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11 is developed according to the National Curriculum 2006. It
'since 2013 and now it is presented under the supervision of
t, principles and guidelines with new design and layout.

rdard includes higher thinking, deep knowledge, problem solving

nversation and connections to the world beyond the class room and

get set by the curriculum. The special features of the textbook are:

apter begins with a brief recalling statement i.e., introduction to the

. The textbook has coloured illustrations to capture  the students

tion. Where necessary, concept mapping has also beenincorporated.

ssary 'Titbits' and 'Critical Thinking' have been added in each chapter

for motivating the students to apply their intelligence and acquire more

knowledge.

e The exercises include multiple choice questions, short answer questions and

extensive questions. These are given for reinforcement. The teachers should

develop assessments questions as per Bloom’s Taxonomy.

Atthe end of the book a glossary hasbeen annexed.

In each chapter Science, Technology and Society connections are explained

sordance with the curriculum. These interventions will serve as a guide for

ng the students' skills development through the chapter knowledge and their
apply knowledge to the scientific and social problems. The duration or the

f periods is also @llocated to complete each chapter, so that the teachers,

eir teaching strategy and plansinan effective manner accordingly.

/ andards and Actualization of Style is our motto. With these
his series of new development is presented for use. However there is
or improvement and suggestions from the teachers and the

| be highly appreciated to make the book more valuable and to make

more interesting, informative and useful for the student. After
sack, research report and reviewed by NCC through revie ¥

this is the revised addition of the book biology for Grade- 1

s and helps us. (Ameen).
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ﬂ‘le used in the techniques of fractiona
) ap":\‘imr‘:ht.;zsue culture, chromatography, elphor%

ns of resolution and magnification with reference to microscopy. (Sk
graticule and micrometer.
_chemical compositions and significance of the pnm and secon&ly

m al nature and metabolic roles of cytoplasm.
n smooth and rough endoplasmic reticulum in terms of their structures and

2, chemical composition @and function of ribosome.
ure and functions of the\Golgi complex.
' xysomes and glyoxysomes in animal and plant cells.
nctions of the lysosomes.
| :,--.\=~ reference to the malfunctioning of lysosomes.
al structure of mitochondrion and interlink it with its function.
ernal structure of chloroplast and interlink it with its function.
sition and functions of centriole.
position and functions of cytoskeleton.
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e quite familiar with the word “cell” i.e., a basic unit of life. By the middie of
th century, biologists had formulated cell theory which is a fundamental
iology. The generally accepted portions of the modern cell theory are as follows:
- (1) The cellis the fundamental unit of structure and function in living things.
'_ (2) Allorganisms are made up of one or more cells.
~ (3) Cells arise from other cells through cellular division.

This chapter will help you to become familiar with the structure of cells and how they
work, and also the basic techniques essential for cell study.

1.1 TECHNIQUES USED IN CELL BIOLOGY

To know the structure and functions of cells etc., and cell organelles some of the
techniques will be discussed here in brief.

1.1.1 Cell Fractionation

Cell fractionation is the combination of various methods used to separate a cell organelle and
components based upon size and density. It is very useful for electron micrescopy of cell components.
The principle of cell fractionation consists of two steps i.e., homogenization and centrifugation.

Homogenization

It is the formation of a homogenous mass of cells. It involves the grinding of cells in a
suitable medium with correct pH, ionic composition and temperature. In plants enzyme pectinase Is
added to digest middle lamella. This can be done in a blender. This procedure gives rise to a
uniform mixture of cells which is then centrifuged.

Centrifugation

Centrifugation is the process to separate substances on the basis of their size and
densities under the influence of centrifugal force. It is done by the machine called
centrifuge. This machine can spin the tubes at very high speed. Spinning the tubes exerts
a centrifugal force on the contents: There are two major ways of centrifugation i.e., density
gradient centrifugation and differential centrifugation. In density gradient centrifugation
the cell components of different sizes and densities are separated in different layers. The
upper layers are less dense than lower layers.

In differential centrifugation the size and shape of particles determines how fast it
settles. A series of increasing speeds can be used. At each step, the content which settles
in the bottom of the tube are called pellet and those that remain suspended above in the
form of liquid are called supernatant. After each speed, the supernatant can be drawn off
J and centrifuge again. A series of pellets containing cell organelles of smaller and smaller
size can therefore be obtained.

\4
% CELL " SUPERNATANT
HOMOGENA CE FUGA smaller and less
centrifugation ot _
PELLET
larger and more
dense components

Fig 1.1: Centrifugation of cells
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faster and have higher
cients are, however, not additive. Sedir
article, and when two particles bind together tt
red separately they will have Svedberg values that
ably the case with the ribosome. Ribosomes are most often identifieq b
instance, the 70 S ribosome that comes from bacteria h; ally
redberg, although it is composed of a 50 S subunit and a 30 S subunit,

L & 1.1.2 Differential Staining

Most biological structures are tr nsparent. In
to differentiate between these structures various
dyes are applied. Such techniques are called staj
techniques. When only one ‘stain, such as bo
. carmine (that stains nucleus) is used it is called single
staining. When two stains, one that will stain nucleus
e.g., haematoxylin and other that will stain Cytoplasm

€.g., eosin are used; the process is called double
staining or differential staining.

rodissection refers to the variety of techni
Itis done to remove tumour or granules
cells. In this technique, the image is seen o

ques where a microscope is used to assist
from delicate tissue or cells like, brain, heart
n large TV screen or monitor while dissecting

medium under sterile ‘
ed for both plants and animals.
e culturing is mainly used for

plant cloning i.e., production of genetically
ts (clones). Animal tissue culture is by growing individual cells to
; "'. er of tainer. Animal tissye cultures are
ny abn , chromosomal disorder etc.
.15 Chromatography

Chromatography is a tec
Separate d

are different types of ch

Paper °h'°'“‘f°ﬂfﬂphy is a simple and most
sidely used technique. It~ involves |::wq::

_S_tatlon._ hll. . _
mobile .- 288 Which is cellulose fiter

_ Phase is solvent |n which sample n
 {asolved. When the solvent travels uar .




aring polymer molecule 3 i
1ape, molecular weight _
vether (+) or (—). Such charge T
ner molecules are DNA, RNA, protein E : Glass tube of plates
= ——— containing gel
chnique: util ot #
technique utilizes a gel medium for Lower
n of fragments which is done under the § -
of an electric field. Often the gel is L N
| between glass or plastic plates to form — 44 .—{' - '
cous slab. The two ends of the slabs are e
ed in two salt solutions that are connected " Bk _Af#%
frodes to a power source. At one end of the Power supply
the samples are loaded. When voltage is
lied to the apparatus, the molecules present in Elsctrode
gel migrate through the electric field. Fig. 1.4: Gel electrophoresis

The negative charged molecule will move towards the positive pole and the molecule
ing positive charge will move towards the negative pole. The velocity of movement of
ents is inversely proportional to the size. Therefore smaller fragments move faster than
jer. In this way all the fragments are separated in the gel after some time. Later on the
zules can be pin pointed by staining the‘gel.

1.1.7 Spectrophotometry

| Spectrophotometry is a technique which is used to determine the absorption of
ent wavelength of light by a particular chemical compound or a photosynthetic pigment.
 purpose the instrumentused is spectrophotometer. The amount of light absorbed at
h wavelength is plotted in‘a graph called the absorption spectrum.

f
Chlorophyll A

= Chlorophyll 8

~— Carotenoids

Amount of light absorbed
| .B“‘“‘“‘

be used to determine the wavelengths of light that



‘and Magnification in Microscopy
capacity of a lens to differentiate between two adjacent poin
» resolution of naked eye is 0.1 mm. This resolution can be in
magnification. The magnification is the capacity of an optical instr
ih of an object than its original size. The objects which cannot be
n also be observed by increasing magnification. Different lenses have
cation powers which are represented by letter “X” that means the number of ¢
size. Therefore, a lens of 10X magnification power can increase the size of an of

 View objects that —



| - 1 Cell Structure and Functions .

oq magnfﬁcation powers of both lenses. The resolving power of light microscope is 250 nm and its
_magn!ﬂcat!on .is up to 4000X. The resolving power of electron microscope is 0.2 nm and its
magnification is up to 2,000,000X.

1.1.9 Micrometry

nt Micrometry is the measurement of the
size of objects under microscope. It involves
two micrometres. The ocular micrometre is a
glass disc with 100 equal divisions with no
absolute value. It is placed in the eye piece of g
the microscope. Then it is calibrated by using
a stage micrometre. This is a glass slide
with an exact scale like a miniature

transparent ruler. By SUPENMPOSING the  Fissimismmiue il
images of the ocular micrometre and stage °© " % 30 40 50 &
micrometre scales, it is calibrated so the size
of any given object viewed under the Fig.1.9: Ocular micrometre
microscope can be estimated.

= 1.2 CELL \ A JA'MEMBRANE

The plasma membrane is the outer living boundary of the cell. Many cells have an
extracellular component that is formed exterior to.the membrane, which is called cell wall.

1.2.1 Cell Wall .

The cell wall is present in plant cells, : s dally
prokaryotes and fungi but| animal cells do not have
cell wall. This is probably due to their locomotor mode
of life) Plant cell walls (made up.of cellulose) differ in chemical composition from those of the
prokaryotes (made up of peptidoglycan) and fungi (made up of chitin). We will discuss here
only plant cell wall. The cell wall is secreted by the cell. The cell wall is porous and allows free
passage of water and dissolved material. The plant cell wall consists of three main layers,

primary cell wall, middle lamella and secondary cell wall.

i 55
'_ o
| Science Tidbits

Pectin is a polymer of around 200 galacturonic acid
molecules. Majority of its carboxyl groups are
methylated (COOCHs5). It is less hydrophilic then
pectic acid but soluble in hot water. It is another
major component of middle lamella but also found in
primary walls.

Disc (plastic or glass)

Scale-arbitrary units
usually 100 divisions

Is plant cell wall permeable,
semipermeable or impermeable boundary?

Fig. 1.10 : Crisscross afrangement of cellulose

Primary cell wall

(Prlmary cell wall is a true wall and develops in newly growing cell i.e., during cell
y | division. Each cell produces a primary cell wall. The primary cell wall is present inner to the
' middle lamella. The primary cell wall is thin and slightly flexible. The primary cell wall 13
osed of cellulose microfibrils)(bundles of cellulose chains), running through the matrix of
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Fig. 1.11: Plant.gell wall

B scicnc Fitbits |
v is formed between the - ' g
G:rllld w;llgs:f]af ;T;mbrane only in | Pectic acids are polymer of ST
il : galacturonic acid molecules.
ls.ar-erhgeeng:gll’;; ;::; aﬂ?;?gﬁ;gg very hydrophilic and form salts

. . and Mg**
lant. The secondary cell wall -

' reached maximum

i . fibrils a
'9nin cements and anchors cellulose microfibrils together anc
idness. The Seécondary cell way Provides definite sha

eN primary cel| wajis of adjacent cells which he
9eHlike magnesium ang caigiry salts and pec




rlasma membrane: The model proposes that the membrane
er ch protein molecules are either partially or wholly embedded.
attered throughout the membrane in an irregular pattern just like large ice
sea. The pattern of distribution of proteins can vary from membrane to
) vary on both surfaces of membrane. The membrane is about 7. nm thick.

*********

B Phospholipio A
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Fig. 1.12: Fluid mosaic model of plasma membrane

The lipid part of plasma membrane consists of two layers (bilayer) of phospholipids
) are arranged in such a way- that their hydrophobic ends face each other while
hilic ends are appeared on the surface. The steroids, cholesterols are wedged into the
pholipid bilayer at someintervals. The plasma membrane is asymmetrical i.e., their two

urface and halves are not identical.
O\ In general most membrane proteins drift sideways in
N\ the fluid bilayer. The proteins within a membrane
Scienc ._ ts determine most of the functions. Carbohydrates are either
of membrane is | attached to proteins (glycoproteins) or lipids (glycolipids)
on its lipid components, | generally on the outer side of membrane. Filaments of the
lipids, glycolipids | cytoskeleton are also present on the inner surface of the
membrane. These support the plasma membrane.

ctions of plasma membrane lipids
The lipid part of plasma membrane controls the fluidity of the membrane. When the
aturated fatty acid in phospholipids becomes greater, the bilayer becomes
s cell membrane more flexible. The cholesterol helps to stabilize the lipid
s entry and exit of polar molecules and ions. -

e proteins
found in plasma membrane which n

S

ray act as t

-




‘the membrane.
) € can n?;ve across the membrane, other are .
“and help it to move across the membrane.

na membrane proteins have enzymatic functions e.g
s ATP to cyclic AMP (CAMP).

les: Some proteins in the plasma membrane are r at
cells. Each type of receptor has a specific shape. The binding
or can bring about an intracellular response. For example, ho

, but bind to specific target cells, with specific receptors.

: -
proteins are antigens which enable the cells to recognize other cells for
n antigens can be recognized and attacked by immune system.

- DIOOC

colipids and glycoproteins as cell surface markers

/ glycolipids and glycoproteins act as cell surface markers. They are involved in
gnition and sticking the correct cells together in tissues.

of cell’s interaction with its environméni by the plasma membrane

lasma membrane regulates cell's interaction with its environment by controlling
. of material across the cell. Transport across plasma membrane occurs to: (1) obtain
excrete waste substances (3) secrete useful substances (4) generate ionic

ntial for nervous and muscular activity (5) maintain a suitable pH and ionic
ion within the cell for enzyme activity.

1.3 CYTOPLASM AND ORGANELLES

AN

called protoplasm. In eukaryotic cells it can be divided inm-‘

 region between nuclear membrane and plasma membrane. This is.

- of both prokaryotic and eukaryotic cells. The maior dif
I . m erence
ese two kinds of cells is the i

lles. These structures are

Presence or absence of cytoskeleton
absent in prokaryotic cells.

| fﬁrms @ solution that contains all the func
» are fons and small molecules in true sol
vitamins and dissolved gases.




o S in Cytoplasm.

abolic and storage role of cytoplasm

ents. This movement is called cyclosis which is responsible for distribution of cell

The cytoplasm acts as a site of metabolism and storehouse of @ cell. The metabolic

path generally occur in the cytosol which includes protein synthesis, glycolysis etc. The
cytogel is usually concerned with storage of useful compounds which are subsequently used in
various cellular activities and waste compounds which are eliminated from the cell time to time.

1.3.2 Cell Organelles

In a eukaryotic cell, the cytoplasm contains highly organized discrete structures which
are specific for various cellular functions are called cell organelles. The cell organelles are
generally enclosed by the membrane except few such as ribosome.

The organelles in the cytoplasmic matrix of a cell are: endoplasmic reticulum,
ribosomes, Golgi complex, lysosomes, peroxysomes, glyoxysomes, vacuoles, mitochondria,

and chloroplasts etc.

Endoplasmic reticulum

An interconnecting network of
cisternae (elongated closed sacs) which is
generally extended from nuclear membrane
to the plasma membrane throughout the
cytoplasm of all eukaryotic cells is called
endoplasmic reticulum (ER). There are
two types of ER, rough ER and smooth ER.
Most cells contain both types of ER.
However, some cells (skeletal muscle cells)
have smooth ER more, where these are
called sarcoplasmic reticulum.

Rough ER has ribosomes attached
to the sides facing the cytoplasm and has

rough appearance  under  electron
microscope. Rough ER is mainly concerned

Rough Endoplasmic
Reticulum (RER) Nuclear Envelope

Smooth Endoplasmic Reticulum (SER)
Fig.1.13: Endoplasmic reticulum

with the events of protein synthesis (translation) due to the association of ribosomes; however,
their prosargagim the cell also provides a mechanical support to the cell.
sziefh ER is continuous with the RER. Since, ribosomes are not attached to it,

| support to the cell.

therefore, it has smooth appearance under electron microscope. The smooth ER functions in
various metabolic processes, e.g., metabolism of carbohydrates. The detoxification of drugs
‘and poison especially in the liver cells and synthesis of lipids including oils, phospholipids and
id take place in smooth ER. It also stores calcium ions, when released calcium ions
contraction of the muscle. Smooth ER also transports various cellular products within
| or out of the cell e.g., proteins from rough ER are also transported to the Golgi complex
h smooth ER. Like rough ER, the presence smooth ER in the cell also provides a

MDCATBYFUTUREDOC TORS(TOUSEEFAHMADKHAN) 03499815886



otic as well as pnolq_a_
f{zl;fg!er, eukaryotic rnbosqml
and characterized as 80S ribosomes

the prokaryotic ribosomes are s

smaller and are characterlzchi S
in be seen only under the electron microscope. Th'giytrJ 32; g&ag(%re
 of RNA and brotein so they are ribonucleoprotem.the nuclééf i
Then these are transported to the cytoplasm through le: _

. , ttached ‘with RER or f
a eukaryotic cell, the ribosomes may be fqund as attac :
ggplasm. Ribosomes are also found in matrix of mitochondria and s
t these ribosomes are prokaryotic (70S) in nature.

The eukaryotic ribosomes are composeg
of two subunits (particles) of different sizes, The
larger one is 60S particles and the smaller ope
is 408 “particles. The two subunits o
attachment form 80S particles. The attact
- i is.‘controlled by presence of magnesium
~ Smallsubunit concentration or forming salt bonds b

. phosphate group of RNA and amino g

- Fig.1.15: Polysome

amino acid or both by magnesium ions anc
ribosomal subunits are-generally attached together at the time of their fu

S are involved in the.events of protein synthesis. Sometimes, during

are attached to one mRNA molecul
some or polyribosomes.
: in very less time.
g I

i .
lj;comng transport G| g complex

Large subunit

- 2990588228 33388578

e. Such a chain of n
In this way several copies of

N

P It is found in g eukaryotic cells. |

discovered by Italian biologist Camillo
1898.

Lumen

Golgi complex consists of a stack
ﬂattened, Mmembrane  poung sacs ¢
cletonae, together with system of assot
vesicles called G| a8

o0 2T 0 3<0IAFIODF-HQ 3 3




‘complex is the processing of cell secretions. =&
Therefore these organelles are abundant in e
~ secretory cells. The cell secretions mainly

- ﬁi‘mns?fa'oe)' where the cisternae breakup into vesicles again.

The most important function of Golgi

consist of proteins. Golgi complex collects
these proteins from RER through SER,
modifies them to perform specific function and
then exports these modified products in the |
form of vesicle. Certain organelles, such as
lysosomes, peroxisomes and glyoxysomes
also originate from Golgi complex. Golgi |
complex is also involved in the formation of
conjugated molecules like glycoprotein,
lipoprotein etc. In plant cell during cell division, :

S . 5 = ! _~~=~=Plasma membrane
GOIQE complex also gives rise vesicles which Fig. 1.17: Role of Golgi complex in a glandular cell

contain cell wall synthesizing materials. At
cytokinesis, these Golgi vesicles are arranged on the cell equator, fuse together and form a

structure, called phragmoplast. Later on new cell wall is derived from this structure.

Lysosomes

Lyso means spliting and soma . .
means body. These are single — ™™
membranous, spherical vesicles. They
contain digestive or hydrolytic enzymes.
The lysosomal enzymes are made by
the RER and then are transported to
Golgi complex through SER. After
modification, these enzymes are
released from the trans face Golgi .

Rough ER

complex in the form of vesicles. Such D X
vesicles are called lysosomes. The <~/ \Lysosomes .. Autophagy
newly formed lysosomes before the start i e - iy ﬁ
of their functions are usually called viots = ~— & \
~ Primary lysosomes. In plants and |

. e

\gl, certain vacuoles carryout

/matic
hquIYSIs' Aifunction shared Fig. 1.18: Formation and functions of Lysosomes
mes in animal cells.

omes contain about 40 different digestive enzymes. These enzymes
every major macromolecule of the cell. The contents of the lysosome are acidic. In

s can

MDCATBYFUTUREDOCTORS(TOUSEEFAHMADKHAN) 03499815886



phagosomes and autophagosorms
os (primary lysosomes) and forms

es fatty acids which are then recycled in thi
: ‘_ ‘trécallular digestion, autophagy, autolysis and

Ié:, the resulting structure is called secondary lyi e
e digested products are absorbed by the cytoplasm

_ . to digest cell's own organelles. Such lysosomes are also

osomes. This process either takes place dn.starvation period in order to
ceurs in routine in order to control number of specific organelle. For exam

perform heavy muscular exefeise, the number of mitochondria begir

scle cells, but if he leaves exercise, the number of mitochondria are at
ocess of autophagy.

8, especially during developmental phase, when a particular cell is required
a type of cell dea&tlﬁummmiﬁed. called autolysis. This is a program
L and-their enzyme contents are quickly dispersed throt

ell'is disintegrated into fragments which are phagocytose:
on'lysosomes are also called suicidal bags.




ns which are caused by the accumulation of

lack of certain lysosomal enzymes are called lysosomal st e
es are hereditary and congenital therefore run in particular families
%lnﬂimdu_al.- Most of these diseases are fatal in early childhood. About

by an accumulation of lipids in the cell.
nd Glyoxysomes
xisomes and glyoxysomes are collectively called
. These are similar to lysosomes in the sense that
ingle membranous, vesicular structures. They contain
s (although different than lysosome) and originate from
X but they are smaller than lysosome.
roxisomes contain some oxidative enzymes: like
ase , catalases and glycolic acid oxidases. They are
nt in liver cells where they are specifically involved in the
tion and decomposition of hydrogen peroxide so they are
eroxisomes. They are mainly concerned with the detoxification of alcohol. In this
cohol is oxidized into hydrogen peroxide (H.O;) with the help of peroxidase enzyme.
en peroxide is itself a toxic molecule, which is immediately broken down to water and
by another enzyme called catalase. In plant cell, peroxisomes are involved in
ration. A step of photorespiration takes place in peroxisomes in which glycolate is
into glycine with the help of an enzyme called glycolic acid oxidase.
xysomes are founid only at seedling stage in oil seed plants. These organelles
ber of enzymes specific for plant lipid metabolism that are not found in animal cells.
ninating seedlings convert stored fatty acids to carbohydrates. This is achieved

'ﬁlefa:bo_l_iti\@ ay called glyoxylate cycle, the enzymes of which are located in the
ﬂ large vesicles originate from the
;ulum and Golgi complex and plasma

Fig. 1.20: Peroxisomes

In animal cells food vacuoles
tosis. Many freshwater protists



the joining of . ution

E:njt ce‘llgs main reservoir of. inorganic ions

: ral vacuole plays a major role in mechamegl |

ma storehouse of the cell. The membrane separ.
d tonoplast.

- o

mber correlates with the cell’s level of metabolic activity.. For exa
ct have proportionally more mitochondrig per volume th'fan less

ﬁapabl‘e to divide themselves (self-replicating) in order to increase 6
by fission.

are cylindrical or rod shaped structures. They are enclosed l?y da_.
membrane and the inner membrane. The outer membrane is SmMoo

and somewhat like a s

due to presence of porins,:
Outer membrane These are special pr'ote_,,_.__
Inner membrane responsible for the tran_s_‘
Inner membrane space  of molecules across the

Porins

Matrix membrane. Porins allow free
o passage of various molecule__g
Into the  inter-membrane -
space. The inner membrane
is selectively permeable and
folded inwards. The folds are

mRNA + polysome

Granule

. called cristae which serve to
R increase the surface z
The inner surface of ¢
has granular structures
FO-F1  particles. _
particles are actually
I complexes are also fi

ATP synthase




a are the sites of cellular respiration, the metabolic process that uses
erate ATP by extracting energy from sugars, fats, and other organic compounds.
in the matrix catalyze some of the steps of cellular respiration like Krebs cycle. Other
that function in ATP generation through electron transport chain are found into the
meml)rane

iondria (extra reading material)

Iria and chloroplasts display similarities with bacteria like both are self-replicating organelles, both
their own genetic system and metabolic machinery i.e., both has small circular DNA, all kinds of RNA
ribosomes (70S). An interesting fact about them is that they are capable to survive outside the cell in
: @Wsl medium if carefully fractionated. Based upon these observations evolutionists believe that they were
IWndent organism and the early ancestor of eukaryotic cells engulfed them. Eventually, the engulfed cells
| formed a relationship with the host cell in which they were enclosed, becoming an endosymbiont (a cell living
| within another cell). Therefore, they are supposed as organisms within organism.Mitochondria divide and in
| this way their number doubles before cell division. Lysosomes regulate the number of mitochondria. Excess of
‘mitochondria are digested by Lysosomes. Because mitochondria are contained within ova (egg cells) but not
| within the heads of the sperm cells, all the mitochondria in a fertilized egg are derived from mother.

= =

= W

| Plastids

r Plastids are found in plant and algal cells, and they are necessary for essential life
processes, like photosynthesis and food storage. On the basis of presence or absence and
type of pigments, and the stage of development, plastids have been classified into proplastids,
leucoplasts, chromoplasts and chloroplasts.

Proplastids are young, immature and developing plastids. They are self-replicating
organelles. They divide and re-divide in meristematic cells and are distributed to different cell
types. Depending upon the structures in which they found, the intracellular factors and on
exposure to light, they may develop into leucoplast (colourless plastids) or chloroplast (green plastids).

