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Overview

In all living organisms, the basic unit of structure and function is the cell. In Chapter 

I of the Unit 4 we shall study the structure of the cell and cell organelles. We shall 

also learn how cells are organized into tissues, and the tissues into organs. All the 

organ systems working together make up the functional organism. A variety of 

these organisms constitute biodiversity. In this chapter we shall also learn about 

stem cells.

In the Chapter II of this Unit, we shall take a closer look at cell division, cell cycle 

and how cells communicate amongst themselves, or with their environment. 

Further, we shall study various physiological functions of cells such as 

movements, nutrition, gaseous exchange, internal transport and maintaining the 

internal environment of the cell. A major part of this chapter is devoted to 

mechanisms by which organisms (bacteria, animals and plants) reproduce and 

defend themselves against infectious agents. This chapter also covers animal and 

plant development and the natural mechanism by which the cells die.

CELL AND DEVELOPMENT
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4.1.1. Cell Structure and Components

In all living organisms, the basic unit of structure and function is the cell. It is now known that 

several basic or fundamental processes are common to plant, animal and bacterial cells. The 

study of these cellular processes is known as cell biology.

A cell is always bounded by a cell membrane for example, as in an animal cell. However, in plant 

cells, a tough cell wall is always present just outside the cell membrane. It is the same case with 

bacteria. Thus, because of the presence of a cell wall, both plant and the bacterial cells are 

tougher compared to animal cells. 

Cells contain cytoplasm and the genetic material in the form of deoxyribonucleic acid or DNA. 

The cytoplasm contains cell organelles that carry out different functions in the cell (Fig. 1 - Fig. 4). 

The DNA of the cell of higher organisms (animals and plants) is organized into a membrane 

bound structure called nucleus. In bacteria, the genetic material in not bounded by a membrane 

and is called nucleoid. Major cell components such as nucleus (called nucleoid in bacteria), 

mitochondria and ribosomes are common to all types of cells - whether plant, animal or bacterial 

but organelles like chloroplasts are present only in plant cells. Besides nucleus and the 

cytoplasm, other important cell organelles are Endoplasmic Reticulum, Ribosomes, Mitochondria, 

Golgi Apparatus, Lysosomes, Peroxisomes, Plastids (Chloroplasts, Chromoplasts and 

Leucoplasts), Cytoskeleton, Microtubules, and Microfilaments.

Before discussing these cell organelles, it is important to discuss the cell membrane because it 

not only bounds the cell but is also part of the nucleus, mitochondria, chloroplasts and Golgi 

apparatus.

 

Fig.  1.  Diagrammatic structure of typical animal cell
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Fig. 2. Diagrammatic structure of typical plant cell

Cell membrane is important because :

(a) It separates the interior of the cell from the external environment. 

(b) It controls exchange of gases, solutes etc., between the interior of the cell and its external 

environment.

(c) It bounds the organelles in the cell such as nucleus, mitochondria, chloroplasts and Golgi 

apparatus where specialized metabolic pathways take place.

(d) Sometimes it functions as the site for photosynthesis or oxidative phosphorylation.

(e) It carries the receptors to which various ligands such as hormones, antibodies and other 

chemicals can attach and initiate a variety of reactions.

 

4.1.1.1 Cell membrane
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Fig.  3.  Cell as under seen microscope. (a) Prokaryotic or Bacterial cell; (b) Eukaryotic cell. 

The cell components are explained in diagrammatic figure shown below each cell

The cell membranes are semipermeable, i.e., they allow the passage of some solutes through 

them but not the others. The membranes are composed of proteins and lipids. These 

biomolecules have been discussed in detail in the preceding Unit. The lipids in the membranes 

are phospholipids. Earlier studies using electron microscope showed that the cell membranes 

were ca. 7.5 nm wide and consisted of 3 layers. The central layer is the lipid bilayer, on both sides 

of which, is present a protein layer. This was called unit membrane hypothesis

However, using several additional techniques, it has now been shown that phospholipids form a 

fluid lipid bilayer and that the protein molecules float in it. This is called fluid mosaic model.

 

Fig. 4. A plant cell as seen under an electron microscope
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4.1.1.1.1 Membrane proteins 

4.1.1.1.2 Membrane lipids 

4.1.1.2 Cell organelles 

Different types of proteins occur in cell membranes. Some penetrate only part of the lipid bilayer 

while the others penetrate all the way through. Usually the hydrophobic portions of proteins 

interact with the lipids while the hydrophilic portions face the aqueous contents at the membrane 

surface. The proteins may be purely structural or have some additional functions. Sometime the 

proteins  are  arranged  such  that they form channels or pores. The pores span the thickness of 

the membrane allowing passage of solutes. Some membrane proteins function as enzymes. 

Others may function as receptors for ligands, electron carrier etc. Some proteins are 

glycosylated (glycoproteins) and help in cell-to-cell adhesions. Such membrane proteins play  

important role in the immune response.

As mentioned above these are mainly phospholipids. Variations in lipids composition affect the 

fluidity and permeability of membranes.

An organelle is a cellular structure with specialized function that forms a part of the cell. Some of 

the important organelles are described below (Fig. 5 - Fig. 6).

 

Fig. 5. Diagrammatic structure of various cell organelle
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4.1.1.2.1 Nucleus

4.1.1.2.2 Cytoplasm 

4.1.1.2.3 Endoplasmic reticulum (ER) 

Nuclei are found in all eukaryotic cells. Nuclei are conspicuous because they are the largest of 

the cell organelles. Typically, these are spherical to ovoid in shape and about 10 µm in diameter. 

The nuclear membrane bounds the nucleus. It is an envelope consisting of outer and inner 

membranes. The nuclear membrane is perforated by nuclear pores through which exchange of 

substances take place between the nucleus and the cytoplasm. The nuclear pore is formed by 

the fusion of outer and inner membrane. The outer membrane is in continuation with the 

membrane of endoplasmic reticulum (ER).  The nucleus contains chromatin, one or more 

nucleoli and gel-like nucleoplasm. Chromatin is composed  of DNA, which is complexed with 

basic proteins called histones. The DNA and the histones are organized into bead like structure 

called nucleosomes. Nuclear division precedes cell division, so that after cell division each 

daughter cell gets a nucleus.

During cell division, the chromatin becomes condensed and takes the shape of chromosomes. 

During interphase the chromatin becomes dispersed. However, certain areas remain tightly 

coiled or condensed and hence stain darkly. This is called heterochromatin. The loosely coiled 

chromatin stains less intensely and is called euchromatin. A cell, in which a number of different 

genes are being expressed, has more of euchromatin than a cell, which is expressing lesser 

number of genes. The nucleolus is a conspicuous, round structure within the nucleus. As it 

contains large amounts of DNA and ribonucleic acid (RNA), it stains intensely. Its function is to 

synthesize ribosomal RNA. A dense region called nucleolar organizer contains multiple copies 

of genes that code for ribosomal RNA. The less dense region near the center of the nucleus is 

the place where ribosomal RNA is folded, and assembled with proteins to form ribosomes. The 

partly assembled ribosomes move out through the nuclear pores into the cytoplasm. The 

process of their assembly is completed in the cytoplasm.

The ground, aqueous substance inside the cell is cytoplasm. It contains a variety of organelles 

and inclusions. The inclusions are the insoluble cellular waste or storage products. The nucleus 

and the cytoplasm together constitute protoplasm. The soluble part of the cytoplasm is called 

cytosol. It contains a system of microfilaments, but appears transparent and structureless 

under the electron microscope. It is 90 percent water and dissolved in it are ions, salts, sugars, 

amino acids, fatty acids, nucleotides, vitamins and dissolved gasses. Apart from acting as a 

store of vital chemicals, it is also the site for certain metabolic pathways, such as glycolysis, 

synthesis of fatty acids, nucleotides and some amino acids. When a living cell is examined, a lot 

of activity is seen in the form of cytoplasmic streaming and movement of cell organelles. 

This is a complex network or reticulum of membranes running throughout the cytoplasm of 

eukaryotic cells. The ER consists of flattened membrane bound sacs called cisternae.

The membrane of ER is covered with ribosomes. This is called rough ER and is the site of active 

protein synthesis. When ER is homogenized and fractionated, the membrane of ER gets 

disrupted and forms small sacs or vesicles. These sacs are covered with ribosomes and are 

called microsomes. Microsomes do not exist as such in intact cells. Since ER forms a network 
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of cisternae, it also helps in the transportation of the proteins, which are synthesized on ER. One 

such route is transport of proteins to Golgi apparatus from where these can be secreted from the 

cells, or passed onto other organelles.

Fig. 6. A cut open figure of a cell showing different organelles

Ribosomes are small (about 20 nm diameter) organelles found throughout the cytoplasm in 

large numbers. They are found in plant, animal and bacterial cells. They are the sites of protein 

synthesis. Each ribosome consists of two subunits, one small and one large. Based on their 

sedimentation rate in a centrifuge machine, ribosomes are classified into two types, 70S and 

80S. The 70S ribosomes are found in bacterial cells while 80S ribosomes are found in plant and 

animal cells. It is important to note that 70S ribosomes are also found in the mitochondria and 

chloroplasts of eukaryotes. This suggests that mitochondria and chloroplasts of eukaryotic cells 

are somehow related to prokaryotic (bacterial) cells.

Ribosomes consist of approximately equal amounts of RNA and proteins. Hence chemically 

these are ribonucleoproteins. The RNA of the ribosomes is called ribosomal RNA (rRNA). It is 

synthesized in the nucleoli.

During protein synthesis, ribosomes move along mRNA in a zip-like fashion. Amino acids are 

picked up by transfer RNA (tRNA) and successively attached to each other using the coded 

language of mRNA. In this way a polypeptide chain is synthesized. This process can be carried 

out more efficiently if a number of ribosomes attach to mRNA. The resulting chain of ribosomes 

is called polyribosomes. 

4.1.1.2.4 Ribosomes
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4.1.1.2.5 Golgi apparatus

4.1.1.2.6 Lysosomes  

4.1.1.2.7 Peroxisomes 

4.1.1.2.8 Mitochondria (singular mitochondrion) 

4.1.1.2.9 Plastids 

•

•

It is found in virtually all eukaryotic cells. It consists of a pile of flattened membrane-bound sacs 

called cisternae. Cisternae are formed by the fusion of vesicles, which bud off from the ER. This 

fusion of vesicles to form cisternae takes place on the outer convex surface of the Golgi 

apparatus. On the inner or concave surface of the Golgi apparatus vesicles bud off constantly. .

One of the important functions of Golgi apparatus is addition of carbohydrate moiety to the 

proteins, which are transported in their cisternae. This process is called glycosylation. The 

glycoproteins serve as important receptors on cell surfaces. Another function of the Golgi 

apparatus is to synthesize lysosomes. 

