called gametes. The sexual reproduction in organisms depends upon
meiosis.

In this chapter we will study the structure of plant and animal cells, different
types of cells, division of labour within a cell and labour across the cells. Futher, we will
also study about the mitosis and meiosis in detail.

3.1 Cellis the basic unit of Life

The organisms may be unicellular or multicellular. Cell is the smallest
structural and functional unit of life. The cells of different organisms may be different
in shapes and sizes but structurally all of them are nearly similar. The activities of an
organism is the sum of all the activities of the cells present in that organism. Cells
having similar functions group together to form tissues. The animal and plant tissues
are different in shapes and functions.

On the basis of structure the cells are of two types i.e prokaryotic cell and
eukaryotic cell. The prokaryotic cell lack nuclear membrane around nucleus while

eukaryotic cell contains well developed nuclear membrane.
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3.2 Animal and Plant Cell

Nuclear envelope Rough S th
Mmoo

endoplasmic
reticulum

endoplasmic

NUCLEUS reticulum

Nucleolus

Chromatin ¢

Ribosomes

Central vacuole
Golgi

apparatus Microfilaments

Intermediate
filaments CYTOSKELETON
Microtubules

Mitochondrion

Plasma membrane

' \ Chloroplast

Cell wal Plsmodesmata

Wall of adjacent cell

Fig.3.1: The Ultra Structure of a Plant Cell

Smooth endoplasmic
reticulum

Rough endoplasmic
reticulum

. Lysosome
Absent in most 4

plant cells Centriole

Microtubule - ) — ; apparatus
Cytoskelet Intermediate . - Plasma membrane
yioskeleton filament ‘-._._.F-—f’ 7

Microfilament h \ w ~ Mitochondrion

Fig.3.2: The Ultra Structure of a Animal Cell

3.3 Subcellular Organelles

An organelle is sub-cellular structure which has specific function. It performs
one or more functions within the cell. There are many types of organelles within a cell.
Each organelle has different shape, size and function. Some organelles of plant cells are
different from that of animal cells. The organelles of two types i.e., membranous and
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non-membranous. Membranous organelles are bounded by plasma membrane while
non-membranous organelles have no outer membrane.

Membranous Organelles Non-membranous Organelles
1)  Nucleus 1) Ribosome
i1) Endoplasmic Reticulum i1) Centrioles
1i1) Golgi bodies i) Cytoskeleton

iv) Mitochondria
v) Lysosomes
vi) Plastids

vii) Vacuoles

Table 3.1: Membranous and Non-membranous Organelles

All the organelles are present in cytoplasm. The cytoplasm provides the medium
for the organelles to carry out their functions.The detail of subcellular organelles is
discussed below:

1. Cell Wall

It is outermost, hard and non-living covering around the cells of prokaryotes,
fungi and plants.

In prokaryotes the cell wall is composed of special compound called
peptidoglycan. It is a complex compound which is made up of sugars and amino acids.
The cell wall of fungi contains a special compound called chitin.

The cell wall of plants usually have two layers i.e. outer primary and inner
secondary wall. Secondary wall is thicker than primary wall. Primary wall is mostly
composed of cellulose. The secondary wall is composed of lignin and some other
compounds. There are small pores between the cell walls of two adjacent cells called
plasmodesmata.

Cell wall gives shape to the cell. It protects the cell from mechanical damage and
infection. Cell wall also helps in cell-to-cell interaction. The cytoplasmic connection
between two adjacent cells is due to plasmodesmata, which helps in the transportation
of materials among cells.

2. Cell Membrane
Cell membrane or plasma membrane is a thin and elastic membrane. It is present
around the cytoplasm of all prokaryotic and eukaryotic cells. In animal cells it is the
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outer most boundary. In prokaryotes, fungi and plants it is present under the cell wall.
Cell membrane consists of lipid bilayer with embeded proteins. Some of these

proteins have attached chains of carbohydrates. The cell membrane is mainly

composed of about 60-80% proteins and 20-40% lipids with small quantities of

carbohydrates. However, this percentage varies from cell to cell.
Gly/colipid

Outside of Cell

Carbohydrate
) Chains
Proteins

Glycoprotein

Inside of cell
(Cytoplasm)

Lipid bilayer

Fig.3.3: Cell Membrane
The cell membrane separates the
intracellular components of cell from extracellular

environment. It acts as a semi permeable barrier i.e Do You Know?

it allows some molecules to pass while prevents the Glycoproteins are special

movement of others through it. It controls the COTPOUIES vAEn A EOEiEL.
. . . of carbohydrates and proteins

transport of materials in (endocytosis) and out while glycolipids are made up of

(exocytosis) of cell. The chemical messages from proteins and lipids.

one cell to another cell are transmitted through the

cell membranes.

3. Cytoplasm

It is a gelatinous and semi transparent fluid which contains variety of cell
organelles. It contains about 90% water, many organic molecules (proteins,
carbohydrates, lipids) and inorganic salts are also present in cytoplasm. It is present
between nucleus and cell membrane.

It acts as a site for various metabolic reactions e.g. Glycolysis. It provides
suitable conditions for metabolic reactions. Cytoplasm contains various organelles e.g
ribosomes, golgi bodies, mitochondria etc.

4. Cytoskeleton
The cytoskeleton is a network of interconnected filaments and tubules that
extend from the nucleus to the plasma membrane in eukaryotic cells. The cytoskeleton
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consists of microtubules, micro
filaments and intermediate
filaments.

Microtubules are involved

.'J_ Intermediate
| filament

in cell division and are major
components of cilia and flagella.
Microfilaments or actin filaments
are associated with the shape and
structure of cell. Intermediate

Cell membrane

filaments help in giving the shape

and strength to the cell. Fig 3.4: Cytoskeleton
5. Nucleus
In 1831, Robert Brown discovered the Nuclear Nuclear
Pores Envelope

nucleus in the plant cell. Nucleus is the most
prominent organelle within the eukaryotic cell.
In animal cell it lies in the centre but in plant
cell it lies on one side due to the presence of a
large central vacuole.

The nucleus is bounded by a double
perforated semi permeable membrane known
as the nuclear envelope or nuclear membrane. Nucleolus
This membrane separates the nucleus from Chromatin Nucleoplasm
cytoplasm. The semifluid content of the Fig 3.5: Structure of Nucleus

nucleus is called nucleoplasm which contains

Critical Thinking

nucleolus and chromosomes. The nucleolus is

a dark rounded body made up of RNA and ~| Which human cells do not possess
. . ) nucleus and which cells are
protein. It produces ribosomes and ribosomal multinucleated?

RNA. The chromosomes are thread
like structures. In a non dividing cell, they are in the form of a network of fine threads
and are called chromatin.

Nucleus is called the brain of cell because it controls the activities of cell like
protein synthesis, metabolism, cell division, growth etc. It stores hereditary material in
the form of DNA.
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CHAPTER-3: CELL AND SUBCELLULAR ORGANELLES
6. Endoplasmic Retriculum (ER)

It is a network of interconnected
tiny tube like structures called cisternae.
There are cisternal spaces among
cisternae. The network of ER is scattered
in the cytoplasm from nuclear envelope
to the plasma membrane. The ER are of
two types.

Nucleus

Ribosome

i) Rough Endoplasmic Egggglasmic
Reticulum (RER) Reticulum Smooth
. . Endoplasmic
The endoplasmic reticulum Reticulum

having many attached ribosomes on its
surface are called rough endoplasmic

Fig.3.6: Smooth and Rough
Endoplasmic Reticulum (ER)

reticulum (RER).

ii)  Smooth Endoplasmic Reticulum (SER)

The endoplasmic reticulum without attached ribosomes are called smooth
endoplasmic reticulum (SER).

“RER” are frequently observed in those cells which are actively involved in
protein synthesis and secretion. “SER” synthesize the phospholipids present in
membranes. In the liver, they help to detoxify drugs. They are also involved in the

QSecretory vesicles _
), =\

transport of large molecules to other parts of

7.  Golgi Apparatus
The Golgi apparatus is named

P
d‘
after Camillo Golgi, who discovered 0
them in 1898. They consists of a set of
flat and disc shaped sacs called
cisternae. The cisternae are present one
above the other in a specific manner.
The complete set of cisternae is called

Golgi apparatus. They are present both

Cistermae

:.-J 9

@ Transfer vesicles from the rough ER

in plants and animals. They are

arranged near the nucleus. o 37 Goled .
ig. 3.7: Golgi apparatus
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In Golgi complex the proteins and lipids received from the ER are modified and
packed into small membrane bounded sacs called Golgi vesicles.

The vesicles which leave the Golgi apparatus move to other parts of the cell.
Some vesicles proceed to the plasma
membrane, where they discharge their

Mitochondria are also called:

contents outside the cell. ¢ Power house of the cell or ATP mill in cell.
. . ¢ Cell furnace or storage batteries.
8. Mitochondria ¢ Most busy and active organelle in cell.
(Singular Mitochondrion) ¢ Semi autonomous cell organelle.

Mitochondria were first
discovered by Altmann in 1894.

Mitochondria are filamentous
structures surrounded by a double- _ memlI)I;;erzlrt;
layered membrane. There is a gap . B sP2c
between the two membranes. The outer '
membrane of mitochondrion has
smooth surface while the inner
membrane forms a number of in
foldings called cristae. The cristae Cristae
increase the surface area of inner Fig. 3.8: Mitochondrion
membrane. Inside the cristae there is a space which is filled by a fluid like material
called matrix. Matrix contains many types of chemical compounds. Matrix also
contains ring like DNA molecules, RNA molecules and ribosomes.

Mitochondria produce cellular energy in the form of ATP, hence they are called
'power houses' of the cell.

Ribosomes

Matrix Quter membrane
Inner membrane

9. Ribosomes

Ribosomes are granular
structures. They were first observed
under the electron microscope by
George Palade in 1953. They are
formed in nucleus. Ribosomes are
found both in prokaryotic and
eukaryotic cells. They are found free in
the cytoplasm or attached with the
surface of rough endoplasmic

Fig. 3.9: Ribosome with its Sub Units
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reticulum. Cells of eukaryotes have larger ribosomes than prokaryotes.

The ribosomes are composed of equal amount of RNA and protein. Each
ribosome has two sub units i.e. smaller unit and a larger unit. They are not bounded by
membrane.

Ribsomoes are called the protein factories of cell because they play key role in
protein synthesis. -

10. Centrioles

These are two hollow cylindrical bodies
which are formed by the division of centrosome. 78
Each centriole is made up of '27' microtubules.
There are '9' triplet sets of microtubules. The
microtubules are made up of special protein
called tubulin. These organelles are not found in
plants. They are clearly visible during the
division of animal cells.

The centrioles form spindle fibers during cell division. The centrioles are also
involved in the formation of cilia and flagella in some cells.
11. Lysosomes

Lysosomes are those organelles which are formed by Golgi apparatus. They
were discovered by Christian de Duve in 1949.

They are bounded by single membrane which encloses effective digestive
enzymes. 0 |

The digestive ]
enzymes of lysosomes are
capable of digesting
various compounds like
carbohydrates, proteins,
lipids and nucleic acids
etc. The lysosomes not only
help in intracellular and e
extracellular digestion but
also break down the waste
products. They also play a
very important role in the Fig. 3.11: Formation and Function of Lysosomes

Microtubules

Fig. 3.10: Centriole showing
triplet Microtubules

Cytoplasm Endoplasmic
reticulum

Himgoeyiiusic Food Golgi
vesicle apparalus

Lysosomes
Transport
vesicle

I Old or damaged

Digestion of organelle

phagocytized
food particles
or cells
Breakdown
o o of old

S 47) organelle

Extracellular
fluid
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breakdown of inactive organelles.

12. Plastids

These are membrane bounded structures which are found only in plant cells.
They usually contain pigments and give plant cells their colours. Based on the type of
pigments plastids can be classified into chloroplasts, chromoplasts and leucoplasts.

l) Chloroplast Intermembrane space Inner membrane
Outer —
These are oval shaped double embrane
membrane structures. There is a
space between two membranes. The
cavity of the chloroplast is filled with
a liquid material called stroma. The
outer membrane is smooth while the
inner membrane forms sac like
structures called thylakoids.
Thylakoids are arranged in stacks (Stack of thylakoids) ~ Lamella
like the piles of coins, called grana Fig. 3.12: Structure of Chloroplast
(singular: granum). They contain green pigment chlorophyll, which capture sunlight
for photosynthesis. Thylakoids also have small circular DNA and ribosmes.
ii) Chromoplasts
These organelles contain coloured
pigments other than chlorophyll. The yellow, red

(inside of thylakoid)

Do You Know?

or orange colours in plants are due to chromoplast. ~ Pollination is a process in which

. pollen grains from the male part of
They are present in the petals of flowers. Due to the flower reaches to the female part
bright colours of chromoplast in petals, the insects of flower.

attract towards flowers for pollination. The chromoplasts are also found in ripened
fruits and vegetables e.g., the red colour of an apple and tomato is due to chromoplast.