Leucoplasts are found in parenchyma cells of
root, stem and seeds. They act as storage
organelles. Based on the kind of substance they store
they are further classified into amyloplasts (store e
starch), elaioplast (store lipids) and proteinoplast ' D
{mtore protein). Chromoplasts synthesize different 7, chloroplast <
Moured pigments other than green. Therefore, they are ' "
found in coloured parts of plant such as flower petals |
md fruit wall where they attract insects and thus help in 4 ~

| f th 0‘ ‘ (o)
ation. Chloroplasts are found in green parts of the .
amyloplast  elaioplast  proteinoplast

nts and act as site of photosynthesis.

ucture and functions of chloroplast Fig. 1.23: Types of plastids
Chloroplast is a discoid structure which consists of three parts i.e., envelope, stroma
mlds. Each chloroplast is bounded by a smooth double membrane (envelope). The
)mbrane like mitochondria contains porins and therefore freely permeable to small
. The inner membrane is semipermeable and rich in protein. Between the outer and
) there is intermembrane space.

proplastid

L1
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stroma. It is the colour
ns a small circular DNA, al
stroma contains a system of chlc

©oids and the larger thylakoids. Smaller thylak:i(:stha::k
ike stack of coins. Each stacl:: of smalle yre a'

Each granum consists of 25-50 thylakoids and th§rea :
oy Svh Iso found in the me
oplast. Photosynthetic pigments are a ihér S

thylakoids connect the grgna V_\;It:asch’?g; orts. 8

[ they do no " O
branes are colourless as they _ Chloropla-St‘fl’S tho. g
photosynthesis, in a plant cell.
first phase. of photosynthesi:
Chioroplast light dependent reaction in
A, sunlight' is  captured

N, transformed into ATP. This p

: 33;’ -*\\t takes place in grana region
@SSR ¢ chioroplast. The second phase of

{ ‘ﬂzﬁﬂi 88" photosynthesis is light independe

| E, rmanoane €ACtION (dark reaction) in which

\ CO; is reduced to make

carbohydrates. The enzymes for|

this activity are found in stroma

region of chloroplast. 1

..

Outer
membrane Inteqmembréne space

e non-membranous cell organelles found mainly in animal cells. They are"
fungi like proti uch as slime molds and water molds. Centrioles are
res and usu \C in pairs. These occur at right angle to each other near one
us. Each centriole is composed of nine triplets of microtubule which are
& circularly arranged around a central axis.

Just before the cell division, the pair of centriol
duplicates and becomes two pairs wh
the opposite sides of the nucleus. Both centriole pa
rise microtubules (spindle fibres) during cell divisi
whole structure of spindle fibres is
atus which helps in the distribution of chra
€ daughter cells during cell division
JIVe rise to basal bodies of cilia and fla




tremely thin contractile fibres
lteensms of four twisted chains.
and two chains of tropomyosin
1 at -hntgrvals. They form myofibrils in
ed in muscle contraction and relaxation.
cyclosis as well.
__!Bqles are small hollow cylinders about
iameter af)d 0.2-25um in length. They are . L Zass
2 p?;ne; ;:u'?ltem,t t&e t:.nbulln. Each tubulin is @ Morofiament  Microtubule  Intermediate flament
In [ cells at the time of cell division freely :
. ed microtubules organize themselves to form ki oo - it
aﬁbres In animal cells, the microtubules are
ed in the formation of centrioles, cilia, flagella and

In muscle cells the microfilaments are

body.

_ln_termgdiatt_a filaments are 8 to 10 nm in diameter S?#Si,ﬂ?y?f:,f:e',“jwﬂf: aar:dOf“:T;:
,j__ntermedlate in size between actin filaments and | myofilaments. The thin filaments are
rotubules, this is why they are called intermediate actin filaments while the thick
ts. The basic protein subunit of the filament is filaments (16um thick) are composed
i The vimenin. aubunie iso form_ chans. Y | s,y e a5 caled s
¢ amrangement. Each intermediate filament s | filaments. J
osed of three chains of vimentin which_ are twisted
out each other in such a way that no
v space is left between them. They
form a network in the cytoplasm
ich provide a mechanical support to
ar envelope and plasma

mbrane.
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‘and Flagella
‘Gilia and flagella are hair like
ction on the surface of the cells.
internal structure of both cilia and
is but they may differ in
ber and pattern of movement.
a are longer, few in number,
ulating motion and beat
ntly. Whereas, cilia are
relatively short and beat
y in metachronous (cilia of
ne after the other) or in
hm (all cilia of a row

ATBY UfUREDOCTORS(TOUSEEFAHMADKFIKN')""O



S Grodor o »m m'::f?:mmbule triplets as centrlolos
Mechanism of mov nt of
cilia and flagella %

Movement "& cilh: .\
movement of cilia is due to s X
double fibrils i1 two groups one ;
the other.” Five out of nine dg
fibrils contract simultaneously. As 3
result eilium bends or shortens. It is
called effective stroke. Four out of
nine double fibrils contract and cilium
becomes straight. It is called

stroke.

Movement of flagella: /
flagellum causes movement by the
passage of rapid successive waves '. ’
bending from the attached to the fr
end, as it can be seen in _
movement of human sperms, which
propel them forward within the flt
medium of the female reproduct
tract.

1.3.3 Nucleus

Nucleus is the most ¢
ﬂﬂdﬂlenwstimpormpm
'ﬂmﬁnaloelhnufowm
(with exception of muscle f
thmwu
@ mun




protein called nueléopo?rl'n.

| cytoplasmic exchange of materials. This exchangec inc
: pﬂbtdns moving from nucleus to the cytoplasm and protel

nucleus. Although smaller molecules | Q e

e through the pores, larger molecules f;;?inmﬁe. P a';'a“t' “':: "”"‘ /|

ognized by specific signal sequences | that d r% ess nucleus. Onthem-

e diffused with th - hand e cells have more than one nuclei

. e help of nucleoporin into g > Cleate o Gikaryotic” calie. (GMER

the nucleus. g two nuclei) and multinucleate or
\ eﬁenocyuc cells (cells having many nuclei).

enzymes (DNA and RNA polymbrase) free nucleotide and some metal ions (Mg) for

sis of DNA and RNAs. It alse €ontains histone and non-histone protein. So the
is slightly different from cytoplasm.

Nuclear envelope
cleolus is a nehsmembrane bound Nucleolus
the nudeoplasm Wcell may have one or

li. Nucleo! ars during interphase
ars du' )l division. A nucleolus
periph ral granular area (contains

N and a central fibriler area Chromatin

ns rRNA - rDNA). Therefore, nucleolus is
e construction of ribosomes.

N anc .Chromosomes

nbms begin to condense and coil up into s
-apmd&enoughtobe aeenwi&allgm




natids, called secondary
- organizer. It gives rise to

RYOTIC CELLS Fig. 1.31: A pair 6f chromosome

‘structurally different cells have been evolved overtime. Prokaryotic cellg
, bacteria and cyanobacteria whereas all other forms of life are composed
A prokaryotic cell lacks definite membrane bounded nucleus and o
is dispersed in cytoplasm. On the other hand, a eukaryotic cell contains g
c reticulum, Golgi complex, mitochondrion; lysosomes, nucleolus,.chioro ast,
ribosomes (larger), and flagella or cilia which are made up of microtubu
S are missing in prokaryotic cells.. Furthermore, the prokaryotic ang
1ave different structure and compesition. The prokaryotic cells do not divide
or meiosis like eukaryotic cells, instead their cell division is very simple and is
A detailed account on prokaryotic cells is given in chapter 6 of this book.
preting and Communication r

st the structure and funétion of mitochondria with those of chloroplasts. y

, the functions of arganelles with the processes occurring in animals and planﬁir1
olecules. whic;gé@n ‘cross the nuclear envelope.

amecium, po!!en grains, hair etc., by micrometry.
e slides of animal and plant cells using differential staining.




nucleus, chlomplast

nucleus, paraxysomas

lysosome, peroxysamas

| US ysosome chloroplast, peroxysomes

(B) lysosome  (C) chromosome ucleolus

tadpoles tail is gradually broken down during meta
). Which organelle increases in number i in the cells o@% tail at this time?

{A) centriole (B) @ﬁbplasmuc reticulum

S ic (D) lysosomes
Which of the following organelles always conﬁa}ns DNA?

~ (A) centriole (B) Golgi complex (C) lysosome itochondria
Which distinguishes a prokaryotic cell from a eukaryotic cell?

(A) prokaryotic cell have a cell wall and a nucleus

((BY prokaryotic cells have no niembrane bound organelles

(C) prokaryotic cells have a centriole

(D) prokaryotic cells havé no ribosomes

5,&: into an adult

' The elasticity of the plasma membrane demonstrates that it is made up in part of

(A) lipids (B) nucleic acids  (C) carbohydrates protelns
) Filaments pres@p flagella and cilia are
3 (A)  microfi pmicrotubules  (C) microfilaments (D) microvilli
‘Which of Iowang structure is found in all living organisms:
brane (B) nucleus (C) lysosome (D) vacuole
c _ Wall of plant cell is different from that of prokaryotes in:
t -sft"fuc'ture and chemical composition (B) structure only |
fREe amsiton only (D) number of layers omyl

__ng are present in prokaryotic cells:
DNA nudear envelope

i



> RER> SER  (B) RER-> Golgi oornplox - SER
Golgi complex (D) SER-> Golgi complex = RER

e following is responsible for cyclosis? 19
. microfilament
(D) none of them %% 20
s S r ‘% 21
: OV . 22
lles revealed by an electron microscope. y 23
is not present in animal cells? [ocalyo mods oF CES 24
the ribosomes together in a polysome? £
h@p&n if there are no lysosomes in humap-cells? if

es are called suicidal bags? 4
ructures and organelles which are eommon in plant cell, animal cell and a

(
roplast similar to a bacterium? ;23;
rganelles of eukaryotic cell’and write their specific functions. _
rokaryotic cells? List the sfructures missing in prokaryotic cells. 3
aments and mlorotubules
, are smg“ mbrane bound, double membrane bound and lacking any
AN : 3
e important to eukaryotic cells? 3
composition of nucleoplasm with that of cytoplasm. 3
the areas where ribosomes are assembled.
3

n of a section through:
(b) chloroplast



(b) Missection (c) Tlssue cumxre
(e) Centrifugation (f) Chromatography
o (h) Spectrophotometry

loc '__.tions chemical compositions and significance of the following in a plant |
) Primary cell wall (b) Secondary cell wall (c) Middle lamella.

(a) Chemical composition of plasma membrane (b) Role of p|a@membrana
cell’s interactions with environment.

ribe the lipid composition and variety of proteins of the plasma r@;ﬂ rane

 are the functions of the plasma membrane proteins?

 the role of glycolipids and glycoproteins as the cell surface arkers?

the chemical nature of cytoplasm? Explain the metabo!ic roles of cytoplasm.

e the structures and functions of smooth and rough endoplasmic reticulum

_.the structure, chemical composition and function of ribosomes.

ain the structure, and functions of Golgi complex.

blain the structure, and functions of the peroxysomes and glyoxisomes in animal and

cells.
in the formation, structure and fungetions of the lysosomes.
~ are the storage diseases? Explain with reference to the malfunctioning of

lysosomes.

ibe the external and intemal structure of mito
tructures present in mitochondria?

ibe the external.and internal structure of chloroplast? What are the functions of
_ "af_ructures pr?h in chloroplast?

pe :and ~ontrast the structure and functions of mitochondria and chloroplasts.

entrioles? Describe the structure, composition and functions of centriole.
cy skeletons? Describe the types, structure, composition and functions of

chondrion? What are the functions of

$ ' ' -.: structure of cilia and flagella. Explain the mechanism of movement of cilia

pe? Describe the chemical composition and structure of nucle




YGICAL MOLECU LES

A ._.1,4,& .:.

= 3 . LA
i I_lj‘ -

1‘
11

A -

A, " \ o1

and describa the approximate chemical com position of protopIaSm

s, proteins, lipids and nucleic acids as the four fundam@ kinds of
4 T&’U‘

tches of the dehydration-synthesis and hydrolysis reactlﬁns for the making
nolecule polymers.

aci

Bi
va
hydrates and classify them. £

 properties and roles of._.mo_ﬁosaccharides. write their empirical formula and classify |

omers and stere
properties an éﬁ

nd roles of polysaccharides and relate them with the molecular
en, cellulose and chitin.

nanufactured sweeteners are "left-handed" sugars and cannot be
ed" enzymes.

ids and !:_lra.w. the- structural formula of amino acid.
age of peptide linkages.

s of glucose.
of disaccharides and describe glycosidic bond in the transport




‘of DNA as proposed byWats;anand :
1 sequence @f nualaetiaes as part of DNA, which codes far the formatior

eral structure of RNA.
1in term of structures and roles, the three types of RNA.

%hiugatad molecules and describe the roles of common conju molecules i.e.
s, glycoproteins, lipoproteins and nucleoproteins. % :
O

have got a very brief introduction about biological molecules in IX-X biology
is chapter caters the detailed study of carbohydrates, proteins, lipids and UG
Il as the importance of water and the role of conjugated molecules.

2.1 BIOLOGICAL MOLECULESIN PROTOPLASM

Biological molecules are different < chemical compounds of living beings.
istry is the branch of biology that'deals with such molecules. It also deals with
1emical reactions (metabolism) of living beings.

{ Chemical Composition-of Protoplasm

roximately 25 elements | 70%
92 naturally occurring Lt $ix major bloslement that
f earth are fou@‘}n living constitute 99% of human body
These called | so% Oxygen t:::
, human body " C"Hydmm" 10%
ly 16 of these “© Nitrogen 3%
Calcium 2%
Phosphorus 1% o

| -:"basi'_g__of their
yisms. The SiX




ic (water and minerals) and organic (cah;--v
The proportions of these biomolecules are given in the

wm -_
—

damental kinds of biological molecules are carbohydrates, proteins, lipids
s. Carbohydrates are present:in the cytoplasm of the cells and provide fue
ivities of the cell. Proteins are present in the membranes, ribosomes
ymes of the cell. Lipids are present in the membranes and cytoplasm of

e a reserved ene‘r”gy source, shape, protect and insulate the cells.

resent in the.chromosome. It controls the cell actlvaty The nucleic acI
he n cleopl_ m ar

d Hydrolysis

high molecular weight
| many repeating units.
0 known as polymers.
re micromolecules




O iy the role of water is to act as a solvent,
_l_\,_’_ _' _l__ : r '_e el pref.sent and the | than taking part in a chemical reaction |
an activated energy- rich form. do not assume that this breakdown releases |
vdrolysis is essenti energy, which is usually produced when the

ssentially the reverse of simpler  substances are oxidized in

L., the breaIcFiown of a polymer into | respiration.  Hydrationis  yet another
4 by the addition of water. During | completely different process, volving the
an (...OH) group from water is attached addition of water, but not br of bonds.
monomer and (—H) is attached to the other monomer. Actually all digestion reactions
les of hydrolysis, which are controlled by enzymes such as carbohydrases,
, lipases, nucleases.

2.2 IMPORTANCE OF WATER

~ \Water is one of the main constituents on earth. More than two thirds of the earth is
by water. Approximately 70 percent of the any ofganism is formed of water. Water is
abundant component in any organism, the dowest is 20%

in seeds and bones and

is 85-90% in brain cells. Jellyfish has exceptionally large oritical TR
A > _ itica
| Gf water i.e., 99% (hence the body shows transparency). Wi
2.21. Properties of water combines with oxygen gas
L . 4 . ; to form water, is the
" The properties of water that make.it the cradle of life are: hydrogen  reduced  or
1. High polarity oxidized?

‘The bonds which are formed by the mutual sharing of electrons between two atoms

led covalent bonds. Normally the sharing of electrons between two atoms is fairly
. yond is nonpolar. In the case of water, however the sharing of

n and hydrogen is not completely equal so the covalent bond is

alent bond is a chemical bond in which
- are pulled closer to the more
» atom, making it partially negative and the
tial '_:'p'oslti- e. Thus, in H,0, the O atom
negatn e charge and gach H atom
harge, even though H20 as a whole
nolar covalent bonds, water is a
ightly negative pole and two
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' + £ BIolog
into positive and negative ions and are-
t lecules and ions. This is the reason why a
ir in aqueous medium.
2. Hydrogen bonding
: Hyih?polarity of water molecules makes them
 \ith each other. The charged regions on each mqlecule e
g attracted to oppositely charged regions on_ ,nelghboun :.
molecules, forming weak bonds. Since the positively chargeﬂf
r;eQion in this special type of bond is always an H a,tom the bo
is called a hydrogen bond. This bond is often represented by a
dotted line because a hydrogen bond is easily broken.

b

Because of hydrogen bonding; water is a liquid at
temperatures suitable for life. The  high cohesion and‘?'-
adhesion force of water is due to.the presence of hydrogen
bonds in water, which in turns. makes water as transport
medium.

 together. Water flows freely die to cohesion. Water molecules also have H .
- surfaces. This attraction is.called adhesion. Both cohesion and adhesion
bonds among water molecules. These properties of water enable it to d

efined as the amount of heat required for minimum increase in
speciﬁc heat capacity of water can be represented as
O raise the temperature of 1g of water up to 1°C i.e., 1 Calorie
S relatively a very high heat capacity than any other substance due to
ecause much of the heat absorbed by water is utilized in the
bonding therefore it does not manifest itself to raise the temperature of
amount of heat can increase very little in temperature in water. Due
ter works as temperature stabilizer or regulator for organisms in
protects the living material against sudden thermal changes.




on can be defined as |
‘e contact area
hydrophobic  substances

1 water. For example, if you tolecuk

rops of oil on the surface of a water Lﬁ 3
' QII drops will tend to join into a R o -
.m?lically. hydrophobic exclusion Fig: 2.6: Hydrophobic:exclusion
s in maintaining the integrity of lipid bilayer membrane&@

L
o o i

@

i
issociation of a molecule into ions H y.:q.i_._ H +

W
ization. When water molecule O 3
ases an equal number of positive Wategdilecule A e g | =

d negative hydroxyl ions. N [OHT]

reaction is reversible  but® Fig: 2.7: lonization of water
is maintained at 25°C. The H”.and-OH" ions affect and take part in many of the
that occur in cells, e.g., it helps' to maintain or
H of the medium.

density of ice

ats on water. This:is because ice is less dense
| i< that ice has a giant structure and
hydrogen bonding among water
re arranged like a lattice. In freezing
. on the surface of ponds and lakes forming
bove the water below. This provides a
for some organisms until the ice melts.  Fig: 2.8: Lattice likes ¢
ive under the ice. of water molec!




n of Carbohydrates
e commonly known as
des because more familiar
sweet taste. Classification of
| upon number of saccharide

are generally classified into Polyhydroxy

aldehyde ketone

Fig: 2.9: Chémical nature of carbohydrates )

: 2.2: Comparison of characteristics of carbohydrates L, :,
des |  Oligosaccharides A&Si Polysaccharides |

2 eéﬁarida ‘They are composed of 2 to10 They are composed of more than
saccharide units. 10 saccharide units.

They have less cq_mp]ex structure, so | They have highly complex
upon hydrolysign hey yield at least 2 | structure, so upon hydrolysis they
and maximgﬁf‘m“monosacchaﬂdes. yield at least 11 monosaccharides. |

e M ;
They g@g«s‘so[uble in water. They are generally insoluble in
water.

re less sweet in taste. They are tasteless.

- are trua c‘arbohydrates which are either polyhydroxy aldeh des-
| mnge .of ..number of carbons in monosaccharides is 3 ro 7 
ﬁtﬁe@gnde except one, have a hydroxyl group (-OH) whil -_ 
is ﬂﬁthe part of aldehyde or ketone. The general formula

osaccharides is CoHn0,, where, n is the number of car H




Chemical structures of monosaccharides

Monosaecharides are usually found in open
chain structure'in crystalline form but when they are
dissolved“in water most of them (pentoses and
hexoses) are converted into ring chain structure.

Let us understand it by taking ribose

(CsH100s) as an example. It can exist in open chain

structure in dried form but it exists in ring structure

2Q in aqueous medium. When it is dissolved in water,

ersion of open chain i@'ﬁhg the oxygen atom from aldehyde group reacts with
e O second last carbon i.e., C4 in case of ribose. In this
way @h atom forms a link between C1 and C4 while the OH group of

shifted to C1. After this

sdification ring structure of ribose

20,

Each pentose or hexose
molecule in ring structure exists in
either a or B form depending upon
osition of -H and —OH groupon o
-@H ‘group is found Flo'z-immdamw cose
then it is called “WW'-QH




d (Artificial) Sweeteners

augars are L sugars. On the L-glllcq’::l : !

ing sugars in bodies are D "“""’ , . .
waeptgrs a'gre designed to react Fig: 2.13: An example %@aﬂmﬂ

example the enzymes in your
é”ﬁl?rl’g‘ht-?landed sugars. Likewise left-handed sugars cannot be
i

anded enzymes. Just as the glove fits only on the proper hand, a right-
- 'a:n_' or react with a left-handed substrate. The substrate must fit on

f the enzyme. So for the left handed substrate (artificial sweetener) the

nsists of derivatives of monosaccharides. Those carbohydrates which
2 to 10 saccharide units are called oligosaccharides. On the basis of
e units, the oligosaccharides are classified into disaccharides,
rasaccharides and so_on. The most common among these are

ides combi & o form a disaccharide. It is a kind of oligosaccharides. 1
tin .&\ ‘and less soluble in water. These can be hydrolyzed to
nples are: maltose, lactose, sucrose. The general formula of
jome common disaccharides are as follows:

own as cane sugar. It is widely used as sweetener at homes for
its sucrose is also called transport disaccharide as prepared

h#aﬁﬂr.l:'iln plants. Itis also relatively unreactive chemically. The
‘ Iti' _of__glucose and fructose. In this reaction, the —OH
e —OH group at C-2 of fructose, liberating a water




in germin

tarch and glycogen. Maltose is generally found mir
d by the condensation of two a-glucoses. In this reaction, the ~OH
reacts with the ~OH group at C-4 of other glucose, liberating a
a-1, 4-glycosidic linkage. :

HOCH,
5 o

+ 4 OH H T mmmmme™> 4
OH H

3 2 3
H OH ’ H )
a - Glucose Maltose 0.

a -1, 4-glycosidic linkage

L Fig: 2.15: Formation of maltose

\: It is commonly known as milk sugar. The lactose is‘formed by the condensation of B-
and B-glucose. In this reaction, the ~OH group at:C-1 of galactose reacts with the —OH
'C-4 of glucose, liberating a water molecule forming B-1, 4-glycosidic linkage.

]
HOCH,

[+ £
HOCH, HOCH,

H  OH o Lact
) actose Wa
g - Glucose g -1, 4-glycosidic linkage -

)"~ Fig: 2.16: Formation of lactose

g oxidized and causes the reduction of other substances
'folyzed first is known as reducing sugar, but those which are unable to be mmd '.
her substances are known as non-reducing sugars. All monosaccharides and two of
harides (maltose and lactose) have the open chemical structure needed to act as

mird type of disaccharides, SUCTose, and polysaccharides are non-reducing sugars.

e- which is capable of bein

which upon hydrolysis yield more than ten monosa
, is largest group of carbohydrates. The polysa
sation of only one kind of monose




or chemical inﬂqen _ ey
nverted to sugars by hyc_lleSis W:;TL r:;lm
starch cellulose, and chitin are being discu _

rides which is formed by the oondensaticln ?;mh:?:;reds d‘-
ariaes Wit . f, tored in root, S see -

arbohydrate of plants. It is mainly $ _ te digested i
tubeeamr:rgrir?:hgsoimes of starch in human diet. Staf:'gjgén?;ﬁzze ﬁr:r,-
ntesﬁne by the enzyme amylase. Upon hydrolysis it )__ﬂ\Th o presence of
rther digested by maltase enzyme and yields giucos§350|ourpwith oo o

ample can be confirmed by iodine test as it gives blue ¢

aretwotypes of starches i.e., amylose and amylopectin-

o-1,6 branch linkage

. Segment of an

molecule, showing one a-1,6 branch linkage
@ Ig: 2.17: Structure of starches

ranched i.e., a linear chain of glucoses in which glucoses are attached
osidic linkages. It is soluble in hot water only. On the other hand,

structure i.e., a linear chain of glucoses but more chains of
branches are also attached by a-1, 6-glycosidic linkages. It is




X ' he mgp?!_ygaochaﬁdes but unlike CH,0H
ycogen it is formed by the *;'l""\ 09 1=
Jo
H O

| I_”_m.rfdi-'e.ds of B-glucoses. It is (OH 1
a'):;irat: ofII plants as it is major |_° H CH,OH
t of plant cell wall. Cotton and paper CH0H '
ms of cellulose. T8 Fi 21H203 %‘i
g: 2.19: ) lulose

%ul?s:_i:hows no colour w‘ith iodine solution. Structure of @f!&se resembles with
starch in such a way that it has un-branched structure bat it has -1, 4-glycosidic

—
N
oo Titbits \)

be digested by human body but it has to bé'taken into diet because it works as roughage or
nts abnormal absorption of food in intestife.\However, herbivore animals have some symbiotic
rete cellulase enzyme for its digestien. Upon hydrolysis it first yields a disaccharide, the
en cellubiose is further digested ifta glucoses.

