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FOREWORD

Punjab School Education Board has been Continuously engaged in preparation
and review of syllabi and text books. In today's scenario, imparting right education
to students is the joint responsibility of teachers as well as parents. With a view
to carry oul entrusted responsibility, some important changes pertaining 10 present
day educational requirenments have been made in textbooks and syllabus in
accordance with NCF 2005.

Science has an important place in school cwrriculum and a good textbook
is the first requisite to achieve desired learning outcomes. Therefore, the content
matter of Biology for class XI has been so arranged so as develop resoning power
of the students and to enhance their understanding of the subject. Graded questions
and exercises have been given to suit the mental level of the students. This book
is prepared by NCERT; New Delhi for class XI and is being published by Punjab
School Education Board, with the permission of NCERT, New Delhi. This step
was taken fo maintain the unifromity in the Biology Subject so that Science
student will have no problem while facing the common entrance test at a senior
secondary stage.

Every effort has been made to make the book useful for students as well
as for the teachers. However, constructive suggestions for its further improvement
would be gratefully acknowledged.

CHAIRMAN
Punjab School Education Board

‘aufaar fanit, mfaarasr wia e farest fesar’, damsl
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DIVERSITY IN THE LIVING WORLD

Biology 1s the science of life forms and living processes. The Hving world
comprises an amaxing diversity ol living organisms. Early man could
easlly percetve Lthe difference between Inanimale maller and Hving
organisms. Early man detfied some of the iInanimate matter (wind. sea.
fire etc.) and some among the animals and plants. A common leature of
all such lorms ol inanimate and animale objects was Lhe sense of awe
or [ear that they evolied. The deseriplion of iving organisms including
human beings began much later in human hilstory. Socletles wiiich
indulged in anthropocentric view of blology could regisier limiled
progress in blological knowledge. Systematic and monumental
description of life forms brought in., oul of necessity, deialled syslems
of identification. nomenclaiure and classificalion. The biggesl spin off
of such studies was the recognition of the sharing of similarities among
lving organisms both hortzontally and vertieally. Thal all presenl day
lUving organisms are relaled to each other and also o all organisms
that ever lved on this earth. was a revelation which humbled man and
led to culiural movements [or conservallon ol blodiversity. In Lhe
[ollowing chapters of this unil. you will gel a descrption. Including
classification, of animals and plants from a taxonomist's perspective.



Ernst Mayr
(1904 - 2004)

Born on b July 1904, in Kemplen., Germany. Ervst Mavr, the
Harvard Universiiy evolutlonary biologist who has been called
‘The Darwin of the 20" century’, was one of the 100 greatest
scleniisis of all ime. MayT jolned Harvard's Faculty of Arls
and Sciences in 1953 and retired in 1975, assuming the title
Alexander Agassiz Professor of Zoology Emeritus. Throughout
his nearly B0-year career, his research spanned ornithology,
taxonomy. zoogeography. evolullon, systematics, and the
history and philosophy of blology. He almost single-handedly
made the origin of species diversity the ceniral question of
evolutionary biology that it is today. He also ploneered the
currently accepted definition of a biological species. Mayr was
awarded the three prizes widely regarded as the triple crown of
blology: the Balzan Prize in 1983, the Intemmational Prize for
Biology in 1994, and the Crafoord Prize in 1999, Mayr died at
the age of 100 in the year 2004.
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CHAPTER 1

THE LIVING WORLD

How wonderful is the living world ! The wide range of living types is
amazing. The exiraordinary habitals in which we {ind living organisms.
be il cold mountains, deciduous lorests, oceans. fresh waler lakes, deserts
or hot springs, leave us speechless. The beauty of a galloping horse, ol
the migrating birds. the valley of flowers or the atlacking shark evokes
awe and a deep sense ol wonder. The ecological conlflict and cooperation
among members ol a population and among populations of a community
or even the molecular traffic inside a cell make us deeply reflect on —what
indeed is life? This question has two implicit questions within il. The first
is a techmnical one and seeks answer to what living is as opposed to the
non-living. and the second is a philosophical one, and seeks answer to
what the purpose ol life is. As scientists, we shall nol attempt answering
the second question. We will try to reflect on — whal is living?

1.1 DiveErsiTY IN THE Living WoRLD

If you look around you will see a large variety of living organisms, be it
potted planis, insecis. birds. your pets or other animals and plants. There
are also several organisms that you cannot see with your naked eye but
they are all around you. Il you were to increase the area that you make
observations in, the range and variety of organisms that you see would
increase, Obviously, il you were to visit a dense forest, you would probably
see a much greater number and Kinds of living organisms in it. Each
different kind of plant, animal or organism that you see, represents a
species. The number of species that are known and described range
between 1.7-1.8 million. This refers to biodiversity or the number and



types ol organisms present on earth. We should remember here that as
we explore new areas, and even old ones, new organisms are continuously
being identified.

As stated earlier. there are millions of planis and animals in the world:
we know the plants and animals in our own area by their local names.
These local names would vary from place lo place, even within a country.
Frobably you would recognise the confusion that would be created il we
did not lind ways and means to talk Lo each other, to reler lo organisms
we are talking aboul.

Hence. there is a need to standardise the naming of living organisms
such that a particular organism is known by the same name all over the
world. This process is called nomenclature. Obviously, nomenclature
or naming is only possible when the organism is described correctly and
we know to what organism the name is attached to. This is identification.

In order to lacilitate the study. number of scientists have eslablished
procedures to assign a scientific name to each known organism. This is
acceptable to biologists all over the world. For plants, scientilic names are
based on agreed principles and criteria. which are provided in International
Code for Botanical Nomenclature (ICBN). You may ask, how are animals
named? Animal taxonomists have evolved International Code ol Zoological
Nomenclature (ICZN). The scientific names ensure that each organism
has only one name. Description of any organism should enable the people
{(in any part of the world) to arrive at the same name. They also ensure
that such a name has not been used lor any other known organism.

Biologists follow universally accepted principles to provide scientific
names to known organisms. Each name has two components — the
Generic name and the specific epithet. This system ol providing a
name with two components is called Binomial nomenclature. This
naming sysiem given by Carolus Linnaeus is being practised by biologists
all over the world. This naming system using a two word lormal was
found convenientl. Let us take the example of mango to understand the
way ol providing scientific names betler. The scientific name of mango is
written as Mangifera indica. Let us see how it is a binomial name. In this
name Mangifera represents the genus while indica, is a particular species.
or a specific epithet. Other universal nmiles of nomenclature are as follows:

1. Bioclogical names are generally in Latin and written in italics.
They are Latinised or derived from Latin irrespective of their
origin.

2. The first word in a biological name represents the genus while
the second componenl denotes the specific epithet.

3. Both the words in a biological name, when handwritten, are
separately underlined, or printed in italics to indicate their Latin
origin.
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4. The first word denoting the genus starts with a capital letter
while the specific epithel starts with a small letier. IL can be
illustrated with the example of Mangifera indica.

Name ol the author appears alter the specific epithet. i.e.. at the end of
the biological name and is writlen in an abbreviated form, e.g., Mangifera
indica Linn. It indicates that this species was first described by Linnaeus.

Since it is nearly impossible to study all the living organisms, it is
necessary to devise some means (o make this possible. This process is
classification. Classification is the process by which anything is grouped
into convenient categories based on some easily observable characters.
For example, we easily recognise groups such as plants or animals or
dogs, cats or insects. The moment we use any of these terms, we associate
certain characters with the organism in that group. What image do you
see when you think of a dog ? Obviously, each one of us will see ‘dogs’
and not ‘cats’. Now, il we were to think of ‘Alsatians’ we know what we are
talking aboul. Similarly, suppose we were lo say ‘'mammals’. you would.
ol course, think of animals with external ears and body hair. Likewise, in
plants. il we try to talk of ‘Wheat', the picture in each of our minds will be
ol wheat plants, not of rice or any other plant. Hence, all these - ‘Dogs’,
‘Cats’, ' Mammals', ‘Wheat', ‘Rice’, ‘Plants’, ‘Animals’, etc., are convenient
categories we use to study organisms. The scientific term for these
categories is taxa. Here you musl recognise that taxa can indicate
categories al very different levels. ‘Planis’ — also lorm a taxa. ‘Wheat' is
also a taxa. Similarly. ‘animals’, ‘'mammals’, "dogs’ are all taxa — bul you
know that a dog is a mammal and mammals are animals. Therelore,
‘animals’. ‘mammals’ and ‘dogs’ represent taxa at diflerent levels.

Hence, based on characteristics, all living organisms can be classified
into different taxa. This process of classification is taxonomy. External
and internal structure, along with the structure of cell, development
process and ecological information of organisms are essential and form
the basis ol modern taxonomic studies.

Hence. characterisation. identification. classification and nomenclature
are the processes that are basic to taxonomy.

Taxonomy is not something new. Human beings have always been
interested in knowing more and more about the various kinds ol
organisms, particularly with reference (o their own use. In early days,
human beings needed (o find sources for their basic needs of food, clothing
and shelter. Hence, the earliest classifications were based on the ‘uses’ of
various organisms.

Human beings were. since long, nol only interested in knowing more
aboul different kinds of organisms and their diversities. but also the
relationships among them. This branch of study was relerred to as
systematics. The word sysiematics is derived [rom the Latin word
‘sysiema’ which means sysiemalic arrangement ol organisms. Linnaeus



used Systema Naturae as Lhe (itle of his publication. The scope of
systemalics was laler enlarged (o include identification. nomenclature
and classilication. Systematics takes into account evolutionary
relationships between organisms.

1.2 Taxonomic CATEGORIES

Classilication is nol a single step process bul involves hierarchy of steps
in which each step represents a rank or category. Since the calegoryisa
part of overall taxonomic arrangement, it is called the taxonomic category
and all categories together constitute the taxonomic hierarchy. Each
category, referred (o as a unil of classification, in facl, represents a rank
and is commonly termed as taxon (pl.: taxa).

Taxonomic categories and hierarchy can be illusirated by an example.
Insects represent a group of organisms sharing common features like
three pairs of jointed legs. It means insects are recognisable concrete
objects which can be classified, and thus were given a rank or category.
Can you name other such groups ol organisms? Remember, groups
represent category. Category lurther denotes rank. Each rank or taxorn
in [act, represents a unit of classification. These laxonomic groups/
calegories are distinct biological entities and not merely morphological
aggregates.

Taxonomical studies ol all known organisms have led to the
develepment of common categories such as kingdom. phylum or division
(for plants), class. order. family, genus and species. All organisms.
including those in the plant and animal Kingdoms have species as the
lowesl calegory. Now the question you may ask is., how to place an
organism in various categories? The basic requirement is the knowledge
ol characters ol an individual or group ol organisms. This helps in
identifying similarities and dissimilarities among the individuals of the
same kind of organisms as well as of other kinds of organisms.

1.2.1 Species

Taxonomic studies consider a group of individual organisms with
fundamental similarilies as a species. One should be able to distinguish
one species from the other closely related species based on the distinct
morphological differences. Let us consider Mangifera indica, Solanum
tuberosum (potato) and Panthera leo (lion). All the three names, indica,
tuberosum and leo, represent the specilic epithets, while the first words
Mangifera, Solanum and Panthera are genera and represents another
higher level of taxon or category. Each genus may have one or more than
one specific epithets representing different organisms, but having
morphological similarities. For example, Panthera has another specific
epithetl called tigris and Seolanum includes species like nigrum and
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melongena. Human beings belong to the species sapilens which is grouped
in the genus Home. The scientific name (hus, for human being, is written
as Homo sapiens.

1.2.2 Genus

Genus comprises a group of related species which has more characters
in common in comparison o species ol other genera. We can say thal
genera are aggregates of closely related species. For example. polato and
brinjal are two dilferent species but both belong to the genus Solanum.
Lion (Panthera leo), leopard (P. pardus) and tiger (P. tigris) with several
common features, are all species of the genus Panthera. This genus dilfers
[rom another genus Felis which includes cats.

1.2.3 Family

The next category, Family, has a group ol related genera with still less
number of similarities as compared lo genus and species. Families are
characterised on the basis of both vegetative and reproductive features of
plant species. Among plants [or example, three different genera Solanum,
Petunia and Datura are placed in the family Solanaceae. Among animals
for example, genus Panthera, comprising lion. tiger, leopard is put along
with genus, Felis (cals) in the family Felidae. Similarly, il you observe the
features of a cal and a dog, you will find some similarities and some
differences as well. They are separated inlo two different families - Felidae
and Canidae, respectively.

1.2.4 Order

You have seen earlier that categories like species, genus and lamilies are
based on a number of similar characters. Generally, order and other
higher taxonomic calegories are identified based on the aggregates of
characters. Order being a higher category, is the assemblage of [amilies
which exhibil a lew similar characters. The similar characters are lessin
number as compared to different genera included in a family. Plant
families like Convoblulaceae. Solanaceae are included in the order
Polymoniales mainly based on the [loral characters. The animal order,
Camnivora, includes [amilies like Felidae and Canidae.

1.2.5 Class
This category includes related orders. For example. order Primata
comprising monkey, gorilla and gibbon is placed in class Mammalia along

with order Carnivora that includes animals like tiger, cat and dog. Class
Mammalia has other orders also.

1.2.6 Phylum

Classes comprising animals like fishes, amphibians. reptiles, birds along
with mammals constitute the next higher category called Phylum. All
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these, based on the common [eatures like presence of notochord
and dorsal hollow neural system. are included in phylum
Chordata. Incase of plants. classes with a lew similar characters
are assigned to a higher category called Division.

1.2.7 Kingdom

All animals belonging to various phyla are assigned to the
highest category called Kingdom Animalia in the classification
system of animals. The Kingdom Plantae. on the other hand. is
distinct., and comprises all planis [rom various divisions.
Henceforth, we will reler o these two groups as animal and
plant kingdoms.

The taxonomic categories from species to kingdom have been
shown in ascending order starting with species in Figure 1.1.
These are broad categories. However. laxonomists have also
developed sub-categories in this hierarchy (o [acilitate more
sound and scientific placement of various taxa.

Look at the hierarchy in Figure 1.1. Can you recall the basis
ol arrangement? Say. for example, as we go higher [rom species
to kingdom, the number of common characterislics goes on
decreasing. Lower the taxa, more are the characteristics that the
members within the taxon share. Higher the catedory, grealer is
the difficulty of determining the relationship to other taxa at the
same level. Hence, the problem of classification becomes more
complex.

Table 1.1 indicates the taxonomic categories to which some
common organisms like houselly, man, mango and wheat belong.

TasLE 1.1 Organisms with their Taxonomic Categories

Bilological Genus Family Order Class Phylum/

Name Division
Homo saptens Homo Hominldae Primata Mammalia Chordata
Misca Musea Muscldae Diptera Insecla Arthropoda
domestica

Mangifera Mangifera  Anacardiaceae Sapindales Dicolyledonae Anglospermae
tndica

Tritieurm Triticum  Poaceag Poales Monocotyledonae Angiospermae

aesitoom
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SUMMARY

The living world is rich in variety. Millions of plants and animals have been
identified and described bul a large number still remains unknown. The
very range of organisms in terms ol size, colour, habitat, physiological and
morphological features make us seek the defining characleristics of living
organisms. In order to facilitate the study of kinds and diversity of organisms,
biologists have evolved cerlain rules and principles for identification.
nomenclature and classification ol organisms. The branch ol knowledge
dealing with these aspecisis referred (o as taxonomy. The taxonomic studies
of various species of plants and animals are useful in agriculiure, forestry,
industry and in general [or knowing our bio-resources and their diversity.
The basics of taxonomy like identification, naming and classification of
organisms are universally evolved under international codes. Based on the
resemblances and distinet differences, each organism is identified and
assigned a correct scientific/biological name comprising two words as per
the binomial system of nomenclature. An organism represenis/occupies a
place or position in the system of classification. There are many calegories/
ranks and are generally referred (o as taxonomic categories or taxa. All the
categories constitule a taxonomic hierarchy.

EXERCISES

[

Why are living organisms classified?

2. Why are the classification systems changing every now and then?

3. What different criteria would you choose Lo classify people that you

meet often?

Whal do we learn from dentifcation of Indtviduals and populations?

Given below 1s the sclentific name of Mango. [denlfy the correctly

writlien name.

Mangifera Indica

Mangifera indica

6. Deline a taxon. Give some examples of laxa al dilferent hierarchical
levels.,

7. Can you ldentily the correct sequence of taxonomical categories?
ia) Specles —% Order — Phylum —» HKingdom
(b Genus —» OSpecles —»  Order —» HKingdom
ic) Specles — Genus — Order —» FPhylum

8. Try to collect all the currently accepted meanings for the word 'species’.
Discuss with your teacher the meaning ol specles in case of higher
planis and animals on one hand, and bacteria on the other hand.

9. Deline and understand the lollowing terms:
(1) Phylum (i1} Class ({li} Family (iv) Order (v} Genus

10. Hustrate the taxonomical hierarchy with suitable examples of a plant

and an antmal.

S



2.1 Kingdom Monera
2.2 Kingdom Profista

232

2.4 Kingdom Plantae

25

26

Kingdom Fungi

Kingdom
Anirmualia
Viruses, Viroids
and Lichens

CHAPTER 2

B IOLOGICAL C LASSIFICATION

Since the dawn ol civilisation, there have been many attempis to classily
living organisms. It was done instinctively not using criteria that were
scientilic but borne oul ol a need to use organisms lor our own use — for
[ood, sheller and clothing. Arisiotle was the earliest to attempl a more
scientific basis [or classification. He used simple morphological characters
lo classily plants into trees, shrubs and herbs. He also divided animals
inlo two groups, those which had red blood and those that did nol.

In Linnaeus' time a Two Kingdom system of classification with
Plantae and Animalla kingdoms was developed that included all
plants and animals respectively. This system did not distingnish between
the eukaryoles and prokaryotes, unicellular and multicellular organisms
and photosynthetic (green algae) and non-photosynthetic [fungi)
organisms. Classilication ol organisms into planis and animals was easily
done and was easy to undersiand. bul. a large number ol organisms
did not [all into either category. Hence the two kingdom classilication
used lor a long time was lound inadequale. Besides, gross morphology
a need was also [elt for including other characteristics like cell structure,
nature of wall. mode ol nutrition. habital, methods ol reproduction,
evolutionary relationships, ele. Classification systems lor the living
organisms have hence, undergone several changes over the time.
Though plant and animal kingdoms have been a constant under all
differeni systems, the undersianding of whal groups/organisms be
included under these kingdoms have been changing: the number and
nature of other kingdoms have also been understood dillerenily by
different scientists over the time.
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TasLE 2.1 Characteristics of the Five Kingdoms

Five Kingdoms

Characters
Monera Protista Fungi Plantae
Cell type Prokaryotic Eukaryotic  Eukaryotic Eukaryolle
Cell wall Noneellulosic Presenl In  Ppresent Present
(Polysaccharide some with chitin [cellulose)
+ amino actd)
Nuclear Absenl Present Present Present
membrane
Body Cellular Cellular Multiceullar/ Tissue/
organisation lnose lssue organ
Autoirophic
irhem:s?}rn— Autotrophiec Heterotrophic  Autotrophic
Shistie s {(Photosyn-  [Saprophytic/ (Photosyn-
Mode of photosynthetie] thetic) and  Parasitic) thetic)
nuirition and Hetero HE{E;_‘IU_
trophic [sapro- L L
phytic/para-
sitc)

R.H. Whittaker (1969) proposed a Five Kingdom Classification. The
kingdoms defined by him were named Monera, Protista, Fungi, Plantae
and Animalia. The main criteria for classification used by him include cell
structure. body organisation, mode of nutrition, reproduction and
phylogenetic relalionships. Table 2.1 gives a comparative account of diflerent
characleristics of the five kingdoms.

The three-domain system has also been proposed that divides the Kingdom
Monera into two domains, leaving the remaining eukaryotic kingdoms in the
third domain and thereby a six kingdom classification. You will learn about
this system in detatl at higher classes.

Let us look at this five kingdom classification to understand the issues
and considerations that influenced the classification sysiem. Earlier
classification sysiems included bacleria, blue green algae, hungi, mosses,
ferns, gymnosperms and the angiosperms under ‘Plants’. The character
that unified this whole kingdom was that all the organisms included had a
cell wall in their cells. This placed together groups which widely differed in
olher characteristics. It brought together the prokaryotic bacteria and the
blue green algae (cyanobacteria) with other groups which were eukaryolic.
It also grouped together the unicellular organisms and the multicellular
ones, say, lor example, Chlamydomonas and Spirogyra were placed (ogether
under algae. The classification did nol differentiate between the heterotrophic
group - lungi, and the autotrophic green plants, though they also showed
a characteristic dillerence in their walls composition — the ungi had chitin

11

Eukaryollc

Absent

Present

Tissue forgan/
Organ system

Heterolrophie
(Holozoalc f
Saprophylic
etc.)
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in their walls while the green plants had a cellulosic cell wall. When such
characteristics were considered, the hungi were placed in a separale
kingdom - Kingdom Fungi. All prokaryotic organisms were grouped
together under Kingdom Monera and the unicellular eukaryotic organisms
were placed in Kingdom Protista. Kingdom Protista has brought together
Chlamydomonas, Chlorella (earlier placed in Algae within Plants and both
having cell walls) with Paramoecium and Amoeba (which were earlier placed
in the animal kingdom which lack cell wall). It has pul together organisms
which, in earlier classifications, were placed in different kingdoms. This
happened because the criteria for classification changed. This kind of
changes will Lake place in future (oo depending on the improvement in our
undersianding ol characteristics and evolutionary relationships. Over time.
an attempt has been made (o evolve a classification system which reflects
not only the morphological, physiclogical and reproductive similarities,
but is also phylogenetic. i.e., is based on evolutionary relationships.

In this chapler we will study characteristics ol Kingdoms Monera,
Protista and Fumgi ol the Whittaker sysiem of classification. The Kingdoms
Plantae and Animalia. commonly referred to as plant and animal
kingdoms, respectively. will be deall separately in chapters 3 and 4.

2.1 EKincpom MoNERA

Bacteria are the sole members ol the Kingdom Monera. They are the most
abundant micro-organisms. Bacteria occur almost everywhere. Hundreds
of bacteria are present in a handful of soil. They also live in exireme habitals
such as hol springs. deserts, snow and deep oceans where very lew other
life forms can survive. Many of them live in or on other organisms as
parasites.

Bacleria are grouped under four calegories based on their shape: the
spherical Coccus (pl.: cocci), the rod-shaped Bacillus (pl.: bacillil, the
comma-shaped Vibrium (pl.: vibric) and the spiral Spirillum (pl.: spirilla)
(Figure 2.1).

Flagellum

IS,
Y

Vibrio

Bacilh

Figure 2.1 Bacierla of different shapes
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Though the bacterial structure is very simple, they are very complex
in behaviour. Compared lo many other organisms, bacteria as a group
show the most extensive melabolic diversity. Some of the bacteria are
autetrophic, i.e.. they synthesise their own lood from inorganic substrates.
They may be photosynthetic autotrophic or chemosynthetic autotrophic.
The vast majority of bacteria are heterotrophs. i.e.. they depend on other
organisms or on dead organic matter lor lood.

2.1.1 Archaebacteria

These bacleria are special since they live in some of the most harsh habitals
such as extreme salty areas (halophiles). hot springs (thermoacidophiles)
and marshy areas (methanogens). Archaebacteria differ from other bacteria
in having a different cell wall structure and this {eature is responsible for
their survival in extreme conditions. Methanogens are present in the gut
of several ruminant animals such as cows and bullaloes and they are
responsible for the production ol methane (biogas) from the dung of these
animals.

2.1.2 Eubacteria

There are thousands of different eubacteria or ‘true
bacleria’. They are characterised by (he presence ol a
rigid cell wall, and il motile, a llagellum. The
cyanobacteria (also referred Lo as blue-green algae)
have chlorophyll a similar to green plants and are
photosynthetic autotrophs (Figure 2.2), The
cyanobacteria are unicellular, colonial or filamentous,
[reshwater/marine or terresirial algae. The colonies
are generally surrounded by gelatinous sheath. They
often lorm blooms in polluted waler bodies. Some of
these organisms can [ix atmospheric nitrogen in
specialised cells called heterocysts, e.g.. Nostocand
Anabaena. Chemosynthetic autotrophic bacleria
oxidise various inorganic substances such as
nitrales, nitrites and ammonia and use the released
energy lor their ATP production. They play a great role
in recycling nuirients like nitrogen. phosphorous,
iron and sulphur.

Heterotrophic bacteria are most abundant in
nature. The majority are important decomposers.
Many ol them have a significant impact on human

production of antibiotics. fixing nitrogen in legume
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Figure 2.2 A Mlamenious blue-green
alfairs. They are helplul in making curd from milk, algae — Nostoe
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roots, etc. Some are pathogens causing damage
lo human beings, crops. [arm animals and pets.
Cholera, typhoid, tetanus, citrus canker are well
known diseases caused by diflerent bacteria.

Bacteria reproduce mainly by fission (Figure
2.3). Sometimes. under unfavourable conditions.
they produce spores. They also reproduce by a
sort ol sexual reproduction by adopting a
primitive type of DNA translier from one bacterium
to the other.

Figure 2.3 A dividing bacterium The Mycoplasma are organisms that

completely lack a cell wall. They are the smallest
living cells known and can survive withoul oxygen. Many mycoplasma
are pathogenic in animals and plants.

2.2 EKmcpom ProTISTA

All single-celled eukaryotes are placed under Protista. but the boundaries
of this kingdom are nol well defined. What may be ‘a photosynthetic
protistan’ to one biologist may be "a plant’ to another. In this book we
include Chrysophytes, Dinollagellates. Euglenoids, Slime moulds and
Protozoans under Protista. Members ol Protista are primarily aguatic.
This kingdom forms a link with the others dealing with plants, animals
and hungi. Being enkaryotes, the protistan cell body contains a well defined
nucleus and other membrane-bound organelles. Some have [lagella or
cilia. Protists reproduce asexually and sexually by a process involving
cell lusion and zygole lormation.

2.2.1 Chrysophytes

This group includes diatoms and golden algae (desmids). They are lound
in fresh waler as well as in marine environments. They are microscopic
and [loal passively in waler currents (plankton). Most of them are
photosynthetic. In diatoms the cell walls form two thin overlapping shells,
which fil together as in a soap box. The walls are embedded with silica
and thus the walls are indestructible. Thus. diatoms have left behind
large amount of cell wall deposils in their habitat; this accumulation over
billions of years is referred (o as ‘diatomaceous earth’. Being gritty this
soil is used in polishing, fltration of oils and syrups. Diatoms are the
chiel ‘producers’ in the oceans.
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2.2.2 Dinoflagellates

These organisms are mostly marine and photosynthetic.
They appear yellow, green, brown, blue or red depending
on the main pigmenis present in their cells. The cell wall
has sUfl cellulose plales on the outer surface. Most of
them have two [lagella: one lies longitudinally and the
other transversely in a urrow between the wall plates.
Very often, red dinoflagellates (Example: Gonyaulax)
undergo such rapid multiplication that they make the
sea appear red (red tides). Toxins released by such large
numbers may even kill other marine animals such as
fishes.

2.2.3 Euglenoids

Majority of them are [resh waler organisms [ound in
stagnant water. Instead of a cell wall. they have a protein
rich layer called pellicle which makes their body flexible.
They have two [lagella, a short and a long one. Though
they are photosynthetic in the presence of sunlight, when
deprived of sunlight they behave like helerotrophs by
predating on other smaller organisms. Interestingly, the
pigments of euglenoids are identical to those present in
higher planis. Example: Euglena (Figure 2.4b).

2.2.4 Slime Moulds

Slime moulds are saprophytic protists. The body moves
along decaying twigs and leaves engulfing organic
malterial. Under suilable conditions, they lorm an
aggregation called plasmodium which may grow and
spread over several [eet. During unfavourable conditions,
the plasmodium differentiates and forms fruiting bodies
bearing spores al their tips. The spores possess irue walls.
They are exiremely resistant and survive for many years,
even under adverse conditions, The spores are dispersed
by air currents.

2.2.5 Protozoans

All protozoans are heterotrophs and live as predators or
parasites. They are believed to be primitive relatives of
animals. There are [our major groups of protozoans.

Amoeboid protozoans: These organisms live in fresh
waler, sea water or moist soil. They move and caplure
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Figure 2.4 (a) Dingflagellates
(b) Euglena
(c) Sltme mould
(d) Paramoecium
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their prey by putting out pseudopodia (false feet) as in Amoeba. Marine
forms have silica shells on their surface. Some of them such as Entamoeba

are parasiles,

Flagellated protozoans: The members of this group are either free-living
or parasitic. They have flagella. The parasitic lorms cause diaseases such
as sleeping sickness. Example: Trypanosoma.

Ciliated protozoans: These are aqualtic, actively moving organisms because
of the presence of thousands of cilia. They have a cavity (gullet) that opens
Lo the outside of the cell surface. The coordinated movement ol rows of
cilia causes the water laden with food Lo be steered into the gullet. Example:
Paramoectum (Figure 2.4d).

Sporozoans: This includes diverse organisms that have an infectious
spore-like stage in their life cycle. The most notorious is Plasmodium

(malarial parasite) which causes malaria, a disease which has a staggering
elfect on human population.

2.3 KincboMm Funect

The lungi constitute a unique kingdom of heterotrophic organisms. They
show a great diversity in morphology and habitat. Yon must have seen
hungi on a moist bread and rotien fruits. The common mushroom you eat
and toadstools are also fungi. White spots seen on mustard leaves are due
o a parasitic lungus. Some unicellular ungi. e.g., yeast are used to make
bread and beer. Other fungi cause diseases in plants and animals; wheal
rust-causing Puccinia is an important example. Some are the source of
antibiotics. e.g.. Penicillium. Fungi are cosmopolitan and occur in air, water,
soil and on animals and planis. They preler (o grow in warm and humid
places. Have you ever wondered why we keep food in the refrigerator ? Yes,
it is to prevent [ood [rom going bad due (o bacterial or hungal infections.

With the exceplion of yeasts which are unicellular. fungi are
filamentous. Their bodies consist of long, slender thread-like structures
called hyphae. The network of hyphae is known as mycelium. Some hyphae
are conlinuous tubes filled with multinucleated cytoplasm — these are
called coenocytic hyphae. Others have septae or cross walls in their
hyphae. The cell walls of lungi are composed of chitin and polysaccharides.

Most fungi are heterotrophic and absorb soluble organic matter from
dead subsirates and hence are called saprophytes. Those thal depend
on living plants and animals are called parasites. They can also live as
symbionts - in association with algae as lichens and with roots of higher
plants as mycorrhiza.

Reproduction in fungi can take place by vegetative means —
fragmentation, fission and budding. Asexual reproduction is by spores
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called conidia or sporangiospores or zoospores, and sexual reproduction
is by oospores, ascospores and basidiospores. The various spores are
produced in distinct structures called fruiting bodies. The sexual cycle

involves the following three steps:

(i Fusion of protoplasms between two motile or non-motile gametes

called plasmogamy.
{ifl Fusion of two nuclei called karyogamy.
(iii) Meiosis in zygote resulling in haploid spores.

When a lungus reproduces sexually, two haploid
hyphae of compatible mating types come together and
fuse. In some [ungi the [usion of two haploid cells
immediately results in diploid cells (2n). However, in other
fungi (ascomycetes and basidiomycetes), an intervening
dikaryotic slage (n + n, i.e., two nuclei per cell) occurs;
such a condition is called a dikaryon and the phase is
called dikaryophase of ungus. Later, the parental nuclei
fuse and the cells become diploid. The fungi lorm fruiting
bodies in which reduction division occurs, leading to
formation of haploid spores.

The morphology of the mycelium. mode of spore
formation and fruiting bodies form the basis for the
division of the kingdom into various classes.

2.3.1 Phycomycetes

Members of phycomyceles are lound in aqualtic habitals
and on decayving wood in moist and damp places or as
obligate parasites on plants. The mycelium is aseptate
and coenocytic. Asexual reproduction takes place by
zoospores (molile) or by aplanospores (non-motile). These
spores are endogenously produced in sporangium. A
#zygospore is formed by fusion of two gametes. These
gametes are similar in morphology (isogamous) or
dissimilar [anisogamous or cogamous). Some common
examples are Mucor (Figure 2.5a), Rhizopus (the bread
mould mentioned earlier) and Albugo (the parasitic fungi
on mustard).

2.3.2 Ascomycetes

Commonly known as sac-fungi, the ascomycetes are mostly
multicellular, e.g.. Penicilliton. or rarely unicellular, e.g.. yeast
(Saccharomyces). They are saprophytic, decomposers,

parasitic or coprophilous [growing on dung). Mycelium

(c)

Figure 2.5 Fungl: (a) Mucor
(b} Asperglilus (c) Agaricus
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is branched and septate. The asexual spores are conidia produced
exogenously on the special mycelium called conidiophores. Conidia on
germination produce mycelium. Sexual spores are called ascospores
which are produced endogenously in sac like asci (singular ascus). These
asci are arranged in diflerent types of [ruiting bodies called ascocarps.
Some examples are Aspergillus (Figure 2.5b), Claviceps and Neurospora.
Neurospora is used extensively in biochemical and genetic work. Many
members like morels and trufiles are edible and are considered delicacies.

2.3.3 Basidiomycetes

Commonly known forms of basidiomycetes are mushrooms, bracket fungi
or pullballs. They grow in soil, on logs and tree stumps and in living
plant bodies as parasites, e.g.. rusts and smuts. The mycelium is branched
and seplate. The asexual spores are generally not found. but vegetative
reproduction by [ragmentation is common. The sex organs are absent.
but plasmogamy is brought aboult by asion of two vegelative or somatic
cells of different sirains or genolypes. The resultant structure is dikaryoltic
which ultimaltely gives rise to basidium. Karyogamy and meiosis take
place in the basidium producing [our basidiospores. The basidiospores
are exogenously produced on the basidium (pl.: basidia). The basidia are
arranged in fruiting bodies called basidiocarps. Some common members
are Agaricus ([mushroom) (Figure 2.5¢), Ustilago (smut) and Puccinia (rust
lungus).

2.3.4 Deuteromycetes

Commonly known as imperfect [ungi because only the asexual or
vegetative phases of these lungi are known. When the sexual lorms of
these ungi were discovered they were moved into classes they righily
belong to. It is also possible thal the asexual and vegelative stage have
been given one name (and placed under deuteromycetes) and the sexual
stage another (and placed under another class). Later when the linkages
were established. the hungi were correctly identified and moved out of
deuteromycetes. Once perfect (sexual) stages ol members of
dueteromyceles were discovered they were often moved Lo ascomycetes
and basidiomycetes. The deuteromycetes reproduce only by asexual spores
known as conidia. The mycelium is septate and branched. Some members
are saprophyies or parasites while a large number of them are
decomposers of litter and help in mineral cycling. Some examples are
Alternaria, Colletotrichum and Trichoderma.



Biorocicar CLASSIFICATION

2.4 KincpoM PLANTAE

Kingdom Plantae includes all eukaryotic chlorophyll-containing
organisms commonly called plants. A few members are partially
heierotrophic such as the insectivorous plantis or parasiles. Bladderwort
and Venus [ly trap are examples of insectivorous plants and Cuscutaisa
parasite. The plant cells have an eukaryotic structure with prominent
chloroplasis and cell wall mainly made ol cellulose. You will study the
eukaryolic cell structure in detail in Chapter 8. Planlae includes algae,
bryophvles. pteridophytes. gyvmnosperms and angiosperms.

Life cycle of plants has two distinct phases — the diploid sporophytic
and the haploid gametophylic — that aliernate with each other. The lengths
of the haploid and diploid phases. and whether these phases are {ree-
living or dependent on others. vary among different groups in plants.
This phenomenon is called alternation of generation. You will study
lurther deiails of this kingdom in Chapter 3.

2.5 KincDoM ANIMATIA

This kingdom is characlerised by heteroirophic eukaryolic organisms
that are multicellular and their cells lack cell walls. They directly or
indirecily depend on plants lor [ood. They digest their food in an internal
cavity and store [ood reserves as glycogen or lal. Their mode of nutrition
is holozoic — by ingestion of [ood. They [ollow a delinile growth pattern
and grow into adulls that have a definile shape and size. Higher forms
show elaborale sensory and neuromotor mechanism. Mosl of them are
capable of locomotion.

The sexual reproduction is by copulation of male and [emale followed
by embryological development. Salient features of various phyla are
described in Chapter 4.

2.6 ViIirusgs, VIRoIDS, PRIONS AND LICHENS

In the five kingdom classification ol Whittaker there is no mention ol lichens
and some acellular organisms like viruses. viroids and prions. These are
briefly introduced here.

All of us who have sulfered the ill effects of common cold or ‘fhun’ know
what elfects viruses can have on us, even il we do not associate it with our
condition. Viruses did not find a place in classification since they are notl
considered truly ‘living’, il we understand living as those organisms thal
have a cell structure. The viruses are non-cellular organisms that are
characterised by having an ineri crystalline siructure outside the living cell.

19
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Tall fibres

(b)

Figure 2.6 (a) Tobacco Mosale Virus (TMV] (b) Bacteriophage

Once they infect a cell they take over the machinery of the host cell to replicate
themselves, killing the host. Would yvou call viruses living or non-living?

Virus means venom or peisonous fluid. Dmitri Ivanowsky (1892)
recognised certain microbes as causal organism of the mosaic disease of
tobacco (Figure 2.6a). These were found to be smaller than bacleria
because they passed through bacleria-proof {ilters. M.W. Beijerinek
{1898) demonsirated thal the exiracl of the infecied planis of (obacco
could cause infection in healthy plants and named the new pathogen
“virus” and called the fluid as Contagium vivum fluidum (infectious living
fluid). W.M. Stanley (1935) showed that viruses could be crystallised
and crystals consist largely of proteins. They are inert outside their specific
host cell. Viruses are obligate parasites.

In addition to proteins. vinises also contain genetic material, that could
be either RNA or DNA. No virus contains both RNA and DNA. A virus is
a nucleoprotein and the genetic material is infectious. In general, viruses
that infect plants have single stranded RNA and viruses that infect animals
have either single or double siranded RNA or double siranded DNA.
Bacterial viruses or bacteriophages (viruses that inlect the bacteria) are
usually double siranded DNA viruses (Figure 2.6b). The proiein coal
called capsid made ol small subunits called capsomeres, protecis the
nucleic acid. These capsomeres are arranged in helical or polyhedral
geomeitric forms. Viruses cause diseases like mumps, small pox. herpes
and influenza. AIDS in humans is also caused by a virus. In plants, the
symptoms can be mosaic formation, leaf rolling and curling, yellowing
and vein clearing, dwarling and stunted growth.
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Virolds : In 1971, T.O. Diener discovered a new infectious agent that
was smaller than viruses and caused polalo spindle tuber disease. [{ was
found (o be a free RNA: il lacked the protein coal thal is found in viruses,
hence the name viroid. The RNA of the viroid was of low molecular weight.
Prions : In modern medicine certain infections neurological diseases
were found to be transmitted by an agent consisting of abnormally [olded
protein. The agent was similar in size (o viruses. These agents were called
prions. The mosl nolable diseases caused by prions are bovine spongilorm
encephalopathy (BSE) commonly called mad cow disease in cattle and
its analogons variant Cr—Jacob disease (CJD) in humans.

Lichens : Lichens are symbiotic associations i.e. mutually useful
associations, between algae and lungi. The algal component is known as
phycoblont and fungal component as mycoblont, which are autotrophic
and heterotrophic. respectively. Algae prepare food for fungi and hungi
provide shelier and absorb mineral nuirients and water for its pariner.
So close is their association that il one saw a lichen in nature one would
never imagine that they had two different organisms within them. Lichens

are very good pollution indicators — they do nol grow in polluted areas.

SUMMARY

Biological classification of plants and animals was first proposed by Aristolle on the
basis of simple morphological characters. Linnaens later classified all living organisms
into two kingdoms — Plantae and Animalia. Whittaker proposed an elaborate five
kingdom classification — Monera, Prolista, Fungi, Plantae and Animalia. The main
criteria of the five kingdom classification were cell structure, body organisatlion.
mode of nutrition and reproduction, and phylogenetic relationships.

In the five kingdom classificalion, bacteria are included in Kingdom Monera.
Bacteria are cosmopolitan in distribution. These organisms show the most extensive
metabolic diversity. Bacteria may be autotrophic or heterotrophic in their mode of
nuirition. Kingdom Protista includes all single-celled eukaryotes such as
Chrysophytes, Dinollagellates, Euglenoids, Slime-moulds and Prolozoans. Protists
have defined nucleus and other membrane bound organelles. They reproduce
both asexually and sexually. Members of Kingdom Fungi show a greal diversity
in structures and habitat. Most lungi are saprophytic in their mode of nutrition.
They show asexual and sexual repreduction. Phycomycetes. Ascomycetes,
Basidiomycetes and Deuleromycetes are the four classes under this kingdom.
The plantae includes all eukaryotic chlorophyll-containing organisms. Algae,
bryophytes. pteridophytes, gymnosperms and angiosperms are included in this
group. The life cycle of plants exhibil allernation of generalions — gamelophytic
and sporophyiic generations. The helerotrophic eukaryotic, multicellular
organisms lacking a cell wall are included in the Kingdom Animalia. The mode of
nutrition of these organisms is holozoic. They reproduce mosily by the sexual
mode. Some acellular organisms like viruses and viroids as well as the lichens are
not included in the five kingdom system of classification.
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EXERCISES

Discuss how classification systems have undergone several changes over a
period of time?

State two economically imporiant uses of:

{a) heterotrophic bacteria

(b) archacbacteria

What is the nature of cell-walls in dlatoms?

Find out whal do the terms "algal bloom' and ‘red-tides’ signify.
How are virolds different from viruses?

Describe briefly the four major groups of Protozoa.

Planis are autolrophic. Can you think of some plants thal are partially
heterotrophic?

What do the lerms phycoblont and mycoblont signtfy?

Give a comparative account of the classes ol Kingdom Fungl under the [ollowing:
{1} mode of nutrition

{11} mode of reproduction

What are the characteristic [eatures of Euglenolds?

Give a briel account of viruses with respect to thelr structure and nature of
genetic material. Also name four common viral diseases.

Organise a discusslon in your class on the Lloplc — Are viruses lving or non-
Hving?



3.1 Algae

3.2 Bryophytes
3.3 Pleridophyles
3.4 Gumnosperms

3.5 Angiosperms

Crarrer 3

PLANT KIN GDOM

In the previcus chapler, we looked al the broad classification of living
organisms under the system proposed by Whittaker (1969] wherein he
suggested the Five Kingdom classification viz. Monera, Protista, Fungi,
Animalia and Plantae. In this chapter, we will deal in detail with further
classification within Kingdom Plantae popularly known as the ‘plant
kingdom'.

We musl siress here that our understanding of the plant kingdom
has changed over ime. Fungi, and members of the Monera and Protista
having cell walls have now been excluded from Plantae though earlier
classifications placed them in the same kingdom. 5o, the cyanobacteria
that are also referred to as blue green algae are not "algae’ any more. In
this chapter. we will describe Algae, Bryophytes, Pieridophyltes,
Gymnosperms and Angiosperms under Plantae .

Let us also look at classification within angiosperms Lo understand
some ol the concerns that influenced the classification systems. The
earliest systems of classification used only gross superficial morphological
characters such as habil. colour. number and shape ol leaves, elc. They
were based mainly on vegetative characters or on the androecium
structure [system given by Linnaeus). Such systems were artificial; they
separated the closely relaied species since they were based on a lew
characteristics. Also, the artificial systems gave equal weightage to
vegetative and sexual characleristics; this is nol acceptable since we know
that often the vegelative characters are more easily alfected by
environment. As against this, natural classification systems developed.
which were based on natural aflinities among the organisms and consider,
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not only the external features, butl also internal features, like ultra-
structure, analomy, embryology and phytochemisiry. Such a
classification for Howering plants was given by George Bentham and
Joseph Dalton Hooker.

Al presenl phylogenetic classification systems based on
evolutionary relationships between the various organisms are acceptable.
This assumes that organisms belonging (o the same (axa have a common
ancestor. We now use information from many other sources Loo (o help
resolve difficulties in classification. These become more important when
there is no supporting lossil evidence. Numerical Taxonomy which is
now easily carried out using computers is based on all observable
characteristics. Number and codes are assigned to all the characlers and
the data are then processed. In this way each character is given equal
importance and al the same time hundreds ol characlers can be
considered. Cytotaxonomy that is based on cytological information like
chromosome number, structure, behaviour and chemotaxonomy that
uses the chemical constituents of the plant to resolve confusions, are also
used by taxonomists these days.

3.1 ALcAE

Algae are chlorophyll-bearing, simple, thalloid, autotrophic and largely
agualic (both fresh waler and marine) organisms. They occur in a
variely of other habitats: moist stones, soils and wood. Some of them
also occur in association with langi (lichen) and animals (e.g., on sloth
bear).

The form and size ol algae is highly variable. ranging from colonial
forms like Volvox and the llamentous [orms like Ulothrixand Spirogyra
(Figure 3.1). A few of the marine lorms such as kelps. form massive plant
bodies.

The algae reproduce by vegetative, asexual and sexual methods.
Vegetative reproduction is by fragmeniation. Each fragment develops into
a thallus. Asexual reproduction is by the production of different types of
spores, the most common being the zoospores. They are [lagellaled
[motile) and on germination gives rise Lo new plants. Sexual reproduction
takes place through fusion ol two gameles. These gametes can be
flagellated and similar in size (as in Ulothriy or non-flagellated (non-motile)
but similar in size {as in Spirogyra). Such reproduction is called
Isogamous. Fusion of two gametes dissimilar in size, as in species of
Eudorina is termed as anisogamous. Fusion between one large, non-
motile (static) [emale gamele and a smaller. motile male gamete is termed
oogamous, e.g.. Volvox, Fucus.
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Algae are useful to man in a variety of ways. At least a half of the total
carbon dioxide fixation on earth is carried oul by algae through
photosynthesis. Being photosynthetic they increase the level of dissolved
oxyvgen in their immediate environment. They are of paramount
importance as primary producers of energy-rich compounds which lorm
the basis af the food cycles of all aquatic animals. Many species of Porphyra,
Laminaria and Sargassum are among the 70 species of marine algae
used as food. Certain marine brown and red algae produce large amounts
ol hydrocolloids (water holding substances), e.g.. algin (brown algae) and
carrageen (red algae) which are used commercially. Agar. one of the
commercial products oblained from Gelidium and Gracilaria are used to
grow microbes and in preparations of ice-creams and jellies. Chlorellaa
unicellular alga rich in proteins is used as lood supplement even by space
travellers. The algae are divided into three main classes: Chlorophyceae,
Phaeophyceae and Rhodophyceae.

3.1.1 Chlorophyceae

The members of chlorophyceae are commonly called green algae, The
plant body may be unicellular, colonial or filamentous. They are usually
grass green due to the dominance of pigments chlorophyll a and b. The
pigments are localised in definite chloroplasts. The chloroplasis may be
discoid. plate-like. reticulate, cup-shaped, spiral or ribbon-shaped in
dilferent species. Most of the members have one or more storage bodies
called pyrenoids localed in the chloroplasis. Pyrenoids contain protein
besides starch. Some algae may store food in the form of oil droplets.
Green algae usually have a rigid cell wall made of an inner layer of cellulose
and an outer layer ol pectose.

Vegetative reproduction usually takes place by [ragmentation or by
formation of different types of spores. Asexual reproduction is by
lagellated zoospores produced in zoosporangia. The sexual reproduction
shows considerable variation in the type and formation of sex cells and il
may be isogamous, anisogamous or cogamous. Some commeonly found
green algae are: Chlamydomonas, Volvox, Ulothrix, Spirogyra and Chara
{Figure 3.1a).

3.1.2 Phaeophyceae

The members ol phaeophyceae or brown algae are found primarily in
marine habitats. They show greal variation in size and form. They range
from simple branched, filamentous forms (Ectocarpus) to profusely
branched forms as represenied by kelps. which may reach a height of
100 metres. They possess chlorophyll a. c. carotenoids and xanthophylls.
They vary in colour from olive green to various shades of brown depending
upon the amount of the xanthophyll pigment, lucoxanthin present in
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them. Food is stored as complex carbohydrates, which may be in the
form of laminarin or mannitol. The vegelative cells have a cellulosic wall
usually covered on the outside by a gelatinous coaling ol algin. The
protoplast contains, in addition to plastids, a centrally located vacuole
and nucleus. The plant body is usually attached to the substralum by a
holdfast. and has a stalk, the stipe and leal like photosynthetic organ —
the frond. Vegelative reproduction takes place by fragmentation. Asexual
reproduction in most brown algae is by billagellale zoospores thal are
pear-shaped and have two unequal laterally attached Hagella.

Sexual reproduction may be isogamous. anisogamous or 0ogamots.
Union ol gametes may take place in water or within the oogonium
[oogamous species). The gameles are pyrilorm (pear-shaped) and bear
two laterally attached llagella. The common lorms are Ectocarpus, Dictyota,
Laminaria, Sargassum and Fucus (Figure 3.1b).

3.1.3 Rhodophyceae

The members of rhodophyceae are commonly called red algae because of
the predominance of the red pigment, r-phycoerythrin in their body. Majority
of the red algae are marine with greater concentrations found in the warmer
areas. They occur in both well-lighted regions close to the surface of water
and also al great depths in oceans where relatively little light penetrates.

The red thalli of most of the red algae are multicellular. Some of them
have complex body organisation. The lood is stored as lloridean sitarch
which is very similar to amylopectin and glycogen in structure.

The red algae usually reproduce vegetatively by fragmentation. They
reproduce asexually by non-motile spores and sexually by non-motile

TasLE 3.1 Divisions of Algae and their Main Characteristics

Classes Common Major Stored CellWall Flagellar
Name Pigments Food Number and
Position of
Insertions
Chlorophyceae Green Chlorophyll Starch Celhulpse  2-8, eqgual.
algae a b apical
Phacophyceae Brown Chlorophyll Manniiol, Cellulose 2, unequal,
algae gt laminarin and algin @ lateral
fcoxanthin
Rhodophyceae Red Chlorophyll Floridean Cellulose, Absent
algae e, starch pectin and
phycoerythrin poly
sulphate
eslers
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Habitat

Fresh water,
brackish water,
sall waler

Fresh waler
[rare) brackish
water, salt
waler

Fresh water
[some],
brackish
waler, sall
waler (most)
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gametes. Sexual reproduction is cogamous and accompanied by complex
post fertilisation developments. The common members are: Polysiphonia,
Porphyra (Figure 3.1c). Gracilaria and Gelidium.

3.2 BRYOPHYTES

Bryophytes include the various mosses and liverworts that are found
commonly growing in moist shaded areas in the hills (Figure 3.2).

Archegoniophore

Sporophyie

Gametophyte

" i A

& Anthendiophore

Anthenidial 2 o
branch %

L T T S
el
ol i

(d)

Figure 3.2 Bryophyies: A liverworl — Marchantia (a) Female thallus (b) Male thallus
Mosses - (v] Funaria, gametophivie and sporophyie (d) Sphagnum

gamelophyte
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Bryophytes are also called amphibians ol the plant kingdom because
these plants can live in soil bul are dependenl on water for sexual
reproduction. They usually occur in damp. humid and shaded localities.
They play an important role in plant succession on bare rocks/soil.

The plant body of bryophytes is more diflerentialed than that of algae.
It is thallus-like and prostrate or erect, and atlached {o the substratum
by unicellular or multicellular rhizoids. They lack true roots, stem or
leaves. They may possess rool-like, leal-like or stem-like structures, The
main plant body of the bryophyte is haploid. It produces gametes, hence
is called a gametophyte. The sex organs in bryophytes are multicellular.
The male sex organ is called antheridium. They produce billagellate
antherozolds. The [emale sex organ called archegonium is [lask-shaped
and produces a single egg. The antherozoids are released into waler where
they come in contact with archegonium. An antherozoid fuses with the
edd (o produce the zygote. Zygotes do not undergo reduction division
immediately. They produce a multicellular body called a sporophyte.
The sporophyte is nol [ree-living bul atiached to the photosynthetic
gametophyte and derives nourishment from il. Some cells of the
sporophyte undergo reduction division (meiosis) to produce haploid
spores. These spores germinale lo produce gametophyte.

Bryophyies in general are of little economic importance bul some
mosses provide lood lor herbaceous mammals, birds and other animals.
Species of Sphagnum, a moss, provide peal that have long been used as
fuel, and as packing material for trans-shipment of living material because
ol their capacity to hold water. Mosses along with lichens are the first
organisms to colonise rocks and hence, are ol great ecological imporiance.
They decompose rocks making the subsirate suitable for the growih of
higher plants. Since mosses lorm dense mats on the soil, they reduce the
impact ol falling rain and prevent soil erosion. The bryophytes are divided
into Uverworts and mosses.

3.2.1 Liverworts

The liverworts grow usually in moist, shady habitals such as banks of
streams, marshy ground, damp soil, bark of trees and deep in the woods.
The plant body ol a liverwort is thalloid, e.g.. Marchantia. The thallus is
dorsiventiral and closely appressed Lo the substrate. The lealy members
have tiny leaf-like appendages in two rows on the stem-like structures.
Asexual reproduction in liverworts takes place by fragmentation of
thalli, or by the formalion ol specialised struclures called gemmae
(sing. gemma). Gemmae are green. multicellular, asexual buds, which
develop in small receptacies called gemma cups located on the thalli.
The gemmae become delached [rom the parent body and germinate Lo
lorm new individuals. During sexual reproduction, male and [emale sex
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organs are produced either on the same or on different thalli. The
sporophyte is dilferentiated into a [ool. seta and capsule. Afier meiosis,
spores are produced within the capsule. These spores germinate Lo form
free-living gametophytes.

3.2.2 Mosses

The predominant stage of the life cycle of a moss is the gametophyte which
consisis of two stages. The f{irst siage is the protonema stage. which
develops directly from a spore. It is a creeping. green, branched and
[requently filamentous stage. The second stage is the leafy stage. which
develops from the secondary protonema as a lateral bud. They consist of
upright, slender axes bearing spirally arranged leaves. They are attached
Lo the soil through multicellular and branched rhizoids. This slage bears
the sex organs.

Vegetative reproduction in mosses is by [ragmentation and budding
in the secondary protonema. In sexual reproduction. the sex organs
antheridia and archegonia are produced al the apex ol the lealy shoots.
After fertilisation, the zygole develops into a sporophyte, consisting of a
foot, seta and capsule. The sporophyte in mosses is more elaborate than
thal in liverworts. The capsule contains spores. Spores are formed alter
meiosis. The mosses have an elaborate mechanism of spore dispersal.
Common examples of mosses are Funaria, Polytrichum and Sphagnum
(Figure 3.2).