These are small, single membrane bound organelles and contain a variety of hydrolytic 

enzymes such as proteases, nucleases, and lipases. These enzymes are synthesized on the 

ER and transported via their cisternae to the Golgi apparatus from which they are pinched off as 

vesicles called primary lysosomes. Lysosomes fuse with the phagocytic vesicles or 

phagosomes to form the phagolysosomes. In this way, the hydrolytic enzymes of the lysosomes 

help to digest the materials, which have been phagocytosed by the cell. It is therefore understood 

that lysosomes are abundant in phagocytic cells as compared to the non-phagocytic cells.

These are small, single membrane bound bodies in eukaryotic cells. The distinguishing feature 

of peroxisomes is their content of the enzyme catalase. Peroxisomes participate in a number of 

metabolic processes involving oxidation.

These are elongated organelles and are bounded by two membranes.  The inner membrane is 

folded to form cristae. The matrix of the mitochondria contains a few ribosomes, DNA and 

phosphate granules. The matrix is also the site of the Kreb's cycle enzymes. The mitochondria 

are called the powerhouses of the cells, as cristae are the sites of oxidative phosphorylation and 

electron transport. 

Plastids are organelles found only in plant cells. These are bounded by two membranes. The 

different types of plastids are:

Chloroplasts: These are plastids that contain chlorophyll and carotenoid pigments and 

carry out photosynthesis. They are 3-10µm in diameter. The ground substrate of chloroplast 

is called stroma. In the stroma is a system of membranes, present as flattened fluid-filled 

sacs called thylakoids. These are present in stacks called grana. The grana are present at 

intervals and the intervening layer is called lamellae. The membranes of thylakoids are filled 

with chlorophyll and other pigments, enzymes and electron carriers.

Chromoplasts: These are non-photosynthetic colored plastids containing mainly red, 

orange or yellow pigments. These are present in the cells of fruits and flowers and impart 

bright colours to them.
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Leucoplasts: These are colorless plastids lacking pigments. They are further modified to, 

and act as food storage sites. Depending upon the type of the food stored, these are called 

amyloplasts (starch), lipidoplasts (lipids) or proteotoplasts (proteins).

The living cells must maintain their shapes. A network of fibrous protein structures, which exist in 

all eukaryotic cells, carries out this task. Collectively known as cytoskeleton, these fibers are of 

two types - microtubules and microfilaments. Besides maintaining the shape of the cell, the 

cytoskeleton is also involved in the movements of the cell or movements of organelles within the 

cell.

Microtubules: These are unbranched, hollow cylindrical organelles and consist of protein 

called tubulin. In spindles, the cilia and the flagella, microtubules undergo sliding motion. 

Thus microtubules are responsible for the movement of the chromosomes (attached to 

spindles) and also for the rhythmic movement of flagella and cilia. Microtubules are also 

responsible for the movement of other cell organelles such as Golgi vesicles. . 

Microfilaments: These are fine protein filaments. The protein is called actin. Microfilaments 

occur in sheets or bundles just below the cell membrane. These are probably involved in 

endocytosis and exocytosis. Evidences suggest that microfilaments are also involved in the 

movements of the cell. 

When a group of cells having similar structure and function organize to form a composite 

structure, it is called tissue. Each tissue performs a specialized function. Different tissues are 

grouped together in larger functional units called organs. In animals, different organs give rise to 

still larger functional units called systems (nervous system, circulatory system, and digestive 

system etc.).

In a tissue, all the cells may be of one type such as parenchymatous tissue in plants, and 

squamous epithelium in animals. Alternatively, a tissue may contain a mixture of different cell 

types for example, the xylem and the phloem in plants or connective tissue in animals.

Animal tissues are divided into 4 groups and these are Epithelial tissue, Connective tissue, 

Muscle tissue and Nervous tissue

It is arranged in single or multilayered sheets. It covers the internal and external surfaces of the 

body. A cementing substance holds epithelial cells together. The bottom layer of the cells rests 

on a basement membrane. Epithelial tissue is not supplied with blood vessels. The function of 

the epithelial tissue is to protect underlying structures from physical injury and infection. The  

surface of the epithelial tissue is highly differentiated and may be absorptive, secretory or 

excretory in nature. Epithelial tissue is classified according to the shape of the cells as: 

Squamous epithelium: Thin, flattened cells.

Columnar epithelium: Long, narrow cells. The columnar epithelial cells in the stomach are 

•

4.1.1.2.10. Cytoskeleton 

•

•

4.1.2  Tissues and Organs

4.1.2.1 Animal tissues

4.1.2.1.1 Epithelial tissue

•

•
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drawn in long process called microvilli, which increase the absorptive surface of the cells.

Ciliated epithelium: The cells are columnar but bear numerous cilia on their surface. It lines 

the respiratory passage (Fig. 7). 

Pseudostratified epithelium: The cells form a single layer but are arranged in such a way 

that sectional view appears multilayered (Fig. 8).

Stratified epithelium: The cells are present in a number of layers. Thus it forms a tougher 

and more impervious barrier.

 

Fig. 7 Simple ciliated epithelium

Individual glandular cells such as goblet cells, or aggregates of glandular cells forming 

multicellular glands, may be present amongst the epithelial cells. An epithelium containing many 

goblet cells is called mucus membrane. If the glandular cells discharge their contents on the 

surface of the epithelium or via ducts, these are called exocrine glands. If the secretion of the 

glands is discharged directly into the blood, these are called endocrine or ductless glands.

 

Fig. 8. Pseudostratified epithelium

This is the major  tissue, which gives support to  the body. It includes skeletal tissue - bone and 

cartilage. It also binds other tissues together. Connective tissue is a composite structure made 

up of a variety of cells, fibers that are non-living products of cells, and a fluid or semi-fluid matrix.

•

•

•

4.1.2.1.2 Connective tissue 
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Cartilage is a connective tissue consisting of cells embedded in resilient matrix. Cells called 

chondroblasts produce and deposit the matrix. Eventually, the chondroblasts are enclosed 

in lacunae and are called chondrocytes. Cartilage is hard but flexible. The matrix is 

compressible and elastic. When the matrix is semitransparent, it is called hyaline cartilage.

Bone is the most abundant skeletal material in animals providing supportive, metabolic and 

protective functions. It is a calcified connective tissue made up of cells embedded in a firm 

matrix. The main inorganic component of bone is hydroxyapatite. Bone cells called 

osteoblasts are contained in lacunae, which are present throughout the tissue. They lay 

down the inorganic components of bone.  When osteoblasts are not active, these are called 

osteocytes.

It consists of highly specialized contractile cells or fibers held together by connective tissue. 

Three types of muscles are present in the body, classified according to their innervation. These 

are voluntary (striated or skeletal muscles), involuntary (unstriated or smooth muscles) and 

cardiac (heart muscles). The voluntary muscles are under the control of the voluntary nervous 

system. They show powerful, rapid contractions and therefore tire quickly. These are attached to 

the bones in the trunk, limbs and head. The involuntary muscles are under the control of 

autonomic nervous system and show sustained rhythmical contraction and relaxation as in 

peristalsis. These are present in the walls of intestinal, genital, urinary and respiratory tracts and 

in the walls of blood vessels. The cardiac muscles show rapid rhythmical contraction and 

relaxation, and do not show fatigue. These are found only in the walls of the heart. 

It is composed of densely packed interconnected nerve cells called neurons and associated 

neuroglial cells.

Neurons: These are the functional units of the nervous system. Neurons are excitable cells 

i.e. they are capable of transmitting electrical impulses. They transmit stimuli from receptors 

(such as skin) to the effectors (such as muscles, glands), which then react, to the stimuli. 

Neurons that conduct impulses towards the central nervous system (brain and spinal cord) 

are called sensory or afferent neurons (Fig.9a). The motor or efferent neurons conduct 

impulses away from the central nervous system. (Fig.9b). Each neuron has a cell body 

containing the nucleus and other organelles. The cytoplasmic processes that conduct 

impulses towards the cell body are called dendrons while those, which take impulses away 

from the cell body, are called axons. Axons are also called nerve fibers and may be several 

meters long. The terminal region of the axons breaks up into many fine branches. These 

communicate with adjacent neurons to form synapses. It is here that neurotransmitter 

acetylcholine is released which serves to conduct the impulse from one nerve cell to 

another. Many nerve fibres are completely ensheathed by a myelin sheath formed by the 

Schwann cells. Such nerve fibres are termed myelinated. When bundles of nerve fibers are 

ensheathed in connective tissue, these form the nerves.

•

•

4.1.2.1.3 Muscle tissue 

4.1.2.1.4 Nervous tissue 

•
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Fig. 9. Nerve cells (a) Afferent neuron (b) Efferent neuron

These consist of only one type of cells.

Parenchyma: The cells are mostly, roughly spherical (Fig. 10) though they may be 

elongated also. These are unspecialized cells and act like a packing tissue between more 

specialized cells. Since they are turgid, they give support to the organ in which they are 

present. They form a large part of the bulk of various organs such as stem and root. 

Parenchyma cells may become modified and more specialized in certain parts of the plant. 

Some example are:

Epidermis: This is the one cell thick layer, which covers the whole of the primary plant body. 

The main function of epidermis is to protect the plant against desiccation and infection. 

These cells also secrete a waxy material called cutin, which forms a layer called cuticle on 

the surface of the cells. This helps to reduce water loss by evaporation.

Mesophyll: This is the packing tissue found between the two epidermal layers of the leaves. 

These are modified parenchyma to carry out photosynthesis. Photosynthetic parenchyma is 

also called chlorenchyma. The cytoplasm of such cells contains numerous chloroplasts. If 

cells of the mesophyll are tightly packed it is called palisade mesophyll, but if a number of 

spaces are present it is called spongy mesophyll. 

4.1.2.2 Plant Tissues

4.1.2.2.1 Simple plant tissues 

•

•

•
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Fig. 10. Parenchyma cells

Collenchyma: It very much resembles parenchyma but is characterized by deposition of 

extra cellulose at the corners of cells (Fig. 11). Collenchyma is mechanical tissue and 

provides support to organs in which it occurs.

 

Fig. 11 Sclerenchyma cells

Sclerenchyma: The cells are characterized by the deposition of lignin, a hard substance 

with great tensile strength. This means that tissue containing sclerenchyma does not break 

easily on stretching. (Fig. 12). Sclerenchyma cells may be elongated (fibers) or spherical 

(sclereids or stone cells). Sclerenchyma give additional support and mechanical strength to 

the plant

•

•

Parenchyma cell
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4.1.2.2.2 Complex plant tissues

•

•

They consist of more than one type of cells. The plant tissues - xylem and phloem, belong to this 

category. Together they constitute the vascular tissue of the plant. Xylem conducts water and 

mineral salts from the roots up to other parts of the plant. Phloem conducts mainly organic food 

from the leaves both up and down the plant.