N-acetyl group

Chitin is the second m@st- abundant

molecule on earth, Ot is also a Glucosarmine

saccharides. It . is™ a structural CH,0H
rate found in the.cell'walls of fungi and in
yskeleton of .@rthropods. Due to the
of chitindin: fungal cell wall, it is also &
fungal cellulose. Chitin is the
J-acetyl glucosamine monomers
ydified form of glucose. It has an un-
ture and its monomers are linked
B-1, 4-glycosidic linkages.
\_~2.4. PROTEINS

ain structural components of the cell. All proteins contain C, H, O
_ Few proteins have Fe, | and Mg incorporated into the

Fig: 2.20: Structure of chitin p




blocks of proteins. There
‘b occur, but only 20 are
The amino acids are built on a
s a carbon atom. It is called @
drogen atom, an amino group (- K
I) and a variable group known
-hed. The R group has a different
e 20 biologically important amino acids
mdﬁglual cheminc]:(aI pf:perties. Two simplest amino acids i.e., glycine and

n in figure 2.21.

s and Polypeptides
ides and polypeptides are formed by the condensation of amino acids on the
the instructions of MRNA which takes these instructions from DNA. This
wn as translation. During this process, when an amino acid reacts with another
the —OH from carboxylic acid group of one amino acid and —H from amino group
0 acid are liberated and form a water molecule, as a result a bond is established 1

sarboxylic acid group and N of amino group of two amino acids called peptide
a product of two amino acids is formed which is known as dipeptide.

em@. one is called amino or N terminal end while other is callLo.d
al end. A new amino acid can be added in this chain from H!"
end inthe same way. Thus, a tripeptide (a product of t

- molecule is also released. Similarly, when s

"y peptide bonds, the polypeptide chain is formed.




- proteins the linear polypeptide is changed into a-helix, then

y ionic bonds and disulfide bridges to form a globular shaped -

ture. Some proteins exist in very complex structure in which more
attached together by hydrophobic interaction. Such structures are called

Levels of protein organm%n
Q)

ON
RN
Primary protein structure
is sequence of a chain of amino acid

i

Alpha helix

Secondary protein structure
occurs when the sequence of amino
acids are linked by hydrogen bonds

Pleated sheet
Tertliary protein structure
Occurs when certain attractions are
t between alpha helices and

presen
Alpha helix pleated sheets

Quaternary protein structure
is-protelnoonﬂsﬂngofmmmmono

amino acid chain
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4 and look like doughnuts without holes in
. m-?muls. Red blood cells contain an iror
Pro -‘cafﬁés oxygen from the lungs to the rest ofthe
Ina four polypeptides i.e. two a-chains which consist of 14
ins which consist of 146 amino acids each.
body makes sickle or crescent

a serious disorder in which the d
lled sickle haemoglobin

Sickle cells contain abnormal hemoglobin ca | |
| cent, shape. Sickle cells

moglobin causes the cells to develop a sickle, or cres A _
hey tend to block blood flow in the blood vessels of the, limbs and organs..

can cause pain and organ damage. Sickle cell anemiaj§icaused by a point
: mutation \in B-globin gene in
which énly one nucleotide is
réplaced by another which
gauses a change in aming
acid sequence of B-chain of
haemoglobin.  Sickle |l
haemoglobin  (Hb®) shows!
only one difference from Hb™
l.e., glutamic acid is replaced
by valine at position number

Difference in -chain of Hb® and Hb° six in B-chain.

(b) Single change in amino acid sequence

——-@-{@

| stri the% ape proteins can be classified into two groups i.e., fibro s
. \ |
.ﬂb@ or filament like shape. Therefore, they exist in secondary

p?ar?:irﬁ arIT insoluble in aqueous medium, elastic in nature
T HiEs dle: collagen, fibrinogen, actin, myosin and keratin re




t strengthens protective coverings such as hair, nails, quills, feathers, |
ams and beaks.

E' | lt an“anges the DNA into the chromosome. %%
& -

Table: 2.5 List of functlonal protems 55
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_ The most of enzymes are proteln which contfbl metabollsm ie., they speed
- up the biochemical reactions.

Some hormones are protein in nature: Wthh are involved in the regulation

of physiological activities such asiregulation of glucose level, calcium level,
digestion, blood pressure etc:

These proteins are produced by WBCs in response to antigen (a foreign
particle) and provlde lmmunlty

It is found in RBEs:and is involved in the transport of oxygen mainly and
carbon dlomq_e,itp some extent.

It is found ""fbod plasma and is involved in blood clotting process.

Ovalbumin is found in egg whites and casein is a milk-based protein. Both
s ¢dharn are involved in the storage of amino acids.

0

erpreting and Communication .
lustrate differant structural and functional proteins with roles of each. i

2.5 LIPIDS
s name for variety of organic compounds such as fats, oils, Wi
und in the body. Therefore, it is definedasat
%insaluble in water (hydrophebtc) but soluhla




——— ol membranes (phospholipids and cholesterol)
: mtb|d hormones and are also involved in protection
Rl SNSrE) ’

0 H H 0 H
e |
~C-01H + H-0r0-C-H & H-C-0-C=C=H *+ HD
= | | |
H H H H
L Metharo Efhanoic acid Methyl ethanoate
icerols can be
of glycerol and Fig: 2.25: Esterification | 3

is the i
hol with acid and a water

sed such a reaction is called esterification.

| is a trihydroxy alcohol which contains three carbons, each bears an OH
y acid is a type of organic acid containing one carboxylic acid group attached to a
MMds contain even number of carbons from 2 to 30. Each fatty acid is
s R-COOH, where R is a hydrocarbon tail. When a glycerol molecule combines
with one fatty acid, a 0 0
ol (monoglyceride) is | [
fa«tt; acids zombin; with H=C _0 —C—R H~-C—0—C—R
Iglycerol (diglyceride) is 0 0
|

three fatty acids combine |
eerl molMle g "C—OH*HO—C—R—+ H-C—0—C—R +3H0

.“’

(triglyceride) s _ formed. 0 0
also called neutral lipid [ i I
glycerol are H-C—OH HO|—Cc—R H-C—0—C—R K

 and no charge |
Glycerol Fatty acids Triacylglycerol Water

ﬂffﬂtty acids Fig: 2.26: Formation of a ttiaww( utral lipid)

 are found. Fatty acids vary in len 7

Lo ngth. Acetic acid (2C) and
_-.__ }fvhe_fea_sl palmitic acid (16C) and stearic acid ()1:88)1

) les offatty acid are increased 1se in




at atec

Unsat fatty acids have one o

They therefore r more pairs of carbon atoms joined by a double
liquid at m:,r;:,m f"'g saturated with hydrogen, e.g., oleic acid. Unsaturated fatty

Triglycerides containi per: re (lower melting point) and are more common in plant lipids

things. ng hydrocarbon chains melt at a low temperature. This is useful for

oils 16 CHy (CH,)14 COOH .

Most fats and
oils 18 CH; (CHy)4e COOH 70

Ofive oil 18 CHj (CH,); CH==CH (CH,); COOH 4

Vegetable oils | 18 CHy (CH,)CH ==CHCH,CH ==CH (CH); COOH 5

Waxes X
Waxes are highly hydrophobic compounds. There are two types of waxes. Natural

waxes are simple lipids. They are typically esters of long chain fatty acids and long chain

f‘_ alcohols, such as bee’s wax (found in honeycomb):and cutin (on leaf surfaces of plants).
These are chemically inert and resistant to atmospheric oxidation. Waxes have protective

functions in plants and animals.
Synthetic waxes are generally derived from petroleum or polyethylene e.g. paraffin
wax which is used to make candies.

Phospholipids 4 )
Phospholipids are _derived  from sy
phosphatidic acid. A phospholipid is formed L
when phosphatidic acid combines with one of )
the four organic compounds such as choline
(a nitrogenous base), ethanolamine (an
amino alcohol), inositol (an amino alcohol)
and serine (an amino acid). A phosphatidic
aci youle is most similar to diglyceride P
that it contains a glycerol, two fatty acids s
~ esterified with first and second OH groups of
glycerol and a phosphate group esterified with
ird OH group of glycerol. Most common type
hospholipid Is phosphatidylcholine also
4 lecithin In which choline Is attached to s DL B
te group of phosphatidic acld. One Flg. 2.27: (Locithin)
hospholipid molecule, containing the phosphate group and additional compound I8

b __;3,.,, polar and readily soluble In water. The other end, containing the fatty acid side

¥
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a five-carbon building block

are synthe in different ways to fo

isoprene unit. This unit condenses o
o ds. Two isoprene units form 2 monoterpens ©.gs

form a diterpene e.g., vitamin A, phytol (chlorophyll tail)
form a ﬁ-i'terpene e.g., ambrein. Natural rubber I1s @ polyterpene.

g

s of high molecular weight which can be crystallinggAsteroid nUCISU

‘atoms arranged in four attached rings, three ofsthe’ rings contaitl si
the fourth contains five. The length and structure ‘of the side chains that
: extend from these rings distinguish one steroid from

other steroids. These structures are synthesized from

isoprene units.

16 Cholesterol.is" a2 structural component of cell
membrane. Cholesterol is the precursor of a large
number of equally important steroids which include the "
bile acids¢.male sex hormone testosterone, female sex
hormorie progesterone and estrogen etc. Bile salts which
emulsify fats and Vitamin D, which helps to regulate

1m metabolism are also steroid.

18

RPN
> e*is_t- ‘aliy.every mammalian tissue, acting as local hormones.
n arachidonic acid. Their functions vary widely depending on
ce ood pressure, whereas others raise it. In the immune system
felp to induce fever and inflammation and also intensify the sensatior;
regulate the _'aggregation of platelets an early step in the formation of
y of aspirin to reduce fever and decrease pain depends on -thei'l

with the inhibition of




|‘1_ monomers of the nucleic acid are cailed nucleotldes Qf,b
O

ition of a nucleotide ' A
tides of DNA are called deoxyribonucleotides and of RNA are known as

" ﬂ"es‘. Each nucleotide consists of pentose sugar, a phosphate and a nitrogen
ring structure called base. The pentose sugar in deoxyribonucleotides is

OH I-lOé'H2 o OH o
~c v c/H ey o —o-—“ £
3 H\és, Y H aann T
(!QH OH o ... H"
(fo‘uﬁ:iib%s;m\) Phosphoric acid

Uracil (V) Thymine (T)
(found in RNA) (found in DNA)



i :rr -- m W e,

uracil (U). Thymine
while the uracil is 0
the other hand, the purine &
of two types i.e., adenine.(é
(G). A

During the.> formation  of
nucleotide, firstfiilrogenous base is |
with 1’ carbow of pentose sugar.
combination is called nucleoside.
a phasphoric acid is linked with 5° carbe
of pentose sugar of a nucleoside,
netleotide is formed. A nucleotide
one phosphoric acid is called nu :
monophosphate with two phosphone
acids is called nucleoside dip
and with three phosphoric acids is cz
nucleoside triphosphate.

gke part in the formation of DNA or RNA must contain _
pration into DNA or RNA polymer each nucleotide losses i
‘hnhmdfornudeosidesandnucleoﬁdesaradmh -




b o of water, :plﬂdluh
e -"'-hﬂnn-y-u
-8 .hn-bU". 5




— ists of nicotinamide, Sug ot ote T
Iajgdﬂ consists of adenine-sugar and phzsp?:;m ng 8

']ﬂu'l’l'l' jes are joined by their phosphate group oy

_-{gfnwi_e-eﬁdé; NAD is a coenzyme.

_#»%.3 Watson and Crick Model of DNA

itrogenous
i # found that the ni :
In 1951, Erwin Charga - o ol
bases in a DNA show specific ratios. He oben;?dt;I;amtine .

- ad the amoun _

“adenine is always equal to . |
gnzgnt of guanine is always equal to the amount of cytosine in

DNA. This implies that the total purines and total pyrimidines

are in 1:1 in any DNA. This conclus_ion- is known a.s C?aDrl\g]:fft;s
rule. In those days the X-ray diffraction analys:s. 0 y
Maurice Wilkins and Rosalind Franklin was pupllshed. They

et of NAD first time claimed that DNA is a duplex (double helix) molegule.
‘of duplex is 2nm while the length of each turn is 3.4nm. In 1953, on the basis of
ons a graduate student Francis Crick and a research fellow James Watson of

University proposed a physical model of DNA which is now called Watson and
of DNA.

ording to this model a DNA is made up of two polynucleotide chains which are
ether by base pairs. In order to make base pairing the two polynucleotide chains
direction i.e., one chain runs from 5' to 3’ downward and the other chain runs




_F.-’_ = . _“_

N

o S o;"mhwgm Width of 2 nm. Therefore, both
e and G ner. The base pairing is very specific i.e., Adenine mé
T T: %“;ﬂ": With Cytosine. The base pairs are held together by the
s between Adenine z:;ogﬁ," bonds between Guanine and Cytosine and two
lynucleotide chains ar ymine. Each turn of the duplex consist of 10 base
of nucleotid © complementary to each other. There is no restriction of
Lol es along the length of a DNA strand. The sequence can vary in
s. The sequence is specific for different species, organisms and even

P
o N\
\

ce Titbits AN
n and Crick assembled the molecular model and published their two-page article on their

IQ' of DNA in the Journal “Nature” in April 1953. Few milestones in the history of biology
ad an impact as their double helix. They were awarded Nobgl'Prize in 1962 for their model

ept of Gene

gene is region of DNA which is made up of nucleotides. It is the physical and
| unit of heredity. Each gene contains the information required to build specific
needed in an organism, such asthey contain the instructions for our individual
istics — like eye and hair colour: In-order to make proteins, the gene from the DNA is
messenger RNA. The mRNA moves out of the nucleus and uses ribosomes to
polypeptide that finally folds and configures to form the protein.

Ribonucleic Acid (RNA) -
 is also a ‘ er of nucleotides. Its detailed chemical nature has already been
pics. Unlike DNA, the RNA is generally single stranded and does not
alix like DNA. However, some regions of RNA shows a secondary double

_‘ in their complementary regions. There are three major classes of RNA each
in protein synthesis. These RNA are transcribed from DNA template.

2clal functiol

A (MRNA)
f a single strand of variable length. Its length depends upon nm@ .
for which it is taking message. For example, for a n




is transcribed by the genes p
n rRrRM:A because it eventually beoomn
of proteins into ribosomal subunits. “‘Q
wlth . varlety lants and animals. rRNA have la

igher p
w:iely bﬂ:s;a o:ct)o't‘a? RNA contents of 2 cell are rRNA. Itis m

DIOX

tein synthesis takes place.

In other words rRNA provides a platfo r-:

nallest of the RNA molecules

75 to 90 nucleotides. A tRNA is

4 molecule but it shows a duplex

i where
bases are bonded to one

1ows a flat cloverleaf shape in two
views. Its 5' end always terminates

shed to tRNA at this end. The
s dthemstofthe molecule

. T'{@middle loop in Fig: 2.36: Cloverleaf model of

o __,_ » the middle three of which form the anticodon; lt
i odo of mRNA The D loop recognizes the activation e (
e 2 specific place on the ribosome for binding during prote
@iiieast one tRNA molecule for each of the 20 amino acids found
e:;en identified. However, human cells contain about 45 diffe o
mihesis amino acid from cytoplasm to the s
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%27 CONJUGATED MOLECUELS.
vhen joined by other kinds of molecules are called conj _,w-' nole

», ]

glyocolipids, glycoproteins, lpoproteins and nucleoproteins.
ds are complex lipids containing one or more simple sugars in connection W th .

s or alcohol. Glycolipids are pres
3 ent .
B cropiast membranis, present in white matter of brain and myelin sheath

ot ::‘1; Iare formed when proteins are covalently attached to carbohydrates.
are widely distributed in the cells. They function as hormones, transport proteins,
proteins and receptors. The blood group antigens contain glycop.f. which also

yportant role in blood grouping. )
sroteins are formed by the combination 4 J %\
Bl ScienceTiibits

with phospholipids. Phospholipid protein A
ey ciisiributed | } Why do the nucleotides in DNA have a
are widely distributed in plant and animal hydrogen atom at the 2' carbon instead of the

‘They occur in milk, blood, cell nucleus, egg | hydroxyl greup in ribose? The answer is that a
ane and chloroplasts of plants. hydroxyl group at the 2' position can participate in
a reaction that cleaves the phosphodiester bond.

leoproteins consist of simple basic | Thus, DNA can act as a <table long-term

and nucleic acid. They are found in .| repository for genetic information. RNA is usually
and ribosomes. degraded within your cells in 30 minutes.

g, Interpreting, 2 TN

Watson—Crick model of DNA
the formation of phosphodiester linkage

Enology and SocietyLene

st the career opportunities in the field of biochemistry. _
the study of c@emtcal processes that take place in living organisms, is a broad field that offers a
n : 3 cell or genetic research that has the potential to

f career op jonis. Biochemists can pursue stem

atic medical or scientific breakthroughs. Some biochemists study the body's immune response
rdens or the effectiveness of drugs in treating @ wide array of afflictions. Other biochemists
cial food or agricultural field looking for ways to improve products and crops. The many |
inns of biochemistry include pharmacology, genetics, immunology, bioinformatics,
e. forensics toxicological studies and food science. The career options are nearly

'y ) 1
iding, as new applications for this exciting field of study continue to evolve.




id molecule has the following structure:
of the groups combine o form a peptide link between two amino acids?
@) 1and3 (C) 2and3 (D) 2 and 439
a’f-:molecu.le‘ is the major component of cell membrane

) e

ipid (B) cellulose (C) wax (D) triglyceride
the backbone molecule for

(B) terpenes @neutral lipids (D) steroids
;:-unsaturated if |t 4 '

@ ( (B) Jcontains double bonds

(D) all of them
e that takes the place of thymine is

.(B_-) cytosine (C) guanine uracil
ans a substance is a

(B) lipid (C) protein
important CoOmponents of
Il wall (C) both of them

(D) nucleic acid

(D) none of them




e eat is ﬂaedsd to inmase its temperature .
.‘ hest;e nsﬁy Df !:tat:ere its molecules are bound together by ionic bonds
r occurs below its freezing point
e acts as solvent for nonpolar molecules :'
gen, vitamin-D and cholesterol are all examples of
lipic_ls (B) lipoproteins  (C) terpenes  ( (D) Jsteroids
) W " term includes all others? D

rbohydrate  (B)starch  (C) monosaccharide (D) fﬁ&ysa“ha’ide
Choose the pair of terms that correctly completes this senter_l_elf_'e.:'.NL‘ldeOﬁde are to
as are to proteins.
() nucteic acids; amino acids (B)-amino acids; polypeptides
- (C) glycosidic linkages; polypeptide linkages (D) polymers; polypeptides
The enantiomer of D-glucose is
(A) D-galactose (B) L-galactose - (C) both of them  ((D) yrone of them

N Short Questions

would you describe biochemistry?

_ar.e bioelements? .

~ribe the chemical composition of protoplasm.

are the four fua_damental kinds of biological molecules? Explain.
kbond in water polar?

rded as universal solvent?

3 portance of hydrogen bonding?
ge amount of heat can increase very little temperature in water?

tects living things against sudden thermal change?

ance af hlgh heat of vapourization of water to animals?

the cova



rface of an aqueous solution?

i athln Iayer on the su

--'-.'covalenf bond

re of proteins
tructure of proteins

fatty acids




coside bond in the tra L et '

ERR UGS L insport of disaccharides. A
Al properties and role of polysaccharides. | This
o e_.;_pertijes and roles of starch, glycogen, cellulose and chitin. vl |
the significance of the sequence of amino acids thro:ugﬁ the @lple of sickle

VOglobin. ‘@

yples and the roles of structural and functional proteins.
be the properties and roles of: &%
o S
N

i

) phospholipids R
= il QN
rpenes

ate the role of the following as important

groups of lipids and describe their roles
ng organism: '

pstaglandins
ibe the molecular level structure of nucleotides.
bases found in the nucleoti

uish among the nitrogenous
Jjoture of a mononucleotide (ATP)and a dinucleotide (NAD).

phosphodiester bond.
DNA as proposed by Watson and Crick.

e formation of a polypeptide?

des of nucleic acids.

ormation of
v double helical strucutre of
e codes for th



e and eommnent parts of the active site of an enzyme.

 among the three types of co-factors i.e. in organic ions, prosthetic group and co-
le mechanism of enzyme action through Induced Fit Model, comparing it with Lock and

N enzyme catalyzes specific reactions.

gy of activation and explain through graph how an enzyme speeds up a reaction by
‘energy of activation.

effect of temperature on the rate of enzyme action
optimum temperatures of enzymes of human and thermophilic bacteria.
range of pH at which human enzymes function
optimum pH of different enzymes like trypsin, pepsin, pepane.
mheentraﬁonaﬁzyme affects the rate of enzyme action.

-._.-s'ubsh'a centration on the rate of €nzyme action.

: hs based on d '

te eo?rcentratron on the ?:e 2:2:;}'::: ace:ttf::t i i o 4
bition, its types and its significance. .
s which act as inhibitors.



—rhe sum of all th : " —
;eat:ions e toebgh:aﬂ:icadl reactions going on in a cell is known as metabolism.
B ed out very quickly so that their products can be utilized in

life activities in the cells. En
val N . zymes are biological catal the
t@‘w piochemical reaction without being consumed. ysts and therefore they speed

anmon properties of enzymes are: _ =

0 Increase the speed of chemical reaction. Science Titbits

R sad | : . During the  early
mmuired L very small quantity for the reaction. nineteenth century, two French
Highly sensitive to pH and temperature. chemists, Payen and Persoz
e ighly specifi . _ grounded up barley seeds in
(W)Enher highly ¢ or slightly less specific. water to make a crude mixture

(v) Can work in vivo (living cells) as well as in vitro (glassware). that would digest starch. They
~ Some uire co-factor A gave the name diastase
(vI)SO = for proper activity. whatever it was that digested

(vil) Lower the need of activation energy. the starch.
(viii) Only speed up a reaction and do not affect the equilibrium of the reaction.

~~-3.1 ENZYME ST RUCTURE

With exception of ribozymes, all the enzymes are globular proteins which are made
up of one or more polypeptides. Ribozymes are the enzymes which consist of RNA and
are found in ribosomes. For example, peptidyl transferase is a ribozyme which forms
peptide bond during protein synthesis.

3.1.1 Shape of Enzymes and Components of an Active Site

Majority of enzymes which are protein in nature can have molecular weights ranging from
about 10,000 to over 1 million. Such enzymes have tertiary or quaternary structures. The
catalytic activity of an enzyme is located in its active site which is a specific charge
bearing, three dimensional cavity. The substrate (the reactant which is to be converted
into product) molecule is attached to the active site by non-covalent interactions like
hydrogen bonding and hydrophobic interactions. Active site consists of 3-12 amino acids

which may be scattered in the
polypeptide but are brought together
in a particular fashion due 1o
secondary and tertiary folding of the
protein molecule, e.g., the active site
for aldolase consists of glycine,
histidine, and alanine amino acids.
' M active site consists of two
functional regions, i.e., binding site
talytic site. Some amino acids
tive site which makes bonds o
constitute the binding Fig: 3.1 Active site: (a) Which R
, the other amino acids Grouping of amino acids of a substrate R J
conversion of substrate mmwp-mn '“_"-"’“w' mm'h"‘m'




Cofactor binding
aclivates the
protein.

ucture Gf enzyme

does not allow the binding
1ce it remains inactive.

| enzyme. It is secreted by gastric gland from stomach wall in an inacti:ve
i ogen. In this state, it has an additional polypeptide fragment attached to its

catalysi
'Imfalya‘lid:lct::a. (The- sl;aape of active 's:t_ i
g:signed according. to the»b frl;t:es ate
therefore only a partolcular 'su sh -
attach to the active slte,n a:; "
sometime related substrate ca
tive site.
i aS(;me enzymes also r.equ.ire a non-
protein part, the cofactor wh.l.ch is ngttom? |
responsible for the attachment of subs ra:
to the active site but“also pamctpate. _
catalytic process. The final shape of active

| ires
tablished after the attachment of cofactor. !?m enzyme whtr.r\:,r; 'reiqu; ;1 ) i:
ctive only if the cofactor is combined with -it.' Such arT ac |rt Wi
o If the cofactor is not available the remaining protein pa

How are enzymes formed? Enzymes are
proteins, so they are formed as per message or |
base sequence in DNA. Enzymes are synthesized |
by living cells but they retain their catalytic action |
even when extracted from cells, i.e., they can act.
in vitro. These days' enzymes are also being

produced by recombinant DNA technology. J

be inorganic or organic molecy
8 Fe™, Mg*, cu*™. zn**
ets bind i.e., they are deta

les. The inorganic cofactors are
» 8tc. These are only attached to the
chable cofactors. Such cofactors are

e
e,

Or prosthetic
NAD*, FAD*




e group is covalently bonded part of
attached to enzyme and does not detach after the completior
rostt aﬂc'ggrr;?u';? Vrin ring attached to some enzymes like cytochromes is

: .2 MECHANISM OF ENZYME ACTION

e i‘::;:"&;?:zi t:‘:::\ction, the substrate first binds to the active site of the
o rate (ES) complex, then the substrate is converted into
g o the enzyme (EP complex), and finally the product is
is allowing the enzyme to start all over again. ,§;
+ — g L T "
MEUB subsstfate en%?a-substrate Bil'szEne-pEc': 'aany_ma+ P Q‘
complex complex i@‘

ctually, the enzyme can make the local conditions inside the active site quite
ffrom those outside (such as pH, water concentration, charge), so that the

s more likely to happen. For example, if a substrate is to be split, a bond might
ied by the enzyme, making it more likely to break.