3.3 PTERIDOPHYTES

The Pteridophyies include horsetails and [erns. Pleridophytes are used
for medicinal purposes and as soil-binders. They are also frequently grown
as ormamentals. Evolutionarily, they are the first terrestrial planis o
possess vascular tissues — xylem and phloem. You shall stndy more aboul
these tissues in Chapter 6. The pleridophytes are [ound in cool, damp.
shady places though some may [lourish well in sandy-soil conditions.
You may recall that in bryophyles the dominant phase in the lile
cycle is the gametophytic plant body. However, in pleridophytes, the
main plant body is a sporophyie which is differentiated into true root.
siem and leaves (Figure 3.3). These organs possess well-dilferentiated
vascular tissues. The leaves in pteridophyta are small (microphylls) as
in Selaginella or large (macrophylls) as in lerns. The sporophytes bear
sporangia that are sublended by leal-like appendages called
sporophylls. In some cases sporophylls may form distinct compact
structures called strobili or cones (Selaginella, Equisetum). The
sporangia produce spores by meiosis in spore mother cells. The spores
germinale (o give rise to inconspicuous, small but multicellular,
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Figure 3.3 Plertdophytes : (a) Selaginella (b} Equisetum (¢} Fern (d) Salvtnia
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free-living. mostly photosynthetic thalloid gametophytes called
prothallus. These gametophyles require cool, damp. shady places (o
grow. Because ol this specilic restricted requirement and the need for
walter [or [ertilisation. the spread ol living pteridophytes is limited and
resiricted Lo narrow geographical regions. The gametophyles bear male
and female sex organs called antheridia and archegonia, respectively.
Water is required for transfer of antherozoids — the male gametes released
from the antheridia, to the mouth of archegonium. Fusion ol male gamete
with the egg present in the archegonium result in the formation ol zygote.
Zygote therealler produces a multicellular well-differentiated sporophyte
which is the dominant phase ol the pteridophytes. In majority of the
pleridophyies all the spores are ol similar kinds: such plants are called
homosporous. Genera like Selaginella and Salvinia which produce
two kinds ol spores, macro (large) and micro (small) spores, are known
as heterosporous. The megaspores and microspores germinale and give
rise to female and male gametophytes, respectively. The [emale
gamelophytes in these planis are retained on the parent sporophytes
for variable periods. The development of the zygotes into young embryos
Lake place within the [emale gametophytes. This event is a precursor to
the seed habit considered an important step in evolution.

The pteridophytes are urther classilied into lour classes: Psilopsida
(Psilotum): Lycopsida (Selaginella, Lycopodium), Sphenopsida (Equisetum)
and Pleropsida {(Dryopleris, Plteris, Adiantum).

3.4 GYMNOSPERMS

The gymnosperms (gymnoes : naked, sperma : seeds) are plants in which
the ovules are not enclosed by any ovary wall and remain exposed. both
before and alter fertilisation. The seeds that develop post-fertilisation. are
not covered. i.e., are naked. Gymnosperms include medium-sized trees
or tall trees and shrubs (Figure 3.4). One of the gymnosperms, the giant
redwood iree Seguoia is one of the tallest tree species. The roots are
generally tap roots. Roots in some genera have lungal association in the
lorm of mycorrhiza (Pinus), while in some others {Cycas) small specialised
roots called coralloid roots are associaled with N,- lixing cyanobacteria.
The stems are unbranched [Ciyeoas) or branched (Pinus, Cednis). The leaves
may be simple or compound. In Cycas the pinnale leaves persist lor a [ew
years. The leaves in gymnosperms are well-adapled Lo withsland exiremes
ol temperature, humidity and wind. In conifers, the needle-like leaves
reduce the surface area. Their thick cuticle and sunken stomata also
help lo reduce water loss.
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The gymnosperms are heterosporous; they produce
haploid microspores and megaspores. The two kinds ol
spores are produced within sporangia that are borne
on sporophylls which are arranged spirally along an axis
to lorm lax or compact strobili or cones. The sirobili
bearing microsporophylls and microsporangia are
called microsporangiate or male strobill. The
microspores develop into a male gamelophytic
generation which is highly reduced and is confined to
only a limited number of cells. This reduced
gametophyte is called a pollen grain. The development
of pollen grains take place within the microsporangia.
The cones bearing megasporophylls with ovules or
megasporangia are called macrosporangiale or female
strobill. The male or female cones or sirobili may be
borne on the same tree (Pinus). However. in cyeoas male
cones and megasporophylls are borne on diflerent trees.
The megaspore mother cell is diflerentialed from one of
the cells of the nucellus. The nucellus is protected by
envelopes and the composite structure is called an
ovule. The oviles are borne on megasporophylls which
may be clusiered to form the female cones. The
megaspore mother cell divides meiotically (o form lour
megaspores. One of the megaspores enclosed within the
megasporangium develops inlo a mullicellular female
gamelophyte thal bears two or more archegonia or
lemale sex organs. The multicellular female gametophyte
is also retained within megasporangium.

Unlike bryophytes and pleridophytes, in
gymnosperms the male and the [emale gamelophyies
do not have an independent free-living existence. They
remain within the sporangia retained on the
sporophytes. The pollen grain is released {rom the
microsporangium. They are carried in air currents and
come in contact with the opening of the ovules borne
on megasporophylls. The pollen tube carrying the
male gametes grows towards archegonia in the ovules
and discharge their contents near the mouth of the
archegonia. Following lertilisation. zygote develops
into an embryo and the ovules into seeds. These seeds
are nol covered.
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Figure 3.4 Gymnosperms: (a) Cycas
(b) Pinus [c] Ginkgo
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3.5 ANGIOSPERMS

Unlike the gymnosperms where the ovules are naked, in the angiosperms
or flowering planis. the pollen grains and ovules are developed in
specialised structures called flowers. In angiosperms. the seeds are
enclosed in [ruits. The angiosperms are an exceptionally large group of
plants occurring in wide range of habitats. They range in size from the
smallest Wolffia to tall trees of Eucalyptus (over 100 metres). They provide
us with lood, lodder, Iuel, medicines and several other commercially
important products. They are divided into two classes : the dicotyledons
and the monocotyledons (Figure 3.5).

(al (b)
Figure 3.5 Anglosperms : {a) A dicotyledon (b) A monocolyledon

SUMMARY

Plant kingdom includes algae, bryophytes, pteridophytes. gymnosperms
and angiosperms. Algae are chlorophyll-bearing simple, thalloid.
autotrophic and largely aguatic organisms. Depending on the type ol
pigment possesed and the type of stored [ood, algae are classfied into
three classes, namely Chlorophyceae, Phaeophyceae and Rhodophyceae.
Algae usually reproduce vegetatively by fragmentation, asexually by
formation of diflerent types ol spores and sexually by formation ol gametes
which may show isogamy, anisogamy or cogamy.

Bryophytes are plants which can live in soil but are dependent on
water for sexual reproduction. Their plant body is more differentiated
than thal ol algae. IL is thallus-like and prosirate or erecl and atiached Lo
the subsiratum by rhizoids. They possess root-like. leal-like and stem-
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like structures. The bryophytes are divided into liverworts and mosses.
The plant body of liverworts is thalloid and dorsiventral whereas mosses
have upright. slender axes bearing spirally arranged leaves. The main
plant body of a bryophyte is gamete-producing and is called a
gametophyte. It bears the male sex organs called antheridia and [emale
sex organs called archegonia. The male and [emale gametes produced
fuse to form zygole which produces a multicellular body called a
sporophyte. Il produces haploid spores. The spores germinate to form
gametophytes.

In pteridophytes the main plant is a sporophyte which is diflerentiated
into true root, stem and leaves. These organs possess well-differentiated
vascular tissues. The sporophytes bear sporangia which produce spores.
The spores germinate to form gametophytes which require cool. damp
places to grow. The gametophytes bear male and [emale sex organs called
antheridia and archegonia. respectively. Water is required [or transfer of
male gameles Lo archegonium where zygole is formed alter fertilisation.
The zygole produces a sporophyte.

The gymnosperms are the plants in which ovules are not enclosed by
any ovary wall. After lertilisation the seeds remain exposed and therefore
these plants are called naked-seeded plants. The gymnosperms produce
microspores and megaspores which are produced in microsporangia and
megasporangia borne on the sporophylls. The sporophylls —
microsporophylls and megasporophylls — are arranged spirally on axis
to form male and female cones. respectively. The pollen grain germinates
and pollen tube releases the male gamete into the ovale, where it [uses
with the egg cell in archegonia. Following leriilisation, the zygote develops
into embryo and the ovules into seeds.

The angiosperms are divided into two classes — the dicotyledons and
the monocotyledons.

EXERCISES

What is the basis of classification of algae?

2. When and where does reduction division take place in the life cycle of a
Hverwort, a moss, a [em. a gymnosperm and an anglosperm?

3. Name three groups of planis thal bear archegonia. Briefly describe Lhe
life cycle of any one of them.

4. Mention the ploidy of the following: protonemal cell of a moss; primary
endosperm nucleus in dicot. leaf cell of a moss; prothalius cell of a ferm;:
gemma cell in Marchantia: meristem cell of monocol, ovum of a liverwort,
and zygole of a ferm.
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10.

11.

Write a note on economic Importance of algae and gymnosperms.

Both gymnosperms and angiosperms bear seeds, then why are they
classified separately?

What is heterospory? Brielly commenl on its significance. Give two

examples.

Explain briefly the following terms with suitable examples:-
{1} prolonema

(1) antheridiumm

(i) archegonium

(1v) diplontc

(v) sporophyll

{vl) Isogamy

Differentiatle between the following:-
{1} red algae and brown algae

(11} Hverworts and moss

(i) homosporous and heterosporous pleridophyie

Maich the following {column [ with column 1)

Column 1 Column I1

(a) Chlamydomonas 1] Moss

[b) Cycas (1) Pleridophyle
[c) Selaginella (i) Algae

{d) Sphagnum {v] Gymnosperm

Describe the important characterisiics of gymnosperms.
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CHAPTER 4

ANIL‘.[AL K[NGDOM

When you look around, you will observe dilferent animals with diflerent
structures and forms. As over a million species ol animals have been
described till now. the need for classification becomes all the more
important. The classilication also helps in assigning a systematic position
to newly described species.

4.1 Basis oF CLASSIFICATION

Inspile ol diflerences in structure and form of different animals, there are
fundamental features common to various individuals in relation to the
arrangement of cells, body symmetry, nature ol coelom, patterns of
digestive, circulalory or reproductive systems. These leatures are used
as the basis of animal classification and some ol them are discussed here,

4.1.1 Levels of Organisation

Though all members of Animalia are multicellular, all of them do nol
exhibil the same pattern of organisation of cells. For example. in spongdes.
the cells are arranged as loose cell agdgregates, i.e., they exhibit cellular
level of organisation. Some division of labour (activities) occur among
the cells. In coelenlerates, the arrangement of cells is more complex. Here
the cells performing the same lunction are arranged into tissues, hence is
called tissue level of organisation. A still higher level of organisation, i.e.,
organ level is exhibiled by members of Platyhelminthes and other higher
phyla where tissues are grouped together to lorm organs, each specialised
for a particular lunction. In animals like Annelids, Arthropods, Molluscs,



Figure 4.2 Showing germinal layers :
{a) Diploblastic (b) Triplobiastic

Echinoderms and Chordales, organs have
associaled lo form lunctional systems, each
system concerned with a specific physiological
function. This pattiem is called organ system
level of organisation. Organ systems in different
groups ol animals exhibit various patterns of
complexities. For example, the digestive system
in Platyhelminthes has only a single opening
to the outside of the body thal serves as both
moutlh and anus, and is hence called
incomplete. A complete digestive system has
two openings, mouth and anus. Similarly, the
circulatory system may be of two types:

(i} open type in which the blood is pumped
out of the heart and the cells and tissues are
direclly bathed in il and

(i) closed type in which the blood is circulated
(hrough a series of vessels of varying diameters
(arteries, veins and capillaries).

4.1.2 Symmetry

Animals can be categorised on the basis of their
symmetry. Sponges are mostly asymmetrical,
i.e., any plane that passes through the centre
does nol divide them into equal halves. When
any plane passing through the central axis of
the body divides the organism into two identical
halves, il is called radial symmetry.
Coelenterales, ctenophores and echinoderms
have this kind of body plan (Figure 4.1a).
Animals like annelids. arthropods. etc.. where
the body can be divided into identical left and
right halves in only one plane, exhibit bilateral

symmetry (Figure 4.1b).

4.1.3 Diploblastic and Triploblastic
Organisation

Animals in which the cells are arranged in two
embryonic layers, an external ectoderm and
an internal endoderm, are called diploblastic
animals, e.g,, coelenterates. An undillerentiated
layer, mesoglea, is presenl in between the
ectoderm and the endoderm (Figure 4.2a).
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Those animals in which the developing embryo has a third germinal layer,
mesoderm. in beiween the ecloderm and endoderm, are called
triploblastic animals (platyhelminthes (o chordales, Figure 4.2h).

4.1.4 Coelom

Presence or absence of a cavity between the body
wall and the gut wall is very important in
classification. The body cavily, which is lined
by mesoderm is called coelom. Animals
possessing coelom are called coelomates, e.g..
annelids, mollusces, arthropods. echinoderms,
hemichordates and chordates (Figure 4.3a). In
some animals, the body cavity is not lined by
mesoderm. insiead, the mesoderm is present as
scattered pouches in between the ecloderm and
endederm. Such a body cavity is called
pseudocoelom and the animals possessing them
are called pseudocoelomates, e.g..
aschelminthes (Figure 4.3b). The animals in

which the body cavity is absent are called Figure 4.3 Diagrammatic sectional view of :

acoelomates, e.g., platyhelminthes (Figure 4.3c). (a) Coelomate (b) Pseudocoelomate
[c) Acoelomalte

4.1.5 Segmentation

In some animals, the body is externally and internally divided inio
segments with a serial repetition of at leasl some organs. For example. in
earthworm, the body shows this pattern called melameric segmentation
and the phenomenon is known as metamerism.

4.1.6 Notochord

Notochord is a mesodermally derived rod-like structure formed on the
dorsal side during embryonic development in some animals. Animals with
notochord are called chordates and those animals which do not form this
structure are called non-chordates, e.g.. porifera to echinoderms.

4.2 CLASSIFICATION OF ANIMALS

The broad classification of Animalia based on commmon landamental
leatures as mentioned in the preceding sections is given in Figure 4.4,



Kingdom Levels of Svnmst Body Cavity Phyium
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*Echinodermata exhibits radial or bilateral symmetry depending on the stage.
Figure 4.4 Droad classification of Kingdom Animalia based on common fundamental features

Figure 4.5 Examples of Porllera @ (a) Sycon
{b) Euspongta (c) Spongilla

The important characterislic [eatures of the
different phyla are described.

4.2.1 Phylum - Porifera

Members of this phylum are commonly known
as sponges. They are generally marine and mostly
asymmeirical animals (Figure 4.5). These are
primitive multicellular animals and have cellular
level ol organisation. Sponges have a waler
transport or canal system. Water enters through
minuie pores (ostia) in the body wall into a central
cavity. spongocoel, from where il goes out
through the osculum. This pathway of waler
transport is helpiul in lood gathering, respiratory
exchange and removal ol waste. Choanocytes
or collar cells line the spongocoel and the canals.
Digestion is intracellular. The body is supported
by a skeleton made up ol spicules or spongin
fibres. Sexes are not separale (hermaphrodite),
i.e., eggs and sperms are produced by the same
individual. Sponges reproduce asexually by
fragmentation and sexually by formation of
gameles. Fertilisation is internal and development
is indirect having a larval stage which is
merphologically distinel from the adult.
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Examples: Sycon (Scypha), Spongilla (Fresh waler sponge) and Euspongia
{Bath sponge).

4.2.2 Phylum - Coelenterata (Cnidaria)

They are aquatic. mostly marine, sessile or Iree-swimming, radially
symmetrical animals (Figure 4.6). The name cnidaria is derived from the

(a) (b)
Figure 4.8 Examples of Coelenterala Indicating outline of their body form :

la) Aurelia (Medusa) (b) Adamsta (Polyp)

cnidoblasis or cnidocyles (which contain the stinging capsules or
nemalocysts) present on the tentacles and the body. Cnidoblasts are used
for anchorage. defense and [or the capture of prey (Figure 4.7). Cnidarians
exhibil tissue level ol organisation and are diploblastic. They have a central
gasiro-vascular cavity with a single opening, mouth on hypostome.
Digestion is exiracellular and iniracellular. Some of the cnidarians, e.g..
corals have a skeleton composed of calcium carbonate. Cnidarians exhibit
two basic body [orms called polyp and medusa (Figure 4.6). The lormer
is a sessile and cylindrical form like Hydra, Adamsia, etc. whereas, the
latter is umbrella-shaped and [ree-swimming like Aurelia or jelly fish. Figure 4.7

Those cnidarians which exist in both forms exhibit aliernation of Dlagrammatic view of
generation (Metagenesis), i.e.. polyps produce medusae asexually and Caldatinst

medusae form the polyps sexually (e.g., Obelia).

Examples: Physalia (Portuguese man-of-war). Adamsia {(Sea anemone),
Pennatula [(Sea-pen). Gorgonia [Sea-{an) and Meandrina (Brain coral].
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Figure 4.8 Example of

Ctenophora
{Pleurobrachia)

4.2.3 Phylum - Ctenophora

Ctenophores. commonly known as sea walnuts or comb
Jellles are exclusively marine, radially symmetrical, diploblastic
organisms with tissue level of organisation. The body bears
eight external rows ol ciliated comb plates. which help in
locomotion (Figure 4.8). Digestion is both extracellular and
intracellular. Bioluminescence (the property of a living
organism to emit light) is well-marked in ctenophores. Sexes
are nol separate. Reproduction takes place only by sexual
means. Fertilisation is external with indirect developmentL

Examples: Pleurobrachia and Cienoplana.

4.2.4 Phylum - Platyhelminthes

They have dorso-venirally flattened body. hence are called
Natworms (Figure 4.9). These are mostly endoparasiles found
in animals including human beings. Flatworms are bilaterally
symmeirical, triploblastic and acoelomale animals with organ
level ol organisation. Hooks and suckers are present in the
parasitic [orms. Some of them absorb nutrients from the host
directly through their body surface. Specialised cells called
flame cells help in osmoregulation and excretion. Sexes are not
separale. Fertilisation is internal and development is through
mamny larval stages. Some members like Flanaria possess high
regeneration capacity.

Examples: Taenia (Tapeworm). Fasciola (Liver [luke).

g
(b)

Figure 4.9 Examples of Flatyhelminthes : {a) Tape worm (b) Liver fluke
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4.2.5 Phylum - Aschelminthes

The body of the aschelminthes is circular in
cross-section, hence, the name roundworms
{Figure 4.10). They may be [reeliving, aguatic
and lerrestrial or parasitic in plants and animals.
Roundworms have organ-system level of body
organisation. They are bilaterally symmeirical.
triploblastic and pseudocoelomale animals.
Alimentary canal is complete with a well-
developed muscular pharynx. An excretory
tube removes body wastes from the body cavily
through the excretory pore. Sexes are separate
[dioecious). i.e., males and [emales are distinet.
Often females are longer than males. Fertilisation
is internal and development may be direct (the
young ones resemble the adult) or indirect.

Examples : Ascaris ([Roundworm). Wuchereria
(Filaria worm). Ancylostoma (Hookworm).

4.2.6 Phylum - Annelida

They may be aquatic (marine and [resh water) or
terrestrial; free-living, and sometimes parasitic.
They exhibil organ-sysiem level ol body
organisation and bilateral symmeiry. They are
triploblastic, metamerically segmenied and
coelomale animals. Their body surface is
distinctly marked oul into segments or
metameres and. hence, the phylum name
Annelida (Latin, anmuius : little ring) (Figure 4.11).
They possess longitudinal and circular muscies
which help in locomotion. Aqualic annelids like
Nerels possess lateral appendages, parapodia,
which help in swimming. A closed circulatory
sysiem is present. Nephridia (sing. nephridium]
help in osmoregulation and excretion. Neural
sysiem consisis ol paired ganglia (sing. ganglion]
connected by laleral nerves Lo a double ventral
nerve cord. Nereis, an aquatic [orm, is dioecious,
but earthworms and leeches are monoecious.
Reproduction is sexual.

Examples : Nereis, Pheretima (Earthworm) and
Hirudinaria (Blood sucking leech).

Male Female

Figure 4.10 Exampie of
Aschelminthes:
Roundworm

Figure 4.11 Examples of Annelida : (a) Nerels
(b) Hirudinaria
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Figure 4.12 Examples of Arthropoda:
{a) Locust (b) Butterfly
{c} Scorplon (d) Prawn
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Flgure 4.13 Examples of Mollusca :
{a) Pila (b) Octopus

4.2.7 Phylum - Arthropoda

This is the largest phylum of Animalia which
includes insects. Over two-thirds of all named
species on earth are arthropods (Figure 4.132).
They have organ-system level of organisation.
They are bilaterally symmeirical. triploblastic.
segmenied and coelomatle animals. The body
of arthropods is covered by chitinous
exoskeleton. The body consists of head, thorax
and abdomen. They have jointed appendages
(arthros-joint. poda-appendages). Respiratory
organs are gills, book gills, book lungs or
tracheal system. Circulalory system is of open
type. Sensory organs like antennae, eyes
(compound and simple), stalocysts or
balancing organs are present. Excretion takes
place through malpighian tubules. They are
moslly diocecious. Ferlilisation is usually
internal. They are mostly oviparous.
Development may be direct or indirect.
Examples: Economically imporiant insecis -
Apis (Honey bee), Bombyx (Silkworm), Laccifer
(Lac insect)

Vectors — Anopheles, Culex and Aedes
{(Mosquitoes)

Gregarious pest — Locusta (Locust)

Living fossil - Limulus (King crab).

4.2.8 Phylum - Mollusca

This is the second largest animal phylum
(Figure 4.13). Maolluscs are terresirial or aquatic
{marine or fresh water) having an organ-system
level ol organisation. They are bilaterally
symmelrical. triploblastic and coelomate
animals. Body is covered by a calcareous shell
and is unsegmented with a distinct head,
muscular foot and visceral hump. A soft and
spongy layer of skin forms a manile over the
visceral hump. The space between the hump
and the mantle is called the mantle cavity in
which feather like gills are present. They have
respiratory and excrelory lunctions. The
anterior head region has sensory lentacles, The
mouth contains a file-like rasping organ lor
feeding, called radula.
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They are usually dioecious and oviparous with indirect
development

Examples: Pila (Apple snail). Pinciada (Pearl oyster), Sepia
(Cutilelish), Loligo (Squid). Octopus (Devil fish), Aplysia (Sea-
hare), Dentalium (Tusk shell) and Chaelopleura (Chiton).

4.2.9 Phylum - Echinodermata

These animals have an endoskeleton of calcareous ossicles
and, hence, the name Echinodermata (Spiny bodied, Figure
4.14). All are marine with organ-system level of organisation.
The adult echinoderms are radially symmetrical but larvae
are bilalerally symmetrical. They are triploblastic and
coelomate animals. Digestive system is complete with mouth
on the lower (veniral) side and anus on the upper (dorsal)
side. The mosl distinctive [eature ol echinoderms is Lthe
presence of water vascular system which helps in
locomotion, capture and transport of food and respiration.
An excretory sysiem is abseni. Sexes are separale.
Reproduction is sexual. Fertilisation is usually exiernal.
Development is indirect with free-swimming larva.

Examples: Asterias (Star lish). Echinus {Sea urchin). Antedon
(Sea lily), Cucumaria {Sea cucumber] and Ophiura (Briitle star).

4.2.10 Phylum - Hemichordata

Hemichordata was earlier considered as a sub-phylhum under
phylum Chordata. Bul now it is placed as a separate phylum
under non-chordata. Hemichordates have a rudimentary
structure in the collar region called stomochord, a structure
similar to notochord.

This phylum consists of a small group of worm-like
marine animals with organ-system level of organisation. They
are bilaterally symmeirical. triploblastic and coelomate
animals. The body is cylindrical and is composed of an
anterior probosecis. a collar and a long trunk (Figure 4.15).
Circulatory system is of open type. Respiration takes place
throngh gills. Excretory organ is proboscis gland. Sexes are
separate. Fertilisalion is external. Development is indirecL.

Examples: Balanoglossus and Saccoglossus,

4.2.11 Phylum - Chordata

Animals belonging (o phylum Chordata are lundamentally
characterised by the presence of a notochord. a dorsal

45

Figure 4.14
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Examples of
Echinodermata :
(a) Aslerias

(b) Ophiura

— Proboscls

— Trunk

e

Figure 4.15 Balanoglossus
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hollow nerve cord and paired pharyngeal
gill slits (Figure 4.16). These are bilaterally
symmeirical, lriploblastic. coelomate with
organ-system level ol organisation. They
possess a posi anal tail and a closed circulatory
system.

Table 4.1 presents a comparison ol salient
leatures of chordales and non-chordates.

TaBLE 4.1 Comparison of Chordates and Non-chordates

.No. Chordates
1.
2.

Notochord present.

Ceniral nervous system 1s dorsal,
hollow and single.

Pharynx perforated by gill slits.
Heart is veniral.

A post-anal part (tail) Is present.

Figure 4.17 Ascidia

Non-chordates
Notochord absent.

Central nervous system 1s ventral, solld
and double.

Gill sHis are absent.
Heart Is dorsal (il present).
Post-anal tafl s abseni.

Phylum Chordata is divided inlo Lhree
subphyla: Urochordata or Tunicata,
Cephalochordata and Vertebrata.
Subphyla Urochordata and
Cephalochordala are often relerred lo as
protochordates (Figure 4.17) and are
exclusively marine. In Urochordata. notochord
is presenl only in larval tail. while in
Cephalochordata, it extends from head Lo Lail
region and is persistent throughout their life.

Examples: Urochordata — Ascidia, Salpa,
Deoliolum; Cephalochordala — Branchiostoma
[Amphioxus or Lancelel).

The members of subphylum Vertebrata
possess notochord during the embryonic
period. The notochord is replaced by a
cartilaginous or beny vertebral column in the
adull. Thus all veriebrates are chordales but
all chordales are not veriebrailes. Besides the
basic chordale characters, vertebrates have a
veniral muscular heart with two, three or lour
chambers, Kidneys [or excrelion and
osmoregulation and paired appendages which
may be fins or limbs.
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The subphylum Vertebrata is further divided as lollows:

Vertebrata
|
Dlﬂlslnn
Agnjatl'la Gnalhnlslumma
(lacks jaw) Ibeaz]sf Jaw)
Eupml' Class
PISICES Tetnlapuda
(bear fins) {bEﬂIIInnhs}
Class Cllass Class
1. Cyclosiomaia 1. Chondrichthyes 1. Amphibia
2. Osteichthyes 2. Reptilia
3. Aves
4. Mammals

4.2.11.1 Class — Cyclostomata

All living members of the class Cyclostomala are
ectoparasites on some [ishes. They have an
elongated body bearing 6-15 pairs of gill slits
lor respiration. Cyclostomes have a sucking and
circular mouth without jaws (Fig. 4.18). Their
body is devoid of scales and paired fins.
Cranium and vertebral column are
cartilaginous. Circulation is ol closed type.
Cyclostomes are marine bul migrate lor
spawning to fresh waler. Alier spawning, within
a few days, they die. Their larvae, after
metamorphosis, return to the ocean.

Examples: Petromyzon (Lamprey) and Myxine
{Hagfish].

4.2 11.2 Class — Chondrichthyes

They are marine animals with streamlined body
and have cartilaginous endoskeleton
(Figure 4.19). Mouth is located venirally.
Notochord is persistent throughout life. Gill
slits are separate and withoul operculum (gill
cover]. The skin is tough, containing minute
placold scales. Teeth are modified placoid
scales which are backwardly directed. Their
jaws are very powerlul. These animals are
predaceous. Due Lo the absence of air bladder,
they have to swim constantly to avoid sinking.

Figure 4.18 A Jawless veriebrale - Petromyzon

Figure 4.19 Example of Cartllaginous fishes :
(a) Scoltodon (b)) Pristis



(a) (b)

Figure 4.20 Examples of Bony fishes :
fa) Hippocampus (b) Catla

(b)

Figure 4.21 Examples of Amphibla :
{a) Salarmandra
(b) Rana
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Heart is two-chambered (one auricle and one ventricle).
Some ol them have electric organs (e.g.. Torpedo) and
some possess poison sting (e.g., Trygon). They are
cold-blooded (polkilothermous) animals, i.e., they lack
the capacily to regulate their body temperature. Sexes
are separate. In males pelvic fins bear claspers. They
have internal [ertilisation and many of them are
viviparous.

Examples: Scoliodon (Dog fish), Pristis (Saw fish).
Carcharodon [Great white shark). Trygon [Sting ray).

4.2.11.3 Class - Osteichthyes

It includes both marine and fresh water fishes with bony
endoskeleton. Their body is streamlined. Mouth is
mostly terminal (Figure 4.20). They have lour pairs of
gills which are covered by an operculum on each side.
Skin is covered with cycloid /clenoid scales. Alr bladder
is present which regulates buoyancy. Hearl is two-
chambered [one auricle and one ventricle). They are
cold-blooded animals. Sexes are separate. Fertilisation
is usually exiernal. They are mostly oviparous and
developmenl is direclL.

Examples: Marine - Exocoetus (Flying fish],
Hippocampus [Sea horse); Freshwater — Labeo (Rohu),
Caila (Katla). Clarias [Magur): Aquarium - Beita
(Fighting fish), Pterophylium (Angel fish].

4.2.11.4 Class — Amphibia

As the name indicates (Gr., Amphi ;: dual, bios, lile),
amphibians can live in aquatic as well as terresirial
habitats (Figure 4.21). Mosl of them have two pairs of
limbs. Body is divisible into head and trunk. Tail may
be present in some. The amphibian skin is moist
(without scales). The eyes have eyelids. A tympanum
represents the ear. Alimentary canal, urinary and
reproductive tracts open into a common chamber called
cloaca which opens to the exterior. Respiration is by
gills. lungs and through skin. The heart is three-
chambered (two auricles and one ventricle). These are
cold-blooded animals. Sexes are separate. Ferlilisation
is external. They are oviparous and development
is indirect.

Examples: Bufo (Tead). Rana (Frog). Hyla (Tree frog),
Salamandra (Salamander), Ichthyophis [Limbless
amphibia).
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(a) (b) () (d)

Figure 4.22 Repllles: {a) Chameleon (b) Crocodilus (c) Chelone (d) Naja

4.2.11.5 Class - Reptilia

The class name refers io their creeping or crawling mode ol locomotion
{Latin, repere or reptum, to creep or crawl). They are mostly terrestrial
animals and their body is covered by dry and cornified skin. epidermal
scales or scutes (Fig. 4.22). They do not have exiernal ear openings.
Tympanum represents ear. Limbs, when present, are two pairs. Hearl is
usually three-chambered, bul lour-chambered in crocodiles. Reptiles are
poikilotherms. Snakes and lizards shed their scales as skin casl. Sexes
are separate. Fertilisation is intermnal. They are oviparous and development
is direci.

Examples: Chelone (Turlle), Testudo [Tortoise), Chameleon (Tree lizard),
Calotes (Garden lizard), Crocodilus (Crocodile), Alligator [Alligator).
Hemidactylus (Wall lizard), Poisonous snakes — Naja (Cobra), Bangarus
(Krail), Vipera (Viper].

4.2 11.6 Class — Ares

The characterisiic [ealures ol Aves (birds) are the presence of feathers
and most of them can fly except flightless birds (e.g.. Osirich). They possess
beak (Figure 4.23). The forelimbs are modified into wings. The hind limbs
generally have scales and are modified for walking, swimming or clasping
the tree branches. Skin is dry without glands excepl the oil gland at the
base of the tail. Endoskelelon is [ully ossified (bony) and the long bones
are hollow with air cavities [pneumatic). The digestive tract ol birds has
additional chambers, the crop and gizzard. Heart is completely [our-
chambered. They are warm-blooded (homolothermous) animals, i.e..
they are able to maintain a constant body temperature. Respiration is by
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(a) o ©

Figure 4.232 Some birds : (a) Neophron (b) Struthio (c) Psittacula (d) Pavo

lungs. Air sacs connected Lo lungs supplemenl respiration. Sexes are
separate. Fertilisation is internal. They are oviparous and development is
direci.

Examples : Corvus (Crow), Columba (Pigeon). Psittacula (Parrot), Struthio
{Ostrich), Pave (Peacock]. Aptenodyies (Penguin). Neophron (Vulture).

4.2 11.F Closs — Mammalio

They are [ound in a variety ol habitats — polar ice caps, deserts, mountains,
loreslts, grasslands and dark caves. Some ol them have adapted to {ly or
live in waler, The mosl unique mammalian characteristic is the presence
of milk producing glands (mammary glands) by which the young ones
are nourished. They have two pairs of limbs, adapted for walking, minning,
climbing, burrowing, swimming or llying (Figure 4.24). The skin of

= -‘:—'- — =
P o e S e N
44 & IR
H =
f w [ad]
Vv
% -

& @ w

w

(b)
Figure 4.24 Some mammals : (a) Omithorhynchus (b) Macropus (c) Pteropus (d} Balaenoptera
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mammals is unique in possessing halr. External ears or pinnae are
present. Different types of leeth are present in the jaw. Heart is four-
chambered. They are homoiothermous. Respiration is by lungs. Sexes
are separale and lertilisation is internal. They are viviparous with lew
exceplions and developmenl is direclL.

Examples: Oviparous-Ornitherhynchus (Platypus): Viviparous -
Macropus (Kangaroo), Pleropus (Flying fox), Camelus (Camel), Macaca
(Monkey), Rattus (Rat), Canis (Dog). Felis (Cat), Elephas (Elephant),
Equus (Horse), Delphinus (Common dolphin), Balaenopiera (Blue whale],
Panthera tigris (Tiger). Panthera leo (Lion).

The salient distinguishing features of all phyla under animal kingdom
is comprehensively given in the Table 4.2.

TasLe 4.2 Sallent Features of Different Phyla in the Animal Kingdom

Phylum Level of Symme- Coeiom Segmen- Digestive Cireu- Respl- Distinctive

Organi- try tatlon System latory ratory [Features
sation System System
Body with pores
Cellular Ab=seni o P
Porifera 1 Various Absenit  Absent  Absent Absent B e |
Coclerterain .
Cnidoblasts
(Cnidaria) Tissue Radial  Absent Absent Incomplete Absent Absent it
Ctenophora Tissue  Radial  Absent  Absent [Incomplete Absent Absent Fﬂmh plates for
ocomotion,

Organ &

Platyhelm-  Organ-  Bijlateral Absent  Absent Incomplete Absent  Absent  Flat body, suckers.
inthes system

. DOrgan- Pseudo Dften worm-
Aschelmin- _ J.  Bilateral ¢0€lo-  Absent Complete Absent  Absent  shaped,
il mate clongated.
Organ- Coelo- Body segment-
Annelida Sy=Eiem Bilateral male Present  Complete  Present Absent  gpjon like rings.
Organ-  pyateral Coelo- Prescnt  Complete Present  Present E:?:kriﬁggr:u_
Arihropoda  Sysicm male 1) P
pendages.
Organ-  pyiateral Coelo-  Apsent Complete  Presenl  Present External skeleton
Mollusca ~ system mile of shell usually
present.

Water vascular
system. radial
symmeiry.
Hemi- Organ-  pyatera) Coelo-  aApeeny  Complete P t Prosent Worm-like with
chordata Y5t male proboscis, collar
and trimlk.

Notochord, dorsal
Chordata  Organ-  Bilateral Coelo- Present  Complete  Present  Present  hollow nerve cord,
sysiem pats gill slits with

limhs or fins.

Echino- Organ- Radial Coelo- Absent Complete  Present  Present
dermata IO male
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SUMMARY

The basic lindamental [eatures such as level ol organisation. symmetry,
cell organisation. coelom, segmenlation, notochord, ete., have enabled us
to broadly classify the animal kingdom. Besides the fundamental features,
there are many other distinctive characters which are specific lor each
phyla or class.

Porilera includes multicellular animals which exhibil cellular level of
organisation and have characteristic [lagellated choanocyies. The
coelenierales have lentacles and bear cnidoblasts. They are mosily agualic,
sessile or free-floating. The ctenophores are marine animals with comb
plates. The platvhelminths have flat body and exhibit bilateral symmetry.
The parasitic lorms show distinct suckers and hooks. Aschelminthes are
pseudocoelomales and include parasitic as well as non-parasitic
roundworms.

Annelids are metamerically segmented animals with a true coelom.
The arthropods are the most abundant group ol animals characlerised
by the presence ol jointed appendages. The molluscs have a soli body
surrounded by an external calcareous shell. The body is covered with
external skeleton made of chitin. The echinoderms possess a spiny skin.
Their mosl distinctive feature is the presence of water vascular system.
The hemichordates are a small group of worm-like marine animals. They
have a cylindrical body with proboseis, collar and trunk.

Phylum Chordata includes animals which possess a nolochord either
throughout or during early embryonic life. Other common features
observed in the chordates are the dorsal. hollow nerve cord and paired
pharyngeal gill slits. Some of the vertebrates do not possess jaws (Agnatha)
whereas most of them possess jaws (Gnathostomata). Agnatha is
represenied by the class, Cyclostomata. They are the most primitive
chordates and are ecloparasites on lishes. Gnathostomata has two super
classes, Pisces and Tetrapoeda. Classes Chondrichthves and Osteichthyes
bear [ins lor locomolion and are grouped under Pisces. The
Chondrichthyes are fishes with cartilaginous endoskeleton and are marine.
Classes, Amphibia, Reptilia. Aves and Mammalia have two pairs of limbs
and are thus grouped under Tetrapoda. The amphibians have adapted
to Iive both on land and water. Reptiles are characterised by the presence
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of dry and cornified skin. Limbs are absent in snakes. Fishes, amphibians
and repliles are poikilothermous (cold-blooded). Aves are warm-blooded
animals with [eathers on their bodies and forelimbs modified into wings
for flying. Hind limbs are adapted for walking, swimming, perching or

clasping. The unique features of mammals are the presence of mammary
glands and hairs on the skin. They commonly exhibit viviparity.

EXERCISES

. What are the difficulties that you would face in classification of animals.

if common fundamenlal features are not laken into account?

. I you are given a specimen. what are the steps that you would [ollow to

classify i?

How useful 1s the study of the nature of body cavity and coelom In the
classification ol animals?

4. Distinguish between iniracellular and extracellular digestion?

5. What s the difference between direct and indirect development?

6. Whal are the peculiar [eatlures that you [ind in parasitic

10.
1L

12,

13.

platyhelminthes?

What are the reasons thal you can think of for the arthropods Lo
constitute the largest group of the antmal kingdom?

Water vascular system Is the characleristic of which group of the
following:

{a) Porifera (b) Cienophora (c) Echinodermata (d) Chordata

“All vertebrates are chordates but all chordates are not vertebrates™.
Justily the statemenL.

How important is the presence of air bladder in Pisces?

What are the modifications thal are observed in birds thal help them
fy?

Could the number of eggs or young ones produced by an oviparous and
viviparous mother be equal? Why?

Segmentation in the body is first observed in which of the following:
{a) Platyvhelminthes (b) Aschelminthes (c) Annelida (d) Arthropoda
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15. Prepare a list of some animals that are found parasitic on human
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UNIT 2

STRUCTURAL ORGANISATION
IN PLANTS AND ANIMALS

The description of the diverse forms of life on earth was made only by
observation — through naked eves or later through magnifying lenses
and microscopes. This description is mainly of gross stnictural features,
both exiermal and iniermal. In addition, observable and perceivable
living phenomena were also recorded as part of this description. Before
experimental blology or more specifically. physiology, was established
as a part of blology. naturalisis described only biology. Hence, blology
remained as a natural history for a long time. The description, by itsell,
was amazing in lerms of detall. While the initial reaction of a student
could be boredom, one should keep in mind that the detalled description,
was ulilised in the later day reductionist biology where living processes
drew more attention from sclentists than the description of life forms
and their structure. Hence, this description became meaningful and
helpful in framing research questions in physiology or evelutlonary
biology. In the following chaplers of this unil. the siructural crganisation
of plants and animals, including the structural basis of physiologial or
behavioural phenomena. 1s described. For convenlence, this description
of morphological and anatomical [eatures is presenied separately for
planis and animals.
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Katherine Esan
(1898 - 1997)

Kamienme Esau was born in Ukraine in 1898, She studied
agriculiure in Russla and Germany and recelved her doctorate
in 1931 in United Slates. She reporied in her early publications
that the curly Lop virus spreads through a plant via the food-
conducting or phloem tissue. Dr Esau's Plant Anafomy published
in 1954 took a dynamic, developmental approach deslgned Lo
enhance one’s understanding of plani structure and an
enormous impact worldwide, lterally bringing about a revival
of the discipline. The Anatomy of Seed Plants by Katherine Esan
was published in 1960. It was referred Lo as Websler's of plant
blology — 1L 1s encyclopediac. In 1957 she was elecled Lo the
Natlonal Academy of Sclences. becoming Lhe sixth woman Lo
receive Lthat honour. In additton Lo this prestigious award, she
received the Nallonal Medal of Sclence from President George
Bush in 19889,

When Katherine Esaun died in the year 1997, Peter Raven,
direclor of Anatomy and Morphology, Missourli Botanleal
Garden. remembered thal she 'absolutely dominated’ the Aeld
of plant biology even al the age ol 99.
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C HAPTER 5

MORPHOLOGY OF FLOWERING PLANTS

The wide range in the structure of higher plants will never fail to lascinaie
us. Even though the angiosperms show such a large diversity in external
structure or morphology. they are all characterised by presence ol roots,
stems, leaves, flowers and fruits.

In chapters 2 and 3. we talked aboul classification ol plants based
on morphological and other characteristics. For any successiul attempt
al classilicalion and al understianding any higher plant (or for that
malter any living organism) we need to know standard technical terms
and standard delinitions. We also need lo know aboul the possible
variations in different parts, lound as adaptations of the plants to their
environment, e.g., adaptions to various habitats, for prolection,
climbing, storage, elc.

If you pull out any weed you will see that all ol them have rools, stems
and leaves. They may be bearing flowers and fruils. The underground
part of the Howering plant is the rool sysiem while the portion above the
ground forms the shoot system (Figure 5.1).

5.1 TuERoOOT

In majority ol the dicotyledonous plants, the direct elongation of the radicle

leads to the formation of primary root which grows inside the soil.
It bears lateral roots of several orders that are referred Lo as secondary,

tertiary, eic. roots. The primary roots and its branches constitute the
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3 Flower

Fruil

- Stem
Leaf

rool

Shool
system

Rool

Secondary|sysiem

Figure 5.1 Paris of a lowering plant

Fibrous roots

(a) b

Biolooy

tap root system, as seen in the mustard
plant (Figure 5.2a). In monocotyledonous
plants, the primary root is shori lived and
is replaced by a large number ol roots.
These roots originate from the base of the
stem and constitute the fibrous root
system. as seen in the wheat plant (Figure
5.2b). In some planis, like grass,
Monstera and the banyan tree. roots arise
[rom paris of the planl other than the
radicle and are called adventitious roois
(Figure 5.2¢). The main lunctions of the
rool sysiem are absorplion of water and
minerals [rom the soil, providing a proper
anchorage to the planl parts, storing
reserve lood malerial and synthesis of
plant growth regulators.

Adventitimis rools

(c)

Figure 5.2 Different types of roots : (a) Tap (b) Fibrous (¢} Adventitous
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5.1.1 Regions of the Root

The root is covered at the apex by a thimble-like
structure called the root cap (Figure 5.3), It
protects the tender apex of the root as it makes
its way through the soil. A few millimetres above
the root cap is the region of meristematic
activity. The cells of this region are very small,
thin-walled and with dense protoplasm. They
divide repeatedly. The cells proximal to this
region undergoe rapid elongalion and
enlargement and are responsible {or the growth
of the rool in length. This region is called the
region of elongation. The cells of the elongation
zone gradually dilferentiate and mature. Hence,
this zone, proximal to region of elongation, is Root cap
called the reglon of maturation. From this
region some of the epidermal cells form very fine
and delicate. thread-like structures called root
hairs. These rool hairs absorb water and
minerals [rom the soil.

5.2 THE STEM

What are the features that distinguish a stem from a root? The stem is the
ascending parl of the axis bearing branches, leaves, llowers and [ruits. Il
develops [rom the plumule of the embryo of a germinating seed. The stem
bears nodes and Internodes. The region of the stem where leaves are
born are called nodes while internodes are the portions belween two nodes.
The stem bears buds, which may be terminal or axillary. Stem is generally
green when young and laler often become woody and dark brown.

The main inction of the stem is spreading out branches bearing
leaves, flowers and fruits. It conducts water, minerals and photosynthates.
Some stems perform the function of storage of food. support, protection
and of vegelative propagation.

5.3 TuE LEAF

The leal is a lateral, generally [lattened structure borne on the stem. It
develops at the node and bears a bud in its axil. The axillary bud later
develops into a branch. Leaves originate from shoot apical merisiems and
are arranged in an acropetal order. They are the most important vegelative
organs for photosynthesis.
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Figure 5.4 Siructure of a leal :
(a) Paris of a leal
(b Reticulate venation
(c] Parallel venation

)
Rachis
(a) Neem

(b) Silk Cotton

Figure 5.5 Compound leaves :
(a) pnnately compound leaf
(b) palmately compound leal
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A typical leal consists of three main parts: leal
base, peliole and lamina (Figure 5.4 a). The leal is
attached to the stem by the leaf base and may bear
two lateral small leal like structures called stipules.
In monocotyledons. the leal base expands into a
sheath covering the stem partially or wholly. In some
leguminous planis the leafbase may become
swollen, which is called the pulvinus. The petiole
help hold the blade to light. Long thin [lexible
petioles allow leal blades to flutter in wind, thereby
cooling the leaf and bringing fresh air lo leaf surface.
The lamina or the leaf blade is the green expanded
pari of the leal with veins and veinlets. There is,
usually, a middle prominent vein, which is known
as the midrib. Veins provide rigidity Lo the leal blade
and act as channels of transporl lor water. minerals
and lood materials. The shape. margin, apex. surface
and extent of incision of lamina varies in dillerent
leaves,

5.3.1 Venation

The arrangement of veins and the veinlets in the
lamina of leal is lermed as venation. When the
veinlets form a network. the venation is termed as
reticulate (Figure 5.4 b). When the veins run
parallel to each other within a lamina, the venalion
is termed as parallel (Figure 5.4 c). Leaves of
dicotyledonous planis generally possess reticulale
venation, while parallel venation is the characteristic
of most monocotyledons.

5.3.2 Types of Leaves

Aleal'is said to be simple. when ils lamina is entire
or when incised, Lhe incisions de nol louch the
midrib. When the incisions ol the lamina reach up
to the midrib breaking il into a number of leaflets,
the leal is called compound. A bud is preseni
in the axil of petiole in bolh simple and compound
leaves, bul not in the axil of leallets ol the compound
leaf.

The compound leaves may be of two lypes
(Figure 5.5). In a pinnately compound leaf a
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number of leallets are present on a common
axis, the rachis, which represenis the midrib
of the leal as in neem.

In palmately compound leaves, the
leaflels are attached al a common point, i.e..
al the tip ol petiole, as in silk cotton.

5.3.3 Phyllotaxy

Phyllotaxy is the pattern of arrangement of
leaves on the stem or branch. This is usually
of three types — alternate, opposile and
whorled (Figure 5.6). In alternate lype of
phyllotaxy, a single leal arises at each node
in alternate manner, as in china rose,
mustard and sun [lower plants. In opposite
Lype, a pair ol leaves arise al each node and
lie opposiie to each other as in Calotropis and
guava planis. I more than two leaves arise
dl a node and lorm a whorl, it is called
whorled, as in Alstonia.

5.4 THE INFLORESCENCE

A flower is a modified shool wherein the shoot
apical merisiem changes (o lloral meristem.
Internodes do nol elongate and the axis gels
condensed. The apex produces dillerent
kinds ol floral appendages laterally at
successive nodes instead of leaves. Whena
shool tip transforms into a llower, it is always
solitary. The arrangement of [lowers on the
[loral axis Is termed as Inflorescence.
Depending on whether the apex geis
developed into a [lower or continues to grow,
bwo major iypes ol inflorescences are delined
— racemose and cymose. In racemose type
of inflorescences the main axis continues to
grow, the flowers are borne laterally in an
acropetal succession (Figure 5.7).

In cymose type of inflorescence the main
axis terminates in a flower, hence is limited
in growth. The flowers are borne in a basipetal
order (Figure 5.7).

[a) China rose

|b) Guava

|\

[c) Alslomia

Figure 5.6 Different lypes of phyllotaxy :

Figure 5.7

{a] Allernate [b) Oppostte
(c] Whorled

Racemose inflorescence
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5.5 THE FLOWER

The [lower is the reproductive unit in the
angiosperms. It is meant for sexual reproduction.
A typical lower has lour different kinds of whorls
arranged successively on the swollen end of the
stalk or pedicel, called thalamus or receptacle.
These are calyx, corolla, androecium and
gynoecium. Calyx and corolla are accessory
organs, while androecium and gynoecium are

Figure 5.8 Cymose inflorescence reproductive organs. In some fMowers like lity, the

calyx and corolla are nol distinct and are termed
as perianth. When a flower has both androecium and gynoecium. it is
bisexual. A [lower having either only stamens or only carpels is
unisexual.

In symmetry, the flower may be actinomorphic (radial symmetry) er
zygomorphic (bilaieral symmeiry). When a llower can be divided into
two equal radial halves in any radial plane passing through the centre, it
is said io be actinomorphic, e.g.. mustard. datura, chilli. When it can be
divided into two similar halves only in one particular vertical plane, it is
zygomorphie, e.g.. pea, gulmohur, bean, Cassia. A lower is asymmetric
(irregular] if it cannot be divided into two similar halves by any vertical
plane passing through the centre, as in canna.

A flower may be trimerous, tetramerous or pentamerous when
the floral appendages are in multiple of 3, 4 or 5, respectively. Flowers
with bracts-reduced leal found at the base ol the pedicel-are called
bracteate and those withoul bracts. ebracteate.

(a)

(b) () (d}

Figure 5.9 [Posiliion of {loral paris on thalamus : (a) Hypogynous (b] and ([c)

Perigynous  (d) Eplgynous
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Based on the position of calyx. corolla and androecium in respect of

the ovary on thalamus, the flowers are described as hypogynous.
perigynous and epigynous (Figure 5.9). In the hypogynous {lower the
gynoecium occupies the highest position while the other parts are situated
below it. The ovary in such [lowers is said to be superior, e.g.. mustard,
china rose and brinjal. If gynoecium is situated in the centre and other
parts of the [lower are localed on lhe rim of the thalamus almost al the
same level, it is called perigynous. The ovary here is said to be half

Inferior, e.g.. plum. rose, peach. In epigynous flowers, the margin of

thalamus grows upward enclosing the ovary completely and getling lused
with it, the other parts of flower arise above the ovary. Hence, the ovary is
said Lo be Inferlor as in {lowers of gnava and cucumber, and the ray
llorets of sunflower.

5.5.1 Parts of a Flower

Each flower normally has [our [loral whorls, viz.. calyx. corolla.
androecium and gynoecium (Figure 5.10).

5.5.1.1 Calyx

The calyx is the outermost whorl of the llower and the members are called
sepals. Generally, sepals are green, leal like and protect the {lower in the
bud stage. The calyx may be gamosepalous (sepals united) or

polysepalous (sepals [ree).
5.5.1.2 Corolla

Corolla is composed of pelals. Pelals are usually brightly coloured to
atiract insects for pollination. Like calyx. corolla may also be
gamopetalous (pelals united) or polypetalous (pelals [ree). The shape
and colour of corolla vary greatly in plants. Corolla may be tubular, bell-
shaped, lunnel-shaped or wheel-shaped.

Aestivation: The mode of arrangement of sepals or pelals in floral bud
with respect to the other members of the same whorl is known as
aestivation. The main types of aestivation are valvate, twisted. imbricate

Figure 5.10 Paris of a flower

Calyx Corolla Androccium
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Gynoecium



(a) (b) (c) (d)

Figure 5.11 Types of aestivation in corolla @ (a) Valvale (b) Twisted (c) Imbricate (d) Vexillary

and vexillary (Figure 5.11). When sepals or petals in a whorl just touch
one another at the margin, without overlapping. as in Calotropis, il is
said Lo be valvate. If one margin ol the appendage overlaps that ol the
nexi one and so on as in china rose, lady’s finger and cotton. il is called
twisted. If the margins of sepals or petals overlap one another but not in
any particular direction as in Cassia and gulmohur, the aestivation is
called imbricate. In pea and bean flowers, there are five petals, the largest
(standard) overlaps the two lateral petals (wings) which in turn overlap
the two smallest anterior petals (keel); this type of aestivation is known
as vexillary or papilionaceous.

5.5.1.3 Androecium

Androecium is composed ol sitamens. Each stamen which represents Lhe
male reproductive organ consists of a stalk or a filament and an anther.
Each anther is usually bilobed and each lobe has two chambers, the
pollen-sacs. The pollen grains are produced in pollen-sacs. A sterile stamen
is called staminode.

Stamens ol [lower may be united with other members such as petals
or among themselves. When slamens are atiached to the petals, they are
epipetalous as in brinjal. or epiphyllous when attached to the perianth
as in the llowers of lily. The stamens in a llower may either remain free
{polyandrous) or may be united in varying degrees. The stamens may be
united into one bunch or one bundle (monoadelphous) as in china rose,
or two bundles (diadelphous) as in pea, or into more than two bundies
{polyadelphous) as in citrus. There may be a variation in the length of
[ilaments within a llower, as in Salvia and mustard.
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5.5.1.4 Gynoecitum

Gynoecium is the [emale reproductive part of the flower and is made
up of one or more carpels. A carpel consists of three parts namely
stigma, style and ovary. Ovary is the enlarged basal part, on which
lies the elongated tube, the style. The style connects the ovary to the
stigma. The stigma is usually at the tip of the style and is the
receptive surface for pollen grains. Each ovary bears one or more
ovules altached to a {lattened, cushion-like placenta. When more
than one carpel is present. they may be [ree (as in lotus and rose)
and are called apocarpous. They are lermed syncarpous when
carpels are [used. as in mustard and tomato. After fertilisation. the
ovules develop into seeds and the ovary matures into a fruit.