Tomat
Chromoplasts Fig. 3.13: Chromoplasts omatoes Apple
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iili) Leucoplasts
These are the colourless plastids of varied shapes and sizes with stored
nutrients. They are usually found in underground parts of the plant and store food e.g.
Potato store starch.

Leucoplast ~2&

Starch grains

Potatoes

—

Leucoplast

Fig. 3.14: Leucoplasts

13.  Vacuoles

These are sac like organelles in the cytoplasm of both plant and animal cells.
They are small in size but large in number in animals cells. In the plant cells there is a
central large vacuole which pushes the nucleus at a side. Each vacuole is bounded by a
single membrane called tonoplast. In plant cells, the tonoplast of central large vacuole
encloses a solution of different
salts, sugar and amino acids etc. In Food vacuole
animal cells there are usually two
types of vacuoles i.e food vacuole
and contractile vacuole. The food is
brought inside the cell by food  Nucleus
vacuole while the contractile
vacuole is for osmoregulation i.e.
regulation of water, like amoeba
has both these types of vacuoles. Fig. 3.15: Vacuoles in Amoeba

Contractile
vacuole

3.4 Structural Advantages of Plant and Animal Cell

The differences in the structure of plant and animal cells are actually their
adaptations. These differences are necessary for their mode of lives.

Plants are autotrophic and sessile. They face a particular environment. On the
other hand the animals are heterotrophic and mobile. They face different environments
like forest, desert, etc.
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Structural Advantages in Plants
(a) CellWall

The cell wall gives shape to plant cell. The cytoplasmic connection between two
adjacent cells is maintained by plasmodesmata, which are present in cell walls. The
cell walls give plant stems and wood their stiffness. The cell walls limit the entry of
large molecules into the cell that may be toxic to the cell. When water enters into the
xylem vessels then the cell walls act as pressure vessels and prevent the over expansion
of the cell. The cell walls also protect the plant cells from mechanical injury and
infections.

(b) Chloroplast

The chloroplasts absorb sunlight and use it to form food (glucose) with the help
of water and carbon dioxide (CO,) by the process of photosynthesis. The life on earth
directly or indirectly depends upon plants due to their ability of forming food.
Chloroplasts are also essential for human life because they absorb CO, from air and
release O, into the atmosphere. In this way, atmosphere becomes healthy for
respiration. If there is no chloroplast in the plant cell then there will be no
photosynthesis, so food and O, will not be available for organisms. In this condition life
on earth will not be possible.
(¢) Vacuole

In plant cells there is central large vacuole which is filled with cell sap. The cell
sap carry out many functions like stores nutrient, maintains turgor pressure, gives
support to cell etc.

Structural Advantages of Animal Cells
a) CellMembrane

Animal cells have no cell walls. Their outermost covering is cell membrane.
This membrane is thin, flexible and porous. The cell membrane performs many
functions like provides more flexibility in shape, helps in locomotion, transportatrion
of materials in and out of the cell.
b) Lysosomes

The lysosomes are present in all the animal cells. These are absent in the plant
cells. Lysosomes contain many digestive enzymes which play many functions like help
inintracellular digestion, help to remove the waste materials from the cell.
c) Vacuole

There are many small vacuoles in animal cell. They perform many functions like
storage and transport of different substances etc.
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3.5 Different Types of Cells

All the cells of organisms have nearly same structure. The cells of different
organisms or the cells of organs within the same body have different shapes, sizes and
functions. Some examples are as follows:

A) Epidermal Cells and Mesophyll Cells

Leaves are the photosynthetic

Cutlcle
organs of plants. They are made up of -
various specialized tissues. '

Epidermis is the outermost layer of """ epldermls _
single cells on both upper and lower Palisade ?4'
leaf surfaces. There are many tiny  wmesophyll
pores in the epidermis called
stomata. Each stoma is surrounded
by two bean shaped cells called . ( ; -- T
guard cells that contain chlorophyll. i = \Stoma
The guard cells regulate the opening '
and closing of stomata to control
transpiration. The epidermis is covered by a waxy cuticle. The cuticle prevents water
loss and stop the entry of pathogens and unwanted substances into the leaf.

The tissues between upper and lower epidermis are called mesophyll tissues.
These are of two types i.e., palisade mesophyll and spongy mesophyll. The palisade
mesophyll cells are column shaped, tightly packed and are located just below the upper
epidermis. These cells contain a lot of chloroplast so are mainly responsible for most of
the photosynthesis in the leaf. The spongy mesophyll cells are round, loosely packed
and are located below the palisade layer. They have less chloroplast, so carry out less
photosynthesis in the leaf.

Lower epidermi

Fig. 3.16: Epidermal cells and mesophyll cells in leaf

Nucleus
B) Neurons

The neurons or nerve cells are the
structural and functional units of animal’s
nervous system. These are the longest cells in
the animal’s body. A typical neuron consists of
three main parts.

Cell body/som
Axon terminal

Cell body is the main part of the Fig. 3.17: Neuron
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neuron. Dendrites are the branches arise from cell body. The dendrites carry impulses
towards the cell body. Axon is a single and long branch arising from the cell body. It
carries impulses away from the cell body.
C) MuscleCell

A muscle is abundle of thousands of long cylindrical muscle fibers enclosed in a
sheath of connective tissue. The muscles are mainly composed of two types of proteins.
i.e. Actin and myosin. There are three types of muscles which are shown below.

Smooth muscle
(in blood vessels,
digestive tract)

Cardiac Muscle Skeletal Muscle
(in heart) (with bones)

Fig. 3.18: Types of Muscles

D) RedBlood Cells (RBC)

RBCs (Erythrocytes) are component of
blood. They are made in bone marrow. Each RBC
is small, round and biconcave body surrounded by
a membrane. Its red colour is due to a red protein
called haemoglobin. The life of an RBC is about
120 days. Its main function is to carry oxygen Fig. 3.19: Red Blood Cells (RBC)
from the lungs to every cell of the body.

E) LiverCell

. . ] Liver i1s called the chemical
Each liver cell is round shaped cell. It is factory of the body. The liver

enclosed by a membrane. It has a central nucleus cellis also called hepatocyte.
around which cytoplasm is present. The
cytoplasm has large number of organelles having metabolic and secretory functions
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like Golgi bodies, Endoplasmic reticulum etc.
»

Fig. 3.20: Liver Cell (Hepatocyte)

3.6 Concept of Division of Labour
According to the cell theory, we know that the activities of an organism is the

sum total of all the activities of cells present in that organism. There is a division of
labour within the cell and across the cells.
A) Division of Labour within a Cell

There is a specific division of labour among the cellular organelles within a cell.
Ribosomes play a key role in protein synthesis, so they are called the protein factories
of cells. The Golgi complex modifies and packages proteins and lipids into vesicles for
transport. Mitochondria produce cellular energy in the form of ATP and are called
power houses of the cells. SER synthesizes phospholipids and detoxifies drugs,
espacially in the liver. RER are involved in protein synthesis and secretion. Lysosomes
contain enzymes that digest macromolecules and wastes. They also break down the old

organelles.
Vacuoles store many substances and remove wastes. The centrioles help in the

cell division and formation of cilia/flagella. Nucleus controls cell activities like protein
synthesis, metabolism, growth etc. The chromosomes and genes are found in nucleus.
Nucleus is called the brain of cell. Plastids are found only in plant cells and are site of
photosynthesis.
B) Division of Labour Across Cells

Division of labour also occurs across cells in multicellular organisms. Tissues
are groups of similar cells that perform a specific function, for example, the contraction
of muscle tissue occurs due to the combined action of muscle fibers. Organs are made
up different tissues working together, for example, stomach is made up of smooth
muscles, glandular muscles, connective tissues etc. Organ systems are formed by
organs having related functions, for example, the digestive system consists of mouth,
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esophagus, small intestine and large intestine. All organ systems in a body work
interdependently and in coordination to maintain the functions of body.

3.7 Cell Specialization Do You Know?
It is a process in which cells with specific Male gamete and a female
structures and functions are formed by unspecialized gamete unite to form

c e T zygote. The zygote divides
cells called stem cells. Cell specialization is vital for Igfny tim e};g to form

the survival and functions of multicellular organisms. embryo.
Cell specialization starts 7
during embryonic development. In Stem cells

the embryo, there are stem cells. Muscle cells ‘R

These cells are not specialized and el

can become any type of cell. These ... ‘/] *
cells form different organs of body. o® \

Each organ performs a specific -

function.

3.8 Cell Cycle

Cell division cycle or cell
cycle is a process by which a parent
cell divides into daughter cells. Cell cycle is a series of events. These events are divided
into two main phases i.e., interphase and division /mitotic phase. An interphase is a
preparatory phase of cell cycle. In this phase, the matabolic activities of parent cells are
at their peak. In division phase, the parent cells

Li 11
Blood cells 1ver cells

Nerve cell

Fig. 3.21: Cell Specialization

divide into daughter cells. There are two types of Do You Know?
cell division, i.e., mitosis and meiosis. In mitosis a In case of mitosis the time
parent cell divides into two daughter cells. In taken by a cell cycle is

variable, for example, in yeast

meiosis, a parent cell first divides into two daughter e A

cells. Each daughter cell further divides into two about 90 minutes while takes

cells. about 24 hours in human
beings.

Phase of Cell Cycle s

The cell cycle is divided into two basic
phasesi.e. Interphase and mitotic / divisions phase.

The newly formed cells from a
A. Interphase parent cell are called daughter
The interphase is commonly considered as a cells, why are not called son cells?
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resting phase between two successive mitotic N
phases. In actual practice it is the time during
which the cell is preparing for division by
undergoing both cell growth and DNA
replication. The interphase takes about 90%
time of total duration of cell cycle.

The interphase is further divided into
three phases.

1) G, phase (Gap 1)

i1) S phase (Synthesis)

i)  G,phase (Gap?2)

preparation
for mitosis

replication

Synthesis P
D) G, Phase Fig. 3.22: Cell Cycle

This corresponds to the interval between mitosis and initiation of DNA
replication. During G1 phase, the cell is metabolically active and continuously grows
in size and increases the number of its organelles.
ii)  SorSynthesis

S or synthesis phase marks the period during which DNA synthesis or
replication takes place in the nucleus i.e. each chromosome duplicates into two sister
chromatids.
iii) G, phase

During the “G2” phase, proteins are synthesised for the production of spindle
fibres. The centriole duplicates in the cytoplasm.

B. Division Phase (M Phase)

The “M Phase” starts with the nuclear division, corresponding to the separation
of daughter chromosomes (karyokinesis) and usually ends with division of cytoplasm
(cytokinesis).

Some cells in the adult animals do not undergo cell division (e.g. heart cells) and
many other cells divide only occasionally, as needed to replace cells that have been lost
because of injury or cell death. Cells that do not divide further, they exit “G,” phase to
enter an inactive stage called quiescent stage (G,) of the cell cycle. Cells in this stage
remain metabolically active but no longer multiply.

3.9 Mitosis
It was first observed by a German biologist Walther Flemming in 1882. In this
division, the parent somatic cell (body cell) divides into two daughter cells in which the
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number of chromosomes remain, the same as in the parent cell.
The process of mitosis is divided into two main phases i.e karyokinesis (nuclear
division) and cytokinesis (cytoplasmic division).
A. Karyokinesis
It involves the nuclear division. The karyokinesis phase is further divided into
four stages:
1) Prophase 11) Metaphase 1i1) Anaphase iv) Telophase
i) Prophase
It is the first stage of mitosis after interphase. Following events occur in
prophase.
¢ Chromatin network condenses to form chromosomes. Chromosomes are
seen to be composed of two sister chromatids attached together at the
centromere. The centromere has a protein structure called kinetochore
where the spindle fibres get attached.
+ The centrioles move towards opposite poles of the cell and start to form
spindle fibres.
+ Nucleolus and nuclear membrane degrade and disappear.