1 Models of Enzyme Action

s mechanism of enzyme action can be explained with the help of two different
_Emil Fischer proposed Lock and key model (in 1894). According to this model
site of the enzyme has definite shape and rigid structure. Shape of active site is
tary to the shape of substrate. Therefore, a particular substrate can only bind
e site. The active site remains unchanged during or after the reaction. Lock and
assumes that like a particular key opens a particular lock, a specific enzyme
upon a particular substrate (lock). Actually, the notched portion of the key is
to the active site on the enzyme. It reflects that enzymes are highly specific in
; -gnd each gnzyme can carry out only one particular reaction. The enzymes,
N is Products are released

Active site doest not
show any change in its shape




II_

- : broad range oOf specificity towarda
'me can catalyze only one substrate and
ecificity e.g., urease.

)

L

d Induced fit model (in 1959). According to.this model thg;

fore, it is modified as the substrate interacts with enzyme. The
the active site are molded into a precise shape ‘f"h"fh enables
1 its catalytic function more effectively. The change which IS induced
, site is responsible for the conversion of substrate into proch_c.t. As
leted the active site regains its original shape. This is the flexibility of
/s more than one type of related substrates to beattached on active
enzyme can carry out more than one type of related reactions. The
anhydrase which can add O, to haemoglobin. as well as can control
ic acid and bicarbonates in blood.

, which follow the induced fit mechanism, are called regulatory or
es for example hexokinase.

_Carbonic anhydrase HbA0; (Oxyhaemoglobin)

' ‘ anhydrase > HCOES Carbonic anhydrast—;& H' + HCO

P

sirate is Prod
g 10 6 ucts are released

@wﬁdtebasbeenchanged

=




em works in isothermal £|
state of molecules or
h‘ievad by biochemical
[E) reacts with reactant (A)
transitional complex. The
f AE complex reaches to the

: the
of reactant B. AE complex then Fig: 3.5: Energy o gwetion: E:m 9;993“ the
oo rate of chemlcal actions beca ower
reactant B to form AB and amount of ener% uired to activate the reactants
released. and lower the need of activation energy

BRTE - 4 AEComplexq-B—;@yﬂB-bE

yme does decrease the energy of activation by changing 'en“ergy depend!en;
nergy independent process. Thus the energy of activation is “energy r?j:;t;;l;in
xisting bonds and begin the reaction”. An enzyme greatly reduces the activ
sary to initiate a chemical reaction.

ACTORS AFFECTING THE RATE OF ENZYMATIC
| ACTION

iring a period of time. The external conditions which affect
re: temperature, pH, concentration of enzyme and substrate

Loss of catalytic

ra '-of enzymatlfggactlon is measured by the amount of substrate changed or




Al —
| and the enzyme is said to
denatured. The enzyme .u_ fol
and the precise structure ‘af
active site is gradually lost. Th
temperature which ca se
denaturation of enzyme is callec
maximum temperature, e
bonds which are most sensitive to
temperature cmge ire
8 hydrogen bond§. All  human
optc becera enzymes have  a OPt!muﬁ
_"_ut 37-38°C, but bacteria living in hot springs may t?ave.anl °pt'2:"__‘*j__
W‘ . or highér. Such enzymes have been used in biological was n@
perature washes. If temperature is reduced to near or be{owt freezlng-i
e inactivated, not denatured. They will tegain their cs'italyt.lc influence
' '.."ratures are restored. This temperature where an inactive enzyme
again is called minimum temperature.

- yme functions most effectively over a particular pH range. This narrow

h the maximum rate of reaction is achieved is called optimum pH.
tion is sensitive to pH:changes because pH influences the charges on
chains that are involved in maintaining tertiary and quaternary structure
t change in optimuni'pH of an enzyme causes ionization of amino acid of
0, t ctive temporarily. On the other hand, extreme changes in

fiic chargey the acidic and basic groups of enzyme and therefore disrupts
Iration) that helps to maintain the specific shape of the enzyme. -

The optimum pH values for most
enzymes fall in the range of pH 6-8, but
there are exceptions. Some enzymes
like papain from green Papaya act both
In acidic and alkaline media. Protein
_dig:glstlng delnzyme pepsin is active in
~ acldic medium at pH 2 an in is
| inactive at thjs pH gut ahqwz

B aetlvl_t_-g in alkaline medium at pH 8. .

3 S




» \Thiimited availability),
'Ch as pH and temperature
‘he rate of reaction becomes
1o the enzyme concentration.  catalysed |
ane enzyme in the system it can reaction |
8ds of substrates into products byt (velocity V|
tjma‘. By increasing concentration of
bers of active sites become more
d -the rate of conversion of substrate
_: becomes fast. Such effect persists till
brium state (when concentration of
and substrate becomes equal), after that
Increase in enzyme concentration will have
t upon rate of reaction.

Substrate Concentration

‘When other conditions such as pH and Rite of
ture are kept constant and the enzyme. reaction
ation is maintained at a higher<level (V)

d availability), the increase in substrate are not occupied
ation (S) increases the velocity (V) of the
ic reaction at first. The reagtion uitimately
a maximum velocity at equilibrium state. -
» in V is decreased. progressively with Substrate concentration

increase in S. Thejreaction does not .. 4o Eoct of Substrate concentration on

- by any futher rise in substrate the rate of Enzyme-controlled reaction
i pens because all the
molecules are occupied by the substrates (saturation) and no

bind with additional molecules of the substrate.

3.4 ENZYME INHIBITION

~nomenon in which an enzyme fails to catalyze
lled enzyme inhibition and tht? molecyles
snzyme but are not converted into desired | o . o
d enzyme inhibitors. In general, the j
normal part of the regulation of enzyme
ies when external factors |
e dangerous for life.
ml A \.‘I:

A ” “




{on in which enzyme activity is blocked by the :i{:s?sm
= subatrate for binding to the acfciv: rtothé h
ally 'li: competitive inhibitor is structurally simila

active site of the enzyme. However, it is not similar enot

> . o ol
rmoal aub : ical reaction and the enzym
al substrate in the chem o Is usually tomporany

e inhib &
on products. Competitive in  alled reversible inhibit

' ' it is als I
 leaves the enzyme hence it is aThis means  thatlhe level of

inhibition depends on the relative
concentrations of substrate and i
nhibitor, _<since  they  are
competing for places in enzyme
active". sites. Therefore, if -the
concentration of the substrate is
increased relative to  the
concentration of the inhibitor, the
active site will usually be
occupied by the substrate. An
example of inhibitor is malonate.
Succinate dehydrogenase that
rmation of fumarate from succinate is competitively inhibited by malonate.
rtance of competitive inhibitors is: (a) It supports lock and key hypothesis.
t substances »@g are similar to substrate are not acted upon by
' @ enzymes. (c) Competitive inhibitors are
used as drugs in the control of bacterial
pathogens.  Antibiotics known as}
sulphonamides are used to combat

bacterial infection.

\ 342 Non-Competitive Inhibitors
In" non-competitive inhibition the
inhibitor molecule binds to an enz
other than active site. The other
site of enzyme is called allosteric
- The non-competitive inhibitors ina
) the enzyme temporarily (re
= ."ﬁi' HRTLE Xl ‘M _ atL

=

act of malonate as competitive inhibitors




g its shape so
. ._"!_féflble non-
ides are potent

meta

denatured and inactive.
 Feedback Inhibition

The activity of almost every
in a cell can be
by its product. When
tivity of an enzyme is
ted by its own product, it is
i feedback inhibition. This
type of reversible non-
titive  inhibition.  This
enon is a part of normal
ry mechanism and
~ happens during - the
) of metabolic
mple, the
becomes

I

. of this pathway, is

s consumed in cé
e is also removed; t

‘hand, an irreve
' that the subst
Competitive inhibitors include

e Poisons of livin
cvtochr : g organi ey i
cytochrome oxidase essentia| for ceﬁluiaﬁr?ezecause oAkt

s by combining with iron which
Is such as mercury,
groups in the enzyme breaki

_. A5 . eaking the disulphid

in maintaining tertiary structure. When thesg br;gb;;dg?s’

acid aSpa@

ino acid nine by a seq
' present
away and then the active site is no
llular events, the

he pathway resume

o

1zyme inhibition .
petitive enzyme inhibitor destroys
cannot bind to the active site. The
cyanides and salts of hﬂm

n '-'1. '

rsible non-com

piration. They block the a ; ol

may be present in the prosthe p. lons
ombine with

silver and copper (Hg**, Ag*, and Cu*
_ bridges are

e broken, the enzyme

Critical Thifking
Suggest why substrate concentration has no effect on non-
competitive inhibition? ¥

N\

Feedback inhibition

Active site] E: (Allostert
site

Fig: 3.12: Feedback inhibition

uence of five enzymatic reactions. When threonine, the
in excess, it binds to an allosteric site on enzyme 1
longer able to bind aspartate. When all the
threonine molecule which is attached to the

s its activity once again.

peod

stitive inhibitors from the given list of cf
nzymology): (Answer is given helm)I .

non




N or ENZYMES

.basis of reaction types that they cataly:

es based on reaction types

| n of enzym :
g dassmcatio ochemistry (in 1961).

by International Union of Bi

niytnas have been classified into six groups: .,.:}

2. Transferases 3. Hydrolase€
5. [somerases 6. ngasgg

8 sciepee Titbits
How are.enzZymes named?

ctron or H* ions from or t0 | (a) Enzymes are named by adding “ase” to .

mple cytochrome oxidase | thegname of substrate they act, e.g., :

: proteases, lipases etc. (b) Enzymes are:
named according to the types of reaction 15
they catalyse, e.g., oxidases, reductases
etc. (c) Enzymes are named by taking irlto 1
consideration both the substrate acted |
upon and the type of reaction catalysed, '

: ) AN e.g., DNA- polymerase. (d
5 m process '_S Iohin a free | enzymes are named as per s)ubstanca"-',
_ __._h_exoklna ansfers a | synthesized, e.g., rhcdonase catalyses |
synthesis of rhodonate from hydroci!aric |
acid and sodium thiosulphate.

ﬂ- _ a_ ut the breakdown of large complex organic molecules mt@

hydrolysis) and breaking the specific covalent bonds.
)thh breakdown proteins into peptones and peptides
) Other digestive enzymes that work in digestive |

wn of s-pec'iﬂc covalent boﬁds and




A—B¥C—sATC—B

A—B* H,O0 —»A——H*B——OH 4@‘

A—B =—=A"B
(reverse reaction syntheses)

A B C C

(synthetases) ATBTATP —» A_@DP P

sification based upon substirate :
nes can be classified on the basistof substrates they use. Some of the
are: proteases, lipases, carbohydrases and nucleases.

ses
e enzymes act upon proteins. Examples are: pepsin and trypsin (both digest
peptides into small polypeptides or peptones), aminopeptidases and

'ptldases"(both digestpeptones into dipeptides) and erypsin (digest dipeptides

ids)

-:Grlzy;';'le
pases.

-- _ mes cause breakdown of carbohydrates. Examples are:

"p.- (digest starch or glycogen into maltose)
: Idlg'est- cellulose into cellubiose, a disaccharide)

(digest maltose into glucoses)
digest sucrose into glucose and fructose)
ctose into _g__al‘actese. and glucose)

— —

E‘.i""Evi"rolyze lipids into fatty acids and glycerols. Examples are




iv that is produced by gpecial glands of certain spe@ f snakes.
of many toxins (proteins) and different enzymes, usg‘ he
f toxins. Snake venom inhibits cholinesterase | tﬁtﬁ’a e the prey lose |

n inhibitor for an essent:al enzyme cytochrome oxidase in the cells.

_  nervous system and brain.
localized action at the site of the bite, Venom occupies the active site of the
iron which may present in the presthetfc group or which may be required

purposes |



; ph shaws the expected relationship between
 concentration?

1B) (©)

»

Rate of mctiog_

v

| substrate substrate.
concentration concentration concentration concentration

The graph shows the effect of an enzyme on a reaction.

1

energy
of

JL

‘LW

Wr@mbmatlon |dentlf|es X,Y and Z?
7 4
mactlon catalyzed reaction | activation energy |

uncatalyzed reaction | energy lost during reaction
T catalyzed reaction | energy gained by product
: W reaction | overall energy change
pegnzyma and coenzyme produces
%B) haloenzme




'— R (B) cofactors

hibitors
e it M

e (D) competitive inhibitor

» increase the rate of a reaction?

reacting molecules into precise orient
e rate of random collisions of molecules

jint of equilibrium of the reaction !

o
atlon (‘§>%

)

(B) mitochondria
(D) cell DNA

i 1B) proteases
L eg@D) nucleases

i \ (B) protein + none protein part
(D) none of them

 not require cofactor.




inorganic cofactor and organic cofactor
lock and key model and Induced fit model of enzyme ac@

e and noncompetitive enzyme inhibitors Q

) reversible non-competitive enzyme inhibitorfa\ .nd irreversible non-

- ‘enzyme inhibitors

Se»

3.

| Extensive Questions.

Write the properties of enzymes.
the role and component.parts of the active site of an enzyme.
re cofactors? Describe the two types of cofactors by giving examples.

I ‘the mechanism of enzyme action through induced fit model.
action through lock and key model.

q%vyéf enzyme
e catalyzes specific reactions.

raph how an enzyme speeds up reaction by lowering the energy of

on the rate of enzyme action.
affects the rate of enzyme action.

he effect of temperature
W the concentration of enzyme




ts (carotenoids

hlorophyils). .
ds of photosynthetic pigmen anerion o? Ii;ht energy.
atés?ﬁméﬁc pigments in the absorption and conve :
ihe absorption spectra of chiorophyl ‘a’ and " {and II.

Jent of photosynthetic pigments in the form of photosystem

0, as one of the raw materials of photosynthe.sis. _

o _me:xperimental work done, the role of water !n photosyn'theiist-o nosphoriatel
events of non-cyclic photophosphory!ation and outline the cyf:hc P 1'0 2;1[ : .

/in cycle (the regeneration of RuBP should be understood in outline lyt '-|

slar structure of chlorophyll, showing the porphyrin head gnd the phytol tail. |
e for explaining the events of the light-dependent reactions. \
af pigments and separate them by paper chromatography. ‘ . \
precass of anaerobic respiration in terms of glycolysis and conversion of pyruvate into

 the reactants and products of each step of) the steps of Krebs cycle. .
age of electron through electron transport chain. |
mosis and relate it with electron transport chain. )
rate-level horylation during which exergonic reactions are coupled with the

e 0f G3P in photosynthesis and respiration.
ration of proteins and fats and correlate these with that of glucose.
owing the events of glycolysis and Krebs cycle.

rgy output during glycolysis, oxidation of pyruvate and Krebs cycle.
and outline the events occurring through it.

dlsa i) m:ageous process of photorespiration evolved.
on the oxidative activity of RuBP carboxylase.
ynthesis as an adaptation evolved in some plants to deal with the

@WU@B or exhibit any of the characteristics of life without

rgy transformations. So the
b ystem is called bioenergetics

&

MADKHAN) 03499815886



s chapter deals with the

thesis -angl respiration. You alr:aodsyt

detailed learning would foster the skills
ps the basic concepts of photore

ctivity.

fundamental bioenergetics processes i.e.,
have the general concept of these processes.
of_ analysis and evaluation. This chapter also
spiration, the process that reduces plants '

4.1 PHOTOSYNTHESIS

: icall / isis g

& C?:?:duczdprnf:?sfnthesls IS a “redox” process in which CO, (an oxidized form of
-gar#_)_O“i) E eod Into glucose (? reduced form of carbon). Water acts as reducing agent
which is © oXxygen during this process. Bio-energetically photosynthesis can be
defined as an fenergy conversion process in which energy poor molecules i.e., COz and
H,0 are trans ormed into energy rich molecule such as glucose. The extra energy is
absorbed in the form of sunlight by the photosynthetic pigments.

The overall reaction of photosynthesis can be summarized as follows:

[ Reduction

i
6CO, + 12H,0 - Light .
‘z | O Ghicrontwi C,H,,0, + 60, +6H,0
Carbon dioxide Water Glucose _Oxygen Water
| o
Oxu:iamcm-_i
This process involves the interaction of sunlight, pigments, water and carbon dioxide.
. | gamma ultraviole infrar
4.1.1 Role of Light v~ J.g.?m or[Me ti | e[ e
Sunlight is an electromagnetic oo v  jn--for 106 CI0teeger 1 110
foorm of energy. The full range of "= ~«. Wavelength (meters)
. Visible Light Tt Saa.

electromagnetic radiation in the universe. ..~
is called electromagnetic spectrum.
Visible light is only a small part of the

spectrum between 380nm <to. 750nm &K ""m a2
which is not only seen by naked eye but Wavelength (nanometers)

s also effective for the process Of Fig. 4.1 Electromagnetic spectrum
photosynthesis.

| The effectiveness of a particular
wavelength of light for the process of

- photosynthesis primarily depends upon
- its absorption in plant body. As different
- wavelengths (colours) of visible light are
differently ~ absorbed by  various
Photosynthetic pigments, therefore, each
Wavelength has its own effectiveness for
'@ process of photosynthesis. If a plant
ated in different colours of light

one, the rate of photosynthesis is
and the data obtained in this

Relative photosynthetic rate

550 600 650 700
Wavelenght (nm)

Fig. 4.2 Action spectrum of photosynthesis

400 450 500

MDCATBYFUTUREDOCTORS(TOUSEEFAHMADKHAN) 03499815886



Lotosynthetic Pigments «—

that absorbs ' Science Titbits e
ths W The rate of photosynthesis is directly propor one
disappeafed' A the CO, COﬂSUmed or Oy released ..1 51

nsumed or by measuring
_ﬂected back. All the :fleased during the process in,a

lasts: Higher plants have two

| ws only those [be measured by measuring § Junt

ific time.
art in photosynthesis are

d membranes (grana lamellae) within chlorop
s i.e., chlorophyll and carotenoids.
Chlorophyll

Chlorophylls absorb mainly violet, blue, orange

and red wavelengths. Green and yellow are I

absorbed and reflected. Two major types of

chlorophyll - are Chlorophyll-a and Chlorophyll-b.

Chlorophyll-a is a bluish green pigment which is

found Vin all photosynthetic organisms exoegii_‘;l

photosynthetic bacteria. Chlorophyl-b is yellowish

@n@en pigment which is also found in all

photosynthetic organisms except brown, red algae

and photosynthetic bacteria. Algae also have some

other form of chlorophyilis i.e., Chi-c, Chl-d and Chl-e

while photosynthetic bacteria have yet another typc

of chiorophyll i.e., bacteriochlorophyil. |

Molecular formula of chlorophyll a and b:

Cthl’ODhY“ a = Css H7, Os Ny Mg
-_'Ch"Ol'OPhY" b= Css H70 Og N4 Mg

 tails. The head




i membrane. Itis light absorbing part of chiorophyll. -
ey eﬁf::f*’ﬂhv“ molecule are called tails. Side chains are

kold -m'e bﬁ Phyjl ‘tails are hydrophobic in nature. They are
1Ko mbranes and serve to anchor the chlorophyll molecule in

Egﬁss;::\;?ﬁ:::;d;:pldst which are yellow, orange, red or brown pigments.
ﬁne i ue-violet range. They are seen in leaves bef leaf fall,
. as ik t:.ru1.ts. The carotenoids act as accessory pigmen “along with
E orb light energy and then transfer it to the chlorophyll-a.
. they prPtect the chlorophyll-‘a’ from excess of light. They<also attract insects,
other animals for pollination and dispersal. »*

here are two types of carotenoids: carotenes and xanthophylls. The carotenes are
d pigments, composed of isoprenoid units and are found in all photosynthetic
s. The most widespread and important garetene is B (beta) carotene.
Is are yellow in colour and are also composed of isoprenoid' units. Lutein is
distributed xanthophylls which is responsible for yellow colour of foliage in autumn.

Chlorophyll a

Absorption Spectrum*™ ‘ 1
gé; N " 4.'.'; -

e absorption of different & aor pig
. . ) - \ 70T B p
of light by a particular (8" 6ol Carotenoids r*“!:h

ctrophotometer. The data

hotometer is represented

h. Such a graph which ]

K ab'somtlon;,?f‘ diﬁ-efent ] ::)ol 11 14201 i1 15001 ] ls;' tialaeael

faf light - _g .a particular AN (‘“:nmﬁ;” 650
is called absorption

of the pigment. 3 ! |

bsorption spectra of Fig: 4.4: Absorption spectra of different pigments

indicate that they
elengths of visible light and these wavelengths are not absorbed at the same

receptors are chiorophyll a and b and both show more absorption in violet
om) and orange-red (6301 to 660nm) regions of the visible spectrum. On-

ids show more absorption at 430nm to 500nm. o o
gments (Photosystems) —
of light energy, the pha

B ot

Chlorophyll &

can be determined by the E 50




has an optimal absorption wavelengtn % Bo=i
";:8;::?; photosystem to slightly shift its Opfq
- wavelength, producing two  disti
. photosystem types i.e., photosystem-| ( S
e ) and photosystem-I| (PS-Il).  The
- peaction  chlorophyll-a in the reaction centre of PS-|
centre

can absorb maximum 700nm wavelength of
light, hence called P700. Similarly, the
chlorophyli-a in the reaction centre of PS-I|
can absorb maximum 680nm wavelength of
light, hence called P680. The photosystems
are named for thecorder in which they were
discovered and: not for the order in which 1
they occur in.the thylakoid membrane. |

As chlorophyll-a can only absorb light
ength, it works with the pigments of antenna complex to gain energy from a \

‘spectrum. The pigments absorb light of various wavelengths and pass along

d energy to chlorophyll-a of the reaction centre. When the energy reaches the

its electrons become so excited that they escape and move to a nearby electron

In this way chlorophyll molecule becomes oxidized.

_g@) chlorophyll + €

:d form) @ (oxidized form) electron

~‘ system plays an important role in generation of ATP by the
Jy into chemical energy.

on Dioxide in Photosynthesis “

ts as carbon source for the synthesis of organic compounds in

ﬂlg_{gfﬁre known as autotrophs because they use ino an&
thﬁil: organic compounds. Carbon dioxide is utilizedri?-l
(Calvin cycle) of photosynthesis. Air contains ab



. was first reported by Van Niel in 1930. He
SCBpiT Wate source of hydrogen, releasing oxygen as a
| m::m was based on investigations of photosynthesis in bacteria that
PA carbon dioxide, but do not release oxygen.
was confirmed in 1940, when for the first time '°O in biological
 used. In first experiment water was made of 0. The water tagged %0 was
oW l:- suspension. The oxygen, evolved during photosynthesis, was found to
preas separated and identified. In another experiment carbon dioxide with
added. The oxygen evolved contained none of the jsotopes. Thus the
.' ed oxygen was proved to be water. In the following a&m‘ﬁaw. red denotes
s of Oxygen '®0. g

g 6CO + 12H.0 Light PN )
X : Waphyll’ CH.O, + m + 80,
Carbon dioxide Water Bhiooss ol

, Light
6CO, + 12H0 \ :
2 2H.0 —Grisrophyl C.H..n. + BH,0 + 60,

Carbon dioxide Water Glucose Water Oxygen

' Mechanism of photosynthesis"

process of
is has been divided <\ wo @ @

r) and NADPH
; whereas, Vyater




o ion e ""1
Reaction) sorption of light by the

k. lves the ab '
nto hesis INVO pie slectron transport chain,

Econs 0 to NADPH. The flow of excited

'r oW | +
,, m::am during light reaction is Of tW9 d'ﬁq:.';:;vi ol
sn-cyclic electron flow, the excited electrons after: nga

{
fter losing-their energy are

sm do not comeback; these electrons a _ i
" ';':v-molecu lecule. On the other hand, in cyclic ajétiron flow, the excited

a hirﬁcular photosystem finally comebaek to their photosystem
yrtant event in light reaction is the produétion of ATP.

uction d ATP during light reaction is called photophosphorylation and

called chemiosmosis. There are two fypes of photophosphorylation.

¢ photophosphorylation
nt pathway of light reaction in higher plants that occurs in routine. In
th ystems i.e., PS-| and PS-Il are utilized and two electron transport
solved. When PS-I| abso if’ght. its excited electrons after flowing through
sferred to PS-1. Similarly, the excited electrons which
ly decepted by NADP”*. Therefore it is called non-cyclic
nenseyclic photophosphorylation are continuous but here they

A WAL s
i

s for convenience.

i

=

S at'lke the antenna complex of PS-Il, the two electrons
) move along the atoms of different pigments within

bed energy reaches the reaction centre of PS-II (F 580)

m Thqse excited electrons are captured by

and leave two “electron holes” in the photosystem

idizing agent.