Xylem consists of four cell types namely tracheids, vessel elements, parenchyma and fibers 

(Fig. 13a, b). Tracheids are single cells that are elongated and lignified. They have tapering 

ends, which overlap with other tracheids. These are dead cells with empty lumen when 

mature. Places where lignin is not deposited form pits. The vessels are long tubular 

structures formed by the fusion of several cells end to end in a row. Xylem parenchyma has 

thin cellulose cell walls and living contents, as is typical of parenchyma. Xylem fibers are 

shorter and narrower than tracheids and have much thicker walls. They have pits similar to 

those in tracheids

 

Fig. 13. Conducting cells of xylem (a) Trancheids, (b) Xylem vessel elements

Phloem resembles xylem in possessing tubular structures modified for translocation of 

food. These are living cells with cytoplasm and consequently have no mechanical function. 

Five cell types are present in phloem namely sieve tube elements, companion cells, 

parenchyma, fibers and sclereids (Fig. 14a, b). Sieve tubes are long tube-like structures. 

They are formed by end-to-end fusion of cells called sieve tube elements or sieve elements. 

Adjacent to sieve tube elements lie the companion cells with dense cytoplasm. Phloem 

parenchyma has the same structure as parenchyma elsewhere. Phloem fibers are exactly 

similar to sclerenchyma fibers. 
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4.1.2.2 Organs 

4.1.3. Stem Cells

T i s s u e s  a r e  f u r t h e r  

organized into a higher level 

of organization called organ. 

Each organ may involve 

close association of different 

types of tissues in order to 

function.  In animals, the 

heart is a muscular organ, 

which pumps blood. Blood is 

circulated to various other 

organs by a network of 

arteries. The blood from 

various organs and tissues 

is brought back to the heart 

by the veins. Kidneys are 

involved in the excretion of 

metabolic waste and other 

toxic chemicals produced in 

the body. The brain is the 

master organ and co-

ordinates all the functions of 

the body. Similarly several 

other organs in the body viz. 

liver, pancreas, intestine, 

muscles and reproductive 

organs like testes, ovaries 

and external genital ia 

perform specific functions in 

the body. A variety of 

glandular organs such as 

pituitary, thymus, adrenals 

and salivary glands execute their functions  by secreting specific chemical substances..

In plants too, the roots, stem, leaves and flowers are concerned with specific functions. Co-

ordination of these functions results in the growth and reproduction of the plants.

Most cells, after repeated divisions, tend to differentiate into cells with specialized functions. In 

contrast, stem cells have the ability to differentiate as well as self-renewal. Thus, during 

repeated cycles of cell division, a population of stem cells remains undifferentiated (i.e self-

renewal) while the other population gets differentiated into specialized cells. Depending on the 

potential of the stem cells to differentiate into different types of cells these are called totipotent 
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(all cell types), pluripotent (many cell types but not all), multipotent (limited number of cell 

types) and unipotent (one cell type). For example, a fertilized egg or zygote is a totipotent cell as 

it has the potential to give rise to the whole organism. Pleuripotent cells can give rise to all cells in 

the body but not the placenta.

Stem cells are of two types:

Embryonic stem cells

The embryonic stem (ES) cells are derived from inner cell mass of the blastocyst. Blastocyst 

is that stage of the embryo when it is 4-8 cells old. The ES are truly pluripotent and depending 

upon the type of stimulus given, these cells can differentiate into about 200 different cell 

types present in the body of an adult human being. For example, mouse ES can be 

converted into muscle cells, nerve cells, liver cells etc. Thus ES have tremendous potential 

for use in regenerative medicine so that we may use stem cells to generate organs and 

tissues for replacement of damaged or diseased organs and tissues. Currently, these are 

treated by transplanting or grafting donated organs and tissues. The problem is that demand 

for organs and tissues far exceeds their supply. So you may imagine the potential of stem 

cell therapy - tissues generated from pluripotent stem cells may be used to replace damaged 

muscles of chronic heart patients, skin of burn patients and nervous tissues in patients 

suffering from dreaded neurological diseases like Alzheimer's or Parkinson's disease.   

However in many countries, there are a lot of restrictions on the use of ES for research as it 

involves destruction of the human embryo, which is considered to be highly unethical.

Adult stem cells

The term adult stem cells refer to those cells, which are found in a developed organism and 

have the twin properties of self-renewal and differentiation described above. These can be 

obtained from fetal cord blood and bone marrow. Most adult stem cells are multipotent. 

Recent research has however shown that adult stem cells can also be changed to 

pluripotent so that these can be used for developing into any type of tissue for medical 

applications.

All forms of life - be the bacteria, plants or animals are represented by a number of species. 

Within each species, there are numerous varieties, strains or types. This variety constitutes 

biodiversity. The enormous biodiversity we see today on earth is the result of millions of years of 

evolution. Certain regions of the earth are particularly rich in biodiversity. For example - the 

tropical rain forests and the Himalayas. These regions are called 'biodiversity hotspots' The total 

number of species, which have been collected, named and placed in taxonomic hierarchy till 

date is around 1.5 million. Despite such cataloguing of plants, animals and the microorganisms, 

which has taken more than two centuries to complete, many researchers believe that biologists 

have barely scratched the surface. Some estimates suggest that 90% or more of all living 

organisms still remain to be identified and named.

About half (7,50,000) of the 1.5 million known species  are insects. All the remaining animals 

make up a mere 2,80,000 species or so. The next largest group is the plants, with 2,50,000 

•

•

4.1.4. Biodiversity 
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known species. There are approximately 69,000 named fungi, 3,000 protozoan, 27,000 algae 

and about 3,000 prokaryotes including the Eubacteria and the Archaebacteria. Among these 

groups, some have been studied very well while others have been studied only poorly.

The importance of biodiversity lies in the fact that it provides human being with food, fibres, 

medicines and life-sustaining oxygen. It is also important for recycling of waste and regulation of 

global climate. Biodiversity also make the ecosystems more productive, stable and resilient. It is, 

however, being felt that due to many man-made changes such as pollution, deforestation, 

construction of large dams etc. there is deterioration or destruction of the habitats. As particular 

habitats are destroyed, the flora and fauna of that habitat is unable to survive and eventually 

become extinct. This is slowly leading to loss of biodiversity. It is thought that due to these forces 

some plants and animals are at the verge of extinction. If not checked properly, this will adversely 

affect all living beings. Currently, lot of efforts are being undertaken to maintain, preserve and 

augment biodiversity on Earth. These efforts together constitute what is known as 'biodiversity 

conservation'.

Biologists organize living creatures and their components into a biological hierarchy. At its 

lowest level the biological hierarchy begins with molecules - for example, molecules of DNA, 

which carry the blueprint for building an organism. Many such specialized molecules are 

organized to form cells, the basic unit of life. Some organisms, such as bacteria, consist of only a 

single cell. Multi-cellular organisms contain within themselves a collection of specialized cells 

known as tissues, for example muscle or nervous tissues that perform specialized functions in 

the body. In higher animals, these tissues are organized into organs such as heart and brain. 

Groups of organs function together to constitute organ systems. For example, organs like liver, 

pancreas, intestine, and stomach work together to form the digestive system. A group of organ 

systems work together for optimal functioning of an organism or an individual. Each individual 

organism is a member of a larger group of similar organisms known as population.

Groups of different species that live and interact in a particular area are known as a community. 

Communities along with the physical environment in which they are situated are known as 

ecosystems. At an even larger scale are biomes, which are large regions of the world. Finally, 

each biome is part of the biosphere, which includes all living organisms of the world and the 

places where they live.

1. Name any two of the several important functions of the proteins embedded in the plasma 

membrane.

2. What are the functions of the pores present in the nuclear membrane?

3. Which of the following statements is not true?

(a) Both mitochondria and chloroplasts provide energy to cells in the same way. 

(b) Both mitochondria and chloroplasts have more than one membrane.

(c) Only chloroplasts contain the pigment chlorophyll.

4.1.5 Organization of Life

Review Questions   
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(d) Both animal and plant cells contain mitochondria.

4. Differentiate between sensory and motor nerves.

5. What purpose does the cuticle serve?

6. Indicate true or false:

Tracheids are dead cells found in xylem.

7. What do you understand by the term -biodiversity hotspots? Give examples. 

8. How embryonic stem cells differ from adult stem cells?

9. Where do you find ciliated epithelium in the human body?

10. What is meant by the term glycosylation? Give an example.

11. Give two important characteristics of the stem cells.

12. Differentiate between totipotent and pluripotent stem cells.

13. What man-made changes are responsible for deterioration of biodiversity on earth?

14. Define what is an ecosystem.

15. Fill in the blanks:

i. The equivalent of nucleus in bacteria is called………….

ii. The …………are single membrane bound cell organelles, which contain several hydrolytic 

enzymes.

iii. The process of adding a carbohydrate moiety to a protein is termed as………….. 

1. The World of Cell, by Becker W.M, Kleinsmith L.J., Hardin J. and Bertoni G.P. (Pearson 

International, San Francisco), 7th Edn, 2009.

2. Biology, by Campbell N.A. and Reece J.B. (Pearson International, San Francisco), 7th Edn. 

2005.

3. The Cell: A Molecular Approach, by Cooper G.M. and Hausman R.E. (ASM Press, 

Washington), 4 th Edn. 2007.

4. Essential Cell Biology, by Alberts B., Bray D., Johnson A., Raff M., Hopkin K., Walter P., Robets 

K. and Lewis J. (Garland Publishing Inc, US), 2nd Edn. 2004.

5. Inside the Cell, Published by US Department of Health and Human Services (National Institute 

of Health, National Institute of General Medical Sciences), NIH Publication No. 05-1051, 

http//:nigms.nih.gov, Revised 2005.
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Chapter 2
CELL GROWTH AND DEVELOPMENT

4.2.1 Cell Division

4.2.1.1 Mitosis

4.2.1.1.1 Prophase

Cell division is the process by which growth, repair and reproduction occurs in the living 

organisms. Cell division is also responsible for distributing the genetic material among the 

daughter cells. There are two main types of cell division - mitosis and meiosis. The main features 

of both types  are described below:

Mitosis is the process of nuclear division, which ensures that the daughter nuclei receive the 

same number of chromosomes as the parent nucleus. It is usually followed by cytokinesis, a 

process by which the cytoplasm is divided into two packages.  Hence, the two daughter cells 

resulting from mitosis and cytokinesis contain genetic information that is identical to each other 

and also to the parent cell from which they are derived.  The period between two successive cell 

divisions is called interphase about which you shall read in the next section.  Mitosis is usually 

divided into five phases namely Prophase, Prometaphase, Metaphase, Anaphase and 

Telophase. Each phase is characterized by  specific  events (Fig. 1).