Placentation: The arrangement of ovules within the ovary is known
as placentation. The placentation are of different types namely,
marginal, axile, parietal, basal, central and free central (Figure 5.12).
In marginal placentation the placenta forms a ridge along the
veniral suture of the ovary and the ovules are borne on this ridge
forming two rows, as in pea. When the placenta is axial and the
ovules are attached to il in a multilocular ovary, the placentaion is
said to be axile, as in china rose. tomato and lemon. In parietal
placentation, the ovules develop on the inner wall ol the ovary or
on peripheral part. Ovary is one-chambered bul it becomes two-
chambered due lo the formation of the false septum, e.g., mustard
and Argemone. When the ovules are borne on ceniral axis and
sepla are absenl, as in Dianthus and Primrose the placentation is
called free central. In basal placentation, the placenta develops
at the base of ovary and a single ovule is attached to it. as in
sunflower, marigold.

5.6 TuEFrur

The fruit is a characteristic feature of the flowering plants. Itisa
mature or ripened ovary, developed afier fertilisation. If a [ruit is
formed without fertilisation of the ovary, il is called a
parthenocarpic fruit.

Generally. the [ruil consisis ol a wall or pericarp and seeds.
The pericarp may be dry or lleshy. When pericarp is thick and
feshy, it is differentiated into the outer epicarp, the middle
mesocarp and the inner endocarp.

In mango and coconut, the fruit is known as a drupe (Figure
5.13). They develop from monocarpellary superior ovaries and are
one seeded. In mango the pericarp is well differentiated into an
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Figure 5.12 Types of

placentation :
(a) Marginal
b} Axile

(¢} Parietal

(d) Free central
(e) Basal



Epicarp

Mesocarp

Endocarp ik

{a) (b}
Figure 5.13 Paris of a fult : {a) Mango (b) Coconut

outer thin epicarp. a middle [leshy edible mesocarp and an inner stony
hard endocarp. In coconut which is also a drupe, the mesocarp is fibrous.

5.7 THE SEED

The ovules afier lertilisation, develop into seeds. A seed is made upola
seed coat and an embryo. The embryo is made up of a radicle. an embryeonal
axis and one {(as in wheat, maize) or two cotyledons (as in gram and pea).

5.7.1 Structure of a Dicotyledonous Seed

The outermost covering of a seed is the seed coal. The seed coat has two

layers. the outer testa and the inner tegmen. The hilum is a scar on the

seed coat through which the developing seeds were attached to the [ruit.

Above the hilum is a small pore called the

Sopd coal micropyle. Within the seed coat is the embryo,

Cofyledon consisting ol an embryonal axis and two

cotyledons. The cotyledons are often [leshy and

full of reserve food materials. At the two ends of

the embryonal axis are preseni the radicle and

the plumule (Figure 5. 14]. In some seeds such

Hilum o as castor the endosperm formed as a resull of

double fertilisation, is a [ood storing tissue and

called endospermic seeds. In plants such as

bean, gram and pea. the endosperm is nol

present in mature seeds and such seeds are
called non-endospermons.

Plumule

Micropyle

Figure 5.14 Structure of dicolyledonous seed

5.7.2 Structure of Monocotyledonous Seed

Generally, monocotyledonous seeds are endospermic but some as in
orchids are non-endospermic. In the seeds of cereals such as maize the
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Seed coal & fuit-wall Endosperm

Aleurone layer
Sculellum

Coleoplile

Plumule

Radicle
Coleothiza

Figure 5.15 Structure of a monocotyledonous seed

seed coal is membranous and generally lused with the fruit wall. The
endosperm is bulky and stores [ood. The outer covering ol endosperm
separates the embryo by a proteinous layer called aleurone layer. The
embryo is small and situated in a groove al one end of the endosperm. It
consisis of one large and shield shaped cotyledon known as scutellum
and a shorl axis with a plumule and a radicle. The plumule and radicle
are enclosed in sheaths which are called coleoptile and

coleorhiza respectively (Figure 5.15).

5.8 SeMI-TeEcHNIcAL DESCRIPTION OF A TYPICAL
FLOWERING PLANT

Various morphological features are used to describe a
flowering plant. The description has to be brief. in a simple
and scientific language and presented in a proper
sequence. The plant is described beginning with its habilt,
vegelative characters — roots, slem and leaves and then
Noral characters inllorescence and [lower paris. Aller
describing various paris of plant, a floral diagram and a
floral formula are presented. The floral formula is
represented by some symbols. In the lloral lormula, Br
stands for bracteate K stands for calyx . C for corolla, P
for perianth, A for androecium and G for Gynoecium, G EB‘S? K Gy Gy
for superior ovary and g lor inferior ovary, cf for male,

Q [or female, Qz for bisexual plants. @ lor actinomorphic

Figure 5.16 Floral diagram with
floral formula
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and 9, lor zygomorphic nature of [lower. Fusion is indicated by enclosing
the figure within bracket and adhesion by a line drawn above the symbols
of the floral parts. A lloral diagram provides information about the number
ol paris ol a llower, their arrangement and the relation they have with one
another (Figure 5.16). The position of the mother axis with respect to the
[lower is represented by a dol on the top ol the lloral diagram. Calyx.
corolla, androecium and gynoecium are drawn in successive whorls, calyx
being the outermost and the gynoecium being in the centre. Floral formula
also shows cohesion and adhesion within parts of whorls and between
whorls. The floral diagram and Horal formula in Figure 5.16 represents
the muslard plant (Family: Brassicaceae).

5.9 SOLANACEAE

It is a large family, commonly called as the ‘potalo family". It is widely
distributed in tropics. subtropics and even temperate zones (Figure 5.17).

Vegetative Characters

Plants mosily herbs, shrubs and rarely small trees

Stem: herbaceous rarely woody. aerial: erectl. cylindrical. branched. solid
or hollow, hairy or glabrous, underground stem in potalo (Selanum
tuberosum

Leaves: allernale, simple, rarely pinnalely compound. exstipulate;

venation reticulate

Figure 5.17 Solanum nigrum (makot) planl : (a) Flowering lwig (b) Flower
() L.5. of Nower (d) Stamens (e] Carpel ([) Floral diagram
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Floral Characters

Inflorescence : Solitary, axillary or cymose as in Solanum

Flower: bisexual, actinomorphic

Calyx: sepals five, uniled. persisient, valvale aestivalion

Corolla: petals five, united: valvate aestivation

Androecium: stamens five, epipelalous

Gynoecium: bicarpellary obligately placed. syncarpous; ovary superior,
bilocular, placenta swollen with many ovules, axile

Fruits: berry or capsule

Seeds: many, endospermous

Floral Formula: @Q» K E; A Gy
Economic Importance

Many planis belonging io this family are source of [ood (tomalto, brinjal,
potato). spice (chilli); medicine (belladonna, ashiwagandha); fumigatory
(tobacco): ornamentals [petunia).

SUMMARY

Flowering plants exhibil enormous variation in shape, size, structure,
mede of nutrition. life span. habit and habilat. They have well developed
root and shool systems. Root system is either tap rool or fibrous. Generally,
dicotyledonous plants have tap roots while monocotyledonous plants have
fibrous roots. The roots in some plants get modified for storage of food.
mechanical support and respiration. The shool system is diflerentiated
into stem, leaves, flowers and [ruits. The morphological leatures of stems
like the presence of nodes and inlernodes. multicellular hair and positively
pholotropic nature help to diflerentiate the slems from rools. Lealis a
lateral outgrowth of stem developed exogeneously al the node. These are
green in colour to perform the function of photosynthesis. Leaves exhibit
marked variations in their shape, size, margin, apex and extent of incisions
ol leal' blade (lamina).

The flower is a modified shoot, meanti for sexual reproduction. The
Nowers are arranged in diflerent types of inflorescences. They exhibit
enormous variation in structure, symmetry, position of ovary in relation
to other parts, arrangement of petals, sepals, ovules etc. After lertilisation,
the ovary is modified into fruits and ovules into seeds. Seeds either may
be monocotyledonous or dicotyledonous. They vary in shape, size and
period of viability. The floral characteristics form the basis of classification
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and identification of llowering plants. This can be illustrated through semi-
technical descriptions of [amilies. Hence, a flowering plant is described in
a definite sequence by using scientific terms. The lloral features are
represented in the summarised lorm as [loral diagrams and [loral formula.

1.

EXERCISES

How is a pinnately compound leal different from a palmately compound
leaf?

2. Explain with sultable examples the different types of phyllotaxy.
3. Define the following terms:

(a) aestvation (b} placentation (c) actnomorphic

{d} zygomorphic (e} superor ovary () perigynous Nower
(g} eplpetalous stamen

Differentiate between

{a) Racemose and cymose Inflorescence
(b} Apocarpous and syncarpous ovary

Draw the labelled diagram of the [ollowing:
(1} gram seed (i) V.5. of malze seed

Take one flower of the family Solanaceae and write its semi-technical
description. Also draw thetr loral diagram.

Describe the vartous types of placentations found in flowering plants.

8. What is a Nower? Describe the paris ol a typical anglosperm [ower.

10.

Define the term infllorescence. Explain the basis for the different types
Infllorescence in flowering plants.

Describe the arrangement of floral members in relation Lo their
insertlon on thalamus.
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AN&TOMY OF FLOWERING PLANTS

You can very easily see the structural similarities and variations in the
external morphology of the larger living organism. both planis and
animals. Similarly, il we were (o study the internal structure, one also
finds several similarilies as well as dillerences. This chapler introduces
yvou to the internal structure and hinctional organisation of higher plants.
Study ol internal structure of plants is called anatomy. Plants have cells
as the basic unil, cells are organised into lissues and in turn the tissues
are organised into organs. Diflerent organs in a plant show differences in
their internal structure. Within angiosperms, the monocots and dicols
are also seen (o be anatomically different. Internal siructures also show
adaplations o diverse environments.

6.1 THE TISSUE SYSTEM

We were discussing lypes ol tissues based on the types of cells present.
Let us now consider how tissues vary depending on their location in the
plant body. Their structure and function would also be dependent on
location. On the basis of their structure and location, there are three types
ol tissue systems. These are the epidermal tissue system. the ground or
flundamental tissue system and the vascular or conducting tissue system.

6.1.1 Epidermal Tissue System

The epidermal tissue system forms the outer-most covering ol the whole
plant body and comprises epidermal cells, stomala and the epidermal
appendages — the trichomes and hairs. The epidermis is the outermost
layer ol the primary plant body. It is made up ol elongated. compactly
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arranged cells, which form a continuous layer. Epidermis is usually single-
layered. Epidermal cells are parenchymatous with a small amount of
cytoplasm lining the cell wall and a large vacuole. The outside of the
epidermis is often covered with a waxy thick layer called the cuticle which
prevents the loss of waler. Culicle is absenl in roots. Stomata are structures
present in the epidermis of leaves. Stomata regulate the process of
transpiration and gaseous exchange. Each stoma is composed of two bean-
shaped cells known as guard cells which enclose stomatal pore. In
grasses, the guard cells are dumb-bell shaped. The outer walls of guard
cells (away from the stomatal pore) are thin and the inner walls (lowards
the stomaltal pore) are highly thickened. The guard cells possess chloroplasis
and regulate the opening and closing of stomata. Sometimes, a few epidermal
cells, in the vicinity of the guard cells become specialised in their shape and
size and are known as subsidiary cells. The stomatal aperture, guard
cells and the surrounding subsidiary cells are logether called stomatal
apparatus (Figure 6.1).

4| — Eptdermal cells —

| Subsidiary eells —|
Chloroplaslt
- Guard cells —L__
T Stomalal
pore

Figure 6.1 DMagrammalic representation: (a) stomata with bean-shaped guard cells
(b} stomala with dumb-bell shaped guard cell

The cells of epidermis bear a number of hairs. The root hairs are
unicellular elongations of the epidermal cells and help absorb water and
minerals [rom the soil. On the slem the epidermal hairs are called
trichomes. The trichomes in the shoot sysiem are usually multicellular.
They may be branched or unbranched and soll or stifl. They may even
be secretory. The trichomes help in prevenling waler loss due Lo
transpiration.

6.1.2 The Ground Tissue Sysiem

All tissues excepl epidermis and vascular bundles constitute the ground
tissue. It consists of simple tissues such as parenchyma, collenchyma
and sclerenchyma. Parenchymatous cells are usually present in cortex,
pericycle, pith and medullary rays, in the primary stems and roois. In
leaves, the ground tissue consists of thin-walled chloroplast containing
cells and is called mesophylil.
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6.1.3 The Vascular Tissue System

The vascular sysiem consists of complex tissues,
the phloem and the xylem.The xylem and
phloem together constitute vascular bundles
(Figure 6.2). In dicotyledonous stems,
cambium is present between phloem and
xylem. Such vascular bundles because of the
presence of cambium possess the ability to form
secondary xylem and phloem tissues, and hence
are called open vascular bundles. In the
monocotyledons, the vascular bundles have no
cambium present in {hem. Hence, since they do
not form secondary tissues they are relerred (o
as closed. When xylem and phloem within a
vascular bundle are arranged in an alternate
manner along the dilferent radii, the
arrangement is called radial such as in roots.
In conjoint type of vascular bundles, the xylem
and phloem are jointly situated along the same
radius ol vascular bundles. Such vascular
bundles are common in siems and leaves. The
conjoint vascular bundles usually have the
phloem located only on the outer side of xylem.

6.2 AnatoMmMy oF DICOTYLEDONOUS AND
MoNOCOTYLEDONOUS PLANTS

For a better underslianding of tissue
organisation ol rools, stems and leaves, it is
convenient to study the transverse sections of
the mature zones of these organs.

6.2.1 Dicotyledonous Root

Look at Figure 6.3 {(al, il shows the {ransverse
seclion ol the sunfllower rocl. The internal tissue
organisation is as follows:

The outermost layer is epiblema. Many of
the cells of epiblema protrude in the form of
unicellular root hairs. The cortex consists of
several layers of thin-walled parenchyma cells
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Figure 6.2 WVarlous types of vascular bundles ;
{a) radial (b} conjoint closed
(] conjonl open
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Endodermis
Pericyele
—— Proboxylem

o
A Cortex
- Endodermis

_Perieyele

— Phloem

— Protoxylem

Figure 6.3 T.5. : (a) Dicol rool (Primary)
(b) Monocol root
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wilh intercellular spaces. The innermaost
laver of the cortex is called endodermis.
It comprises a single layer ol barrel-
shaped cells withoul any intercellular
spaces. The tangential as well as radial
walls of the endodermal cells have a
deposition of waler-impermeable, waxy
malerial suberin in the form of casparian
strips. Next to endodermis lies a few layers
of thick-walled parenchyomatous cells
relerred o as perieycle. Initiation ol lateral
roots and vascular cambium during the
secondary growih lakes place in these
cells. The pith is small or inconspicuous.
The parenchymatous cells which lie
beiween the xylem and the phloem are
called conjuctive tissue. There are
usually two to lour xylem and phloem
paiches. Later, a cambium ring develops
between the xylem and phloem. All tissues
on the innerside ol the endodermis such
as pericycle, vascular bundles and pith
conslitute the stele.

6.2.2 Monocotyledonous Root

The anatomy of the monocot root is similar
to the dicot root in many respects (Figure
6.3 b). It has epidermis, cortex, endodermis,
pericycle, vascular bundles and pith. As
compared to the dicol root which have lewer
xylem bundles, there are usually more
than six (polyarch) xylem bundles in the
monocot root. Pith is large and well
developed. Monocotyledonous roots do not
undergo any secondary growth.

6.2.3 Dicotyledonous Stem

The transverse section of a typical young
dicotyledonous stem shows that the epidermis

is the outermost protective layer of the stem



Anaromy oF FLowirinG PLANTS

(Figure 6.4 a). Covered with a thin layer of cuticle, it may bear trichomes and
a lew stomalta. The cells arranged in multiple layers between epidermis and
pericycle constitute the cortex. It consisis of three sub-zones. The ouler
hypodermis, consisis ol a few layers of collenchymatous cells just below the
epidermis. which provide mechanical sirength to the voung stem. Cortical
layers below hypodermis consist of rounded thin walled parenchymatous
cells with conspicuous intercellular spaces. The innermost layer of the cortex
is called the endodermis. The cells of the endodermis are rich in starch
grains and the laver is also referred (o as the starch sheath. Pericvcle is
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present on the innmer side of the endodermis and above the phloem in the
form of semi-lunar patches of sclerenchyma. In between the vascular bundles
there are a lew layers ol radially placed parenchymaltous cells, which constitute
medullary rays. A large number of vascular bundles are arranged in a ring ;
the Ting’ arrangement of vascular bundles is a characteristic of dicot stem.
Each vascular bundle is conjoint. open. and with endarch protoxylem. A
large number ol rounded, parenchymatous cells with large intercellular
spaces which occupy the central portion of the stem constitute the pith.

6.2.4 Monocotyledonous Stem

The monoecol stem has a sclerenchymatous hypodermis, a large number
ol scattered vascular bundles, each surrounded by a sclerenchymatous

— Bundle sheath

bundle sheath, and a large. conspicuous
parenchymatous ground tissue (Figure

fo_ Xylem Adaxdial 6.4 b). Vascular bundles are conjoint and
Iz'f et epidermis closed. Peripheral vascular bundles are
/

Palisade
mesophyll

Afr eavity

Spongy
mesaplyll

generally smaller than the centrally
located ones. The phloem parenchyma is
absent. and water-containing cavities are
present within the vascular bundles.

6.2.5 Dorsiventral
(Dicotyledonous) Leaf

The vertical section of a dorsivenitral Ieaf

— ?111..1{--_«5:m111atal through the lamina shows three main
'|' = parts, namely. epidermis, mesophyll and

; L Abaxial vascular system. The epidermis which

epidermis i ;

(a) covers both the upper surface (adaxial
epidermis) and lower surface (abaxial
epidermis) ol the leal has a conspicuous

Adazdal cuticle. The abaxial epidermis generally

Sub-stomatal
3 cavity

Abaxdal
cpidermis

Stoma

(k)

Figure 6.5 T.5. of leal ; (a) Dicot (b)) Monocot

bears more slomata than the adaxial
epidermis. The latler may even lack
stomata. The tissue between the upper
and the lower epidermis is called the
mesophyll. Mesophyll, which possesses
chloroplasis and carry out
photosynthesis, is made up ol
parenchyma. It has two types of cells— the
palisade parenchyma and the spongy
parenchyma. The adaxially placed
palisade parenchyma is made up of
elongated cells, which are arranged
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vertically and parallel to each other. The oval or round and loosely arranged
spongy parenchyma is situated below the palisade cells and extends to
the lower epidermis. There are numerous large spaces and air cavities
between these cells. Vascular system includes vascular bundles, which
can be seen in the veins and the midrib. The size of the vascular bundles
are dependent on the size of the veins. The veins vary in thickness in the
reticulale venation of the dicol leaves. The vascular bundles are
surrounded by a layer of thick walled bundle sheath cells. Look at
Figure 6.5 (a) and find the position of xylem in the vascular bundle.

6.2.6 Isobllateral (Monocotyledonous) Leaf

The anatomy of isobilateral leaf is similar to that of the dorsiveniral leal in
many ways. It shows the [ollowing characteristic dilferences. In an
isobilateral leal. the stomala are presenl on both the surfaces of the
epidermis; and the mesophyll is not differentiated into palisade and spongy
parenchyma (Figure 6.5 b).

In grasses, cerlain adaxial epidermal cells along the veins modily
themselves into large, empty, colourless cells. These are called bulliform
cells. When the bulliform cells in the leaves have absorbed waler and are
turgid. the leal surface is exposed. When they are flaccid due to water
siress, they make the leaves curl inwards to minimise water loss.

The parallel venation in monocol leaves is rellected in the near similar
sizes of vascular bundles (excepl in main veins) as seen in vertical sections
of the leaves.

SuUMMARY

Anatomically, a plant is made of dilferent kinds of tissues. The planl lissues are
broadly classilied inlo meristematic (apical. Jateral and intercalary) and permanent
(simple and complex). Assimilation of food and its storage, transportation of water,
minerals and photosynthates, and mechanical support are the main functions
of tissues. There are three types ol tssue sysiems — epidermal. ground and
vascular. The epidermal tissue systems are made of epidermal cells, stomata
and the epidermal appendages. The ground tissue sysiem lorms the main bulk
of the plant. Ii is divided into three zones — cortex, pericycle and pith. The vascular
tissue system is [ormed by the xylem and phloem. On the basis of presence of
cambium, location of xylem and phloem, the vascular bundles are of different
types. The vascular bundles form the conducting tissue and translocate water,
minerals and food material.

Monocotyledonous and dicotyledonous plants show marked variation in their
internal structures. They differ in type, number and location of vascular bundles.
The secondary growih occurs in most of the dicotyledonous roois and siems.
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EXERCISES

Draw lllustrations Lo bring out the anatomical difference between
a) Monocol rool and Dicot root
(b) Monocot stem and Dicol stem

Cut a transverse section of young siem of a plant from your school garden and
observe Il under the microscope. How would you ascertain whether il Is a
monocot stem or a dicot stem? Give reasons.

The transverse section of a plant material shows the following anatomical
[eatures - (a) the vascular bundles are conjolnt, scaliered and surmounded by a
sclerenchymatous bundle sheaths. (b) phloem parenchyma i1s absent. What
will you identify il as?

Whal 1s stomalal apparatus? Explain the structure of stomata with a labelled

diagram.
Mame the three baslc Ussue sysiems in Lhe lowering plants. Give the Hssue

names under each system.

How 1s the study of plant anatomy useful Lo us?

Describe the internal structure of a dorstveniral leal with the help of labelled
diagrams.
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CH.A.PTER 7
STRUCTURAL ORGANISATION IN

AN IMALS

In the preceding chaplers you came across a large variety of organisms,
both unicellular and multicellular, of the animal kingdom. In unicellular
organisms, all lunctions like digestion, respiration and reproduction
are performed by a single cell. In the complex body of multicellular
animals the same basic [unctions are carried oul by dilferent groups of
cells in a well organised manner. The bedy ol a simple organism like
Hydra is made of different types of cells and the number of cells in each
type can be in thousands. The human bedy is composed of billions of
cells to perform various [unctions. How do these cells in the body work
together? As you have already learnt in your earlier classes, in
multicellular animals. a group of similar cells alongwith intercellular
substances perform a specific unction. Such an organisation is called
tissue.

You may be surprised (o know thal all complex animals consist ol
only four basic types of tissues. These tissues are organised in specific
proportion and pattern to form an organ like stomach. lung. heart and
kidney. When two or more organs perform a common hunction by their
physical and/or chemical inleraction. they together form organ system,
e.g., digestive system, respiratory system, elc. Cells, tissues, organs and
organ systems split up the work in a way that exhibits division of labour
and coniribute to the survival of the body as a whole.

7.1 ORcGAN AND ORGAN SYSTEM

The basic tissues as you have learnt in earlier classes, organise to form
organs which in turn associale (o form organ syslems in the mullicellular
organisms. Such an organisation is essential for more efficient and better
coordinated activities of millions of cells constituting an organism. Each



organ in our body is made ol one or more type of tissues. For example,
our heart consists of all the four types of lissues, i.e., epithelial, connective,
muscular and neural. We also notice, after some careful study that the
complexity in organ and organ systems displays certain discernable trend.
This discernable trend is called evolutionary trend (You will study the
details in class XII). In this chapter, you are being introduced to
morphology and anatomy ol frog. Morphology refers Lo study of form or
externally visible [eatures. In the case ol planis or microbes, the term
morphology precisely means only this. In case of animals this refers (o
the external appearance of the organs or paris ol the body. The word
analomy conventionally is used lor the study ol morphology ol inlernal
organs in the animals. You will learn the morphology and anatomy ol
frog representing veriebrates.

7.2 Frocs

Frogs can live both on land and in freshwater and belong to class Amphibia
of phylum Chordata. The most common species of frog found in India is
Rana tigrina.

They do nol have constant body temperature i.e.. their body
temperatire varies with the lemperature of the environment. Such animals
are called cold blooded or poikilotherms. You might have also noticed
changes in the colour of the {rogs while they are in grasses and on dry
land. They have the ability to change the colour to hide them from their
enemies [camoullage). This protective coloration is called mimicry. You
may also know that frogs are not seen during peak summer and winter.
During this period they take shelier in deep burrows to protect them
from extreme heal and cold. This is known as summer sleep (aestivation)
and winter sleep (hibernation) respectively.

7.2.1 Morphology

Have you ever touched the skin of frog? The skin is smooth and slippery
due to the presence of mucus. The skin is always mainiained in a moist
condition. The colour of dorsal side ol body is

— Heail generally olive green with dark irregular spots. On

i the venitral side the skin is uniformly pale yellow.

Eye The Irog never drinks waler but absorb il through
the skin.

Body of a frog is divisible into head and trunk
(Figure 7.1). A neck and tail are absent. Above the
e Fore b mouth, a pair of nostrils is present. Eyes are bulged

and covered by a niclitaling membrane that
Hind Hmb protects them while in water. On either side of eyes

a membranous tympanum (ear) receives sound
Figure 7.1 External features of frog signals. The forelimbs and hind limbs help in
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swimming, walking, leaping and burrowing. The hind limbs end in five
digits and they are larger and muscular than lore limbs that end in four
digits. Feel have webbed digits that help in swimming, Frogs exhibil sexual
dimorphism. Male frogs can be distinguished by the presence of sound
producing vocal sacs and also a copulalory pad on the first digit of the
fore limbs which are absent in lemale frogs.

7.2.2 Anatomy

The body cavity of frogs accommodate different organ systems such as
digestive. circulatory. respiratory, nervous, excretory and reproductive
systems with well developed structures and lunctions (Figure 7.2).

The digestive system consists of alimentary canal and digestive glands.
The alimentary canal is short because frogs are carnivores and hence the
length of intestine is reduced. The mouth opens into the buccal cavity that
leads to the oesophagus through pharynx. Oesophagus is a short tube
that opens into the siomach which in turn continues as the ntestine, rectum
and linally opens oulside by the cloaca. Liver secretes bile that is stored in
the gall bladder. Pancreas, a digestive gland produces pancreatic juice

Oesophagus

Stomach

Fat bodies

Kidney

Urinary

bladder v . Rectum

Cloaca

Figure 7.2 Diagrammalic representation of intermal organs of [fog showing

complete digestive sysiem
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containing digestive enzymes. Food is caplured by the bilobed tongue.
Digestion of lood takes place by the action of HCI and gastric juices secreted
from thewalls of the stomach. Partially digesied lood called chyme is passed
from: stomach lo the firsl part ol the small intestine, the duodenum. The
duodenum receives bile from gall bladder and pancreatic juices from the
pancreas through a common bile duct. Bile emulsifies fat and pancreatic
juices digest carbohydrales and proteins. Final digestion takes place in the
intestine. Digested food is absorbed by the numerous finger-like folds in
the inner wall of intestine called villi and microvilli. The undigested solid
waste moves into the rectum and passes out through cloaca.

Frogs respire on land and in the water by two different methods. In
walter. skin acts as aquatic respiratory organ (culaneous respiration).
Dissolved oxygen in the water is exchanged through the skin by diffusion.
On land, the buccal cavity, skin and lungs act as the respiratory organs.
The respiration by lungs is called pulmonary respiration. The lungs are a
pair of elongaled, pink coloured sac-like structures present in the upper
part of the trunk region (thorax]. Air enlers through the nostrils into the
buccal cavity and then to lungs. During aestivation and hibernation
gaseonus exchange takes place through skin.

The vascular system of Irog is well-developed closed type. Frogs have
a lymphatic system also. The blood vascular system involves heart. blood
vessels and blood. The lymphatic sysiem consists ol lymph. lymph
channels and lymph nodes. Heart is a muscular structure siluated in the
upper part of the body cavity. 1L has three chambers, two atria and one
ventricle and is covered by a membrane called pericardium. A triangular
structure called sinus venosus joins the right atrium. It receives blood
through the major veins called vena cava. The ventricle opens into a sac-
like conus arteriosus on the ventiral side of the heart. The blood [rom the
heart is carried (o all parts of the body by the arteries (arterial system).
The veins collect blood from different parts of body to the heart and form
the venous system. Special venous connection between liver and intestine
as well as the kidney and lower parts of the body are present in frogs. The
former is called hepatic portal system and the latter is called renal portal
system. The blood is composed of plasma and cells. The blood cells are
RBC [red blood cells) or es, WBC (white blood cells] or leucocytes
and platelets. RBC's are nuclealed and contain red coloured pigment
namely haemoglobin. The lymph is diflerent from blood. It lacks lew
proteins and RBCs. The blood carries nuirients, gases and waler Lo the
respective sites during the circulation. The circulation ol blood is achieved
by the pumping action of the muscular heart.

The elimination of nilrogenous wastes is carried oul by a well
developed excretory system. The excretory system consists ol a pair of
kidneys, ureters, cloaca and urinary bladder. These are compact, dark
red and bean like structures situated a little posteriorly in the body cavity
on both sides of veriebral column. Each kidney is composed ol several
structural and lunctional units called uriniferous tubules or nephrons.
Two ureters emerge from the kidneys in the male frogs. The urelersact as
urinogenital duct which opens into the cloaca. In [emales the urelers and
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oviduct open seperately in the cloaca. The thin-walled urinary bladder is
present ventral to the rectum which also opens in (he cloaca. The [rog
excreles urea and thusis a ureotellc animal. Excretory wastes are carried
by blood into the kidney where il is separated and excreted.

The system for control and coordination is highly evolved in the frog. It
includes both neural system and endocrine glands. The chemical

coordination of various organs of the body is
achieved by hormones which are secreted by the
endocrine glands. The prominenl endocrine
glands found in frog are pituitary. thyroid.
parathyroid. thymus. pineal body. pancreatic
isleis, adrenals and gonads. The nervous system
is organised into a ceniral nervous sysiem (brain
and spinal cord), a peripheral nervous system
{cranial and spinal nerves] and an autonomic
nervous system  (sympathetic and
parasympathetic). There are ten pairs of cranial
nerves arising from the brain. Brain is enclosed
in a bony structure called brain box [craniumyj.
The brain is divided into lore-brain. mid-brain
and hind-brain. Forebrain includes ollactory
lobes, paired cerebral hemispheres and unpaired
diencephalon. The midbrain is characterised by
a pair ol optic lobes. Hind-brain consisis of
cerebellum and medulla oblongata. The medulla
oblongata passes oul through the foramen
magnum and continues into spinal cord, which
is enclosed in the vertebral column.

Frog has diflerent types of sense organs, namely
organs of touch (sensory papillae), taste (taste
bu_dsL smell (nasal epithelium]. vision (eyes) and
hearing (lympanum with internal ears). Out of
these. eyes and internal ears are well-organised
structures and the rest are cellular aggregations
around nerve endings. Eyes in a [rog are a pair ol
spherical structures situaled in the orbit in skull.
These are simple eyes (possessing only one unit).
External ear is absent in frogs and only tympanum
can be seen externally. The ear is an organ of
hearing as well as balancing (equilibrium].

Frogs have well organised male and female
reproductive systems. Male reproductive organs
consist of a pair ol yellowish ovoid testes (Figure
7.3). which are found adhered lo the upper part
ol kidneys by a double fold of peritoneum called
mesorchium. Vasa ellerentia are 10-12 in
number that arise from tesles. They entler the
kidneys on their side and open into Bidder's

83
Vasa
efferentia
¥ Fal
bodles
Tesiis
— Kldney
Adrenal —
gland
Lrino
genital ducl
Recium —S
Cloaca
Urinary Cloacal
bladder aperture

Oviduct

Ureter

Cloaca

Cloacal aperiure

Urinary
bladder

Figure 7.4 Female reproductive system



Biolooy

canal. Finally it commumnicates with the urinogenital duct that comes out
of the kidneys and opens into the cloaca. The cloaca is a small, median
chamber that is used Lo pass [aecal matter, urine and sperms to the exterior.

The female reproductive organs include a pair of ovaries (Figure 7.4).
The ovaries are situated near kidneys and there is no [unctional connection
with kidneys. A pair of oviduct arising [rom the ovaries opens into the
cloaca separately. A mature lemale can lay 2500 to 3000 ova at a tHme.
Fertilisation is external and takes place in waler. Development involves a
larval stage called tadpole. Tadpole undergoes metamorphosis to lorm
the adult.

Frogs are beneficial for mankind because they eat insects and protect
the crop. Frogs maintain ecological balance because these serve as an
important link of [ood chain and food web in the ecosysiem. In some
couniries the muscular legs of frog are used as {ood by man.

SUMMARY

Cells, tissues. organs and organ systems split up the work in a way that
ensures the survival of the body as a whole and exhibil division of labeur.
A tissue is defined as group of cells along with intercellular substances
perlorming one or more functions in the body. Epithelia are sheel like
tissues ining the body’s surlace and its cavities, ducts and tubes. Epithelia
have one [ree surface [acing a body fluid or the outside environment.
Their cells are structurally and lunctionally connected at junctions.

The Indian bullfrog, Rana tigrina, is the common frog found in India.
Body is covered by skin. Mucous glands are present in the skin which is
highly vascularised and helps in respiration in water and on land. Body is
divisible into head and trunk. A muscular tengue is present, which is bilobed
at the tip and is used in capturing the prey. The alimentary canal consists
of cesophagous. stomach. intestine and rectum. which open into the cloaca.
The main digestive glands are liver and pancreas. It can respire in water
through skin and through lungs on land. Circulatory system is closed
with single circulation. RBCs are nuclealed. Nervous system is organised
into central, peripheral and autonomic. The organs of urinogenilal system
are kidneys and urinogenital ducts, which open into the cloaca. The male
reproductive organ is a pair of testes. The female reproductive organ is a
pair of ovaries. A female lays 2500-3000 ova at a time. The fertilisation and
development are external. The eggs halch into tadpoles. which

metamorphose into [rogs.

ExXERCISES

1. Draw a neal diagram of digestive sysiem of [Tog.

2. Menton the function of the Ureters in [rog.
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UNIT 3

CELL: STRUCTURE AND FUNCTIONS

Chapter 8 Biology ts the siudy of living organisms. The detalled description of
Cell: The Unit of Life their form and appearance only brought out thetr diversity. It is the

cell theory that emphastsed the unity underlying this diversity of forms,
Chapter 9 ie.. the cellular organisation of all life forms. A description of cell
Biomolecules structure and cell growth by division is given in the chapters eomprising

this unit. Cell theory also created a sense of mystery areund lving
Chapter 10 phenomena, 1.e.. phystological and behavioural processes. This mystery
Cell Cycle and was the requirement of integrity of eellular organisation for Hving
Cell Division phenomena to be demonstrated or observed. In studying and

understanding the phystological and behavioural processes. one can
take a physico-chemical approach and use cell-free systems (o
investigate. This approach enables us to deseribe the various processes
in molecular terms. The approach 1s established by analysts of iving
tissues for elements and compounds. Iwill tell us what types of organic
compounds are present in living organisms. In the next stage, one can
ask the question: What are these compounds doing inside a cell? And.
in what way they carry out gross physiological processes llke digestion.
excretion. memory. defense, recognition, ete. In other words we answer
the question. what 1s the molecular basis of all phystological processes?
It can also explain the abnormal processes thal occur durlng any
diseased condition. This physico-chemical approach to siudy and
understand living organisms 1s called ‘Reductionist Blology’. The
concepts and techniques of physics and chemisiry are applied to
understand biology. In Chapter 9 of this unit, a brief deseription of
blomolecules is provided.



G.N. Ramachandran
(1922 -2001)

G.N. RamacHanpian, an outstanding Agure in the field of protein
structure. was the founder of the 'Madras school’ of
conformational analysis of blopolymers, His discovery of the triple
helical siruciure of collagen published in Nature in 1954 and his
analysis of the allowed conformations of proteins through the
use of the Ramachandran plot’ rank among the most outstanding
contributions in structural biology. He was borm on October 8,
1922, in a small town. not far from Cochin on the southwestern
coast of India. His father was a professor of mathematics at a
local college and thus had considerable influence in shaping
Ramachandran’s interest in mathematics. After completing his
school years, Ramachandran graduated in 1942 as the top-
ranking student in the B.5c. {(Honors] Physics course of the
University of Madras. He received a Ph.D. from Cambridge
Untversily tn 1949, While al Cambridge, Ramachandran met
Linus Pauling and was deeply influenced by his publications on
models of the a-helix and p-sheel situctures that directed his
atteniion to solving the siructure of collagen. He passed away at
the age of 78. on April 7. 2001.
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CELL: THE UN'IT OF LIFE

When you look around, you see both living and non-living things. You
must have wondered and asked yoursell — ‘what is it that makes an
organism living, or what is it thal an inanimate thing does nol have which
a living thing has’ ? The answer lo this is the presence of the basic unit of
life — the cell in all living organisms.

All organisms are composed of cells. Some are composed of a single
cell and are called unicellular organisms while others. like us. composed
ol many cells. are called multicellular organisms.

8.1 WaATIS A CELL?

Unicellular organisms are capable of [i) independent existence and
(i} performing the essential lunctons of lile. Anything less than a complete
structure of a cell does not ensure independent living. Hence, cell is the
lundamental structural and functional unit ol all living organisms.

Anton Von Leeuwenhoek lrsl saw and described a live cell. Robert
Brown later discovered the nucleus. The invention of the microscope and
its improvement leading to the electron microscope revealed all the
structural delails of the cell.

8.2 CELL THEORY

In 1838, Matthias Schleiden, a German bolanist, examined a large number
of plants and observed thal all plants are composed of different kinds of
cells which form the tissues of the plani. Al about the same time, Theodore
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Schwann (1839), a British Zoologist. siudied different types ol animal cells
and reported that cells had a thin outer layer which is today known as the
‘plasma membrane’. He also concluded, based on his studies on plant
tissues, that the presence of cell wall is a unique character of the plant
cells. On the basis of this, Schwann proposed the hypothesis thal the bodies
of animals and plants are composed ol cells and products of cells.

Schleiden and Schwann together lornmilated the cell theory. This theory
however, did nol explain as lo how new cells were lormed. Rudoll Virchow
(1855) first explained that cells divided and new cells are formed from
pre-existing cells (Omnis cellula-e cellula). He modified the hypothesis of
Schleiden and Schwann to give the cell theory a final shape. Cell theory
as undersiood today is:

(i) all living organisms are composed ol cells and products of cells.

(ii) all cells arise from pre-existing cells.

8.3 AN OvERVIEW OF CELL

You have earlier observed cells in an onion peel and/or human cheek
cells under the microscope. Lel us recollect their struciure. The onion cell
which is a typical plant cell. has a distinct cell wall as its ouler boundary
and just within it is the cell membrane. The cells of the human cheek
have an outer membrane as the delimiling structure of the cell. Inside
each cell is a dense membrane bound structure called nucleus. This
nucleus contains the chromosomes which in turn contain the genetic
material, DNA. Cells thal have membrane bound nuclei are called
cukaryotic whereas cells that lack a membrane bound nucleus are
prokaryotic. In both prokaryotic and eukaryotic cells, a semi-fluid matrix
called cytoplasm occupies the volume of the cell. The cytoplasm is the
main arena ol cellular activities in both the plant and animal cells. Various
chemical reactions occur in it to keep the cell in the living state’.

Besides the nucleus, the eukaryolic cells have other membrane bound
distinct structures called organelles like the endoplasmic reticulum (ER),
the golgi complex, lysosomes, mitochondria, microbodies and vacuoles.
The prokaryolic cells lack such membrane bound organelles.

Ribosomes are non-membrane bound organelles found in all cells -
both eukaryotic as well as prokaryotic, Within the cell, ribosomes are
found not only in the cytoplasm but also within the two organelles -
chloroplasts (in plants) and mitochondria and on rough ER.

Animal cells contain another non-membrane bound organelle called
centrosome which helps in cell division.

Cells difler greatly in size, shape and activities (Figure 8.1). For example,
Mycoplasmas, the smallest cells, are only 0.3 pm in lengih while bacleria
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Figure 8.1 Diagram showing differenl shapes of the cells

could be 3 to 5 pm. The largest isolaled single cell is the egg ol an osirich.
Among multicellular organisms, human red blood cells are about 7.0
pm in diameter. Nerve cells are some of the longest cells. Cells also vary
greatly in their shape. They may be disc-like. polygonal, columnar, cuboid,
thread like, or even irregular. The shape of the cell may vary with the
function they perform.

8.4 ProrarvoTic CELLS

The prokaryolic cells are represented by bacteria. blue-green algae.
mycoplasma and PPLO (Fleuro Pneumonia Like Organisms). They are
generally smaller and multiply more rapidly than the eukaryotic cells
(Figure 8.2). They may vary greatly in shape and size. The [our basic
shapes ol bacteria are bacillus [rod like). coceus (spherical), vibrio ([comma
shaped) and spirillum (spiral).

The organisation ol the prokaryotic cell is lindamentally similar even
though prokaryotes exhibit a wide variety of shapes and lunctions. All
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prokaryotes have a cell wall surrounding the
cell membrane excepl in mycoplasma. The [luid
matrix filling the cell is the cytoplasm. There is
no well-delined nucleus. The genetic material is
basically naked, nol enveloped by a nuclear
membrane. In addition to the genomic DNA (the
single chromosome /circular DNA), many
bacleria have small circular DNA outside the
genomic DNA. These smaller DNA are called
plasmids. The plasmid DNA confers ceriain
unique phenotypic characters (o such bacteria.
One such characler is resistance to antibiotics.
In higher classes you will learn that this plasmid
DNA is used o monilor baclerial transiormation
with foreign DNA. Nuclear membrane is found
in eukaryotes. No organelles, like the ones in
eukaryoles, are found in prokaryotic cells except

for ribosomes. Prokaryotes have something

unique in the form ol inclusions. A specialised
differentialed form of cell membrane called mesosome is the characteristic
ol prokaryotes. They are essentially infoldings of cell membrane.

8.4.1 Cell Envelope and its Modifications

Most prokaryotic cells, particularly the bacterial cells, have a chemically
complex cell envelope. The cell envelope consists of a tightly bound three
layered struciure i.e., the outermost glycocalyx followed by the cell wall and
then the plasma membrane. Although each layer ol the envelope performs
distinct unction, they act together as a single protective unit. Bacteria can
be classified into two groups on the basis of the diflerences in the cell envelopes
and the manner in which they respond to the staining procedure developed
by Gram viz., those that take up the gram stain are Gram positive and the
olhers thal do not are called Gram negative bacteria.

Glvcocalyx diflers in composition and thickness among different
bacteria. Ii could be a loose sheath called the slime layer in some, while
in others it may be thick and tough, called the capsule. The cell wall
delermines the shape of the cell and provides a strong structural support
to prevent the bacterium from bursting or collapsing.

The plasma membrane is selectively permeabile in nature and interacis
with the outside world. This membrane is similar structurally to that of
the enkaryotes.

A special membranous structlure is the mesosome which is lormed
by the extensions of plasma membrane into the cell. These extensions are
in the form of vesicles, tubules and lamellae. They help in cell wall
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formation. DNA replication and distribution to daughter cells. They also

help in respiralion, secretion processes, lo increase the surface area of

the plasma membrane and enzymaltic content. In some prokaryotes like
cyanobacteria, there are other membranous extensions into the cytoplasm
called chromatophores which contain pigments.

Bacterial cells may be motile or non-motile. If motile, they have thin
filamentous extensions lrom their cell wall called llagella. Bacteria show a
range in the number and arrangement of flagella. Bacterial flagellum is
composed of three parts — fllament, hook and basal body. The filament
is the longest portion and extends from the cell surface to the outside.

Besides [lagella. Pili and Fimbriae are also surface structures of the
bacteria but do not play a role in motility. The pill are elongated tubular
structures made of a special protein. The fimbriae are small bristle like
fibres sprouting oul of the cell. In some bacteria, they are known to help
attach the bacteria to rocks in sireams and also to the host tissues.

8.4.2 Ribosomes and Inclusion Bodies

In prokaryotes, ribosomes are associated with the plasma membrane of

the cell. They are aboul 15 nm by 20 nm in size and are made of two
subunits - 505 and 305 units which when present together form 705
prokaryotic ribosomes. Ribosomes are the site of protein synthesis. Several
ribosomes may attach to a single mRNA and form a chain called
polyribosomes or polysome. The ribosomes ol a polysome (ranslate the
mENA into proteins.

Inclusion bodles: Reserve material in prokaryotic cells are stored in
the cytoplasm in the form of inclusion bodies. These are not bound by
any membrane system and lie free in the cytoplasm, e.g., phosphate
granules, cyanophycean granules and glycogen granules. Gas vacuoles
are found in blue green and purple and green photosynthetic bacteria.

8.5 Eugarvoric CELLS

The eukaryoles include all the protists, plants, animals and lungi. In
eukaryotic cells there is an extensive comparimentalisation of cyloplasm
through the presence of membrane bound organelles. Eukaryotic cells
possess an organised nucleus with a nuclear envelope. In addition,
eukaryotic cells have a variety of complex locomolory and cytoskeletal
structures. Their genetic material is organised into chromosomes.

All eukaryotic cells are nol identical. Plant and animal cells are diflerent
as the former possess cell walls, plastids and a large central vacuole which
are absent in animal cells. On the other hand. animal cells have centrioles
which are absent in almost all plant cells (Figure 8.3).
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Let us now look at individual cell organelles to understand their
structure and hunctions.

8.5.1 Cell Membrane

The detailed structure of the membrane was studied only alter the advent
of the electron microscope in the 1950s. Meanwhile, chemical siudies on
the cell membrane, especially in human red blood cells (RBCs). enabled
the scientists to deduce the possible structure of plasma membrane.

These studies showed that the cell membrane is mainly composed of
lipids and proteins. The major lipids are phosphoelipids that are arranged
in a bilayer. Also, the lipids are arranged within the membrane with the
polar head towards the ouler sides and the hydrophobic tails towards
the inner pari.This ensures that the nonpolar tail of saturated
hydrocarbons is prolected from the aqueous environment (Figure 8.4).
In addition o phospholipids membrane also contains cholesterol.

Later, biochemical investigation clearly revealed that the cell membranes
also possess prolein and carbohydrate. The ratio of protein and lipid varies
considerably in different cell types. In human beings, the membrane of the
ervithrocyte has approximately 52 per cent protein and 40 per cent lipids.

Depending on the ease ol exiraction, membrane proleins can be
classified as integral and peripheral. Peripheral proleins lie on the surface
of membrane while the integral proteins are partially or totally buried in
the membrane.

Sugar Peripheral
{ Profein

Cholesterol

Figure 8.4 Fluld mosaic model of plasma membrane

Phospholipid
bllayer
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An improved model of the structure of cell membrane was proposed
by Singer and Nicolson (1972) widely accepted as fluld mosaic model
(Figure 8.4). According to this, the quasi-fluid nature of lipid enables
lateral movement of proteins within the overall bilayer. This ability to move
within the membrane is measured as its [uidity.

The fluid nature of the membrane is also important from the point of
view of functions like cell growth, formation of intercellular junctions,
secretion, endocytosis, cell division etc.

One of the most important functions of the plasma membrane is the
iransport of the molecules across it. The membrane is selectively permeable
io some molecules present on either side ol il. Many molecules can move
briefly across the membrane without any requirement ol energy and this
is called the passive transport. Neutral solutes may move across the
membrane by the process ol simple diffusion along the concentration
gradient. i.e., from higher concentration (o the lower, Water may also move
across this membrane from higher to lower conceniration. Movement ol
walter by diffusion is called osmosis. As the polar molecules cannol pass
through the nonpolar lipid bilayer, they require a carrier protein of the
membrane to facilitate their iransport across the membrane. A few ions
or molecules are transported across the membrane against their
conceniration gradient. Le.. [rom lower to the higher concentration. Such
a transport is an energy dependent process, in which ATP is utilised and
is called active transport, e.g.. Na'/K* Pump.

8.5.2 CellWall

As you may recall. a non-living rigid structure called the cell wall forms
an outer covering for the plasma membrane of lungi and plants. Cell wall
not only gives shape Lo the cell and protects the cell [rom mechanical
damage and infection, it also helps in cell-to-cell interaction and provides
barrier lo undesirable macromolecules, Algae have cell wall, made of
cellulose, galactans, mannans and minerals like calcium carbonate, while
in other planis it consists of cellulose, hemicellulose, pectins and proteins.
The cell wall of a young plant cell. the primary wall is capable of growtih,
which gradually diminishes as the cell matures and the secondary wall is
formed on the inner (lowards membrane) side of the cell.

The middle lamella is a layer mainly of calcium pectate which holds
or glues the different neighbouring cells together. The cell wall and middle
lamellae may be traversed by plasmodesmata which connect the cytoplasm
ol neighbouring cells.

8§.5.3 Endomembrane System

While each of the membranous organelles is distinet in terms of its
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structure and lunction. many of these are
considered together as an endomembrane system
because their lunctions are coordinated. The
endomembrane system include endoplasmic
reticulum (ER). golgi complex, lysosomes and
vacuoles. Since the hinclions of the mitochondria,
chloroplast and peroxisomes are not coordinated
with the above componenis. these are not
considered as pari ol the endomembrane system.

8.5.3.1 The Endoplasmic Reticulum {ER]

Electron microscopic studies ol eukaryotic celis
reveal the presence ol a nelwork or reticulum of
tiny tubular structures scattered in the cytoplasm
thal is called the endoplasmic reticulum (ER)
(Figure 8.5). Hence, ER divides the intracellular
space into two distinct compartmenis, i.e., nminal
(inside ER) and extra luminal (cytoplasm)
comparimentis.

The ER often shows ribosomes atiached to
their outer surface. The endoplasmic reticulun
bearing ribosomes on their surface is called rough
endoplasmic reticulum (RER}. In the absence of
ribosomes they appear smooth and are called
smooth endoplasmic reliculum (SER).

RER is [requently observed in the cells actively
involved in protein synthesis and secretion. They
are extensive and continuous with the ouler
membrane ol the nucleus.

The smooth endoplasmic reticulum is the major
site for synthesis of lipid. In animal cells lipid-like
steroidal hormones are synthesised in SER.

8.5.3.2 Golgi apparatus

Camillo Golgi (1898) first observed densely slained
reticular structures near the nucleus. These were
later named Golgi bodies after him. They consist
of many flal, disc-shaped sacs or cisternae of
0.5um to 1.0pm diameter (Figure 8.6). These are
slacked parallel to each other. Varied number of
cisternae are present in a Golgi complex. The Golgi
cisiernae are concentrically arranged near the
nucleus with distinct convex cis or the forming
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face and concave (rans or the maturing [ace.
The cis and the trans faces of the organelle are entirely dilferent, but
interconnected.

The golgi apparatus principally performs the lunction of packaging
materials, to be delivered either lo the intra-cellular targets or secreted
outside the cell. Materials to be packaged in the form of vesicles from
the ER huse with the cis face ol the golgi apparatus and move (owards
the maturing face. This explains, why the gdolgi apparatus remains in
close association with the endoplasmic reticulum. A number ol proleins
synthesised by ribosomes on the endoplasmic reticulum are modified
in the cisternae of the golgi apparatus before they are released [rom its
trans face. Golgi apparatus is the important site of formation of
glycoproteins and glycolipids.

8.5.3.3 Lysosomes

These are membrane bound vesicular structures lormed by the process
of packaging in the golgi apparatus. The isclated lysosomal vesicles
have been found to be very rich in almost all types ol hydrolytic
enzymes (hydrolases — lipases, proleases, carbohydrases) optimally
active al the acidic pH. These enzymes are capable of digesting
carbohydrates. proteins, lipids and nucleic acids.

8.5.3.4 Vacuoles

The vacuole is the membrane-bound space [ound in the cyloplasm. It contains
waler. sap. excretory product and other materials not useful for the cell. The
vacuole is bound by a single membrane called tonoplast. In plani cells the
vacuoles can occupy up to 90 per cent of the volume of the cell.

In plants, the tonoplasl [acilitales the transportl of a number of ions
and other materials against conceniration gradients inio the vacuole, hence
their concentration is significanily higher in the vacuole than in the
cytoplasm.

In Amoeba the contractile vacuole is imporiant lor osmoregulation
and excretion. In many cells, as in protisis, food vacuoles are formed by
engulfing the [ood particles.

8.5.4 Mitochondria

Mitochondria (sing.: mitochondrion). unless specifically stained, are not
easily visible under the microscope. The number of mitochondria per cell
is variable depending on the physiological activity of the cells. In terms of
shape and size also, considerable degree of variability is cbserved. Typically
it is sausage-shaped or cylindrical having a diameter of 0.2-1.0pm (average
0.5um) and length 1.0-4.1pm. Each mitochondrion is a double
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Figure 8.7 Structure of mitochondron (Longltudinal section)

membrane-bound structure with the outer membrane and the inner
membrane dividing its lumen distincily into two aqueous compartments,
i.e., the outer compariment and the inner compariment. The inner
compartment is filled with a dense homogeneous substance called the

matrix. The outer membrane lorms the continuous limiting boundary of

the organelle. The inner membrane forms a number of infoldings called
the cristae (sing.: crista) towards the matrix (Figure 8.7). The cristae
increase the surface area. The two membranes have their own specific
enzymes associaled with the mitochondrial lunction. Mitochondria are
the sites of aerobic respiration. They produce cellular energy in the form
of ATP, hence they are called ‘power houses’ of the cell. The matrix also
possesses single circular DNA molecule, a iew RNA molecules, ribosomes
(705) and the components required lor the synthesis ol proteins. The
mitochondria divide by fission.

8.5.5 Plastids

Plastids are lound in all plant cells and in euglenoides. These are easily
observed under the microscope as they are large. They bear some specific
pigments, thus imparting specific colours to the plants. Based on the
type of pigments plastids can be classified into chloroplasts,
chromoplasts and leucoplastis.

The chloroplasts contain chlorophyll and carotenoid pigments which
are responsible lor trapping light energy essential for photosynthesis. In
the chromoplasis [at soluble carotenold pigmenis like carotene,
xanthophylls and others are present. This gives the part of the plant a
yellow, orange or red colour. The leucoplasts are the colourless plastids
of varied shapes and sizes wilh stored nuirients: Amyloplasts siore
carbohydrates (starch), e.g.. potato; elaloplasts siore oils and fals whereas
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Figure 8.8 Sectonal view of chloroplast

Outer membrane the aleuroplasts store proteins.
: Majority of the chloroplasts of the green
plants are lound in the mesophyll cells ol
the leaves. These are lens-shaped, oval,
spherical. discoid or even ribbon-like
organelles having variable length (5-10pm)
and width (2-4pm). Their number varies
from 1 per cell of the Chlamydomonas, a
green alga to 20-40 per cell in the mesophyil.
Like mitochondria, the chloroplasts are
also double membrane bound. Of the two.
the inner chloroplast membrane is relatively
less permeable. The space limited by the
inner membrane of the chloroplast is called (he siroma. A number of organised
lattened membranous sacs called the thylakolds, are present in the stroma
(Figure 8.8). Thylakoids are arranged in stacks like the piles of coins called
grana (singular: granum) or the iniergranal thylakoids. In addition, there are
flat membranous tubules called the siroma lamellae connecting the thylakoids
of the diflerent grana. The membrane of the thylakoids enclose a space called
a hmmen. The stroma of the chloroplast conlains enzymes required for the
synthesis ol carbohydrales and proleins. It also contains small, double-
stranded circular DNA molecules and ribosomes. Chlorophyll pigmenis are
present in the thylakoids. The ribosomes of the chloroplasts are smaller (705)
than the cytoplasmic ribosomes (805).