‘Centrosomes Chromatin
(with centriole pairs) (duplicated)

'Early mitotic Aster
spindle Centromere

Nucleolus Nuclear  Plasma Chromosome, consisting
envelope membrane of two sister chromatids

G2 of Interphase \ Prophase

Fig. 3.23: Interphase and Prophase
ii) Metaphase

Following events occur in metaphase.

¢ The spindle fibres attach to kinetochores of chromosomes called
kinetochore fibres. A number of non-kinetochore fibres from opposite
centrioles attach with each other.
Two kinetochore fibers from opposite poles attach with each chromosome.
Chromosomes are moved to spindle equator and get arranged along
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metaphase plate. The plane of alignment or arrangement of the

chromosomes on the equator is referred as the metaphase plate.

Metaphase
plate

Kinetochore
Fragments of
nuclear envelope

Nonkinetochore
microtubules

Those fibers which attach
with kinetochores are called
kinetochore spindle fibers
while others are called non-
kinetochore spindle fibers.

Chromosomes
align

Centrosome

Kinetochore
microtubule /

Fig. 3.24: Metaphase
ili) Anaphase
The anaphase stage is characterised by the following

. Prometaphase Metaphase

events:
¢ The kinetochore spindle fibres contract and are
pulled towards the centrioles.
¢ Due to pulling force, centromeres split and sister

chromatids separate. These sister chromatids are

Daughter
chromosomes

now called sister chromosomes. .
¢ The chromosomes are pulled towards the Fig. 3.25: Anaphase

opposite poles.

Cleavage Nucleolus

iv) Telophase furrgw oming
This stage shows following events:
¢ Chromosomes reach at opposite poles and again

unfold as chromatin.

¢ Nuclear envelopes reappear around the two
chromosome clusters.

* Nucleolus, Golgi complex and endoplasmic  ..ciope forming
reticulum are reformed. .

Fig. 3.26: Telophase and‘
B. Cytokinesis Cytokinesis
It is the physical process of cell division which divides the cytoplasm of parent

cell into two daughter cells. In an animal cell, this is achieved by the appearance of a
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cleavage furrow in the plasma membrane. The furrow gradually deepens and
ultimately joins in the centre dividing the cell into two cells. Plant cells are enclosed by
cell walls so the cytokinesis occurs by a different mechanism.

Vesicles of Golgi bodies are collected in the middle of plant cell. They now fuse
to form a membranous structure called cell plate or phragmoplast. The cell plate
grows outwards and finally fuses with the plasma membrane and parent cell wall. In
this way two daughter plant cells are formed. At the time of cytokinesis the cell
organelles like mitochondria, plastids etc get distributed between the two daughter

cells.
Plantcell  Cel plate New cell wall

- Animal cell
. Cleavage || '
furrow J
A V. - : D
| Contractile
/ ring

New cell wall
Fig. 3.27: Cytokinesis of animal and plant cell

Significance of Mitosis
1. Mitosis results in the production of diploid
daughter cells with identical number of

Golgi vesicles

Do You Know?

Diploid cells are those cells in

chromosomes. . .
. ) . which the specific number of
2. The growth of multicellular organisms is chromsomes are found in pairs.
due to mitosis of a single cell (zygote). They are represented by “2n”.
3 A onificant tributi £ mitosis i Haploid cells are those cells in
. very significant contribution of mitosis is which the number of chrom.-
cell repair and replacement of old cell by the osomes are half than diploid. In
New one. these cells the chromosomes are

. . not found in pairs. They are
4. The cells of the upper layer of the epidermis, represented by rl; Y

cells of the lining of the gut, and blood cells
are being constantly replaced by mitosis.

5. Mitotic divisions in the meristem tissues, Those cells which form gametes
the apical and the lateral meristem, result in are called germ line cells. Gametes
a continuous growth of plants throughout are formed by meiosis.
their life.

6. Regeneration of the lost parts of the body in many organisms takes place by
mitosis, €.g. arms of star fish.
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3.10 Meiosis

The process by which one diploid (2n) cell divides to form four haploid (n)
daughter cells is called meiosis. It was discovered in 1876 by a German biologist Oscar
Hertwig. Meiosis takes place in plants and animals which ultimately leads to the
formation of haploid gametes.

Phases of Meiosis

The process of meiosis starts like mitosis i.e it starts
from interphase which include G,, S and G, phases. After
interphase, starts two successive phases i.e meiosis - I and
meiosis - I1.

MEIOSIS-1

The meiosis — I is completed in two phases i.e.

karyokinesis and cytokinesis.

Centrosomes
(with centriole pairs)

A. Karyokinesis (Nuclear division)

envelope

) o ) ) Chromatin
The karyokinesis is completed in four steps i.e Fig. 3.28: Interphase

prophase-1, metaphase-I, anaphase -I and telophase-1.

a) Prophase-1I

It is a complex and longest phase of meiosis. Sites of crossing over
Following events occur in this phase. '

1) The chromatin material is condensed and
appear in the form of chromosomes.

i1) The homologous chromosomes come close
to each other and form pairs. This process is
called synapsis. Each pair of synapsed :
homologus chromosomes is called bivalent. chromatids Tetrad
Each bivalent has four chromatids, so it is
called tetrad.

1)  In homologous chromosome pair, the non-sister chromatids attach
lengthwise with each other at some places. These places of attachment
are called chiasmata.

Fig. 3.29: Prophase - |

1iv)  The non-sister chromatids exchange their segments at chiasmata. This
process is called crossing over. Due to the crossing over, there is an
exchange of genetic informations between the homologous
chromosomes.
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Chiasmata

Do You Know?

The homologous chromosomes
are chromosome pair in a diploid
cell. They have similar shape
I and size. They have same genes
[ atthe same locations (loci).

g 9

Synapsis Bivalents after
Fig. 3.30: Crossing over CTOSSIng over

V) After crossing over the chromosomes become more thick due to further
condensation.
vi)  Thenuclear membrane breaks and nucleoli are disappeared.
vii))  Two centrioles migrate to the opposite poles of cell and form spindle
fibers. i
b) Metaphase-1I Eft‘iii’fe‘é"t‘;'“ Metaphase
kinetochore  plate

The dispersed bivalents in cytoplasm now arrange
themselves in the center of cell called equator. In this way, a
metaphase plate is formed in the middle of cells. The
kinetochore spindle fibers of each side attaches with
bivalent of its own side.

¢) Anaphase-1I Centromere

Due to the contraction of kinetochore spindle fibers, ~ (With kinetochore)
Fig. 3.31: Metaphase - |

the two homologous chromosomes of a bivalent separate

from each other and move towards the respective poles. In Sister chromatids

. remain attached
this phase the centromere does not break.

d) Telophase-1I
Following events occur in this phase.
¢+ Half the number of chromosomes have reached

at one pole and half the number of chromosomes
have reached at the opposite pole. In this way,

two haploid set of chromosomes are formed in ~ Homologous
chromosomes separate
the cell.

Fig. 3.32: Anaphase - |
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¢+ Thespindle fibers disappear.

¢+ Nucleolireappear.

¢+ Nuclear membrane reappears around each

haploid set of chromosomes.

¢+ The chromosomes uncoil into chromatin

material again.
B. Cytokinesis (Cytoplasmic division)

A cleavage furrow is formed in the middle of cell
membrane by the division of cytoplasm and divides the
cell into two daughter cells. In plant cells, the cytokinesis
occurs due to the formation of cell plate.

Interphase - 11

There is a brief period of time between two meiotic
divisions (Meiosis- I and Meiosis-1I) called interphase-II or
interkinesis. The interphease-II is different from the
interphase-I of meiosis because it has no s-phase. Due to this
reason no duplication of chromosomes occurs in meiosis-II.

Meiosis - 11

After cytokinesis, the process of meiosis-II starts. The
meiosis-II is like normal mitosis. Meiosis-II also has four
phases i.e., prophase-II, metaphase-II, anaphase-II and
telophase-II.
a)  Prophase - Il: The chromatin material is condensed
to form chromosome. Nuclear membrane and nucleoli
disappear. The centrioles on opposite poles of cell form
spindle fibers.
b)  Metaphase - II: At this stage, the chromosomes
align at the equator and the spindle fibres from opposite poles
of the spindle get attached to the kinetochores of sister
chromatids.

Cleavage
furrow

Fig. 3.33: Telophase - I and
Cytokinesis

Fig. 3.35: Metaphase - II

c) Anaphase - I1: Due to the contraction of kinetochore spindle fibers, a pulling
force i1s applied on centromere. The centromere breaks due to this force and sister
chromatids are separated from each other and move towards opposite poles of cell.
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d) Telophase-II
Telophase II: Meiosis ends with telophase II, in which the two sets of
chromosomes once again get enclosed by a nuclear envelope.

Sister chromatids
separate p,

Fig. 3.37: Telophase - IT and
Cytokinesis

After telophase-II, the process of cytokinesis starts due to which four daughter
haploid gametes are formed.

3.11 Comparison of mitosis and meiosis

MITOSIS MEIOSIS

Fig. 3.36: Anaphase - II

1. |It occurs in all somatic cells for It occurs only in gonads or germline
growth. cells for the formation of gametes.

2. | Whole process completes in one The process completes in two
division. divisions.

Prophase is of short duration. Prophase is of longer duration.

4. | Crossing over does not occur. Crossing over takes place with the
Chiasmata is not formed. formation of chiasmata

5. | Centromeres divide in metaphase. Centromere do not divide.

6. | All chromosomes behave Homologous chromosomes pair and
independently and no pairing of form Bivalents by synapsis.
chromosomes occurs.

7. |2 — Daughter cells are formed. 4 — Daughter cells are formed.

3.12 Significance of Meiosis
1)) Due to meiosis, haploid gametes (n) are formed which are the main units for
sexual reproduction. By the union of male and female haploid gametes, the
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diploid number (2n) is restored in the next generation. In this way, the number of
chromosomes of a particular species remains constant generation after
generation.

i1) Due to crossing over, new combinations of genes are formed on chromosomes
due to which variations occur in new generation. Variations are very important
for the process of evolution.

3.13 Stem cells as unspecialized cells

Stem cells are master cells in the body having unique ability to renew
themselves and to differentiate into many different types of specialized cells in the
body. The stem cells are found in the embryo of organisms. They have no specific
functions like other specialized cells in the body. They are immature and unspecialized
cells but have ability to grow into any type of specialized cells. Through a process
called differentiation.

Stem cells are different from other specialized cells in many ways.
i) They can divide and renew themselves over a long time.
ii) They are unspecialized cell because they do not have tissue specific structures.
iili)  They have potential to become specialized cells.
iv)  Theydonot have special morphology.

Examples

Stem cells are found in both plants and animals. In plants, the stem cells are
found close to the tips of shoot and roots and are called meristems. Branches, leaves,
flowers, roots, etc., are formed from these meristems.

The embryonic stem cells in human body are the most potent because every
types of cells in he body is derived from them. For example, blood cells, brain cells,
muscle cells, bone cells etc.

Video Links:Keenly watch some animated videos of mitoses and meiosis on internet.
This activity will more clear your concepts about mitosis and meiosis.
https://www.youtube.com/watch?v=_jdSzXvvpH4&t=968s
https://www.youtube.com/watch?v=boX311In-Ez0
https://www.youtube.com/watch?v=NwwcWqL5hhl&t=17s
https://www.youtube.com/watch?v=GHIIA76-h3c&t=11s
https://www.youtube.com/watch?v=yRIL.QKZzFb68
https://www.youtube.com/watch?v=Htpn94ToPEg
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A. Identify the pointed organelles.

B. Answer the questions.

1) Which one is involved in the breakdown of inactive
organelles?

i1) Which organelle receives proteins and lipids from
“ER” and packed them into small membranous sacs?

iii) Which one is the energy supplier of cell? (
iv) Which letter shows the brain of cell? [

v) Itis found only in plant cells.
vi) The membrane of which part is called tonoplast.

vil) With which organelle the protein factories are
attached.

AN A AN\

Find the stages in the given figures of mitosis. Write down the reason of
identification in each case.
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(Fi,q.No. Name of Stage Reasons of identification

a | e e

b ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

c | e

Identify the cell organelles on the basis of their special features.

D Consists of microtubules, actin filaments and intermediate filaments. [:]
i1) The inner membrane of this organelle forms a number of foldings called

cristae. C]

iii)  The inner membrane of this organalle forms sac like structures called

thylakoid.| |

iv)  Provide plasmnodesmatal connection between two neighbouring cells. [:]
V) This organelle is made up of two sub units (smaller and larger). [:]

Responsible for endocytosis and exocytosis.