Fig. 1  The stages of Mitosis

It is characterized by start of condensation of chromatin material to form compact 

Prophase Prometaphase

Metaphase Anaphase Telophase
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chromosomes. Each chromosome consists of two sister chromatids attached at the centromere.  

Centromere houses a plate-like structure called the kinetochore, to which the microtubules of 

the spindle attach. During prophase, the cytoskeleton dis-assembles and mitotic spindle begins 

to form from the centriolar organizing centers. The disassembly of the nuclear envelope marks 

the end of the prophase.

At the beginning of prometaphase, microtubules of the spindles attach with the kinetochores of 

the condensed chromosomes. Eventually, each chromosome is moved into position along a 

plane at the centre of the spindle.

This phase is characterized by alignment of all the chromosomes at the equator of the spindle. 

One chromatid of each chromosome is connected to a spindle fiber from one pole and its sister 

chromatid is connected to a spindle fiber from the opposite pole. The plane of alignment of the 

chromosomes at metaphase is referred to as the metaphase plate.  

During  anaphase the sister chromatids separate from each other and move towards opposite 

poles.

During telophase, the chromatids reach the opposite poles of the spindle. This is followed by 

appearance of the nuclear envelope, the endoplasmic reticulum, Golgi complex and the 

nucleolus.  Also, the chromosomes uncoil to form the chromatin.

The nuclear division results in the segregation of the chromosomes into two daughter nuclei. 

This is followed by cytokinesis. In animal cells, a cleavage furrow cuts the cytoplasm between 

the two groups of separating chromatids. In plant cells, the cytoplasm is partitioned by the 

construction of new cell wall - the cell plate, inside the cell. The process of cytokinesis appears to 

be guided by organized bundles of actin filaments. Thus, at the end of the mitosis, the two 

daughter cells receive identical copies of the genetic material.

Meiosis involves two successive nuclear divisions. As a result of this, at the end of the meiosis, 

four haploid cells are produced from a single diploid cell (Fig. 2). This process is essential  for the 

formation of gametes. Without meiosis, the gametes would have as many number of 

chromosomes as  other cells in the body, and  number of chromosomes would double with each 

new generation. 

 The first meiotic division is divided into prophase I, metaphase I, anaphase I and telophase I. 

The major events, which occur during each of these phases, are as follows:

4.2.1.1.2 Prometaphase

4.2.1.1.3 Metaphase

4.2.1.1.4 Anaphase

4.2.1.1.5 Telophase

4.2.1.1.6 Cytokinesis 

4.2.1.2 Meiosis

4.2.1.2.1 Meiosis I
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4.2.1.2.2 Prophase I

4.2.1.2.3 Metaphase I

4.2.1.2.4 Anaphase I

4.2.1.2.5 Telophase I and Cytokinesis

4.2.1.2.6 Meiosis II

The prophase I is very long and complex, and is  usually divided into five sequential stages. 

These are - Leptotene, Zygotene, Pachytene, Diplotene and Diakinesis. The leptotene stage is 

characterized by the start of condensation of chromatin. During zygotene, the maternal and 

paternal members of the same pair of chromosomes, called homologues, begin to pair 

together. The process of pairing is called synapsis and a pair of synapsed homologous 

chromosomes is called a bivalent or a tetrad. The end of synapsis marks the end of zygotene 

and the beginning of the next stage called pachytene. This stage is characterized by the 

occurrence of an important phenomenon called crossing over, in which parts of homologous 

chromosomes are exchanged. Crossing over is responsible for generating genetic diversity 

among the gametes. The beginning of diplotene is characterized by the tendency of the 

homologous chromosomes to pull away from each other.  As the homologous chromosomes 

move apart they are seen to remain attached to each other at specific points by X-shaped 

structures known as chiasmata.  During the final stage called diakinesis, the meiotic spindle is 

assembled and the chromosomes condense further to their maximally compacted state.  

Diakinesis ends with the disappearance of the nucleolus, breakdown of the nuclear envelope 

and the movement of the tetrads to the metaphase plate.

At metaphase I, the bivalents attached to the spindle microtubules by their kinetochores, line up 

on the metaphase plate.  Each pair of homologous chromosomes is oriented in such a way that 

the sister chromatids of each chromosome face the same pole. The spindle fibers from a given 

pole are connected to both chromatids of a single chromosome.

At the start of anaphase I, the kinetochores of the two chromosomes making up each bivalent 

begin to move toward opposite poles of the cell, pulling the homologous chromosomes of each 

bivalent apart. The sister chromatids of each chromosome are apparently released from 

whatever forces were holding them in close apposition, allowing the recombinant chromatids to 

go to a single pole.

The movement of homologous chromosomes to opposite poles is completed during telophase I.  

Also, two nuclear envelopes form, each containing only one (duplicated) chromosome of each 

homologous pair.  The cytoplasm then splits to produce two daughter cells.

The second meiotic division usually follows almost immediately and it is similar to mitosis. The 

interphase between two divisions is either very short or nonexistent, depending on the species.  

Prophase II is very brief.  If detectable at all, it is much like mitotic prophase.  Metaphase II also 

resembles the equivalent stage in mitosis, except that only half as many chromosomes are 

present on the metaphase plate. Anaphase II follows, effecting the separation of sister 

chromatids. The new daughter chromosomes move to opposite poles.  This movement is 

completed in telophase II and a nuclear envelope forms around each of the haploid nuclei. 
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 Fig. 2. The stages of Meiosis

The cells in the body continuously undergo alternation between division and non-division. The 

events that occur from the completion of one division until the beginning of the next division 

constitute cell cycle. The cell cycle is divided into two basic parts - mitosis and interphase. 

Mitosis (M phase) about which you have learned in the previous section however forms only a 

small part of the cell cycle. For example, a eukaryotic cell usually takes 18-24 hours to complete 

cell cycle and mitosis occupies only about one hour of this time. The remaining part of the cell 

cycle is spent in interphase. A typical cell cycle is shown in Fig. 3. Interphase is characterized by 

absence of visible chromosomes. These have uncoiled to form chromatin fibers so that the 

interphase nucleus looks homogeneous. At the molecular level however interphase is 

characterized by a lot of activity in the form of DNA replication and protein synthesis so that the 

cell may be prepared for the next division. 

4.2.2 Cell Cycle

Interphase

Prophase I

Metaphase I

Anaphase I

Telophase I

Prophase II

Metaphase II

Anaphase 

II

Telophase 

II

4 haploid 

cells
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Interphase consists of three phases: G  phase, S phase and G  phase. During G (gap1) phase 1 2 1 

the cell is metabolically active and grows continuously but its DNA does not replicate during this 

phase. During S phase replication of DNA occurs. During G  (gap2) phase, cell growth continues 2

so that cell may be prepared for mitosis. Although names G and G  imply these phases to be 1  2

mere gaps between mitosis and S phase, many essential processes occur during these phases. 

The durations of S and G  phases are fairly consistent among different cell types. Much variation 2

is seen in the duration of the G  phase.1

The G1 phase is of particular interest.  The reason is that late in G  phase, all cells follow one of 1

the two paths. They may either become committed to start DNA synthesis and complete  the cell 

cycle or withdraw from the cell cycle to enter a resting phase (G phase). Cells that enter G  0 0

phase remain viable and metabolically active, but are non-dividing. Cells may remain in G0 

phase from days to years, but may be stimulated to enter G  phase and re-enter the cell cycle. 1

Some cells enter G  phase and remain in this phase for rest of their lives, never entering the cell 0

cycle again.  Still others do not enter the G  phase at all or enter this phase for a very short period; 0

for example, cancer cells. Consequently they just keep dividing endlessly.

Once G , S and G  phases are completed, mitosis (M) is initiated.   1 2

 

Fig. 3. Cell cycle

It is interesting to note that cell cycle is fundamentally the same in all eukaryotic organisms. How 

does the cell ensure that the events that occur during various phases (G , S, G  and M) of cell 1 2

4.2.2.1 Cell cycle regulation

DIVISION

IN ET SE AR HP

M

G1

S

G2

P
R

O
P

H
A

S
E

M
E

T
A

P
H

A
S

E

A
N

A
P

H
A

S
E

T
E

L
O

P
H

A
S

E

C
Y

T
O

K
IN

E
S

IS

G0

115



cycle occur in the correct order, and are coordinated? For example, it is important that  cell does 

not begin mitosis until replication of DNA has been completed. This co-ordination between 

various phases of cell cycle is dependent on a series of cell cycle checkpoints. The first 

checkpoint is G /S checkpoint. Here the cell size is monitored. If the size of the cell is proper and 1

DNA has not been damaged, the cell enters the S phase. The second checkpoint is G /M 2

checkpoint. If the DNA replication is not complete or any damage to DNA has not been repaired, 

cell cycle is arrested at this point. The final checkpoint occurs during mitosis and is called 

metaphase checkpoint or M phase checkpoint. Here, if the spindle fibers are not formed properly 

or if their attachment to kinetochores is inadequate, mitosis is arrested. This is how a cell 

ensures that only normal healthy cells are produced. Failure of any of these 'checkpoint controls' 

results in increased genetic damage.

What are the molecular events taking place at cell cycle checkpoints? It is, now known, that 

these are regulated by a number of heterodimeric protein kinases. The regulatory subunit of 

these kinases is called cyclin and the catalytic subunit is called cyclin-dependent kinase 

(Cdk). Each Cdk catalytic subunit can associate with different cyclins and the associated cyclin 

determines which proteins are phosphorylated by the Cdk-cyclin complex. For example, 

progression through G  and S is regulated mainly by Cdk2, Cdk4 and Cdk6 in association with 1

cyclins D and E. Cdk1 and A-type cyclins regulate passage from S to G . The passage through 2

G  to M is regulated by Cdk1 in association with B-type cyclins.2

The DNA damage checkpoints which are also operative during G , S and G phases will arrest 1 2 

the cell cycle progression if DNA is damaged. This allows the repair of DNA before cell cycle is 

resumed. This is regulated by checkpoint kinases CHK1 and CHK2.

All cells communicate with each other, and with their environment. For example, simple 

organisms like bacteria can sense the presence of nutrient molecules like glucose and amino 

acids in their environment and move towards them. The eukaryotic cells can sense presence of 

molecules secreted by other cells and respond to them, allowing cell-cell communication. This is 

accomplished by a variety of signaling molecules, which are secreted by one cell and bind to 

receptors expressed by other cells. 