8.5.6 Ribosomes

Ribosomes are the granular structures first chserved under the electron
microscope as dense particles by George Palade (1953). They are

Large composed ol ribonucleic acid (RNA) and proteins and
o Soant are not surrounded by any membrane.
Q The eukaryotic ribosomes are BOS while the
Small ] prokaryotic ribosomes are 705. Ezu:'_h ribosome has two
suhumit subunits, larger and smaller subunits (Fig 8.9). The two

Figure 8.9 Ribosome

subunits of 808 ribosomes are 603 and 40S while that
ol 705 ribosomes are 505 and 30S. Here ‘S’ (Svedberg's
Unit) stands for the sedimentation coefficient: it is
indirectly a measure ol density and size. Both 705 and
805 ribosomes are composed ol two subunils.

8.5.7 Cytoskeleton

An elaborate network of filamentous proteinaceous structures consisting
of microtubules, microfilaments and intermediate filaments present in
the cytoplasm is collectively referred to as the cytoskeleton. The
cytoskeleton in a cell are involved in many functions such as mechanical
support. motility, maintenance of the shape of the cell.
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Figure 8.10 Scction of cilla/fagella showing different paris : {a) Electron micrograph
(b} Diagrammatic representalion of intermnal stmicture

8.5.8 Cilia and Flagella

Cilia (sing.: cilium) and flagella (sing.: lagellum) are hair-like outgrowths
of the cell membrane. Cilia are small siructures which work like oars,
causing the movement ol either the cell or the surrounding {luid. Flagella
are comparatively longer and responsible {or cell movement. The
prokaryotic bacteria also possess flagella but these are structurally
different from that of the eunkaryotic llagella.

The electron microscopic study of a cilium or the flagellum show that
they are covered with plasma membrane. Their core called the axoneme,
possesses a number of microtubules running parallel to the long axis.
The axoneme usually has nine doublels ol radially arranged peripheral
microtubules, and a pair of centrally located microtubules. Such an
arrangement of axonemal microtubules is referred to as the 9+2 array
(Figure 8.10). The central tubules are connected by bridges and is also
enclosed by a central sheath, which is connected to one of the tubules of
each peripheral doublets by a radial spoke. Thus, there are nine radial
spokes. The peripheral doublets are also interconnected by linkers. Both
the cilinum and flagellum emerge [rom centriole-like structure called the
basal bodies.

8.5.9 Centrosome and Centrioles

Centrosome is an organelle nusually containing two cylindrical structures
called centrioles. They are surrounded by amorphous pericentriolar
malterials. Both the centrioles in a centrosome lie perpendicular to each
other in which each has an organisation like the cartwheel. They are
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Figure 8.11 Structure of nucleus
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made up of nine evenly spaced peripheral fibrils of tubulin protein. Each
of the peripheral fibril is a triplet. The adjacent triplets are also linked.
The central part of the proximal region of the centriole is also proteinaceous
and called the hub, which is connectled with tubules of the peripheral
triplets by radial spokes made of protein. The centrioles form the basal
body of cilia or {lagella, and spindle fibres that give rise to spindle
apparatus during cell division in animal cells.

8.5.10 Nucleus

Nucleus as a cell organelle was first described by Robert Brown as early
as 1831. Later the material of the nucleus stained by the basic dyes was
given the name chromatin by Flemming.

The interphase nucleus (nucleus of a
cell when it is not dividing) has highly
extended and elaborale nucleoproiein
fibres called chromatin. nuclear matrix
and one or more spherical bodies called
nucleoli (sing.: nucleolus) (Figure 5.11).
Electron microscopy has revealed that the
nuclear envelope. which consists ol two
parallel membranes with a space bebween
(10 to 50 nm) called the perinuclear
Nuclear space, [orms a barrier between the
membrane

malterials present inside the nucleus and

that of the cytoplasm. The outer

membrane usually remains continuous

with the endoplasmic reticulum and also

bears ribosomes on it. At a number of
places the nuclear envelope is interrupled by minute pores, which are
formed by the [usion of its iwo membranes. These nuclear pores are the
passages through which movement of RNA and protein molecules takes
place in both directions between the nucleus and the cytoplasm. Normally,
there is only one nucleus per cell. variations in the number ol nuclei are
also frequently observed. Can you recollect names of organisms that
have more than one nucleus per cell? Some mature cells even lack
nucleus, e.g.. eryvthrocytes of many mammals and sieve tube cells of
vascular plants. Would you consider these cells as Tiving'?

The nuclear matrix or the nucleoplasm conlains nucleolus and
chromaltin. The nucleoli are spherical structures present in the
nuclenplasm. The content of nuclenlus is continuous with the rest of the
nucleoplasm as il is nol a membrane bound structure. It is a site for
active ribosomal RNA synthesis. Larger and more numerous nucleoli are
present in cells actively carrying out protein synthesis.

Nucleoplasm

Nucleolus
- Nuclear pore
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You may recall that the interphase nucleus has a loose
and indistinei network ol nucleoprotein [ibres called
chromatin. Bul during dilferent stages ol cell division. cells
show structured chromosomes in place of the nucleus.
Chromatin contains DNA and some basic proteins called
histones, some non-histone proieins and also RNA. A
single human cell has approximately two metre long
thread of DNA distributed among iis lorly six (twenty three
pairs) chromosomes. You will study the details of DNA
packaging in the [orm of a chromosome in class XII.

Every chromosome (visible only in dividing cells]
essentially has a primary constriction or the centromere
on the sides ol which disc shaped siructures called
kinetochores are present (Figure 8.12). Centromere holds
two chromatids of a chromosome. Based on the position
of the centromere, the chromosomes can be classified into
lour types (Figure 8.13]. The metacentric chromosome
has middle centromere lorming two equal arms of the
chromosome. The sub-metacentric chromosome has
cenlromere slightly away from (he middle of the
chromosome resulting into one shorter arm and one
longer arm. In case of acrocentric chromosome the
cenfromere is situated close lo ils end lorming one
exiremely short and one very long arm. whereas the
telocentric chromosome has a terminal centromere.
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Figure 8.13 Types of chromosomes based on the positon of ceniromere
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Sometimes a few chromosomes have non-staining secondary
consirictions al a constant location. This gives the appearance of a small
[ragment called the satellite.

8.5.11 Microbodies

Many membrane bound minule vesicles called microbodies thal contain
various enzyimes, are present in both plant and animal cells.

SUMMARY

All organisms are made of cells or aggregates of cells. Cells vary in their shape, size
and activities/[unclions. Based on the presence or absence of a membrane bound
nucleus and other organelles, cells and hence organisms can be named as
eukaryolic or prokaryotic.

A typical eukaryotic cell consists ol a cell membrane, nucleus and cytoplasm.
Plani cells have a cell wall outside the cell membrane. The plasma membrane is
selectively permeable and [acililates lransport ol several molecules. The
endomembrane system includes ER. golgi complex; lysosomes and vacuoles. All
the cell organelles perform diflerent but specific unctions. Centrosome and centriole
form the basal body of cilia and flagella that facilitale locomotion. In animal cells,
centrioles also form spindle apparatus during cell division. Nucleus contains
nucleoli and chromatin network. It not only controls the activities of organelles
but also plays a major role in heredity.

Endoplasmic reticulum contains tubules or cisternae. They are of two types:
rough and smeoth. ER helps in the {ranspori of subslances. synthesis ol
proteins. lipoproteins and glycogen. The golgi body is a membranous organelle
composed of [lattened sacs. The secretions of cells are packed in them and
transported [rom the cell. Lysosomes are single membrane structures
containing enzymes [or digestion of all types ol macromolecules. Ribosomes
are involved in protein synthesis. These ocecur freely in the cytloplasm or are
associaled with ER. Mitochondria help in oxidative phosphorylation and
generation ol adenosine triphosphate. They are bound by double membrane;
the outer membrane is smooth and inner one folds into several cristae. Plastids
are pigment containing organelles found in plant cells only. In plant cells.
chloroplasts are responsible for trapping lighl energy essenlial for
photosynthesis. The grana, in the plastid. is the site of light reactions and the
siroma of dark reactions. The green coloured plastids are chloroplasts, which
contain chlorophyll. whereas the other coloured plastids are chromoplasts,
which may conlain pigments like carotene and xanthophyll. The nucleus is
enclosed by nuclear envelope. a double membrane structure with nuclear pores.
The inner membrane encloses the nucleoplasm and the chromatin material.
Thus. cell is the structural and unctional unit of life.
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EXERCISES

Which of the following is notl correct?

{a) Robert Brown discovered the cell.

(b} Schleiden and Schwann formulated the cefl theory.

(e} Virchow explained that cells are [ormed from pre-existing cells.

[d] A unicellular organism carries oul is lle activities within a single cell.

New cells generale from

{a) bacterial fermentation (b} regeneration of old cells
[c) pre-existing cells (d) ablotic materials
Match the following
Colummn I Column IT
{a) Crislae (1} Flat membranous sacs in stroma
(b) Cisternae (1) Infoldings in mitochondria
[c) Thylakoids (i) Disc-shaped sacs in Golgl apparatus

Which of the ollowing is correct:

(a) Cells of all iving organisms have a nucleus.

(b) Both antmal and plant cells have a well defined cell wall.

{c} In prokaryotes. there are no membrane bound organelles.

{d) Cells are formed de novo from ablolic materials.

Whalt is a mesosome in a prokaryollc cell? Mention the hunctions thal i performs.

How do neutral solules move across Lhe plasma membrane? Can the polar
molecules also move across IL In the same way? Il nol, then how are these
iransported across the membrane?

Name two cell-organelles thal are double membrane bound. What are Lhe
characteristics of Lthese two organelles? State their unctions and draw labelled
diagrams of both.

What are the characteristics of prokaryotic cells?

Multicellular organisms have division of labour. Explain.

Cell 1s the basic unit of Hfe. Discuss in brief.

What are nuclear pores? State thetr funclion.

Bolth lysosomes and vacuoles are endomembrane structures, yel they differ in
terms of thelr lunctions. Comment.

Describe the structure of the following with the help of labelled diagrams.

(1) Nucleus (1) Centrosocme

What is a centromere? How does Lhe position of centromere form the basis of
classification of chromosomes. Support your answer with a diagram showing
the position of centromere on dilferent types of chromosomes.
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BIOMO LECULES

There is a wide diversily in living organisms in our biosphere. Now a
guestion that arises in our minds is: Are all living organisms made of the
same chemicals, ie., elements and compounds? You have learnt in
chemistry how elemental analysis is performed. If we perform such an
analysis on a plant tissue, animal issue or a microbial paste, we obtaina
list ol elements like carbon, hydrogen, oxygen and several others and
their respective content per unit mass of a living tissue. Il the same analysis
is perlormed on a piece ol earth’s crust as an example of non-living matier,
we oblain a similar lisl. What are the diflerences between the two lists? In
absohite terms. no such dilferences could be made oul. All the elements
present in a sample of earth’s crust are also present in a sample of living
tissue. However, a closer examinalion reveals that the relative abundance
of carbon and hydrogen with respect to other elements is higher in any
living organism than in earth’s crust (Table 9.1).

9.1 How to ANALYSE CHEMICAL COMPOSITION?

We can continue asking in the same way, whal type of organic compounds
are [ound in living organisms? How does one go about [inding the answer?
To get an answer, one has to perform a chemical analysis. We can take any
living tissue (a vegetable or a piece of liver. etc.) and grind il in trichloroacetic
acid (C1,CCOOH) using a mortar and a pestle. We obtain a thick slurry. If
we were (o strain this through a cheesecloth or cotion we would obtain two
[ractions. One is called the liltrate or more lechnically. the acid-soluble
pool, and the second. the retentate or the acid-insoluble fraction. Scientists
have lound thousands ol organic compounds in the acid-soluble pool.
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In higher classes you will learn about how TABLE 9.1 A Comparison of Elements Present

to analyse a living lissue sample and identify a in Non-living and Living Matter
particular organic compound. It will suffice to = Element % Weight of

say here that one extracts the compounds. then Earth's crust Human body
subjects the extract lo various separation | pydrogen (1) 0.14 0.5
techniques till one has separaled a compound | Carbon () 0.03 18.5
from all other compounds. In other words. one | Oxygen (O) 46.6 65.0
isolates and purifies a compound. Analytical gﬁfpﬂﬁ: fg}l verg g;lle gg
techniques, when applied to the compound give | godium (Na) 2:3 0.2

us an idea of the molecular formula and the | galemum (Ca) 16 1.5
probable structure of the compound. All the | Magnesium (Mg) 2.1 0.1
carbon compounds that we get from living = Sticon (S 2t negligible
tissues can be called ‘biomolecules’. However, @ * Adapled from CNR Rao, Understanding Chemistry.

living organisms have also gol inorganic
elements and compounds in them. How do we
know this? A slightly difllerent but destructive
experiment has to be done. One weighs a small
amount of a living tissue (say a leal or liver and
this is called wet weight) and dry it. All the water,
evaporates. The remaining malerial gives dry

Universities Press, Hyderabad.

TasLE 9.2 A List of Representative Inorganic

weight. Now if the tissue is ully burnt. all the Constituents of Living Tissues
carbon compounds are oxidised to gaseous byaet e

form [CO,, waler vapour) and are removed. What

is remaining is called ‘ash’. This ash contains Sodium Na

inorganic elements (like calcium, magnesium Potassium K

etc). Inorganic compounds like sulphate. Calclum Ca~

phosphale, eic.. are also seen in the acid-soluble Magnesium Mg~

fraction. Therefore elemental analysis gives Water HO

elemental composition of living tissues in the Compounds NaCl, CaCoO,,
lorm of hydrogen, oxygen, chlorine, carbon etc. PO , SO

while analysis for compounds gives an idea of

the kind of organic (Figure 9.1} and inorganic constituents (Table 9.2)
present in living tissues. From a chemistry point of view, one can identify
hunctional groups like aldehydes, ketones, aromatic compounds, etc. But
from a biological point of view. we shall classily them into amino acids,
nucleotide bases, falty acids etc.

Amino acids are organic compounds containing an amino group and
an acidic group as substituents on the same carbon i.e.. the a-carbon.
Hence, they are called a-amino acids. They are substituted methanes. There
are four substituent groups occupying the four valency positions. These
are hydrogen, carboxyl group. amino group and a variable group
designated as R group. Based on the nature of R group there are many
amino acids. However, those which occur in proteins are only ol twenty
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types. The R group in these proteinaceous amino acids could be a hydrogen
{the amino acid is called glycine), a methyl group (alanine), hydroxy methyl
(serine), etc. Three ol the twenly are shown in Figure 9.1.

The chemical and physical properties of amino acids are essentially
of the amino, carboxyl and the R [unctional groups. Based on number of
amino and carboxyl groups, there are acidic (e.g.. glutamic acid), basic
(lysine) and neniral (valine) amino acids. Similarly, there are aromatic
amino acids (tyrosine. phenylalanine, tryplophan). A particular property
of amino acids is the ionizable nature of -NH, and -COOH groups. Hence
in solutions of different pH. the structure of amino acids changes.

K Iz R
| i - | .
H.N—CH— COOH ——= H;N—CH— CO0 == H,N—CH-C00
(&) (B) (&
B is called switterionic lorm.

Lipids are generally water insoluble. They could be simple fatty acids.
A [atly acid has a carboxyl group attached to an R group. The R group
could be a methyl (-CH,), or ethyl (C,H.} or higher number of -CH,
groups (1 carbon to 19 carbons). For example, palmitic acid has 16
carbons including carboxyl carbon. Arachidonic acid has 20 carbon
atoms inchuding the carboxyl carbon. Fatty acids could be saturated
(without double bond) or unsaturatled (with one or more C=C double
bonds). Another simple lipid is glyeerol which is trihydroxy propane. Many
lipids have both glycerol and [atty acids. Here the [atty acids are [ound
esterified with glycerol. They can be then monoglycerides, diglycerides
and triglycerides. These are also called fats and oils based on melting
point. Oils have lower melting point (e.g., gingelly oil) and hence remain
as oil in winters. Can you identify a fal from the market? Some lipids
have phesphorous and a phosphorylated organic compound in them.
These are phospholipids. They are lound in cell membrane. Lecithin is
one example. Some lissues especially the neural tissues have lipids with
more complex siTuciures.

Living organisms have a number of carbon compounds in which
heterocyclic rings can be [ound. Some of these are nitrogen bases —
adenine, guanine, cylosine, uracil, and thymine. When lound attached to
a sugar, they are called nucleosides. If a phosphate group is also found
esterilied to the sugar they are called nucleotides. Adenosine, guanosine,
thymidine, uridine and cytidine are nucleosides. Adenylic acid. thymidylic
acid, guanylic acid. uridylic acid and cytidylic acid are nucleotides. Nucleic
acids ke DNA and RNA consist of nucleotides only. DNA and RNA function
as genetic material.
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TasLE 9.3 Some Secondary Metabolites

9.2 PriMARY AND SECONDARY METABOLITES

The moslt exciting aspecl of chemistry deals with isclating thousands of
compounds, small and big, from living organisms. determining their
structure and il possible synthesising them.

If one were Lo make a list of biomolecules, such a list would have
thousands of organic compounds including amino acids, sugars, elc.
For reasons that are given in section 9.10, we can call these biomolecules
as ‘metlabolites’. In animal tissues, one notices the presence ol all such
calegories ol compounds shown in Figure 9.1. These are called primary
metabolites. However, when one analyses plant. fungal and microbial cells,
one would see thousands of compounds other than these called primary
metaboliies. e.g. alkaloids. flavonoids, rubber, essential oils. antibiotics,
coloured pigmentis, scents, gums, spices. These
are called secondary metabolites (Table 9.3).

Plgments Carotenotds. Anthocyanins, While primary metabolites have identifiable

elv.

Alkalolds Morphine, Codelne, elc.

functions and play known roles in normal
physiologial processes, we do not al the moment,

Terpenotldes Monolerpenes, Dilerpenes ele. ynderstand the role or functions of all the

Essential olls Lemon grass oil, eic. ‘secondary metabolites’ in host organisms.
Toxins Abrin, Ricin However, many ol them are useful (o human
Lectins Concanavalin A wellare’ (e.g.. rubber, drugs. spices, scents and
Drigs Vinblastin, curcumin, elc. pigments). Some secondary metabolites have

Polymeric Rubber, gums. cellulose

substances

ecological importance. In the later chaplers and
years you will learn more aboul this.

9.3 BIOMACROMOLECULES

There is one fealure common Lo all those compounds lound in the acid
soluble pool. They have molecular weights ranging from 18 to around
800 daltons (Da) approximately.

The acid insoluble fraction, has only four types of organic compounds
Le.. proteins, nucleic acids. polysaccharides and lipids. These classes ol
compounds with the exception of lipids, have molecular weights in the
range ol ten thousand daltons and above. For this very reason.
biomolecules, i.e., chemical compounds found in living organisms are of
two types. One, those which have molecular weights less than one
thousand dalton and are usually relerred to as micromolecules or simply
biomolecules while those which are found in the acid insoluble [raction
are called macromolecules or blomacromolecules.

The molecules in the insoluble fraction with the exception of lipids
are polymeric subsiances. Then why do lipids. whose molecular weights
do not exceed 800 Da. come under acid insoluble [raction. i.e.,
macromolecular fraction? Lipids are indeed small molecular weight
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compounds and are present not only as such but also
arranged into structures like cell membrane and other
membranes. When we grind a tissue, we are disrupting
the cell structure. Cell membrane and other
membranes are broken into pieces. and lorm vesicles
which are not water soluble. Therelore, these
membrane [ragments in the lorm of vesicles get
separated along with the acid insoluble pool and hence
in the macromolecular [raction. Lipids are not sirictly
macromolecules.

The acid soluble pool represents roughly the
cyloplasmic composition. The macromolecules from
cytoplasm and organelles become the acid insoluble
fraction. Together they represent the entire chemical
composition of living tissues or organisms.

In summary if we represent the chemical
composition of living tissue from abundance point of
view and arrange them class-wise, we observe that
waler is the most abundant chemical in living
organisms (Table 9.4).

9.4 PROTEINS

Proteins are polypepltides. They are linear chains of

amino acids linked by peplide bonds as shown in
Figure 9.3.

Each protein is a polymer of amino acids. As there
are 20 types of amino acids (e.g.. alanine. cysleine,
proline. tryptophan, lysine. etc.), a protein is a
heteropolymer and nol a homopolymer. A
homopolymer has only one type ol monomer repeating
‘n’ number of times. This information about the amino
acid conlenl is imporiant as later in your nutrition
lessons. you will learn that certain amino acids are
essential for our health and they have Lo be supplied
through our diel. Hence, dietary proteins are the
source of essential amino acids. Therelore, aminoe acids
can be essential or non-essential. The latter are those
which our body can make, while we get essential amino
acids through our diet/food. Proteins carry out many
functions in living organisms. some transport
nutrients across cell membrane, some fight infectious
organisms, some are hormones, some are enzymes,
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TaBLE 9.4 Average Composition of Cells

Component % of the total
cellular mass
Water 70-90
Proteins 10-15
Carbohydrates 3
Lipids 2
Nuelele aclds 5-7

[ons

1

TasLe 9.5 Some Proteins and their

Protein
Collagen

Trypsin
Imsulin

Antibody
Receptor

GLUT-4

Functions

Functions

Intercellular ground
substance

Enzyme
Hormone
Fighls Infeclious agenls

Sensory reception
(smell, taste, hormone,

etc.)

Enables glucose
transpori

nto cells
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ete. (Table 9.5). Collagen is the most abundantl protein in animal world
and Ribulose bisphosphate Carboxylase-Oxygenase (RuBisCO) is the
most abundant protein in the whole of the biosphere.

9.5 POLYSACCHARIDES

The acid insoluble pellet also has polysaccharides (carbohydrates) as
another class of macromolecules. Polysaccharides are long chains of
sugars. They are threads (literally a cotion thread) containing diflerent
monosaccharides as building blocks. For example. cellulose is a
polymeric polysaccharide consisting of only one type of monosaccharide
i.e.. glucose, Cellulose is a homopolymer. Starch is a variant of this but
present as a store house of energy in plant tissues. Animals have another
variant called glycogen. Inulin is a polymer of fructose. In a
polysaccharide chain (say glycogen), the right end is called the reducing
end and the left end is called the non-reducing end. It has branches as
shown in the form ol a cartoon (Figure 9.2). Starch lorms helical
secondary structures. In fact, starch can hold I, molecules in the helical
portion. The starch-l, is blue in colour. Cellulose does not contain
complex helices and hence cannot hold L.

CH.,OH CH.OH
i; O
= L L) o OH

@_DQG @ @

Figure 9.2 Diagrammatic representation of a portion ol glycogen
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Plant cell walls are made of cellulose. Paper made [rom plant pulp
and cotton fibre is cellulosic. There are more complex polysaccharides
in nature. They have as building blocks. amino-sugars and chemically
modified sugars (e.g.. glucosamine, N-acetyl galactosamine, etc.).
Exoskelelons of arthropeds, for example, have a complex
polysaccharide called chitin. These complex polysaccharides are mostly
homopolymers.

9.6 NucLEic AciDs

The other type of macromolecule that one would find in the acid
insoluble fraction of any living tissue is the nucleic acid. These are
polynucleotides. Together with polysaccharides and polypeptides these
comprise the true macromolecular [raction of any living tissue or cell.
For nucleic acids, the building block is a nucleotide. A nucleotide has
three chemically distinct components. One is a heterocyclic compound,
the second is a monosaccharide and the third a phosphoric acid or
phosphalte.

As you notice in Figure 9.1, the helerocyclic compounds in nucleic
acids are the nitrogenous bases named adenine, guanine. uracil,
cytosine, and thymine. Adenine and Guanine are substituled purines
while the rest are substituted pyrimidines. The skeletal heterocyclic ring
is called as purine and pyrimidine respectively. The sugar [ound in
polynucleotides is either ribose (a monosaccharide pentose] or 2
deoxyribose. A nucleic acid containing deoxyribose is called
deoxyribonucleic acid (DNA]} while that which contains ribose is called
ribonucleic acid [RNA).

9.7 STRUCTURE OF PROTEINS

Proteins, as mentioned earlier, are heleropolymers containing strings
of amino acids. Structure of molecules means different things in
different contexts. In inorganic chemistry, the structure invariably
refers to the molecular formulae (e.g., NaCl, MgCL,. etc.). Organic
chemists always write a two dimensional view of the molecules while
representing the structure ol the molecules [e.g.., benzene,
naphthalene, etc.). Physicists conjure up the three dimensional views
of molecular structures while biologisls describe the prolein structure
al lour levels. The sequence of amino acids i.e., the positional
information in a protein — which is the lirst amino acid. which is
second. and so on - is called the primary structure (Figure 9.3 a) of
a prolein. A protein is imagined as a line, the lelt end represented by
the lirst amino acid and the right end represented by the last amino
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acid. The first amino acid is also
{a) Primary called as N-terminal amino acid. The
- last amino acid is called the C-
terminal amino acid. A prolein
thread does nol exist throughout as
an extended rigid rod. The thread is
folded in the form of a helix (similar
to a revolving staircase). Of course,
only some portions of the protein
thread are arranged in the form ol a
helix. In proleins, only right handed
helices are observed. Other regions
of the prolein thread are [olded inio
other [orms in what is called Lhe
secondary structure (Fig. 9.3 b). In
addition, the long protein chain is
also [olded upon itsell like a hollow
woolen ball. giving rise Lo the
tertiary siructure (Fig. 9.3 c]. This
gives us a 3-dimensional view of a
protein. Tertiary structure is
absolutely necessary [or the many
biological activities ol proleins.

Figure 9.3 Various levels of Protein Structure

Some proteins are an assembly ol more than one polypeptide or
subunils. The manner in which these individual folded polypeptides
or subunits are arranged with respect to each other [e.g. linear string
of spheres, spheres arranged one upon each other in the form of a
cube or plate etc.) is the architecture ol a prolein otherwise called
the quaternary structure ol a protein (Fig. 9.3 d). Adult human
haemoglobin consists of 4 subunits. Two of these are identical Lo
each other. Hence, two subunits of « type and two subunils of §
type together constitute the human haemoglobin (Hb).

9.8 ENZYMES

Almost all enzymes are proteins. There are some nucleic acids that behave
like enzymes. These are called ribozymes. One can depict an enzyme by a
line diagram. An enzyme like any protein has a primary struclure, i.e..
amino acid sequence ol the protein. An enzyme like any protein has the
secondary and the tertiary structure. When you look at a tertiary structure
(Figure 9.3 d) you will notice that the backbone of the protein chain folds
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upon itsell. the chain criss-crosses itsell and hence. many crevices or
pockets are made. One such pocket is the ‘active sile’. An active site ol an
enzyme is a crevice or pockel into which the substrate fils. Thus enzymes,
through their active site, catalyse reactions at a high rate. Enzyme calalysts
differ from inorganic catalysts in many ways, but one major difference
needs mention. Inorganic catalysts work efficiently at high temperatures
and high pressures, while enzymes get damaged at high temperatures
(say above 40°C). However, enzymes isolated [rom organisms who normally
live under extremely high temperatures (e.g., hot vents and sulphur
springs). are slable and retain their catalytic power even at high
temperatures [upto 80°-90°C). Thermal stability is thus an important
gquality of such enzymes isclated from thermophilic organisms.

9.8.1 Chemical Reactions

How do we understand these enzymes? Lel us first understand a chemical
reaction. Chemical compounds undergo two types of changes. A physical
change simply refers to a change in shape withoul breaking of bonds.
This is a physical process. Another physical process is a change in state
of matter: when ice melis into water, or when water becomes a vapour.
These are also physical processes. However, when bonds are broken and
new bonds are formed during translormation. this will be called a chemical
reaction. For example:

Ba(OH), + H,S0, — BaSO, +2H,0

is an inorganic chemical reaction. Similarly, hydrolysis of starch inio
glucose iIs an organic chemical reaction. Rate of a physical or chemical
process refers to the amount of product formed per unit time. It can be
expressed as:

oFP

mE= &

Rate can also be called velocily il the direction is specified. Rates of physical
and chemical processes are influenced by temperature among other
[actors. A general rule of thumb is that rate doubles or decreases by hall
for every 10°C change in either direction. Catalysed reactions proceed at
rates vasily higher than that ol uncaialysed cnes. When enzyme catalysed
reactions are observed, the rate would be vastly higher than the same
but uncatalysed reaction. For example

Carbonic anbydrase

Dl‘:.'2 + H20 = I—IEDD\3

carbon dioxide waler carbonic acid
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In the absence ol any enzyme this reaction is very slow, with about
200 molecules ol H,CO, being lormed in an hour. However, by using the
enzyme present within the cyloplasm called carbonic anhydrase, the
reaction speeds dramatically with about 600,000 molecules being formed
every second. The enzyme has accelerated the reaction rate by about 10
million times. The power ol enzymes is incredible indeed!

There are thousands ol types of enzymes each eatalysing a unique
chemical or metabolic reaction. A multistep chemical reaction, when each
of the steps is catalysed by the same enzyme complex or diflerent enzymes,
is called a metabolic pathway. For example,

Glucose — 2 Pyruvic acid
CgH .0, + 0, —» 2CH, O,+2H,0

is actually a metabolic pathway in which glucose becomes pyruvic acid
through ten different enzyme catalysed metabolic reactions. When you
siudy respiration in Chapter 12 you will sindy these reactions. At this
stage you should know that this very metabolic pathway with one or two
additional reactions gives rise to a variety ol metabolic end products. In
our skeletal muscle, under anaerobic conditions, lactic acid is formed.
Under normal aerobic conditions. pyruvic acid is lormed. In yeast. during
fermentation. the same pathway leads to the production of ethanol
(alcohol). Hence. in different conditions diflerent products are possible.

9.8.2 How do Enzymes bring about such High Rates of
Chemical Conversions?

To understand this we should study enzymes a litile more. We have already
understood the idea of an ‘active site’. The chemical or metabolic conversion
refers to a reaction. The chemical which is converted into a product is
called a ‘subsirate’. Hence enzymes, i.e. proleins with three dimensional
structures including an ‘active site’. convert a substrate (5) into a product
(P). Symbolically. this can be depicted as:

5 =P

[t is now undersiood that the substrate 5" has to bind the enzyme al
its ‘active site’ within a given cleft or pocket. The subsirate has to diffuse
towards the "active sile’. There is thus, an obligatory formation of an ‘ES’
complex. E stands for enzyme. This complex formation is a transient
phenomenon. During the state where subsirate is bound Lo the enzyme
active site, a new structure of the subsirate called transition state siructure
is formed. Very soon, after the expecled bond breaking/making is
completed, the product is released from the active site. In other words,
the structure of subsirate gets transiormed into the structure of product(s).
The pathway of this transformation must go through the so-called
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transition state structure. There could be many Transition state

&

more ‘allered structural siales’ between the stable
subsirate and the product. Implicit in this
statement is the fact that all other intermediate
structural states are unstable. Stability is Eﬂ
something related to energy status of the ¢
molecule or the structure. Hence, when we look ®
al this piclorially through a graph it looks like E -----------------
| Substrate (s)

something as in Figure 9.4, £

The y-axis represents the potential energy o
content. The x-axis represents the progression
of the structural transformation or slales
through the ‘transition state’. You would notice
two things. The energy level dillerence between

Activation encrgy
without enzyme

Sand P. Ii'F is at a lower level than 'S', the reaction Progress of reaction

is an exothermic reaction. One need not supply
energy [by heating] in order to form the product.
However., whether it is an exothermic or spontaneous reaction or an
endothermic or energy requiring reaction, the 'S5 has to go through a much
higher energy stale or transition stale. The difference in average energy content
of ‘S’ from that of this transition state is called ‘activation energy’.

Enzymes eventually bring down this energy barrier making the
transition ol 'S’ lo 'P" more easy.

9.8.3 Nature of Enzyme Action

Each enzyme (E) has a subsirate (S) binding site in its molecule so that a
highly reactive enzyme-subsirate complex (ES) is produced. This
complex is short-lived and dissociates into its product(s) P and the
unchanged enzyme with an intermediate lormation of the ernzyme-product
complex (EP).

The formation of the ES complex is essential for catalysis.

E+5 ES + EP A e

The catalytic cycle ol an enzyme action can be described in the [ollowing
steps:
1. First, the subsirate binds to the active site ol the enzyme, fitting
into the active site.

2. The binding of the subsirale induces the enzyme Lo aller its shape,
fitting more tightly around the subsirate.

3. The active site ol the enzyme, now in close proximity ol the
subsirale breaks the chemical bonds of the subsirale and the
new enzyme- product complex is formed.

115

Product
el

Flgure 9.4 Concept of activation energy
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4. The enzyme releases the products of the reaction and the free
enzyme is ready Lo bind o another molecule of the substrate and
run through the catalytic cycle once again.

9.8.4 Factors Affecting Enzyme Activity

The activity of an enzyme can be alfected by a change in the conditions
which can alter the tertiary structure of the protein. These include
temperature, pH. change in substrate concentration or binding of specific
chemicals that regulale ils activity.

Temperature and pH

Enzymes generally unction in a narrow range of temperature and pH
(Figure 9.5). Each enzyme shows its highest activity at a particular
temperature and pH called the optimum lemperature and optimum pH.
Activity declines both below and above the oplimum wvalue. Low
temperature preserves the enzyme in a temporarily inactive state whereas
high temperature destroys enzymatic activity because proleins are
denalured by heat.

Concentration of Substrate

With the increase in substrate concentration. the velocity of the enzymatic
reaction rises al first. The reaction ultimately reaches a maximum velocity
(V.. which is not exceeded by any lurther rise in concentration of the
substrate. This is because the enzyme molecules are fewer than the
substrale molecules and alier saturation of Lthese molecules. there are no
free enzyme molecules to bind with the additional subsirale molecules
[Figure 9.5).

The activity of an enzyme is also sensitive to the presence of specific
chemicals that bind to the enzyme. When the binding of the chemical

Enzyme activity

I‘herI'IE.X.‘ _____________
(a) {bj S (c)
(™
=
3]
thux g — —
2 '8
gl /1
S !
= [
g |
' -
pH Temperature K, [5]

Figure 9.5 Effecl of change in : (@) pH (b) Temperature and {c) Concentralion of
substrale on eneyme activity
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shuts off enzyme activity. the process is called inhibition and the chemical
is called an inhibitor.

When the inhibitor closely resembles the subsirate in its molecular
structure and inhibits the activity ol the enzyme, it is known as
competitive Inhibitor. Due to its close structural similarity with the
subsirate, the inhibitor competes with the subsirale lor the subsirate-
binding site of the enzyme. Consequently. the subsirate cannot bind and
as a resull, the enzyme action declines, e.g., inhibition of succinic
dehydrogenase by malonate which closely resembles the subsirate
succinate in structure. Such competitive inhibitors are often used in the
control of bacterial pathogens,

9.8.5 Classification and Nomenclature of Enzymes

Thousands of enzymes have been discovered. isolated and studied. Most
of these enzymes have been classified into different groups based on the
type of reactions they catalyse. Enzymes are divided into 6 classes each
with 4-13 subclasses and named accordingly by a four-digit number.

Oxldoreductases/dehydrogenases: Enzymes which catalyse
oxidoreduction between two substrates S and 5" e.g.,

Sreduced + 5§ oxidised — 5 oxidised + 5" reduced.
Transferases: Enzymes calalysing a transler ol a group, G (other than
hydrogen) between a pair of substrate S5and S' e g,,

5-G#8 — 5+58-G

Hydrolases: Enzymes catalysing hydrolysis of ester. ether. peptide.
glycosidic, C-C, C-halide or P-N bonds.

Lyases: Enzymes thal catalyse removal of groups [rom subsirates by
mechanisms other than hydrolysis leaving double bonds.

il

C=C —>X-Y+C=C
Isomerases: Includes all enzymes catalysing inter-conversion of optical.
geometric or positional isomers.
Ligases: Enzymes catalysing the linking together ol 2 compounds, e.g..
enzymes which calalyse joining of C-O, C-58, C-N, P-O etc. bonds.
9.8.6 Co-factors

Enzymes are composed of one or several polypeptide chains. However.,
there are a number of cases in which non-protein constituents called co-
factors are bound to the the enzyme to make the enzyme catalytically
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active. In these instances, the protein portion of the enzymes is called the
apoenzyme. Three kinds of colactors may be identified: prosthetic groups.,
co-enzymes and metal ions.

Prosthetic groups are organic compounds and are distinguished from
other colactors in that they are tightly bound to the apoenzyme. For
example, in peroxidase and calalase, which catalyze the breakdown of
hydrogen peroxide to water and oxygen. haem is the prosthelic group
and il is a part of the active site of the enzyme.

Co-enzymes are also organic compounds but their association with
the apoenzyme is only transient. usually cccurring during the course ol
calalysis. Furthermore, co-enzymes serve as co-factors in a number of
different enzyme calalyzed reactions. The essential chemical components
ol many coenzymes are vilamins, e.g., coenzyme nicolinamide adenine
dinucleotide (NAD) and NADP contain the vitamin niacin.

A number ol enzymes require metal ions for their activity which form
coordination bonds with side chains al (he aclive site and al the same
time form one or more cordination bonds with the substrate, e.g.. zinc is
a cofactor for the proteclytic enzyme carboxypeptidase.

Catalytic activity is lost when the co-lactor is removed from the enzyme
which testifies that they play a crucial role in the calalytic activity of the

ENnFyIme.

SUMMARY

Although there is a bewildering diversity of living organisms, their chemical
composition and metabolic reactions appear to be remarkably similar. The
elemential composition of living tissues and non-living matter appear also to be
similar when analysed qualitatively. However, a closer examination reveals that
the relative abundance ol carbon, hydrogen and oxygen is higher in living systems
when compared to inanimate matter. The most abundant chemical in living
organisms is water. There are thousands of small molecular weight (<1000 Da]
biomolecules. Amino acids. monosaccharide and disaccharide sugars, latty acids.
glvcerol. nucleotides, nucleosides and nitrogen bases are some of the organic
compounds seen in living organisms. There are 20 types of amino acids and 5
types ol nucleotides. Fats and oils are glycerides in which fatly acids are esterified
to glycerol. Phospholipids contain, in addition, a phosphorylated nitrogenous
compound.

Only three lypes ol macromolecules, i.e., proteins, nucleic acids and
polysaccharides are found in living systems. Lipids, because ol their association
wilh membranes separale in the macromolecular [raction. Biomacromolecules
are polymers. They are made of building blocks which are dillerent. Proleins
are heteropolymers made ol amino acids. Nucleic acids (RNA and DNA) are
composed ol nucleotides. Biomacromolecules have a hierarchy of structures —
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primary, secondary. tertiary and quaternary. Nucleic acids serve as genetic
material. Polysaccharides are components of cell wall in plants, fungi and also
of the exoskeleton of arthropods. They also are storage forms of energy (e.g..
starch and glycogen). Proteins serve a variety of cellular lunctions. Many of
them are enzymes, some are antibodies, some are receplors, some are hormones
and some others are structural proteins. Collagen is the most abundant protein
in animal world and Ribulose bisphosphate Carboxylase-Oxygenase (RuBisCO)
is the most abundant protein in the whole of the biosphere.

Enzymes are proteins which catalyse biochemical reactions in the cells.
Ribozymes are nucleic acids with catalytic power. Proteinaceous enzyvmes exhibit
substrate specificity. require optimum temperature and pH for maximal activity.
They are denatured at high temperatures. Enzymes lower activation energy of
reactions and enhance greatly the rate ol the reactions. Nucleic acids carry
hereditary information and are passed on from parental generation to progeny.

EXERCISES

1. Whal are macromolecules? Give examples.
2. What is meant by terliary structure of proteins?

3. Find and wrile down structures of 10 Intereslng small molecular weight
biomolecules. Find If there 1s any industry which manufactures the compounds
by 1solation. Find out who are the buyers.

4. Find out and make a lisl of proleins used as therapeutic agents. Find other
applications of proteins (e.g., Cosmetlics etc.)

5. Explain the composition of triglyceride.

6. Can you attempl bullding models of biomolecules using commerclally available
atomic models (Ball and Stick models).

Draw the structure of the amino acld, alanine.
What are gums made of? [s Fevicol different?

9. Find oul a qualitative test for proteins, [als and oils, amino aclds and tesi any
fruit julce, saliva, sweat and urine for them.

10. Find out how much cellulose |s made by all the plants in the blosphere and
compare it with how much of paper ts manufactured by man and hence what is
the consumption of plant material by man annually. What a loss of vegetation!

11. Describe the imporiant properties of enzymes.

=
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CHAPTER 10

CELL CYCLE AND CELL DMSION

Are you aware that all organisms, even the largest, stari their life from a
single cell? You may wonder how a single cell then goes on to form such
large organisms. Growth and reproduction are characteristics ol cells,
indeed of all living organisms. All cells reproduce by dividing inlo two,
with each parental cell giving rise to two daughter cells each time they
divide. These newly formed daughter cells can themselves grow and divide,
giving rise to a new cell population that is formed by the growth and
division of a single parental cell and ils progeny. In other words. such
cycles of growth and division allow a single cell to [orm a structure
consisting of millions of cells.

10.1 CeELL CycLE

Cell division is a very important process in all living organisms. During
the division of a cell. DNA replication and cell growth also take place. All
these processes, i.e., cell division, DNA replication, and cell growth. hence,
have Lo lake place in a coordinated way to ensure correcl division and
formation of progeny cells conlaining intact genomes. The sequence of
evenis by which a cell duplicates its genome. synthesises the other
constituents of the cell and eventually divides inlo two daughter cells is
termed cell cycle. Although cell growth (in terms of cytoplasmic increase)
is a continuous process. DNA synthesis occurs only during one specific
stage in (he cell cycle. The replicaled chromosomes [DNA) are then
distributed to daughier nuclei by a complex series ol evenls during cell
division. These events are themselves under genetic control.
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10.1.1 Phases of Cell Cycle

A typical eukaryotic cell cycle is illustrated by
human cells in culture. These cells divide once
in approximately every 24 hours (Figure 10.1).
However, this duration of cell cycle can vary from
organism to organism and also [rom cell type
to cell type. Yeast for example. can progress
through the cell cycle in only about 90 minutes.

The cell cycle is divided into two basic
phases:

® Inierphase
@ M Phase (Mitosls phase]

The M Phase represents the phase when the
actual cell division or milosis oceurs and the
interphase represenis the phase between two
successive M phases. I is significant to note that
in the 24 hour average duration of cell cycle ol a
human cell, cell division proper lasts for only
about an hour. The inlerphase lasts more than
95% of the duration of cell cycle.

121

M Phase

Figure 10.1 A diagrammatic view of cell cycle
Indlcating lormatlon of two cells
from one cell

The M Phase starts with the nuclear division, corresponding to the
separation of daughter chromosomes (karyokinesis) and usually ends
with division of cytoplasm (cytokinesis). The interphase, though called
the resting phase, is the time during which the cell is preparing lor division
by undergoing both cell growth and DNA replication in an orderly manner.
The interphase is divided into three further phases:

® G, phase (Gap 1)
@ S phase (Synthesis)
® G, phase (Gap 2)

G, phase corresponds (o the interval between mitosis and initiation
ol DNA replication. During G, phase the cell is metabolically active and
continuously grows but does not replicate its DNA. 5 or synthesis phase
marks the period during which DNA synthesis or replication takes place.
During this time the amount of DNA per cell doubles. If the initial amount
ol DMNA is denoted as 2C then il increases {o 4C. However, Lhere is no
increase in the chromasome numbers; if the cell had diploid or 2n number
of chromosomes at G, even after 5 phase the number of chromosomes

remains the same, i.e.. 2n.

In animal cells, during the 5 phase, DNA replication begins in the
nucleus, and the ceniriole duplicates in the cytoplasm. During the G,
phase, proteins are synthesised in preparation for mitosis while cell growth

continues.

How do plants and
animals contimie (o
grow all their Hves?
Do all cells In a plant
divide all the tme?
Do you think all cells
continme Lo divide
all planis and
animals? Can you
tell the name and the
localion of Hssues
having cells that
divide afl their Hie in
higher planis? Do
animals have simifar
meristemaltic
Ussues?
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You have studied
mitosls in onlon oot
tp cells. 1t has 16
chromosomes In
each cell. Can you
tell
chromosomes will
the cell have at G,
phase, after 5 phase,
and after M phase?
Also, what will be the
DNA content of the

how many

Biolooy

Some cells in the adult animals do not appear to exhibit 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. These

cells thal do not divide further exil G, phase to enter an inactive stage

called qutescent stage (G,) ol the cell cycle. Cells in this stage remain

metabolically active bul no longer proliferate unless called on (o do so
depending on the requirement of the organism.

In animals, mitotic cell division is only seen in the diploid somatic
cells. However, there are lew exceptions to this where haploid cells divide
by mitosis, for example, male honey bees. Against this, the plants can
show mitotic divisions in both hapleoid and diploid cells. From your

cells al G,. afier S recollection ol examples ol aliernation of generations in plants (Chapter 3)

and al G,. If the
contenl. after M
phase is 2C?

identify plant species and stages at which mitosis is seen in haploid cells.

10.2 M PHASE

This is the most dramatic period of the cell cycle, involving a major
reorganisation ol virtually all components of the cell. Since the number of
chromosomes in the parent and progeny cells is the same, it is also called as
equational division. Though [or convenience mitosis has been divided
into four stages of nuclear division (karyokinesis). it is very essential to
understand that cell division is a progressive process and very clear-cut
lines cannot be drawn between various stages. Karyokinesis involves
following four stages:

® Prophase
@ Meiaphase
® Anaphase
® Telophase

10.2.1 Prophase

Prophase which is the [irst stage of karyokinesis ol mitosis follows the
S and G, phases ol interphase. In the S and G, phases the new DNA
molecules formed are not distinet but intertwined. Prophase is marked
by the initiation of condensation of chromosomal material. The
chromosomal material becomes untangled during the process of
chromatin condensation (Figure 10.2 a). The centrosome, which had
undergone duplication during 5 phase of interphase, now begins to move
towards opposite poles ol the cell. The completion ol prophase can thus
be marked by the [ollowing characteristic events:

e Chromosomal malerial condenses to form compacl milotic

chromosomes. Chromosomes are seen lo be composed of two
chromatids attached together at the centromere.
Centrosome which had undergone duplication during interphase,
begins to move towards opposite poles of the cell. Each centrosome
radiates out microtubules called asters. The two asters logether
with spindle fibres forms mitotic apparatus.
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Cells at the end ol prophase, when viewed under the
microscope, do nol show golgi complexes, endoplasmic
reticulum, nucleclus and the nuclear envelope.

10.2.2 Metaphase

The complete disintegration of the nuclear envelope marks
the starl of the second phase ol mitosis, hence the
chromosomes are spread through the cyloplasm of the cell.
By this stage, condensation of chromosomes is completed
and they can be observed clearly under the microscope. This
then, is the stage at which morphology of chromosomes is
most easily studied. At this stage. metaphase chromosome
is made up of two sister chromatids, which are held together
by the centromere (Figure 10.2 b). Small disc-shaped
structures al the surface of the ceniromeres are called
kinetochores. These simuctures serve as the sites of attachment
of spindle fibres (formed by the spindle fibres) to the
chromosomes that are moved into position at the centre of
the cell. Hence, the metaphase is characterised by all the
chromosomes coming to lie at the equator with one chromatid
of each chromosome connected by its kinetochore to spindle
fibres from one pole and its sister chromatid connected by
its kinetochore to spindle fibres from the opposite pole (Figure
10.2 b). The plane of alignment of the chromosomes at
metaphase is referred to as the metaphase plate. The key
features of metaphase are:

# 5Spindle fibres atltach to kinetochores of
chromosomes.

& Chromosomes are moved o spindle equator and gel
aligsned along metaphase plate through spindle fibres
to both poles.

10.2.3 Anaphase

Al the onsel of anaphase, each chromosome arranged at the
metaphase plate is split simultaneously and the two danghter
chromatids. now referred to as daughter chromosomes of
the future daughter nuclei. begin their migration towards
the two opposite poles. As each chromosome moves away
from the equatorial plate. the centromere of each chromosome
remains directed towards the pole and hence at the leading
edge, with the arms of the chromosome trailing behind
(Figure 10.2 ¢). Thus, anaphase siage is characlerised by
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Melaphase

Figure 10.2 a and b : A diagrammalic
view of stages In mitosis
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Telophase
()

Interphase
(e)

Figure 10.2 ¢ to e : A dlagrammatic
view of slages in Milosis
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the following key evenis:
® Ceniromeres splil and chromatids separalte.

® Chromatids move Lo opposile poles.

10.2.4 Telophase

At the beginning of the final stage of karyokinesis, i.e.,
telophase, the chromosomes that have reached their
respective poles decondense and lose their individuality. The
individual chromosomes can no longer be seen and each sel
of chromatin malterial tends to collect at each of the two poles
(Figure 10.2 d). This is the stage which shows Lhe [ollowing

key events:

® Chromosomes cluster al opposite spindle poles and their
identity is losl as discrele elements.

® Nuclear envelope develops around the chromosome
clusters at each pole [orming two daughier nuclei.

® Nucleclus. golgl complex and ER reform.

10.2.5 Cytokinesis

Mitosis accomplishes not only the segregation of duplicated
chromosomes into daughter nuclei (karyokinesis), bult the
cell iisell is divided into two daughter cells by Lhe separation
ol cyioplasm called cylokinesis al the end ol which cell
division gets compleied (Figure 10.2 e]. In an animal cell,
this is achieved by the appearance of a lurrow in the plasma
membrane. The [urrow gradually deepens and ultimately
joins in the centre dividing the cell cytoplasm into two. Plant
cells however, are enclosed by a relatively inextensible cell
wall, thererfore they undergo cytokinesis by a different
mechanism. In plant cells, wall formation siarts in the centre
of the cell and grows outward to meetl the existing lateral
walls. The formation of the new cell wall begins with the
formation ol a simple precursor. called Lthe cell-plate that
represenis the middle lamella bebween the walls ol two
adjacent cells. At the time of cytoplasmic division, organelles
like mitochondria and plastids get distributed between the
two daughter cells. In some organisms karyokinesis is not
followed by cylokinesis as a resull of which multinucleate
condition arises leading to the formation of syneytium (e.g..
liquid endosperm in coconut).
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10.3 Significance of Mitosis

Mitosis or the equational division is usually resiricted to the diploid cells
only. However, in some lower plants and in some social insects haploid
cells also divide by mitosis. IL is very esseniial to understand the
significance of this division in the life of an organism. Are you aware of
some examples where you have siudied about haploid and dipleid insects?

Mitosis usually resulls in the production ol diploid daughter cells
with identical genetic complement. The growth of multicellular organisms
is due to miltosis. Cell growth resulis in disturbing the ratio between the
nucleus and the cytoplasm. It therefore becomes essential for the cell to
divide to restore the nucleo-cytoplasmic ratio. A very significant
contribution of mitosis is cell repair. The cells of the upper layer of the
epidermis, cells ol the lining of the gut, and blood cells are being constantly
replaced. Milolic divisions in the merislemaltic tissues — the apical and
the lateral cambium. result in a continuous growth of plants throughout
their life.

10.4 MErI0=1S

The preduction of oflspring by sexual reproduction includes the fusion
of two gametes, each with a complete haploid set of chromosomes. Gametes
are lormed [rom specialised diploid cells. This specialised kind of cell
division that reduces the chromosome number by hall results in the
production of haploid daughter cells. This kind ol division is called
meiosis. Meiosis ensures the production ol haploid phase in the life cycle
of sexually reproducing organisms whereas fertilisation restores the diploid
phase. We come acress meiosis during gametogenesis in plants and
animals. This leads to the formation of haploid gametes. The key leatures
ol meiosis are as [ollows:

® Meiosis involves two sequential cycles of nuclear and cell division called
meiosis I and melosis II but only a single cycle ol DNA replication.

® Meiosis | is initiated alier the parental chromosomes have replicated
Lo produce identical sister chromatids al the S phase.

® Meiosis invelves pairing of homologous chromosomes and
recombination between non-sister chromalids of homologous
chromosomes.

® Four haploid cells are [ormed at the end of meiosis 1.
Meiotic events can be grouped under the [ollowing phases:

Meiosis I Meiosis 11
Prophase 1 Prophase 1
Metaphase 1 Metaphase 11
Anaphase 1 Anaphase [I

Telophase | Telophase 11

125
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10.4.1 Meiosis I

Prophase I: Prophase of the first meijotic division is typically longer and
more complex when compared to prophase of mitosis. It has been urther
subdivided into the [ollowing five phases based on chromosomal
behaviour, i.e., Leptolene, Zygolene, Pachylene, Diplotene and Diakinesis.

During leptotene stage the chromosomes become gradually visible
under the light microscope. The compaction of chromosomes continues
throughout leptotene. This is [ollowed by the second slage of prophase
I called zygotene. During this stage chromosomes start pairing together
and this process ol association is called synapsis. Such paired
chromosomes are called homologous chromosomes. Eleclron
micrographs of this stage indicate that chromosome synapsis is
accompanied by the l[ormation ol complex structure called
synaptonemal complex. The complex lormed by a pair of synapsed
homologous chromosomes is called a blvalent or a tetrad. However,
these are more clearly visible al the next stage. The firsi two stages of
prophase I are relatively short-lived compared to the next stage that is
pachytene. During this stage. the four chromatids of each bivalent
chromosomes becomes distinet and clearly appears as tetrads. This stage
is characterised by the appearance ol recombination nodules, the sites
at which crossing over occurs between non-sister chromatids of the
homologous chromosomes. Crossing over is the exchange ol genetic
material between two homologous chromosomes. Crossing over is also
an enzyme-mediated process and the enzyme involved is called
recombinase. Crossing over leads to recombination ol genetic material
on the two chromosomes. Recombination between homologous
chromosomes is completed by the end of pachytene, leaving the
chromosomes linked at the sites ol crossing over.