_ Key Points [

Cell is the smallest structural and functional unit of all organisms.

¢ Cell membrane or plasma membrane is a thin and elastic membrane. It is present
around the cytoplasm of all prokaryotic and eukaryotic cells. In animal cells it is
the outer most boundary. In prokaryotes, fungi and plants it is present under the
cell wall.

¢ Cell wall is the outermost covering of the cells of prokaryotes, fungi and plants. It
is hard and non-living structure below which cell membrane is present.

¢ The microscopic pores in the cell walls are called plasmodesmta.

¢ Cytoplasm is a gelatinous and semi transparent fluid between nucleus and cell
membrane.

¢ The cytoskeleton is a network of interconnected filaments and tubules that extend
from the nucleus to the plasma membrane in eukaryotic cells. The cytoskeleton
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consists of microtubules, actin filaments, and intermediate filaments.

¢ Nucleusis called the brain of cell.

¢ Endoplasmic reticulum is a network of interconnected tiny tube like structures
called cisternae.

¢ Golgibodies consist of a set of flat and disc shaped sacs called cisternae.

¢ Ribosomes are called protein factories of cell.

¢ Centrioles are two hollow cylindrical bodies. Each centriole is made up of “27”
microtubules.

¢ Lysosomes are formed by Golgi bodies. Each lysosome contains digestive
enzyme.

¢ Plastids are membrane bounded structures which are found only in plant cells.
They usually contain pigments and give plant cells their colours. Based on the
type of pigments plastids can be classified into chloroplasts, chromoplasts and
leucoplasts.

¢ Vacuoles are sac like organelles in the cytoplasm of both plant and animal cells.

¢ Tissue is a group of cells which are similar in structure and work together to
peform a particular function in body. The function of a tissue is the combined
actions of all the cells present in that tissue.

¢ Thecell cycleis divided into two basic phases i.e. Interphase and mitotic phase.

¢ Mitosis is the division of somatic cells. In this case one parent cell divides into two
daughter cells. The number of chromosomes remain the same as in the parent cell.

¢ The process or division by which one diploid (2n) cell divides to form four
haploid (n) daughter cells is called meiosis.

¢ The exchange of segments between non-sister chromatids is called crossing over.

EXERCISE

A. Multiple choice Questions (MCQs)

1. Protein factories of cells are:
(a) Ribosomes (b) Lysosomes
(c) Golgibodies (d) Mitochondrion
2. The organelle discovered by Robert Brown:
(a) Ribosome (b) Mitochondria
(c) Lysosome (d) Nucleus
3. Mitochondria are sausage-shaped filamentous structures surrounded by:

(a) Singlelayered membrane (b) Doublelayered membrane
(c) Triplelayered membrane  (d) Cellulose
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The percentage of lipid in cell membrane is:

4.

10.

I1.

12.

13.

14.

45-50%
60-80%

70%
90%

27 microtubules
37 microtubules

Symplast
Tonoplast

Which one is involved in cell division and is major component of cilia and

(a) 10-15% (b)
(c) 20-40% (d)
The percentage of water in cytoplasm is:
(a) 60% (b)
(c) 80% (d)
Each centriole is made up of;

(a) 7 microtubules (b)
(c) 17 microtubules (d)
The cell membrane of vacuole is called;
(a) Protoplast (b)
(c) Apoplast (d)
flagella.

(a) Centrioles (b)
(c) Microtubules (d)
The cell wall of prokaryotes contains:
(a) Lignin (b)
(c¢) Chitin (d)
Nucleolus is made up of:

(a) Proteinand DNA (b)
(c) Ribosome and protein (d)
Smooth muscles are found in:

(a) Heart (b)
(c) Liver (d)
Phragmoplast is formed from:

(a) Ribosome (b)
(c) Golgibodies (d)

Golgibodies
Ribosomes

Peptidoglycan
Cellulose

DNA and Ribosome
Proteinand RNA

Blood vessels
Brain

Vesicle of ER
Mitochondrion

In which phase of meiosis, the crossing over occurs?

(a) Telophase-I (b)
(c) Anaphase-1I (d)

Metaphase-I
Prophase—1

In human beings there are 46 chromosomes (2n), what will be the number of

chromosomes in their gametes?

(a) 22 (b)
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(c) 24 (d 25
15. DNAreplication takes place in:
(a) G, phase (b) Sphase
(c) Mphase (d) G,phase
16.  Microtubules are formed in:
(a) G, phase (b) Sphase
(c) Mphase (d) G, phase
17.  Partitioning of daughter chromosomes takes place in:
(a) G, phase (b) Sphase
(c) Mphase (d) G,phase
18.  Themostlengthy phase of meiosis is:
(a) Anaphase-I (b) Metaphase- 11
(c) Prophase-1I (d) Prophase-II
19.  Separation of homologous chromosomes occur during
(a) Prophase-1I (b) Metaphase -1
(c) Telophase-I (d) Anaphase-I

B. Short Response Questions.
1. Why is cell called the basic unit of life?
How will you briefly describe the cytoskeleton?
What do you know about the Golgi bodies?
What are neurons? What do you know about the structure of a typical
neuron?
5. What are muscle cells? Write down the types of muscles.
6. Briefly describe the cell specialization.
7. Write down the functions of lysosomes.
8
9

Rl e

What are the differences between animal and plant cells?
Differentiate between smooth and rough endoplasmic reticulum?
10. Distinguish cytokinesis from karyokinesis.
11. Describe the events taking place during G, phase of interphase.
12. How does cytokinesis in plant cells differ from that in animal cells?
13. What is quiescent stage (G,)?
14. What is the significance of meiosis?
15. Distinguish between metaphase of mitosis and metaphase-I of meiosis.
16. Define the following terms
(1) Cell cycle (i)  Granum
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(ii1) Plasmodesmata (iv)  Synapsis

(v) G, phase (Gapl) (vi)  Chiasmata

(vii) Centromere (viil) G, phase (Gap 2)
(ix) Meiosis (x)  Mitosis

(xi) Crossing over (xii) S-phase

(xiii) Kinetochore (xiv) Spindle fibers

(xv) Pharagmoplast
C. Extended Response Questions.
1. Write a detailed note on plastids.
2. Who discovered mitochondria? Explain its structure. Why they are
called power house of cell.

3. Write a comprehensive note on nucleus.

4. Explain epidermal and mesophyll cells.

5. Write a detailed note on the division of labour within a cell and across
cells.

6. Write a note on the structural advantages of plants and animal cells.

7. Give a comparison between mitosis and meiosis.

8. Describe the stages of meiosis-I with labelled diagram.

9. Explain the stages of mitosis with labelled diagram.
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Learning Outcomes:

- Students will be able to:

Distinguish between tissues, organs and systems with examples from animals and plants.
Describe the concept of emergent properties as gain in functionalities and how it applies to
the following:
¢ Sub-cellular organelles to cells
¢ Cellstotissues
¢ Tissues to organs
¢ Organs to systems
¢ Systems to living organisms.
Enlist the different types of tissue come together to from the stomach organ in the human
body.
Discuss the different types of tissue come together to form the leaf.
Discuss the organ systems (digestive, respiratory, cardiovascular, nervous, endocrine and
reproductive system) come together to form the human body.
Describe the disorders of different organ systems.
Discuss the advantages of homeostasis.
Discuss the various organs and systems of the human body work to maintain homeostasis.
Explain plant physiology in terms of structures and roles of various plant organs.
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Introduction

We know that cell is the basic structural and functional unit of the body of all
organisms. A group of similar cells having similar functions is called tissue. A group of
two or more types of tissue that work together to complete a specific function is called
an organ. A group of organs having related functions that work together to perform a
specific function is called an organ system. An individual or organism is formed by the
organization of different organ systems.

In this chapter, we will study about the levels of organization in organisms i.e.,
from cellular level to organism level. We will also study about the organs or organ
system involved in homeostasis, disorders of organs or organ system in animals,
structure and roles of various plant organs in plant physiology.

4.1 Tissues, Organs and Systems:

We know that a group of similar cells that work together to perform a specific
function is called tissue for example, muscle is a tissue made up of muscle fibers. All
muscle fibers work together due to which movement occurs.

There are many types of cells in the
epidermis of a leaf. All these cells work together as
a tissue. An organ is self contained part of body that Additional Information
performs a specific function or many functions. In timeal vl fe e smelllest o7 i
the body organs are made up of tissues that work skin is the largest organ of the
together for a common purpose, for example, humanbody.
stomach is an organ which is made up of different
tissues like smooth muscles, glandular tissues etc.

Leafis an organ because it is made up of different types of tissues i.e. epidermal,
spongy mesophyll, palisade mesophyll etc. Organ system is a group of different organs
having related functions that work together to perform a complex function in the body,
for example, the digestion process is completed by digestive system which is made up
different organs like esophagus, stomach, small intestine and large intestine.

4.2 Levels of Organization

Levels of organization are also called hierarchy of life. Each upper level of
organization will be more complex as compare to lower one, for example, atoms
combine to form molecules; Molecules combine to form organelles. Different
organelles combine to form cell. Cells combine to forms tissues. Different tissues
combine to form organ. Different organs combine to form organ system and different
organ systems combine to form the body of an individual.
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A. CellOrganelles and Cell

The living subcellular structures in a cell are called cell organelles. These
organelles are formed by the specific combination of biomolecule. The division of
work inside a cell is carried by these organelles. Each organelle performs a specific
function in a cell, for example, ribosomes are specialized for protein synthesis.

Different cell organelles collectively form the cell. All organisms are made up of
cells. Different cells have different shapes, sizes and functions. On the basis of number
of cells, the organisms are of two types:

1) Unicellular (made up of single cell), for example, amoeba,

chlamydomonas, paramecium.

11) Multi-cellular (made up of many cells). for example, human body

consists of more than 37.2 trillion cells.

B. Tissue

Tissue can be defined as a group of cells having similar structure and function.
The multicellular organisms have different types of tissues. Each cell in a tissue carries
on its own life processes e.g. protein synthesis and ATP production etc. A cell also
carries on some special processes related to the function of the tissue. Muscular and
nervous tissues are animal tissues while xylem and epidermal tissues are plant tissues.

C. Organ

An organ is a group of different tissues
having related functions. Each organ performs a Additional Information
specific function. Different tissues of an organ
perform their specific functions and these functions
collectively become the function of that organ. for
example, human stomach is an organ. Its function is
to digest
the food. Two types of tissues are involved in the digestion of food in stomach. The
secretary tissues secrete gastric juice for the digestion of food. The muscular tissues
contract the wall of stomach for crushing and mixing of the food with gastric juice.

Heart is the first organ that forms
during development of the body.

D. OrganSystem

An organ system is formed by the group of organs having related functions.
Each organ carries out its specific function and all the functions of these organs become
the function of that system, for example, digestive system consists of mouth, stomach,
small intestine and large intestine etc.

77



CHAPTER-4: TISSUES, ORGANS AND SYSTEMS
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Fig. 4.1: Level of Organization in organisms from atomic to organism level

Organism Level
An individual or organism is formed by the organization of different organ

system, for example, the human being. An individual is made up of different systems

such as circulatory system, respiratory system, digestive system etc.
There is a coordination between different organs and organ systems of an

individual, for example, during playing, our muscles work. For the extra working of
muscles there is a need of more food and oxygen to the muscles. This supply is brought
about by the increased flow of blood to muscles. The increase in blood flow is
controlled by increased heart beat. More oxygen is supplied by lungs to blood. More
CQ, is produced during playing so there is an increase in the rate of respiration to get
more oxygen and to remove more CO,. More heat is produced in our body during
playing due to which body temperature increases. To maintain the body temperature,

our sweat glands produce sweat from our skin.
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4.3 Composition of Stomach on Tissue Level

Stomach is J-shaped muscular sac. It is present beneath the diaphragm. In an
adult person, the stomach is nearly 12 inches long and 6 inches wide.

Following tissues combine to form stomach.
A. Smooth Muscles

These muscles in the wall of stomach are present in the form of layers. The inner
most layer is called mucosa. Second layer is called sub-mucosa, third layer is called
muscularis and the outermost layer of muscles is called serosa.