The signaling molecules to which plant and animal cells respond range from as simple as ions 

and gases to complex proteins. For example, nitric oxide is a major signaling molecule in 

nervous, immune and circulatory systems. Among the complex molecules hormones, growth 

factors and cytokines represent major signaling molecules. A class of lipids called eicosanoids 

includes signaling molecules like prostaglandins and leukotrienes. The distance at which these 

signaling molecules act also varies. Some act locally where as other can carry signals over long 

distances.

Most signaling molecules bind to receptors expressed on the surface of target cells. Others can 

enter the cell and bind to intracellular receptors. There are a variety of receptors to which 

signaling molecules bind. A large family of cell surface receptors act via guanine nucleotide-

binding proteins (G proteins). These are called G protein-coupled receptors. Another group 

4.2.3 Cell Communication
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of receptors act by phosphorylating their substrate proteins at tyrosine residues.

Once a signaling molecule binds receptor on a cell, it initiates a series of intracellular reactions 

towards interior of the cell and signal is transmitted from cell membrane to nucleus. This process 

is called intracellular signal transduction. The signal may be transmitted directly or via a 

cascade pathway involving many proteins. These pathways between the cell membrane and the 

cell nucleus are called signal transduction pathways. There is an amazing degree of 

networking among these pathways. A large variety of molecules are involved in these pathways 

and include molecules like cyclic AMP (cAMP), Ca+2 and calcium-binding protein calmodulin, 

MAP (mitogen activated protein) kinases, NF-?B (nuclear factor- kappa B) transcription factor 

etc. All this results in cellular response that may include changes in gene expression, 

differentiation, replication, alteration of enzyme activity, changes in ion permeability or even 

death of the cell.

It is interesting to know that a single cell may have several types of receptors each binding only to 

a specific signaling molecule. Thus, a cell may simultaneously receive information in the form of 

signals from all these receptors. Once the signals have been relayed into the cells, they are 

selectively routed along the various signal transduction pathways. 

Movement is an important feature of the living organisms. It is a different matter though, that 

movement in the form of locomotion, is most visible in animals i.e. animals can move from one 

place to another. In animals, movement is possible due to the contraction of muscles. In plants, 

movement is dependent on wind and water currents. Single-celled prokaryotes and eukaryotes 

move by hair like appendages called cilia and flagella, or by amoeboid movements.

Amoeboid movement is characteristic of some protozoa, slime molds (fungi) and the white blood 

cells. In this type of movement, the cytoplasm flows into a newly formed arm-like extension 

(pseudopodium) of the cell. This gradually extends and enlarges so that the entire cell occupies 

the space where previously only a small pseudopodium (pl. pseudopodia) had begun to form.  

As the cell moves, new pseudopodia are formed in the direction of movement while the earlier 

ones are withdrawn. Amoeboid movement has obvious similarity with cytoplasmic streaming 

(cyclosis), a commonly observed phenomenon in all plant and animal cells. Cytoplasmic 

streaming plays an important role in intracellular transport. 

Cilia and flagella are thread like appendages and have similar internal structure. The difference 

between them relates to their different beating patterns. A flagellum beats with a symmetrical 

undulation that is propagated as a wave along its length. A cilium, in contrast, beats 

symmetrically with a fast stroke in one direction followed by slower recovery motion. A flagellated 

cell usually carries only one or few flagella while a ciliated cell may have several thousand cilia 

distributed on the surface. The flagella of the bacteria are quite different. These are thinner 

(0.02 ìm in diameter against 0.25 m for true flagella and cilia), short and relatively rigid and are 

rotated by force at the base where they are attached to the cell. Cilia and flagella are found in 

4.2.4 Movement

4.2.4.1 Amoeboid movement

4.2.4.2 Movement by cilia and flagella

ì
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many protozoa. The sperms of a vast number of animals swim by means of flagella. Cilia also 

perform specialized functions.  In mammals, ciliated epithelium aids in the transport of materials 

on the internal surfaces for example, moving mucus on the respiratory tract.

Muscle is a tissue, which is unique to animals and  plays a leading role in the ability of the 

animals to move. Muscle tissue is specialized for one crucial function: contraction.

Each muscle consists of a number of muscle fibers. Each muscle fiber further consists of many 

myofibrils. Myofibrils consist of structures called sarcomeres that do the work of contraction. 

Under a microscope, sarcomeres are seen as bands. Each sarcomere is bounded on two sides 

by dark lines called Z discs. Each sarcomere consists of a very specific arrangement of two 

proteins - actin and myosin. Z discs are the anchor points of actin filaments. From the Z discs, the 

actin filaments extend towards the center of the sarcomere. Between the actin filaments lie the 

myosin filaments, each of which consist of many myosin molecules (Fig. 4 a, b).

 

Fig.  4. Contraction of muscle during which myosin molecule slide over the actin filaments

In the presence of energy molecules (ATP), actin filaments pull the two Z discs inwards. In this 

process, the myosin filaments slide over the actin filaments and this causes contraction of 

muscle. To exert this force, muscles are anchored to mechanical structures i.e. skeletal system.

4.2.4.3 Muscle and movement
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4.2.5 Nutrition

4.2.5.1 Elements of nutrition

4.2.5.2 Plant nutrition

4.2.5.3 Animal nutrition

All living things must eat to live. Thus, absorption of the nutrients from the environment is a basic 

feature of all living beings. Nutrients are needed to provide energy and to maintain various body 

processes such as metabolic machinery, growth and reproduction. Animals, plants and 

microbes obtain their nutrition in different ways. Before we discuss these, we would like to know  

the basic elements of the nutrition.

Carbon, hydrogen and oxygen provide the basis for life. These three elements form the 

framework of organic molecules such as carbohydrate, proteins, fats and nucleic acids. Some 

additional elements such as nitrogen, phosphorous, and sulfur bond covalently to carbon-

hydrogen-oxygen backbones in amino acids, nucleotides and lipids, and play equally critical 

role. Many other elements such as sodium, calcium, magnesium, chloride etc. play equally 

essential roles. They are not covalently bonded to organic molecules, but exist either as ions or 

in association with organic molecules. Elements like manganese, copper, zinc, cobalt, 

selenium, and iodine are required in very small amounts and are called micronutrients or trace 

elements.  Some of these trace elements are part of vitamins and play important function in 

animal nutrition.

Plants obtain a major part of their nutrition from the environment. Using sunlight as the source of 

energy and CO  from the atmosphere, plants synthesize sugar molecules by the process of 2

photosynthesis. Sugar molecules in the plant can be further converted to proteins and lipids. 

Water and various minerals are taken through their root system.

Plants carry out photosynthesis in their leaves. Leaves are positioned on branches so that they 

are exposed as fully to light as possible. Most photosynthesis takes place in the palisade 

parenchyma (see chapter 1) that lies mostly in the sunlight, upper half of the leaf. Spongy 

parenchyma specialized for CO absorption mostly lies in the lower half of the leaf.2 

Plants take up inorganic nutrients from the soil through roots along with water. Root hairs are 

thin-walled extensions of the epidermal cells in roots. They provide increased surface area and 

thus more efficient absorption of water and minerals. Some plants such as those belonging to 

legume family have symbiotic association with bacteria. The bacteria form the root nodules and 

live in them. In the nodules, bacteria convert atmospheric nitrogen (which plants cannot use) to 

organic form that can be used by the plants.

Contrary to plants, animals cannot photosynthesize and thus cannot synthesize organic 

molecules from inorganic raw materials. They must consume the organic molecules 

synthesized by plants. The organic molecules of plants are digested or broken down to simpler 

nutrients in the digestive tracts of the animals. These are absorbed through the intestine into the 

tissues of the animal. These are then used to synthesize the organic compounds of animals, 

using their own machinery. Therefore, the organic molecules of the animals are actually derived 

from plants and indirectly from sunlight.
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Some bacteria, which live in the gut of the animals, also help in animal nutrition. Bacteria in the 

human gut synthesize vitamin K and vitamin B  that are absorbed by the human body and 12

utilized for various functions. Bacteria found in the rumen of cattle break down the cellulose of 

the fodder into smaller sugar molecules, which are absorbed by the cattle. 

Vitamins are nutrients unique to animals. Animals need vitamins in only small amounts, but they 

are either unable to synthesize them or cannot synthesize enough to meet their needs. Thus, 

they must get vitamins in their food. The nutritional needs of vitamins may vary greatly among 

animals. Humans require two types of vitamins: water soluble (B , B , B , B , C, folic acid, niacin 1 2 6 12

etc.) and fat soluble (A, D and E)

Deficiency of any of the nutrients discussed above in relation to animal nutrition, can lead to 

disease or deformities. Protein deficiency is generally seen in children and manifests in the form 

of stunted growth. Deficiency of iron or folic acid can lead to anemia and that of vitamin C to 

scurvy (bleeding gums). Deficiency of vitamin D leads to bone deformities. Vitamin A deficiency 

causes weak eyesight. Deficiencies of vitamin B  and B  can cause nervous tissue problems. 6 12

Most microbes such as bacteria and fungi obtain their nutrition from plants and animals. Bacteria 

and fungi grow on dead plants and animals. They produce a number of enzymes, which can 

break down the complex organic molecules of plants and animals into simpler nutrients. 

Bacteria and fungi then use these nutrients to synthesize their own organic molecules. These 

organisms are also called saprophytes.

Almost all living beings exchange carbon dioxide and oxygen with their environment. The 

photosynthesizing plants take up carbon dioxide from the atmosphere. The animals produce 

CO2 during respiration. Both plants and animals use oxygen for respiration. It is interesting to 

note that oxygen and carbon dioxide move in and out of the living cells by the process of 

diffusion. Two important factors determine the rate of diffusion - the concentration gradient of the 

gas, and the nature of the surface where gaseous exchange takes place.

The single-celled organisms like bacteria and protozoa exchange gases directly across their cell 

membranes.  However, higher organisms like plants and animals use other means for the 

exchange of gases.

Body surface: Some multicellular organisms such as earthworm or algae exchange gasses 

across the outer layer of their cells. Amphibians use their skin as a respiratory surface. Such 

surfaces are usually moist as this allows easy exchange of oxygen and carbon dioxide.

Gills: Aquatic animals such as fishes have gills, which provide large areas for gas exchange. 

Typically, gills are convoluted outgrowths containing blood vessels and are covered by a thin 

epithelial layer. Gills are very efficient in taking up oxygen from water.