The beginning of diplotene is recognised by the dissolution of the
synaptonemal complex and the tendency of the recombined
homologous chromosomes of the bivalents to separate from each other
excepl al the sites ol crossovers, These X-shaped struclures, are called
chiasmata. In oocytes of some vertebrates. diplotene can last for
months or years.

The final stage of meiotic prophase | is dlakinesis. This is marked by
terminalisation of chiasmata. During this phase the chromosomes are
fully condensed and the meiotic spindle is assembled to prepare the
homologous chromosomes lor separation. By the end of diakinesis, the
nucleolus disappears and the nuclear envelope also breaks down.
Diakinesis represents lransition to metaphase.

Metaphase I The bivalent chromosomes align on the equatorial plate
(Figure 10.3). The microtubules [rom the opposite poles of the spindle
attach to the kinetochore of homologous chromosomes.
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Anaphase 1

Telophase 1

Flgure 10.3 Stages ol Melosis |

Anaphase I: The homologous chromosomes separate, while sister
chromaltids remain associated at their centromeres (Figure 10.3).

Telophase I: The nuclear membrane and nucleolus reappear, cytokinesis
follows and this is called as dyad of cells (Figure 10.3). Although in many
cases the chromosomes do undergo some dispersion. they do not reach
the exiremely extended slate of the inlerphase nucleus. The stage between
the two meiotic divisions is called interkinesis and is generally short lived.
There is no replication of DNA during interkinesis. Interkinesis is followed
by prophase II. a much simpler prophase than prophase L.

10.4.2 MeiosisII

Prophase II: Meiosis Il is initiated immediately after cytokinesis, usually
belore the chromosomes have fully elongated. In contrast to meiosis [,
meiosis Il resembles a normal mitosis. The nuclear membrane disappears
by the end of prophase II (Figure 10.4). The chromosomes again become
compact.

Metaphase II: Al this siage the chromosomes align at the equator and
the microtubules from opposite poles of the spindle get attached to the
kinetochores (Figure 10.4) of sister chromatids.

Anaphase II: It begins with the simulianeous splitting of the centromere
of each chromosome (which was holding the sister chromatids together},
allowing them to move toward opposite poles of the cell (Figure 10.4) by
shortening of microtubules attached to kinetochores.
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Telophase II: Meiosis ends with telophase 11, in which the two
groups of chromosomes once again gel enclosed by a nuclear
envelope: cytokinesis [ollows resulting in the formation of tetrad
ol cells i.e., four haploid daughter cells (Figure 10.4).

10.5 SicNrFicance oF MElosIs

Meiosis is the mechanism by which conservation of specific
chromosome number ol each species is achieved across
generations in sexually reproducing organisms, even though the
process, per se, paradoxically, resulls in reduction of chromosome
number by hall. It also increases the genetic variability in the
population of organisms from one generation to the next. Variations
are very imporiant for the process of evolution.

SUMMARY

According to the cell theory, cells arise from preexisting cells. The process by
which this occurs is called cell division. Any sexually reproducing organism
starts its life cycle from a single-celled zygote. Cell division does not stop with
the formation of the mature organism but continues throughout its life cycle.
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The stages through which a cell passes Irom one division to the next is called
the cell cycle. Cell cycle is divided into two phases called (i) Inlerphase —a
period of preparation for cell division, and (ii) Mitosis (M phase] — the actual
period ol cell division. Interphase is further subdivided into G . Sand G,. G,
phase is the period when the cell grows and carries oul normal metabolism.
Most of the organelle duplication also occurs during this phase. 5 phase marks
the phase ol DNA replication and chromosome duplication. G, phase is the
period ol cyloplasmic growth. Mitosis is also divided inlo lour stages namely
prophase. metaphase. anaphase and telophase. Chromosome condensation
occurs during prophase. Simultaneously. the centrioles move Lo the opposite
poles. The nuclear envelope and the nucleolus disappear and the spindle
[ibres slart appearing. Metaphase is marked by the alignment of chromosomes
at the equatorial plate. During anaphase the centromeres divide and the
chromalids start moving towards the two opposite poles. Once the chromatids
reach the two poles, the chromosomal elongation starts, nucleolus and the
nuclear membrane reappear. This stage is called the telophase. Nuclear
division is then [ollowed by the cytoplasmic division and is called cytokinesis.
Milosis thus, is the equational division in which the chromosome number of
the parent is conserved in the daughter cell.

In contrast Lo mitosis, meiosis occurs in the diploid cells, which are destined Lo
lorm gametes. It is called the reduction division since it reduces the chromosome
number by hall while making the gametes. In sexual reproduction when the two
gametes fuse the chromosome number is restored to the value in the parent.
Meiosis is divided inlo two phases — meiosis | and meiosis Il. In the first meiotic
division the homologons chromosomes pair to lorm bivalents, and undergo crossing
over. Meiosis | has a long prophase. which is divided further inlo five phases.
These are leptotene, zygotene, pachylene, diplolene and diakinesis. During
metaphase | the bivalenis arrange on the equatorial plate. This is [ollowed by
anaphase [ in which homologous chromosomes move to the opposite poles with
both their chromatids. Each pole receives hall the chromosome number of the
parent cell. In telophase [, the nuclear membrane and nucleclhis reappear. Meiosis
Il is similar to mitosis. During anaphase Il the sister chromatids separate. Thus at
the end of meiosis lour haploid cells are formed.

EXERCISES

What is the average cell cycle span for a mammalian cell?
Distinguish cytokinesis from karyokinesis.

Describe the evenis laking place during interphase.

What is G, ([quiescent phase) of cell cycle?

P O b
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10.
11.
12,
13,

14,
.
16.

Why is mitosis called equational diviston?

Name the stage of cell cycle at which one of the following events occur:
(1} Chromosomes are moved Lo spindle equator.

(i1} Ceniromere splits and chromaiids separate.

fitl) Pairing between homologous chromosomes lakes place.

{tv) Crossing over between homologous chromosomes lakes place.

Describe the following:

{a) synapsis (b) bivalent (c) chliasmaia

Draw a dlagram (o lllustrale your answer,

How does cytokinesis in plant cells differ from that in animal cells?

Find examples where the four daughter cells from melosis are equal In slze and
where they are found unequal in slze,

Distinguish anaphase of mitosis from anaphase [ of melosts.
List the main differences between milosis and melosis.
What is the significance of meiosls?
Discuss with your teacher about
(1) haploid insects and lower plants where cell-division occurs, and
{11} some haplold cells in higher plants where cell-division does not occur,
Can there be mitosis withoul DNA replication in *5’ phase?
Can there be DNA replication without cell division?

Analyse the events during every stage of cell cycle and notice how the following
two parameters change
(1) mumber of chromosomes (N} per cell

{i1) amount of DNA content (C) per cell
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Mzrvin Cavvin born in Minnesota in April. 1911, recetved his
Ph.D. in Chemisiry from the University of Minnesota. He served
as Professor of Chemistry al the University of California,
Berkeley.

Jusl after world war I, when the world was under shock
afier the Hiroshima-Nagasakl bombings, and seeilng the 1ll-
effects of radio-activity, Calvin and co-workers pul radio-
activity to beneficial use. He along with J A. Bassham studied
reactions in green plants [orming sugar and other substances
[rom raw malerials like carbon dloxide, water and minerals
by labelling the carbon dioxide with C'*, Calvin proposed that
planis change light energy to chemical energy by transferring
an electron in an organised array of plgment molecules and
other subsltances. The mapping of the pathway of carbon
assimilation in photosynthesis earned him Nobel Prize in 1961.

The principles ol photosynthesis as established by Calvin
are, al present, being used In studies on renewable resource
for energy and materials and basic studies in solar energy
research.
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PHOTOSYNTHESIS IN HIGHER PLANTS

All animals including human beings depend on plants for their lood. Have
you ever wondered from where plants get their food? Green plants, in [act,
have lo make or rather synthesise the lood they need and all other organisms
depend on them [or their needs. The green plants make or rather synthesise
the food they need through photosynthesis and are therefore called autotrophs.
You have already learnt that the autotrophic nutrition is found only in planis
and all other organisms that depend on the green plants for lood are
heterotrophs. Green plants carry oul ‘photosynthesis’, a physico-chemical
process by which they use light energy (o drive the synthesis ol organic
compounds. Ultimately, all living forms on earth depend on sunlight for
energy. The use of energy Irom sunlight by plants doing photosynithesis is
the basis ol lile on earth. Pholosynithesis is importanl due Lo two reasons: il
is the primary source ol all food on earth. Il is also responsible for the release
of oxygen into the atmosphere by green plants. Have you ever thought what
wwrould happen if there were no oxygen o breath? This chapter locusses on
the structure of the photosynthetic machinery and the various reactions
that transform light energy into chemical energy.

11.1 WHAT po WE Know?

Let us try (o find oul what we already know about photosynihesis. Some
simple experiments you may have done in the earlier classes have shown
that chlorophyll (green pigment of the leaf], light and CO, are required for
photosynthesis Lo oceur. )

You may have carried oul the experiment o look for starch formation
in two leaves — a variegated leafl or a leal thal was partially covered with
black paper, and exposed to light. On testing these leaves for the presence
ol starch it was clear that photosynthesis occurred only in the green parts
of the leaves in the presence ol light.
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Another experiment you may have carried out
where a parl of a leafl is enclosed in a lesl tube
containing some KOH soaked cotlon (which
absorbs CGEL while the other hall is exposed (o air.
The setup is then placed in light [or some time. On
testing for the presence of starch later in the two
parts of the leal. you must have [ound that the
exposed parl of the leal lested positive for starch
while the portion that was in the tube, tested
negative. This showed that CO, was required lor
pholosynthesis. Can you explain how this
concluston could be drawn?

11.2 EarLy EXPERIMENTS

It is inleresting (o learn about those simple
experimentis thal led to a gradual development in
our understanding of photosynthesis.

Joseph Priestley (1733-1804) in 1770
performed a series ol experiments that revealed the
essential role ol air in the growth ol green plants.
Priestley. you may recall, discovered oxvgen in
1774. Priestley observed that a candle burning in
a closed space — a bell jar, soon gets extinguished
(Figure 11.1 a, b, ¢. d). Similarly, a mouse would
soon suflocate in a closed space. He concluded that
a burning candle or an animal that breathe the air,
both somehow, damage the air. But when he placed a mint plant in the
same bell jar, he found that the mouse stayed alive and the candle
continued to burn. Priestley hypothesised as [ollows: Plants restore Lo
the air whatever breathing animals and burning candles remove.

Can you imagine how Priestley would have conducted the experiment
using a candle and a plant? Remember, he would need to rekindle the
candle to test whether it burns alter a few days. How many different
wrays can you think of to light the candle without disiurbing the set-up?

Using a similar setup as the one used by Priestley. but by placing it
once in the dark and once in the sunlight, Jan Ingenhousz (17:30-1799}
showed that sunlight is essential to the plant process that somehow
purifies the air fouled by burning candles or breathing animals.
Ingenhousz in an elegant experiment with an aquatic plant showed that
in bright sunlight. small bubbles were [ormed around the green paris
while in the dark they did not. Later he identified these bubbles to be of
oxygen. Hence he showed that it is only the green part of the plants that
could release oxygen.

(d]
Figure 11.1 Priestley’s experiment
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It was not uniil about 1854 that Julius von Sachs provided evidence
for production ol glucose when plants grow. Glucose is usually siored as
starch. His laler siudies showed thal the green subsiance in plants
(chlorophyll as we know it now) is located in special bodies (later called
chloroplasts) within plant cells. He found that the green paris in planis is
where glucose is made, and that the glucose is usually stored as siarch.

Now consider the inleresting experiments done by T.W Engelmann
(1843 - 1909). Using a prism he split light into its speciral components
and then illuminated a green alga, Cladophora, placed in a suspension
ol aerobic bacteria. The bacteria were used to delecl the sites of O,
evolution. He observed that the bacteria accumulated mainly in the region

ol blue and red light of the split spectrum. A [irsi action spectrum of

photosynthesis was thus described. It resembles roughly the absorption
specira of chlorophyll @ and b (discussed in section 11.4).

By the middle of the nineteenth century the key features of plant
pholosynthesis were known. namely, that plants could use light energy
to make carbohydrates from CO, and waler. The empirical equation
representing the total process ol photosynthesis lor oxygen evolving
organisms was then understood as:

CO,+H,0 —u&)[CHIDH a
where [CH,0] represented a carbohydrate (e.g.. glucose, a six-carbon

sugar).

A milestone contribution to the understanding of photosynthesis was
thal made by a microbiologist. Cornelius van Niel (1897-1985b), who.
based on his studies ol purple and green bacieria. demonsirated that
photosynthesis is essentially a light-dependent reaction in which
hydrogen from a suitable oxidisable compound reduces carbon dioxide
Lo carbohydrates. This can be expressed by:

9H,A+CO, — 48 oa . CH,0+H,0

In green plants H,O is the hydrogen donor and is oxidised to O,. Some
organisms do not release O, during photosynthesis. When H,S. instead
is the hydrogen donor for purple and green sulphur bacteria, the
‘oxidation’ produet is sulphur or sulphate depending on the organism
and nol O,. Hence, he inferred thal the O, evolved by the green plant
comes [rom H,0, not [rom carbon dioxide. This was later proved by using
radioisotopic techniques. The correct equation, that would represent the
overall process of photosynthesis is therefore:

60O, +12H,0 — 21 o 11 0. +6H,0+60,

where C, H,, O, represents ghicose. The O, released is [rom waler; this
was proved using radio isolope techniques. Note that this is not a single
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reaction but description of a multistep process called photosynthesis.
Can you explain why hwelve molecules of water as substrate are used
in the equation given above?

11.3 WHERE DOES PHOTOSYNTHESIS TAKE PLACE?

You would of course answer: in ‘the green leafl’ or ‘in the chloroplasts’,
based on what you earlier read in Chapter 8. You are definitely right.
Photosynthesis does take place in the green leaves of plants but it does so
also in other green parts ol the planis. Can you name some other parts
where you think photosynthesis may ocecur?

You would recollect from previous unit that the mesophyll cells in the
leaves. have a large number of chloroplasts. Usually the chloroplasts align
themselves along the walls of the mesophyll cells. such that they get the
optimum quantity of the incident light. When do you think the
chloroplasts will be aligned with thetr flal surfaces parallel to the walls?
When would they be perpendicular to the incident light?

You have studied the structure ol chloroplast in Chapler 8. Within
the chloroplast there is membranous system consisting ol grana. the
siroma lamellae, and the matrix stroma (Figure 11.2). There is a clear
division of labour within the chloroplast. The membrane system is
responsible for trapping the light energy and also for the synthesis of ATP
and NADPH. In stroma, enzymaltic reactions synthesise sugar, which in
turn forms starch. The former set of reactions, since they are directly light
driven are called light reactlons (photochemical reactions). The latter
are not directly light driven bul are dependent on the products of light
reactions (ATP and NADPH). Hence, to distinguish the latter they are called,
by convention, as dark reactions (carbon reactions). However, this should
nol be consirued Lo mean that they occur in darkness or thal they are not

light-dependent.
Outer membrane

Inner membrane

Stromal lamella

— (Grana

—SilToma

Ribosomes

Starch granule

Lipid droplel

Figure 11.2 Diagrammatic representaltion of an electron micrograph of a section of
chloroplasi
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11.4 How Many TYres oF PICMENTS ARE
INvOLVED IN PHOTOSYNTHESIS?

Looking at plants have you ever wondered why
and how there are so many shades ol green in
their leaves — even in the same plant? We can
look for an answer to this question by trying (o
separate the leafl pigments ol any green plant
through paper chromatography. A
chromatographic separation of the leaf pigments
shows that the colour that we see in leaves is
not due to a single pigment but due to four
pigments: Chlorophyll a (bright or blue green
in the chromatogram), chlorophyll b (yellow
green). Xanthophylls (vellow) and carotenoids
(yellow Lo yellow-orange). Lel us now see whal
roles various pigments play in photosynthesis.

Pigments are substances that have an ability
to absorb light., at specific wavelengths. Can you
guess which (s the mosl abundant plant
pigment in the world? Let us study the graph
showing the ability of chlorophyll a pigment to
absorb lights ol different wavelengths (Figure
11.3 a). Of course, you are [amiliar with the
wavelength of the visible spectrum of light as
well as the VIBGYOR.

From Figure 11.3a can you deterinine the
wavelength (colour of light) at which chlorophyll
a shotws the maximum absorption? Does fi
show another absorpltion peak al any other
wavelengths too? If yes, which one?

Now look at Figure 11.3b showing the
wavelengths at which maximum photosynthesis
occurs in a plant. Can you see that the
wavelengths at which there is maximum
absorption by chlorophyll a. i.e.. in the blue and
the red regions, also shows higher rate ol
pholosynthesis. Hence. we can conclude thal
chlorophyll a is the chiefl pigment associated
with photosynthesis. But by looking at Figure
I1.3¢c can you say that there is a complete one-
to-one overlap belween the absorption
specirum of chlorophyll a and the action
spectrum of pholosynthesis?
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These graphs. together. show that most of the photosynthesis takes
place in the blue and red regions of the spectrum: some photosynthesis
does lake place al the other wavelengihs ol the visible spectrum. Lelus
see how this happens. Though chlorophyll is the major pigment
responsible lor trapping light, other thylakoid pigments like chlorophyll
b, xanthophylls and carolenoids, which are called accessory plgments,
also absorb light and (ransfer the energy Lo chlorophyll @ Indeed. they
nol only enable a wider range ol wavelength of incoming light to be utilised
for photosyntesis but also protect chlorophyll a from photo-oxidation.

11.5 Waar 18 LicHT REACTION?

Light reactions or the ‘Pholochemical’ phase
include light absorption, water splitting, oxygen
release, and the formation of high-energy
chemical intermediates, ATP and NADPH.
Several protein complexes are involved in the
process. The pigments are organised inio two
discreie photochemical light harvesting
Baaction complexes ([LHC) within the Photosystem I [PS
cenire I} and Photosystem II (PS I1). These are named
in the sequence of their discovery. and not in the

& = = i i sequence in which they lunction during the light
@ 4. e £ reaction. The LHC are made up of hundreds of

@ 3 = molecules
A .;:'='_- pigment molecules bound to proteins. Each
O @@@ N photosystem has all the pigments (except one
& molecule of chlorophyil a} forming a light

harvesting system also called antennae (Figure
11.4). These pigmentis help to make
photosynthesis more efficient by absorbing
different wavelengths of light. The single chlorophyll amolecule [orms the
reaction centre. The reaction centre is diflerent in both the pholosysiems.
In PS1 the reaction cenire chlorophyll @ has an absorption peak al 700
nm. hence is called P700, while in PS [I it has absorption maxima al 680
nm, and is called P680.

11.6 THE ELECTRON TRANSPORT

In photosystem Il the reaction cenire chlorophyll a absorbs 680 nm
wavelength of red light causing electrons to become excited and jump
into an orbit farther from the atomic nucleus. These electrons are picked
up by an electron acceptor which passes them (o an electrons transport



Puorosynrirsis i Hicner Prants

system consisting of cytochromes (Figure

11.5]). This movement of electrons is downhill, Photosystem Il Photosystem |

in terms of an oxidation-reduction or redox
potential scale. The elecirons are not used up
as they pass through the electron transport
chain, but are passed on (o the pigments of

photosystem PS5 1. Simultaneously. elecirons
in the reaction cenire of PS5 I are also exciied
when they receive red light of wavelength 700

nm and are iranslerred Lo another accepter
molecule thatl has a greater redox potential.
These electrons then are moved downhill again.
this time to a molecule of energy-rich NADP*.
The addition of these electrons reduces NADP*
to NADPH + H*. This whole scheme of transier
ol electrons, starting from the PS II, uphill to
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NADPH

“~NADP*

HzO — Ze+ ZH" + |O)]

the acceplor, down the electron transport chain Figure 11.5 Z scheme of light reaction

to PS5 1. excitation of electrons. transfer to

another acceptor, and finally down hill to NADP* reducing it to NADPH +
H* is called the Z scheme, due Lo its characterstic shape (Figure 11.5).
This shape is lormed when all the carriers are placed in a sequence ona
redox polential scale.

11.6.1 Splitting of Water

You would then ask, How does PS Il supply electrons continuously? The
electrons that were moved from photosystem Il must be replaced. This is
achieved by electrons available due (o splilling of waler. The splitting ol
waler is associated with the PSII; water is split into 2H*, [0] and electrons.
This creates oxygen, one ol the net products of photosynthesis. The
electrons needed to replace those removed from photosystem [ are provided
by photosystem I1.

2H,0 —4H' +0, +4¢

We need to emphasise here that the water splitting complex is associated
with the PS 1I. which itself is physically located on the inner side of the
membrane of the thylakoid. Then, where are the protons and O, formed
likely to be released — in the lumen? or on the outer stde of the membrane?

11.6.2 Cyclic and Non-cyclic Photo-phosphorylation

Living organisms have the capability of extracting energy from oxidisable
substances and store this in the form of bond energy. Special substanceslike
ATP, carry this energy in their chemical bonds. The process through which
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ATPis synthesised by cells (in mitochondria and

Pholosystem | chloroplasts) is named phosphorylation. Photo-
phosphorylation is the synthesis of ATP from
e plor ADP and inorganic phosphate in the presence ol

light. When the two photosystems work in a
A series, first PSNland then the PS1. a process called

Fipure 11.8 Cyclic phoiophosphorylation

non-cyclic photo-phosphorylation occurs. The

Eleciion two pholosysiems are connected through an

transport electron transport chain, as seen earlier —in the

syslem Z scheme. Both ATP and NADPH + H* are

\ synihesised by this kind ol electron llow (Figure
11.5).

@ When only PS1is unctional, the electron is

P 700 circulated within the photosystem and the

phosphorylation occurs due to cyclic flow of
electrons (Figure 11.6). A possible location
where this could be happening is in the siroma
lamellae. While the membrane or lamellae of the grana have both P51
and PS5 I the siroma lamellae membranes lack PS Il as well as NADP
reductase enzyme. The excited electron does not pass on to NADP* but is
cycled back to the PS 1 complex through the electron transport chain
(Figure 11.6). The cyclic flow hence, results only in the synthesis of ATP,
but not of NADPH + H'. Cyclic pholophosphorylation also occurs when
only light of wavelengths beyond 680 nm are available for excitation.

11.6.3 Chemiosmotic Hypothesis

Let us now try and understand how actually ATP is synthesised in the
chloroplast. The chemiosmotic hypothesis has been put lorward (o explain
the mechanism. Like in respiration, in photosynthesis too, ATP synthesis is
linked to development of a proton gradient across a membrane. This time
these are the membranes of thylakoid. There is one dillerence though, here
the proton accumulation is lowards the inside of the membrane, i.e., in the
lumen. In respiration. prolons accumulate in the intermembrane space of
the mitochondria when electrons move through the ETS [Chapter 12).

Let us understand what causes the proton gradient across the
membrane. We need (o consider again the processes thal take place during
the activation of elecirons and their transport to determine the sieps that
cause a proton gradient to develop (Figure 11.7).

{a) Since splitting of the waler molecule takes place on the inner side of
the membrane, the protons or hydrogen ions that are produced by
the splitting of water accumulate within the lumen of the thylakoids.
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Figure 11.7 ATP synthesis through chemiosmosis

(b) As electrons move through the photosystems, protons are transported

{c)

across the membrane. This happens becanse the primary accepter of
electron which is located lowards the ouler side of the membrane
transfers its electron not to an electron carrier but to an H carrier.
Hence, this molecule removes a proton [rom the siroma while
transporting an electron. When this molecule passes on its electron
Lo the electron carrier on the inner side ol the membrane, the proton
is released into the inner side or the lumen side of the membrane.

The NADP reductase enzyme is located on the siroma side of the
membrane. Along with eleclrons that come [rom the acceptor of
electrons ol PS I, protons are necessary lor the reduction of NADFP* to
NADPH+ H*, These protons are also removed [rom the siroma.

Hence, within the chloroplast, prolons in the siroma decrease in

number, while in the lumen there is accumulation of prolons. This creates
a prolon gradient across the thylakoid membrane as well as a measurable
decrease in pH in the lumen.

Why are we so Interested in the proton gradient? This gradient is

important because il is the breakdown ol this gradient that leads to the
synthesis of ATP. The gradient is broken down due (o the movement ol
protons across the membrane (o the siroma through the transmembrane
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channel of the CF ol the ATP synthase. The ATP synthase enzyme consisis
of two paris: one called the CF is embedded in the thylakoid membrane
and [orms a transmembrane channel that carries oul facilitated diffusion
ol protons across the membrane. The other portion is called CF, and
protrudes on the ouler surface of the thylakoid membrane on the side
thal faces the siroma. The break down of the gradient provides enough
energy Lo cause a conformational change in the CF, particle ol the ATP
synithase, which makes the enzyme synthesise several molecules of energy-
packed ATP.

Chemiosmosis requires a membrane, a prolon pump, a prolon
gradient and ATP synthase. Energy is used to pump protons across a
membrane, Lo create a gradient or a high concentration of protons within
the thylakoid lumen. ATP synthase has a channel that allows dilfusion of
proions back across the membrane; this releases enough energy to activate
ATP synthase enzyme that catalyses the formation ol ATP.

Along with the NADPH produced by the movement of elecirons, the
ATPwill be used immediately in the biosynthetic reaction taking place in
the stroma, responsible for fixing CO,, and synthesis of sugars.

11.7 WHERE ARE THE ATP anp NADPH Usebn?

We learnt that the products of light reaction are ATP, NADPH and O,. Of
these O, dilfuses oul of the chloroplast while ATP and NADPH are used to
drive the processes leading to the synthesis of Iood, more accurately, sugars.
This is the blosynthetic phase of photosynthesis. This process does not
directly depend on the presence of light but is dependent on the products
of the light reaction, i.e., ATP and NADPH, besides CO,and H,O. You may
wonder how this could be verified; it is simple: immediately after light
becomes unavailable, the biosynthetic process continues [or some time,
and then stops. Il then. light is made available, the synthesis starts again.

Can we, hence, say that calling the biosynthetic phase as the dark
reaction is a misnomer? Discuss this amongst yourselves.,

Let us now see how the ATP and NADPH are used in the biosynthetic
phase. We saw earlier that CO, is combined with H,O to produce (CH,0)
or sugars. It was ol interest to scientists to find out how this reaction
proceeded, or rather what was the first product lormed when CO, is taken
into a reaction or fixed. Just after world war II, among the several elforis
to pul radioisctopes to benelicial use. the work of Melvin Calvin is
exemplary. The use of radioactive ''C by him in algal photosynthesis
studies led lo the discovery that the first CO, fixation product was a
J-carbon organic acid. He also contributed to working oul the complete
biosynthetic pathway: hence it was called Calvin cycle after him. The
first product identified was 3-phosphoglyceric acid or in short PGA.
How many carbon atoms does it have?
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Scientists also tried to know whether all plants have PGA as the first
product of CO, fixation, or whether any other product was formed in
other plants. Experiments conducled over a wide range ol planis led to

the discovery of another group of plants, where the first stable product of

CO, fixation was again an organic acid, but one which had 4 carbon
aloms in iL. This acid was identified Lo be oxaloacetic acld or OAA. Since
then CO, assimilation during photosynthesis was said to be ol two main
bypes: those plants in which the first product of CO, fixation is a C, acid
(PGA). i.e.. the C, pathway, and those in which the first product wasaC,
acid (OAA). i.e.. the C, pathway. These two groups ol plants showed
other associaled characteristics that we will discuss laler.

11.7.1 The Primary Acceptor of CO,

Let us now ask ourselves a question that was asked by the scientists who
were struggling to understand the ‘dark reaction’. How many carbon atoms
would a molecule have which afier accepting (fixing) CO., would have 3
carbons (of PGA)?

The studies very unexpectedly showed thal the acceplor molecule
was a d-carbon ketose sugar — ribulose bisphosphate (RuBP). Did any
of you think of this possibiliiy? Do nol worry: the scientists also took
a long time and conducted many experiments (o reach this conclusion.
They also believed that since the first product was a C, acid. the primary
acceptor would be a 2-carbon compound: they spent many years trying
Lo identily a 2-carbon compound before they discovered the 5-carbon
RuBF.

11.7.2 The Calvin Cycle

Calvin and his co-workers then worked oul the whole pathway and showed
that the pathway operated in a cyclic manner; the RuBP was regenerated.
Let us now see how the Calvin pathway operates and where the sugar is
synthesised. Lel us at the outset understand very clearly that the Calvin
pathway cccurs in all photosynthetic plants; it does not matter whether
they have C, or C, [or any other) pathways (Figure 11.8).

For ease of understanding. the Calvin cycle can be described under
three stages: carboxylation, reduction and regeneration.

1. Carbozxylation - Carboxylation is the fixation of CO, into a stable organic
intermediate. Carboxvlation is the most crucial step of the Calvin cycle
where CO, is utilised for the carboxylation of RuBP. This reaction is
catalysed by the enzyme RuBF carboxylase which results in the lormation
of two molecules of 3-PGA. Since this enzyme also has an oxygenation
activity it would be more correct to call it RuBP carboxylase-oxyvgenase
or RuBisCO.
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Figure 11.8 The Calvin cycle proceeds in three stages : (1) carboxylation, during which
CO, combines with ribulose-1,5-bisphosphate; (2) reduction, during which
carbolydrate 1s formed at Lthe expense of the pholochemically made ATP
and NADPH; and (3) regencration during which the CO, acceplor ribulose-
1.5-bisphosphate is formed again so that the cycle continues

2. Reduction - These are a series ol reactions that lead to the formation
ol glucose. The steps involve utilisation of 2 molecules of ATP for
phosphorylation and two ol NADPH for reduction per CO, molecule
fixed. The fixation of six molecules of CO, and 6 turns of the cycle are
required [or the formation of one molecule of glucose from the pathway.

3. Regeneration — Regeneration ol the CO, acceplor molecule RuBP is
crucial il the cycle is lo continue uninterrupted. The regeneration
steps require one ATP for phosphorylation to form RuBP.



Puorosynrirsis i Hicner Prants

Hence lor every CO, molecule entering the Calvin cyele. 3 molecules
of ATP and 2 of NADPH are required. Iiis probably to meet this dilference
in number of ATP and NADPH used in the dark reaction that the cyclic
phosphorylation takes place.

To make one molecule of glucose 6 turns of the cycle are required.
Worl out howr many ATP and NADPH molecules will be required to make
one molecule of glucose through the Calvin pathiway.

It might help you to understand all of this il we look at whal goes in
and what comes out ol the Calvin cycle.

In Out
Six CO, One glhucose
18 ATP 18 ADP
12 NADPH 12 NADP

11.8 THE C, PATHWAY

Flanis that are adapted to dry tropical regions have the C, pathway
mentioned earlier. Though these plants have the C, oxaloacetic acid as
the first CO, lixation product they use the C, pathway or the Calvin cycle
as the main biosynthetic pathway. Then. in what way are they dillerent
from C, plants? This is a question that you may reasonably ask.

C, plants are special: They have a special type ol leal anatomy, they
Lolerate higher lemperatures, they show a response Lo high light intensities,
they lack a process called pholorespiration and have greater productivity
ol biomass. Lel us understand these one by one.

Study vertical sections of leaves, one of a C, plant and the otherofa C,
plant. Do you notice the differences? Do both have the same types of
mesophylls? Do they have similar cells around the vascudar bundle sheath?

The particularly large cells around the vascular bundles of the C,
plants are called bundle sheath cells. and the leaves which have such
anatomy are said to have 'Kranz’ anatomy. ‘Kranz’ means ‘wreath’ and
is a refllection of the arrangement of cells. The bundle sheath cells may
form several layers around the vascular bundles: they are characterised
by having a large number of chloroplasts. thick walls impervious to
gaseous exchange and no intercellular spaces. You may like to cul a
section ol the leaves of C, plants — maize or sorghum — to observe the
Kranz anatomy and the distribution of mesophyll cells.

It would be interesting for you (o collect leaves ol diverse species of
plants around you and cut vertical sections of the leaves. Observe under
the microscope — look for the bundle sheath around the vascular
bundles. The presence of the bundle sheath would help you identily
the C, plants.
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Now study the pathway shown in Figure 11.9. This pathway that has
been named the Hatch and Slack Pathway, is again a cyclic process. Let
us study the pathway by listing the sleps.

The primary CO, acceplor is a 3-carbon molecule phosphoenol
pyruvate (PEP) and is present in the mesophyll cells. The enzyme
responsible for this fixation is PEP carboxylase or PEPcase. It is important
Lo regisier that the mesophyll cells lack RuBisCO enzyme, The C, acid
0AA is formed in the mesophyll cells.

It then forms other 4-carbon compounds like malic acid or aspartic
acid in the mesophyll cells itsell, which are transported to the bundle
sheath cells. In the bundle sheath cells these C, acids are broken down
Lo release CO, and a 3-carbon molecule.

The 3-carbon molecule is transported back to the mesophyll where it
is converted to PEP again, thus, completing the cycle.

The CO, released in the bundle sheath cells enters the C, or the Calvin
pathway, a pathway common to all plants. The bundle sheath cells are

Atmaospheric CO5

Plasma

Mesophyl] membrane

cell

(

Cell wall

- Phosphocnol-
prrovate

Fixation

-

C+ acid GJ'ECI-[!

E 3
| Transport

Rregeneration

Plasmuo-
desmata

Bundle
sheath
cell

(.

Transport

b

Fixation by

Cahrin cycle
- C(JE
Decarboxylation € 5 acid

Figure 11.89 Diagrammatic representation of the Hatch and Slack Pathway
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rich in an enzyme Ribulose bisphosphate carboxylase-oxygenase
(RuBisCO). bul lack PEPcase. Thus, the basic pathway that resulis in
the formation of the sugars, the Calvin pathway. is common to the C, and
C, plants.

Did you note that the Calvin pathway occurs in all the mesophyll
cells of the C, plants? In the C, plants il does not take place in Lhe
mesophyll cells but does so only in the bundle sheath cells.

11.9 PHOTORESPIRATION

Let us try and undersiand one more process that creates an important
difference between C, and C, plants — Photorespiration. To undersiand
photorespiration we have to know a little bit more aboul the first step of
the Calvin pathway — the first CO, fixation step. This is the reaction
where RuBP combines with CO, to form 2 molecules ol 3PGA. that is
catalysed by RuBisCO. )

RuBP+CO, —RuBisCo .5, 3pga

EuBisCO that is the most abundant enzyme in the world (Do you
wonder why?) is characterised by the fact that its active site can bind o
both CO, and O, — hence the name. Can you think how this could be
possible? RuBisCO has a much greater affinity for CO, when the CO,: O,
is nearly equal. Imagine what would happen il this were not so! This
binding is competitive. It is the relative concentration of O, and CO, that
determines which of the two will bind to the enzyme.

In C, plants some O, does bind to RuBisCO, and hence CO, fixation is
decreased. Here the RuBP instead of being converted to 2 molecules of
PGA binds with O, to lorm one molecule of phosphoglycerate and
phosphoglycolale (2 Carbon) in a pathway called photorespiration. In
the photorespiratory pathway. there is neither synthesis of sugars. nor of
ATP. Rather it resulls in the release of CO, with the utilisation of ATP. In
the photorespiralory pathway there is no synthesis of ATP or NADPH.
The biological function of photorespiration is not known yet.

In C, plants pholorespiration does not occur. This is because they
have a mechanism that increases the concentration of CO, al the enzyme
site. This takes place when the C, acid from the mesophyll is broken
down in the bundle sheath cells to release CO, — this results in increasing
the intracellular concentration of CO,. In turn, this ensures that the
EuBisCO lunctions as a carboxylase minimising the oxygenase activity.

Now thal you know that the C, plants lack pholorespiralion. you
probably can undersiand why productivity and yields are better in these
plants. In addition these planis show tolerance to higher temperatures.

Based on the above discussion can you compare plants showing
the C, and the C, pathway? Use the table format given in table 11.1 and
fill in the informatiorn.
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TasiE 11.1 Fillin the Columns 2 and 3 in this table to highlight the differences
between C, and C, Plants

Characteristics

Cell type in which the Calvin
cycle takes place

Cell type in which the Initial
carboxylation reacllon occurs

How many cell ypes does the
leal have that lix CO,.

Which is the primary CO, acceplor

Number of carbons 1n the
primary CO, acceplor

Which 1s the primary CO,
fxation product

No. of carbons in Lthe primary
CO, fAxation product

Does the plant have RuBisCO?
Does Lthe plant have PEP Case?

Which cells in Lhe planl have
Rubisco?

CO, fixation rate under high
light conditions

Whether photorespiration is
present at low light intensities

Whether photorespiration is
present at high Hght Intensiles

Whether photorespiration would be
present at low €O, concentratlons

Whether photorespiration would be
present at high €O, coneentrations

Temperaiure oplimum

Examples

C, Plants C, Plants

Choose from
Mesophyll/Bundle sheath/both

Mesophyll/Bundle sheath /both

Two: Bundle sheath and
mesophyll

One; Mesophyll
Three: Bundle shealth, palisade,

spongy mesophyll
BRuBP/PEP/PGA

5/4/3
PGA/OAA/RuBP/PEDP
3/4/5

Yes/No/fMNaol always
Yes/No/Nol always
Mesophyll/Bundle sheath /nmone

Low/ high/ medium
High/negligible /sometimes

High /negligible /sometimes
High/negligible /sometimes
High/negligible /sometimes

30-40 C/20-25C fabove 40 C

Cul vertical sections of leaves of
different plants and observe under
the microscope for Kranz analomy

and lisl them In the appropriale
columns.
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11.10 FACTORS AFFECTING PHOTOSYNTHESIS

An understanding of the factors that allect photosynthesis is necessary.
The rate of photosynthesis is very important in determining the yield of
plants including crop plants. Photosynthesis is under the influence of
several [actors, both internal (plani) and external. The plant factors include
the number, size, age and orientation ol leaves, mesophyll cells and
chloroplasts, internal CO, conceniration and the amount of chlorophyll.
The plant or internal [actors are dependent on the genetic predisposition
and the growth of the plant.

The external factors would include the availability of sunlight.
lemperature, CO, concentration and water. Asa plant pholosynthesises,
all these factors will simultaneously aflect its rate. Hence, though several
factors interact and simullaneously aflect photosynthesis or CO, fixation,
usually one factor is the major cause or is the one that limits the rate.
Hence, at any point the rate will be determined by the factor available at
sub-optimal levels.

When several factors allect any [bio] chemical process, Blackman's
(1905) Law of Limiting Factors comes inio eflect. This states the lollowing:

If a chemical process is affected by more than one factor, then {is
rate will be determined by the f[actor which is nearest [o s minimal
value: it is the [factor which directly affects the process if its quaniity is
changed.

For example, despile the presence ol a green
leal and optimal light and CO, conditions. the
plant may not photosynthesise il the temperature
is very low. This leal, il given the optimal
temperature, will start photosynthesising.

11.10.1  Light

149

L 4

We need Lo distinguish between light quality, light
intensity and the duration of exposure to light,
while discussing light as a facltor that aflects
photosynthesis. There is a linear relationship
between incident light and CO, fixation rates at
low light intensities. At higher light intensities,
gradnally the rate does not show harther increase

Rate of photosynthests

as other [acltors become limiting (Figure 11.10).

What is interesting to note is that light saturation Light intensity

occurs al 10 per cent of the full sunlight. Hence,

D

¥

except for plants in shade or in dense forests, light  Figure 11.10 Graph of light Intensity on the

is rarely a limiting factor in nature. Increase in

rate of photosynihesis
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incident light beyond a point causes the breakdown of chlorophyll and a
decrease in pholosynthesis.

11.10.2 Carbon dioxide Concentration

Carbon dioxide is the major limiting {actor for photosynthesis. The
concentration of CO, is very low in the atmosphere (between 0.03 and
0,04 per cent). Increase in concentration upto 0.05 per cent can cause an
increase in CO, fixation rates; beyond this the levels can become damaging
over longer periods.

The C, and C, plants respond differently to CO, concentrations. Al
low light conditions neither group responds to high CO, conditions. At
high light intensities, both C, and C, plants show increase in the rates of
photosynthesis. Whal is important to note is that the C, plants show
saturation at about 360 plL! while C, responds to increased CO,
concentration and saturation is seen only beyond 450 pll.!. Thus, current
availability of CO, levels is limiting to the C, plants.

The facl that C, planis respond o higher CO, concentration by
showing increased rates of photosynthesis leading to higher productivity
has been used for some greenhouse crops such as tomatoes and bell
pepper. They are allowed (o grow in carbon dioxide enriched atmosphere
that leads to higher yields.

11.10.3 Temperature

The dark reactions being enzymatic are temperature controlled. Though
the light reactions are also lemperature sensitive they are aflected to a
much lesser extent. The C, plants respond to higher temperatures and
show higher rate of pholosynthesis while C, plants have a much lower
temperature optimum.

The temperature optimum [or photosynthesis of different plants also
depends on the habitat that they are adapted to. Tropical plants have a
higher temperature optimum than the plants adapied to temperale
climales.

11.10.4 Water

Even though water is one of the reactants in the light reaction, the eflect of
waler as a factor is more through its effect on the plant. rather than directly
on photosynthesis. Water stress causes the slomaia to close hence reducing
the CO, availability. Besides, waler siress also makes leaves wilt, thus.
reducing the surface area ol the leaves and their metabolic activity as well.
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SUMMARY

Green plants make their own food by photosynthesis. During this process carbon
dioxide [rom the atmosphere is taken in by leaves through stomata and used lor
making carbohydrates, principally glucose and starch. Pholosynthesis takes place
only in the green parts of the plants., mainly the leaves. Within the leaves, the
mesophyll cells have a large number of chloroplasts that are responsible [or CO,
fixation. Within the chloroplasts, the membranes are sites lor the light reaction,
while the chemosynthetic pathway occursin the stroma. Photosynthesis has two
stages: the light reaction and the carbon fixing reactions. In the light reaction the
light energy is absorbed by the pigments present in the antenna, and lunnelled to
special chlorophyll a molecules called reaction centre chlorophylls. There are two
photosystems. PS I and PS II. PS5 | has a 700 nm absorbing chlorophyll a P700
molecule at ils reaction cenire, while PS 11 has a P680 reaction cenire thal absorbs
red light at 680 nm. After absorbing light, electrons are excited and transferred
through PS Il and PS 1 and finally to NAD forming NADH. During this process a
proton gradient is crealed across the membrane of the thylakoid. The breakdown
of the protons gradient due to movement through the F, part of the ATPase enzyme
releases enough energy for synthesis of ATP. Splitting ol water molecules is
associaled with PS Il resulting in the release of O, prolons and transler of elecirons
to PS 1L

In the carbon fixation cycle, CO, is added by the enzyme, RuBisCO. (o a 5-
carbon compound RuBP thal is converled to 2 molecules of 3-carbon PGA. This
is then converted o sugar by the Calvin cycle, and the RuBP is regenerated. During
this process ATF and NADPH synthesised in the light reaction are utilised. RuBisCO
also calalyses a wasleful oxygenation reaction in C, planis: photorespiration.

Some fropical plants show a special type of pholosynihesis called C, pathway.
In these plants the first product of CO, lixation that takes place in the mesophyll,
is a 4-carbon compound. In the bundle sheath cells the Calvin pathway is carried
out for the synthesis of carbohydrates.

EXERCISES

1. By looking at a plant externally can you tell whether a plant 1s C, or C,? Why and
how??

2. By looking at which internal structure of a plant can you tell whether a plant is
C,or C,? Explain.

3. Even though a very [ew cells in a C, plant carry out the biosynthetic — Calvin
pathway, vel they are highly productive. Can you discuss why?
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4. RuBisCO is an enzyme Lthal acts both as a carboxylase and oxygenase. Why do
you think RuBisCO carries out more carboxylation in C, planis?

5. Suppose there were plants thal had a high concentration of Chlorophyll b. but
lacked chlorophyll a. would 1L carry out photosynthesis? Then why do plants
have chlorophyll b and other accessory plgments?

6. Why is the colour of a leal kept In the dark frequenily yellow, or pale green?
Which pigment do you think 1s more stable?

7. Look at leaves of the same plani on the shady side and compare it with the
leaves on the sunny side. Or, compare the potied plants kept In the sunlight with
those in the shade, Which of them has leaves thal are darker green ? Why?

8. Flgure 11.10 shows Lhe effect of ight on the rate of pholosynthesls. Based on Lhe
graph, answer the following questions:

{a) AL which potnt/s (A B or C) in the curve 1s light a imitng factor?
{b) What could be the limiting factor/s in reglon A?

{c) What do C and D represent on the curve?
9. Give comparison between the following:

{a) Cu and E~t pathways

(b) Cyclic and non-cycelic pholophosphorylation

(c) Anatomy of leaf in C, and C, plants
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RESPMTION IN PLANTS

All ol us breathe to live, but why is breathing so essential (o life? What
happens when we breathe? Also, do all living organisms. including plants
and microbes. breathe? If so, how?

All living organisms need energy for carrying oul daily life activities,
be it absorption, transport. movement, reproduction or even breathing.
Where does all this energy come from? We know we eal lood for energy —
but how is this energy taken from lood? How is this energy utilised? Do
all foods give the same amount of energy? Do plants ‘eat™? Where do plants
get their energy from? And micro-organisms — lor their energy
requirements, do they eat ‘food™?

You may wonder at the several questions raised above — they may
seem to be very disconnected. But in reality, the process ol breathing is
very much connected to the process ol release ol energy from food. Let us
iry and understand how this happens.

All the energy required [or ‘life” processes is obtained by oxidation of
some macromolecules that we call ‘food’. Only green planis and
cyanobacteria can prepare their own food: by the process of photosynthesis
they trap light energy and convert it into chemical energy that is stored in
the bonds of carbohydrates like glucose, sucrose and starch. We must
remember that in green plants too. not all cells, lissues and organs
pholosynthesise; only cells containing chloroplasts. that are most ofien
located in the superficial layers, carry oul photosynthesis. Hence, even
in green plants all other organs, tissues and cells that are non-green.
need food lor oxidation. Hence, food has (o be translocated to all non-
green parts. Animals are heterotrophic. i.e.. they obtain [ood from planis
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directly [(herbivores) or indirectly (carnivores). Saprophytes like lungi are
dependent on dead and decaying maltter. Whal is imporianl to recognise
is that ultimately all the food that is respired for life processes comes from
photosynthesis. This chapler deals with cellular respiration or the
mechanism of breakdown ol food materials within the cell to release
energy, and the trapping ol this energy for synthesis ol ATP.

Photosynthesis, of course, takes place within the chloroplasts {in the
eukaryoles), whereas the breakdown of complex molecules (o vield energy
lakes place in the cyloplasm and in the mitochondria (also only in
eukaryotes). The breaking of the C-C bonds of complex compounds
through oxidation within the cells, leading to release of considerable
amount of energy is called respiration. The compounds that are oxidised
during this process are known as respiratory substrates. Usually
carbohydrates are oxidised to release energy, bul proteins, fats and even
organic acids can be used as respiralory substances in some plants, under
ceriain conditions. During oxidation within a cell, all the energy contained
in respiralory subsirates is nol released [ree into the cell, or in a single
slep. It is released in a series of slow step-wise reactions controlled by
enzymes, and it is irapped as chemical energy in the form of ATP. Hence,
it is important to undersiand that the energy released by oxidation in
respiration is not {or rather cannot be) used directly bul is used to
synthesise ATP, which is broken down whenever (and wherever) energy
needs to be utilised. Hence, ATP acts as the energy currency of the cell.
This energy trapped in ATP is utilised in various energy-requiring
processes ol the organisms, and the carbon skeleton produced during
respiration is used as precursors [or biosynthesis of other molecules in
the cell.

12.1 Do PLanTts BREATHE?

Well, the answer to this queslion is nol quite so direcl. Yes. plants require
O, lor respiration to occur and they also give out CO,. Hence, plants have
systems in place thal ensure the availability of O,. Plants, unlike animals,
have no specialised organs for gaseous exchange but they have stomata
and lenticels for this purpose. There are several reasons why plants can
gel along wilthoul respiratory organs. Firsi, each plant part lakes care of
its own gas-exchange needs. There is very litile transport of gases from
one plant part to another. Second. planis do not present great demands
lor gas exchange. Roots, stems and leaves respire al rates far lower than
animals do. Only during photosynthesis are large volumes of gases
exchanged and, each leal is well adapted to take care of ils own needs
during these periods. When cells pholosynthesise, availability ol O, is not
a problem in these cells since O, is released within the cell. Third. the
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distance that gases must diffuse even in large. bulky plants is not great.
Each living cell in a planl is localed quite close Lo the surface of the plant.
“This is true lor leaves’, you may ask, ‘but what about thick, woody siems
and roots? In stems, the ‘living’ cells are organised in thin layers inside
and beneath the bark. They also have openings called lenticels. The cells
in the interior are dead and provide only mechanical support. Thus, most
cells ol a plant have at least a part of their surface in contact with air. This
is also [acilitated by the loose packing of parenchyma cells in leaves, stems
and roots. which provide an interconnected network of air spaces.

The complete combustion of glucose. which produces CO, and H,0
as end products, yields energy most of which is given oul as heat.

C:H,,0; + 60, —— 6CO, +6H,0+ Energy

Il this energy is to be uselul (o the cell. it should be able (o utilise it to
synthesise other molecules thal the cell requires. The stralegy thal the
plant cell uses is to catabolise the glucose molecule in such a way that
not all the liberaled energy goes out as heal. The key is to oxidise glucose
nol in one step bul in several small sieps enabling some steps Lo be just
large enough such that the energy released can be coupled lo ATP
synithesis. How this is done is, essentially, the story ol respiration.

During the process of respiration, oxygen is utilised, and carbon
dioxide. water and energy are released as products. The combustion
reaction requires oxygen. But some cells live where oxygen may or may
nol be available. Can you think of such situations (and organisms)] where
0, ts not available? There are sullicient reasons to believe that the first
cells on this planet lived in an atmosphere that lacked oxygen. Even
among preseni-day living organisms, we know ol several thal are adapted
to anaerobic conditions. Some of these organisms are facultative
anaerobes, while in others the requirement for anaerobic condition is
obligate. In any case, all living organisms reiain the enzymatic machinery
Lo partially oxidise glucose without the help of oxygen. This breakdown
ol glucose to pyruvic acid is called glycolysis.

12.2 GLYCOLYSIS

The term glycolysis has originated from the Greek words, glycos lor sugar,
and lysis for splitting. The scheme of glycolysis was given by Gustav
Embden. Otto Meyerhof. and J. Parnas, and is ofien referred to as the
EMP pathway. In anaerobic organisms. it is the only process in respiration.
Glycolysis occurs in the cytoplasm of the cell and is present in all living
organisms. In this process, glucose undergoes partial oxidation Lo form
two molecules of pyruvic acid. In plants, this glucose is derived from
sucrose, which is the end producl of photosynthesis, or [rom siorage

165



156

Gilucose

m lgk]

l’."ll!illli::.P hosphate

lucose- pha
[5‘5

Fructose- ﬁ(}:\lmsghme
(GL)
ATP

ADP
Fructosel, 6-bisphosphate
(EEILSP -

Triose phosphate
(glyceraidehyde. 2 phosphate) —— (DiBydroxy acetone
KNHID [3C)

2 x Triose bisphosphate
(1.3 bisphosphogiyveeric acid)
2]

ADP
[ATR
2 x Triose
(3-phosphoglyeeric actd)
13€)

|

2 x 2-phosphoglycerate
HO

2 x phosphoenolpyruvate
ADP

TP

2 x Pyruvic ackd
(2C)

Figure 12.1 5Sieps of glycolysis

carbohydrates. Sucrose is converted into glucose
and [ructose by the enzyme, inveriase, and these
two monosaccharides readily enter the glycolytic
pathway. Glucose and I[ructose are
phosphorylated lo give rise to glucose-6-
phosphate by the aclivity of the enzyme
hexokinase. This phosphorylated form ol
glucose then isomerises o produce fructose-6-
phosphate. Subsequent sieps of metabolism of
glucose and fructose are same. The various
steps of glycolysis are depicted in Figure 12.1.
In glycolysis, a chain of ten reactions, under the
control of different enzymes. takes place to
produce pyruvale from glucose. While studying
the steps ol glycolysis. please nole the sieps at
which utilisation or synthesis of ATP or (in this
case) NADH + H* lake place.

ATP is ulilised al two steps: lirst in the
conversion of ghacose into glucose 6-phosphalte
and second in the conversion ol [ructose
6-phosphate to [ruclose 1, 6-bisphosphate.

The [ructose 1, 8-bisphosphale is split
into dihydroxyacelone phosphate and
3-phosphoglyceraldehyde (PGAL). We [ind
that there is one step where NADH + H' is
[ormed from NAD*; Lhis is when
3-phosphoglyceraldehyde (PGAL) is converted
to 1, 3-bisphosphoglycerate (BPGA). Two
redox-equivalents are removed (in the [orm of
two hydrogen atoms) from PGAL and translerred
to a molecule of NAD®, PGAL is oxidised and
with inorganic phosphate to gel converted into
BPGA. The conversion of BPGA o
3-phosphoglyceric acid (PGA], is also an energy
yielding process; this energy is trapped by the
formation of ATP. Another ATP is synthesised
during the conversion of PEP to pyruvic acid.
Can you then calculate how many ATP
molecules are directly synihesised in this
pathway from one glucose molecule?

Pyruvic acid is then the key product of
glycolysis. What is the metabolic [ate of
pyruvate? This depends on the cellular need.
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There are three major ways in which dillerent cells handie pyruvic acid
produced by glycolysis. These are lactic acid lermentation. alcoholic
fermentation and aerobic respiration. Fermentation takes place under
anaerobic conditions in many prokaryoles and unicellular eukaryotes.
For the complete oxidation of glucose to CO, and H,O, however, organisms
adopt Krebs’ cycle which is also called as aerobic respiration. This requires

0, supply.
12.3 FERMENTATION

In lermentation, say by yeast, the incomplete oxidation of glucose is
achieved under anaerobic conditions by sets of reactions where pyruvic
acid is converted to CO, and ethanol. The enzymes, pyruvic acid
decarboxylase and alcohol dehydrogenase catalyse these reactions. Other
organisms like some bacteria produce lactic acid from pyruvic acid. The
steps involved are shown in Figure 12.2. In animal cells also, like muscles
during exercise. when oxygen is inadequate lor cellular respiration pyruvic
acid is reduced to lactic acid by lactate dehydrogenase. The reducing
agent is NADH+H* which is reoxidised to NAD*
in both the processes.