“ - Ea to flow to PS-| thmuml an ele@tron trans G
cam ll eactran acceptor to the plastoquinone (PQ). me PQ
plex of the cytochromes (Cyt) which consist of Cyt-be and ¢

Chloroplast stroma

,f"‘
Ferredoxin-NADP reductase * H

g N
L{J{:.hb, | r I l l “ 1 <

|
Plﬂstoquinona 1 Heeun PC Jesese*

‘..,

i A Thylakoud lumen

Fig: 4.7: Chemiosmotic. synthesis of ATP during light reaction

rome complex is not only an electron carrier but it also works as proton pump. The
w through the cytochrome complex stimulates it to pump the protons from stroma to
koid inner space. In this way the energy of flowing electrons is transformed into &
@f protons (H") in the thylakoid inner space. The proton gradient activates an enzym:2

0id membra \e called ATP synthase which not only moves the protons back into the
DI /zes a reaction in which ADP and Pi are combined to form ATP

ryl ion). This whole mechanism which involves flow of electron, pumping of
eration of ATP by thylakoid membranes is called chemiosmosis. This ATP,

ght reactions will provide chemical energy for the synthesis of sugar during
" energized electrons after losing their energy, move from cytochrome
astocyanin (PC) and finally incorporated into the PS-|
ght by PS-l and excitation of its electrons
when P’IGO in the reaction centre of PS-1 molecule ab:
' ta a higher energy level. P700 m .




3 ' ;H: 4.8: Non-cyclic photophosphorylation (Z'Scheme)

w from PS-l to NADP'
mary electron acceptor of photosystem | passes the photoexcited electrons .
' transport chain. The electrons are accepted by ferredoxin (Fd). Itis
tein. An enzyme called NADP reductase (flavoprotein enzyme)
from Fd to NADP*. NADP" combines with electrons and hydrogen
uced). Thg\@D‘PH will provide reducing power for the synthesis

DPi#2e~ + 2H' —> NADPH + H '

_______’h‘ansport through the two photosystems during non
>Known as Z-Scheme due to its conceptual zigzag shape.

phorylation ¢

it of ATP may stimulate a temporary shift from a non-cyelic

catthes up the demand. In this mechanism only PS-is

Photons. When energy reaches the reaction centre'
energy level. Such excited electrons are f

they move through an electron




Fig: 4.9: Cyclic photophosphorylation

Light Independent Phase (Dark Reaction) &

ght independent phase (dark reaction) takes its name from the fact that light is
required for these reactions to occur. This phase requires the availability of
ATP (the products of light reaction).and CO.. In this phase of photosynthesis,
is used to reduce carbon dioxide while ATP is used to incorporate energy. Finally,
onverted into a phosphorylated  triose carbohydrate i.e., glyceraldehyde-3-
(G3P) which are later on used to make glucose. Dark reaction generally
a complicated metabolic pathway, the Calvin cycle or C3 pathway. However, in
ants. in addition to Calyvin cycle another metabolic pathway is also involved, called

y. The plants in which only Calvin cycle occurs during dark reaction are called

x| @“
vin cycl % is applied to the series of metabolic reactions in which CO; is
produce G3P. (These reactions have been explored by Melvin Calvin and co-
lvin Calvin won the Nobel Prize in 1961 for this

e University of California. Me
vin cycle can be divided into three phases, carbon fixation, reduction and

carbon dioxide acceptor i.e., RuBP.

ce in this process is a five carbon phosphorylating sugar

RuBP). It is generally referred as CO; acceptor b
 carbon dioxide with the help of Ribulose bisphos
Ru CO. Three intermediate r

i




known as C3 path

CALVIN
CYCLE

other organic
compounds

=l : ! Fate of the Atoms in Photosynthesis
A) react with six ATP !

from each ATP is Reactants: 6 CO, 12 H,0

In this way, 3-PGA /
d  into 1,3-

a phosphate group from each
I.T_hara are -total six malsaulas of G




> 29 from the previous phase are used to regenerate the R
ions in wmchﬂmmm& mmﬁiﬁiﬁlhg three carbon atoms
n atoms are PTOduc d_ewmélﬁeulgs‘.of ribulose phosphate (RuP) each
a phosphate ar ced. herj three molecules of RuP react with three
are converted int group from each ATP is transferred to each RuP.
e.converte 0 RuBP which again participate in the next cycle.

: 8 1 g
process of Calvin cycle indicates that there are three molecules of COg,

i::ﬂ:;i—! (reducing power) and nine molecules of ATP (assimilating power)
elease just one molecule of G3P form the cycle. However, in.ofder to produce

lecule, two molecules of G3P are required. The overall process of Calvin

represented as: N\

3C0, + 6NADPH + 9ATP —  G3P+3H,0 @m +6NADP' |

4.2 CELLULAR RESRIRATION

jplogical systems oxidation-reduction is a.chemical reaction usually involves the
____h_ydrogen atom from one molecule and the gain of hydrogen atom by another
Cellular respiration is a series of complex oxidation-reduction reactions by which
: obtain energy through the breakdown of organic matter.

nds of Cellular Resgiration X
, are two kinds of respirations: aerobic respiration and anaerobic respiration. Aerobic

r takes place in the presence of abundant atmospheric oxygen, whereas, anaerobic
occurs in the absence of oxygen. The organic molecule that generally undergoes
n in cellular respiration in order to release energy is glucose, therefore, glucose is
%be respiratot:ffijel. The initial breakdown of glucose in both aerobic and anaerobic
s is quite in which it is broken down into two molecules of pyruvates. This

5 of aefobic and anaerobic respirations is called glycolysis. The pyruvates undergo
the availability of oxygen and the kind of

atory pathways depending upon
is available, the further breakdown of pyruvates takes place aerobically and

: carbon dioxide and water with the release of large amount of energy i.e., 36
o s) or 38 ATPs (in prokaryotes). If oxygen is absent, then the pyruvates are
hically and the final products are either lactic acid or ethanol and carbon

very small amount of energy i.e., just2 ATPs.
 of Anaerobic Respiration X .
. Mmeroblc res tion




naerobic bacteria and in thelar‘puscles of
when oxygen supply. is exhausted.
muscles become unable to

ation ocours in a
' during strenuous exercise
acid causes muscles fatigue i.e.,

]

) H—C—OH = CH3
| regenerates NAD 2 Acetaldehydes
CH, ;

(8 Lactic acid fermentaton [2Ethanol] (b) Alcoholic fermentation

Fig: @ﬁnaeroblc respiration
o atlon &

or 1 is found in yeast. It consists of glycolysis followed by the
yruy ._ to acetaldehyde then reduction of acetaldehyde by NADH tﬁ




lehyde 3-phosphate
+

oxyacetone phosphate
| A

2P,
2NAD"

2 NADH

hosphoglycerate (2)

de 3-phosphate (2) /

+H"

Payof Phase

way preparatory phase s co

ATP) and reduced eeenzmes (as NADH).
oceurs in the cytoplasm. It is com pletec o
Phases ie., preparatory phase and oxidative
phase. Preparatory phase is 2
phase in which two ATPs are consumed. |
Products are two molecules ¢ 1*.* . On the other
hand oxidative phase is pay off phase in which

on but it also produces NADH
which upon further oxidation in respiratory
electron transport chain yields more ATPs. The
whole glycolysis pathway takes place in the
following sub steps.

1. Phosphorylation: When glucose reacts with
ATP, a phosphate group from ATP is transferred
toglucose. In this way glucose is phosphorylated
to glucose-6-phosphate.

2. Isomerization: Glucose-6-phosphate is
changed to its isomer fructose-6-phosphate.

3. Phosphorylation: When fructose-6-
phosphate reacts with another ATP, it is
phosphorylated to Fructose-1, 6-bisphosphate.
4. Splitting: Now fructose-1, 6-bisphosphate
splits up to form one molecule each of 3-
carbon compounds, glyceraldehyde 3-
phosphate (G3P) and dihydroxyacetone 3-
phosphate.

5. Isomerization: The dihydroxyacetone 3
phosphate is ultimately changed into lﬁ- 5
the glyceraldehyde 3-phosphate (G3P). In




| t oﬂ!ﬁmrate.
-phosphoglycerate

: Again a molecule of ATP is produced by :
bh'wphoenol pyruvate loses phosphate group wl?ﬂ‘ch is taken up
ATP in the presence of an enzyme (pyruvate kinase). The
is finally converted into pyruvate. .
of Pyruvate
produced in cytosol. Because pyruvate is'a charged molecule, it must
on via active transport with thehelp of the transport protein. On
lochondria, pyruvates do not directly: participate in Krebs cycle but they

Addition of Coenzyme A

y A
(acetyl-CoA)

Acetyl-coe

e phase, called CYTOSOL
or link reaction as -
aerobic respiration

nitochondria wih (3 ¢




_-" cle \—

' was discovered by B
lt also called Ci y British scientist Sir Hans Krebs,

tric acid cycle or T
M compound which is f ycle or Tri carboxylic (TCA) qrelo
earboxync acid groups. PTORRITRETI, Gy N o

3 cycle comprises following nine steps. &
I CoA (2-carbon compound) and a water mol@ combine with oxaloacetate

mmpound) to form a 6-carbon compound cauBQ}:itrate (citric acid). It is the first
Kmbs cycle CoA is liberated.

f ratio
ALll

e undergoes reorganization by the removal of a water molecule. The resulting
- "h cis-aconitate.

is-a _ onitate is converted intg"-iéocitrate with the addition of water. Actually, citrate
5 are isomers of ea@\é&her.

docarboxylati
b a two-step Srocess, which involves oxidation/ dehydrogenation of isocitrate,
h dm Xy |ation to form alpha-ketoglutarate. The hydrogen and electrons
Y 3 oI :sodtrate are taken up by NAD® to form NADH while the carboxyl
s form of CO2.
xylatlon and addition of CoA |
ylutarate again undergoes oxidative decarboxylation. The hydrogen
. mmd from a-ketoglutarate are taken up by NAD" to m
" aroup is released in the form of GOz. Then, noomhmm




i,

e: .déh_ydrogenationloxidation to form fumarate. The hydrogen
leased from succinate are taken up by FAD to form FADHs.

gets added to fumarate to form malate.

[

regenation/oxidation to produce oxaloacetate. The
from mala

te are taken up by NAD* to |
of acetyl CoA to repeat the cycle.




| R ,("_im_,, ) yme Q (4) Cyt
Fon flow ) Cytochrome oxidase complex (IV)
oxidized when it rescte o
‘move to t:étzﬁn it reacts with NADH- dehydrogenase complex (1).

Sotrons to oaeme2yme Q. If FADH, is to be oxidized through ETC, it also
‘i | zyme Q, via FADH dehydrogenase complex (I1).

NADH dehydrogenase complex

FADH dehydrogenase complex
Cytochrome W}ase complex

Cytochrome oxidase complex

. 1
Energy 20 H.O

Fig: 4.17 Sequence of electron carriers in respiratory ETC

» flowing electrons from coenzyme Q are now transferred to cytochrome
mplex (Ill) which hands over its electron to cytochrome c. Like co-enzyme
¢ is‘also mobile carrier of electrons. Cytochrome c delivers the electrons to

xid ase complex (IV).

he electrons are transferred to '
Science Titbits - |

gen is the ultimate acceptor of - | t : ilh
. . ch oxygen | quinone is not a protein, but a small
l!mes reactive E: nylgns molecule soluble in lipids and insoluble q
ks up a pair of hydroge water Cytochromes literally means
solution forming water. colour”. The reduced cytochromes are
. §¢ during passage of colour. They are protein plus
S0l (0 tho next Ja used [ maleculss containing SEEAIRER

'« miloghandrial L8 A
ace. T > three such sites, correspon

e,




Jis synthesis is called

_ ple amounts. How
chain and energy to ATP synthesis? Tt
: | ~ g ;.

F

Wej':Phosp'horylation g 1
tion is the synthesis Of ATP molecules with the help of energy
reduced co-enzymes (NADH, FADH;) produced in respirz o
ATP synthetase. 5
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F, Particle

" mitochondrial |
e and invo?\:zzr?ne' It consists of two parts i ant
atrix. F, or egn the movement of przt - l.e.,F&;
iX. Fior ele 2 e
mentary particle is a heicfir like

~of membra
iy ne tOWard _
and Pi. ATP-s S matrix. =
ing hi Tp*sy"-the-tase_ becom:s C:(t:ltyzes pe

higher ¢

'l!?ﬁ?fﬂnmmaﬁo" of H* or pro
'@ oW of protons through Sm

2 snergy of




L

ing aerobi
> have already discussed.

“— ,-:_? ' ,
A | Phosphorylation P
; ;: orlh:lar. respiration is to generate ATPs. There are two ways
piration: chemiosmosis and substrate level phosphorylation,

§ :: ;L;?:::it: :;:':; phhaﬁsphorylation is concerned, you are already familiar that
Mphata e enzym:tic ﬁ to any organic molecule is called phosphorylation
e love! ph ally transferred from an organic substrates molecule it is
Phosphorylation. However, it accounts for only a small percentage

e ATP thata c : irati
ATP that a cell generates. It occurs at three occasions during aerobic respiration.

- ATP

glycolysis;
Sy : [

a N
Acetyl-CoA.

Electron Transport System

of glycolysis are
produced in
cytoplasm. These
cannot be taken up by
mitochondria because
the mitochondrial
membrane is
impermeable for
NADH. Therefore, at
the time of their uptake
only the energized
electrons of NADH are
transferred inside the
mitochondrion by a

- complex mechanism.
These electrons are
received by two




osph _.ryllléition ocours when succinyl COA is convert
s of ATP produced at this occasion. Su::ce. ﬁe
e qj"'ganic substrates of exergonic reactions
., cellular respiration), therefore, it is said that substrate ey
e exergonic reactions with the synthesis offh}ﬁﬁ These
' ing reaction e.g., pr

piration, G3P appears during glyeolysis pathway which leads to the
In the Calvin cycle of photosynthesis, G3P molecules are converted

sphate within the chloroplast.«Glucose phosphate is then converted
sucrose and starch. :

ebemmmnees [ Giycogen |




ergy source, it breaks down to glycerol and three faxy

Wiéﬁt&'?l lclaf converted to G3P, a metabolite in glycolysis.
ed to acetyl-CoA, which enters the Krebs cycle. An 18-carbon

- Mhﬁotyl-acm molecules. -

Bfi pfotolnf results in amino acids whose R-group size determines |

wah n is oxidized in glycolysis or the Krebs cycle. The carbon chain is |

er when an amino acid undergoes deamination, i.e., the removal of the

‘he amino group becomes ammonia (NH,), which enters the ureigxcycle and

4.3 PHOTORESPIRATION

'i._"aiOW a.ctivi.ty that occurs in green cells in the presence of light resulting in
, arbon dioxide is termed as photorespiration. It needs oxygen and produce
50 like aerobic respiration. However ATP is not produced during photorespiration.

anism of Photorespiration

the CO; levels inside the leaf drop to around 60 ppm (part per million), ribulose

carboxylase/oxygenase (RuBisCO) starts.to combine O with RuBP instead
net result of this is that instead: of producing two 3C molecules of

erate (PGA), only one molecule of PGA and a toxic 2C molecule called
solate are produced. The plant.must get rid of the phosphoglycolate. First it

gets rid of the phosphate group, converting the molecule to glycolate.

sphoglytolate + Phosphog

"I

v

-

olate is then transported to the peroxisome and ___
d to glycine. The glycine is then transported |- Gl
ochondria where it is converted into serine. The
used to m@a{her organic molecules. 2G
perafure on the activities of RuBisCO
siration is related to the functioning of the enzyme ribulose bisphosphate
aseloxygenase. It is often called RuBisCO because it can have an
 in addition to carboxylase activity. Its activity depends upon the relative
' and CO; in leaves. Photorespiration starts when the CO; levels inside

This happens on hot dry days when plant begins to secrete abscisic
; g of stomata to prev'ent excess water loss. If the plant continues
\thesis when its stomata are closed, the CO; will be used up ¢

s will be prevented to release out of plant boc

s ncentrations.




s Ted 0

W Photorespiration Is not essenta’

jon Is inhibited_chemically, 11 P
" aturally resistant 10 photousplralion. vhy
¢7 The common simple answer to this question is that the active s e
s _; m carbon dioxide and oxygen. Originally it was 'f
as no oxygen in the atmosphere at the time of establishment of eartt
i o activity was the only one used. The photorespiration started

 accumulate in the atmosphere.

gy and Society Connections



'wa° Thh metabolic pathway is called Hatch-Slack cycle of |
sed instead of

hosphoenol pyruvate (PEP) carb
oxylase is U
;&Gﬁzi;:mphamhosnol pyruvate (a Cs; molecule), and the result is
e. It takes place in cytoplasm of mesophyll cells.

PEP + CO, PEPcarboxylase » Oxaloacectate

ﬂ?&ﬂ]‘st product of CO, fixation Air
bon compound oxaloacetate, so
are called C; plants e.g.

- sugarcane, sorghum, etc. —=

cetate is then transported to the  PEP
yplasts of mesophyll cells. It is then

to another 4-C compound, the PEP
e, with the help of NADH, produced A
j'tochemical phase. The malate -
transported to the chloroplasts of &
sheath cells. Here malate is m——

| to pyruvate (C3) with the | \ Bundle-
of CO,. Thus concentration of ‘ v sheath Cell

pyruv-ate

increases in the bundle sheath cells.
.eells contain enzymes of Calvin
Because of high concentration of
RubisCO participates in Calvin P
 and not in photoresplratlon Sugar
in Calvin cycle is transported into

phloem. Pyruvate generated in the
sheath cells re-enters mesophyll k

Mesophyll
Cell

()i RuBlsC (0]

and  regenerates ph05phoeno|
(PEP) by@summg one ATP.
-3 %

sugars

vascular bundle
Fig. 4.22: C4 photosynthesis

 correct answer
val of the souroe of carbon dioxide from photosynthesizing chloroplasts
' ' chemicals. Which one




decreases
o= hotosynthesis?
of the light reactions in P
R «(B) ATP, NADPH and oxygen
(D) ATP, PGA and oxygen, |
sis, the photg,ag@ated 4
oves an electron from the hydroxylation derived irom the wateg
The fate of the free hydroxyl radical is that it § '
m_an--déwn into oxygen and a free radical of hydr?gen 3 P
d to raise the activation level of chlorophyll by.donating a positive charge

| NADH;
pendent stage of photosynthe

ompounds in the Calvin cycle; the light-independent stage
osynthesis. Which compound wauld be the first to contain the 14C?
jglucose  ~AB) PGA (C) RuBP (D) starch
3 rate of photosynthesis of @ freshwater plant is measured using five
‘colours. Which sequence of colours would give an increasing

=

: _ - Largest response

[Clved” orange [yeliow | green | blus

reactions the three carbon atoms‘of 3-PGA are derived from
(B) CO; only

(D) RuBP + CO, + PEP

(B) organic solvent
(D) not in any solvent

| (B) mitochondria

.l =1 e




acetylcoenzyme A

oxaloacelate citrate 2
r 2
y 4C compound
' 5C compound
1 iy 3
_ " (A)1and 2 “AB) 1,2and 3
~ (C)1,3and 4 (D)1,2,3and 4

i

# Short Questions

ectrum?

3ctrum’ of photosynthesis.
types of chlorophyll?

! ‘-'o rtance of carotene?



r@ﬁeﬂdn eentre

otosystem Il
n and light independent rea

'ryl.ation and photOphosphorylatlon . \
phorylation and non-cyclic photophosphorylatlon
ation and Cj carbon fixation

ction of photosynthesis

«cyela and Krebs cycle
ve phosphorylation and substrate level phosphorylation

-xtensive Questions

,muuasynthesis? Explain the role of light in photosynthesis.
the structure of chlorophyill.
ote on the photosynthetic pigment carotene.
arrangement of photos ysTémS-
.,\,' ml'a o‘f water in photosynthesis.
1 of photosynthesis.
1t dependent phase of photosynthesis?
_t md.ependent phase of photosynthesis?
otophosphorylation.




ar aus types of plants and animals 8 |

m’%




their hosts and structure.
bacteriophage, and HIV.

cteriophage, flu virus and HIV. O~
t have a host cell to parasitize in order to complete its life cycle.

survives inside a host cell, protected from the immune.system. ;
d a virus employs to survive/ pass over unfavorable conditions when it does

t to complete the life cycle.
and Lysogenic life cycles of a virus.

bacteriophage in genetic engineering.
ences lnvolved in the Iytic life cyclefof'a bacteriophage.

Symptoms, treatment and prevention of the following vi _
~ ow -
ourl virus disease of cotton. Ing viral diseases:

- for each of the above-mentioned diseases.
pa economic loss from viral infections (cotton leaf curl virus disease




S | éBﬁVQd from a Latin word “venom” meaning 'poison’. In past, the term

vith infectious diseases which have unknown cause. The first evidence
of virus came when (in 1884) Charles Chamberland, who worked
found that the causative agents of rabies could pass through the porcelain
of 100 — 1000 nm). However such filters could be used o completely
ria or other cells known at the time from a liquid suspension.

cco mosaic disease was thought to be caused by bacteria. m&ﬁowsky (in 1892)

juice from the leaves of tobacco having tobacco mosaic, disease. In order to
cteria the juice was passed through porcelain filter. He thén rubbed the filtered juice
s of healthy plants, expecting no disease to develop; but the healthy leaves soon
e symptoms of the disease.

1900, similar disease producing substance hadbeen discovered in both plants and
The name filterable viruses were given to thesé substances. W. M. Stanley (in 1935)
d the infectious particle, now known as tobacco mosaic virus (TMV). Subsequently
‘other viruses actually have been seen with.the help of the electron microscope. The
virus is called virology.

*haracteristics of viruses

y show the characteristic' of both living and nonliving things. The living

tics of viruses are: (1) Miruses occur in different varieties or strains. (2) They have
n genetic material in the form of either DNA or RNA that can undergo mutation. (3)
sduce using the mambollc machinery of the host cell they infect. (4) They enter the
organism 2 J cause disease i.e., intracellular obligate parasite. (5) They get

haracteristics of viruses are: (1) They lack cellular structure,
e system and do not have metabolic activity of their own. (2) They can
L’stored in bottles. (3) They do not respire. Viruses behave as nonliving, |nert

utside the host.

Structure of a Virus Coat
y simple structure. A complete W‘“. - I{

Primarily, it can be divided




. el ists of capsid and en -
ering of viral particle which consis osid .
%“gf protein |:‘surroundlng the core. CaP::: (')Sf s:m
called capsomers (capsomeres)'. The nurr:62 so?n one
of virus. For example: Herpes virus has o:::alp-n s
.t causes common cold contains 252 capsomers | ed;-
mstry in virus capsid. When the capsomers are arranged in 2¢
\d icosahedral (polyhedral or
e capsomers are arranged
appears rod shaped, it is
viruses have an additional
e around the capsid which

: - Materlal} )
Bacteriophage capsid (Extra Ref@ L
In a bacteriophage capsid there ‘@re’ 12 vertices ’ll |

and 20 faces. Two types’ of capsomeres
constitute the icosahedr'fi_l capsid: pentago
(pentons) at the vertices and hexagonal
(hexons)  at the. faces. There  are

the number of

ve cell surface membrane of
also contain virally encoded
viral envelope is often covered
ein spikes that help them to

always twelve pentons, but
hexons varies among virus groups. HIV capsid
forms an unuSual cone-shaped structure, with
twelve of ~the. pentameric rings and over a
hundred fiexamers. The number of capsomere in

st cell.

polio virus is 32.

fication of Virus
1 is either based upon host organisms or on other structural characters such
genome type and mode of action in the host. The internationally agreed
 classification is based on'the structure and composition of the virus particle
cases, the mode of re_;g_li@aﬁon is also important in classification.

_ A
of viruses based%ﬁ host
dasmﬂ on the basis of their hosts
rus. ant v 'uses and animal viruses.
(attacks bacteria. It is a DNA
ead and a tail.

tot:;‘::nas of viral plant diseases are known. Most plant vi
| tobacco mosaic yirus (TMV) having an RNA geno '
tlkg TMV e.g., potato yellow dwarf virus. .

’S OCCUr as parasites in animals. Viruses cause foot and
~oma virus causes cancer in animals. In many viral infe
S In the human body causing the symptoms ant
causes small pox. Picornovirus causes po

David Baltimore, a Nobel Prize- |
winning biologist, devised the Baltimore
classification system, which places viruses
into one of seven groups, based on their
mode of replication, and genome type.




-g., Eacterlophags
ﬂwn&m« viruses are classified as:

| _ fiﬂed DNA_(ssDNA) e.g., mild rash virus.
ble-stranded RNA (dsRNA) e.g., diarrhea virus.

A; template for mRNA synthesis e.g., Influenza virus. {g@

\; template for DNA synthesis., HIV. N\

= aNY

hnology and Society Connections A“sv‘

e the limitations of the vaccine for the common cold/flu m

n often refer to the causative agent of cold as “the cold.virus" there are actually more
ses that cause cold. Developing a vaccine against the infeetion is not practical.

5.2 PARASITIC NATURE®OF VIRUS

“Wmses are parasitic in nature. They are highly specific to their host. Bacteriophage
only bacteria, the tobacco mosaic virus infeets only tobacco plants and rabies virus
only mammals. Some human viruses_even specialize in a particular tissue. HIV will
My certain types of white blood cells; the poliovirus reproduces in spinal nerve cells,
' lis viruses infect only liver cells. Human cold viruses infect only the cellis lining the
' mph'atory tract. Actually viruses.have protein spikes on their surfaces which help them
ch with specific receptors onthe host cells. The specificity of attachment determines the
s of the virus. Some viruses have a narrow range, whereas others have quite a
e. For example, @hbwrus can enter the cells of only humans and other primates

s rabies virus can eger all mammalian cells.