B. Glandular Tissues
The mucosa has gastric glands composed of three kinds of cells:
1. Chief cells secrete an Fundus

inactive enzyme called ~ Fsophagus
pepsinogen which is
converted into an active Pylorus

enzyme pepsin by HCL
Pepsin acts on protein
and converts it into  Duodenum—
partially digested poly-
peptides and amino
acids.

2. Parietal cells secrete HCI. It softens the food and kills pathogens in food.

3. Mucous cells secrete mucous. The mucous forms a coating on the inner walls of
stomach. In this way, walls of stomach become safe from the action of HCI and

Muscle
layers

Rugae

) Serosa
Fig. 4.2: Human Stomach

pepsin.

C. Blood Capillaries
Blood capillaries are also the part of stomach. The walls of blood capillaries are
also made of tissues.

4.4 Composition of a Leaf on Tissue Level

Leaves are called the photosynthetic organs of plants. Each leaf is made up of
different types of tissues. The cells of leaf system have a variety of specialized
structures and functions. The outermost covering of a leaf is called epidermis. It is
composed of a single layer of cells. This layer of cells forms upper and lower surfaces of
a leaf called upper and lower epidermis respectively. There are many tiny pores in the
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epidermis called stomata. Around each stomata
there are two bean shaped cells called guard cells.
The guard cells are responsible for the opening and
closing of stomata to control transpiration. The
epidermis is covered by a waxy layer of cuticle to

Do You Know?

Why leaves look green?

When sunlight falls on plants, the
green portion of light is reflected
by the chlorophyll. Due to this

prevent the loss of water from the leaf and to stop
the entry of pathogens and unwanted substances
into the leaf.

The tissues between upper and lower epidermis are called mesophyll tissues.
The mesophyll tissues are of two types 1.e palisade mesophyll and spongy mesophyll.
The palisade mesophyll cells are column shaped. These cells are closely packed and
are present just below the upper epidermis. These cells contain a lot of chloroplast so
are responsible for most of the photosynthesis in the leaf. The spongy mesophyll cells
are rounded in shape. These cells are loosely packed and are present beneath the
palisade tissues. There are air spaces among spongy mesophyll cells which allow the
removal of oxygen and entry of CO, into the leaf. There is less chloroplast in spongy
mesophyll than palisade mesophyll cells so there is less photosynthesis in spongy
mesophyll layer.

In the leaves, there is a central vessel called midrib. Many branches arise from
midrib called leaf veins. The midrib and veins contain xylem for the transportation of
water and phloem for the transportation of food.

reason the leaves look green.

. ) Cuticle
Upper epidermis
0 O 0 o ® 0 O
LARA LR | R R Ll :' Pa0)| % 0] % 0)\?
. ° s . .
Palisade ... = -: ®e .:. ::. 0‘: .‘o‘ '.:. 0.:; ‘::. o:
e .i. P PO AT e .*Ne %o %Mo .
P\ AR - Activity
e i * e \s ¥ ol C e
® she® 0 L .'c. 2 s S0 .
VA O & B . Write down the levels of
LR DN N organization from atomic
N ¢ al e 'l - S =/ [ y g o,
pongy | ©® 2 - . ) NeT TN (5 to individual level.
. - - - - ™ ® o
° afe . ® ey
StomatzZe o ST &= Y
< ~ . Z - o .! l : ] .. .- ®
Lower epidermis Air space

Guard cells

Vascular bundle

Fig. 4.3: Composition of leaf on tissue level
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4.5 Human Body

Human body is made up of
different organ systems.
1.  Digestive System

Food is digested by digestive
system and the undigested material is
removed from the body. The human
digestive system is in the form of
tract which starts from mouth, and
ends at anus. This system consists of
mouth, oesophages, stomach, small

intestine and large intestine.

Do You Know?

What is the normal rate of
breathing per minute in rest
condition?

2.  Respiratory System
It is the system of gaseous

exchange. Oxygen is taken inside the
body where break down of glucose is
carried out. By this breakdown, CO,
and energy (ATP) are produced. ATP
is used inside the body while CO, is

removed from the body.
The respiratory system

consists of nose, pharynx, larynx
trachea, bronchi, bronchioles,

alveoli and lungs.

Anus

Fig. 4.4: Digestive System

The length of small intestine in
an adult human is about 6-7m
while the length of large intestine
isabout 1.5m.

Nasal cavity

—Esophagus

Stomach

Large Intestine

Small Intestine

Larynx

Trachea

Lungs

Fig. 4.5: Respiratory System
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3.  Cardiovascular System

It is the system of blood
circulation in the body. Blood supplies
O, and food to all parts of body. In the
same way blood carries CO, and waste
materials from different organs and
carries these materials to excretory
organs to remove from the body.

The circulatory system consists
of heart, blood vessels (arteries, veins,
capillaries) and blood.

4. Reproductive System

The reproductive system of male

and female is different. Both the

systems produce gametes, male gametes (sperms)
and female gametes (eggs). The sperm and egg
unite to form zygote. Zygote divides many times to
form embryo. From the embryo new baby is

formed inside the body of mother.
5.  Nervous System

The nervous system is the complex
network of cells and fibers in the body. It is
divided into two parts i.e., central nervous
system (CNS) and peripheral nervous
system (PNS). The CNS includes brain and
spinal cord. The PNS consists of those
nerves which arise from brain and spinal
cord. It connects the CNS to rest of the body
nerves.

The nervous system is the control
center of body. It controls and coordinates
all body activities, for example heart beat,
respiration, movement etc.

6. Endocrine System

It is a system of some special glands

called ductless glands or endocrine glands,
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Capillaries

Fig. 4.6: Cardiovascular System

Do You Know?

It is generally estimated that the
size of human heart is equal to the
closed fist of person.

Spinal cord

Fig. 4.7: Nervous System
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for example, pituitary glands, thyroid gland, etc. These glands produce special
compounds called hormones. These hormones are directly added in the blood. The
hormones play very important roles for the proper functioning of the human body. The

deficiency or over production of hormones cause serious problems and even death.
Pineal

Pituitary

Thyroid
Thymus

Adrenal
Do You Know?

The glands which pour their

secretion by ducts into other parts

of body are called exocrine or

ductus glands.

Pancreas

Ovary (female)

Testis (male

Fig. 4.8: Endgcrine gystem

4.6 Disorders of Different Organ Systems
When an organ does not function properly it is called organ disorder. Some
examples of organ disorders are as follows:

A. Ulcer

It is a disorder of inner wall of

Healthy

stomach and first part of small
intestine (duodenum). When there is
improper coating of mucous on the
inner wall of stomach or gut then the
HCI and pepsin in the gastric juice Duodenal ulcer -
destroy the tissue of inner walls

causing wound. This wound is called

peptic ulcer or ulcer. The ulcer of F]g 4.9: Types of Ulcer Pepticllulcer

83



CHAPTER-4: TISSUES, ORGANS AND SYSTEMS
stomach is called gastric ulcer while the ulcer of duodenum is called duodenal ulcer.
Pain in the stomach after meal is the common symptom of ulcer. Severe pain, loss of
appetite and nausea are the signs of chronic ulcer.

There could be many reasons of ulcer such as Helicobacter pylori infection
excess of HCI or pepsin in stomach, excessive intake of spicy food, coffee, carbonated
drinks, excessive smoking, prolong use of pain killer medicines etc. Ulcer can be
prevented by avoiding smoking, excessive intake of spicy food, carbonated drinks and
over use of medicines. Antacid medicines neutralize the acidic effects of gastric juice.
Ulcer caused by bacteria is treated with antibiotics.

B.  HeartAttack (Myocardial Infarction)

The term “myocardial Infarction” is composed of two Greek words i.e
‘Myocardial’ means heart muscles and ‘Infarction’ means tissue death.

Myocardial infarction is the general term used for damage or death of heart
muscles. It is commonly known as heart

attack. The causing factors are plaque Block in
and thrombus formation in coronary
arteries. The factors leading to
myocardial infarction are obesity,
metabolic syndrome and chronic kidney
disease. The potential triggering factors
are excessive physical activity, excessive
alcohol intake and drug addiction. Most
common symptom is severe chest pain or
discomfort. The pain travels most often
to the leftarm. The pain may also travel to
the neck lower jaw and back, difficulty in
breathing, unconsciousness, anxiety and

nausea etc.
The treatment involves the

damage

angioplasty and heart bypass surgery.
The preventive measures include change Fig. 4.10: Muscle damage causes blockage

.. . . . of arteries resulting in heart attack
in life style, exercise, patient and family
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education, control hypertension, no smoking, weight management and medication

prescribed according to the need of patient.

C. Pneumonia o« - Normal
It is a respiratory tract N\
disorder. It is a serious
disorder of lungs. In this case
inflammation occurs in the
walls of air sacs (alveoli) and
accumulation of fluid and pus
in the air sacs of lungs.
Pneumonia is caused
by bacteria, virus or fungi.
The common symptoms of
pneumonia are chest pain,
cough, chills, fever, muscle
pain, red brown sputum etc.
Pneumonia can be treated by antibiotics.

" Inflamed

are sacs filled

with fluid
pneumonia)

Fig. 4.11: Pneumonia

. Brain Tumor
D. Brain Tumor

Itis a disorder of nervous system. In this
case an abnormal mass of brain cell is produced
as a result of uncontrolled cell division. The
tumor may be benign or malignant. The tumor
is caused by mutation. It may occur in any age
in brain and spinal cord. The common
symptoms of tumor are headache, vision ... .
problem, hearing problems, seizures, coma etc.

Tumor is removed surgically. Brainstem

E. Goiter Fig. 4.12: Brain Tumor

It is a disorder of endocrine glands. In this case the thyroid gland become
enlarged due to deficiency of iodine. The primary symptom of goiter is a visible

Cerebellum

swelling in the front neck. Other symptoms are increased heart rate, increase sweating,
increase in body weight, weak nails etc. Thyroid can be treated by proper medicines or
may be removed surgically.
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Goiter

Thyroid [ Enlarged
gland — ' -~ thyroid
gland
Normal Goiter

. Fig.4.13: Goiter
4.7 Homeostasis

Homeostasis is a process by which living organisms keep their internal
environment stable and balanced. The main aspects of homeostasis are osmorgulation
(balance of water and salts in the body), excretion (removal of wastes) and
thermoregulation (maintenance of constant body temperature).

4.8 Organ and Organ System Involved in Homeostasis

You have already studied that an organ is a group of different tissues having
related functions and an organ sytem is formed by the group of organs having related
functions. Humans possess highly developed system for homeostasis, the main
homeostatic organs are lungs, skin and kidneys.

A. Lungs as Homeostatic Organ

During cellular respiration, CO, is produced due to breakdown of organic
substances from cells which diffuses in the blood via tissue fluid. CO, is an acidic gas
which decreases the pH of blood and makes it acidic (normal pH of blood is 7.3 to 7.4).
This results in the disturbance of many chemical reactions in our body. Therefore it
should be removed immediately. Blood transports CO, from tissue fluid to lungs for its
removal through respiratory passage.

B. Skin as Homeostatic Organ
Our skin produces sweat through sweat glands, which contains water, salts and
small quantity of urea. Skin also performs important role in thermoregulation. The skin
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consists of epidermis (outer layer of skin)
and dermis. There is a thin layer of fat cells
(adipose tissue) around and beneath
dermis which acts as an insulator.

The sensory nerve endings in skin
are stimulated by cold and warm
temperature. The contraction of small
erectile muscles, which are attached to
hair, forms “goose bumps” (i.e. hair
erected). It creates an insulating blanket
and prevents heat loss from the body.
Similarly when body becomes overheated,
the hair erectile muscles relax to remove
extra heat. Excess heat is also removed

. B g A = X -
through evaporation of sweat. s A e AR
Fig. 4.14: Transverse Section of Human Skin

|Epidermis|

Dermis

. Fat layer |

C. Kidneys as Homeostatic Organs

Kidneys are major excretory and osmoregulatory organs in human. They
remove nitrogen containing wastes (like urea, uric acid, ammonia, creatinine etc.),
drugs, used hormones, excess salts and toxic substances. Kidneys maintain water
balance in the body either absorbing or removing water. They also help in maintenance
of'blood and lymph composition and volume.
Liver

Liver also helps in homeostasis, for
example, It regulates the levels of hepatic glucose.

Can a person donate one
kidney to other person and live
It breaks down the dead RBCs and removes normally?

bilirubin (waste of broken RBCs).