In both lactic acid and alcohol

fermentation nol much energy is released; less Qlacuss

than seven per cent of the energy in glucose is 'LL
released and nol all of it is trapped as high U,

energy bonds of ATP. Also. the processes are Glyceraldehyde
hazardous — either acid or alcohol is produced. 3-Phosphate
Whalt is the nel ATPs thal is synthesised

{calculate how many ATP are synihesised and

deduct the number of ATP utilised during

glycolysis) when one molecule of glucose is NADI+H"
fermented to alcohol or lactic acid? Yeasts 3-Phosphoglyceric
poison themselves Lo death when the ﬂﬂid
concentration ol alcohol reaches aboul 13 per

cent. What then would be the maximum

conceniration of alcohol in beverages that thphnmm /

are naturally fermented? How do you think Brrurit-aii
alcoholic beverages of alcohol content greater )
than this concentration are obtained?

Etha_nnl+CD
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NAD"
NADH+H'

% NﬁDHH—F

Figure 12.2 Major pathways of anaerobic

What then is the process by which respiration
organisms can carry oul complete oxidation of
glucose and extracl the energy slored Lo
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Pyruvic acid + CoA + NAD"

Biolooy

synthesise a larger number ol ATP molecules needed for cellular
metabolism? In eukaryotes these sieps take place within the mitochondria
and this requires O,. Aeroblc respiration is the process thal leads to a
complete oxidation of organic subsiances in the presence of oxygen, and
releases CO,, water and a large amount of energy present in the substrate.
This type of respiration is most common in higher organisms. We will
look al these processes in the next section.

12.4 ArROBIC RESPIRATION

For aerobic respiration to take place within the mitochondria, the final
product of glycolysis, pyruvate is transporied from the cytoplasm into
the mitochondria. The crucial events in aerobic respiration are:

®* The complete oxidation of pyruvale by the stepwise removal of all
the hydrogen atoms. leaving three molecules of CO,.

®* The passing on of the elecirons removed as part of the hydrogen
atoms to molecular O, with simultaneous synthesis of ATF.

What is interesting (o note is that the first process takes placein the
malrix ol (he mitochondria while the second process is localed on the
inner membrane of the mitochondria.

Pyruvate,. which is formed by the glycolytic catabolism of carbohydrates
in the cytosol. alter it enters mitochondrial mairix undergoes oxidative
decarboxylation by a complex sel ol reactions catalysed by pyruvic

dehydrogenase. The reactions catalysed by pyruvic dehydrogenase require
the participation of several coenzymes, including NAD® and Coenzyme A.

M gz +
Pyruvale dehydrogenase

+ Acetyl CoA+CQO, + NADH + H'

During this process, two molecules of NADH are produced from the
metabolism of two molecules of pyruvic acid (produced from one glucose
molecule during glycolysis).

The acetyl CoA then enters a cyclic pathway, tricarboxylic acid cycle,
more commonly called as Krebs' cycle alter the scientist Hans Krebs who
first eluecidated it.

12.4.1 Tricarboxylic Acid Cycle

The TCA cycle starts with the condensation of acetyl group with oxaloacetic
acid [OAA) and water o yield citric acid (Figure 12.3). The reaction is
catalysed by the enzyme citrale synthase and a molecule of CoA is released.
Citrale is then isomerised lo isocitrate. It is lollowed by two successive
sleps of decarboxylation, leading (o the lormation of a-ketoglutaric acid
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and then succinyl-CoA. In the remaining steps F}’:':'Jlé?iﬂ
of citric acid cycle, succinyl-CoA is oxidised Lo CoA -\ NALY
DAA allowing the cycle to continue. During the NADERT
conversion of succinyl-CoA Lo succinic acid a Acetyl cobnz E{?{
molecule of GTP is synthesised. This is a £2c)
subsirate level phosphorylation. In a coupled
reaction GTP is converted o GDF wilh the Dxaluazx&t;t acid S e
simultanecus synthesis of ATP from ADP. NADIHT (BC) N CO,
Also there are three points in the cycle where NALY Y il
NAD' is reduced to NADH + H* and one point u_mﬂmuim‘:w
where FAD® is reduced to FADH,. The Malic acid Be)
continued oxidation of acetyl CoA via the TCA MC: ARG AD) LR _:-p.cg!

cycle requires the continued replenishment of FADI, .D

oxaloacetic acid, the lirst member of the cycle. »

CNMJ'
.. NADERST

FAD® . Succtmic acid CDpP

In addition it also requires regeneration of {4C)
NAD* and FAD* from NADH and FADH,
respectively. The summary equation for this
phase of respiration may be written as lollows:

Pyruvicacid + 4NAD' + FAD' + 2H,0 + ADP+ py — Mitochondrial Matrix , 50

We have till now seen that glucose has been broken down to release
CO, and eight molecules of NADH + H*; two of FADH, have been
synthesised besides just two molecules of ATP in TCA cycle. You may be
wondering why we have been discussing respiration at all — neither O,
has come inlo the picture nor the promised large number of ATP has yel
been synthesised. Also what is the role of the NADH + H* and FADH, that
is synthesised? Let us now undersiand the role of O, in respiration and
how ATP is synthesised.

12.4.2 Electron Transport System (ETS) and Oxidative
Phosphorylation

The [ollowing steps in the respiralory process are lo release and ultilise
the energy stored in NADH+H" and FADH, This is accomplished when
they are oxidised through the electron transport system and the elecirons
are passed on to O, resulling in the formalion of H /O. The metabolic
pathway through which the electron passes [rom one carrier to another,
is called the electron transport system (ETS) (Figure 12.4) and it is
present in the inner milochondrial membrane. Electrons from NADH

Figure 12.3 The Clirie acld cycle

+ 4NADH + 4H'
+ FADH, + ATP
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produced in the mitochondrial matrix
during citric acid cycle are oxidised by
an NADH dehydrogenase {complex I},
and elecirons are then transferred Lo
ubiquinone located within the inner
membrane. Ubiquinone also receives
reducing equivalents via FADH, (complex
I1) that is generated during oxidation of
succinate in the cilric acid cycle. The
reduced ubiquinone (ubigquinol) is then
oxidised with the transfer of electrons to
cytochrome ¢ via cytochrome be,
complex (complex III). Cytochrome cisa
small protein attached to the outer
surface of the inner membrane and acts
as a mobile carrier for transfer of
elecirons between complex Il and IV.
Complex IV refers to cytochrome ¢
oxidase complex containing cytochromes
aand a,. and two copper centires.

When the electrons pass [rom one
carrier {o another via complex [ to IV in
the electron transport chain. they are
coupled to ATP synthase [complex V) for
the production of ATP from ADP and
inorganic phosphate. The number of ATP
molecules synthesised depends on the
nature of the eleciron donor. Oxidation
of one molecule of NADH gives rise to 3
molecules of ATP, while thal of one
molecule of FADH, produces 2 molecules
of ATP. Although the aerobic process of
respiration takes place only in the
presence of oxygen. the role of oxygen is
limited to the terminal stage ol the
process. Yel, the presence of oxygen is

vital, since it drives the whole process by removing hydrogen [rom the
system. Oxygen acts as the final hydrogen acceplor. Unlike
photophosphorylation where it is the light energy thal is utilised for the
production of proton gradient required for phosphorylation. in respiration
itis the energy of oxidation-reduction utilised for the same process. ILis
for this reason that the process is called oxidative phosphorylation.

You have already studied about the mechanism ol membrane-linked
ATP synthesis as explained by chemiosmotic hypolhesis in the earlier
chapter. As mentioned earlier, the energy released during the electron
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transport system is utilised in synthesising ATP
with the help ol ATP synthase (complex V). This
complex consists of two major components. F,
and F, (Figure 12.5). The F, headpiece is a
peripheral membrane protein complex and
contains the site for synthesis of ATP from ADP
and inorganic phosphate. F_ is an integral
membrane protein complex that lorms Lhe
channel through which protons cross the inner
membrane. The passage of prolons through
the chanmnel is coupled to the calalytic site of
the F, component for the production of ATP.
For each ATP produced, 4H* passes through

F, from the intermembrane space to the matrix
down the electrochemical proton gradient.

12.5 THE RESPIRATORY BALANCE SHEET
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Figure 12.5 Diagramalic presentation of ATP
synthesls In milochondria

It is possible to make calculations of the net gain of ATP for every glucose
molecule oxidised: but in reality this can remain only a theoretical exercise.
These calculations can be made only on certain assumptions that:

® There is a sequential. orderly pathway unctioning. with one
substrate lorming the next and with glycolysis, TCA cycle and ETS

pathway following one after another.

® The NADH synthesised in glycolysis is transferred into the
mitochondria and undergoes oxidative phosphorylation.

® None of the intermediates in the pathway are utilised Lo synthesise

any other compound.

®*  DOnly ghucose is being respired — no other allernative subsirales are
entering in the pathway at any of the intermediary stages.

But this kind of assumptions are not really valid in a living system: all
pathways work simultaneously and do not take place one alter another;
subsirates enter the pathways and are withdrawn from il as and when
necessary:; ATP is utilised as and when needed; enzymalic rates are
controlled by multiple means. Yel. it is useful to do this exercise to
appreciate the beauty and efficiency ol the living system in exiraction
and storing energy. Hence, there can be a nel gain of 38 ATP molecules
during aerobic respiration of one molecule of glucose.
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Now lel us compare [ermentation and aerobic respiration:

®* Fermentation accounts for only a partial breakdown ol glucose
whereas in aerobic respiration il is completely degraded Lo CO, and

H,0.

*®* In lermentation there is a net gain of only two molecules of ATP for
each molecule of glucose degraded to pyruvic acid whereas many
more molecules of ATP are generated under aerobic conditions.

® NADH is oxidised to NAD* rather slowly in fermentation, however
the reaction is very vigorous in case ol aerobic respiration.

12.6 AmMPHIBOLIC PATHWAY

Glucose is the favoured substrate for respiration. All carbohydrates are
usually first converied into glucose belore they are used [or respiration.
Other substrales can also be respired, as has been mentioned earlier, but
then they do nol enter the respiratory pathway at the lirst step. See Figure
12.6 to see the points ol eniry of diflerent substrales in the respiratory
pathway. Fats would need to be broken down into glycerol and fatty acids
first. If [atty acids were to be respired they would first be degraded to
acetyl CoA and enter the pathway. Glyecerol would enter the pathway
alter being converted to PGAL. The proleins would be degraded by
proteases and the individual amino acids (alter deamination) depending
on their structure would enter the pathway at some stage within the Krebs'
cycle or even as pyruvale or acetyl CoA.

Since respiration involves breakdown of substrates, the respiratory
process has traditionally been considered a calabolic process and the
respiralory pathway as a catabolic pathway. But is this understanding
correct? We have discussed above, al which poinis in the respiratory
pathway dillerent subsirates would enter il they were to be respired and
used lo derive energy. What is imporiant to recognise is that it is these very
compounds that would be withdrawn from the respiratory pathway for the
synthesis of the said substrales. Hence, [atty acids would be broken down
to acetyl CoA before entering the respiratory pathway when itisused asa
subsirate. But when the organism needs Lo synthesise falty acids. acetyl
CoA would be withdrawn [rom the respiratory pathway lor it. Hence, the
respiratory pathway comes inio the picture both during breakdown and
synthesis of fatty acids. Similarly, during breakdown and synthesis of
proiein too, respiratory intermediates form the link. Breaking down
processes within the living organism is catabolism. and synthesis is
anabolism. Because the respiratory pathway is involved in both anabolism
and catabolism, it would hence be better to consider the respiratory pathway
as an amphibolic pathway rather than as a catabolic one.
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Figure 12.6 Intcrrelationship among metabolic pathways showing resplrallon
mediated breakdown of different organic molecules Lo CO, and H,0

12.7 RESPIRATORY QUOTIENT

Let us now look at another aspect of respiration. As you know, during
aerobic respiration, O, is consumed and CO, is released. The ratio of the
volume of CO, evolved to the volume ol O, consumed in respiration is

called the respiratory quotient (RQ) or respiratory ratio.

RQ = volume of CO, evolved
~ volume of O, consumed

The respiralory quotient depends upon the type of respiratory

subsirate used during respiration.
When carbohydraies are used as subsirale and are completely

oxidised, the RQ will be 1, because equal amounts of CO, and O, are
evolved and consumed, respectively, as shown in the equation below :
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C,H,,0, + 60, — s 6CO, +6H,0+Energy

6C0,
=1.0
60,

2

RQ =

When [ats are used in respiration, the R() is less than 1. Calculations
lora fatty acid. tripalmitin, il used as a subsirate is shown:

2{C, Ha,0g) + 1450, —— 102C0, + 98H, 0 + energy
Tripalmitin

rg = 10260,

1450,

=0.7

When proieins are respiratory substrates the ratio would be about
0.9.

What is important to recognise is that in living organisms respiratory
subsirates are often more than one; pure proteins or [ats are never used
as respiratory subsirates.

SUMMARY

Plants unlike animals have no special systems for breathing or gaseous exchange.
Stomata and lenticels allow gaseous exchange by diffusion. Almost all living cells
in a plant have their surlaces exposed to air.

The breaking of C-C bonds of complex organic molecules by oxidation cells
leading to the release of a lot of energy is called cellular respiration. Glucose is the
[avoured substrale [or respiration. Fals and proteins can also be broken down Lo
yield energy. The initial stage of cellular respiration takes place in the cytoplasm.
Each glucose molecule is broken through a series of enzyme catalysed reactions
into two molecules of pyruvic acid. This process is called glycolysis. The [ate of the
pyruvate depends on the availability of oxygen and the organism. Under anaerobic
conditions either lactic acid fermentation or alcohol [ermentatlion occurs.
Fermentation lakes place under anaerobic conditions in many prokaryoles,
unicellular enkaryotes and in germinating seeds. In enkaryotic organisms aerobic
respiration occurs in the presence of oxygen. Pyruvic acid is transported into the
mitochondria where it is converted into acetyl CoA with the release of CO,. Acetyl
CoA then entiers the tricarboxylic acid pathway or Krebs' cycle operating in the
mairix ol the mitochondria. NADH + H® and FADH, are generated in the Krebs'
cycle. The energy in these molecules as well as that in the NADH+ H* synthesised
during glveolysis are used to synthesise ATP. This is accomplished through a
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system ol electron carriers called electron transport system (ETS) located on the
inner membrane of the mitochondria. The electrons, as they move through the
system. release enough energy that are irapped Lo synthesise ATP. This is called
oxidative phosphorylation. In this process O, is the ultimate acceplor of electrons
and il gets reduced lo water.

The respiratory pathway is an amphibolic pathway as it involves both anabolism
and catabolism. The respiratory quotient depends upon the type ol respiratory
substance used during respiration.

EXERCISES

1. Differentiate between

[a) Respiration and Combustion

(b) Glycolysis and Krebs' cycle

{c) Aerobic respiration and Fermentation

What are resplratory subsirates? Name the most common respiratory substrate.
Cive the schematic representation of glycolysis?

@ N

Whal are the main sleps in aerobic respiration? Where does 1l Llake place?
Gtve Lhe schematic representation of an overall view of Krebs' cycle.
Explain ETS.

Distinguish between the following:

(a) Aerobic respiration and Anaeroble respiration

{b) Glycolysis and Fermeniation

(c] Glycolysis and Cliric acid Cycle

8. What are the assumptions made during the calculation of nel gatn of ATP?

9. Discuss “The respiratory pathway 1s an amphibolic pathway.”
10. Define R{). What 1s its value for fats?
11. What Is exidative phosphorylation?
12, What is the significance of step-wise release of energy in respiration?

e S~ L o
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CHAPTER 13

PIANT GROWTH AND DEVELOPMENT

You have already studied the organisation of a lowering plant in Chapter
5. Have you ever thought about where and how the structures like roots,
stems, leaves, [lowers, [ruits and seeds arise and that too in an orderly
sequence? You are, by now, aware of the terms seed, seedling, plantlet,
mature plant. You have also seen thalt irees continue lo increase in height
or girth over a period of time. However, the leaves, [lowers and fruits of the
same iree nol only have limiled dimensions bul alsc appear and [all
periodically and some time repeatedly. Why does vegelative phase precede
flowering in a plant? All plant organs are made up of a variety of tissues; is
there any relationship between the siructure of a cell. a tissue, an organ
and the lunction they perform? Can the structure and the function of these
be altered? All cells of a plant are descendents of the zygote. The question
is, then, why and how do they have dillerent structural and lunctional
attributes? Development is the sum ol two processes: growth and
dilferentiation. To begin with, it is essential and sullicient to know that the
development of a mature plant from a zygote (lertilised egg) follow a precise
and highly ordered succession of events. During this process a complex
body organisation is formed thal produces roots, leaves, branches, flowers,
fruits, and seeds, and eventually they die (Figure 13.1). The first step in the
process of plant growth is seed germination. The seed germinates when
favourable conditions for growth exist in the environment. In absence ol
such favourable conditions the seeds do not germinate and goes into a
period of suspended growih or rest. Once [avourable conditions return,
the seeds resume metabolic activities and growth takes place.

In this chapter. you shall also study some of the [actors which
govern and control these developmental processes. These [actors are both
intrinsic (internal) and extrinsic [exiernal) Lo the plant.
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Soll line  Cotyledon

Figure 13.1 Germinalion and seedling development in bean '

13.1 GrowTH

Growth is regarded as one of the most fundamental and conspicuous
characteristics of a living being. What is growth? Growth can be defined
as an irreversible permanent increase in size of an organ or its parts or
even of an individual cell. Generally, growth is accompanied by metabolic
processes (both anabolic and catabolic). thal occur at the expense of
energy. Therelore, for example, expansion of a leal'is growth. How would
you describe the swelling of piece of wood when placed in water?

13.1.1 Plant Growth Generally is Indeterminate

Plant growth is unigue becanse plants retain the capacity lor unlimited
growth throughout their life. This ability of the plants is due to the presence
of meristems al certain locations in their body. The cells of such meristems
have the capacity to divide and self-perpetuate. The product. however.
soon loses the capacity to divide and such cells make up the plant body.
This form of growth wherein new cells are always being added to the
plant body by the activity of the meristem is called the open form of growth.
What would happen if the meristem ceases (o divide? Does this ever
happen?

In earlier classes, you have studied aboul the root apical meristem
and the shoot apical meristem. You know that they are responsible for
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. Shool apical
meristem
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cambium
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Figure 13.2 Diagrammalic representation of
locations of rool apical meristem.
shoot aplical meristiem and

vascular cambium. Arrows exhibit
the direction of growth of cells and
OTgan

Figure 13.3 Detectlon of zones of elongation by
the parallel Une technique. Zones
A, B, C, D immediately behind the
apex have elongated most.
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the primary growth of the plants and principally
confribule to the elongation of the plants along
their axis. You also know that in dicotyledonous
plants and gymnosperms, the lateral meristems,
vascular cambium and cork-cambium appear
later in life. These are the meristems thal cause
the increase in the girth of the organs in which
they are active. This is known as secondary
growth ol the plant (see Figure 13.2).

13.1.2 Growth is Measurable

Growth, at a cellular level, is principally a
conseguence ol increase in the amount of
protoplasm. Since increase in protoplasm is
difficult to measure direcily, one generally
measures some quantily which is more or less
proportional to it. Growth is, therefore,
measured by a variety ol parameters some of
which are: increase in fresh weight, dry weight,
length. area. volume and cell number. You may
[ind il amazing to know Lhal one single maize
root apical mersitem can give rise to more than
17.500 new cells per hour, whereas cells in a
watermelon may increase in size by upto
3.50.000 times. In the former. growth is
expressed as increase in cell number; the latter
expresses growth as increase in size of the cell.
While the growth of a pollen tube is measured
in terms of its length, an increase in surface area
denoles the growth in a dorsiveniral leal.

13.1.3 Phases of Growth

The period of growth is generally divided into
three phases, namely, meristematic, elongation
and maturation (Figure 13.3). Lel us
understand this by looking at the rool tips. The
consilantly dividing cells, both atl the rool apex
and the shoot apex, represent the meristemaltic
phase of growth. The cells in this region are rich
in protoplasm, possess large conspicuous
nuclel. Their cell walls are primary in nature,
thin and cellulosic with abundant
plasmodesmatal connections. The cells
proximal {just next, away from the tip) lo the
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meristematic zone represent the phase ol elongation. Increased
vacuolation, cell enlargement and new cell wall deposition are the
characteristics ol the cells in this phase. Further away from the apex, i.e..
more proximal to the phase ol elongation. lies the portion ol axis which is
undergoing the phase ol maturation. The cells of this zone, atlain their
maximal size in terms ol wall thickening and protoplasmic modifications.
Most of the lissues and cell types you have siudied in earlier classes
represent this phase.

13.1.4 Growth Rates

The increased growih per unit time is termed as growth rale. Thus, rate
of growth can be expressed mathemadtically. An organism. or a part of the
organism can produce more cells in a variety ol ways.

(a) Arithmetic {h) Geomelric
=
:
AR
L L
5 P iR

{c] Zygole divided

Geometric phase:
all cells divide

Arithmetic phase @ = Cells capable of division

O = Cells that lose capacity to divide

?i
:
®
=

Figurel3.4 Diagrammatic representation of : {a) Ardthmetc (b) Geomeiric growth and
(o) Slages during embryo development showing geometrie and arithematic
phases
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Height of the plant

Time

Figure 13.5 Conslant linear growtih, a plot

Size /fweight of the organ

Figure 13.6 An ideallsed sigmoid growth
curve typical of cells In culture,
and many higher planis and

of length L against tme

Slationary phase

Time

plant organs

The growth rate shows an increase thal may be
arithmetic or geometrical (Figure 13.4).

In arithmetic growth. [ollowing mitotic cell
division, only one daughter cell continues (o divide
while the other differentiates and matures. The
simplest expression of arithmetic growth is
exemplified by a rool elongating al a constant rate.
Look at Figure 13.5. On plotling the length of the
organ against time, a linear curve is obtained.
Mathematically. it is expressed as

L,=L,+rt

L, =length at time ‘'

L,=length al time ‘zero’

r =growth rate / elongation per unit time.

Let us now see whal happens in geometrical
growth. In mosl sysiems. the initial growth is slow
(lag phase). and it increases rapidly thereafter — at
an exponential rate (log or exponential phase). Here,
both the progeny cells [ollowing mitotic cell division
retain the ability to divide and continue to do so.
However, with limited nuirient supply, the growth
slows down leading to a stationary phase. If we plol
the parameter of growth against time, we get a typical
sigmoid or S-curve (Figure 13.6). A sigmoid curve
is a characteristic of living organism growing in a
natural environment. It is typical for all cells, tissues
and organs ol a plani. Can you think of more similar
examples? What kind of a curve can you expect in
a tree showing seasonal aclivities?

The exponential growth can be expressed as

W, =W,e"

W, = linal size (weight, height, number eic.)
W, = initial size al the beginning of the period
r =growthrale

L =time ol growth

e = base of natural logarithms

Here, r is the relative growth rate and is also the
measure of the ability of the plant to produce new
plant material, referred to as efficiency index. Hence,
the final size of W, depends on the initial size, W,
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Figurel3.7 Diagrammalic comparison of absolute and relative growth rates. Both
leaves A and B have Increased Lheir area by 5 cm® in a given time to
produce A', B' leaves.

Ouantilative comparisons between the growth of living system can
also be made in two ways : (i) measurement and the comparison of total
growth per unit time is called the absolute growth rate. (ii) The growth of
the given system per umnit time expressed on a common basis, e.g., per
unil initial parameter is called the relative growth rate. In Figure 13.7
two leaves, A and B. are drawn that are of different sizes but shows
absolute increase in area in the given time Lo give leaves, A'and B'. However,
one of them shows much higher relative growth rate. Which one and why?

13.1.5 Conditions for Growth

Why do you not try to write down what you think are necessary conditions
for growth? This list may have water. oxygen and nuirients as very essential
elements for growth. The plant cells grow in size by cell enlargement which
in turn requires water. Turgidity of cells helps in exiension growih. Thus.
plant growth and further development is intimately linked to the water
status of the plant. Water also provides the medium for enzymatic activities
needed [or growth. Oxygen helps in releasing metabolic energy essential
for growth activities. Nutrients [macro and micro essential elements) are
required by plants for the synthesis of protoplasm and act as source of
ENergy.

In addition, every planl organism has an optimum temperalure range
besl suited [or its growth. Any deviation from this range could be
detrimental to ils survival. Environmental signals such as light and gravity
also aflect certain phases/stages of growth.
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13.2 DIFFERENTIATION, DEDIFFERENTIATION AND
REDIFFERENTIATION

The cells derived from root apical and shoot-apical meristems and
cambium differentiale and mature to perform specilic functions. This act
leading to maturation is lermed as differentiation. During differentiation,
cells undergo few to major structural changes both in their cell walls and
protoplasm. For example, (o form a tracheary element, the cells would
lose their proloplasm. They also develop a very sirong, elastic,
lignocellulosic secondary cell walls, to carry water Lo long distances even
under extreme tension. Try to correlate the various anatomical features
you encounter in plants to the lunctions they periorm.

Plants show another interesting phenomenon. The living differentiated
cells, that by now have lost the capacity to divide can regain the capacity
of division under certain conditions. This phenomenon is termed as
dedifferentiation. For example. [ormation of meristems - interfascicular
cambium and cork cambium from fully differentiated parenchyma cells.
While doing so, such meristems/lissues are able to divide and produce
cells that once again lose the capacity lo divide bul mature to perform
specific functions. i.e.. get redifferentiated. List some of the tissuesina
woody dicotyledenous plant that are the products of redifferentiation.
How would you describe a tumour? What would you call the parenchyma
cells that are made to divide under controlled laboratory conditions during
plant tissue cullure?

Recall, in Section 13.1.1, we have mentioned that the growth in plants
is open. i.e.. il can be indeterminate or determinate. Now, we may say that
even differentiation in plants is open. because cells /tissues arising out of
the same meristem have different structures at maturity. The final
structure at maturity of a cell /tissue is also determined by the location of
the cell within. For example. cells positioned away Irom rool apical
meristems dilferentiate as root-cap cells, while those pushed to the
periphery mature as epidermis. Can you add a few more examples of
open differentiation correlating the position of a cell to its position in an
organ?

13.3 DEVELOPMENT

Development is a term that includes all changes that an organism goes
through during its life cycle from germination of the seed to senescence.
Diagrammalic representalion of the sequence ol processes which
constitule the development of a cell of a higher plant is given in Figure
13.8. It is also applicable to tissues /organs.
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Figure 13.8 Sequence of the developmenlal process In a plant cell

Plants follow different pathways in response Lo environment or phases
of life to form different kinds of structures. This ability is called plasticity,
e.g., heterophylily in colton, coriander and larkspur. In such plants, the
leaves of the juvenile plant are dillerent in shape [rom those in mature
plants. On the other hand, difference in shapes of leaves produced in air
and those produced in water in buitercup also represenl the
heterophyllous development due to environment (Figure 13.9). This
phenomenon of heterophylly is an example ol plasticity.

Juvenile (@) Adualt

Water habitat

Terrestrial habitat )

Figure 13.9 Heterophylly in (a) larkspur and (b) buttercup
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Thus, growth, differentiation and development are very closely related
evenis in the lile of a plant. Broadly, development is considered as the
sum of growth and differentiation. Development in plants (i.e., both growth
and differentiation) is under the control of intrinsic and exirinsic factors.
The former includes both intracellular (genetic) or intercellular faclors
(chemicals such as plant growth regulators) while the latter includes light,
lemperature. water, oxygen, nuirition. etc.

13.4 PianT GROWTH RECULATORS

13.4.1 Characteristics

The plant growth regulaiors [PGRs] are small, simple molecules of diverse
chemical composition. They could be indole compounds (indole-3-acetic
acid, IAA): adenine derivatives (N®-furfurylamino purine, kinetin),
derivatives ol carotenoids (abscisic acid, ABA); terpenes (gibberellic acid,
GA,) or gases (ethylene, C H ). Plant growth regulators are variously
described as plant growth substances, plant hormones or phytohormones

in literature.

The PGRs can be broadly divided into two groups based on their
flunctions in a living plant body. One group of PGRs are involved in growth
promoting activiles, such as cell division, cell enlargement. paltern
formation, tropic growth, flowering, fruiting and seed [ormation. These
are also called plant growth promoters, e.g.. auxins, gibberellins and
cytokinins. The PGRs of the other group play an important role in plant
responses Lo wounds and siresses of biotic and abiotic origin. They are
also involved in various growth inhibiting activities such as dormancy
and abscission. The PGR abscisic acid belongs to this group. The gaseous
PGR, ethylene, could [it either ol the groups, but it is largely an inhibitor

of growth activities,

13.4.2 The Discovery of Plant Growth Regulators

el

a b C d

Figure 13.10 Experiment used to demonstrate
thal tip of the coleoplile is Lhe
source of auxin. Arrows indicale
direction of light

Interestingly. the discovery of each ol the five
major groups of PGRs have been accidental,
All this started with the observation of Charles
Darwin and his son Francis Darwin when they
observed that the coleoptiles of canary grass
responded lo unilateral illumination by
growing {owards Lhe light source
(phototropism). Afier a series of experiments,
it was concluded that the tip of coleoptile was
the site of transmittable influence thal caused
the bending of the entire coleoptile (Figure
13.10). Auxin was isolated by F.'W. Wenl from
tips of coleoptiles of oat seedlings.
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The ‘bakanae’ (loolish seedling) disease ol rice seedlings, was caused
by a hungal pathogen Gibberella fufikurotl. E. Kurosawa (1926) reporied
the appearance of symploms of the disease in rice seedlings when they
were treated with sterile filirates of the fungus. The active substances
were later identified as gibberellic acid.

F. Skoog and his co-workers observed that Irom the internodal
segments of tobacco stems the callus (a mass of undifferentiated cells)
prolileratled only if, in addition to auxins the nuirients medium was
supplemented with one of the [ollowing: exiracts of vascular tissues, yeast
extract. cocomuil milk or DNA. Miller et al. (1955). later identified and
crystallised the cytokinesis promoting active subsiance that they
termed kinetin.

During mid- 1960s, three independent researches reported the

purification and chemical characterisalion of three different kinds of

inhibitors: inhibitor-B. abscission Il and dormin. Later all the three were
proved to be chemically identical. It was named abscisic acid (ABA).
H.H. Cousins (1910) confirmed the release ol a volalile subsiance from
ripened oranges that hastened the ripening of stored unripened bananas.
Later this volatile substance was identilied as ethylene, a gaseous PGR.
Let us study some of the physiological effects of these five calegories
of PGRs in the nexi section.

13.4.3 Physiological Effects of Plant Growth Regulators
13.4.3.1 Auxins

Auxins (from Greek ‘auxein’ : to grow) was first isolated from human urine.
The term ‘auxin’ is applied to the indole-3-acetic acid (IAA). and to other
natural and synthelic compounds having certain growth regulating
properties. They are generally produced by the growing apices of the stems
and roots, from where they migrate to the regions of their action. Auxins
like IAA and indole butyric acid (IBA) have been isolated [rom plants.
NAA (naphthalene acetic acid) and 2. 4-D (2. 4-dichlorophenoxvacetic)
are syntihetic auxins. All these auxins have been used extensively in
agricultural and horticultural practices.

They help to initiate rooting in stem cultings, an application widely
used for plant propagation. Auxins promote flowering e.g. in pineapples.
They help o prevent fruit and leaf drop at early slages but promote the
abscission of older mature leaves and fruits.

In most higher plants, the growing apical bud inhibits the growih of

the lateral (axillary) buds, a phenomenon called apical dominance.
Remaoval of shoot tips ([decapitation) usunally results in the growth of lateral
buds (Figure 13.11). It is widely applied in tea plantations, hedge-making.
Can you explain why?

175
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Figure 13.11 Aplcal dominance in planis :
(a) A plant with apical bud intact
(b} A plant with apieal bud removed
Note the growth oflateral buds into
branches afler decapitation.
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Auxins also induce parthenocarpy. e.g.. in
tomatoes. They are widely used as herbicides.
2, 4-D, widely used to kill dicotyledonous
weeds, does not affect mature
monocotyledonous plants. It is used to prepare
weed-[ree lawns by gardeners. Auxin also
controls xylem differentiation and helps in cell
division.

13.4.3.2 Gibberellins

Gibberellins are another kind ol promotory
PGE. There are more than 100 gibberellins
reporied from widely different organisms such
as lungi and higher plants. They are denoted
as GA,, GA,, GA, and so on. However,
Gibberellic acid (GA,) was one ol the [irsi
gibberellins to be discovered and remains the

mosi intensively studied lorm. All GAs are
acidie. They produce a wide range of physiological responses in the plants.
Their ability to cause an increase in length ol axis is used to increase the
length of grapes stalks. Gibberellins, cause [ruits like apple to elongate
and improve ils shape. They also delay senescence. Thus, the fruils can
be left on the tree longer so as to extend the markel period. GA, is used to
speed up the malting process in brewing indusiry.

Sugarcane slores carbohydrate as sugar in their stems. Spraying
sugarcane crop with gibberellins increases the length of the stem, thus
increasing the yield by as much as 20 tonnes per acre.

Spraying juvenile conilers with GAs hastens the maturity period, thus
leading to early seed production. Gibberellins also promotes bolting
{internode elongation just prior to lowering) in beel, cabbages and many
plants with rosetie habit.

13.4.3.3 Cytokinins

Cytokinins have specilic effects on cylokinesis, and were discovered as
kinetin (a modified form of adenine, a purine) from the antoclaved herring
sperm DNA. Kinetin does nol occur naturally in plants. Search for natural
substances with cylokinin-like activities led o the isolation of zeatin from
corn-kernels and coconut milk. Since the discovery of zeatin, several
naturally occurring cytokinins, and some synthetic compounds with cell
division promoting activity, have been identified. Natural cytokinins are
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synthesised in regions where rapid cell division occurs, for example, root
apices. developing shool buds, young fruits etc. It helps to produce new
leaves. chloroplasts in leaves, lateral shoot growih and adventitious shoot
lormation. Cytokinins help overcome the apical dominance. They promote
nuirient mobilisation which helps in the delay ol leal senescence.

13.4.3.4 Eihylene

Ethylene is a simple gaseous PGR. It is synthesised in large amounts

by tissues undergoing senescence and ripening fruits. Influences of
ethylene on plants include horizontal growth of seedlings, swelling of

the axis and apical hook lormation in dicot seedlings. Ethylene promotes
senescence and abscission of plant organs especially of leaves and
[lowers. Ethylene is highly effective in fruitl ripening. It enhances the

respiration rate during ripening of the fruits. This rise in rate of

respiration is called respiralory climactic.

Ethylene breaks seed and bud dormancy, initiates germination in
peanut seeds, sprouting of potato tubers. Ethylene promotes rapid
internode /petiole elongation in deep water rice plants. It helps leaves/
upper parts of the shoot to remain above water. Ethylene also promotes
rool growth and root hair formation, thus helping the plants to increase
their absorption surface.

Ethylene is used Lo initiate [lowering and for synchronising fruil-set
in pineapples. It also induces [lowering in mango. Since ethylene regulates
so many physiological processes, il is one of the most widely used PGR in
agriculture. The most widely used compound as source of ethylene is
ethephon. Ethephon in an aqueous solution is readily absorbed and
transported within the plant and releases ethylene slowly. Ethephon
hastens fruil ripening in tomatoes and apples and accelerates abscission
in flowers and fruits (thinning of cotton, cherry, walnut). It promotes female
[lowers in cucumbers thereby increasing the yield.

13.4.3.5 Abscisic acid

As mentioned earlier, abscisic acid (ABA) was discovered lorits role in
regulating abscission and dormancy. But like other PGRs, it also has
other wide ranging effects on plant growth and development. It acisasa
general plant growih inhibitor and an inhibitor of plant metabolism.
ABA inhibils seed germination. ABA stimulates the closure ol stomata
and increases the tolerance of planis to various kinds ol siresses.
Therefore, it is also called the siress hormone. ABA plays an important
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role in seed development, maturation and dormancy. By inducing
dormancy, ABA helps seeds lo withstand desiccation and other factors
unfavourable for growth. In most situations, ABA acts as an antagonist
lo GAs.

We may summarise thatl for any and every phase of growth.
differentiation and development of plants, one or the other PGR has some
role Lo play. Such roles could be complimentary or antagonistic. These
could be individualistic or synergistic.

Similarly, there are a number of events in (he lile of a plant where
more than one PGR interact to affect that event. e.g., dormancy in seeds/
buds, abscission. senescence, apical dominance, elc.

Remember. the role of PGR is of only one kind of intrinsic control.
Along with genomic conirol and extrinsic [actors, they play an important
role in plant growth and development. Many of the extrinsic [actors such
as :emperatufe and light, control plant growth and development via PGR.
Some ol such events could be: vernalisation. lowering, dormancy, seed
germination, plant movements, ete.

" We shall discuss briefly the role of light and temperature (both of them,
the exirinsic [actors) on iniiation of flowering.

SUMMARY

Growth is one ol the most conspicuous events in any living organism. It is
an irreversible increase expressed in paramelers such as size, area, length,
height. volume, cell number ete. It conspicuously involves increased
protoplasmic material. In plants, meristems are the sites of growth. Root
and shool apical meristems sometimes alongwith intercalary meristem,
coniribute Lo the elongation growth of plant axes. Growth is indeterminate
in higher plants. Following cell division in root and shool apical meristem
cells, the growth could be arithmetic or geometrical. Growth may not be
and generally is nol suslained at a high rate throughout the life of cell/
tissue forgan/organism. One can define three principle phases ol growih
— the lag, the log and the senescent phase. When a cell loses the capacity
to divide, it leads to differentiation. Differentiation results in development
of structures that is commensurate with the function the cells finally has
Lo perform. General principles [or diflerentiation for cell, tissues and organs
are similar. A differentiated cell may dedifferentiate and then redifferentiate.
Since dillerentiation in planis is open, the development could also be
flexible, i.e., the development is the sum of growth and differentiation.
Plant exhibit plasticity in development.



Prant GrowTH AND DEVELOPMENT

Plant growth and development are under the control of both intrinsic
and extrinsic factors. Inlercellular intrinsic faclors are the chemical
substances. called plant growth regulators (PGR]. There are diverse groups
of PGRs in plants, principally belonging to five groups: auxins, gibberellins,
cytokinins, abscisic acid and ethylene. These PGRs are synthesised in
various parts ol the plant: they control different differentiation and
developmental events. Any PGR has diverse physiclogical eflects on plants.
Diverse PGRs also manilesi similar effects. PGRs may acl synergistically
or antagonistically. Plant growth and development is also affected by light.
temperature, nuirition, oxygen status, gravity and such external [actors.

EXERCISES

1. Defline growth, differeniiation, development, dedifferentiation,
redilferentiation. determinate growth, meristem and growth rate.

2. Why i1s nol any one parameter good enough lo demonstrale growih
throughout the life of a lowering plant?

3. Describe briefly:
(a) Arithmetic growth
(b) Geometric growth
{c) Stgmotd growth curve
(d) Absolute and relative growth rates
4. List five main groups of natural plant growth regulators. Write a notle

on discovery. phystological funcllons and agricultural /horticultural
applicaiions of any one of them.

Why is abscisic actd also known as stress hormone?
‘Both growih and differentiation in higher plants are open’. Comment.

‘Both a short day plant and a long day plant can produce can flower
simultaneously in a given place’. Explain.

8. Which one of the planl growth regulators would you use if you are
asked to:
(a) induce rooling in a twig
(b) quickly ripen a fruil
{c) delay leal senescence
(d) induce growth in axillary buds
(e} ‘bolt” a roselie plant
(f} mduce immediate stomaital closure in leaves.

9, Would a defollated plani respond Lo pholoperiodic cycle? Why?
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(@) GA, 1s applied Lo rice seedlin,

(b) dividing cells stop differentiating

(c)a rotten frutt gets mixed with unripe fruits

to the culture medium.
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Alfonso Cortd
(1822 — 1888)

Arronso Corr, Itallan anatomist, was born in 1822, Cortl began
his sclentific career studying the cardlovascular syslems of
repliles. Later, he turned his atlenlion to the mammalian
auditory system. In 1851, he published a paper describing a
siructure localed on the basilar membrane of the cochlea
containing hair cells thal convert sound vibrations into nerve
impuiises, the organ of Cortl. He died in the year 1885,
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BREATI-I[NG AND EKCHANGE OF GASES

As you have read earlier. oxygen (O,) is utilised by the organisms to
indirectly break down simple molecules like glucose, amino acids, fatty
acids, etc., lo derive energy Lo perform various activities. Carbon dioxide
(CO,) which is harmiul is also released during the above calabolic
reactions. It is, therefore, evident that O, has to be continuously provided
Lo the cells and CO, produced by the cells have Lo be released out. This
process of exchange of O, from the aimosphere with CO, produced by the
cells is called breathing, commonly known as respiration. Place your
hands on vour chest; you can leel the chest moving up and down. You
know that it is due to breathing. How do we breathe? The respiratory
organs and the mechanism ol breathing are described in the [ollowing
sections ol this chapter.

14.1 ReEsSPIRATORY ORGANS

Mechanisms of breathing vary among different groups of animals
depending mainly on their habitals and levels ol organisation. Lower
inveriebrates like sponges. coelenterates, flatworms, elc., exchange O,
with CO, by simple diffusion over their entire body surface. Earthworms
use their moist cuticle and insects have a network ol tubes [tracheal
tubes) to ransporil atmospheric air within the body. Special vascularised
structures called gills [branchial respiration) are used by most of the
aquatic arthropods and molluscs whereas vascularised bags called lungs
(pulmonary respiration) are used by the terresirial forms for the exchange
of gases. Among vertebrates, fishes use gills whereas amphibians, reptiles,
birds and mammals respire through lungs. Amphibians like frogs can
respire through their moist skin (culaneous respiration) also.
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14.1.1 Human Respiratory System

We have a pair of exlernal nostrils opening out above the upper lips.
It leads to a nasal chamber through the nasal passage. The nasal
chamber opens into the pharynx, a portion ol which is the common
passage for food and air. The pharynx opens through the larynx region
into the trachea. Larynx is a cartilaginous box which helps in sound
production and hence called the sound box. During swallowing glottis
can be covered by a thin elastic cartilaginous flap called epiglottis (o
prevent the entry of food into the larynx. Trachea is a straight tube
extending up to the mid-thoracic cavity, which divides at the level of
5th thoracic vertebra into a right and left primary bronchi. Each bronchi
undergoes repeated divisions to form the secondary and tertiary bronchi
and bronchioles ending up in very thin terminal bronchloles. The
tracheae, primary, secondary and tertiary bronchi, and initial
bronchioles are supported by incomplete cartilaginous rings. Each
terminal bronchiole gives rise (o a number of very thin. irregular-walled
and vascularised bag-like structures called alveoll. The branching
network of bronchi, bronchioles and alveoli comprise the lungs (Figure
14.1). We have two lungs which are covered by a double layered pleara,
with pleural [luid between them. It reduces [riction on the lung-surface.
The outer pleural membrane is in close conlact with the thoracic

Eplglotils
Larynx

Trachea

<

Bromchus

Cul end of Tib : ) 1 Pleural membranes

+ Alveoh
& {] Fleural fhaid

Bronchiole

Diaphragm .

Figure 14.1 Diagrammatic view of human respiratory system (sectlonal view of

Lhe lefi lung s also shown)
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lining whereas the inner pleural membrane is in contact with the lung
surface. The parl starting with the external nosirils up to the terminal
bronchioles constitute the conducting part whereas the alveoli and their
ducts form the respiratory or exchange part of the respiratory system.
The conducting part transports the atmospheric air to the alveoli, clears
il from foreign particles, humidifies and also brings the air to body
temperature. Exchange part is the site of actual diffusion of O, and CO,
between blood and atmospheric air.

The lungs are situated in the thoracic chamber which is anatomically
an air-tight chamber. The thoracic chamber is [ormed dorsally by the
vertebral column, ventrally by the sternum. laterally by the ribs and on
the lower side by the dome-shaped diaphragm. The anatomical setup of
lungs in thorax is such that any change in the volume of the thoracic
cavity will be reflected in the lung (pulmonary) cavity. Such an
arrangement is essential for breathing, as we cannol directly alter the
pulmonary velume.

Respiration involves the [ollowing steps:

(il Breathing or pulmonary ventilation by which atmospheric air
is drawn in and CO, rich alveolar air is released oul.

(i) Diffusion of gases (O, and CO,) across alveolar membrane.
(iiff Transport of gases by the blood.
{iv) Diflusion of O, and CO, between blood and tissues.

fvi Utilisation of O, by the cells lor catabalic reactions and resultant
release quD! [cellular respiration as deall in the Chapter 12]).

14.2 MEcCHANISM OF BREATHING

Breathing involves two stages : inspiration during which atmospheric
air is drawn in and expiration by which the alveolar air is released oul.
The movement of air into and out of the lungs is carried oul by creating a
pressure gradient between the lungs and the atmosphere. Inspiration
can occur il the pressure within the lungs (intra-pulmonary pressure) is
less than the atmospheric pressure, i.e.. there is a negative pressure in
the lungs with respect to atmospheric pressure. Similarly, expiration takes
place when the intra-pulmonary pressure is higher than the atmospheric
pressure. The diaphragm and a specialised set of muscles — external and
internal intercostals between the ribs, help in generation of such gradients.
Inspiration is initiated by the contraction of diaphragm which increases
the volume ol thoracic chamber in the antero-posterior axis. The
conitraction of external inter-costal muscles lifis up the ribs and the
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Figure 14.2 Mechanism of breathing showing :
{a) Inspiration (b) expiration
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sternum causing an increase in the volume of
the thoracic chamber in the dorso-ventral axis.
The overall increase in the thoracic volume
causes a similar inerease in pulmonary
volume. An increase in pulmonary volume
decreases the intra-pulmonary pressure to less
than the atmospheric pressure which [orces
the air from outiside to move inlo the lungs,
i.e., inspiration (Figure 14.2a). Relaxalion of
the diaphragm and the inter-costal muscles
refurns the diaphragm and sternum to their
normal positions and reduce the thoracic
volume and thereby the pulmonary volume.
This leads to an increase in intra-pulmonary
pressure to slightly above the atmospheric
pressure causing the expulsion of air from the
lungs, i.e.. expiration (Figure 14.2b). We have
the ability to increase the strength of
inspiration and expiration with the help of
additional muscles in the abdomen. On an
average, a healthy human breathes 12-16
times,/minute. The volume of air involved in
breathing movements can be estimated by
using a spirometer which helps in clinical
assessment of pulmonary lunctons.

14.2.1 Respiratory Volumes and
Capacities

Tidal Volume (TV): Volume of air inspired or
expired during a normal respiration. It is
approx. 500 mi.. i.e.., a healthy man can
inspire or expire approximately 6000 (o 8000
ml of air per minute.

Inspiratory Reserve Volume (IRV):
Additional volume ol air. a person can inspire
by a lorcible inspiration. This averages 2500
mL to 3000 mL.

Expiratory Reserve Volume (ERV):
Additional volume ol air, a person can expire
by a lorcible expiration. This averages 1000
mL to 1100 mL.
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Residual Volume (RV): Volume ol air remaining in the lungs even after a
lorcible expiration. This averages 1100 mL lo 1200 mL.

By adding up a lew respiralory volumes described above. one can
derive various pulmonary capacities, which can be used in clinical
diagnosis.

Inspliratory Capacity (IC): Total volume ol air a person can inspire
alftier a normal expiration. This includes tidal volume and inspiratory
reserve volume [ TV+IRV).

Expiratory Capaclity (EC): Total volume ol air a person can expire after
a normal inspiration. This includes tidal volume and expiratory reserve
volume (TV+ERV).

Functional Residual Capacity (FRC): Volume of air that will remain in
the lungs after a normal expiration. This includes ERV+RV.

Vital Capacity (VC): The maximum volume of air a person can breathe in
after a forced expiration. This includes ERV, TV and IRV or the maximum
volume of air a person can breathe oul aller a lorced inspiration.

Total Lung Capacity (TLC): Total volume ol air accommodated in the
lungs al the end of a forced inspiration. This includes RV, ERV, TV and
IRV or vital capacity + residual volume.

14.3 EZxcHANGE oF GASES

Alveoli are the primary sites of exchange of gases. Exchange of gases also
occur between blood and tissues. O, and CO, are exchanged in these
sites by simple diffusion mainly based on pressure/concentration
gradient. Solubility of the gases as well as the thickness ol the membranes
involved in diffusion are also some important [actors that can aflect the
rate of diffusion.

Pressure contributed by an individual gas in a mixture ol gases is
called partial pressure and is represented as pO, for oxygen and pCO, for
carbon dioxide. Partial pressures of these two gases in the atmospheric
air and the two sites ol diffusion are given in Table 14.1 and in
Figure 14.3. The data given in the table clearly indicales a concentration
gradient for oxygen from alveoli to blood and blood to tissues. Similarly.
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TasiLe 14.1 Partial Pressures (in mm Hg) of Oxygen and Carbon dioxide at Different

Parts Involved in Diffusion In Comparison to those in Atmosphere

Respiratory Atmospheric Alveoli Blood Blood
Gas Alr [(Deoxygenated) {Oxygenated)
0, 164 104 40 S
CO 0.3 40 45 40

2

Tissues

40

15
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Inspired air Expired alir

Systemic veins —

[carrying deoxvgenated blood)

P, =40 nun Hg
pCO, = 45 mm Hg

Systemic arteries
{carTying oxygenated blood)

p0, =95mm Hg
peCy = 40 mm Hg

Figure 14.3 Diagrammalic representation of exchange of gases al the alveolus and
the body tissues with biood and transport of oxygen and carbon dioxide

a gradient is present lor CO, in the opposite direction. Le., from tissues Lo
blood and blood to alveoli. As the solubility of CO, is 20-25 times higher
than that of O, the amount of CO, that can diffuse through the diffusion
membrane per unit difference in partial pressure is much higher compared

Squamous cplthelium®,
of alveniar wall

[one-celled thick)

Endoihelium of

blood capillary

Figure 14.4 A Dilagram of a section of an
alveolus with a pulmonary
capillary.

to that of O,. The diffusion membrane
is made up ol three major layers
(Figure 14.4]) namely, the thin squamous
epithelium of alveoli, the endothelium of
alveolar capillaries and the basement
substance (composed of a thin basement
membrane supporting the sguamous
epithelium and the basemenl membrane
surrounding the single layer endothelial
cells of capillaries] in beltween them.
However, its lolal thickness is much less
than a millimetre. Therefore, all the [actors
in our body are favourable for diffusion of
O, Irom alveoll o tissues and that of CO,
from lissues to alveoli.
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14.4 TRANSPORT OF GASES
Blood is the medium of transport for O, and CO,,. About 97 percent of O, is
transported by RBCs in the blood. The remaining 3 per cent of O, is carried
in a dissolved state through the plasma. Nearly 20-25 per cent of CO, is
transported by RBCs whereas 70 per cenl of it is carried as bicarbonate.
About 7 per cent of CO, is carried in a dissolved state through plasma.
14.4.1 Transport of Oxygen
Haemoglobin is a red coloured iron containing pigment present in the
RBCs. O, can bind with haemoglobin in a reversible manner to form
oxyhaemoglobin. Each haemoglobin molecule can carry a maximum of
four molecules of O,. Binding of oxygen with haemoglobin is primarily
related to partial pressure of O,. Partial pressure of CO,, hydrogen ion
concentration and temperature are the olher [actors which can interfere
with this binding. A sigmoid curve is obtained when percentage saturation
of haemoglobin with O, is plotted against the
pO,. This curve is called the Oxygen §
dissociation curve (Figure 14.5] and is highly ?
uselul in studying the effect of [actors like =
pCO,, H® concentration, etc., on binding ol O, % 100
with haemoglobin. In the alveoli, where there 3%
is high pO,,, low pCO,, lesser H* concentration ?:.u 80 Fa
and lower temperature. the factors are E f"f
all favourable for the formation of 2 - ,/
oxyvhaemoglobin, whereas in the lissues, i /]
where low pO,. high pCO,, high H* £ /
concentration and higher temperature exist, g w
the conditions are favourable [or dissociation 3
ol oxygen [rom the oxyhaemoglobin. This iﬁ = /
clearly indicates thal O, gels bound to
haemoglobin in the lung surface and geis g 0 20 a0 &0
dissociated at the tissues. Every 100 ml of B Partial pressure of Gxygen (mm Hg
oxygenaled blood can deliver around 5 ml of
O, to the tissues under normal physiological Figure 14.5 Oxygen dissoclation curve

conditions.

14.4.2 Transport of Carbon dioxide

CO, is carried by haemoglobin as carbamino-haemoglobin (about
20-25 per cent). This binding is related to the partial pressure of CO,.
p0, is a major factor which could affect this binding. When pCO, is high
and pO, is low as in the tissues. more binding of carbon dioxide occurs
whereas, when the pCO, is low and p0O, is high as in the alveoli, dissociation
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of CO, from carbamine-haemoglobin lakes place. i.e.. CO, which is bound
Lo haemaoglobin [rom the tissues is delivered al the alveoli. RBCs contain
a very high concentration ol the enzyme, carbonic anhydrase and minute
guaniities ol the same is present in the plasma too. This enzyme [acilitates
the Iollowing reaction in both directions.

Carbonic Carbomie

anhydra anty
CO, + H,0—odrse , 1 €O, i , 1co; +H

Al the tissue sile where partial pressure of CO, is high due (o
catabolism, CO, diffuses into blood (RBCs and plasma) and forms HCO,
and H". Al the alveolar site where pCQ, is low, the reaction proceeds in
the opposite direction leading to the formation of CO, and H,0. Thus,
CO, trapped as bicarbonale al the lissue level and transporied to the
alveoli is released out as CO, (Figure 14.4). Every 100 ml of deoxygenated
blood delivers approximately 4 ml of CO, to the alveoli.

14.5 REGULATION OF RESPIRATION

Human beings have a signilicant ability to maintain and moderate the
respiralory rhythm to suil the demands of the body tissues. This is done
by the neural system. A specialised cenire present in the medulla region
ol the brain called respiratory rhythm centre is primarily responsible for
this regulation. Another centre present in the pons region of the brain
called pneumotaxic centre can moderate the functions of the respiratory
rhythm centre. Neural signal [rom this centre can reduce the duration of
inspiration and thereby aller the respiralory rate. A chemosensilive area
is situated adjacent to the rhythm cenire which is highly sensitive to CO,
and hydrogen ions. Increase in these substances can activate this centre,
which in turm can signal the rhythm centre (o make necessary adjustments
in the respiratory process by which these substances can be eliminated.
Receptors associated with aortic arch and carotid artery also can recognise
changes in CO, and H’® concentration and send necessary signals (o the
rhythm centre for remedial actions. The role of oxygen in the regulation of
respiratory rhythm is quite insignificant.