5es m ‘\equ:re host cell to complete life cycle

ve a host cell to parasitize in order to complete its life cycle because viruses
cellular parasites, which means they cannot multiply outside a living cell.
Il sorts of cells, from bacterial cells to human cells. An isolated virus is
duce or do anything else except infect an appropriate host cell. Viruses
-Mmes ribosomes, etc., for making proteins. Therefore they need host

 strong defence against viruses |
ions ﬁan'iedoutbylm



perature, as these
ed for a certain p

ature of the medium. Virus
rmant period as they do ng
the virus remains viat

he mst is maintain

is r pH and temper

that they go under do

de llv ng Jost, however, the genome of
side the host.

R : iods outside the host (up to
ses can in fact survive for long pert s @ is b

i i r shorter time peri C
oped viruses survive fo a@ ' et

“ rely on the proteins on the surface of the rnemt;g\

generally sensitive to degradation to sunligtﬁ"-ﬁﬁd normal clea

5.3 BACTERIOPHAGE
The bacteriophage or simply phage is the -vl_'.__‘j
that attacks upon baeteria.

OA5.3.1 Structure:of Bacteriophage |
It is generally a tadpole shaped virus. It consists
S\ of headeheck and tail. The head is icosahedral
shape<"The inner core of head consists of a singl
st.gﬁ:q?éﬂ DNA genome. Below the head is nan
or collar which separates head and tail. The
‘a hollow tube made up of proteins through which
nucleic acid passes during infection. The tail
surrounded by a contractile sheath, which contrac
during infection of the bacterium. At the end of the t
~ a base plate is present which possesses about six fz
fibres around it and several tail pins or spikes at if
ne | 'OWer surface. The tail fibres and tail pins an
n | involved in the binding of the phage to the i
t the bottom of core tube of tail, an enzy e, t
IS present which is released
of 1ail. It digests the portion of h
tube can be penetrated into the

Sl -
B S5 L (. =

H-DNA




1' --':». '. ” :
hmon steps of infection process of bacteriophages to their host are as under:

DNA - e

first step in the infection

e adsorption of the phage
rial cell. This step is
y the tail fibres and tail
Phages attach to specific
on the bacterial cell.
1etration

The binding of the phage to the
results in the contraction of
and release of lysozyme that
 the portion of bacterial envelope;
result the hollow core tube is
through the bacterial envelope.
nsertion of core tube is called penetration.
Genome injection _
" The penetration of core results into the injection of viral DNA in the bacterial cytoplasm
as, the remainder of the phage remains on the outside of the bacterium.

5.3.4 Replication of Baciéxiophage in Lytic Cycle

bacteriophage that performs lytic cycle is called lytic or virult.anf pl:nage because it
ly causes lysis {breakdown) of its host cell after its own mult!phcatlc-:‘n..lt devc-alops
ave relatior sh p with the host cell because host genomic DN.A is l.mmedlately
by | rally encoded DNA digesting enzyme (DNAase). Since viral DNA is
aone certain chemical modification therefore, such enzymes do not affect it.
s " of host DNA enables the viral DNA to take over the control of the whole
1 ery of its host. In lytic cycle the gubsequent steps are synthesis of phage

bly, maturation, lysis and release.

) . P _ ified mMRNAs and proteins
the disintegration of host DNA phage specifie
thﬁ ructural proteins (head, tail) that comprise the phage

Wsis of the bacterial cell are separately synthesized. Nut
i | is added to the head. The a




icated along
rated state of phage D

. This inted g
cteria harboring prophage

s known as Iysogony and the ba

“Phage DNA inserts itself
(as a prophage) into
\ baclerial chromosome.

Phage is replicated along
with the bacterial DNA
prior to binary fission.

g. 5.3: Lytic and lysogenic life cycle of bacteriophage l

‘a bacterium can get terminated anytime when it is exposed to
| is called induction. Conditions that favour the terminaﬁm {
a ”.iceatlon, exposure to UV or ionizing radiation, exposure- (]
>eparated phage DNA then initiates Iytic cycle resulting in cell
ph €s are then capable of infecting new susoeptigle sells




aa::;t:: :I'llnr(:?;:?::c;he phage DNA has also been used as vector in genetic
B e cieviophage clones which as development of genomic library (a collection of bacteria
; b) m‘.ﬂ‘ therapy s the a “cc':t’_“‘ains multip[e copies of all the genes of an individual's genome)
B tieria. Phage thera p: ation of genetically engineered phages that can kill pathogenic
falrly B eire Zitr as at:van.ta!ges over. conventional antibiotic therapy. As phages are
R iial pathogons :fh'l um of activity, meaning that with phage treatment it is possible to kil
o B cheriOPhages have tl)e avoiding harming of normal bacterial flora, i.e., our good bacteria.
B o bt een used fgr many years as tools for the treatment of bacterial
: "' rece.mt!y a new application in the area of antibacterial nanomedicines has been
discovered in which bacteriophages can be formulated as targeted drug-delivery vehicles.

& —5.4 HUMAN IMMUNODEFICIENCY VIRUS

Human immunodeficiency virus (HIV) is the causative agent of acquired immune
deﬁf:ienc_y syndrome or AIDS. It was identified (in 1984) by research team from Pasture
Institute in France and National Institute of Health in USA. The virus was named HIV (in 1986).

\\_}:’471 Structure of Human Immunodeficiency Vieus

Human Immunodeficiency Virus (HIV) is a retrovirus. It is spherical in shape. The
outer covering is a lipoprotein envelope which consists of two layers of lipids; different
proteins are embedded in the viral envelope, forming “"spikes” consisting of the
outer glycoprotein (gp) 120 and the transmembrane gp41. The lipid membrane is
borrowed from the host cell during the budding process (formation of new particles). gp
120 is needed to attach to the host cell; and gp41 is critical for the cell fusion process.
Beneath envelope another protein shell is present which is made up of matrix proteins. It
lies between the envelope and capsid. The HIV capsid is somewhat conical shaped which
is composed of capsomers. The viral core contains two single strands of HIV RNA and the

enzymes needed for HIV ool

replication, such as reverse <5

transcriptase, integrase

and protease. The reverse ;‘rgg;;

transcriptase enzyme is

used to convert viral RNA 8

genome @ viral DNA _ |

genome, integrase enzyme . ' Gp- 120

is used to incorporate viral |

DNA into host DNA while

 the protease enzyme IS

used to break large _
ructural  proteins  Into sl Rl

~ units.  These _ & Viral capsid (proteins)




DS : : - T4 cells). In ad
s‘ T lymphocytes (CD4 or ol
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g -'paln). swollan lymph glands and an itchy rash. These sy 5
e are no other symptoms for nine months or longer. Although the Indeual
during this stage, he or she is highly infectious. The standard HIV blood
e of antibody becomes positive during this stage.

st common symptoms of AIDS related complex are swollen lymph glands in
f&fmpit or groin that persist for months. Other symptoms incl ight sweats,
cough, flu, and persistent diarrhoea, loss of memory and depre&$I

_ full blown AIDS is the final stage. In it there is severe we@ ss and weakness
ersistent diarrhoea and usually one of several opportunistic mfaﬁi'ons

5.4.4 Opportunistic Diseases

HIV does not cause any disease nor kills
any person: It only destroys T-cells of immune
system, The decrease in the human immune
system results in the inability of the body to
fight diseases. Due to weak defence system a
person suffering from AIDS is attacked by
This photograph shows the multiple wounds' diseases called opportunistic diseases, e.g.,
cancer on the arm of a patient with AIDS. i cancer, fungal infection, viral infection,

inal diseases, respiratory diseases, nervous system and eye diseases.

reatment of AIDS
is treated using

therapv(
C eanl

‘combination of medicines to fight HIV infection. This is called
ART is not a cure, but it can control the virus so that HIV
ger, healthier life and reduce the risk of transmitting HIV to others.
tment for HIV infection, preventing progression of the disease in
ecipients. When ART is accessible and started early in the course of
of HIV-positive people is typically very close to that of comparable HIV-
"'ARTcan have toxicities, is often costly, and requires strict daily pill taking

ef ﬁfe Because of the limitations of ART, a cure for HIV iim
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g eriod of next five months.

- prevalence of AIDS overa p |

accessing antiretroviral therapy (June 2016) 14

"le alobally were living with HIV (end 2015) “ !
became newly infected with HIV (emt:l:I 22%;55)) |

died from AlDS-related illnesses (en B _

ed become infected with HIV since the start of the ep|demlc'(and_2015zj 2015 '

have died from AlDS-related illnesses since the start of the epidemic (en )

& 36.7 million people living with HIV. ‘

on people became newly infected with HIV in 2015. | )
ns among children have declined by 50% since 2010_. _

10, around 1.9 million adults have become newly infected with HIV.
|

Recording ‘
i

tors responsible for the spread of AID
Source: www.unaids.org/en/resources/fact-sheet

Jearly 100,000 people in Pakistan living with HIV/AIDS, but only 15,370 registered.
fections in Pakistan grew at an average of 17.6 percent per year between 2005
: est increase in the world. The highest number of 1,278 Aids patients and HIV I

ollowed by 558 in Punjab, 522 in Islamabad, 468 in the NWFP, 215 in Baluchistan !

riubne, Islamabad. 12" May 2016 and The Dawn, Islamabad 28th December 2016

: =»'ﬁbe causative agent, symptoms, treatment, transmission and
polio and cotton leaf curl disease. |

ion we will
, h

_Ii%ff;r;ractenzed as inflammation of liver including other symptoms. Itis
Al inf t ipfr:a:t'i' rarely d_ue to tox_icity of drugs and certain other causes. It
Iniection, relatively rapid onset) or chronic (slowly progressing)

on causes of vi iti iti
SE iral hepatitls are Hepatitis A, Hepatitis B, Hepatitis

) is caused by HAV. Tran :
_ ) : smission
ptoms: The ty_pical symptoms are fever, loss
ne, pale feces are also seen. Tmhn;ne
__-lmmq'nlzation with a vaccine contair




highly effective in preventing hepatitis “B”. All

e Hepatms Cis caused by Hepatitis C virus. Transmission: It is only transmitted
_and_sfj'l“l’h'_“s. + Symptoms are just like hepatitis B. Treatment: A combination of alpha
B|mclriba\nr'm is. the treatment choice for chronic hepatitis C. Prevention: No vaccine is
= “D:*ansfus:on should be screened as preventive measure. ‘
Its 5 :
B e ooly human disoase e Hepatitis (Extra Reading Material)

2 caused by a viroid is hepatits D. | . . riepatis | virus (HiQaw 4 hypoheﬁaal
smission: The hepatitis D viroid can only | © o, "ked 0 hepatitis. Several hepatitis F virus
' a human liver cell if it is enclosed in a e e S ey

] : g reports have been sg@@@ﬁﬁated.
sid that contains a binding protein. It Another gotential viral cause of hepatitis

1S this from the hepatitis B virus. The | that is probably spread by blood and sexual
VIroic then enters the blood stream and can be | contact wes ‘initially identified as Hepatitis G
. transmitted via blood or serum transfusions. | Virus. There is very little evidence that this virus
Symptoms: As in hepatitis B but more severe. | causes ‘hepaiis, as it does not appear to
~ Treatment and Prevention: Same as HBV. rep¥gete primarily in the liver. It is now classified
" Hepatitis “E” as GB virus C. *

; It is caused by HEV. Transmission: Like HAV, it is also transmitted by the fecal-oral
route. Treatment and Prevention: There is no antiviral treatment and vaccine. Observation of

~ proper hygiene.

' 5.5.2 Herpes Simplex

Herpes simplex is a superficial viral infection characterized by one or more painful, fluid-

d sores or blisters (an @levation of the skin) appear on the skin or epithelium of outer

L_ lings of the body. Tingling, itching, or burning may be felt on the skin before the blisters
Blisters break open and often ooze fluid and form a crust, before healing. The sores can
n7 to 10 There are two primary types of herpes i.e., oral herpes and genital herpes.
lerpes’." |
Cause: It is caused by herpes simplex virus type-1. Transmission: HSV Type-1, is

d primarily through oral secretions (saliva) or physical contact with sores on
It can also be spread by sharing objects such as toothbrushes or eating utensils.
Most blisters appear on the lips or around the mouth. Sometimes blisters fomon
) the tongue. Treatment: Antiviral drugs are used to treat herpes. Prevention:
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fatalities caused by hepatitis, herpes and polio combined with the

' Eﬂ'iﬁlféﬁyf':of'haalth- — Government of Pakistan. www.nacp.gov.pk.
f the statement “prevention is better than cure” and present the arguments in class. |

5.6 PRIONS AND VIROIDS

lea of an infectious agent that did not use nucleic acids and proteins together was
ssible, but pioneering work by Nobel Prize-winning biologist Stanley Prusiner
| the majority of biologists that such agents do indeed exist. Prions and viroids
nts which are acellular infectious particles like viruses but are even simpler and

Prions, so-called because they are proteinaceous, are infectious particles, smaller than
that contain no nucleic acids (neither DNA nor RNA). Electron microscopy reveals
i m’._th'er than virus particles. Prions are much more resistant to inactivation by
ght and heat than are viruses. Prions are composed of a single protein. This protein
by a single cellular gene.
Fatal neurodegenerative diseases, such as Kuru in humans and in cattle mad cow
were shown to be transmitted by prions.
2 Viroids .
Viroids are plant pathogens that consist of a short, circular, single-stranded RNA without
' coat or envelope. Viroid RNA does not code for any protein. The replication
anism involves an enzyme RNA polymerase |l, which synthesizes new RNA using the
RNA as template. Some viroids are ribozymes, having catalytic properties which allow
avage. The only human disease known to be caused by a viroid is hepatitis D. They
several plant diseases, e.g., il potato, coconut, apple, peach, etc.

e, Technology and Societ‘y Binection sclience, Technology and Society Connections
gest ways to rid huqan»c’ivilization of e Interpret how viral infections cause global
‘ v

economic loss.
: \

\

' social and cultural values of a country with prevalence of AIDS.




(D) DNA replication

i formali@
h them their own ribosome for protein N

ibo: _"mas- form after viral DNA enters the cell |
. use the host ribosomes for their own needs
ses do not need ribosomes for protein formation
art of an animal virus is not reproduced in multiple copies?
@protein (C) capsid (D) ribosome
uses have a special enzyme that
rates host DNA (B) polymerises host DNA
e viral RNA to DNA ~.(D) translates host DNA
1 of the following illness is caused by a retrovirus? !
" (B) malaria.©  ((C) AIDS (D) sleeping sicknes
arily infects cgs," .
cells \Q% @f'helper T cells

(D) red blood cells

- (B) sensory neuron (C) brain (D) musel

 (B) nucleoprotein

i b, (C)lipoprotein (D) glycoprol




*specifciy of HIV on its host cells.
ptoms of AIDS.
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the classification of viruses based upon capsid and genomes.
cribe the gené”ral structure of a virus. :

ribe the structure bacterlophage with diagram.

cribe the struc human immunodeficiency virus with diagram.

be the L % Lysogenic life cycles of a virus.
ge of bacteriophage in genetic engineering.

ecycleofHIV : T 2

; the treatments available for AIDS.
the causative agent, symptoms, transmission, treatment and prevention of
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Outline the taxonomic position of prokaryotes in terms of domains &
terms of kingdom monera.

Explain the phylogenetic position of prokaryotes.

List the unifying archeal features that distinguish them from bacteria.
Explain that most Archaea inhabit extreme environments.
Justify the occurrence of bacteria in the widest range of habitats.

List the structures missing in prokaryotic cells.
Describe the composition of cell wall in a prokaryotic cell.

srchaea and bacteria and in

Differentiate between the patterns of cell division in prokaryotic.and eukaryotic cells

Relate the structure of bacteria as a model prokaryotic cell.

Describe detailed structure and chemical composition'of bacterial cell wall and other cover

Compare cell wall differences in Gram-positive and Gram-negative bacteria

Explain the great diversity of shapes and sizes found in bacteria

Justify the endospore formation in bacteria to withstand unfavorable
Explain motility in bacteria.

Describe structure of bacterial flagellum.

Describe genomic organization of bacteria.

Classify bacteria on the basis.of methods of obtaining energy and carbon.
Describe autotrophic and heterotrophic nutrition in bacteria.

List the phases in the growth of bacteria.

Describe different methods of reproduction in bacteria.

Explain how mutations and genetic recombinations lend variability to bacterial reproduction

Describe bacteria as recyclers of nature.
Outline the ecological and economic importance of bacteria.

Explain the use of bacteria in research and technology.

Describe important bacterial diseases in man e.g. cholera, typhoid, tuberculosis and pneumonia;
emphasizing their symptoms, causative bacteria, treatments, and preventative measures
Describe important bacterial diseases in plants in terms of spots, blights, soft rots, wilts. and galls;

emphasizing their symptoms, causative bacteria, and preventative measures.

Define the term normal flora.

List the important pacteria that make the normal bacterial flora residing in the oral

urinogenital tracts and large intestine of man.
gnd the bacterial flora of humans.

Describe the benefits of

cavity, respiratory




6 Prokaryotes 121

All cells can be grouped into two broad categories: prokaryotic cells and eukaryotic
cells. All prokaryotes have a simple structure than eukaryotes. This chapter is an introduction
to pr.okaryotes. The prokaryotes have an intense effect on human health, economy and
environment. The prokaryotes are being extensively used these days in research and
technology and this chapter lays emphasis on this important aspect of prokaryotes.

6.1 TAXONOMY OF PROKARYOTES

The Dutch scientist Antonie van Leeuwenhoek first discovered bacteria in 1674,
using a single-lens microscope of his own design. He called them “animalcules”.
Ehrenberg introduced the name bacterium in 1882.

The taxonomic position of prokaryotes has been continuously changed since their
discovery. There are two separate system of classification are followed in which the
prokaryotes are accommodated in different ways.

6.1.1 Taxonomic Position : ‘KingdorasMonera”

In traditional two kingdom system of classification all. microorganisms including
prokaryotes were placed in plant kingdom. In 1861, John Hog proposed kingdom Protista
to accommodate microorganism so prokaryotes were also placed in this kingdom. In 1866,
Ernst Haeckel made a separate group, the Monera for prokaryotes within the same
kingdom Protista.

In 1938, Herbert Copland elevated the status of Monera to kingdom level, so first
time; prokaryotes were recognized as a separaie kingdom “Monera”. In 1969, American
biologist Robert H. Whittaker proposed five-kingdom system that incorporated the basic
prokaryotic-eukaryotic distinction which/has been modified by Lynn Margulis and Karlene
V. Schwartz in 1988. They also .assigned a separate kingdom “Monera” for all the

prokaryotes.
6.1.2 Taxonomic Position of Prokaryotes as “Domain Bacteria® and
“Domain Archaea”

The term "bacteria" was traditionally applied to all microscopic, single-celled

prokaryotes. However, molecular systematics studies, showed prokaryotic life to consist of
two separate domains, (group of kingdoms, i.e., a taxonomic category above the kingdom
level) called Bacteria and Archaea that evolved independently from an ancient common
ancestor. These two domains, along with Eukarya, are the basis of the three-domain
system, which is currently the most widely used classification system in bacteriology.

6.1.3 Phylogenetic position of prokaryotes
The evolutionary relatedness among various groups of organisms is called

y .or step forward in the study of phylogeny of bacteria was the recognition
phyler(_i;;:;tl-;:;\:g:a hal:t a separate line of evolutionary descent from bacteria. This new
~enetic taxonomy was based on the discovery that the genes encoding ribosomal
and distributed over all lineages of life with little or no gene tmmfef
@ ommonly recommended as molecular clocks for feeoRCt,
ar ded prokaryotes into two evolutionary domains as part of the three-

_bumcte'rli-,farehaea and eukaryotes.
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8.1: Phylogenetic position of prokaryotes

6.2 ARCHAEA
sms Archaea were previously called archaeobacteria. Archaea
h bacteria and other traits with eukaryotes. However, archaea also

Glassical photosynthesis using chlorophyll
Y has not been found in any archaea,
' suggesting that chemoautotrophy predated

photo- autotrophy during evolution.

Cyanobacteria are believed to be

responsible for first introducing oxygﬁnf

into the primitive atmosphere.

s of archaea contain unusual lipids that allow them to
- Lipids of archaea contain glycerol linked to branched chain
bacteria that contain glycerol linked to fatty acids.




Present

Carbon chains unbranched | Carbon chair

prokaryotes that were classified in domain Archaea are species that live in
iments. Archaea includes (a) Methanogens, (b) Halophiles,

logens
nethanogens are methane gas producer and.are found in anaerobic environments
- hes and in the intestinal tracts of human and other animals. This methane, is

lophiles grow where nothing else can live, such as on fish and meat that have
_Ited to keep mostbacteria away. The halophiles require high salt

) o : -
isolated from extremely hot, acidic environments such as hot
srmal vent and around volcanoes.
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um Jong, 80 um thick).
6.4.2 Diversity in Shapes of Bacteria

Bacteria have three main shapes: spherical,
rod shaped and spiral. However it has
recently been shown that certain bacteria are
capable of dramatically changing shape, for
example Helicobacter pylori exists as both a
helix-shaped form and a spherical form.

Such bacteria are called pleomorphic.

Cocci

Cocci are spherical bacteria. Cocci
generally appear in groups which can be
distinguished on the basis of plane of cell
division and number of cells. As a result of
single (vertical) plane of cell division,
bacteria appear in pairs, called diplococci or
in chain of many cells, called streptococci.
As a result of two plane of cell divisions (first
vertical then again vertical but at right angle
to the first), bacteria appear in a square of
four cells, called tetrad. As a result of three
plane of cell divisions (first. vertical then
again vertical but at right-angle to the first
and then horizontal), bacteria appear in a
cubical arrangement of eight cells, called
sarcinae. If plane of cell division becomes
irregular and many bacteria are produced
which arrange like bunches of grapes, called
staphylococci. The examples of cocci are:

- Streptococcus pneumoniae.

Bacilli
Bacilll are straight or rod shaped
organisms. They always divide in vertical
80 they are found either in pairs, called
Ili or in chains of many cells, called
ill. Some rod shape bacteria
ds like cocci. Such bacteria
sbacilli. The examples of rod

have rod shape and are about 7 um long and 1.8 um in diameter. Some Spirochaets reach 500
um in length. One of the largest bacteria belong to Epulopiscium. It is visible to

naked eye (600

Plane of
division
r\” / Diplococci

N\

) ng
14 l\-{‘-:;!‘

(b) Tetrad




iral shaped bacteria. They usually occur singly seldom form colonie
spiral shaped bacteria are called gpirochetes. €.0- Treponemg
y, thick and rigid spiral shaped pacteria are called 'splrlllum eg,
sreas, curved or comma shaped bacteria which are intermediate f
pe, are called vibrio e.g., Vibrio cholaraée.