Advantages of Homeostasis

The homeostasis is a very important phenomenon in living organisms. Life of an
organism is not possible without homeostasis. It keeps the balance of water and salts in
the body. It helps to maintain the body temperature. Due to homeostasis the waste
products are removed from the body. Homeostasis keep the body environment under
control. It keeps the conditions favourable for cell to function. If homeostasis does not
maintain properly then processes inside the body will not function properly.
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4.9 Structure and Roles of Various Plant Organs in Plant

Physiology

Plant physiology is concerned with all those processes which occur within the
plant body. In a simple way, we can say that plant physiology is a combined action of
root, stem, leaves, flowers, fruits and seeds.
1. Root: It is the underground part of the plant. Roots perform many functions
like anchor the plant firmly in the soil, absorb water and minerals by root hairs.
2. Stem: Stem or shoot is the above ground part of plant. Inside stem, there are
xylem and phloem tissues. Water and minerals are transported to all parts of plant body
by xylem. The phloem transports food from the leaves to all parts of plant.
3. Leaves: A green leaf is called the kitchen of the plant because photosynthesis
occurs here and as a result glucose is formed. The extra water is removed from the
leaves in the form of vapours. This process is called transpiration. The exchange of
gases (CO,, O,) also occurs through stomata of leaves.
4. Flower: It is the reproductive part of plant. The bright colours of flowers
attract insects for pollination. Male gamets (sperms) are formed in anther of stamen and
female gametes (eggs) are formed in the ovaries of carpel. Sperm and egg unite to form
zygote by the process of fertilization. Zygote divides repeatedly to form embryo. From
the embryo new plant is formed.

Anther
Stamen -[

Filament — Pistil
Petal
Sepal
Fig. 4.15: Flower
5. Fruit: The ripened ovary with seeds is called fruit. Seeds are enclosed in fruits.

Fruitis a store house of nutrients.
6. Seeds: New plants are formed by the development of embryo present inside the

seed by the process called seed germination.
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Identify the following on the basis of level of biological organization.

(s.No.| | Level of organization )
(1 J( )
(2 J( )
(3 J( )
(4 J( )
(s J( )
s )1 )
(7 J( )
8 0 )
(s J( )
U )

T Keykeins T

¢ The group of cells having similar structure and function together as a unit is called
tissue.

¢ When different tissues having similar functions work together then such a group
oftissues is called an organ.

¢ Different organs who have similar functions that work together to perform a
specific function is called an organ system.

¢ Levels of organization are also called hierarchy of life.

¢ Unicellular (made up of single cell), for example, amoeba, chlamydomonas,
paramecium.

¢ Multi-cellular (made up of many cells), for example, human body consists of
more than 37.2 trillion cells.
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Different tissues of an organ perform their specific functions and these functions
collectively become the function of that organ.

An individual or organism is formed by the organization of different organs and
organ systems.

The outermost covering of a leafis called epidermis.

There are many tiny pores in the epidermis called stomata. Around each stomata
there are two bean shaped cells called guard cells.

There is no chlorophyll in the cells of epidermis but guard cells contain
chlorophyll.

The tissues between upper and lower epidermis are called mesophyll tissues. The
mesophyll tissues are of two types i.e palisade mesophyll and spongy mesophyll.
Our skin removes sweat through sweat glands, which contains water, salts and
small quantity of urea. Skin also performs important role in thermoregulation.
The skin consists of epidermis (outer layer of skin) and dermis.

The outer covering of root is called epidermis.

Flower is the coloured and attractive part of plant. It is the reproductive part of
plant.

The male reproductive part is called stamen while female reproductive part is
called carpel.

The bright colours of flowers attract insects for pollination.
The ripe ovary with seeds is called fruit.

EXERCISE

Multiple choice Questions (MCQs)
A group of cells having similar structure and function is called:

(a) Organ (b) Tissue

(c) Organ system (d) Organism

The living sub-cellular bodies in a cell are called;

(a) Inclusions (b) Tissue

(c) Organelles (d) Organ

Which statement is not correct during playing?

(a) More heat is produced (b) Increase in blood flow
(c) More O, is released (d) More CO, is released
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The spongy mesophyll cells are:

(a) Round in shape (b) Triangular in shape
(c) Column shaped (d) Irregular in shape
Liver breaks down the:

(a) Dead WBCs (b) Dead RBCs

(c) Platelets (d) Plasma

Zygote after repeated divisions form:

(a) Seed (b) Embryo

(c) Root (d) Leaf

Which one of the following contains chlorophyll?

(a) Epidermal cells (b) Flower

(¢) Guard cells (d) Xylem tissues
The disorder of nervous system is:

(a) Ulcer (b) pneumonia

(c) Tumor (d) goiter

One of the following is not nitrogeneous waste?

(a) Ammonia (b)  Uric acid

(c) Bilirubin (d) Urea

In the skin, the thin layer of fat cells is called:

(a) Cutin (b) Dermis

(c) Adipose tissue (d) Epidermis

Short Response Questions.

1. What are the advantages of homeostasis?

2. Justify that lungs are homeostatic organs?

3. What is the role of skin in osmoregulation and thermoregulation?

4. Define the endocrine glands and write their role in human body.

5. Define the following terms
(1) Organ (i)  Epidermis (111)  Midrib
(iv) Respiratory System (v)  Excretory system (vi)Homeotasis
(vil) Goose bumps (viil)) Thermoregulation (ix) Embryo
(x) Fruit
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Extended Response Questions.

Explain the levels of organization in living organisms.

Write a detailed note on composition of stomach.

Explain the composition of a leaf on tissue level.

Discuss the roles of various plants organs in plant physiology.
Write a note on human nervous system.

kL=
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Nutrients

| CELLULAR RESPIRATION |

Students will be able to:

Define metabolism, catabolism and anabolism with examples.
Define Enzymes and describe their characteristics.

Show the mechanism of enzyme action.

Assess the factors which could influence enzyme activity.
Describe competitive, and non-competitive inhibition.
Discus the role of ATP as energy currency.

Describe photosynthesis in plants.

Explain aerobic respiration and anaerobic respiration.
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Introduction

Metabolism is a set of chemical reactions in the body to keep us alive. These
biochemical reactions are accelerate of by naturally produced protein compounds in
the living bodies called enzymes. In this chapter we will study about the nature of
enzyme, their characteristics, mechanism of enzyme action, factors affecting the rate of
enzyme action and models for the explanation of enzyme action.

All living organisms require energy to sustain life and to carry out their different
functions. This energy is related to the food of organisms. Bioenergetic describes how
living organisms obtain and transform energy. Life of an organism is dependent on
energy transformation. Photosynthesis and respiration are the two main processes for
energy transformation. In this chapter we will study about the processes of
photosynthesis and respiration in detail.

5.1 Metabolism

The sum of biochemical reactions within a cell in order to maintain life is called
metabolism. The word metabolism is derived from a Greek word “metabole” which
means “to change”. The chemical reactions taking place in living organisms are called
biochemical reactions. The life of an organism is sustained due to these biochemical
reactions. These reactions occur step by step in a specific manner. If these reactions
occur slowly in a body then all the activities of body will become disturbed. In order to
speed up these reactions enzymes are required.

Due to metabolism energy, is formed which is used in vital processes like
movements, growth etc. This energy is also used for the synthesis of new organic
materials.

Categories of Metabolism

Metabolism can be divided into two categories i.e., anabolism and catabolism.
(A) Anabolism

In these biochemical reactions larger molecules are formed by smaller
molecules, for example, synthesis of protein molecules from amino acids.

(B) Catabolism

In these biochemical reactions, larger molecules are broken down into smaller
molecules for example, breakdown of protein molecules into amino acids.

All the biochemical reactions are actually energy transfer reaction. Energy is
released in catabolism and is utilized in anabolism.
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Fig. 5.1: Metabolism

5.2 EnzymeAnd Their Characteristics

Enzymes are biocatalysts. They speed up the chemical reaction in living bodies.
The enzymes speed up the metabolic reaction by lowering the activation energy.
Without enzymes, the metabolic reactions would proceed at low speed so making life
impossible. For example, the digestion of food is carried out in a short period of 3 to 4
hours help of many enzymes like pepsin, maltase, lipase etc. Without the participation
of'these enzymes, the process of digestion would take a long time for completion.

The characteristics of enzymes are as follows.

1. Enzymes are protein in nature.

2. Enzymes are globuluar in shape. Do You Know?

3. The §tmcture of enzymes .change during Each chemical reaction needsa
reactions but they regain their actual shapes minimum amount of energy to
after the completion of biochemical start called activation energy.
reactions.

4. Enzymes are not consumed during the biochemical reactions.

5. They increase the rate of reaction many folds.

6. Enzyme only accelerates the rate of chemical reaction but does not initiate it.

7. Enzymes are usually very specific in their function i.e. they catalyse only one
type of reaction. For example, lipase acts only on lipids.

8. Enzymes work in a limited range of pH, temperature and substrate
concentration.

9. Only a small amount of an enzyme can catalyse the reaction.

10.  The amount of enzyme varies in cell according to its requirement.
11.  The activities of enzymes are increased by activators while inhibitors stop their
activities.
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12. Some enzymes require some additional compounds for their proper functioning
called co-factors.

5.3 Mechanism of Enzyme Action
When an enzyme attaches with a specific substrate then a temporary bond is

formed between the two called enzyme-substrate complex. In this complex, enzyme
catalyzes the reaction and substrate is transformed into product. After this, the ES
complex breaks and products are released from the enzyme. The enzyme is now ready

to join with another substrate.
The mechanism of an enzyme action can be summarized as follows:
E+S—— ES Complex—— EP Complex—— E + P

Products
Substrate ‘
Active site (

Substrate attaching Enzyme/substrate Enzme/product Products leavin
with the active site of complex complex the active site o
the enzyme the enzyme

Fig. 5.2: Mechanism of enzyme action

Models for the explanation of Enzyme Action

Two models were presented by biologists to explain the mechanism of enzyme
action.
A. Lockand Key Model

) Th;s rpo;lel :vzs prczlposal bg. a Gzrrlnalrll chemist Activity
Emil Fischerin 8.9 .According to this model, the enzyme Study the lock and kev. key
acts as a lock while substrate acts as a key. The enzyme enzyme action and induced
(lock) possess a rigid cavity or active site in which only | fit model of enzyme action
. . by animated videos

one substrate with specific shape (key) can fit. through internet.
This model explains enzyme specificity but does  (Video links are given at the

. . . d of chapter).
not explain all the enzymatic reactions. end of chapter)
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Substrate

Active site

T =

Key (substrate) Lock (enzyme) 0
E

J' l nzyme

t

(b)

Lock-key Complex Enzyme-substrate
complex

Fig.5.3: Lock and Key Model

B. Induced Fit Model

This model was proposed by an American biologist Daniel Koshland in 1958.
This model is also called “hand and glove” model. According to this model, enzymes
are not rigid but are flexible structures. The active site of an enzyme slightly changes its
shape as the substrate interacts with the enzymes. As a result ES-Complex forms. As
products are released from the enzyme, the active site regains its previous shape.

Induced fit model is more acceptable than “lock and key” model of enzyme
action because it explains all the enzymatic reactions.

Products
Conformational ‘ '
changes
Active site—-—| - /\ W .

Fig.5.4: Induced-fit Model -
The enzyme active site form a complementary shape to the substrate after binding

5.4 Factors Affecting the Rate of Enzyme

Enzymes work in specific environment. The activities of enzymes are affected
by any change in conditions which alter their chemistry and shape. The rate of enzyme
action is affected by many factors. Some important factors are as follows.
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1. Enzyme Concentration

The rate of a biochemical reaction
increases by increasing the enzyme
concentration but upto a certain limit.
Reason: Increasing enzyme concentration
speeds up the biochemical reaction as long
as there is enough substrate. After a time
limit, all substrate molecules bind to
enzyme. This is called saturation point.
After this point, more enzyme would not
increase the reaction rate further due to
unavailability of substrates.
2. Substrate Concentration

In the presence of enzymes, an increase
in substrate concentration increases the rate of
enzyme action but upto a certain limit.
Reason: When enzymes are present at
reaction site and substrate concentration is
increased, rate of reaction increases. After
some time, a limit is reached where any further
increase in the substrate does not increase the
rate of reaction any more. It is due to the
occupation of all active sites of enzymes by
substrate molecules. This point is called
saturation of active sites. In this condition, free
active sites are not available for more substrate
molecules. So, rate of reaction does not
increase.