Alveoli: The terrestrial animals have very efficient internal organs for gas exchange. These 

are called lungs. The lungs are elastic sacs that allow the animals to pump air in and out of 

4.2.5.4 Nutrition in microbes

4.2.6 Gaseous Exchange 

4.2.6.1 Gas exchange surfaces

•

•

•
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the body. The trachea of an animal's respiratory system bifurcates into two bronchi, which in 

turn divide into many bronchioles. The bronchioles end in tiny thin walled (single-celled) 

sacs called alveoli. Although, individually, alveoli are tiny, the combined surface of all alveoli 

put together in the lungs is enormous. They are richly supplied with blood vessels. As the air 

is taken into the lungs (inspiration), at the alveolar surface oxygen is dissolved into the blood 

while CO  comes out. During expiration, the CO  is exhaled out.2 2

In plants, air enters into the spongy parenchyma of leaves through stomata. Here, CO diffuses 2 

directly from the air spaces into the photosynthesizing cells.

Multi-cellular organisms like animals absorb nutrients and water through the gut epithelium. 

They take up oxygen through lung alveoli or moist skin or gills. In plants, carbon dioxide diffuses 

through stromal cells, and water and minerals are absorbed through the roots. These nutrients 

taken up by the plants and animals must be transported to various sites in their body. Similarly, 

several metabolites produced in the cells of living organisms need to be transported from one 

place to another.

In plants, transport of nutrients and water is carried out by non-circulating sap that flows through 

their tissues.

In animals, the internal transport is carried out by blood, which circulates through various 

organs.

The heart circulates blood to all parts of the body through blood vessels. There are three kinds of 

blood vessels in the human body: a) thick walled arteries carry blood from the heart to different 

parts of the body. b) thin walled veins collect blood from different parts of the body to deliver it to 

lungs and then to the heart. c) tiny capillaries connect arteries to veins to form a closed 

circulatory system. The capillaries allow the exchange of metabolites between blood and the 

surrounding tissue because of their thin (single-celled) walls and large surface area. The thin 

walls of the capillaries allow easy diffusion of nutrients and oxygen from blood into the tissue. In 

turn, waste from tissues diffuses into the blood. The smaller diameters of capillaries provide 

enormous surface area where such exchange takes place. 

The plants have an amazing internal transport system as water and dissolved nutrients are lifted 

from soil to great heights, against the pull of gravity. The equivalent of blood in plants is the sap. 

The sap moves through the interior of cylindrical cells of xylem and phloem. The xylem and 

phloem form the equivalent of blood vessels in plants. However, there is no obvious equivalent 

for the heart in plants though we know that plants must have a way of generating pressure 

difference greater than those achieved by animals. 

Xylem carries sap (containing water and dissolved mineral nutrients) from the roots to the 

4.2.6.2 Gas exchange in plants

4.2.7 Internal transport

4.2.7.1 Internal transport in animals 

4.2.7.2 Internal transport in plants
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leaves. Water is pulled up the xylem by the force of transpiration, i.e., water loss from leaves. The 

connections between xylem cells allow a continuous column of water to form between the root 

and the leaves. This column acts like a thread that resists breakage even when being pulled up 

by transpiration or pulled down by gravity.

Phloem tissue transports sap containing dissolved products of photosynthesis. The phloem sap 

moves by osmotically generated pressure. In photosynthetic areas of the plant such as leaves, 

specialized companion cells associated with phloem actively pump sugars (produced due to 

photosynthesis) into phloem cells. This causes water from the surrounding leaf tissue to diffuse 

into sugar-rich phloem cells. This water creates osmotic pressure in the phloem cells. On the 

other hand, in the non-photosynthesizing parts of the plant such as root, sugars are extracted 

from the phloem by the surrounding cells for use. As sugar goes out of phloem cells, the water 

also diffuses out in the surrounding cells. This leads to a decrease in the osmotic pressure in the 

phloem. This difference in the osmotic pressure of the phloem between photosynthetic and non-

photosynthetic areas of the plant is enough to move the sugar-rich sap to sugar-poor areas of 

the plant. There, the sugar is metabolized to generate energy. 

In contrast to blood, sap does not circulate. Therefore, the internal transport system of plants is 

called vascular system and not circulatory system.

 All living organisms tend to maintain a stable internal environment of their cells. This is called 

homeostasis. Two factors which are very important in maintaining stable internal environment of 

the cells are: regulation of water and regulation of temperature.

All metabolic reactions in the cell take place in aqueous medium. Therefore, sufficient water 

must be maintained in the cells. Water also dissolves all solutes, transport materials in cells and 

plays role in thermal regulation. If water balance in the body is disturbed, all the above functions 

will be disturbed.

There are a number of ways by which animals and plants regulate water in their body. Most 

animals have specialized organs - kidneys, for homeostatic regulation of water and solutes. 

Kidneys filter large volumes of water, solutes and wastes everyday but a major amount of water 

and solutes is reabsorbed. Only a small amount of water, excess solutes and all waste are 

excreted in the form of urine. In freshwater fishes, the solute concentration in the cells is higher 

than the surrounding water. Therefore, excess water gets into their cells. These fishes get rid of 

excess water by producing very dilute urine. Fishes living in salt water have other mechanisms 

to regulate water. They drink salt water and actively pump out the excess salt through their gills. 

They also produce highly concentrated urine in their specialized kidneys. A lot of salt but very 

little water are lost in their urine. This is how salt-water fishes maintain homeostasis of water. 

Terrestrial plants use roots and leaves to regulate water. In dry conditions, some plants drop their 

4.2.8  Maintaining the internal environment 
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leaves to cut down the loss of water. Some plants actively pump mineral nutrients through their 

roots. As solute concentration of their cells increase, water from the surrounding soil diffuses into 

root cells. Plants also conserve their water by having a waxy coating on their leaves, closing 

down their stomata or by concentrating stomata only on the lower side of the leaves.

In living organisms, metabolic reactions take place only at optimum temperatures. Most 

enzymes also work best  at optimum temperatures only.  Thus, an increase or decrease in the 

internal temperature of living cells can severely affect their metabolic reactions. High 

temperature also means more loss of water from the cells.

The endotherms have sophisticated mechanisms to control their body temperature. Their 

respiratory rates are very high (10 times the ectotherms) which generate metabolic heat. They 

also conserve heat by insulating their bodies with fur or feathers. Air trapped in fur or feathers is a 

bad conductor of heat, and prevents heat loss from the body. Panting by birds and mammals, 

and sweating by mammals are highly effective methods of cooling. All these mechanisms 

produce a sophisticated system for homeostatic control of temperature.

The ectoderms like insects, amphibians and reptiles show behavioral and structural 

adaptations, which enable them to cope with high or low body temperatures. Amphibians, for 

example, show hibernation. They go to the deeper layers of soil and in this way, cut off excessive 

heat. Marine iguanas feed in cold ocean waters where they lose heat quickly. To make up for this 

loss, iguanas orient the black coloring on their bodies directly to the radiant heat of sun. In 

addition, they gain more heat by pressing their bellies against the black volcanic rocks that have 

been warmed by the sun. Most aquatic organisms cannot regulate body temperature. The body 

temperature of aquatic animals is same as that of the surrounding water. 

Some plants cut down the radiant heat of sun by having shiny leaf surfaces, which reflect back 

part of the sunlight. In some desert plants, the trunks have folded ridges and sunlight falls on 

them only at shallow angles, resulting in reduced absorption of radiant heat.

Reproduction refers to the ability of living organisms to produce individuals of the same species. 

It involves transmission of genetic material from parental generation to the next generation. 

Reproduction ensures continuity of the species. It also allows increase in the total number of 

individuals in the species. This is also one of the ways by which diversity is generated in a 

species.

Microorganisms such as bacteria reproduce mainly by asexual means in which a single 

organism divides to produce identical offsprings. For example, a single bacterium at successive 

divisions will produce 2, 4, 8, 16, 32, …bacteria. Thus, during reproduction, the number of 

bacteria increases exponentially. This is called exponential or logarithmic growth. In this type of 
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reproduction, there is no mixing of genetic material between two cells. Thus, the entire progeny 

is identical to the parental cell. Variation among the progeny, if any, is due to random mutations 

that occur in DNA during replication.

Only a primitive form of sexual reproduction is seen in bacteria. It differs from sexual 

reproduction of plants and animals in that there are no gametes and cell fusion does not occur. 

However, the essential feature of sexual reproduction, namely exchange of genetic material 

does take place and is called genetic recombination. DNA from the donor cell is transferred, in 

part, to the recipient cell.

Three methods are known by which genetic recombination occurs in bacteria.

Transformation: In transformation, the donor and recipient cells do not come into contact. A 

short piece of DNA is released by the donor, and is actively taken up by the recipient where, it 

replaces a similar, though not necessarily identical, piece of DNA.

Conjugation: Conjugation involves DNA transfer between cells in direct contact. The donor 

carries a small circular piece of DNA called the sex factor or F factor (F for fertility). F factor 

encodes a special type of pilus, the F pilus or sex pilus. The sex pilus enables cell-to-cell 

contact to be made during conjugation.  One of the strands of the F factor DNA passes, 

through the sex pilus, from donor (F+) to recipient (F-). In some cells the F factor gets 

integrated with the host DNA and mobilizes its transfer to recipient. Such strains are called 

Hfr because they show High frequency recombination. 

Transduction: During transduction a small, double-stranded piece of DNA is transferred 

from the donor to the recipient by a bacteriophage (a phage or virus which infect bacteria). 

When a phage infects a bacterium, the DNA of the phage gets integrated into the DNA of the 

bacterium and the phage DNA replicates along with the bacterial DNA. However, 

sometimes, the DNA of the phage comes out of the bacterial DNA and is encapsidated in 

protein coat to form a mature phage. In this process, a small piece of bacterial DNA also 

comes along. When the phage infects a new host, the DNA of the earlier host is transferred 

to the new recipient.

Plants propagate by asexual and sexual reproduction.  

In asexual reproduction, new plants are produced from somatic cells or from unfertilized 

gametes. This does not involve the fusion of male and female gametes. It can be categorized 

into two types:

Vegetative reproduction

Vegetative reproduction takes place when new individuals are produced from somatic cells 

(i.e., vegetative propagules like stem cuttings, tubers, bulbils, leaves, roots, etc.) This does 

not involve seed formation. The clone or all the individuals derived from a single cell will be 

exactly similar to the parent cell and each other in terms of genotype and phenotype, and 

therefore such propagation is also called clonal propagation. Asexual reproduction occurs 

•
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•
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naturally (e.g., propagation through bulbils, leaves, roots, underground stems, sub aerial 

stems) or it can be done artificially (e.g., through stem cuttings, root cuttings, grafting, 

budding or biotechnological methods like micropropagation).

Apomixis

In apomixis embryos and seeds are developed without fertilization. It is of two types: 

i) obligate apomixis, which is present in plants where sexual reproduction is completely 

absent, and ii) facultative apomixis, which is present in most apomictic crops where sexual 

reproduction also takes place. 

Sexual reproduction occurs by the fusion of male and female gametes.