(a) Vibrio

3

(B)> Spirillum

(c) Spirochete

\%1 - L

es.and arrangement of bacilli
g Fig. 6.5: Shapes and arrangement of spirilli

ed studies of bacterial structure b

| es . y the electron mic
m:l outsr wrapping of bacterial cell which consist ;1? Stlzope oo ,”
lowever, cell membrane sometime considered as ?hfg:?th;xf' ; - .

coating that covers the oy
ating that covers the outside of bact Vi
sule and slime. The capsule is a wndeer:awn
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dye), while

herent, glycocalyx- | (Jecondary dye) is then

ons that are | Gram-negative bacteria a red
Im bacteria can become

the part of bacterial envelop. It is situated outer to the cell membrane. It is
an inner layer of peptidoglycan and an outer lipoprotein membrane (found
gative bacteria). The peptidoglycan provides structural support and maintains

¢ shape of the cell. 4
oglycan layer is much thicker in° Gram-positive than in Gram-negative
ram-positive bacteria also have fibre of teichoic acid that protrudes outside
, whereas Gram-negative bacteria do not have it. In contrast, the Gram-
a complex outer layer consisting of lipopolysaccharide and lipoprotein. The
cell wall also contains a protein, the porins in outer membrane which act like
molecules. Lying between the peptidoglycan layer of cell wall and the cell




ytoplasm to form infolding, these are known as mesosome
rol of transport of materialg acress the cell, bacterial plasma men
ular respiration, photosynthesis and DNA replication.




t in bacterial cytoplasm. Stored food inch
3 ‘may consist of alcohol, lactic acid, acetic acid etc.
ial genome : _
Md is the nuclear region of bacteria which is not separated from the
elsar membrane. It is seen in the electron microscope as an area lighter than
iC contents. It consists of a large circular double stranded DNA molecule which is
as bacterial chromosome. Due to this single chromosome bacteria are considered
_ plol _‘-o_i'ga"nism's. A short duration of diploid state comes in their life cycle just before cell
aivision when they replicate their DNA. Bacterial DNA differs from eukaryotic DNA as it is
circular molecule. The nuclear DNA controls growth and metabolic activities.ﬂﬁ‘%acteﬁa. In
addition to the nuclear DNA some bacteria also contain one or more extra nuclear small
circular double stranded DNA molecules, the plasmids. They often contain genes for
antibiotics or drug resistance and heavy metals resistance.
6.4.7 Bacterial appendages
The structures that project from the surface of bacterial cell are called bacterial
appendages that include flagella and pili or fimbriae. Flagella are long thread like structures
which are used for locomotion. Bacterial flagella are composed of flagellin protein and lack
microtubules. In this way they differ from eukaryotic flagelia. Pili or fimbriae are tubular
extensions of cell membrane and project through. the cell wall. They are composed of pilin
protein and can only be seen by electron microscope and are found only on certain species of
Gram negative bacteria. Pili are used to transfer genetic material during conjugation. The other
function of pili is attachment on the surfaceof tissues of an infected person.
6.4.8 Structure of Bacterial Flageltum
Bacterial flagellum is non-contractile, and lacks microtubules unlike eukaryotic
flagellum. It is about 20 nm diameter and up to 20 pym in length. It consists of three parts: a
" basal body, a hook and a filament. The basal body originates from cytoplasm just beneath the




“The filament is a hollow structure which Ongl?,atr:zrt:oof moveme
mglﬂbulal‘ protein flagellin. R ssed in chabte'i'
ferent from eukaryotic flagella (alre?dy di.scu o
ry motion. The 360° rotation of paired discs ©'_ "
which in turn causes the cell to spin and move L

Spores and Cysts

stage of growth, when essential nutrients are depleted in the environment

ions such as temperature, pH of the medium and availability of water become

tain bacteria form resistant and metabolically dormant bo.dies. De|:.>e.nd|n'g- oﬁ-
| the type of bacteria, these bodies are divided into

endospores, exosporesy. and  Cysts. Especially
endospores are characterized by a complex structura
and resistance to high temperatures. That is why this
dormant form is ¢apable of surviving for periods more
than thousand years. The spore develops within the
vegetative«cell inside the cell wall, so it has been
named.endospore. The original cell forms a copy of
' o 6.9: Brdsspore its chromosome and surrounds it with a tough wal,
- forming the endospore. Water is removed from the
8. The metabolism inside it stops: The rest of the original cell then disintegrates. The
germinate when their epvironmental conditions become favourable. ]
other hand the Actinomycetes, which are a large group of spore-forming, Gram-
a that grow by @rmmg Igng tubules called filaments. Under nutrient poor
: filamen erentiate into round thick walled resting structures termed
dospores, these structures are part of the reproductive process
Nt cell wall. Azotobacter species and several others are known to
gfé dormant cells with thickened cells walls. Encystment (cyst formation)
| the cell wall; the cytoplasm contracts and the cell wall thicken. Cysts are
n and some chemicals, but cannot withstang high temperatures a8

OTILITY IN BACTERIA
mportant aspect of bacterial Iife In that the organism

and away from toxic substances, T
4 il hl




.l".‘mhgem’ent is termed polar. For
 possesses single flagellum at one

agellum at both ends, is called bipolar
or amphitrichous. Similarly, if a
esses a pair of ﬂagella at one end, called

ends. is called bipolar bitrichous or
s. But, if a tuft (more than two) of flagelia
it at one end of a bacterium, called
and if a tuft of ﬂagella is present at both

(a) Monopolar monotrichous, (b) Bipolar
monotrichous, (c) Monopolar bi
(d) Bipolar bitrichous, (e) Lopho ichou
(f) Peritrichous, (g) Amphilophotri

aetal movement
' " of the bacterial ﬂagellum is called axial ﬁlament. It is




1d cyanobacteria, they do not use
e oxygen. Instead they use hydrog._en t:
elemental sulphur. This in tum'may be-o-_. | |
sen plants, the photosynthetic bacteria use the energy of

S+C0, —z2-—(CH,0), +H,0+2S @335

t photosynthetic bacteria are green sulphdr bacteria, g
rple sulphur bacteria.

reen non-

utotrophic bacteria make carbohydrates from inorganic substance. Theyr o
They oxidize inorganic substance. The energy produced by this
| to make carbohydrates. Sulphur bacteria oxidize sulphur to produce

s produced is used by bacteria to make carbohydrate (CHzO)s. The
oautotrophic bacteria are nitrifying bacteria, sulphur bacteria.

2H,S8 + O3 —Qg\‘—b 28 + H,0 + Energy
- @»ﬂ. (CHzO), + H,0 + 28

. Science Titbits

Cellular respiration is the breakdown
complex compounds into simpler for the release
energy which may be aerobic or ana
'ﬁm&:;ngly bacteria are known
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| growth takes place on two
Recently, some microbiologists

level, a cell buids u - 0g

S P | divided the. arowth o fic e akans il
ases its size; on the other | jetters A to Fas follows e
of cells in the population Ea) Lag phase- Growth r:ate.ls zero.
erial - : ) Acceleration phase- Increasing growth rate.

whlﬁ: growth occurs i four (c) Exponential phase — Constant growth rate.

‘Which can be represented by | (d)Retardation phase- Growth rate is ¢
vth curve. (e) Maximum stationary phase- Growt
(f) Decline phase- Growth rateisr

ase \
_ - '__!ﬂ this phase there is increase in cell size but not multiplication. Time is required for
" (synthesis of new enzymes) to new environment. During this phase vigorous
bolic activity occurs but cells do not divide. Enzymes and intermediates are formed and
ulate until they are present in concentration that permits growth to start.
g or Exponential phase
In log or exponential phase, the
of cells increases exponentially
respect to time, i.e., the number of
. doubles with each doubling time.
average time required for the
! 1, or the biomass, to double is
. as the generation time or

—
Cd

Stationary
Phase of

Log,, number ofliving Bacteria

| phase,
¥ jonship between
Mﬂﬁﬂ’lm o1 the number of Time - .J.
_until one of two Fig. 6.11: Typical growth curve of bacterial population

ther one or more nutrients in the medium become exhausted, or tmﬁl}
ducts, accumulate and inhibit growth. Oxygen becomes limited for aerobic

ents or accumulation of to>
completely. The count remains :



.12: Binary fission in bacten'a;

commonest type
under favourable
cell divides or sp!

the bacterial -

the ce,llf“_.-,mbrane and under:

replication. As the cell enlarges
daughter DNA gets separated.
cross wall is formed between
separating daughter DNA. It div
the cell into two daughter cells

daughter cells soon grow to r ity
within 20 minutes and divide agama _
Budding: In case of budding, a

e, called bud, d ;@lops at one end of the cell. Genome repli
y- of the gen@ gets into the bud. Then the bud enlarges, eventually
gets separated from the parents cell.




Fig. 6.14: Genetic recombination in bacteria (transductl@

age is replicated in a bacterial cell, at the time of assémbly of its components
ost bacterium may be enclosed into the viral capsid. When such viruses cause

to other bacterial cells the DNA fragment of the.previous host bacterium is thus
red to the new host bacterium.

\ bacteria die or when they are reproducing very rapidly, they release
of their DNA into their immediate environment. Such DNA fragments may be up

other bacteria by means of diffusion in that-environment. This process of absorption

| into a cell from its immediate envirahment is called transformation. As a result

the cell is transformed into a new type of cell; These cells are called transformed cells.

N T T Release of
)4 ,’ *Q,, & DNA
e AL ) SNE
i ' “‘} g 2
N S 4 ‘

b Ry — Antibiotic ot
i = e

\ Fig. 6.15: Genetic recombination in bacteria (transformation)




- g-different clones of a singl
-om random mutation due to d

P GRTANCE OF BACTERIA
p@rtant members of biodiversity from ecologlc@ econom

Importance of Bacteria

ce refers to the role of bacteria in environment, such as
omplex organic matter, humus formation to increase the fertuhty af

a in decomposition of dead/camplex organic matter
as recyclers of nature as_they are involved in decomposition of

aa 1 'bles might dlmlmsh all the carbon dioxide from the atmosphél'e if
rs present on paﬂh Can you imagine the situation if there were no

osphere? Th would have been no photosynthesis in the plants’
Id ha -f-r produced by plants. Bacteria play a very crucial

mu:ﬁents released from the dead matter by various bacteria.
increase soil fertility by humus formation

ANC




veny bacteria that. either
altered to give them the taste

. thmk of bacteria, we usually think about the i}!na& 'd our
it. However, bacteria play a lot of positive roles m\&f ives which are unk

cteria play an important role in many technalogical fields, mainly in bio

 the discovery of DNA as heredity material, discovery of semi conservative replicatior
d etc. Many components of bacterial cell are also being used as tools in genetic
ing experiments.
liners can extract m&@‘ﬁom low grade ores in an eco-friendly way by using
“are useful to kind is in the production of complex organic molecules that
' part of the normal process of living, these include antibi
cids and enzymes. In addition to these compounds, the dairy products s
buitter etc. are also produced with the help of bacteria.
adable plastic is being made by using bacteria.
eristics of degrading harmful chemicals and pollutants
aste water. _
tion of diseases and spoilage of food
bacteria are harmful for us. Parasitic a att:




: Id USE
ne measures. Vaccin

ns include mild feve N
, weight loss, anorexia, and_weakness, , :
ause: The causative agent IS MYCObﬁ,‘; ot -
therapy is used during the long 6 tOQ“*mO“ thuﬂ -
y'b.ﬁ.sérved treatment short course) of._qnly two montns aura
- (Bacillus Calmette-Guerin) can be used.

S! 'if"n_eum_ania often begins with sudden chill, cough a|:1d pleurtﬁ'
brown “rusty’ colour. Cause: The causative agent is Strepto

Science, Technology and
Connections _
o List some biotec
A\ utilizing bacteria.
bacterial plant dISBaSBS are leaf Escherichia coli has
, wilts and ga[ﬁiﬁ : to produce protein p
Q\ ’ recombinant DNA technol
% insulin, human growth ho
vhite spots on leaves. | Genetic engineers often us
onas campestris on vector to introduce new ge

\; cells. The plasmid they v
on: Prevention of contact bamﬂu: i;forz:c::?y

e host, use of disease free | Saccharomyces ceresv

been used to prdd; .
vaccine, alpha and gamma

s termed blight in maize, rice and oat
disease in rice. Prevention: Disease free




“the past and also

over the world
Streptococcus

F qumnnia has killed a

any epidemic are: Massive prog

vaccine preventable diseases, €.g., |
B, polio etc., must be launched. Dete
earliest and to treat them propérl g

people for improving«‘
hands If any co

6. 9 THE BACTERIAL FL.RA OF HUMANS

are approximately ten times as ma _y:'bacterlal cells as human cells in the human
:n'u'mb_ers of bacteria on the skih and in the digestive tract. Normal flora is the




SE— =
~ 6 Prokaryoteg

of the normal flora to limit the growth of pathogens is called colonization resistance. If the
normal flora is suppressed, pathogens may grow and cause disegses. oral 5 i

They may serve a nutritional function. The intestinal bacteria DF_OFfUFe SOV E Vi ?mlﬂs
and vitamin K. Poorly nourished people who are treated with oral antibiotics can suffer vitamip
deficiencies as a result of the reduction in the normal flora.

6:10 CONTROL OF HARMFUL BACTRERIA

Bacteria can be controlled Dy chemical and physical methods,

disinfectants and chemotherapeutic

Antiseptics, ‘ .
hemical methods for microbial control.

agents are used as C _ , : .
The chemical substances used on livingtissues that inhibit

the growth of microorganisms are: called antiseptics.
Oxidizing and reducing agents_are® important chemical ™
agents for disinfection, e.g., disinfectants that is halogens
and phenols, hydrogen peroxide, potassium
permanganate, alcohol .and formaldehyde etc. These
chemicals inhibit the growth of vegetative cells and are
used on nonliving material.

Chemotherapeutic agents are chemicals and
antibiotics that"destroy the natural defence and stop the
growth of bacteria and other microbes in the living tissue,
e.g., sulphenamide, tetracycline, penicillin etc.

Fig. 6.16: Joseph Lister the first
person to use antiseptic.

Sterilization process is the process in which
physical agents like steam, dry heat gas, filtration and
radiation are used to control bacteria. Sterilization Is
destructive to all life forms. This process is used to sterilize
surgical apparatus. It is also used 10 preserve food items on
large-scale e.g., milk, meat etc High temperature is

usually used in microbiological labs for control of
microbes.

Certain electromagnetic radiations below 300 nm
are effective in killing of microorganisms. Gamma rays are
in general used for sterilization process. Heat sensitive
gompounds like antibiotics, seras. etc., can be sterilized
p:focr;l::r:(s) ;::5 m'embrane. filters. Pasteurization is the
g microorganisms by heating at temperaturé

gh to kill nonspore forming bacteria, e. g., milk I8
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nodule bacteria
-preserved material

ed by oxygen (B) are not widely distributed
ophyll (D) have chloroplast
_unllke other types of bacteria that photosynthesize, do
(B)" give off oxygen
(D) not have a cell wall

| protein




AL l
(B) laddm lrpm ‘
(D‘ Iacldng cholesterol
for
(B) photosynthesis
(D) secretion

- supp!y of oxygen
d in ar nxyganated environement
lways need oxygen (D) are photosy

h
|

s between bacteria and archaea?
synthetic pigments of bacteria?

xation takes place in bacteria?

ical composition of cell wall.of bacteria?

bhological forms of bagteria? :
Ce betwoen cell ‘1& f Gram positive and Gram negative bactafm

nfav fourable condition?
‘ flagella.
yacterial flagellum.
of following in bacteria.
b) cell membrane (c) nucleoid (d) plasmid
me capsule (g) flagella (h) cell wall
s of methods of obtaining energy and carbon.
. _' mautotmphnc in nature'?




enic bacteria
| y in bacteria
)mosynthetic bacteria
| phototaxis in bacteria
and mitochondria (i) prokaryotes and.euk ar
acteria and bacteria (k) antiseptics%,, |

&

t are the unifying archaeal features that distinguish them from bacteria.

 are most Archaea inhabit extreme environments?
/ cyanobacteria are considered as the most prominent of the photosynthetic

account of glycocalyx. What are the functions of glycoalyx?
e detailed structu;..g‘éﬁd chemical composition of bacterial cell wall.
great diversity. O  shapes and sizes found in bacteria.
bacterial \\ and cyst.
nomic organization of bacteria.
shic and heterotrophic nutrition in bacteria.
of growth of bacteria.
' and sexual methods of reproduction in bacteria.




group of eukaryotes that has polyphyletic origin and% @e d only

th examples of protozoa, algae, mYXO"‘YCOtaA%* myoota :

Ql
N\ "

rtant for humans. &N I
hat distinguish fungi from other groups and 'give reasons why fungi are

ar fungi that are used for baking@and brewing and are also becoming very
arch.

hed in mycorrhizde-and lichen associations.
\, 4

t of fungi e xg decomposition and recycling of materials.




E )comotion. b=
bited by protists
variations in size, methods of obtaining nutﬁer@ode-. of life,
otion. %@
considerably within the protist kingdom, fro microscopic protozoa o
‘brown algae that can reach 75 metres in length:
gh most protists are unicellular, some have a col ﬁﬁl organization (a colony is
of cells), some are coenocytic (multinugleate but not multicellular), and
lular. Unlike fungi, plants and animals; multicellular protists have relatively
without specialized tissues.
ning nutrients: These differ Widely in kingdom protista. The autotrophic
algae have chlorophyll and. photosynthesize as plants do. Some of the
rotists, e.g., the water molds; obtain their food by absorption as fungi do. Other
i.e., the protozoa and slime molds resemble animals i.e., they ingest food

es of other org@;hs
/s that many.protists are free living while others form symbiotic association
ns. Th k‘ associations range from mutualism, a more or less equal
\ nisms benefit, to parasitism in which one organism lives ma@
ically dependent on it. Most protists are aquatic and live in oceans or
part of the plankton.

ied in the kingdom protists. All protists reproduce ase




_Ination of Water. Reproductlon takes place by asexual and .

of locomotion are pseudopodia, e.g., Amoeba, cilia, ‘e.q., Param
ma, the parasitic protozoans do not have any specific

.Plasmodium (malarial parasite). Regeneration is:common in pro -m
resistant cyst to overcome unfavourable conditions. The protozoans
om kingdom animalia due to their unicellular cell structure as rest of th
multioaﬂular Naeglegig$owieri, (Extra reading materiz
Naegleria fowleri, an amoeba found in
< lakes,  springs, drinking water networ
mrthel' C|aSSiﬁed intO SarCOd'na, pﬂoﬂy ch'oﬂnated Swunm;ng pods H

«ciliophora and sporozoa. ‘primary amoebic meningoencephalitis.
“brain-eating” Amoeba has killed 10 per

2012, 8 in 2015 and 3 in 2016 in Karachi.

N _ 2 have also been reported from Islams
50 protozoans have cytoplasmic other parts of Pakistan,. _

ie., pseudopodia as - their —
structures. The sarcodines are mostly aquatic. Some of them are found in
arid have no sIQﬂ' e.9., Amoeba proteus (free living) and Enta a -'
moebic dysentery in human). While other are found

Icium carbonate (e.g., Foraminifera)




c. d. “%

Fig: 7.2 (a, b) Foraminifera (c, d) Actinopods ol

ozoans that move by means of flagella are called zooflagellates. Trypanosoma
| parasitic zooflagellate causes sleeping sic
- zooflagellate. It is sessile and remains attached by a stalk.
d by a delicate collar which resembles the collar cell of sponges.

Kness. Choanoflagellate is marine or
Flagellum is

Undulating membrane

Attached flagellumm

"o —\ Free
N : “\ flagellum
s, - Ty <
-— w 1
N




contractile
vacuole

Cilia
Macronucleus

Posterior
contractile
vacuole

Fig: 7.4 Ciliates
complexans <\

parasitic prot @15 They lack

for locomotian but can move by B Science Titbits

All animals are believed to have
from a protistan ancestor, mos
protozoan, because protozo

heterotrophic, ingest food
motile.

Mke Protlsts

‘are four d_ Ir__l ocean, freshwater ponds,

d rocks. Algae may be unicellular, fil
' e‘_ i's bmmhodlor

lakes, stream




Photoreceptor

Short flagellum

Contractile
vacuole

Nucleus

Nucleolu

Dinoflagellates
Most dinoﬂagel%hs are unicellular. Their
‘ are often covi with shells of interlocking

eposited with silicates.
tes are known to have occasional

plosions or blooms. These blooms
c ur-the water orange, red or brown
as red ride. This is because of
a melnogenlc compound, called
agellates have chlorophyll (a and

Long
flagellum

Eyespot

Chloroplast
Pyrenoid

Pellicle

Cellulose
plate

Flagella

Fig. 7.6: Dinofla

> in the oceans, Th



-!M ‘ -
ms with slmpla filaments to large multicellular forms up to 75
called kelps are tough and |

or marine water. The large brown algae,
stipes and rootlike anchoring hols

ey paseess leaflike blades, stemlike
‘have chlorophyll (a and c) and carotenes.

0 __g_ attached to rocks or other
holdfast. Red algae also have




granule
Pyrenoid
surrounded by
slarch granules
Chlamydomonas

Daughter

Fla
‘ é) Volvox Colony
g

\ Cell wall

Cell membrane
Cytoplasm
Nucleus
Nucleolus
Chloroplast
large, cup-




slime molds (Extra reading m
slime molds are organisms that 2
like in one phase of their life
amoeba like in anothar phase

30 cm in diameter. They
scaying logs and leaf

Sporangia
fnrmatlon egins




.

sts and downy mildews. Most

arasites. Their body is called mycelium, composed of filamentous
phae as in fungi. The hyphae are aseptate (coenocytic), i.e., Wit out cross
). Most oomycotes live in freshwater or saltwater or in soil. Asexual re production
zoospores, which are motile and have two flagella. Zoospores are

cture, the zoosporangium. For sexual reproduction there are
female gametangium is called oogonium and the male ga
jum. The flowing of the contents of an antheridium into an oogonium leads to the
This produces a special kind of
ves the phylum its name, i.e.,

molds include white ru

-

| fusion of one or more pairs of male nuclei with eggs.
zygotic cell called an oospore. This structure ‘@i

] ycota e.g., Phytophthora infestans.
Germ tube Oogonium
Egg nucleus (n)

Antheridial

hyphae with
sperm nuclei (n)
, Release of FERTILIZATION
zoospores Zygotes ‘
oospores)
Sexual M) O
reproduction o

Zygote
germination

|

P l|‘|i ."-I
- n.

-
.
I'F.
i



Part of an infected leaf in section

WRPUCAS =

A

Branching a3 < ga G“} .
e %@@ - R
Lo Sl

Stoma / e SpoOTAngiophore

m

Haustorium
4 . ASpomgi'

: ' é.;. Phytophthora infestans

- |
ical role ”X\\- tists

llates and green algae are important sources of food and o .
both freshwater and marine ecosystem and act as major producers |

Some red algae incorporates calcium carbonate in their cell walls fror
uilding coral reefs along with coral animals. Dead forami ferar
1ore their shells form a grey mud that is gradually transk
have created vast limestone deposits. .

s fc ganisms, but is also harvested for hum:

- - "l -




AL CHARACTERISTICS OF FUNGI
r (except yeast), eukaryotic, absorptive heterotrophs which have cell

tt‘m and lack centrioles in their cells are classified as fun%@e- study of
wycology. The person who studies fungi is called mycologist.

omic status of fungi (Fungi as separate king @i .

e different from plants as: (1) Fungi have no chlorophyll. (2) fungi never have

\gi are saprotrophs. Fungi are different from aninals as fungi: (i) have cell

absorptive heterotrophs (iii) are non-motile. So fungi can neither be placed in

ntae nor in kingdom animalia. Similarly, fungi.can not be classified in kingdom

ungi are not direct decendendent of prokaryotes
nnot be put into kingdom monera as fungi are T TR
Fungi also show some unique characters not Theancesh‘;;m‘mimem

ther kingdoms such as “nuclear mitosis”. Because | about 570 million years ago, has

NG i ' : not been determined. It has been
istinct from plants, ammgls and qthar eukgryotes in | Coggested, that fungi evolved
been classified as separate kingdom. from red algae because both

fungi and red algae lack flagella |
in all stages of their life cvcle.

grow best in moist habitats, but are found wherever organic matter is present.
y conditions i some resting stage or by producing resistant spores. They can
wide range of pH from 2-9, a wide temperature range and high osmotic

in concentrated salt/sugar solutions as in jelly, jam etc. These features also

[l structure
are eukaryotic in nature, have chitinous cell wall and lack centrioles and
is stored, it is usually as glycogen and not starch. Some cell
s have two nuclei (dikaryotic) while other have r
| cells show a unique mitotic division
vithin the nuclear envelope for the




rébroducﬁve structures.
basal bodies and do not have flagella at an&a of their |

: d source by growing towards it i.e., chem?\ h :

secrete out digestive enzymes, which digest dead organic matter a
us produced are absorbed«back into the fungus. Therefore, the

arasites, Some are even predators, and still others are mutua
nts-directly from the living host cytoplasm with the help of s
a.-They may be obligate or facultative. Obligate parasites
and cannot be grown on available defined growth cultur ',
t rust species are obligate parasites. Facultative parasite
nost as well as by themselves on artificial growth media.




envelope the photosynthetic cells,

s directly to the rest of the fungus.
zae are mutualistic relationships
I and the roots of most plants. The
> direct absorption of phosphorous,
ind other nutrients from the soil into the
S whose roots are invaded by
grow more successfully than do plants
hizae. There are two main types of

which mycilia extend far out into the

izae penetrate only into the outer

zae form a covering thatis-exterior to
ellwalls. These

Mycorrhizae

Fig: 7.15

3 Myeorl'hizae




the cor ..iophores e.g., F
is divided into two daughter nuelel
s one of the daughter nuclei and su

. Fragm ntation is the breakdown of mycelium@to differe
e Ir tO new mycelium. & ,
Fusion @

Haploid

Sexual reproduction

)i alternate between sexual and asexual rep

SRR )
Diploi
o et




is called conjugating fungi because during s
e fused just like the conjugation in bacteria. They are

Ky

(Zygote)

Gametangia

+ Strain — Strain




" that procluae gametes. These stnfctu
yeelium by the formation of septa. Plus and minus nuclej t
oloid nucleus, the zygote. There is no delay between plasmogamy apg
fore, no dikaryotic phase. A .
 develops into a zygospore. The division or phylum name refers to the
res germinate under favourable conditions and divide by meiosis
e splits and hypha grows upward. The tip of the hypha develops int
he sporangium contains many nuclei. The wall of the sporangium ruptures and
liberated. Each spore grows into a new plus or minus strain ofmycelium.

L Ascomycota (Sac Fungi)
‘Ascomycotes are the members of phylum
. Itis a large group. Ascomycotes are

lium consist of septate hyphae. There
etween plasmogamy and karyogamy,
- bo monokaryotic and dikaryotie
8 found in the life cycle.

xual reproduction involves produetion of
d conidia or conidiospores . Conidia
2, Size and may be multiceular. The
conidia is what gives the“characteristic y i
B pink or other tintétd~“many of these Fig: 7.20: Asci and Ascospore
Bllular yeasts, “asexual reproduction —

y budding and fission. o i
- P SR e T

prodiiction takes place when [FES
@éiproduced by the germination |5 . #eF
) grow together and their |
(plasmogamy). Within this
uclei from the parent
W hyphae develop
' cells of these

[ 3
- ¥

e

-




~ meiosis to form four haploid nuclei. This process is

i 7 Protists and Fung;i

._ Within an ascus the two nuclei fuse and form
a diploid nucleus, the Zygote, ‘which undergoes

usually followed by one mitotic division of each of
the four nuclei, resulting in eight haploid nuclei.
Each haploid nucleus develops into an ascospore.