14.6 DIsORDERS oF RESPIRATORY SYSTEM

Asthma is a difliculty in breathing causing wheezing due to inflammation
ol bronchi and bronchioles.

Emphysema is a chronic disorder in which alveolar walls are damaged
due to which respiratory surface is decreased. One of the major causes of
this is cigaretie smoking.
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Occupational Respiratory Disorders: In certain industries, especially
those involving grinding or stone-breaking, so much dusl is produced
that the defense mechanism of the body cannol [ully cope with the
situation. Long exposure can give rise (o infllammation leading to fibrosis
{proliferation of [ibrous tissues) and thus causing serious lung damage.
Workers in such indusiries should wear protective masks.

SUMMARY

Cells utilise oxygen for metabolism and preduce energy along with substances
like carbon dioxide which is harmiul. Animals have evolved different mechanisms
for the transport of oxygen to the cells and for the removal of carbon dioxide from
there. We have a well developed respiralory system comprising two lungs and
associaled air passages (o perform this lunction.

The first step in respiration is breathing by which atmospheric air is taken in
{inspiration) and the alveolar air is released out (expiration). Exchange of O, and
CO, between deoxygenated blood and alveoli, transport ol these gases throughout
the body by blood, exchange of O, and CO, between the oxygenated blood and
tissues and utilisation of O, by the cells (cellular respiration) are the other steps
involved.

Inspiration and expiration are carried oul by creating pressure gradients
between the atmosphere and the alveoli with the help of specialised muscles —
intercostals and diaphragm. Volumes ol air involved in these activities can be
estimated with the help of spirometer and are of clinical significance.

Exchange of O, and CO, at the alveoli and tissues occur by diffusion. Rate of
diffusion is dependent on the partial pressure gradients of O, (pO,) and CO, (pCO,),
their solubility as well as the thickness ol the diffusion surface. These factors in
our body facililate diffusion of O, from the alveoli to the deoxygenated blood as
well as from the oxygenaled blood to the tissues. The factors are favourable {or the
diffusion of CO, in the opposite direction, i.e., from lissues (o alveoli.

Oxygen is transported mainly as oxyhaemoglobin. In the alveoli where pO, is
higher, O, gets bound to haemoglobin which is easily dissociated al the tissues
where pO, is low and pCO, and H* conceniration are high. Nearly 70 per cent of
carbon dioxide is transporied as bicarbonate {HCD“] with the help of the enzyme
carbonic anhydrase. 20-25 per cent of carbon dioxide is carried by haemoglobin
as carbamino-haemoglobin. In the tissues where pCO, is high. it gets bound lo
blood whereas in the alveoli where pCO, is low and pO, is high. it gets removed
from the blood.

Respiratory rhythm is maintained by the respiratory centre in the medulla
region of brain. A pneumotaxic centre in the pons region of the brain and a
chemosensitive area in the medulla can alter respiratory mechanism.
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EXERCISES

Define vital capacity. Whalt is ils significance?
State the volume of air remaining in the lungs after a normal breathing.

Diffusion of gases occurs in the alveolar region only and not in the other paris of
respiratory sysiem, Why?
What are the major transport mechantsms for CO,? Explain.

What will be the pO, and pCO, in the atmospheric air compared to those in the
alveolar atr ?

] p0, lesser, pCO, higher

(i) pO, higher, pCO, lesser

(i)  pQ, higher, pCO, higher

(1v) p0, lesser, pCO, lesser

Explain the process of inspiration under normal conditions.

How 1s respiration regulaled?

What is the effect of pCO, on oxygen transport?

What happens (o the respiratory process in a man golng up a hill?

What is (he site of gaseous exchange in an Insectl?

Define oxygen dissoclation curve. Can you suggesl any reason lor iis stgmotdal
pattern?

Have you heard aboul hypoxia? Try to gather information aboul 1L, and discuss
with your friends.

Distinguish between

(a) IRV and ERV

(b} Inspiralory capaciily and Expiratory capacity.

[c] Vital capactty and Total lung capacity.

What is Tidal volume? Find out the Tidal volume (approximate value) for a healthy
human in an hour.
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CHAPTER 15

BODY FLUIDS AND CIRCULATION

You have learnt thalt all living cells have to be provided with nutrients, O,
and other essential substances. Also. the waste or harmful subslances
produced, have to be removed continuously for healthy hinctioning of
tissues. Il is therefore, essential lo have ellicient mechanisms lor the
movement of these subslances o the cells and from the cells. Diflerent
groups ol animals have evolved dillerent methods for this transport. Simple
organisms like sponges and coelenterates circulale water from their
surroundings through their body cavities to facilitate the cells to exchange
these substances. More complex organisms use special [Tuids within their
bodies to transport such materials. Blood is the most commonly used body
fluid by most of the higher organisms including humans lor this purpose.
Another body [luid. Iymph, also helpsin the transport of certain substances.
In this chapler, you will learn aboul the composition and properties ol
blood and lymph (tissue [luid) and the mechanism of circulation ol blood
is also explained herein.

15.1 Broobp

Blood is a special connective tissue consisting of a fluid maitrix. plasma.
and lormed elements.

15.1.1 Plasma

Plasma is a straw coloured. viscous [luid constituting nearly 55 per cent of
the blood. 90-92 per cenl of plasma is waler and proteins contribule 6-8
per cent of il. Fibrinogen, globulins and albumins are the major proteins.
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Fibrinogens are needed [or clolting or coagulation of blood. Globulins
primarly are involved in defense mechanisms of the body and the albumins
help in osmolic balance. Plasma also contains small amounts of minerals
like Na*. Ca*, Mg, HCO,. CI, etc. Glucose, amino acids, lipids, etc.. are
also present in the plasma as they are always in transit in the body. Faclors
for coagulation or clotting of blood are also present in the plasma in an
inactive form. Plasma without the clotting [actors is called serum.

15.1.2 Formed Elements

Erythrocytes, leucocytes and platelets are collectively called formed
elements (Figure 15.1) and they constitute nearly 45 per cent of the blood.

Erythrocytes or red blood cells [RBC) are the most abundant ol all
the cells in blood. A healthy adult man has, on an average, > millions to
2.5 millions of RBCs mm* of blood. RBCs are lormed in the red bone
marrow in the adulis. RBCs are devoid ol nucleus in most of the mammals
and are biconeave in shape. They have a red coloured. iron containing
complex prolein called haemoglobin, hence the colour and name of these
cells. A healthy individual has 12-16 gms of haemoglobin in every
100 ml of blood. These molecules play a significant role in transport of
respiratory gases. RBCs have an average life span ol 120 days after which
they are destroyed in the spleen (graveyard of RBCs).

Leucocytes are also known as white blood cells (WBC]) as they are
colouriess due to the lack ol haemoglobin. They are nucleated and are
relatively lesser in number which averages 6000-8000 mm™ of blood.
Leucocytes are generally short lived. We have two main categories of WBCs
—granulocytes and agranulocytes. Neutrophils, eosinophils and basophils
are different types of granulocytes, while lymphocytes and monocytes
are the agranulocytes. Neulrophils are the most abundant cells (60-65
per cent) of the tolal WBCs and basophils are the least {0.5-1 per cent)
among them. Neutrophils and monocyles (6-8 per cent) are phagocylic
cells which destroy foreign organisms entering the bodv. Basophils secrete
histamine, serolonin, heparin, ete., and are involved in inflammatory
reactions. Eosinophils [(2-3 per cent) resisi inleclions and are also

Eosinophil Neutrophil T lymphoeyte
- y S, £ :
- F r == 1 ] — "
- ‘v_ ﬂ E % i ﬁ‘ | —
Platelets Basophil Monocyte B lymphocyte

Figure 15.1 Diagrammallc represenlation of lormed elements in blood
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associated with allergic reactions. Lymphocytes (20-25 per cent) are of

two major types — ‘B’ and ‘T" lorms. Both B and T lymphocytes are
responsible lor immune responses ol the body.

Platelets also called thrombocytes, are cell fragments produced from
megakaryocyles [special cells in the bone marrow). Blood normally
contains 1,500.00-3,500,00 platelets mm °. Platelets can release a variety

ol substances most of which are involved in the coagulation or clotting of

blood. A reduction in their number can lead to clotting disorders which
will lead (o excessive loss of blood [rom the body.

15.1.3 Blood Groups

As you know, blood of human beings diller in certain aspects though it
appears (o be similar. Various types of grouping of blood has been done.
Two such groupings — the ABO and Rh — are widely used all over the
world.

15.1.3.1 ABO grouping

ABO grouping is based on the presence or absence of two surface antigens
(chemicals that can induce immune response) on the RBCs namely A
and B. Similarly, the plasma of different individuals contain two natural
antibodies (proteins produced in response lo antigens). The distribution
ol antigens and antibodies in the [our groups of blood. A, B, AB and O
are given in Table 15. 1. You probably know that during blood transfusion,
any blood cannot be used; the blood of a donor has (o be carefully matched
with the blood of a recipient belore any blood translhusion to aveid severe
problems of clumping (destruction of RBC). The donor’s compalibility is
also shown in the Table 15.1.

TasLeE 15.1 Blood Groups and Donor Compatibility
Blood Group  Antigens on  Antibodies Donor's Group

REBECs in Plasma
A A ant-B AO
B B anti-A B.O
AB A B nil AB.A.B.O
(8] nil anti-A. B o

From the above mentioned table it is evident that group O blood can
be donated to persons with any other blood group and hence "0’ group
individuals are called ‘universal donors’. Persons with ‘AB’ group can
accepl blood from persons with AB as well as the other groups of blood.
Therefore, such persons are called ‘universal recipients’.

195



196

15.1.3.2 Rh grouping

Another antigen. the Rh antigen similar to one present in Rhesus monkeys
(hence Rh). is also observed on the surface of RBCs of majority (nearly 80
per cent) of humans. Such individuals are called Rh positive [(Rh+ve)
and those in whom this antigen is absent are called Rh negative (Rh-ve).
An Rh-ve person. il exposed to Rh+ve blood, will form speciflic antibodies
against the Rh antigens. Therefore, Rh group should also be maitched
belore translusions. A special case of Rh incompatibility (mismatching)
has been observed between the Rh-ve blood of a pregnant mother with
Rh+ve blood of the foetus. Rh antigens of the foetus do not get exposed to
the Rh-ve blood of the mother in the first pregnancy as the two bloods are
well separated by the placenta. However, during the delivery of the first
child, there is a possibility of exposure ol the maternal blood to small
amounts of the Rh+ve blood from the [oetus. In such cases, the mother
staris preparing antibodies against Rh antigen in her blood. In case of
her subsequent pregnancies, the Rh antibodies from the mother (Rh-ve)
can leak into the blood of the loetus (Rh+ve) and destroy the loetal RBCs.
This could be [alal to the foetus or could cause severe anaemia and
jaundice to the baby. This condition is called erythroblastosis foelalis.
This can be avoided by administering anti-Rh antibodies to the mother
immediately after the delivery of the first child.

15.1.4 Coagulation of Blood

You know that when you cul your finger or hurt yoursell. your wound
does not continue to bleed for a long time; usually the blood stops flowing
alter sometime. Do you know why? Blood exhibits coagulation or clotting
in response Lo an injury or trauma. This is a mechanism Lo prevent
excessive loss of blood Irom the body. You would have observed a dark
reddish brown scum [ormed at the site ol a cut or an injury over a period
of time. It is a clot or coagulam formed mainly of a network of threads
called fibrins in which dead and damaged formed elements of blood are
trapped. Fibrins are [ormed by the conversion ol inactive librinogens in
the plasma by the enzyme thrombin. Thrombins, in turn are formed from
another inactive substance present in the plasma called prothrombin. An
enzyme complex. thrombokinase, is required for the above reaction. This
complex is lormed by a series of linked enzymic reactions (cascade
process) involving a number of factors present in the plasma in an inactive
state. An injury or a trauma stimulates the platelets in the blood Lo release
certain factors which activate the mechanism of coagulation. Certain
[actors released by the tissues al the site ol injury also can initiate
coagulation. Calcium ions play a very important role in clotting.
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15.2 LywmprH (TissuE FLuID)

As the blood passes through the capillaries in tissues. some waler along
with many small water soluble subsiances move out into the spaces
between the cells ol lissues leaving the larger proteins and most of the
formed elements in the blood vessels. This [luid released out is called the
interstitial Mluid or tissue [Iuid. It has the same mineral distribution as
that in plasma. Exchange of nuirients, gases, elc., between the blood and
the cells always occur through this fluid. An elaborate network of vessels
called the lymphatic system collects this [luid and drains it back to the
major veins. The fluid present in the lymphatic system is called the lymph.
Lymph is a colourless fluid containing specialised lvmphocytes which
are responsible for the immune responses of the body. Lymph is also an
important carrier for nutrients, hormones, etc. Fats are absorbed through
Iymph in the lacieals present in the intestinal villi.

15.3 CircuLATORY PATHWAYS

The circulatory patterns are of two types — open or closed. Open
circulatory system is present in arthropods and molluscs in which blood
pumped by the hearl passes through large vessels inlo open spaces or
body cavities called sinuses. Annelids and chordates have a closed
circulatory system in which the blood pumped by the heart is always
circulated through a closed network of blood vessels. This pattern is
considered to be more advantageous as the flow of fluid can be more
precisely regulated.

All veriebrates possess a muscular chambered heart. Fishes have a
2-chambered heart with an atrium and a ventricle. Amphibians and the
reptiles (excepl crocodiles) have a 3-chambered heart with two alriaand a
single veniricle, whereas crocodiles, birds and mammals possess a
4-chambered heart with two atria and two ventricles. In fishes the heart
pumps oul deoxygenated blood which is oxygenated by the gills and
supplied to the body parts from where deoxygenated blood is returned to
the heart (single circulation). In amphibians and reptiles, the left atrium
receives oxygenated blood from the gills /lungs/skin and the right atrium
gets the deoxygenaled blood from other body parts. However. they get mixed
up in the single ventricle which pumps oul mixed blood (incomplete double
circulation). In birds and mammals, oxygenated and deoxygenated blood
received by the lefl and right atria respectively passes on to the ventricles of
the same sides. The ventricles pump it out without any mixing up. i.e., two
separate circulatory pathways are present in these organisms, hence, these
animals have double circulation. Let us siudy the human circulatory

systemm.
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15.3.1 Human Circulatory System

Human circulalory sysiem, also called the blood vascular sysiem consists
of a muscular chambered heart, a network ol closed branching blood
vessels and blood, the uid which is circulated.

Heart, the mesodermally derived organ, is situated in the thoracic
cavity, in between the two lungs, slightly tilted to the left. It has the size of
a clenched fist. It is protected by a double walled membranous bag,
pericardium, enclosing the pericardial [luid. Our hearl has four
chambers, two relatively small upper chambers called atrla and two larger
lower chambers called ventricles. A thin. muscular wall called the inter-
atrial septum separates the right and the left atria, whereas a thick-walled,
the inter-veniricular sepium, separates the left and the right ventricles
(Figure 15.2). The atrium and the veniricle ol the same side are also
separated by a thick fibrous tissue called the atrio-ventricular septum.
However, each of these sepla are provided with an opening through which
the two chambers of the same side are connecied. The opening between
the right atrium and the right ventricle is guarded by a valve [ormed of
three muscular flaps or cusps, the iricuspid valve, whereas a bicuspid
or mitral valve guards the opening between the lefl atrium and the left
veniricle. The openings of the right and the lefl ventricles into the

Bundle of His

Left ventricle

Interventricular
seplum

|-- — Apex

Figure 15.2 Section of a human heart
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pulmonary artery and the aorta respectively are provided with the
semilunar valves. The valves in the heart allows the {low of blood only in
one direction, i.e.. from the atria to the ventricles and from the ventricles
to the pulmonary artery or aorta. These valves prevent any backward
How.

The entire heart is made of cardiac muscles. The walls of ventricles
are much thicker than that of the atria. A specialised cardiac nmsculature
called the nodal tissue is also distributed in the heart (Figure 15.2). A
patch of this tissue is present in the right upper corner of the right atrium
called the sino-atrial node (SAN). Another mass ol this tissue is seen in
the lower left corner of the right atrium close to the atrio-ventricular septum
called the atrio-ventricular node [AVN). A bundle of noedal [ibres, atrio-
veniricular bundle [AV bundle) conlinues [rom the AVN which passes
through the atrio-ventricular septa to emerge on the top of the inter-
ventricular septum and immedialely divides into a right and left bundle.
These branches give rise Lo minute fibres throughoul the ventricular
musculature of the respective sides and are called purkinje fibres. The
nodal musculature has the abilily to generate action potentials without
any external stimuli, i.e., it is auloexcitable. However, the number of action
polentials thal could be generated in a minute vary at different parts of
the nodal system. The SAN can generale the maximum number of action
potentials, i.e., 70-75 min ', and is responsible for initiating and
maintaining the rhythmic contractile activity of the heart. Therefore, it is
called the pacemaker. Our hearl normally beats 70-75 times in a minute
{average 72 beats min ').

15.3.2 Cardiac Cycle

How does the hearl lunction? Let us take a look. To begin with. all the
four chambers ol hearl are in a relaxed state, i.e.. they are in joint
diaslole. As the tricuspid and bicuspid valves are open, blood from Lthe
pulmonary veins and vena cava [ows into the left and the right ventricle
respectively through the lelt and right atria. The semilunar valves are
closed al this stage. The SAN now generales an action potential which
stimulates both the atria to undergo a simultaneous contraction — the
atrial systole. This increases the flow of blood intlo the ventricles by about
30 per cenl. The action potential is conducted to the ventricular side by
the AVN and AV bundle from where the bundle of His transmits it through
the entire ventricular musculature. This causes the veniricular muscles
lo contract, (veniricular systole), the atria undergoes relaxation
{diastole). coinciding with the ventricular syslole. Ventricular systole
increases the ventricular pressure causing the closure of tricuspid and
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bicuspid valves due to attempted backilow of blood into the atria. As
the ventricular pressure increases further, the semilunar valves guarding
the pulmonary artery (right side) and the aorta (left side) are forced open.
allowing the blood in the ventricles Lo flow through these vessels into
the circulatory pathways. The veniricles now relax (ventricular diastole)
and the ventricular pressure [alls causing the closure ol semilunar valves
which prevenis the backflow of blood into the veniricles. As the
veniricular pressure declines further. the tricuspid and bicuspid valves
are pushed open by the pressure in the atria exerted by the blood which
was being emptied into them by the veins. The blood now once again
maoves [reely to the ventricles. The ventricles and afria are now again in
a relaxed (joint diastole) stale, as earlier. Soon Lhe SAN generales a new
action potential and the evenis described above are repeated in that
sequence and Lhe process continues,

This sequential event in the heart which is cyclically repeated is called
the cardiac cycle and il consisis of sysiole and diastole of both the atria
and ventricles. As mentioned earlier, the heart beats 72 times per minule,
i.e., that many cardiac cycles are periormed per minute. From this it could
be deduced thal the duration of a cardiac cycle is 0.8 seconds. During a
cardiac cycle, each veniricle pumps out approximately 70 mL of blood
which is called the siroke volume. The stroke volume multiplied by the
heart rate (no. of beats per min.) gives the cardiac output. Therefore. the
cardiac output can be defined as the volume of blood pumped oul by each
veniricle per minute and averages 5000 mL or 5 lires in a healthy individual.
The body has the ability to alter the stroke volume as well as the heart rale
and thereby the cardiac outpul. For example, the cardiac output ol an
athlete will be much higher than that of an erdinary man.

During each cardiac cycle two promineni sounds are produced which
can be easily heard through a stethoscope. The lirst heart sound (lub) is
associaled with the closure ol the tricuspid and bicuspid valves whereas
the second heart sound (dub) is associated with the closure of the
semilunar valves. These sounds are ol clinical diagnostic significance.

15.3.3 Electrocardiograph (ECG)

You are probably familiar with this scene from a typical hospilal lelevision
show: A patient is hooked up to a monitoring machine that shows voltage
traces on a screen and makes the sound “... pip... pip... pip.....
peeceeeceeeeeeeceeeeeee” as the patient goes into cardiac arrest. This type
of machine (electro-cardiograph) is used lo obtain an electrocardiogram
[ECG). ECG is a graphical representation of the electrical activity of the
hearl during a cardiac cycle. To obtain a standard ECG (as shown in the
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Figure 15.3), a patient is connected to the

evalualion of the heart’s unction, multiple
leads are altached to the chest region. Here,
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machine with three electrical leads (one Lo each R
wrist and to the lell ankle) that continuously
monitor the heart activity. For a detailed
T
P
o gl \s i

we will talk only about a standard ECG.
Each peak in the ECG is identified with a

letter from P to T that corresponds (o a specific  pygyre 15.3 Diagrammatic presentation of a

electrical activity of the heart. standard ECG

The P-wave represenis the elecirical
excitation (or depolarisation) of the atria,
which leads to the contraction of both the alria.

The ORS complex represents the depolarisation of the ventricles,
which initiates the veniricular conlraction. The contraction slaris shorily
after () and marks the beginning of the sysitole.

The T-wave represenis the return of the ventricles from excited to normal
slate [repolarisation). The end of the T-wave marks the end of systole.

Obviously, by counting the number of QRS complexes that occurina
given time period. one can determine the heart beat rate of an individual.
Since the ECGs obtained from different individuals have roughly the same
shape [or a given lead configuration, any deviation Irom this shape indicates
a possible abnormality or disease. Hence. it is of a great clinical significance.

15.4 DousLE CIRCULATION

The blood flows strictly by a fixed route through Blood Vessels—the
arteries and veins. Basically, each artery and vein consisis of three layers:
an inner lining of squamous endothelium. the tunica intima, a middle
layer of smooth muscle and elastic fibres, the tunica media, and an
external layer of fibrous connective issue with collagen fibres, the tunica
externa. The tunica media is comparatively thin in the veins (Figure
15.4).

As mentioned earlier, the blood pumped by the right ventricle eniers
the pulmonary artery, whereas the left ventricle pumps blood into the
aorta. The deoxygenated blood pumped into the pulmonary artery is
passed on to the lungs [rom where the oxygenated blood is carried by
the pulmonary veins into the left atrium. This pathway constitutes the
pulmonary circulation. The oxygenaled blood entering the aorta is
carried by a network of arteries, arterioles and capillaries lo the tissues
from where the deoxygenated blood is collected by a system ol venules,
veins and vena cava and emptied into the right atrium. This is the
systemic circulation (Figure 15.4). The systemic circulation provides
nutrients, O, and other essential subslances Lo the tissues and lakes
CO, and other harmful subslances away lor elimination. A unique
vascular connection exisis between the digestive tract and liver called
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Smooth niusele

hepatic portal system. The hepatic portal vein carries blood from intestine
to the liver before it is delivered (o the systemic circulation. A special
coronary system of blood vessels is present in our body exclusively for

the circulation of blood (o and from the cardiac musculature.

Lumen

Arlery

Figure 15.4 Schemalic plan of blood circulation In human

15.5 REcULATION OF CARDIAC ACTIVITY

Normal activities of the heart are regulated intrinsically, i.e.. auto regulated
by specialised muscles (nodal tissue). hence the heart is called myogenic.
A special neural centre in the medulla oblangata can moderate the cardiac
function through autonomic nervous sysiem [ANS). Neural signals through
the sympathetic nerves (part of ANS) can increase the rate of heart beat,
the strength of ventricular contraction and thereby the cardiac outpul.
On the other hand. parasympathetic neural signals (another component
ol ANS) decrease the rate of heart beal, speed ol conduction ol action
potential and thereby the cardiac output. Adrenal medullary hormones
can also increase Lhe cardiac output.

15.6 DIsORDERS OoF CIRCULATORY SYSTEM

High Blood Pressure (Hypertension): Hypertension is the term for
blood pressure that is higher than normal (120/80). In this measurement
120 mm Hg [millimeires of mercury pressure] is the systolic, or pumping,
pressure and 80 mm Hg is the diastolic, or resting, pressure. If repeated
checks of blood pressure ol an individual is 140/90 (140 over 90) or
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higher. it shows hypertension. High blood pressure leads (o heart diseases
and also affects vital organs like brain and Kidney.

Coronary Artery Disease (CAD): Coronary Artery Disease, often referred
Lo as atherosclerosis. alfects the vessels that supply blood Lo the heart
muscle. It is caused by deposits of calcium. fat. cholesterol and fibrous
tissues. which makes the lumen ol arleries narrower.

Angina: It is also called "angina pectoris’. A symptom ol acute chest pain
appears when no enough oxygen is reaching the heart muscle. Angina
can occur in men and women of any age bul it is more common among
the middle-aged and elderly. If occurs due (o conditions that affect the
blood low.

Heart Failure: Heart failure means the state of heart when il is not pumping
blood effectively enough to meel the needs of the body. It is sometimes
called congestive heart [aijlure because congestion of the lungs is one of
the main symptoms of this disease. Hearl failure is nol the same as cardiac
arrest (when the heart siops beating) or a heart atlack (when the heart
muscle is suddenly damaged by an inadequalte blood supply).

SUMMARY

Vertebrales circulate blood, a fluid connective tissue, in their body, Lo transporl essential
substances to the cells and Lo carry waste substances from there. Another fluid. lymph
(tissue fluid) is also used for the transport of certain substances.

Blood comprises of a [luid malrix. plasma and formed elements. Red blood cells [RBCs,
erythrocytes), white blood cells (WBCs, leucocylies) and platelets (thrombocytes) constituie
the formed elements. Blood of humans are grouped into A, B, AB and O systems based
on the presence or absence of two surface antigens, A, B on the RBCs. Another blood
grouping is also done based on the presence or absence of another antigen called Rhesus
factor (Rh) on the surface of RBCs. The spaces between cells in the tissues contain a {Tuid
derived from blood called tissue (luid. This (luid called lymph is almost similar to blood
excepl for the protein content and the lormed elements.

All vertebrates and a few invertebrales have a closed cirenlatory system. Our circulatory
system consists of a muscular pumping organ, heart. a network of vessels and a fluid, blood.
Heart has two alria and two ventricles. Cardiac musculatare is aulo-excitable. Sino-atrial node
(SAN) generates the maximum number of action protentials per minute (70-75/min) and
therefore, il sets the pace of the activities of the hearl. Hence it is called the Pacemalker. The
action potential canses the atria and then the ventricles to undergo contraction (systole) followed
by their relaxation (diasiole). The systole forces the blood to move from the atria to the veniricles
and o the pulmonary artery and the aoria. The cardiac cycle is formed by sequential evenis in
the heart which is cyclically repeated and is called the cardiac cycle. A healthy person shows 72
such cycles per minute. About Y0 mL of bloed is pumped out by each ventricle during a
cardiac cycle and it is called the stroke or beat volume. Volume of blood pumped out by each
ventricle ol heart per minute is called the cardiac outpul and it is equal Lo the product ol stroke
volume and hearl rate (approx 5 litres). The electrical activity of the hearl can be recorded from
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the body surface by using electrocardiograph and the recording is called
electrocardiogram (ECG) which is of clinical importance.

We have a complete double circulation, i.e., two circulatory pathways, namely.
pulmonary and systemic are present. The pulmonary circulation staris by the
pumping ol deoxygenated blood by the right ventricle which is carried to the lungs
where il is oxygenaled and returned to the left atrium. The systemic circulation
starts with the pumping of oxygenated blood by the lelt ventricle to the aoria
which is carried to all the body tissues and the deoxygenated blood from there is
collected by the veins and returned to the right atrium. Though the heart is
autoexcitable, its lunctions can be moderated by neural and hormonal mechanisms.

EXERCISES

1. Name the components of the formed elemenis in the blood and mention one
major function of each of them.
What 1= the importance of plasma proteins?
Match Cohumn I with Column 11 :
Column 1 Column IT
{a} Eosinophtls (1) Coagulatlon
(b} RBC {11} Universal Recipient
(c) AB Group {111} Resist Infections
(d) Platelets {tv) Contraction of Hearl
(e] Sysiole (vl Gas transport
Why do we constder blood as a connective tissue?
What ts the difference between lymph and blood?
What is meant by double circulation? What is Its significance?
Write the differences between :
{a) Blood and Lymph
(b) Open and Closed sysitem of circulation
(c] Systole and Mastole
(d) P-wave and T-wave
8. Describe the evolutlonary change in the pattern of heart among the vertebrales.
9. Why do we call our heart myogenic?
10. Sino-atrial node is called the pacemaker ol our heart. Why?
11. What is the significance of airio-veniricular node and atrio-ventricular bundle
in the functioning of heart?
12. Define a cardiac cyrle and the cardiac outpul.
13. Explain heart sounds.
14. Draw a standard ECG and explain the different segmentis in 1L
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CHAPTER 16

EXCRETORY PRODUCTS AND
THEIR ELMINATION

Animals accumulate ammonia, urea, uric acid, carbon dioxide, water
and ions like Na*. K*, CI', phosphate. sulphale, etc.. either by metabolic
activities or by other means like excess ingestion. These substances have
to be removed (otally or partially. In this chapter, you will learn the
mechanisms ol elimination ol these subsiances with special emphasis on
commeon nitrogenous wastes. Ammeonia, urea and uric acid are the major
forms of nitrogenous wastes excreted by the animals. Ammonia is the
mosi toxic form and requires large amount of water for its elimination,
whereas uric acid. being the leasl toxic, can be removed with a minimum
loss of water.

The process of excreting ammeonia is Ammonotelism. Many bony fishes,
aqualic amphibians and agualic insecls are ammonotelic in nature.
Ammonia, as it is readily soluble, is generally excreted by diflusion across
body surfaces or through gill surfaces (in fish) as ammonium ions. Kidneys
do not play any significant role in its removal. Terresirial adapiation
necessitated the production of lesser loxic nitrogenous wastes like urea
and uric acid for conservation of water. Mammals, many terresirial
amphibians and marine fishes mainly excrete urea and are called ureotelic
animals. Ammonia produced by melabolism is converied into urea in the
liver of these animals and released into the blood which is fltered and
excreted out by the kidneys. Some amount of urea may be retained in the
kidney maitrix of some of these animals io mainiain a desired osmolarity.
Reptiles. birds. land snails and insects excrele nitrogenous wastes as uric
acid in the form of pellet or paste with a minimum loss of water and are
called urfeotelic animals.
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A survey ol animal Kingdom presents a variety ol excretory structures.
In most of the inveriebrates, these struclures are simple tubular forms
whereas vertebrates have complex tubular organs called kidneys. Some
ol these structures are mentioned here. Protonephridia or flame cells are
the excretory structures in Platyhelminthes (Flatworms. e.d., Planaria),
rotifers. some annelids and the cephalochordate — Amphioxus.
Protonephridia are primarily concerned with ionic and [luid volume
regulation, i.e., osmoregulation. Nephridia are the tubular excretory
structures of earthworms and other annelids. Nephridia help to remove
nitrogenous wastes and maintain a {luid and ionic balance. Malpighian
tubules are the excretory structures of most of the insects including
cockroaches. Malpighian tubules help in the removal of nitrogenous
wastes and osmoregulation. Antennal glands or green glands perform
the excretory lunction in crustaceans like prawns.

16.1 HuMman EXCRETORY SYSTEM

In humans, the excrelory system consists
of a pair of kidneys. one pair of ureters. a
urinary bladder and a urethra (Figure
16.1). Kidneys are reddish brown, bean
shaped structures silualed between the
levels of last thoracic and third lumbar
veriebra close Lo the dorsal inner wall of
the abdominal cavity. Each kidney of an
adult human measures 10-12 cm in
length, 5-7 em in width, 2-3 cm in
thickness with an average weight of 120-
170 g. Towards the centre of the inner
concave surface of the kidney is a notch
called hilum through which ureter. blood
vessels and nerves enter. Inner to the hilum
is a broad lunnel shaped space called the
renal pelvis with projections called calyces.
The ouler layer of kidney is a tough
capsule. Inside the kidney. there are two
zones, an ouler coriex and an inner
Frpnre 181 Famas TNy Sy medulla. The medulla is divided into a few

conical masses (medullary pyramids)

projecting into the calyces (sing.: calyx).

The cortex exlends in between the

Adrenal gland
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medullary pyramids as renal columns called Medullary
Columns of Bertini (Figure 16.2). Eyramid
Each kidney has nearly one million
complex tubular structures called nephrons
(Figure 16.3). which are the functional units.
Each nephron has two paris - the
glomerulus and the renal tubule.

Glomerulus is a tull of capillaries [ormed by —Heapl Aty
the afferent arteriole — a fine branch of renal Coriex Renal vein
artery. Blood from the glomerulus is carried Reiial : VA Renal pelvis
away by an eflerent arteriole. capsule | o | Ureier

The renal tubule begins with a double
walled cup-like structure called Bowman's
capsule. which encloses the glomerulus.
Glomerulus alengwith Bowman's capsule, is
called the malpighian body or renal Figure 16.2 Longitudinal section (Diagrammatic)
corpuscle (Figure 16.4). The tubule ol Kidney
continues further to form a highly coiled
network — proximal convoluted tubule

Alferent Efferent arteriole
arteriole
Glomernlus
Bowmnan's
sapeuls ‘//'H:i Froxital
corrvoluted
tubule
|~ Distal
convoluted
Descending Himb tubule
of loop of Henle
Henle's loop F
Ascending limb
of leop of Henle
Vasa recta — Collecting duct

Figure 16.3 A diagrammallc representation of a nephron showing blood vessels,
duct and tubule



Afferent arteriole (PCT). A hairpin shaped Henle's loop is

the next part of the tubule which has a
Efferent descending and an ascending limb. The
arteriole ascending limb continues as another highly

coiled tubular region called distal
Bowman’s  convoluted tubule (DCT). The DCTs of
many nephrons open into a straight tube
called collecting duct, many ol which
converge and open inio the renal pelvis
through medullary pyramids in the

calyces.
The Malpighian corpuscle, PCT and

DCT of the nephron are silualed in the
cortical region of the kidney whereas the
Proximal loop of Henle dips into the medulla. In
convoluted tubule majority of nephrons, the loop ol Henle is
too shorl and extends only very little inio

Figure 16.4 Malpighian body (renal corpuscle] the medulla. Such nephrons are called

cortical nephrons. In some of the nephrons.
the loop of Henle is very long and runs deep into the medulla. These
nephrons are called juxta medullary nephrons.

The efferent arteriole emerging from the glomerulus forms a fine
capillary network around the renal tubule called the peritubular
capillaries. A minule vessel of this network runs parallel o the Henle's
loop forming a “U’ shaped vasa recta. Vasa recta is absent or highly
reduced in cortical nephrons.

16.2 URINE FORMATION

Urine formation involves three main processes namely, glomerular
filtration. reabsorption and secretion, that takes place in different parts of
the nephron.

The first step in urine formation is the filiration of blood. which is carried
out by the glomerulus and is called glomerular filtration. On an average,
1100-1200 ml of blood is fillered by the kidneys per minuie which constitute
roughly 1/5" of the blood pumped out by each ventricle of the heartin a
minute. The glomerular capillary blood pressure causes filtration of blood
through 3 layers, i.e., the endothelinm of glomerular blood vessels, the
epithelium ol Bowman's capsule and a basement membrane belween these
two layers. The epithelial cells of Bowman's capsule called podocyies are
arranged in an intricate manner so as (o leave some minute spaces called
filtration slits or slit pores. Blood is filtered so finely through these
membranes, that almost all the constituents ol the plasma excepl the

proteins pass onto the lumen of the Bowman's capsule. Therefore, it is
considered as a process of ultra filtration.
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The amount of the filtrate formed by the kidneys per minute is called
glomerular filiration rate (GFR). GFR in a healthy individual is
approximately 125 ml/minute, i.e., 180 litres per day !

The kidneys have built-in mechanisms for the regulation of glomerular
filtration rate. One such efficient mechanism is carried out by juxia
glomerular apparatus (.JGA). JGA is a special sensitive region formed by
cellular modifications in the disial convoluted tubule and the afferent
arteriole at the location of their contact. A fall in GFR can activate the JG
cells Lo release renin which can stimulate the glomerular blood flow and
thereby the GFR back to normal.

A comparison of the volume of the filtrate formed per day (180 litres
per day) with that of the urine released (1.5 litres). suggest that nearly 99
per cent of the filtrate has to be reabsorbed by the renal tubules. This
process is called reabsorption. The tubular epithelial cells in different
segmenis ol nephron perform this either by active or passive mechanisms.
For example, substances like glucose, amino acids, Na®, etc.. in the filtrate
are reabsorbed actively whereas the nitrogenous wasies are absorbed by
passive transport. Reabsorption ol water also occurs passively in the initial
segments of the nephron (Figure 16.5).

Duaring urine formation, the tubular cells secrete substances like H',
K* and ammeonia into the filirate. Tubular secretion is also an important
step in urine lormation as il helps in the maintenance of ionic and acid
base balance of body luids.

16.3 Function ofF THE TUBULES

Proximal Convoluted Tubule (PCT}): PCT is lined by simple cuboidal
brush border epithelium which increases the surface area for reabsorption.
Nearly all of the essential nuirients. and 70-80 per cenl of electrolytes
and waler are reabsorbed by this segment. PCT also helps to maintain
the pH and ionic balance of the body [luids by selective secretion of
hydrogen ions and ammonia into the f{ilirate and by absorption of
HCO, from it

Henle's Loop: Reabsorption is minimum in its ascending limb.
However. this region plays a significant role in the maintenance ol high
osmolarity ol medullary interstitial fluid. The descending limb of loop of
Henle is permeable to water but almost impermeable to electrolytes. This
concentrates the filirate as il moves down. The ascending Hmb is
impermeable to water bul allows transporl of electrolytes actively or
passively. Therefore, as the concentrated filtrate pass upward, it gets
diluted due to the passage of electrolytes to the medullary Muid.

Distal Convoluted Tubule (DCT): Conditional reabsorption ol Na*
and water takes place in this segment. DCT is also capable of reabsorption
of HCO, and selective secretion ol hydrogen and potassium ions and
NH, to maintain the pH and sodium-potassium balance in blood.
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Figure 16.5 Reabsorption and secretion of major substances at different parts of
thauﬂphmniﬁrtm:mﬂmledtrmﬂmmmtdmmﬁhlm

Collecting Duct: This long duct extends from the cortex of the kidney
tﬂfhehmﬂrpaﬂﬂufﬂlﬂmeduﬂﬂ,hrg&ammmmnfw&tﬂrmﬂdhn
absorbed from this region to produce a concentrated urine. This segment
anummsmgedmaﬂamummufmmmﬂmmndmmrymmuﬂm
Lo keep up the osmolarily. It also plays a role in the maintenance of pH
and ionic balance of blood by the selective secretion of H* and K* ions

(Figure 16.5).

16.4 MEecHANISM OF CONCENTRATION OF THE FILTRATE

Mammals have the ability to produce a concentrated urine. The Henle's
loop and vasa recta play a significant role in this. The flow of filtrate in
the two limbs of Henle's loop is in opposite directions and thus forms a
counter current. The {low of blood through the two limbs of vasa recta is
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also in a counter current patiern. The proximity between the Henle's loop
and vasa recta. as well as the counter current in them help in maintaining
an increasing osmolarity towards the inner medullary interstitium, i.e.,
from 300 mOsmolL! in the cortex to about 1200 mOsmolL ! in the inner
medulla. This gradient is mainly caused by NaCl and urea. NaCl is
transported by the ascending limb of Henle's loop which is exchanged
with the descending limb of vasarecia. NaClis retumed Lo the interstilium
by the ascending portion of vasa recta. Similarly, small amounts of urea
enter the thin segment ol the ascending limb of Henle's loop which is
transported back to the interstitinm by the collecting tubule. The above
described transport of substances [acililated by the special arrangement
ol Henle's loop and vasa recta is called the counter current mechanism
(Figure. 16.6). This mechanism helps to maintain a concentration gradient

Bowman's
— capsule

Afferent

arleriole
Glomerulus

Efferent

H,O0
arteriole .

300 mOsmoll™

600 mOsmoll™

900 mOsmolL’

1200 mOsmolL™*
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Outer medulla

Inner medulla

Figure 16.6 Dlagrammalic representation of a nephron and vasa recla showing

counter currenl mechanisms
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in the medullary interstitinm. Presence of such interstitial gradient helps
in an easy passage ol waler from the collecting tubule thereby
concentrating the fltrate (urine). Human kidneys can produce urine nearly
four times concenirated than the initial filtrate formed.

16.5 RercuLaTioN oF KIDNEY FUNCTION

The lunctioning of the kidneys is efliciently monitored and regulated by
hormonal feedback mechanisms involving the hypothalamus, JGA and
lo a certain extent, the heart.

Osmoreceplors in the body are activated by changes in blood velume,
body [luid volume and ionic concentration. An excessive loss of [Tuid from
the body can actlivale these receplors which stimulate the hypothalamus
to release antidiuretic hormone (ADH) or vasopressin from the
neurchypophysis. ADH [acilitates water reabsorption from latier paris of
the tubule, thereby preventing diuresis. An increase in body [luid volume
can switch ofl the osmoreceptors and suppress the ADH release to complete
the leedback. ADH can also affect the kidney lunction by its constrictory
elffects on blood vessels. This causes an increase in blood pressure. An
increase in blood pressure can increase the glomerular blood flow and
thereby the GFR.

The JGA plays a complex regulatory role. A fall in glomerular blood
flow/glomerular blood pressure/GFR can activate the JG cells to release
renin which converis angiotensinogen in blood lo angiotensin | and
further to angiotensin Il. Angiotensin Il. being a powerful
vasoconstrictor, increases the glomerular blood pressure and thereby
GFR. Angiotensin Il also activaies the adrenal cortex Lo release
Aldoslerone. Aldosterone causes reabsorption of Na* and waler from
the distal parts of the tubule. This also leads to an increase in blood
pressure and GFR. This complex mechanism is generally known as
the Renin-Angiotensin mechanism.

An increase in blood [low to the atria of the heart can cause the release
of Atrial Natriuretic Factor (ANF). ANF can cause vasodilation (dilation of
blood vessels) and thereby decrease the blood pressure. ANF mechanism,
therefore, acts as a check on the renin-angiotensin mechanism.

16.6 MICTURITION

Urine formed by the nephrons is ultimately carried Lo the urinary bladder
where it is stored till a voluntary signal is given by the central nervous
system (CNS). This signal is initiated by the streiching of the urinary bladder
as it gets filled with urine. In response, the stretch receptors on the walls
ol the bladder send signals to the CNS, The CNS passes on molor messages
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to initiate the contraction of smooth muscles of the bladder and

simulianeous relaxation of the urethral sphincter causing the release of

urine. The process of release of urine is called micturition and the neural
mechanisms causing it is called the micturition refllex. An adult human
excreles, on an average, 1 to 1.5 litres ol urine per day. The urine lormed
is a light yellow coloured watery fluid which is slightly acidic (pH-6.0)
and has a characterestic odour. On an average. 25-30 gm ol urea is

excreted oul per day. Various conditions can affect the characteristics of

urine. Analysis of urine helps in clinical diagnosis ol many metabolic
discorders as well as mallunctioning of the kidney. For example, presence
of glucose (Glycosuria) and kefone bodies (Ketonuria) in urine are
indicative of diabeles mellitus.

16.7 RoOLE oF oTHER ORrRcANS IN EXCRETION

Other than the kidneys, lungs, liver and skin also help in the elimination
of excretory wastes.

Our lungs remove large amounts ol CO, (approximately 200mL/
minute) and also significant quantities ol water every day. Liver. the largest
gland in our body. secretes bile-containing substances like bilirubin,
biliverdin, cholesterol, degraded steroid hormones, vitamins and drugs.
Most of these substances ultimaltely pass outl alongwith digestive wasles.

The sweat and sebaceous glands in the skin can eliminate certain
substances through their secretions. Sweal produced by the sweal
glands is a walery [luid containing NaCl, small amounts ol urea, lactic
acid. ete. Though the primary lunction of sweat is to facilitate a cooling
eflect on the body surface, it also helps in the removal of some ol the
wastes mentioned above. Sebaceous glands eliminate certain
substances like sterols. hydrocarbons and waxes through sebum. This
secretion provides a protective oily covering for the skin. Do you know
that small amounts of nitrogenous wasles could be eliminated through
saliva too?

16.8 DISORDERS OF THE EXCRETORY SYSTEM

Malfunctioning of kidneys can lead (o accumulation of urea in blood. a
condition called uremia, which is highly harmiul and may lead Lo kidney
failure. In such patients. urea can be removed by a process called
hemodialysis. During the process of haemodialysis. the blood drained
from a convenieni artery is pumped into a dialysing unit called artificial
kidney. Blood drained from a convenient artery is pumped into a dialysing
unit after adding an anticoagulant like heparin. The unit conlains a coiled
cellophamne tube surrounded by a fluid (dialysing fhuid) having the same
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composition as that of plasma excepl the nitrogenous wastes. The porous
cellophane membrance of the tube allows the passage of molecules based
on conceniration gradient. As nitrogenous wasies are absent in the
dialysing fluid. these substances freely move out, thereby clearing the
blood. The cleared blood is pumped back lo the body through a vein
after adding anti-heparin to it. This method is a boon for thousands of
uremic patients all over the world.

Kidney transplantation is the ultimale method in the correction ol
acule renal fajlures (kidney failure). A lunctioning kidney is used in
transplantation [rom a donor. prelerably a close relative, to minimise its
chances of rejection by the immune sysiem of the host. Modern clinical
procedures have increased the success rate of such a complicated
technique.

Renal calcull: Stone or insoluble mass of crystallised salis (oxalates.
etc.) formed within the kidney.

Glomerulonephritis: Inflammation of glomeruli of kidney.

SUMMARY

Many nitrogen containing substances, ions. CO,. waler. etc.. thal accumulate in
the body have lo be eliminated. Nature of nitrogenous wasles lormed and their
excretion vary among animals. mainly depending on the habitat (availability of
water). Ammeonia, urea and uric acid are the major nitrogenous wastes excreted.

Protonephridia. nephridia, malpighian tubniles, green glands and the kidneys are
the commeon excrelory organs in animals. They not only eliminate nilrogenous wastes
but also help in the maintenance of ionic and acid-base balance of body fluids.

In humans, the excretory system consists of one pair of kidneys, a pair of ureters,
a urinary bladder and a urethra. Each kidney has over a million tubular structures
called nephrons. Nephron is the functional unit ol kidney and has two portions —
glomerulus and renal tubule. Glomerulus is a tufi of capillaries formed from afferent
arterioles, fine branches of renal artery. The renal tubule siarts with a double walled
Bowman's capsule and is further differentiated into a proximal convoluted tubule
(PCT]. Henle's loop [(HL) and distal conveluted tubule (DCT). The DCTs of many
nephrons join to a commeon collecting duct many of which ultimately open into the
renal pelvis through the medullary pyramids. The Bowman's capsule encloses the
glomerulus to form Malpighian or renal corpuscle.

Urine formation involves three main processes, i.e., filiration. reabsorption and
secretion. Filtration is a non-selective process performed by the glomerulus using
the glomerular capillary blood pressure. About 1200 ml of blood is fillered by the
glomerulus per minute to form 125 ml of filirate in the Bowman's capsule per
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minute (GFR). JGA, a specialised portion of the nephrons, plays a significant role
in the regulalion of GFR. Nearly 99 per cenl reabsorption of the filirate takes place
through different parts ol the nephrons. PCT is the major site of reabsorption and
selective secretion. HL primarily helps to maintain osmolar gradient
(300 mOsmolL ! -1200 mOsmolL. ') within the kidney inlerstitium. DCT and
collecting duct allow extensive reabsorption of water and certain elecirolytes, which
help in osmoregulation: H*, K* and NH_ could be secreted into the [iltrate by the
tubules to mainiain the ionic balance and pH of body [uids.

A counter current mechanism operates between the two limbs of the loop of
Henle and those ol vasa recta (capillary parallel to Henle's loop). The fltrate gets
concentrated as it moves down the descending limb but is diluted by the ascending
limb. Electrolyles and urea are retained in the interstitium by this arrangement.
DCT and collecting duct concentrate the filtrate about four times. i.e.. [rom 300
mOsmolL ! to 1200 mOsmolL !, an excellent mechanism of conservation of water.
Urine is stored in the urinary bladder till a voluntary signal [rom CNS carries out
its release through urethra. i.e., micturidon. Skin, lungs and liver also assist in
excretion.

EXERCISES

1. Define Glomerular Filiration Rale (GFR)

2. Explain the autoregulatory mechantsm of GFR
3. Indicale whether the following statements are true or false :
{a) Micturition is carried out by a refllex.
(b) ADH helps in water elmination. making the urine hypolonic.
{c] Protein-free Auld Is Aliered from blood plasma into the Bowman's capsule.
{d) Henle’s loop plays an importani role in concentrating the urine.
(e} Glucose 1s actively reabsorbed in the proximal convoluted tubule.

4. Give a briel account of the counter current mechanism.
5. Describe the role of liver, lungs and skin in excretion.
6. Explain micturiifon.
7. Match the {lems of column [ with those of colummn II :
Column I Column IT
(a] Ammonotelism (1} Birds
(b} Bowman's capstile (i1} Water reabsorption
fc] Micturition {ii1) Bony fish
{d) Uricolelism {tv) Urinary bladder

{d} ADH (v} Renal tubule



8. What 1s meant by the term osmoregulation?

9. Terresirial animals are generally elther ureotelic or uricotelic. not ammonotelic,
why ?
10. What is the significance of juxia glomerular apparatus (JGA) in Kdney unction?
11. Name the following:
(a) A chordate animal having flame cells as excretory structures
(b) Cortical porttons projecting between the medullary pyramids in the human
kidney
(c) A loop of capillary running parallel to the Henle's loop.
12. Fill in the gaps :
{a) Ascending ltmb of Henle's loop 1s to water whereas the descending
lmb 1s toit.

(b) Reabsorption of water from distal parts of the tubules 1s factlitated by hormone

c) Dialysis fluid contain all the constituents as in plasma except i
(d) A healthy adult human excretes (on an average)

gm of urea/day.
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LOCOMOTION AND MO‘U’EMENT

Movement is one of the significant features ol living beings. Animals and
plants exhibit a wide range of movements. Streaming of protoplasm in
the unicellular organisms like Amoeba is a simple form of movement.
Movement ol cilia, flagella and lentacles are shown by many organisms.
Human beings can move limbs, jaws. eyelids. tongue, etc. Some of the
movements resull in a change ol place or location. Such voluntary
movements are called locomotion. Walking, running. climbing, flying.
swimming are all some forms of locomotory movements. Locomotory
structures need not be diflerent from those affecting other types of
movements. For example, in Paramoecium, cilia helps in the movement of
{ood through cylopharynx and in locomotion as well. Hydra can use its
tentacles [or capturing its prey and also use them for locomotion. We use
limbs for changes in body postures and locomotion as well. The above
observations suggest that movements and locomotion cannot be studied
separately. The two may be linked by stating that all locomotions are
movements but all movements are nol locomotions.

Methods of locomotion performed by animals vary with their habitais
and the demand of the situation. However, locomotion is generally for
search ol lood, shelter, mate, suilable breeding grounds, favourable
climatic condilions or lo escape [rom enemies,/ predators.

17.1 Tyres oF MOVEMENT

Cells of the human body exhibit three main types of movements, namely,
amoeboid, ciliary and muscular.
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Some specialised cells in our body like macrophages and leucocytes
in blood exhibil amoeboid movement. It is elfected by pseudopodia lormed
by the streaming of proloplasm (as in Amoeba). Cyloskeletal elements
like microfilaments are also involved in amoeboid movement.

Ciliary movemeni occurs in most of our internal tubular organs which
are lined by ciliated epithelium. The coordinated movements of cilia in
the trachea help us in removing dust particles and some of the foreign
substances inhaled alongwith the atmospheric air. Passage ol ova through
the [emale reproductive tract is also facilitated by the ciliary movement.

Movement of our limbs. jaws. tongue, elc. require muscular movement.
The contractile property ol muscles are effectively used for locomotion
and other movements by human beings and majority of multicellular
organisms. Locomotion requires a perlect coordinated activity of muscular,
skeletal and neural sysiems. In this chapier, you will learn aboul the
lypes ol muscles, their structure, mechanism of their contraction and
important aspects of the skeletal system.

17.2 MuscLE

You have studied in Chapter 8 that the cilia and flagella are the outgrowths
of the cell membrane. Flagellar movement helps in the swimming of
spermalozoa. maintenance of water current in the canal system of sponges
and in locomotion of Protozoans like Euglena. Muscle 1s a specialised
tissue of mesodermal origin. About 40-50 per cent of the body
welght of a human adull is contributed by muscles. They have
special properties ltke excitability. contractility. extensibility and
elasticity. Muscles have been classifled using different crileria.
namely location, appearance and nalure of regulation of thelr
activities. Based on their location. three Lypes of muscles are
identified : (1) Skeletal (i) Visceral and {iil} Cardlac.

Skeletal muscles are closely associated with the skeletal components
of the body. They have a siriped appearance under the microscope and
hence are called striated muscles. As their activities are under the
voluntary control of the nervous system, they are known as voluntary
muscles too. They are primarily involved in locomotory actions and
changes of body postures.

Visceral muscles are located in the inner walls of hollow visceral organs
of the body like the alimentary canal. reproductive tract, etc. They do not
exhibil any siriation and are smooth in appearance. Hence. they are called
smooth muscles (nonstriated muscle). Their activities are not under the
voluntary control of the nervous sysiem and are therefore known as
invohmtary muscles. They assist. for example, in the transportation of food
through the digestive tracl and gametes through the genital tracl.
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As the name suggests, Cardlac muscles are the muscles of heart.
Many cardiac muscle cells assemble in a branching patlern to form a
cardiac muscle. Based on appearance, cardiac muscles are siriated. They
are involuntary in nature as the nervous system does nol control their
activities directly.