In flowering plants, sexual reproduction occurs in flowers. A complete flower has four main parts 

- sepals, petals, stamens and pistil (s). The stamen (androecium), which is composed of a 

filament and an anther, is the male part of the flower. The pistil (gynoecium), which is made up of 

the style, the stigma and the ovary (containing the ovules) is the female part of the flower (Fig. 5).  

Male and female sexual organs may be present in the same flower or on different flowers. Let us 

consider the male and female parts of a flower in some more detail.

The anther consists of four pollen sacs, also called as microsporangia (2n). The cells of 

microsporangia undergo meiosis to produce microspores (1n). The microspores divide 

mitotically to produce pollen grains. A mature pollen grain consists of two cells; one within the 

other i.e. the tube cell contains a generative cell within it. The generative cell divides to produce 

two sperm cells.

Fig. 5. The reproductive parts of a flower. The male (and roecium) and female 

(gynoecium) organs of a flower are shown.

•

4.2.9.2.2 Sexual reproduction

STAMEN

PISTIL
Anther

Filament

Sepal

Stigma

Style

Ovary

125



Within the ovary are one or more ovules attached to the ovary wall. The ovule has one or two 

outer layers of cells called integuments and an opening called micropyle. The integuments 

enclose the megasporangium (2n). The megasporangium cells undergo meiosis and unequal 

cytokinesis to produce four megaspores (1n). The largest of these megaspores undergo mitotic 

divisions to produce a seven-celled embryo sac. One of these cells is the egg. There is also a 

central cell containing two or more polar nuclei (Fig.6).

 

Fig. 6. Internal structure of an ovule.

 Following pollination (i.e., landing of pollen grain on to a receptive stigma), the pollen grain takes 

up water and the pollen tube emerges out. The pollen tube grows through the style towards the 

ovule. The growing pollen tube enters the embryo sac through the micropyle (Fig. 7). The two 

sperm cells are released into the embryo sac. One fuses with the egg to produce zygote. The 

other fuses with the central cell giving rise to primary endosperm nucleus. This phenomenon is 

called triple fusion. As these fusions occur in the embryo sac, they facilitate the development of 

the ovule into a seed.  During seed germination, the seed embryo gives rise to new plant.  

Endosperm, which provides nutrition to the developing embryo, is formed from the primary 

endosperm nucleus following many mitotic divisions. 

Sexual reproduction leads to the creation of genetic variation and new genetic combinations by 

segregation and recombination. In fact, by crossing (hybridization) two different varieties of 

plants, a new and improved variety can be produced. 
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Fig. 7. The pollen tube growing through stigma and style.

In animals, asexual reproduction is limited to unicellular organisms and occurs by fission - a 

process in which parent cell divides into two or more daughter cells. Normally two identical cells 

are produced (binary fission). This is seen in protozoa like Amoeba and Paramecium (Fig. 8). 

In multiple fission, repeated division of the parent nucleus is followed by division into many 

daughter cells. The stage undergoing multiple fission is called schizont and the splitting process, 

schizogony. This is seen in Plasmodium.

 

 Fig. 8. A Paramecium undergoing Binary fission.
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4.2.9.3.2 Sexual reproduction

4.2.9.3.3 Human reproduction

4.2.10. In vitro Fertilization

Most animals, however, reproduce by sexual means. Sexual reproduction involves production 

of offspring by the mixing of genetic material of parents. Genetic material of parents is carried in 

the nuclei of specialized cells called gametes. Gametes are haploid and carry a single set of 

chromosomes derived by meiosis. Gametes are of two types, male and female. The fusion of 

gametic nuclei is called fertilization or syngamy, and results in the formation of a diploid 

zygote. The zygote carries a set of chromosomes derived from each parent. The zygote grows 

and develops into mature organism of the next generation. 

The male and the female gametes may be produced separately by male and female parent 

respectively, or by a single parent bearing both male and female reproductive organs. Animal 

species that have separate male and female individuals are called unisexual. Examples are 

human beings (Homo sapiens) and higher animals. Species capable of producing both male 

and female gametes within the same organism are described as bisexual or hermaphrodite. 

Lower animals such as tapeworms, earthworms, snails and some fishes are bisexual.

Human beings reproduce only sexually. As described above, humans are unisexual and thus 

male and female gametes are produced by separate individuals (parents). The gametes and the 

associated organs form the reproductive systems. The male reproductive system is composed 

of a pair of testes, genital ducts, accessory glands and the penis. A testis is an ovoid shaped 

gland consisting of coiled tubules called seminiferous tubules. The testes are situated in the 

scrotal sac outside the abdominal cavity. The seminiferous tubules produce male gametes, 

spermatozoa (sperms) by a complex process of division and differentiation called 

spermatogenesis. Sperms produced in the testes are carried to the epididymis, and then via 

the vas deference to the penis. 

The female reproductive systems consist of ovaries and fallopian tubes, the uterus, vagina and 

external genitalia. Ovaries are attached to the wall of the body cavity and are each about the size 

and shape of an almond. These produce female gametes or ova (singular, ovum) by oogenesis. 

The fallopian tube is a muscular tube, which conveys female gametes from the ovary to the 

uterus. The lower entrance to the uterus is the cervix, which separates the uterus from vagina.

In males, gamete production and release is a continuous process beginning at puberty and 

lasting throughout life. In females it is a cyclical activity with a periodicity of about 28 days and 

involves changes in the structure and function of the entire reproductive system. Ovulation is 

the process by which a mature ovum is released from the ovary into the fallopian tubes.

Following copulation, male gametes are deposited high up in the vagina close to the cervix. 

These move towards the fallopian tubes where they come in contact with the oocyte. Once a 

sperm has entered an oocyte, entry of other sperms in prevented. The sperm and ovum nuclei 

come together and fuse. This is called fertilization. At this point, the diploid number of the 

chromosomes is restored and fertilized ovum is called zygote.

In vitro fertilization (IVF) is the process in which ovum or the egg is fertilized by the sperm outside 
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the body of the female i.e in the test tube or the petridish. The fertilized ovum or zygote is then 

planted into the womb of a female and allowed to develop to full term. As the fertilization is 

carried out in a test tube or petri dish, these babies are referred to as "test tube babies". The 

first such baby, Louise Brown was born in 1978. IVF is carried out to help infertile couples who 

are unable to bear children normally due to medical problems. IVF is part of a larger discipline 

called Assisted Reproductive Technologies (ART) in which such infertile couples are helped in a 

variety of ways to solve problems related to their reproductive health. Thousands of needy 

couples all over the globe have benefited from the process of IVF. 

IVF includes the combination of three basic microtechniques: (i) the isolation and selection of 

male and female gametes, (ii) the fusion of pairs of gametes, and (iii) single zygote culture. The 

process of IVF involves stimulation of ovulation in the female by using hormones. The follicles, 

which are the fluid filled sacs containing the egg are collected from the female using an 

aspiration needle. This is done under anesthesia and sedation. 

The eggs are then prepared for IVF, which involves separating the eggs from the surrounding 

tissue. The eggs are then incubated with sperms in a nutritive medium for 18 hours for 

fertilization to occur. The ratio of egg and sperm are usually 1: 75,000. The fertilized eggs are 

kept in a specialized medium for 48 hours. Embryos should be at 2-4 cells at 48 hours and 8-10 

cells by 72 hours. Then an embryologist examines the fertilized eggs under a microscope and 

selects the best one for transfer. These are transferred to the uterus of a female where it 

develops into a full baby. All these procedures are carried out in a specialized IVF laboratory 

equipped with incubators, laminar flow hood, stereomicroscope, inverted microscope and liquid 

nitrogen containers for cryopreservation.

IVF can also be carried out using eggs and sperms, which were obtained from donors and kept in 

frozen (cryopreservation) conditions. Even fertilized eggs can be cryopreserved and used later.

For all their outward differences in size, shape and complexity, animals share remarkably similar 

developmental patterns. During the first stage of development of most animals, the fertilized egg 

or zygote divides into a many-celled hollow sphere called blastula. Never again in its life will an 

animal's cells divide as rapidly as they do right after fertilization. The cells increase in number 

while decreasing in size. During the second stage of typical animal development, two critical 

events take place. First, depending on their position within the blastula, cells in the embryo form 

three germ layers - endoderm, mesoderm and ectoderm. These layers follow three distinct 

development pathways to give rise to different tissues in the mature animal. The endoderm 

generally gives rise to epithelial lining of the gut; the mesoderm gives rise to muscles, internal 

skeletal structures; and the ectoderm gives rise to nerves and the outer covering of the animal.

Initially, the three germ layers lie on the outside of the embryo. However, the germ layers must 

move to more appropriate positions inside the embryo. This rearrangement takes place during 

gastrulation (Fig. 9). by complex events so that the endoderm comes to lie inside the embryo 

and is surrounded by mesoderm. As a result of this the ectoderm forms the entire outer layer of 

the embryo.

4.2.11 Animal and Plant Development

4.2.10.1  Animal development 
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After gastrulation, the embryo undergoes a period of rapid differentiation of the three layers into 

various organs needed to make up a functioning individual. For example, just three weeks after 

development starts, humans have an identifiable heart. By the 8th week of development, the 

head is clearly identifiable in the 2.5 cm long human embryo. By this time, the endoderm 

differentiates into an identifiable liver, the mesoderm differentiates into red blood cells and 

kidney. By 12th week, the fingers and toes of the 8 cm. long embryo have nails, and external 

genitalia are recognizably male or female. The gut develops from the endoderm to the point that 

it can absorb sugar.

 

Fig. 9. The mammalian gastrulation.

Genetic or environmental factors that disrupt the normal sequence of events during this period of 

intense differentiation can lead to severe developmental problems.  

Like animals, plants begin life as a fertilized egg. This single cell gives rise to a diversity of cell 

types organized into various tissues that make up a mature plant.

The fertilized ovule begins development 

surrounded by a protective seed in flowering 

plants. The first divisions of the embryo result in a 

mass of cells, all of which divide. Soon, two 

important events take place within the developing 

embryo. The cells of the embryo differentiate into 

three distinct types; protoderm, which develops 

from the outer layer of the embryo cells, and 

ground meristem and procambium. The last two 

types develop from the inner cells of the embryo. 

All tissues in a mature plant can be traced back to 

one of these three embryonic tissues. The second 

important event is the restriction of cell division to 

zones called apical meristem that lie at the two tips 

of the elongated embryo. One of this apical 

meristem (Fig. 10 - Fig. 11) gives rise to the root 

system, and the other forms the shoot system 

4.2.10.2  Plant development
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including the stems, leaves and reproductive structures.