3. Effectof Temperature

The rate of enzyme action increases
with the increase in temperature but only to a
certain point. When temperature is raised
above this point, then heat energy increases the
vibration of atoms of enzyme molecules. As a
result, the globular structure of enzyme
destroys. This is called denaturation of
enzymes. At this point the rate of enzyme
action decreases rapidly or blocks completely.
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X= Point of Saturation

Rate of Reaction

-

Enzyme Concentration

Fig.5.5: Effect of Enzyme concentration

r X = point of saturation

A

Increasing concentration
does not affect reaction rate

Rate of reaction

A\

Substrate concentration

Fig.5.6: Effects of substrate concentration

Do You Know?

The food like meat, fruits may spoil bad
because of the enzyme activity.
Therefore, it is advised to keep such
foods in refrigerator because the enzyme
activity becomes slow at lower
temperature.

37.C (Optimum temperature
\( p P )
Enzymes
denature at high
temperatures
so rate falls
rapidly

Rate of reaction

0 10 20 30 40 50 60
Temperature ‘C
Fig.5.7: Effect of temperature
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Every enzyme works at its maximum
rate at a specific temperature called optimum
temperature, e.g. 37°C is the optimum
temperature for the enzymes action in human
body.

4. EffectofpH |
Each enzyme works at its
maximum rate at a narrow range of
pH called optimum pH. A specific
pH of a medium is necessary for the

Activity

Find the pH of different food
substances by searching internet.

—

Trypsin

Pepsin

proper functioning of an enzyme.
The enzyme activity is decreased by
slight changes in pH while the
extreme changes in pH cause
denaturing of enzyme.

Every enzyme has its own specific optimum pH value. For example, pepsin and
trypsin are protein digesting enzymes. Pepsin works in stomach and its optimum pH is
2.00 (acidic) while trypsin work in intestine and its pH is 8.0 (alkaline).

——  Eats of macton

10

L]
=
n
w
I
(8]
o
~
[ ]
©

pH
Fig.5.8: pH range

5.5 Competitive and Non Competitive Inhibitors
The substance which binds to an enzyme and stops its activity is called enzyme

inhibitor. For example, poison, drugs like pencillin, antibodies etc.
Inhibitor reacts with an enzyme in place of Do You Know?

substrate. As a result, an enzyme inhibitor complex Germinating seeds have enzymes
which convert insoluble stored

. . food into simpler soluble
reason, the substrate is not changed into product. substances for example the

The enzyme inhibitor complex blocks the active enzyme amylase digest starch
and converts it into maltose.

is formed instead of ES-complex. Due to this

site of enzymes temporarily or permanently.
There are two types of inhibitors i.e., irreversible inhibitors and reversible

inhibitors. The irreversible inhibitors permanently stop the activity of an enzyme.
While the reversible inhibitors temporarily stop the activity of an enzyme. There are
two types of reversible inhibitors.

a) Competitive Inhibitors
The morphology or structure of these inhibitors is similar with actual substrate.
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They compete with the substrate to occupy the active site. They occupy the active sites
instead of substrate. As aresult no chemical reaction occurs.

(a) Normal Reaction
Substrate

Active ﬂ
site
=
Enzyme

Enzyme binds substrate ~ Enzyme releases products

(b) Inhibition
InhibitorA' d
Active
51te
=
Enzyme

Enzyme binds inhibitor Inhibitor competes
with substrate

Fig.5.9: Competitive Inhibition

Product

A competitive inhibitors occupies the active site temporarily. It does not damage
enzymes permanently. The process of competitive inhibition depends upon the relative
concentration of substrate and inhibitors.

(1) If the concentration of competitive inhibitors is high than the chances of

inhibition are high.

(1)  If the concentration of substrate is increased then the active sites will

usually be occupied by the substrate. As a result product will be formed.

b) Non-Competitive Inhibitors

These inhibitors have different morphology
or structure from substrates. They do not compete
with substrate for binding in the active sites of Relate enzyme activity with

e antibiotics by searching internet

enzyme. They form enzyme inhibitor complex at a and try to find out the reason why
place other than active site called allosteric site. As antibiotics are not effective
a result, the enzyme structure is changed. Now the | 28Instviruses.
substrate cannot fit into the active site so catalysis

fails to take place.
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The non-competitive inhibition is not affected by increasing the concentration
of substrate because active sites are not available in their proper shapes.

(a) Normal Reaction O m Products

Enzyme Substrate Enzyme - substrate Enzyme
complex

(b) Inhibition Q——\x

+ @ —

Enzyme - Inhibitor
complex

Substrate Inhibitor

Fig.5.10: Noncompetitive Inhibition
5.6 Role of ATP as Energy Currency

Life of an organism is impossible without

the constant supply of energy. All the life processes Do You Know?

- One molecule of glucose after
o o complete oxidation releases 36
depend on the availability of energy. The living ATPmolcules.

like movement, development, reproduction etc.

organisms use energy in the form of ATP
(Adenosine tri phosphate). It is called the energy currency of cell because it is an energy
rich compound. It temporarily stores energy and quickly supply energy when energy is
needed by various cellular processes, for example, muscle contraction, synthesis of
molecules, transportation of molecules across cell membrane etc. The ability of ATP to
store and release energy is because of its unique structure.

ATPmolecule consists of three components:

1. Adenine (Nitrogen base)
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2. Ribose (Five carbon sugar)

3. Three Phosphate Groups.

Adenine

High Energy Bond (Squiggle)

Triphosphate Adenosine

Fig.5.11: Chemical Structure of Adenosine Triphosphate (ATP)

Adenine is covalently bonded with ribose sugar to form a compound called
adenosine.
Adenine + Ribose Sugar ——— Adenosine
Three phosphate groups are linked in a linear chain with adenosine to form ATP.
The bonds between phosphate groups are high energy bonds. These are represented by
a specific curved sign (~) called squiggle. The breakdown of this high energy bond
releases 7.3 K cal/mol energy. This energy is used by the cells to carry out their

functions.

ATP-ADPCycle

There is a constant formation and breakdown of ATP in the cells. ATP molecules
are constantly broken down to form Adenosine diphosphate (ADP) and inorganic
phosphate (P7) with the release of energy (7.3Kcal/mol).

ATP+ H,0 —— ADP + Pi + 7.3Kcal/mol

This energy is used by the cells to carry out their functions.

The ATP molecules are also constantly formed by the union of ADP and Pi by
using 7.3Kcal/mol energy

ADP + Pi + energy ——> ATP
This energy is obtained from the breakdown of glucose molecule during

respiration.
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ATP
Triphosphate

Phosphate

Engery —.{ ATP-ADP Energy
absorb released
(from food) CyC|e (for cell)

Hosphate

Adenine

Diphosphate
Ribose
ADP

Fig.5.12: ATP — ADP Cycle

5.7 Photosynthesis

Photosynthesis is a biochemical process in green plants to form glucose from
water and CO, in the presence of sunlight and chlorophyll by releasing oxygen.
The word photosynthesis has been derived from two Greek words ‘photo = light” and
‘synthesis = to make’.

6CO, + 6H,0 cmﬁ};yu > CH,O, + 60,
Photosynthesis is a fundamental 200 Air
process for the manufacturing of food in -O \l,
plants.It is an anabolic process. .- Sun Co,
Autotrophic organisms use water and M 0,
CO, to form their food (glucose). This
process occurs in the presence of Water —>#= R

sunlight and chlorophyll. During this Soil

process oxygen is released as a by-
product. Fig.5.13: Photosynthesis

Glucose
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Importance

We know that life of an organism is not possible without the constant supply of
energy. Food is the main source of energy. Animals and many other forms of life are
heterotrophs so they cannot prepare their food. They directly or indirectly depend on
green plants for their food.Plants are autotrophs. They can prepare their food by
photosynthesis. In a simple way, we can say that all the organisms depend upon
photosynthesis.

Mechanism of Photosynthesis
The process of photosynthesis occurs in two main phases.
A. Light Reactions
B. Dark Reactions

A. LightReactions (Hill Reactions)

These reactions were discovered in the granum of chloroplast by Robert Hill in
1937. These reactions are also called “Hill reactions” due to the name of discoverer.

It is the first phase of photosynthesis. It is completed after passing through a
series of chemical reactions. These reaction occur in the granum of chloroplast. In these
reactions light energy is captured and is used to make high energy molecule i.e. ATP
(Adenosine triphosphate) and NADPH (Nicotinamide adenine dinucleotide
phosphate).

Events of Light Reactions

Following events occur during light reactions.
a) Removal of Electrons

Light strikes the chlorophyll molecules to remove electrons from it. In this way
the chlorophyll becomes electron deficient.
b)  Photolysis of Water

Water molecule is broken down by light. As a result, hydrogen ions (H+),
electrons and oxygen are released.

The oxygen is released in air while electrons enter into chlorophyll to

compensate the electron deficiency.
HO— 2H +2¢ + % 0,

c) Formation of ATP
The electrons which were emitted from chlorophyll, pass through an electron
transport chain. The electron transport chain involves a series of compounds in which
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each compound first receives electrons (reduction) and then releases electrons
(oxidation). In this way each compound first reduces and then oxidizes. During this
process, energy is released. This energy isused by ADP and Pi to form ATP.

ADP + Pi + Energy — ATP

d) Formation of NADPH,
+
The electrons of chlorophyll and H of water now react with NADP (already
present in granum) to form NADPH,,.

4+

2H
24"
2¢e 2¢
0
2NADP +
A N
2 NADPH
Light
Light
oH
wo—d<

1o
22 Fig.5.14: Light Reactions

B. DarkReactions (Calvin Cycle)

These reactions were discovered by Melvin Calvin and his colleagues in the
stroma of chloroplast. These are also called “Calvin reactions” after the name of
discoverer. Calvin got Nobel prize in 1961.

It is the second phase of photosynthesis. It is completed after passing through
cyclic reactions. These reactions do not need light energy and use energy from ATP and
NADPH molecules synthesized during light reactions. In these reactions CO, is
reduced to form glucose.

Events of Dark Reactions Critical Thinking
The dark reactions are completed in ™5 How does the life of all organisms on
following three main phases. earth depend upon photosynthesis?

a) Carbon Fixation
In this phase, three molecules of CO, react with a preexisting 5-carbon
compound called ribulose biphosphate (RuBP). As a result an unstable 6-carbon
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compound is formed called 3-keto-2-carboxyarabinitol 1, 5-biphosphate. It quickly
breaks down into six 3-carbon compounds called phosphoglyceric acid (PGA).

b) Reduction

The six PGA molecules are then reduce to 3-carbon compound called
phosphoglyceraldehyde (PGAL). This reduction occurs by using those ATP and
NADPH which were formed during light reactions. The PGAL molecules are then used
to form glucose.

¢) Regeneration
The PGAL molecules are also used to form original 5-carbon RuBP by using the
ATP.

Co,

Carbon
fixation

Do You Know?

CO, is present in atmosphere in
very low amount i.e. only 0.03% -
0.04%.

Regeneration

Reduction

<—— ATP From light
NADPH | reactions

Fig.5.15: Dark Reaction

5.8 Respiration

The series of chemical reactions in which food molecules are broken down and
energy is released in the form of ATP is called respiration.

All organisms need a constant supply of energy for their survival. Food is the
source of energy. This energy is obtained by the breakdown of food molecules,
especially glucose molecules. Respiration is a series of complex oxidation reduction
(redox) reactions. In these reactions the glucose molecules are broken down and energy
is released. This energy is transformed into ATP. This ATP is used by the cells to
perform their activities.

Types of Respiration
There are two types of respiration. These types depend on the availability of
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oxygen for the breakdown of glucose molecules.
A.  Anaerobic Respiration

Itis also called fermentation. It takes place in the absence of oxygen. In this case
incomplete oxidation of glucose occurs with the release of less amount of energy.
Anaerobic respiration occurs in two phases. In the first phase glucose molecule is
broken down into two molecules of pyruvic acid as formed in aerobic respiration. In the
second phase pyruvic acid is not completely oxidized due to the absence of oxygen. As
a result of anaerobic respiration 2ATP molecules are formed by the breakdown of one
molecule of glucose. The breakdown of pyruvic acid occurs differently in different

organisms. In yeast the pyruvic acid is broken down into ethyl alcohol and CO,.
Glucose — 2 Ethanol + 2CO, + 2ATP

In some bacteria and mammal muscles the Additional Information
pyruvic acid is broken down into lactic acid. Yogurt is formed by the process of
fermentation.