Let us examine a skeletal muscle in delail to understand the structure
and mechanism of contraction. Each organised skeletal muscle in our
body is made of a number of muscle bundles or fascicles held together
by a common collagenous connective lissue layer called fascia. Each
muscle bundle contains a number of muscle fibres (Figure 17.1). Each

Fascicle

[mscle cell)

Figure 17.1 Diagrammatic cross seclional view ol a muscle showing muscle bundles

and muscle Gbres

muscle fibre is lined by the plasma membrane called sarcolemma
enclosing the sarcoplasm. Muscle fibre is a syncitium as the sarcoplasm
contains many nuclei. The endoplasmic reticulum. i.e.. sarcoplasmic
reticulum of the muscle fibres is the store house ol calcium ions. A
characteristic feature of the muscle fibre is the presence of a large number
of parallelly arranged filaments in the sarcoplasm called myofilaments or
myofibrils. Each myofibril has alternate dark and light bands on it. A
detailed study of the myofibril has established that the striated appearance
is due Lo the distribution pattern ol two important proteins — Actin and
Myosin. The light bands contain actin and is called I-band or Isotropic
band, whereas the dark band called ‘A’ or Anisotropic band contains

7 fmusele bundle)
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myosin. Both the proleins are arranged as rod-like structures, parallel to
each other and also to the longitudinal axis of the myolfibrils. Actin
filamenis are thinner as compared lo the myosin filaments, hence are
commonly called thin and thick ilaments respectively. In the centre of
each T band is an elastic fibre called "Z' line which bisects il. The thin
filamentis are firmly attached to the “Z line. The thick lilaments in the
‘A’ band are also held together in the middle of this band by a thin fibrous
membrane called "M’ line. The ‘A’ and ‘T bands are arranged allernately
throughout the lengih ol the myolibrils. The porilion of the myofibril
between two successive 'Z lines is considered as the lunctional unit ol
contraction and is called a sarcomere (Figure 17.2). In a resting stale, the
edges of thin filaments on either side of the thick filaments partially overlap
the free ends of the thick filaments leaving the central part of the thick
[ilamenls. This central part of thick Hlamenti, nol overlapped by thin
filaments is called the "H' zone.

Figure 17.2
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Diagrammatic representation of (a) anatomy of a muscle fibre showing
a sarcomere (b) a sarcomere
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17.2.1 Structure of Contractile Proteins

Each actin (thin) lilament is made ol two ‘F* (filamentous) actins
helically wound to each other. Each 'F" actin is a polymer of monomeric
‘G’ (Globular) actins. Two lilaments of another protein, lropomyosin
also run close to the F" actins throughout its length. A complex protein
Troponin is distributed at regular intervals on the tropomyosin. In the
resting state a subunit of troponin masks the active binding sites lor
myosin on the actin filaments (Figure 17.3a).

Each myosin (thick) filament is also a polymerised protein. Many
monomeric proteins called Meromyosins (Figure 17.3b) constitute one
thick filament. Each meromyosin has two important parts, a globular
head with a short arm and a tail, the former being called the heavy
meromyosin (HMM) and the latter, the light meromyosin (LMM). The HMM
component, ie.; the head and shorl arm projects outwards al regular
distance and angle from each other from the surface of a polymerised myosin
filament and is known as cross arm. The globular head is an active ATPase
enzyme and has binding sites for ATP and active sites for actin.

Actin binding sites
ATP binding siles

Head

Cross arm

Figure 17.3 [a] An actin (thin) flament (b) Myosin monomer (Meromyosin)

17.2.2 Mechanism of Muscle Contraction

Mechanism of muscle contraction is besl explained by the sliding lilament
theory which stales that contraction of a muscle fibre takes place by the
sliding ol the thin filaments over the thick filaments.

221



222 Biowooy

Muscle contraction is initiated by a signal sent by the central nervous
system (CNS) via a motor neuron. A motor neuron alongwith the muscle
fibres connected to il constitute a motor unit. The junction between a
motor neuron and the sarcolemma of the muscle fibre is called the
neuromuscular junction or motor-end plate. A neural signal reaching
this junction releases a neurotransmitter (Acetyl choline) which generates
an action potential in the sarcolemma. This spreads through the muscle
fibre and causes the release ol calcium ions into the sarcoplasm. Increase
in Ca* level leads to the binding of caleinm with a subunit of troponin on
actin filaments and thereby remove the masking of active sites for myosin.
Utilising the energy from ATP hydrolysis, the myosin head now binds (o
the exposed active sites on actin lo form a cross bridge (Figure 17.4).

filament P ADP
Myosin _
/" filament — \
fey ATP Cross .bridgt--ul_:ﬁw Myosin head
——— s
_— [
(Breaking of cross bridge) (Formation of cross bridge)
ADP=S " gy T
— e
Sliding /rolation

Figure 17.4 Slages In cross bridge lormalion, rolalion of head and breaking of
cross bridge

This pulls the atlached actin lilamenls towards Lthe centre of ‘A’ band.
The "Z line attached to these actins are also pulled inwards thereby causing
a shortening of the sarcomere, i.e., contraction. It is clear from the above
steps, that during shortening of the muscle, i.e.. contraction, the T bands
gel reduced. whereas the ‘A’ bands retain the length (Figure 17.5). The
myosin, releasing the ADP and P, goes back to its relaxed stale. A new
ATP binds and the cross-bridge is broken (Figure 17.4). The ATP is again
hydrolysed by the myosin head and the cycle of cross bridge lormation
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Figure 17.5 Slding-Mlament theory of muscle contracton {movement of the Lhin
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and breakage is repeated causing lurther sliding. The process continues
till the Ca™ ions are pumped back to the sarcoplasmic cisternae resulting
in the masking of actin filaments. This causes the return of °Z lines back
to their original position. i.e.. relaxation. The reaction time of the fibres
can vary in diflerent muscles. Repeated activation of the muscles can lead
Lo the accumulation of lactic acid due to anaerobic breakdown of glycogen
in them, causing [atigue. Muscle contains a red coloured oxygen storing
pigment called myoglobin. Myoglobin content is high in some of the
muscles which gives a reddish appearance. Such muscles are called the
Red [ibres. These muscles also contain plenty of mitochondria which can
utilise the large amount of oxygen stored in them for ATP production.
These muscles. therefore, can also be called aerobic muscles. On the
other hand, some of the muscles possess very less quanlity of myoglobin
and therefore, appear pale or whitish. These are the White [ibres. Number
of mitochondria are also few in them, bul the amount of sarcoplasmic
reticulum is high. They depend on anaerobic process for energy.
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17.3 SEELETAL SYSTEM

Skeletal system consists of a framework of bones and a few carlilages.
This system has a significant role in movement shown by the body.
Imagine chewing food withoul jaw bones and walking around without
the limb bones. Bone and cartilage are specialised connective tissues.
The former has a very hard matrix due to calcium salts in it and the latter
has slightly pliable mairix due to chondroitin salis. In human beings,
this system is made up of 206 bones and a few cartilages. It is grouped
into two principal divisions - the axial and the appendicular skeleton.
Axial skeleton comprises 80 bones distributed along the main axis
of the body. The skull. vertebral column. sternum and ribs constitute
axial skeleton. The skull (Figure 17.6) is composed of lwo sets of bones—

Fronial bone

Sphencid bone

Mandible

Hyoid bone

Figure 17.6 Diagrammatic view of human skull

cranial and facial. that totals to 22 bones. Cranial bones are 8 in number.
They form the hard prolective outer covering, cranium for the brain. The
facial region is made up of 14 skeletal elements which form the front part
of the skull. A single U-shaped bone called hyoid is present at the base of
the buccal cavily and il is also included in (he skull. Each middle ear
contains three tiny bones — Malleus, Incus and Stapes, collectively called
Ear Ossicles. The skull region articulates with the superior region of the
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vertebral column with the help of two occipital
condyles [dicondylic skull).

Our vertebral column (Figure 17.7) is
formed by 26 serially arranged units called
veriebrae and is dorsally placed. It extends from
the base of the skull and constitutes the main
framework ol the trunk. Each veriebra has a
central hollow portion (neural canal) through
which the spinal cord passes. First vertebra is
the atlas and il articulales with the occipital
condyles. The vertebral column is diflerentiated
into cervical (7), thoracic (12}, humbar (5), sacral
(1-lused) and coceygeal (1-fused) regions
starting from the skull. The number of cervical
veriebrae are seven in almost all mammals
including human beings. The vertebral column
protects the spinal cord, supports the head and
serves as the point ol atlachment for the ribs
and musculature of the back. Sternum is a
flat bone on the ventral midline of thorax.

There are 12 pairs of ribs. Each rib is a
thin [lat bone connected dorsally to the
vertebral cohimn and venirally io the sternum.
It has two articulation surlaces on ils dorsal
end and is hence called bicephalic. First
seven pairs ol ribs are called true ribs.
Dorsally, they are attached to the thoracic
veriebrae and venirally connected (o the
sternum with the help of hyaline cartilage.
The 8% 9% and 10" pairs of ribs do not
articulate directly with the sternum bul join
the seventh rib with the help of hyaline
cartilage. These are called vertebrochondral
(false) ribs. Last 2 pairs (11" and 12") of ribs
are not connected venirally and are therefore,

True ribs
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Cervical vertebra

Thoracic
veriebra

Lumbar
vertehra

Figure 17.7 Vertcbral column (right lateral view)

called lloating ribs. Thoracic veriebrae, ribs i‘:}:" a column
and sternum together form the rib cage
{Figure 17.8).

The bones of the limbs alongwith their Floating rfb:i-l ¥

girdles constitute the appendicular
skeleton. Each limb is made of 30 bones.
The bones of the hand ([ore limb) are

Figure 17.8 Ribs andd rib cage
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Clavicle

Figure 17.9 Right pectoral girdle and upper
arm. ([rontal view)

Femur

Patella

Tihia
Fibula

Tarsals
Metatarsals

Figure 17.10 Right pelvic girdle and lower imb
bones (frontal view)
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humerus, radius and ulna. carpals (wrist bones
— 8 in number). metacarpals (palm bones — 5
in number] and phalanges (digits — 14 in
number] (Figure 17.9). Femur (thigh bone -
the longest bone), tibia and fibula. tarsals (ankle
bones — 7 in number], metatarsals (5 in
number) and phalanges [digits — 14 in number)
are the bones of the legs (hind limb) (Figure
17.10). A cup shaped bone called patella cover
the knee ventrally (knee cap).

Pectoral and Pelvic girdle bones help in
the articulation of the upper and the lower limbs
respectively with the axial skeleton. Each
girdle is formed of two halves. Each half of
pectoral girdle consists of a clavicle and a
scapula (Figure 17.9). Scapula is a large
triangular {lat bone situated in the dorsal part
of the thorax between the second and the
seventh ribs. The dorsal. flat. triangular body
ol scapula has a slightly elevated ridge called
the spine which projects as a {lat. expanded
process called the acromion. The clavicle
articulates with this. Below the acromion is a
depression called the gleneid cavity which
articulates with the head ol the humerus Lo
form the shoulder joint. Each clavicle is a long
slender bone with two curvatures. This bone
is commonly called the collar bone.

Pelvic girdle consists ol two coxal bones
{Figure 17.10). Each coxal bone is formed by
the fusion of three bones — ilium, ischium and
pubis. Al the point ol lusion of the above bones
is a cavity called acetabulum to which the thigh
bone articulaies. The two halves ol the pelvic
girdle meel ventrally to [orm the pubic
symphysis containing fibrous cartilage.

17.4 JoInTs

Joints are essential for all types of movements
involving the bony paris of the body.
Locomotory movementis are no exception to
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this. Joints are points of contacl between bones, or between bones and
cartilages. Force generated by the muscles is used to carry out movement
through jeints. where the joint acts as a fulcrum. The movability at these
joints vary depending on different {actors. Joints have been classilied inio
three major structural lorms, namely. fibrous, carlilaginous and synovial.

Fibrous joints do not allow any movement. This type of joint is shown
by the flat skull bones which luse end-to-end with the help of dense fibrous
connective tissues in the form of sutures. to form the cranium.

In cartilaginous joints, the bones involved are joined together with
the help of cartilages. The joint between the adjacent vertebrae in the
vertebral column is of this paltern and il permits limiled movements.

Synovial joints are characlerised by the presence of a [luid [illed synovial
cavity between the articulating surfaces of the two bones. Such an arragement
allows considerable movement. These joints help in locomotion and many
other movements. Ball and socket joint (between humerus and pectoral
girdle}, hinge joinl (knee joint), pivot joinl (between atlas and axis), gliding
joint (between the carpals) and saddle joint (between carpal and metacarpal
of thumb) are some examples.

17.5 DisorDERS oF MUSCULAR AND SKELETAL SYSTEM

Myasthenia gravis: Auto immune disorder allecting neuromuscular
junction leading Lo fatigue, weakening and paralysis of skeletal muscle.

Muscular dystrophy: Progressive degeneration of skeletal muscle mostly
due to genetic disorder.

Tetany: Rapid spasms (wild coniractions) in muscle due to low Ca*™ in
body Muid.

Arthritis: Inflammation of joints.

Osteoporosis: Age-related disorder characterised by decreased bone mass
and increased chances of fractures. Decreased levels of estrogen is a
commeon catse.

Gout: Inflammation of joints due to accumulation of uric acid crystals.

SUMMARY

Movement is an essential feature of all living beings. Protoplasmie streaming, ciliary
movements, movements of lins, limbs, wings, etc., are some [orms exhibited by
animals. A voluntary movement which causes the animal to change its place, is
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called locomotion. Animals move generally in search of [ood. shelter, mate, breeding
ground, better climale or lo protect themselves,

The cells of the human body exhibit amoeboid, ciliary and muscular
movemenis. Locomotion and many other movements require coordinated muscular
activities. Three types ol muscles are present in our body. Skeletal muscles are
altached Lo skeletal elements. They appear siriated and are voluntary in nature.
Visceral muscles. present in the inner walls ol visceral organs are nonstriated and
involuntary. Cardiac muscles are the muscles of the heart. They are striated,
branched and involuntary. Muscles possess excilability. contractility. extensibility
and elasticity.

Muscle fibre is the anatomical unit of muscle. Each muscle fibre has many
parallelly arranged myolibrils. Each myofibril contains many serially arranged
units called sarcomere which are the functional units. Each sarcomere has a central
‘A’ band made of thick myosin filaments, and two hall T bands made ol thin actin
filamenis on either side of it marked by "Z' lines. Actin and myosin are polymerised
proteins with conitractility. The active sites for myosin on resting actin lilament are
masked by a protein-troponin. Myosin head contains ATPase and has ATP binding
sites and active sites for actin. A motor neuron carries signal to the muscle fibre
which generates an action potential in it. This causes the release of Ca™ from
sarcoplasmic reticulum. Ca* activales actin which binds o the myosin head to
form a cross bridge. These cross bridges pull the aciin filaments causing them to
slide over the myosin filaments and thereby causing contraction. Ca™ are then
returned to sarcoplasmic reticulum which inactivale the actin. Cross bridges are
broken and the muscles relax.

Repealed stimulation of muscles leads (o [atigue. Muscles are classified as
Red and While fibres based primarily on the amount of red coloured myoglobin
pigment in them.

Bones and cartilages constitute our skeletal system. The skeleial system is
divisible into axial and appendicular. Skull. vertebral column, ribs and sternum
constitute the axial skeleton. Limb bones and girdles form the appendicular
skeleton. Three types ol joints are formed between bones or between bone and
cartilage — fibrous, cartilaginous and synovial. Synovial joinls allow considerable
movements and therefore, play a significant role in locomotion.

EXERCISES

1. Draw the diagram of a sarcomere of skeletal muscle showing different reglons.
2. Deline sliding fQlament theory of muscle contraction,
3. Describe the imporiant steps in muscle contraction.
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10,

. Write true or false. If false change the statement so that il is true.

{a) Actin is present in thin Alament

(b) H-zone of sirlated muscle fibre represents both thick and thin flaments.
(c) Human skeleton has 206 bones.

(d} There are 11 palrs of ribs in man.

(e] Sternum is present on the veniral side of the body.,

Write the difference between :

(a) Actin and Myosin

(b} Red and White muscles

[c) Pectoral and Pelvic girdle

Maich Column I with Column 11 :

Column I Column IT

[a)} Smooth muscle (t) Myoglobin
(b) Tropomyosin (1) Thin Qlament
ic) Bed muscle (11l) Sutures

(d} Skull {tv] Involuniary

What are the different types of movements exhibited by (he cells of human
body?

How do you distinguish between a skeletal muscle and a cardiac muscle?
Mame the type of joint between Lhe following:-

(a) atlas/faxis

(b} carpal /metacarpal of thumb

[c) between phalanges

(d) femur facelabulum

(&) between crantal bones

([} between publc bones in the pelvic girdle

Fill in the blank spaces:

(a) All mammals (excepl a few) have cervical vertebra.

(b} The number of phalanges in each imb of human is

(c) Thin filament of myofibril contains 2 'F aclins and two other prolelns namely

and :
(d) In a muscle fibre Ca®™ 1s stored In
ie) and pairs of ribs are called foating ribs.

(fi The human cranium is made of bones.
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CHAPTER 18

NEURAL CONTROL AND

COORDIN&TION

As you know, the lunctions ol the organs/organ systems in our body
must be coordinated to maintain homeostasis. Coordination is the
process through which two or more organs interact and complement the
functions of one another. For example, when we do physical exercises,
the energy demand is increased for maintaining an increased muscular
activity. The supply of oxygden is also increased. The increased supply of
oxygen necessilates an increase in the rate of respiration, heart beat and
increased blood [low via blood vessels. When physical exercise is stopped,
the activities ol nerves, lungs, hearl and kidney gradually return to their
normal conditions. Thus. the lunctions of muscles, lungs, heart. blood
vessels, kidney and other organs are coordinated while performing physical
exercises. In our body the neural system and the endocrine sysiem jointly
coordinate and integrate all the activilies of the organs so that they hunction
in a synchronised fashion.

The neural system provides an organised network ol point-to-point
connections for a quick coordination. The endocrine system provides
chemical integration through hormones. In this chapier. you will learn
aboul the neural sysiem of human, mechanisms ol neural coordination
like transmission of nerve impulse, impulse conduction across a synapse.
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18.1 NEURAL SYSTEM

The neural system of all animals is composed ol highly specialised cells called
neurons which can detecl. receive and (ransmil different kinds ol stimuli.

The neural organisation is very simple in lower inveriebrales. For
example, in Hydra il is composed of a network of neurons. The neural
system is betler organised in insects. where a brain is present along with
a number of ganglia and neural tissues. The veriebrales have a more
developed neural system.

18.2 Huwman NEURAL SYSTEM

The human neural system is divided into two paris :
(i)] thecentral neural system (CNS)
(ii] the peripheral neural system (PN5)

The CNS includes the brain and the spinal cord and is the site of
information processing and conirol. The PNS comprises of all the nerves
ol the body associated with the CNS (brain and spinal cord). The nerve
fibres ol the PNS are of two types :

(a) afferent fibres

(b) efferent fibres

The afferent nerve fibres transmit impulses from tissues/organs to
the CNS and the efferent fibres transmit regulatory impulses from the
CNS Lo the concerned peripheral lissues /organs.

The PNS is divided inlo two divisions called somatic neural system
and autonomic neural system. The somalic neural sysiem relays
impulses from the CNS Lo skeletal muscles while the aulonomic neural
system (ransmits impulses [rom the CNS to the involuntary organs and
smooth muscles of the body. The autonomic neural system is further
classified into sympathetic neural system and parasympathetic neural
system.

Visceral nervous system is the part of the peripheral nervous system
that comprises the whole complex of nerves. fibres. ganglia. and plexuses
by which impulses travel from the central nervous system to the viscera
and from the viscera (o the central nervous system.

18.3 NEURON AS STRUCTURAL AND FuncrioNAL UniT OF
NEURAL SYSTEM

A neuron is a microscopic structure composed of three major parts, namely,
cell body, dendrites and axon (Figure 18.1). The cell body contains cytoplasm
with typical cell organelles and certain granular bodies called Nissl's granules.
Short fibres which branch repeatedly and project out of the cell body also
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Cell body

Nucleus

contain Nissl's granules and are called dendriles. These
fibres transmit impulses lowards the cell body. The
axon is a long fibre, the distal end of which is branched.
Each branch lerminates as a bulb-like structure called
synaptic knob which possess synaptic vesicles
containing chemicals called neurotransmitters. The
axons transmit nerve impulses away from the cell body
{o a synapse or to a neuro-muscular junction. Based
on the number ol axon and dendriles, the neurons are
divided inlo three types, L.e.. multipolar fwith one axon

7 and two or more dendriies: lound in the cerebral cortex),
Schuwti #ell bipolar (with one axon and one dendrite, found in the
/ retina of eye) and unipolar (cell body with one axon
only; lound usually in the embryonic stage). There are
Axaon two types of axons, namely, myelinated and non-
myelinated. The myelinated nerve fibres are enveloped
Myelin with Schwann cells, which form a myelin sheath
sheath around the axon. The gaps between two adjacent
Nodeof _— myelin sheaths are called nodes of Ranvier.
Ramvier Myelinated nerve fibres are found in spinal and cranial
nerves. Unmyelinated nerve fibre is enclosed by a
Axcom Schwann cell that does not form a myelin sheath
terminal around the axon. and is commonly found in
Synaptic autonomous and the somaltic neural systems.
knob
18.3.1 Generation and Conduction of
Figure 18.1 Structure of a neuron Nerve Impulse

Neurons are excitable cells because their membranes are in a polarised
slate. Do you know why the membrane of a neuron is polarised? Diflerent
types ol ion channels are present on the neural membrane. These ion
channels are selectively permeable to diflerent ions. When a neuron is not
conducting any impulse, i.e., resting. (he axonal membrane is
comparatively more permeable Lo potassium ions (K] and nearly
impermeable to sodium ions [{Na*‘). Similarly. the membrane is
impermeable to negatively charged proteins present in the axoplasm.
Consequently, the axoplasm inside the axon contains high concentration
of K* and negatively charged proteins and low concentration of Na*. In
contrast, the lluid outside the axon contains a low concentration of K', a
high concentration of Na* and thus lorm a concentration gradient. These
ionic gradients across the resting membrane are maintained by the active
transport of ions by the sodium-potassium pump which transports 3
Na' outwards for 2 K into the cell. As a result, the outer surface of the
axonal membrane possesses a positive charge while its inner surface
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Figure 18.2 Diagrammatic represeniation of impulse conduction through an axon

[at points A and B)

becomes negalively charged and therefore iIs polarised. The electrical
potential difference across the resting plasma membrane is called as the
resting potential.

You might be curious to know aboul the mechanisms of generation
ol nerve impulse and its conduction along an axon. When a stimulus is
applied al a site (Figure 18.2 e.g., point A) on the polarised membrane,
the membrane at the site A becomes [reely permeable Lo Na*. This leads
o a rapid inllux of Na® followed by the reversal of the polarity at that site,
i.e., the outer surlace of the membrane becomes negatively charged and
the inner side becomes positively charged. The polarity of the membrane
al the siie A is thus reversed and hence depolarised. The electrical potential
difference across the plasma membrane al the site A is called the
action potential, which is in [act termed as a nerve impulse. Al sites
immediately ahead. the axon (e.g.. site B) membrane has a positive charge
on the outer surface and a negative charge on its inner surface. As a
resull. a current Hows on the inner suriace from site A to sile B. On the
outer surface current fows from site B Lo site A (Figure 18.2) to complete
the circuit of current flow. Hence, the polarity al the site is reversed, and
an action potential is generated at site B. Thus, the impulse (action
potential) generated at site A arrives al site B. The sequence is repeated
along the length of the axon and consequently the impulse is conducted.
The rise in the stimulus-induced permeability Lo Na* is extremely short-
lived. It is quickly followed by a rise in permeability to K'. Within a fraction
of a second, K diffuses outside the membrane and reslores the resting
potential of the membrane at the site of excitation and the libre becomes
once more responsive Lo lurther stimulation.
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18.3.2 Transmission of Impulses

A nerve impulse is transmitted from one neuron to another through
junctions called synapses. A synapse is lormed by the membranes of a
pre-synaptic neuron and a post-synaptic nearon, which may or may not
be separated by a gap called synaptic cleft. There are two types of
synapses, namely, electrical synapses and chemical synapses. At electrical
synapses, the membranes of pre- and post-synaptic neurons are in very
close proximity. Elecirical current can llow directly [rom one neuron into
the other across these synapses. Transmission of an impulse across
elecirical synapses is very similar to impulse conduction along a single
axon. Impulse transmission across an electrical synapse is always [asler
than that across a chemical synapse. Elecirical synapses are rare in our
system.

Al a chemical synapse. the membranes of the pre- and post-synaptic
neurons are separated by a fluid-filled space called synaptic cleft
(Figure 18.3). Do you know how the pre-synaptic neuron transmits an
impulse (action potential) across the synaptic clefi to the posi-synaptic
neuron? Chemicals called neurotransmitters are invelved in the
transmission of impulses al these synapses. The axon terminals contain
vesicles [illed with (hese neuroiransmitiers. When an impulse {action
potential) artives at the axon terminal, it stimulates the movement of the
synaptic vesicles towards the membrane where they fuse with the plasma

Axon

Axon
/ terminal

Synaptic
vesicles

= PTE:-B?j.rr.lﬂ.pLiC_:
membrane

—— Synaptic eleft %?
| Post-synaptic | 3
membrane "

- Receplors

Figure 18.3 Diagram showing axon lerminal and synapse



NeEuraL CoNTROL AND COORDINATION

membrane and release their neurotransmitters in the synaptic cleft. The
released neuroiransmitters bind to their specific receptors, present on
the posl-synaptic membrane. This binding opens ion channels allowing
the entry of ions which can generate a new potential in the post-synaptic
neuron. The new potential developed may be either excitatory or
inhibitory.

18.4 CENTRAL NEURAL SYSTEM

The brain is the central information processing organ of our body, and
acis as the ‘command and control system’. It controls the voluntary
movements, balance of the body, functioning of vital involuntary organs
{e.g.. lungs, heart, kidneys. etc.). thermoregulation. hunger and thirst.
circadian (24-hour) rhythms of our body. activities of several endocrine
glands and human behaviour. 1L is also the site lor processing of vision,
hearing, speech, memory, intelligence, emotions and thoughts.

The human brain is well protected by the skull. Inside the skull. the
brain is covered by cranfal meninges consisting of an outer layer called
dura mater, a very thin middle layer called arachnolid and an inner layer
[which is in contact with the brain tissue) called pla mater. The brain can
be divided into three major parts: (i} forebrain, (ii} midbrain, and
(iii) hindbrain (Figure 18.4).

Cerebral hemisphere

Farebrain

Thalamus
Hypothalaimas

Midbrain Pyl
Pons /\W
Hindbrain——{ Cerebellum A/
| Medulla” J&
Spinal cord /f !

Figure 18.4 Diagram showing sagilal section of the human brain
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18.4.1 Forebrain

The lorebrain consisis of cerebrum, thalamus and hypothalamus
(Figure 18.4). Cerebrum forms the major part of the human brain. A deep
cleft divides the cerebrum longitudinally into twe halves, which are termed
as the left and right cerebral hemispheres. The hemispheres are
connected by a tract of nerve fibres called corpus callosum. The layer of
cells which covers the cerebral hemisphere is called cerebral cortex and is
thrown into prominent folds. The cerebral cortex is referred Lo as the grey
matter due to ils greyish appearance. The neuron cell bodies are
concenirated here giving the colour. The cerebral cortex contains motor
areas, sensory areas and large regions thal are neither clearly sensory
nor motor in function. These regions called as the assoclation areas are
responsible for complex functions like intersensory associations. memory
and communication. Fibres of the tracts are covered with the myelin sheath,
which constitute the inner part of cerebral hemisphere. They give an
opaque white appearance to the layer and, hence, is called the white matter.
The cerebrum wraps around a structure called thalamus, which is a major
coordinating centre for sensory and motor signaling. Another very
important part of the brain called hypothalamus lies al the base of the
thalamus. The hypothalamus contains a number of centres which conirol
body temperature, urge lor eating and drinking. It also contains several
groups ol neurosecretory cells, which secrele hormones called
hypothalamic hormones. The inner parts of cerebral hemispheres and a
group of associaled deep structures like amygdala. hippocampus, ete..
form a complex structure called the limbic lobe or limbic system. Along
with the hypothalamus, it is involved in the regulation of sexual behaviour,
expression of emotional reactions (e.g.. excitement. pleasure, rage and
lear]. and motivation.

18.4.2 Midbrain

The midbrain is located between the thalamus/hypothalamus ol the
forebrain and pons of the hindbrain. A canal called the cerebral aqueduct
passess through the midbrain. The dorsal portion of the midbrain consists
mainly of lour round swellings (lobes) called corpora quadrigemina.

18.4.3 Hindbrain

The hindbrain comprises pons, cerebellum and medulla (also called
the medulla oblongata). Pons consists ol fibre (racts that interconnect
different regions of the brain. Cerebellum has very convoluted surface in
order Lo provide the additional space for many more neurons. The medulla
ol the brain is connecied o the spinal cord. The medulla contains centres
which conirol respiration, cardiovascular reflexes and gastric secretions.

Three major regions make up the brain stem: mid brain. pons
and medulla oblongata. Brain stem [orms the conneclions between
the brain and spmal cord.
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SUMMARY

The neural system coordinatles and integrates lunclions as well as metabolic
and homeoslatic activities ol all the organs. Neurons, the flunctional units of
neural system are excitable cells due to a dilferential concentration gradient of
ions across the membrane. The electrical potential difference across the resting
neural membrane is called the ‘resting polential’. The nerve impulse is conducted
along the axon membrane in the form of a wave of depolarisation and
repolarisation. A synapse is formed by the membranes ol a pre-synaptic neuron
and a post-synaptic neuron which may or may not be separated by a gap called
synaptic clefl. Chemicals involved in the transmission of impulses at chemical
synapses are called neurotransmilters.

Human neural system consists of two paris: (i} ceniral neural system (CNS)
and (ii) the peripheral neural system. The CNS consists ol the brain and spiral
cord. The brain can be divided into three major parts : (i) forebrain, (ii) midbrain
and (iil) hindbrain. The [orebrain consisis of cerebrum, thalamus and
hypothalamus. The cerebrum is longitudinally divided into two halves that are
connected by the corpus callosum. A very important part of the forebrain called
hypothalamus conirols the body temperature, eating and drinking. Inner parts
of cerebral hemispheres and a group ol associated deep structures form a complex
structure called limbic system which is concerned with olfaction, autonomic
responses. regulation of sexual behaviour, expression of emotional reactions,
and motivation. The midbrain receives and integrates visual, tactile and auditory
inpuis. The hindbrain comprises pons, cerebellum and medulla. The cerebellum
integrates information received from the semicircular canals of the ear and the
auditory system. The medulla contains centres., which control respiration,
cardiovascular reflexes, and gastric secretions. Pons consist of fibre tracts that
interconnect diflerent regions of the brain.

EXERCISES

1. Briefly describe the structure of the Brain

2. Compare the lollowing:
(a) Ceniral neural system (CNS) and Peripheral neural system (PNS)
(b} Resting potential and action potential
3. Explain the following processes:
(a) Polarisation of the membrane of a nerve fibre
(b) Depolarisation of the membrane ol a nerve [ibre
(c) Transmission of a nerve impulse across a chemical synapse
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4. Draw labelled diagrams of the lollowing:
(a) Neuron (b) Brain
D. Wrile short notes on the ollowing:
(a) Neural coordination (b) Forebrain (c) Midbrain
(d) Hindbrain (e} Synapse
Give a briel account of Mechanism of synaptic transmissiorn.
Explain the role of Na® in the generation of action potential.

Differentiate between:

{a) Myelinated and non-myelinated axons

(b] Dendriles and axons

{c) Thalamus and Hypothalamus

(d) Cerebium and Cerebellium
9. Answer the following:

[a] Which part ol the human brain is the most developed?

(b} Which part of our central neural system acts as a master clock?
10. Distingnish between:

[a)] allerent neurons and elferent neurons

(b} impulse conduction in a myelinated nerve fibre and unmyelinated nerve

fibre

([} cranial nerves and spinal nerves.



19.1

19.2

19.3

19.4

Endocrine
Glands and
Hormones

Human
Endocrine
System

Hormones of
Heart, Kidney
anl
Castrointestinal
Traci

Mechanism of
Hormone Action

CHAPTER 19

C HEMICAL C OORDINATION

AND INTEGRATION

You have already learnt that the neural syslem provides a
point-to-point rapid coordination among organs. The neural
coordination is fast bul short-lived. As the nerve fibres do not innervale
all cells of the body and the cellular functions need Lo be continuously
regulated; a special kind of coordination and integration has to be
provided. This lunction is carried out by hormones. The neural system
and the endocrine system joinilly coordinale and regulate the
physiological unctions in the body.

19.1 EnpoCRINE GLANDS AND HORMONES

Endocrine glands lack ducts and are hence, called ductless glands. Their
secretions are called hormones. The classical definition of hormone as a
chemical produced by endocrine glands and released into the blood and
iransported to a distantly located target organ has current scientific
definition as [ollows: Hormones are non-nutrient chemicals which
act as intercellular messengers and are produced in trace amounts.
The new definition covers a number of new molecules in addition to the
hormones secreted by the organised endocrine glands. Invertebrates
possess very simple endocrine systems with few hormones whereas a large
number of chemicals act as hormones and provide coordination in the
vertebrates. The human endocrine system is described here.
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19.2 Huyman ENDOCRINE SYSTEM

The endocrine glands and hormone
producing diffused tissues/cells located in
different parts of our body constitute the
endocrine system. Pituitary, pineal,
thyroid, adrenal, pancreas, parathyroid,
thymus and gonads (teslis in males and
ovary in females) are the organised
endocrine bodies in our body
(Figure 19.1). In addition to these, some
other organs, e.g.. gastrointestinal tract,
liver. kidney. heart also produce hormones.
A briel account ol the siructure and
hinctions of all major endocrine glands
and hypothalamus of the human body is
given in the following sections.

19.2.1 The Hypothalamus

As you know, the hypothalamus is the
basal part of diencephalon, forebrain
(Figure 19.1) and it regulales a wide
spectrum of body lunctions. It conlains
several groups of neurosecretory cells
called nuclei which produce hormones.
These hormones regulate the synihesis
and secretion ol pituitary hormones.
However, the hormones produced by
hypothalamus are of two types, the

releasing hormones (which stimulate secretion of pituitary hormones) and
the inhibiting hormones (which inhibit secretions ol pituitary hormones).
For example a hypothalamic hormone called Gonadotrophin releasing
hormone (GnRH) stimulates the pituitary synthesis and release of
gonadotrophins. On the other hand. somatostatin from the hypothalamus
inhibits the release ol growth hormone [rom the pituitary. These hormones
originating in the hypothalamic neurons, pass through axons and are
released [rom their nerve endings. These hormones reach the pituitary
gland through a portal circulatory system and regulate the lunctions of
the anterior pituitary. The posterior pituitary is under the direct neural
regulation of the hypothalamus (Figure 19.2].
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19.2.2 The Pituitary Gland Hypothalamus

The pituitary gland is located in a bony cavity
called sella tursica and is attached lo
hypothalamus by a stalk (Figure 19.2). It is
divided anatomically into an adenohypophysis
and a neurochypophysis. Adenchypophysis
consists ol two portions, pars distalis and pars
intermedia. The pars distalis region ol pituitary,
commonly called anterior pituitary. produces
growth hormone (GH). prolactin (FRL), thyroid
stimulating hormone (TSH).
adrenocorticotrophic hormone (ACTH).
luteinizing hormone (LH] and follicle
stimulating hormone (F5H). Pars intermedia
secreles only one hormone called melanocyte
stimulating hormone (MS5H). However, in
humans,. the pars intermedia is almost merged Anterlor
with pars distalis. Neurohypophysis (pars a4
nervosa) also known as posterior pituitary, stores Figure 19.2 Diagrammalic representation of
: pituitary and iis relationship with

and releases two hormones called oxytocin and hypothalamus
vasopressin, which are actually synthesised by
the hypothalamus and are transporied axonally to neurchypophysis.

Over-secretion of GH stimulates abnormal growth ol the body leading
Lo giganlism and low secretion of GH results in stunled growth resulting
in pituitary dwarfism. Excess secretion of growth hormone in adults
especially in middle age can resull in severe disfigurement (especially of
the lace) called Acromegaly, which may lead to serious complications,
and premature death il unchecked. The disease is hard (o diagnose in
the early stages and often goes undetected for many years, until changes
in external leatures become noticeable. Prolactin regulates the growth of
the mammary glands and formation of milk in them. TSH stimulates the
synihesis and secretion of thyroid hormones from the thyroid gland. ACTH
stimulaies the synthesis and secretion ol steroid hormones called
glucocorticolds from the adrenal cortex. LH and FSH stimulate gonadal
activity and hence are called gonadotrophins. In males. LH stimulates
the synthesis and secretion of hormones called androgens from testis.
In males, FSH and androgens regulate spermatogenesis. In females, LH
induces ovulation of hully mature lollicles (graafian follicles) and maintains
the corpus luteum. lormed from the remnants of the graafian follicles
alter ovulation. FSH stimulates growih and development ol the ovarian
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Figure 19.3 Diagrammatic view of Lhe
posilton of Thyroild and
Parathyroid
fa) Venitral side
{b) Dorsal side

Iollicles in [emales. MSH acts on the melanocytes
(melanin containing cells) and regulales pigmentation
of the skin. Oxytocin acts on the smooth muscles of
our body and stimulates their contraction. In females,
il stimulates a vigorous contraction of uterus at the
time ol child birth, and milk ejection from the mammary
gland. Vasopressin acls mainly al the kidney and
stimulates resorption of water and electrolytes by the
distal tubules and thereby reduces loss of water
through urine (diuresis). Hence, il is also called as anti-
diuretic hormone [ADH).

An impairment allecting synthesis or release of ADH
results in a diminished ability of the kidney Lo conserve
water leading to water loss and dehydration. This
condition is known as Diabetes Insipidus.

19.2.3 The Pineal Gland

The pineal gland is located on the dorsal side of
forebrain. Pineal secretes a hormone called melatonin.
Melatonin plays a very important role in the regulation
of a 24-hour (diurnal] rhythm of our body. For
example, it helps in maintaining the normal rhythms
ol sleep-wake cycle, body temperature. In addition,
melatonin also influences metabolism. pigmentation,
the menstrual cycle as well as our delense capability.

19.2.4 Thyroid Gland

The thyroid gland is composed of two lobes which are
located on either side of the trachea (Figure 19.3 a). Both
the lobes are interconnected with a thin {lap of connective
tissue called isthmus. The thyroid gland is composed ol
Tollicles and stromal tissues. Each thyroid follicle is
composed of lollicular cells, enclosing a cavity. These
follicular cells synthesise two hormones,
tetralodothyronine or thyroxine (T,) and
trilodothyronine (T,). lodine is essential for the normal
rate of hormone synthesis in the thyroid. Deficiency ol
iodine in our diet resulls in hypothyroidism and
enlargement of the thyroid gland, commonly called
goitre. Hypothyroidism during pregnancy causes
defective development and maturation of the growing
baby leading to stunted growih (cretinism), mental
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retardation, low intelligence quotient, abnormal skin, deal-mutism, etc. In
adult women, hypothyroidism may cause mensirual cycle to become

irregular. Due to cancer of the thyroid gland or due to development of

nodules of the thyroid glands, the rate of synthesis and secretion of the
thyroid hormones is increased to abnormal high levels leading to a condition
called hyperthyroldism which adversely affects the body physiology.
Exopthalmic goltre is a form of hyperthyroidism. characterised by
enlargement of the thyroid gland. protrusion of the eyeballs. increased
basal metabolic rate, and weight loss, also called Graves' disease.
Thyroid hormones play an important role in the regulation of the basal
metabolic rale. These hormones also support the process of red blood cell
lormation. Thyroid hormones control the metabolism of carbohydrates, proleins
and [ats. Maintenance of water and electrolyie balance is also influenced by
thyroid hormones. Thyroid gland also secreles a protein hormone called
thyrocalcitonin (TCT) which regulates the blood calcium levels.

19.2.5 Parathyroid Gland

In humans, four parathyroid glands are present on the back side of the
thyroid gland, one pair each in the two lobes of the thyroid gland (Figure
19.3 b). The parathyroid glands secrele a peptide hormone called
parathyroid hormone (PTH). The secretion of PTH is regulated by Lhe
circulating levels of calcium ions.

Parathyroid hormone (PTH) increases the Ca?* levels in the blood. PTH
acts on bones and stimulates the process ol bone resorption (dissolution/
demineralisation). PTH also stimulales reabsorption of Ca®* by the renal
tubules and increases Ca®** absorption from the digested food. Il is, thus,
clear that PTH is a hypercalcemic hormone, i.e., it increases the blood
Ca® levels. Along with TCT, it plays a significant role in calcium balance
in the body.

19.2.6 Thymus

The thymus gland is a lobular structure located between lungs behind
stermum on the ventral side of aoria. The thymus plays a major role in
the development of the immune system. This gland secretes the peptide
hormones called thymosins. Thymosins play a major role in the
differentiation ol T-lymphocytes, which provide cell-mediated
Immunity. In addition. thymosins also promote production ol antibodies
Lo provide humoral immunity. Thymus is degenerated in old individuals
resulting in a decreased production of thymosins. As a resull, the immune
responses ol old persons become weak.
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Adrenal gland

19.2.7 Adrenal Gland

Our body has one pair of adrenal glands. one at the anterior part of each
kidney (Figure 19.4 a). The gland is composed ol two types ol lissues.
The centrally located tissue is called the adrenal medulla, and outside
this lies the adrenal cortex (Figure 19.4 b).

Underproduction of hormones by the adrenal corlex allers
carbohydrate metabolism causing acuie weakness and [atigue leading
to a disease called Addison’s disease.

Adrenal cortex

Adrenal medulla

Kidney

(a) (b)

Figure 19.4 Magrammalic representation of @ (a) Adrenal gland above kidney (b) Section
showing two parts of adrenal gland

The adrenal medulla secretes two hormones called adrenaline or
epinephrine and noradrenaline or norepinephrine. These are
commonly called as catecholamines. Adrenaline and noradrenaline are
rapidly secreted in response to stress of any kind and during emergency
situations and are called emergency hormones or hormones of Fight
or Flight. These hormones increase aleriness, pupilary dilation,
piloerection (raising ol hairs). swealing etc. Both the hormones increase
the heart beat, the strength of heart coniraction and the rate of respiration.
Catecholamines also stimulate the breakdown of glycogen resulting in
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an increased concentration ol glucose in blood. In addition. they also
stimulale the breakdown of lipids and proteins.

The adrenal cortex can be divided into three layers. called zona
reticularis (inner layer). Zzona fasciculata [middle layer] and zona
glomerulosa [outer layer). The adrenal cortex secretes many hormones,
commonly called as corticolds. The corticoids, which are involved in
carbohydrate metabolism are called glucocorticoids. In our bedy, cortisol
is the main glucocorticoid. Corticoids, which regulate the balance of water
and electrolytes in our body are called mineralocorticoids. Aldosterone is
the main mineralocorticoid in our body.

Glucocorticoids stimulate gluconeogenesis, lipolysis and proteolysis;
and inhibil cellular uptake and utilisation ol amine acids. Cortisol is also
involved in mainiaining the cardio-vascular system as well as the kidney
lunctions. Glucocorticoids, particularly cortisol, produces anti-
inflammaltory reactions and suppresses the immune response. Cortisol
stimulates the RBC production. Aldosterone acts mainly at the renal
tubules and stimulaies the reabsorption of Na® and waler and excretion
of K* and phosphate ions. Thus, aldosierone helps in the maintenance of
electrolytes, body fluid volume, osmolic pressure and blood pressure.
Small amounts of androgenic slerocids are also secreted by the adrenal
cortex which play a role in the growth ol axial hair, pubic hair and [acial
hair during puberty.

19.2.8 Pancreas

Pancreas is a composiie gland (Figure 19.1) which acts as both exocrine
and endocrine gland. The endocrine pancreas consists of ‘Islets of
Langerhans'. There are about 1 to 2 million Islets of Langerhans in a
normal human pancreas representing only 1 to 2 per cent of the pancreatic
tissue. The two main types ol cells in the Islet of Langerhans are called
a-cells and B-cells. The a-cells secrele a hormone called glucagon, while
the B-cells secrete insulin.

Glucagon is a peplide hormone, and plays an important role in
maintaining the normal blood glucose levels. Glucagon acts mainly on
the liver cells (hepatocyies) and stimulaies glycogenolysis resualting in an
increased blood sugar (hyperglycemia). In addition. this hormone
stimulates the process of gluconeogenesis which also contributes to
hyperglycemia. Glucagon reduces the cellular glucose uptake and
utilisation. Thus. glucagon is a hyperglycemic hormone.

Insulin is a peptide hormone, which plays a major role in the
regulation of glucose homeostasis. Insulin acts mainly on hepatocytes
and adipocytes (cells of adipose tissue). and enhances cellular glucose
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uptake and utilisation. As a resull, there is a rapid movement of glucose
[rom blood to hepatocytes and adipocyles resulling in decreased blood
ghucose levels (hypoglycemia). Insulin also stimulates conversion of
glucose lo glycogen (glycogenesis) in the targel cells. The glucose
homeostasis in blood is (hus maintained jointly by the two - insulin and
glhncagons.

Prolonged hyperglycemia leads to a complex disorder called diabetes
mellitus which is associated with loss of glucose through urine and
formation ol harmful compounds known as ketone bodies. Diabelic
patients are successiully treated with insulin therapy.

19.2.9 Testis

A pair of testis is present in the scrotal sac (outside abdomen) of male
individuals (Figure 19.1). Testis performs dual lunctions as a primary
sex organ as well as an endocrine gland. Testis is composed ol
seminiferous tubules and stromal or interstitial tissue. The Leydig
cells or interstitial cells, which are present in the intertubular
spaces produce a group of hormones called androgens mainly
testosterone.

Androgens regulate the development. maturation and functions of
the male accessory sex organs like epididymis, vas delerens, seminal
vesicles, prostate gland., urethra ete. These hormones stimulate muscular
growth, growth of facial and axillary hair, aggressiveness, low pitch of
voice ele. Androgens play a major stimulatory role in the process of
spermalogenesis (formation ol spermatozoa). Androgens act on the central
neural sysiem and influence the male sexual behaviour (libido). These
hormones produce anabolic (synihetic) effects on protein and carbohydrate
metabolism.

19.2.10 Ovary

Females have a pair of ovaries located in the abdomen (Figure 19.1). Ovary
is the primary lemale sex organ which preduces one ovum during each
mensirual eycle. In addition, ovary also produces two groups ol sleroid
hormones called estrogen and progesterone. Ovary is composed ol
ovarian [ollicles and stromal tissues. The esirogen is synthesised and
secreted mainly by the growing ovarian follicles. After ovulation, the
ruptured follicle is converted (o a structure called corpus luteum, which
secreles mainly progesterone.

Estrogens produce wide ranging actions such as stimulation of growih
and activities ol lemale secondary sex organs, development ol growing
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ovarian [ollicles, appearance of female secondary sex characters (e.g., high
pitch of voice, etc.), mammary gland development. Estrogens also regulate
female sexual behaviour.

Progesterone supporis pregnancy. Progesterone also acts on the
mammary glands and stimulates the lormation of alvecli (sac-like
siructures which store milk) and milk secretion.

19.3 HormonNES OF HEART, KIDNEY AND GASTROINTESTINAL TRACT

Now you know aboul the endocrine glands and their hormones. However.,
as mentioned earlier, hormones are also secreted by some tissues which
are nol endocrine glands. For example, the atrial wall of our heari secretes
a very important peptide hormone called atrial natriuretic factor (ANF),
which decreases blood pressure. When blood pressure is increased. ANF
is secreted which causes dilation ol the blood vessels. This reduces the
blood pressure.

The juxtaglomerular cells of kidney produce a peptide hormone called
erythropoietin which stimulates erythropoiesis (formation of RBC).

Endocrine cells present in different parts of the gastro-intestinal tract
secrete four major pepitide hormones, namely gastrin. secretin.
cholecystokinin (CCK) and gastric inhibitory peptide (GIP). Gasirin
acts on the gastric glands and stimulates the secretion of hydrochloric
acid and pepsinogen. Secretin acls on the exocrine pancreas and
stimulates secrelion of water and bicarbonate ions. CCK acts on both
pancreas and gall bladder and stimulates the secretion of pancreatic
enzymes and bile juice, respectively. GIP inhibils gasiric secretion and
metility. Several other non-endocrine tissues secrete hormones called
growth factors. These [actors are essential for the normal growth of tissues
and their repairing/regeneration.

19.4 MecnANIsM oF HORMONE ACTION

Hormones produce their eflects on target tissues by binding to specific
proleins called hormone receptors located in the target tissues only.
Hormone recepiors present on the cell membrane ol the targel cells are
called membrane-bound receptors and the receplors present inside the
larget cell are called intracellular receptors. mostly nuclear receptors
(present in the nucleus). Binding of a hormone to its receptor leads to the
lormation of a hormone-receptor complex (Figure 19.5 a, b). Each
receptor is specific to one hormone only and hence receptors are specific.
Hormone-Receptor complex formation leads lo cerlain biochemical
changes in the target tissue. Target tissue metabolism and hence
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physiclogical unctions are regulated by hormones. On the basis ol their
chemical nature, hormones can be divided into groups :
(i peptide, polypeptide, protein hormones (e.g., insulin, glucagon,
pituitary hormones. hypothalamic hormones, eic.)
{ii) steroids (e.g., cortisol, testosterone, estradiol and progesterone)
(iii) iodothyronines (thyroid hormones)
{iv)] amino-acid derivatives (e.g., epinephrine).

Hormones which interact with membrane-bound receptors normally
do not enter the target cell. bul generate second messengers (e.g.. cyclic
AMP, IP,. Ca* elc) which in turn regulate cellular metabolism (Figure
19.5a). Hormones which interact with intracellular receptors (e.g., steroid
hormones. iodothyronines, elc.) mostly regulate gene expression or
chromosome lunction by the interaction ol hormone-receptor complex
with the genome. Cumulative biochemical actions resull in physiological
and developmental effects (Fi gure 19.5b).

.—H-:rrmanc (e.g., FSH)
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Figure 19.5 Diagramalic representation of the mechanism of hormone action :
(a) Protein hormone (b) Sterodd hormone

SUMMARY

There are special chemicals which acl as hormones and provide chemical
coordination, integration and regulation in the human body. These hormones
regulate metabolism, growth and development of our organs, the endocrine glands
or certain cells. The endocrine system is composed ol hypothalamus, pituitary
and pineal, thyroid, adrenal. pancreas, parathyroid, thymus and gonads (lestis
and ovary). In addition to these, some other organs, e.g.. gasirointestinal tract,
kidney. heart etc., also produce hormones. The pituitary gland is divided into
three major parts, which are called as pars distalis, pars inlermedia and pars
nervosa. Pars distalis produces six trophic hormones. Pars intermedia secreies
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only one hormone, while pars nervosa (neurchypophysis) secretes two hormones,
The pituitary hormones regulate the growth and development of somatic tissues
and activities of peripheral endocrine glands. Pineal gland secretes melatonin. which
plays a very imporianti role in the regulation of 24-hour (diwrnal) rhythms of our
body (e.g.. rhythms of sleep and stale ol being awake, body temperature, etc.). The
thyroid gland hormones play an important role in the regulation of the basal
metabolic rate, developmeni and maturation of the central neural system,
erythropoiesis, metabolism of carbohydrates. proteins and fats, menstrual cycle.
Another thyroid hormone. i.e.. thyrocalcitonin regulates caleium levels in our blood
by decreasing il. The parathyroid glands secrete parathyroid hormone (FTH) which
increases the blood Ca* levels and plays a major role in calcium homeostasis, The
thymus gland secretes thymosins which play a major role in the differentiation of
T-lymphocytes, which provide cell-mediated immunity. In addition, thymosins
also increase the production ol antibodies (o provide humoral immunity. The
adrenal gland is composed of the centrally located adrenal medulla and the outer
adrenal cortex. The adrenal medulla secreles epinephrine and norepinephrine.
These hormones increase aleriness, pupilary dilation, piloerection. sweating, heart
beat, strengih of heart contraction, rate of respiration, glycogenolysis, lipolysis,
proteolysis. The adrenal cortex secretes glucocorticoids and mineralocorticoids.
Glucocorlicoids stimulale gliconeogenesis, lipolysis. proteolysis, erythropoiesis,
cardio-vascular system, blood pressure, and glomerular filtration rate and inhibit
inflammatory reactions by suppressing the immune response. Mineralocorticoids
regulale water and elecirolyte contents of the body. The endocrine pancreas secreies
ghucagon and insulin. Glucagon stimulates glycogenolysis and gluconeogenesis
resuliing in hyperglycemia. Insulin stimulates cellular glucose uptake and
utilisation. and glycogenesis resulling in hypoglycemia. Insulin deliciency
and /or insulin resistance resull in a disease called diabetles mellitus.

The testis secretes androgens, which stimulate the development, maturation
and functions of the male accessory sex organs, appearance of the male secondary
sex characters, spermalogenesis, male sexual behaviour, anabolic pathways and
erythropoiesis. The ovary secreles estrogen and progesterone. Esirogen stimulates
growih and developmenti of female accessory sex organs and secondary sex
characters. Progesterone plays a major role in the maintenance ol pregnancy as
well as in mammary gland development and lactation. The atrial wall of the heart
produces atrial natriuretic [actor which decreases the blood pressure. Kidney
produces erythropoietin which stimulates erythropoiesis. The gasirointestinal tract
secreles gasirin, secretin, cholecysiokinin and gastric inhibitory peptide. These
hormones regulate the secretion of digestive juices and help in digestion.
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EXERCISES

1. Define the following:

{a) Exocrine gland
(b} Endocrine gland
{c] Hormone

2. Diagrammatically indicate the location of the various endocrine glands in our
body.

3. List the hormones secreted by the [ollowing:
{a) Hypothalamus (b) Pitutlary (c) Thyroid  (d) Parathyroid

(e} Adrenal () Pancreas (g] Testis (h) Ovary

(1) Thymus () Atrium k) Kidney 1) G-1Tract
4. Fill in the blanks:

Hormones Target gland

{a) Hypothalamic hormones
(b) Thyrotrophin (TSH)

(c) Corticotrophin (ACTH])

{d) Gonadotrophins (LH, FSH)
(e} Melanotrophin (MSH])

5. Wrile short notes on the functions of the following hormones:

{a) Parathyrold hormone (FTH] (b) Thyroid hormones
{c] Thymosins (d) Androgens
(&) Estrogens (0} Insulin and Glucagon

6. Give example(s) ol:
{a) Hyperglycemic hormone and hypoglycemic hormone
{b) Hypercalcemic hormone
(c) Gonadolrophic hormones
{d) Progestational hormone
(e) Blood pressure lowering hormone
(f) Androgens and eslrogens
7. Which hormonal deficiency Is responsible for the [ollowing:
{a] DMabeles mellitus (b} Goltre  {c) Cretinism
8. Brdelly menton the mechantsm of action ol FSH.

9. Maich the following:

Column I Colummn IT

(a) '[‘l1 (1) Hypothalamus
(b} PTH (1) Thyroid

{c) GnRH fi) Prtultary

{d} LH {tv] Parathyroid
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