As in animals, each of the three basic tissues in the plant embryo gives rise to specific tissues in 

the mature plant. The protoderm gives rise to the outer covering of the plants. The procambium 

gives rise to the tissues that make up the internal transport system of plant which consist of 

water-conducting xylem and nutrient-conducting phloem. The ground meristem gives rise to the 

photosynthetic tissues that make up the bulk of leaves and to the non-photosynthetic tissues 

that lie between the xylem and phloem in the stem and roots. 

Plants that produce seeds show special twists in development. The protoderm, ground 

meristem and procambium develop into various tissues that make up leaves called seed leaves, 

within the seed. Also, special nutritive tissue form around the embryo. In flowering plants, it is 

formed from the endoderm tissues that resulted from the fertilization of the polar nuclei by a 

second sperm cell. The endoderm and seed leaves allow them to enter a dormant stage in which 

development stops. They resume growth only when conditions are favorable.

 

Fig. 11. Apical meristem of the root is shown at the tip

A universal feature of plant development is its reliance on repeated units, or modules, of a 

relatively small number of different structures. For example, the parts of a plant that remain 

above the ground consist of stem and leaf units repeated many times. Each stem/leaf unit 

includes meristem tissues in the stem or a leaf. Because of their modular growth, plants often 

continue to develop new tissues throughout their lives. Modular development gives plants 

tremendous flexibility in their growth form. On the other hand, non-modular animals reach a 

distinct developmental end point.

Human beings and animals are attacked by a number of disease-causing (pathogenic) bacteria, 

fungi, viruses and parasitic protozoa. To fight against these, human beings and animals possess 

a very efficient and well-developed system called the immune system. The protective response 

of the body against the pathogenic microbes is called immune response. In the absence of 

immune response even minor infections can take hold in the body and can even prove fatal. 

4.2.12 Immune Response in Humans and Animals
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4.2.12.1 The immune system

Human beings and higher animals such as mammals have highly developed immune system. 

As we go down the evolutionary scale to birds, reptiles, amphibians and fishes the complexity of 

the immune system goes on decreasing. The invertebrates such as starfish, earthworm, insects 

and hydra do not posses an immune system. .

The immune system consists of specialized organs called lymphoid organs, and the cells. The 

organs in which the cells of the immune system originate and mature are called primary 

lymphoid organs. These are the bone marrow and the thymus. The cells after maturation 

migrate to other organs where these settle down and carry out their function. These organs are 

called secondary lymphoid organs and include lymph nodes, spleen and the gut associated 

lymphoid tissue (GALT). 

The cells of the immune system include - lymphocytes, macrophages, natural Killer cells, 

dendritic cells etc. Lymphocytes are small cells with scanty cytoplasm. Morphologically 

lymphocytes are indistinguishable from each other, but they can be further divided based on the 

type of molecules present on their surfaces and the functions they perform. The two most 

important lymphocyte categories are - B-lymphocytes and T- lymphocytes. There is another 

category, which differs from both B and T cells in the type of surface molecules and function. 

These are called natural killer or NK cells. The dendritic cells (DC), which are also an important 

part of the immune system are present in the skin.

The neutrophils and the macrophages are phagocytic cells. Neutrophils are present in 

circulating blood. They have a characteristic multi-lobed nucleus and granules in the cytoplasm. 

Thus, these cells are also called granulocytes. The other granulocytes are the eosinophils and 

the basophils. Another cell, which is present in blood is the monocyte (Fig. 12). The monocytes 

migrate into the tissue 

from the blood and 

become macrophages. 

The macrophages are 

large cells characterized 

by extensive cytoplasm 

having many vacuoles. 

T h e s e  a r e  h i g h l y  

p h a g o c y t i c  c e l l s .  

Depending upon their 

location in the body, 

these are called kupffer 

cells (liver), alveolar 

(lungs) and peritoneal 

(pe r i t onea l  cav i t y )  

m a c r o p h a g e s .  I n  

general, the t issue 

macrophages are called 

histiocytes.
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 Fig. 12. The various cells present in the human blood.



The macrophages, the B-lymphocytes and the dendritic cells can capture antigens and present 

these to T-lymphocytes after processing. Thus these cells are also called antigen-presenting 

cells (APC). 

When a pathogen enters the human or animal body through skin or other body surfaces, a fluid 

called lymph carries it to small filter-like organs called lymph nodes. Lymph nodes are present in 

groups and these are scattered in several parts of the body. Lymph nodes have all the 

components of immune system viz. B-lymphocytes, T lymphocytes and macrophages. In the 

lymph node, the pathogen is engulfed by macrophages and is broken down by the enzymes. 

The macrophages then present components of the pathogen to T-lymphocytes. After this, 

several cellular mechanisms occur in which a number of soluble substances called interleukins 

are produced by the macrophages, B-lymphocytes and T-lymphocytes. Under the influence of 

interleukins, the B-lymphocytes and the T-lymphocytes get activated.

After activation, the B-lymphocytes differentiate into plasma cells. These cells secrete 

antibodies or immunoglobulins (Fig. 13). The antibodies react with the pathogen and destroy 

it. There are five different classes of antibodies and these are called IgG, IgM, IgA, IgD and IgE. 

Antibodies are glycoprotein in nature and each consists of four polypeptide chains of which two 

are heavy chains and two are light chains. Disulfide bonds hold the polypeptide chains together. 

Each chain has a variable region and a constant region. This type of immune response, which is 

mediated by antibodies, is called humoral response. The interleukins also activate the T- 

lymphocytes, macrophages and the NK cells. These activated cells of the immune system 

attack those cells of the host, which harbour pathogen and kill them. This is called cell-mediated 

immune (CMI) response.

 

Fig. 13. Diagrammatic structure of an immunpglobulin (Ig) molecule

4.2.12.2 The immune response 
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4.2.13 Programmed Cell Death

Programmed cell death (PCD) is basically the cellular suicide. Cells undergoing programmed 

cell death show distinctive morphological features, which are collectively called apoptosis.  

Programmed cell death is a highly ordered process in which cells are dis-assembled very 

systematically. The cell detaches from the neighboring cells, and the cytoplasm and the nucleus 

condense. Mitochondria lose their membrane integrity and their contents leak into the 

cytoplasm. As the chromatin of the cell condenses, it is broken down into smaller fragments by 

the action of enzymes called endonucleases. Finally the cell membrane starts to form blebs and 

the cell gets fragmented into apoptotic bodies (Fig. 14). Macrophages quickly engulf apoptic 

bodies and cells in advanced stages of apoptosis. Apoptosis is a feature of normal physiology. 

 

Fig. 14. A cell undergoing apoptosis or programmed cell death (PCD). 

Comparison with necrosis is also shown

This type of cell death occurs extensively during organ development. For example, when fetus is 

developing inside the mother, the differentiation of the fingers and the toes occur because cells 

between them undergo apoptosis. Thus each finger or toe gets separated from others. So, the 

process of apoptosis is associated with disposal of cellular debris. It is now known that defective 

apoptotic processes in humans and animals are related to a variety of diseases. Apoptosis can 

also be induced in cells by certain stimuli such as radiation.
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By comparison, necrosis is a form of traumatic cell death that results from acute cellular injury. 

The injured cells swell and fall apart releasing their contents.

Plants are continually exposed to pests and pathogens. These include insects, nematodes and 

a variety of pathogenic bacteria, fungi and viruses.  This may lead to severe reduction in crop 

yield and quality. Yet majority of plants remain healthy for most part of their life. This suggests 

that plants must possess defense mechanisms to fight the pests and the pathogens. Plant 

defense systems can be classified as either passive (constitutive) or active (inducible) 

depending upon whether they are pre-existing in the plant or are switched on after the infection..

The presence of cuticle, bark and lignin in plants are highly effective in preventing penetration of 

microbes into the plant cells. Plants also synthesize a number of secondary metabolites, which 

are toxic to pests and pathogens. Compounds such as phenols, alkaloids, tannins and resins all 

possess antimicrobial properties and thus protect the plant against pests and disease causing 

microbes. Plants also possess several types of proteins, which have antimicrobial action. 

The first detectable response of a plant cell to an invading pathogen is change in the cell wall. 

The cell wall at the site of penetration becomes thick. This impedes penetration of the pathogen. 

Certain other changes are also seen in the cell wall. These are collectively called wall apposition. 

A very interesting phenomenon called hypersensitive response (HR) is also observed in 

plants. The host cells surrounding the site of infection get necrotic. These cells also show 

changes in oxidative metabolism and accumulation of toxic compounds. The overall effect is 

that a highly unfavorable or inhibitory environment is created which restricts the further spread of 

the pathogen. In response to infection, plant cells are also known to produce phytoalexins with 

inhibitory action against microorganisms. Phytoalexins are small molecular weight compounds. 

These are synthesized in plant tissue and accumulate in response to microbial challenge or 

other type of stress. Phytoalexins are not present in healthy tissue. It has been shown that when 

synthesis of phytoalexins is inhibited using certain inhibitors, the resistance of plants to 

pathogens decreases. It has also been shown that those pathogens, which produce 

phytoalexin-degrading enzymes, cause more severe disease than those, which do not produce 

such enzymes 

1. Why is meiosis so important for the production of gametes or sex cells? How would the offspring 

of sexual reproduction be affected if sex cells underwent mitosis instead of meiosis?

2. Name the two proteins, which are responsible for contraction of muscles.

3. What is meant by G  phase in the cell cycle?0

4. Differentiate between heterochromatin and euchromatin.

5. The mechanism by which genetic material from one bacterium is transferred to another by a 

phage (virus) is called:

a) Transduction 

b) Transformation

4.2.14 Defense Mechanisms in Plants

4.2.14.1 Passive defense

4.2.14.2  Active defense 

Review Questions
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c) Transfection

6.  Diagrammatically show the structure of an immunoglobulin molecule.

7. Name five different classes of antibodies.

8. Name some of the secondary metabolites produced by plants, which have medicinal value for 

human beings. 

9. How is the vascular system of plants different from circulatory system of animals?

10. At the interphase, the cell in highly active. True or False?

11. The alveoli constitute a very large surface area. True or False?

12. Briefly explain apoptosis.

13. How is internal environment (water, temperature) maintained in a living organism? 

14. Tick the correct statement. Signaling molecules

a) are found exclusively in animals

b) allow cells to communicate with only non living environment 

c) are always proteins

d) are produced by specific cells and received by target cells.

15. Compare and contrast the essential features of asexual and sexual reproduction.

16. Explain briefly how fertilization occurs in a flowering plant.

17. Differentiate between active and passive defense in plants

18. Fill in the blanks:

a) The development of embryos and seeds without fertilization is known as ___________.

b) The process of cell death, which results from acute injury, is called…………

19. What is the major utility of in vitro fertilization?

20. Explain what is meant by apomixis?
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