Glucose — 2 Lactic acid + 2ATP

Glucose

i

2 Pyruvic acid

1St Phase

(No available oxygen)

@»n
o=
7
>
—
(=]
(=]
=)
—
O

Yeast Some bacteria

Mammal muscle

%]
@» =
= S Alcoholic Lactic acid
al = fermentation fermentation
e
5 / \
=
[ 2 Ethanol+2CO +2ATP ] [ 2 Lactic Acid + 2ATP ]

Fig.5.16: Anaerobic Respiration
B. Aerobic Respiration

It is also called cellular respiration. It takes place in the presence of oxygen. In
this case complete oxidation of glucose occurs with maximum release of energy.
Aerobic respiration is completed in two phases. In the first phase glucose molecule is
broken down into two molecules of pyruvic acid. In the second phase, the two molecule
of pyruvic acid are oxidized. As a result, water and CO, are formed with the release of
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energy in the form of ATP.
C.H,,0, + 60,2, 6CO, + 6H,0 + Energy (36 ATP)

By the complete breakdown of one molecule of glucose, 36 ATP molecules are

formed.
One molecule
of Glucose

Y

Two molecules
of pyruvic acid + 0,
[ |

First Phase

aseyq puodss

CO, + H,0 + 36 ATP

Fig.5.17: Aerobic Respiration

Mechanism of Aerobic Respiration

Aerobic respiration is a complex series of chemical reactions. These reactions
occur in the cytoplasm and mitochondria. In these reactions the organic food (glucose)
is completely broken down into CO, and H,O with the release of energy in the form of
ATP.

Aerobic respiration is a continuous process, but for the convience it is divided
into three main phase.

A. Glycolysis

B. Kreb's cycle

C. Electron transport chain
A.  Glycolysis

It is the first stage of respiration. It occurs in cytoplasm and does not require
oxygen. Due to this reason, this stage occurs in both types of respiration i.e. anaerobic
and aerobic. In this stage one 6-C compound (Glucose) is broken down into two 3-C

(Pyruvic acid) molecules.
Glucose + ADP+ NAD" ——— 2Pyruvic acid + ATP + NADH

B. Kreb’s Cycle (Citric Acid Cycle)

This stage occurs in mitochondria. Before entering into the Kreb’s cycle, the
pyruvic acid reacts with coenzyme A and is converted into a 2-C compound called

108



CHAPTER-5: METABOLISM

Acetyle-Co A. In Kreb’s cycle, complete oxidation of pyruvic acid takes place. As a

result ATP, NADH and FADH, are formed. co,
Pyruvic acid + coenzyme A Acetyle CoA

NAD NADH

Acetyl CoA
l’ CoA
2c0,
FADH, 3NAD
Kreb’s Cycle
FAD 3NADH

ATP  ADP

Fig.5.18: Kreb’s Cycle
C. Electron Transport Chain (ETC)
This stage occurs in mitochondria following reactions occur at this stage.
1) NADH and FADH, which were produced during Kreb's cycle release electrons
and hydrogen ions.
i1) The electrons pass through a series of electron carriers. During their movement,
electrons lose energy and this energy is used in the formation of ATP from ADP.
iii) At the end of the stage or chain the electrons and hydrogen ions combine with

molecular oxygen to form water.
183

ADP + FADH, + NADH L) ATP +NAD' + FAD" + H,O

Activity

By using internet, watch some animated videos about photosynthesis and respiration. Note the

points that what have you learned from those videos.
(Video links are given at the end of chapter).
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a. Identify and write the names of the missing compounds a, b, c and d.

( H )

Light
oH"
ot
(2]
\\§ J

b. Make the model of enzyme action by using coloured cardboard.

c. Identify and write the missing compound’s names ata, b, c and d.
o |

2 Pyruvic acid

Glycolysis

(No available oxygen)

Some bacteria
Mammal muscle

| ' Lactic acid |
| | (fermentation) |

=
=
=)
<
~
=
L
=
o
5
=

d. Build the model of a “ATP” by using low cost materials like cardboard,
wires, plastic balls etc.
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¢ The sum of biochemical reactions within a cell or living organism in order to
maintain life is called metabolism.

¢ Enzymes are biocatalysts. They speed up the chemical reaction in living bodies.
The enzymes speed up the metabolic reaction by lowering the activation energy.

¢ Lock and Key Model: The enzyme (Lock) possess a rigid cavity or active site in
which only one substrate with specific shape (Key) can fit (Lock and Key model).

¢ Induced fit model is also called hand and glove model. According to this model
enzymes are not rigid bodies but are flexible structures. The active site of an
enzyme slightly changes its shape as the substrate interacts with the enzymes.

¢ The substance which binds to an enzyme and stops its activity is called enzyme
inhibitor.

¢ The living organisms use energy in the form of ATP (Adenosine tri phosphate). It
is called the energy currency of cell because it is an energy rich compound.

¢ Photosynthesis is a biochemical process of green plants to form glucose from
water and CO, in the presence of sunlight and chlorophyll by releasing oxygen.

¢ Lightreactions occur in the granum of chloroplast. In these reactions light energy
is captured and used to make high energy molecule i.e., ATP (Adenosine
Triphosphate) and NADPH (Nicotinamide Adenine dinucleotide Phosphate).

¢ Dark reactions occur in the stroma of chloroplast. In these reactions CO, is
reduced to glucose.

¢ The series of chemical reactions in which glucose molecules are broken down and
energy is released in the form of ATP is called respiration.

¢ Aecrobicrespiration is also called cellular respiration. It takes place in the presence
of oxygen. In this case complete oxidation of glucose occurs with maximum
release of energy.

¢ Anaerobic respiration is also called fermentation. It takes place in the absence of
oxygen. In this case incomplete oxidation of glucose occurs with the release of
less amount of energy.

¢ Glycolysis occurs in cytoplasm and does not require oxygen. Due to this reason,
this stage occurs in both types of respiration i.e. anaerobic and aerobic. In this
stage one 6-C compound (Glucose) is broken down into two 3-C (Pyruvic acid)

¢ Kirebscycle (Citric Acid Cycle) occurs in mitochondria.

¢ In Krebs cycle complete oxidation of pyruvic acid takes place. As a result ATP,
NADH and FADH, are formed.
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EXERCISE

A. Multiple choice Questions (MCQs)

1. The induced fit model for the mechanism of enzyme action was proposed
by:
(a) Emil Fischer (b) Singer and Nicolson
(c) Daniel Koshland (d) Schleiden and Schwann
2. The function of ATP is:
(a) Storage of Energy (b) Generation of Energy
(c) Consumption of Energy (d) Transformation of Energy
3. Anaerobic respiration takes place in:
(a) Cytoplasm (b) Endoplasmic Reticulum
(c) Nucleus (d) Mitochondria
4. The products of alcoholic fermentation are:
(a) Lactic acid and ethanol (b) Lactic acid and Co,
(c) Ethanol and CO, (d) Ethanol and CO,
5. Raw material for photosynthesis are:
(a) Water and glucose (b) CO, and glucose
(c) Glucose and chlorophyll (d) Water and CO,
6. During aerobic respiration the net gain of ATP is:
(a) 34 (b) 36
(c) 38 (d) 40
7. The number of ATP molecules obtained from one molecule of glucose in
anaerobic respiration are:
(a) 5 (b) 4
(c) 3 (d 2
8. The primary purpose of catabolism in cellular metabolism is to:

(a) Synthesize new biomolecules
(b) Generate energy for cellular process
(c) Store energy for future use
(d) Repair damaged tissues
9. The lock and key model of enzyme action states that:
(a) Enzymes change their shape to fit substrates
(b) Enzymes and substrates have specific shapes
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(c) Enzyme are non-specific and bind to any substrate
(d) Enzyme are denatured by substrate
10.  The induced fit model of enzyme action states that:
(a) Enzymes remain rigid and unchanged
(b) Enzymes changes shape to fit substrate
(c) Substrate changes shape to fit enzyme
(d) Enzymes are non-specific and bind to any substrate
11.  When an inhibitor binds to the active site of an enzyme this inhibition is

called:

(a) Non-competitive inhibition (b) Competitive inhibition

(c) Allosteric inhibition (d) TIrreversible inhibition
12.  The products of light reactions of photosynthesis are:

(a) Glucose and oxygen (b) ATPand NADPH

(c) Water and Carbon dioxide (d) Chlorophyll and light
13.  The difference between light reactions and dark reactions in terms of
location is:
(a) Light reactions occur in stroma, dark reactions occur in thylakoid
membrane
(b) Light reactions occur in thylakoid membrane, dark reactions occur in
stroma
(c) Both reaction occur in stroma
(d) Both reaction occur in thylakoid membrane
14.  The three stages of aerobic respiration are:
(a) Glycolysis, fermentation and electron transport chain
(b) Glycolysis, pyruvate oxidation and Kerb’s cycle
(c) Glycolysis, Kerb’s cycle and electron transport chain
(d) Glycolysis, photosynthesis and Kerb’s cycle

B. Short Response Questions.

What is the difference between catabolism and anabolism?
What is an active site and how is it important?

What is the importance of photosynthesis?

Write the mechanism of enzyme action.

Write a brief note on fermentation.

M.
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6. Differentiate between aerobic and anaerobic respiration.
7.  Why is ATP the major energy currency of all living cells.
8. Interpret the role of chlorophyll in relation with light in photosynthesis.
9. How do plants get water and carbon dioxide for photosynthesis?
10. Write down the process of photosynthesis and respiration in the form of
equations.
11. Define the following terms
(i) Metabolism (i1) Substrate
(i11)) Enzyme (iv) E-S complex
(v) Active site (vi) Optimum pH of enzyme
(vii) Inhibitors (viii) ATP
(ix) Photosynthesis (x) Fermentation
(xi) Aerobic respiration (xii) Glycolysis

(xii1) Denaturation of enzyme (xiv) Photolysis of water
(xv) Electron transport chain
C. Extended Response Questions.
1. Describe lock and key model and induced fit model for mechanism of
enzyme action.

2. List down the characteristics of enzymes.
3. Explain the factors which affect the enzymetic action.
4.  Write down the events of light and dark reactions.
5. Explain the mechanism of aerobic respiration.
6. Compare photosynthesis and respiration.
( )
Videos links:

https://www.youtube.com/watch?v=scusxqgallpc
https://www.youtube.com/watch?v=A4drW8yJDGY
https://www.youtube.com/watch?v=wNG2uPao8BI
https://www.youtube.com/watch?v=AZBKQ3LwkfQ
https://www.youtube.com/watch?v=rIH1ym916Fo

114



CHAPTER
]

BIODIVERSITY AND
CLASSIFICATION

: . Prokaryotes
/ \ - (Monera)
“.ﬂ
A\

Bacteria /\

S Lo Ot

fter studying this chapter, students will be able to:
Define biodiversity and classification.
Describe advantages of classification.
Discuss the history of classification schemes.
List the three distinct domains into which living organisms are broadly classified into.
List the taxonomic ranks of classification.
Outline the binomial nomenclature system.
Describe the complications of classifying viruses.
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Introduction

Earth is the only planet of the solar system upon which life exists. According to
biologists there are about 8.7 million species of living organisms on earth which are
quite different from each other. The variety of life present on Earth is called
biodiversity. In this chapter, we will study about the variety of organisms found on
Earth. We will also study how the living things are classified and how scientific names
are given to them. In this regard, we will study five kingdom classification system,
three distinct domains of organisms, taxonomic ranks of classification and binomial
nomenclature.

6.1 Biodiversity and Classification

The term biodiversity has been derived from two words i.e.,“Bios” means life
and “Diversity” means variety. The variety of life present on earth is called Biological
Diversity or biodiversity.

Biodiversity is a measure of different forms of life present on the earth i.e.
microorganisms, fungi, plants and animals. It depends upon many factors such as
availability of food, water, temperature, soil, altitude, climate etc.

The arrangement of organisms into groups and sub groups on the basis of
similarities and differences is called classification. The branch of biology which deals
with classification is called taxonomy and the expert in taxonomy is called taxonomist.

6.2 Advantages of Classification

There are thousands of different animals and plants living on earth having
similarities and differences among them. Biologists can not deal with them unless they
are properly classified. Classification is based on similarities which show their
common ancestory. It helps to know the relationship between organisms and their
evolution.

6.3 History of Classification Scheme

The history of classification system of living organisms is as old as man started
to know them. The work of different biologists for the classification of organisms is
discussed below.

Aristotle (384 - 322 BC) was a Greek philosopher. He is called the father of
science. He i