The ascospores, are then windblown if they
land on a suitable location and germinate to form a
new primary mycelium of monokaryotic hyphaeThe
examples of sac fungi are Yeasts (Saccharomyces),
Neurospora, Morels, Truffles, Penicillium.

. Fig. 7. 23(a) Penieillium (b) Penicillium colony

7.5.3 Basidiomycota (Club-Fungi) |
Basidiomycota includes edible and poisonous mushrooms, bracket fungi, puffballs and

some notorious plant pathogens such as rust and smut. Thege fungi are commonlyl lvfnown as
club fungi due to.its characteristic club (rod) shaped rgproductwe struct.ures, thg basud'la. These
fungi also have primary and secondary septate mycelia of monokaryotic and dukarygtlc hyphaE:
respectively. There is also a delay between plasmogamy and - k.aryogamy during 59’::‘3
reproduction. Although club fungi occasionally do produce conidiospores asexually, they

usually reproduce sexually.
7.5.4 Life cycle of a mushroom (Agaricus) X i
Life cycle start by the germination of characteristic haploid sexual spores of this fungus,

called basidiospores. Each basidiospore has the potential to give rise to a new primary

. . Agaricus),
elium that consist of monokaryotic hyphae. The mycelium of Mushroom (Aga nd. A

Sy R . w ground.
consists of mass of white, branched, thread like hyphae that occur mostly below g o

2 of a primary mycelium encounters another monokaryotic (n_) hvphae_"f aﬂm
and the two hyphae fuse. However the two haploid nuclei remain separated E
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each other. In this way a S
with a dikaryotic (n +n) hyphae is p -.
which each cell contains two haploid nmm
n + n hyphae of the secondary mycelium gro,,
and form compact mass, called buttons, ’W
the mycelium. Each button grows into a mm
body known as mushroom. A mushroom, which
' consists of a stalk and a cap, is calleg
r surface of the cap usually consists of many thin perpendicular plateg
from the stalk to the edge of the cap. On the gills of the mushroom club
e produced where haploid nuclei of the dikaryotic cells fuse.tQ form diploid
then takes place forming four haploid nuclei that move into finger like
_;,hasidiospore. which are released later.

>
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s and Fungi

7.6 IMPORTANCE OF FUNGI

e 'sf;:isar: UslerI and also harmful to human beings. Fungi cause economic gains as
well as. . People eat fungi and grow them to make various chemicals. Fungi cause diseases

Jrﬂ 'ﬁu‘man.s. o . nimai§ and plants. Here we will discuss use of fungi, antibiotics obtained
from fungi, mutualism, edible fungi, ecological role of fungi and pathological role of fungi.

7.6.1 Ecological impacts of fungi

Fungi make important contributions to
the ecological balance of our world. Like
bacteria, most fungi are saprotrophs,
decompose and absorb nutrients from
organic wastes and dead organisms. In this
way fungi help in maintaining the nutrient
balance in nature. The organic waste is
removed from the environment by the activity
of saprotrophic fungi and bacteria.

The fungi and bacteria liberate huge
amounts of CO, in the air by decomposing
dead bodies of animals znd plants. The
green plants for the synthesis of organic food
use this carbon dioxide. Thus fungi help in
recycling of materials.

Humus is an important constituent of
soil and essential for the proper growth of plants.
It is formed from the organic waste material
through the activities of fungi and bacteria.

‘brick/rust-red spores of the fungus. Smuts. are called

Rusts (Extra reading material)
Rusts are called so because of numerous rusty
and orange-yellow coloured disease spots on their
host surface (mostly stem, leaves), later revealing

so because of their black, dusty spofg masses that
resemble soot or smut; these spore masses replace
the grain kernels such as those of wheat, corn etc. J

Science, Technology andSociety Connections
« Describe how helpful fungi have been for
us as source«of antibiotics and other
useful chemicals.
Often the first'choice eukaryotic organisms for
protein produetion is the yeast (Saccharomyces
cerevisiag). Yeast cells can take up foreign DNA
and integrate into their genomes. Yeasts also
have.plasmids that can be used as gene vectors
and:sometime yeasts are better than bacteria at
synthesizing and secreting eukaryotic protein.
Yeast is currently used to produce a number of
proteins. In some cases the same product, for
example interferons used in cancer research can
be made in either yeast or bacteria. In other cases
such as hepatitis B vaccine, yeast alone IS used.

Some fungi such as lichen also contribute in bioindication of pollution, reduction of
environmental pollution and ecological succession (development of an ecosytem)

7.6.2 Economic gains of Fungi

Fungi are used in food, baking, brewing and medicinal
industry. Fungi are also being used in genetic research as

model organisms.
Fungi as food

There are some 200 kinds of edible mushrooms e.g.,
Agaricus. Some edible mushrooms are cultivated commercially.
Morels, and truffles, produce underground fruiting bodies are
used as food e.g., (Morchella sp.). Aspergilus sp is used to
produce soya sauce and soya paste from soya bean.

Use of fungi in baking

Fig: 7. 26: Morchella sp.

bread Amylase from fungi, which digest starch, can be added to increase the
Yeast uses sugars as a source of energy in respiration. Both aerobic and
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wing. Different species of Saccharomyces (yeast)

the biological research especially in genetic research. Res

udy molecular genetics of eukaryotes, because its cells are e
. Pink mold Neurospora has also been used for genetic rese_e_:rch.
tes to be used in genetic engineering. In 1983, a functional a
ade in Saccharomyces cerevisiae. It was also the first eukaryotes

as completely studied in 1996.

reading Material)
mushrooms can look very

: ple way to tell them apart;

entified by an expert. Some of the

s mushrooms belong to the genus

es of this genus have been

ch names as “destroying

"and “death cap” (Amanita

single mushroom of either

atal. Jack-o-lantern is a poisonous

ion of certain species of
intoxication and hallucinations. Amnita Jack-o-lantern

nology and Society Conpectipns
helpful fungi have been for us as source of antibiotics and other useful chemica
icfordanisms for protein production is the yeast (Saccharo
p foreign DNA and integrate into their genomes. Yeasts also
gene vectors and sometime yeasts are better than bactel
ukaryotic protein. Yeast is currently used to produce a number of pro
e product, for example interferons used in cancer research can be
lh other cases such as hepatitis B vaccine, yeast alone is used. |
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Some important plant diseases caused by ascomycotes are powdery mildews,

~ chestnut blight, Dutch elm disease, apple scab, and brown rot, which attack cherries,
peaches, plums, and apricots. Diseases caused by basidiomycotes include smuts and

rusts that attack various plants for example the cereal crops of corn, wheat, oats etc.

Role of fungi in human diseases

Some fungi cause superficial infections in
which only the skin, hair, or nails are infected.
Ringworm and athlete’s foot are examples of fungal
infection of the skin. Candidiasis is a yeast infection of
mucous membrane of the mouth or vagina caused by

Candida sp.

Histoplasmosis is a serious infection of the
lungs caused by inhaling spores of a soil fungus.

Ergotism is caused by purple ergot rye. It
causes nervous spasm, convulsion, psychotic Hyphae
delusion and even gangrene. Fig: 7.27: Ringworm

Fig: 7.28: Athlete's foot Fig: 7.29 Candida (Candidiasis)

VIDCATBYFUTUREDOCTORS(TOUSEEFAHMADKHAN) 03499815



th fungi and some types of bacteria?

pic animals @ '

,t;ma éﬁalﬂs across cell wall "S%

of two over lapping shells in Qﬁs% -
Ndiatoms (C) dinoflagellates, (D) brown algae
28 )
ismatched?
closed relatives of land plants
-- two part shell

plasmodium _(C) ‘rhizoids (D) mycelium
me molds but nofiinfungi?
& » amoeboid adult
" (D) photosynthesis :
- they are -
autetrophs @)’ heterotrophs (D) heterosporo._
iehitin, which is also found in exoskeleton of
B)"molluscs (C) echinoderms (D) chordates.
afian alternation of generations, multicellular haploid form

(B) unicellular haploid form
(D) multicellular haploid form
h asexual reproduction in f ngi
: (C) basidiospores '
multinucleate masses?
(B) cellular slime m
Plasmodial slime mold







sharacteristics of vascular plants. .
m vascular plants with axampleswwhlsk ferns, club mosses, |

ol f‘h _'-:nf leaf in vascular plants. N

. lhnts as successful land piga;s.

nportance of seedless vaz\' etilar plants.

ses of gymnosperms.
erence between monocots and dicots.
vering plant.
nstrates an adaptation of angiosperms on land.
e its major ty;?es
5 of angiosperms for humans.
uctive structures of a Pinus and relate these with its life cycle.




ta resp:rataon and have similar
Some sequences of nuclear andQ
re also matching. Q &

¢ Features of Plants
‘multicellular eukaryotes with well-

and have autotrophie “nutrition.
stected from being dried up in air by

Bl fom 2 waxyasubstance called Fig: 8.1: Alternation of generation
_ ?tems and leaves '

-

hloem and cellulose rich cell walls. Plants show |..,




or afed to sporophytes
op wte tissue, others t

Cycle of Moss

(1)
(2)

(3)

(4)

d manufacture thelr own f
Some of their sporo
hat are not enclosed urn

The main features of bryophytes are:
They lack specialized vascular

tissues.
Multicellular sex organs produce

embryo.

Sporophytes are always smaller and
obtain their food from the
gametophyte.

Their life cycles involve alternation of
generation.

Bryophytes are also called
amphibious piants because they
need water for development,
existence and reproduction.

rjignts show two generations the sporophyte and the gametophyte, which
with each other. It is known as alternation of generation. The life cycle is

plant passes through these two generations.

i '_-.e'e_n shofi@ihe gametophyte. It produces gametes and reproduces by
The sex .

' sex organ\is at the apex of the shoot. The male sex organ is known as

r Sex organ as archegonium. The sex organs are intermixed with
ke structures, known as paraphyses. The two sex organs may occur

monoecious or on two separate plants,

i.e., dioecious. Th&-

porophyte by meiosis, thus the spores are haploid.

e called protonema having bud and branches.
e. -_ ]_n the -




Sporophyte
embryo

Meiosis produces
spores

7 £\ Diploid (2N)

Meiosis
Haploid (N)

Archegonium : ‘

Airborme ...O
-
spores = ®

.

Sperm
Paraphysis

Male ‘ ’l"
= gamamﬁ@

Q‘\‘Y Fig: 8.3: Life cycle of moss (Funaria)

@pmtions of Bryophytes
ve characteristics exhibited by nonvascular plants are:

sllular plant body and conservation of water

t body of liverworts called thallus is
onsists of hundreds of cells, e.g.,
Aar-kan-shia). Only the cells of the upper
‘the atmosphere. Some cells are
1e are storage cells. Water cannot
cells because the upper :

Protonema

The Land
Tél&e:-land




o amw

n of water in moss and liverworts are rhizoids. T
f the Marchantia thallus. Rhizoids are

ar and are extensions of the cell of the lowere& Rhiz

of water from the soil and also h@ ndmoragn
Upper

c\..

-
. -
-

* -
. -

- o* L
o
- BeE . Lew e -~ e -~
” vy o= e, - e Sew
el i - q-.. ‘ —_

- . -'.-,
3 e .

-

S

Lower

: 8.5: Transverse section of Marchantia thallus

are produced, it is called heterogamy. Sperms and’:
g 9.9._, Moss, Marchantia etc. The ‘sperms are f
| A The m Is large and nanrmtile.




(6) Embryo Formation | -
-m{ne:e:::m’:“?: is inside the archegonium. The zygote divides to form the embryo arakl
Ity e :atla'rit;etgonium The chances of survival of embryo are increased as it is'
plpmmants. e archegonium. Embryo is present in all bryophytes and vascular
(7) Al!romatlon of Generations
he | '
i rr;osses. and I‘lverworts have a life cycle with al ternating gametophyte and
porop generations. It increases the chances of survival of the plants on land.

Archegoniophore Anthendiophore

Gemma cup

(b) Disk shaped structures that

Fig. 8.6: (a) Umbrella shaped
bear antheridia in Marchantia

structures that bear archegonia
in Marchantia

8.2.4 Importance of Bryophytes
hey hold the soil in place and helr

Mosses play an important role in their environment. T
prevent erosion. They provide food for animals, especi
Commercially the most important mosses are the peat mosses. Their |
are beneficial as a soil conditioner. When added to sandy soils peat mo
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jially birds and
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eaves hold water anc
ss helps to hold an



8 Diversity Among Plants

.3 SEEDLESS VASCULAR PLANTS

Vascu-'lér plants include ferns and their allies, gymnosperms, and angiosperms.

/ascular tissue consists of xylem and phloem. The vascular plants have true rc|>|ots, stems,
and leaves. Xylem, with its strong-walled cells, supports

the body of the plant against the p-ull of gravity. The
leaves are covered by a waxy cuticle. Leaves have
small pores called stomalta. The sporophyte
generation is diploid and domlnar)t in vascular plants.
The vascular plants are widely distributed:

The seedless vascular plants (ferns and their
allies) disperse the species by producing 'windblown
spores. When the spores germinatg, a relatively large
gametophyte is formed which is independent of the
sporophyte for its nutrition, in these piants, f‘lagel.lated
prect sperms are released by antheridia and swim in a film of
e external water to.the archegonia, where fertilization
occCurs.

Because' the seedless vascular plants are not
closely related, each type is placed in its own division.
The seedless vascular plants include whisk ferns
(division  Psilotophyta), club mosses (division
Llycopodophyta), horsetails (division Equisetophyta),
Fig: 8.7: Rhynia and ferns (division Pteridophyta)

“ Rhizome

la—Whisk ferns

\\///1/ The group psilopsida includes the
simplest known vascular plants known
// as whisk ferns, named for their
_ resemblance to whiskbrooms. The
Sporangia  Whisk fern lack true roots but bear
underground stems called rhizomes that
—Sale bear rhizoids. Aerial stems have no
aerg €8VeS, they have only tiny scales fork
sem  repeatedly and carry on photosynthesis.
Sporangia are present at the tips of the
branches. Most members of this group
?\H are extinct. Example of extinct group are

‘., Rhizome

i -— Rhynia. Psilotum is the most common
- Whisk fern, Psilotum living genus.

“MDCATBYFUTUREDOCTORS(TOUSEEFAHMADKHAN) 03499815886



the sporophyte, and fertilized
Seed dispersal occurs by wind
: leaves or | toanew location.
e.g., club mosses
veined leaves are
prominent blade. As Stem
vascular bundles are Vascular
are called many veined tissué
egaphyllous leaves, e.g.,

—> g —

B Etecord showing Unbranched Projection  Vascular with

siagle veined leavgs. giom supply to oo e
theses have been projection

Fig: 8.9: Evolution of single veined leaf, outgrowﬂ'lhypmsis

%
tc %@out-g rowth

ed leaf originated




MWMWM

Wiﬂﬁ vascular plants e.g., R"i'""-
= mlsvlewmw

were changed to a '-
plane known as plan
The branches becamo
The spaces between th
bundles and branches of
vascular tissugs became filled
with photosynthetic tissues
called wehbing. The structure
resembles superficially to the
webbed foot of the duck and
thus a many veined leaf

evolved. ]‘

Lycopsida — Club Mosses

The plant body consists of a
' branching rhizome which sends up
“ JPranches gerial stems less than 30 cm ftall.
Tightly packed scale like leaves
neria  COver the stem and branches of the
plants. The leaves are microphylls,
having only one strand of vascular
tissue. In club mosses the sporangia
Ay are born on terminal clusters Gf
micophylls)  '€@ves called strobili which are club
rzome ShNa@ped. They are only living plants
iL to have microphylls. The familiar
members of this group belong to
genera Lycopodium and Selaginella.

 moss, Lycopodium

orsetails
y known as horsetails, are found in waste and wet places a



~ Strobilus

——|_eaves

— Node

Rhizome
£

Fig: 8.13: Horsetail, Equisetum

8.3.5 Pte

Ferns belong to the group pteropsida, subgroup or class filicinae, which are most
abundant group of seedless vascular plants.ifrwarm and moist tropical regions.

Ferns range in size from reduced.aquatic forms less than a centimetre, to a tree fern
that may have trunks more than 24 metres tall, with leaves up to 5 metres or more in length.
Except few all the ferns are homesporous. Sporophyte generation is much larger, more
conspicuous, and more complex than the gametophyte. Sporophyte is completely
independent. Sporangia are foliar. i.e., attached to leaves or fronds. When the frond is young
and immature, it is coiled. This pattern of development is called circinate vernation. It is an
important feature of ferns.

Fig: 8.14: Ferns

MDCATBYFUTUREDOCTORS(TOUSEEFAHMADKHAN) 03499815886 .



ple, peat moss he'PB to hold and _reﬁiﬂ
mulates and do not decay. This accumulated

Peat mosses Sphagnum

@ of Fern (Adiantum) 4
f Adiantum (Maidenhair fern) contains two generations i.e., sporophyte and

. Both of these generations are independent.

eration

f Adiantum prod » vegetative leaves at start. At later stages, fertile

ucing along %?'Vegetatwe leaves. Fertile leaves produce sori (singular:
,‘ ide. Sori roup of sporangia. These sori are covered with a ﬂap-

"’0.‘&

\'1 |$ flattened, spherical or ellipsoidal. It consists of a stalk
capsule. Capsule is covered with single layered \mll.
and stomium. Annulus portion contains cells with t




‘ -

r

"t .

L) ‘

' @%
An!hend:uu!‘b

Gametophyte {Protw ‘




f Seedless Vascular Plants A
olla are chiefly grown as ornamental @

 thizome of lycopsida sp-
y ornamental plants of gardens
\ of bouquets. Stems and leaves
ra are edible. Some ferns yield a drug, which
ractically all the members of the seedless

ly to coal formation.

v '8.4 SEED®RLANTS
wo groups of seed bearing. vascular plants are the gymnosperms and
seeds of QWHOSWé are produced exposed on the surface of the
¢ up cones. T%I'%ibeds of angiosperms are usually enclosed by a f

N

and@f@e‘nhouses. Some of them
of tree ferns are used for k

“which is utilized for removing the
vascular plants have

an y of & = \
e CO red as a fertilized megasporanguim. It has integument aroun
ition the seed has passed through the following stages.
| A———— Protective leaf

Integument

| -
o




Sllen tube parallels the evolution of seeds. The egg produced inside
in the sporangium. It is so well protected that flageliate sperm

 of Integument around the Megasporan

rous period fern like plants were present. The sporophyte of these plants
ive branch like outgrowths, surrounding the megasporangium. During evolution
s fused together forming integument, enclosing the megasporangium.

in the megasporangiurn; This modified structure is called an ovule.

s (naked seéd plants)
:._ ——

sperms may be tall, Yhare ! S ot et Bre of
'he plant body is @ | gymnosperms. Conifers, Cycads, Ginkgo
em, leaves and root. Z;gd Gnetophytes. In gymnosperms, the
: ; s are not covered. Instead they are
ption of Cycas, which | © 0 od on the surface of the sporophyll,
leaves that bear sporangia. Reproductive

e : organs are usually borne in the cones on
‘types of l.eaves. The foliage | yiich sporophylls are spirally arranged.
es. Foliage leaves may be | Other than these features, the four

|eaves are evergreen with | ymnosperms have ile in common.
imple. The arrangement of :

, _gxhit;it.._xemphytic features like thick and tou: .

the surface. Xylem consists of




8 Diversity Among Pl

seeds like chilghoza are eaten as dry fruits. Ephedrine, a drug from Ephed

Mﬁaﬂef of asthma and other respiratory ailments. Conifers are a source of soft v
ction, packing, plywood, board and for making paper. Cycads areé grown as

| plants, a wild cycad, serves as a source of * ‘sago’. It is pure starch extracted in
tate and then solidifies to form small granules. Resins, terpentine, tar and many oils arg

2d from conifers.

(b) Welwitschia
Fig: 8.17: Gymnosperms

hﬂ&spems (enclosed seeda piants)

18 are the flowering plants. Their seeds are enclosed by fruits. The leave
mfalded and joined at the margins to form ovaries. The ovary after fertili
‘This is exceptionally a large and successful group of plants which IS
- They have common characters, like, vascular tissues, differe
YM' seeds. The two groups may be differentiated as shown in tabl




i L '

poll

mitotic divisions produces microspore
her cell, four haploid microspores are
to a two celled, pollen grain. A tough wall devel
protects the contents of the pollen grain from drying out. Cell
te a sticky nutrient fluid containing sugar and other substances.
the pollen grains germinate on the stigma. Each po%?%rain produces
the tissues of the

valled pollen tube. The pollen tube grows down, throm@;
 ovary until it reaches the ovule. »
n tube develops, the two nuclei of the pollen:grain move into it. The two
d generative nucleus and the pollen tube -!.micleus. Generative nucleus
rm two somewhat elongated sperms. The tube nucleus is located near the
tube with two sperms following behind. The pollen tube, containing tube
 two sperms (male gametes), is the male gametophyte.
is an egg shaped structure aftached by a stalk, 10 the inside of the ovary.
the species of the plant involved, an ovary may have one, two, several or
of ovules. The ovule has an opening called micropyle. Megaspore mother
meiosis to"produce four haploid cells. Only one of these |
alled the megaspore which divides by mitosis three tim
rhis structure is called embryo sac. Wall formation takes p
e cor 4ad into cells. The cells of embryo sac are: antipodal cells, polar
sy @g The embryo sac having these cells are called female
tinodal cells are three in number and are present at the opposite end of the
ction and sooner or later get disorganized. Synergids a wo in
| . These help in fertilization by guiding the _|lé
oover these get disorganized. Polar nuclei are two in nu!
has been fertilized, the two polar nuclei have comb




la After fertiliza
of three sats

- _._6Id ie nslsts

: ].ﬂtegument_ _ . .
Pollen grain { ' |
(Microspores)

: throgametophyte

Degenemung

Generati
o i







d insects pollination.
_adaptations of angiosperms on land. Fertili

éht of external water. Double fertih \\

..in clusters along with the stemand associated whorls co
ding upon the arrangement of flowers, inflorescence is classified

) Racemose (b) Cymose (c) Compound

L

ral buds. The flowers are
.., the basal flowers are




' '_L__ng plan‘m ug.
( fodder for the cattle. Im

gs are obtained from flowering plants. Some of the ds

ber yielding plants are teak, sal, oak énd sisso (s um). C
: oak Many plants provnde us fibres for vario

s used for making coir, brooms and cluster etc. Az
gardens and houses as ornamental plante“,%mmon among them are roses




(C) antherozoids (D) d
aéz

,@diploid gan@yte
(D) hapioi({@etohyte

N

e characterised by D
Iate Sperms_- i @ naked A2

(.D' seeds inside fruits

e Of a flower
yjma of a flower

(B) gymnosperms
(D) angiospersms




: and archegomum
s and dioecious

QI'

al «: perms and gymnosperms
srative nucleus and pollen iw@hucleus
yodal cells and synergid%‘. <

olls oid Qﬂd tl'iplOid PO\ N
ind cymose inflorescence

=0 t;’StionS

\deneral characteristics of bryophytes.




iploblastic levels of organization.
y found in animals.
s, acoelomates and coelomates.
protostomes and deuterostomes. ¢
characteristics, importance and «examples of sponges, cnidar
nths (nematodes), mollusks, amiqlids arthropods and echinoder

onary adaptations in the corgiiaetned phyla for digestion, gas exchar
and coordination. AN

ristics of invertebrate Brdates and vertebrates.
'éharactenstics of jawi es, cartilaginous fishes and bony fishes.
characteristics hibians, reptiles, birds and mammals.
pials, and placentals.

ary a ns in concerned groups for gas exchange, transport

‘

__ erived from Latin word anima meaning breath or soul. / |
¢ nthe kingdom animalia. Now the question arises, wh
al? In _thls chapter we will learn about the ammall

) ammal dwersuty

ISTICS OF ANIMALS




The body of diploblastic animals consists of tv

derm. Such animals have tissue level of organizati

the two germ layers. There are no spe \ d organs A neuron net is
one cavity called gastrovascular cﬁﬁy with only one opening. The

of phylum cnidaria. .
Diploblast Triplcblast

Endoderm

of the triploblastic
of three germ layers
erm and endoderm.
development these
iploblastic animals are
arate layers of cells,

ited by the strictures

. The ani als’ have Ectoderm
Non-living layer Mesoderm

_ @rga d organ
Fig. 9.1 Diploblastic and triploblastic level of organization

fica 'on based upon type of body symmetry
assified according to body symmetry. The subkingdoms Eur
adiata and grade Bilateria.




;. ' Fig: 9.2: Radial symmetry Fig: 9.3 Bila mimetr

n based upon type of body ca _
ed according to type of body cavity g&elom, a fluid f
ody wall and the digestive tube.

cavity deve ops between the mesoderm and endoderm it is call
minthes (nematodes). L

.-,;_._.__enn and is completely lined by mesoderm
. .__melamic fluld Ammals with a true




Coelom forms by an out-
pockeung of primitive gut

= - Fig: 9.5: Protostomes versus deuterostomes

ns (for example sea stars and sea urchms) and chordates (tha

| re ihe deuterostomes (& second the mouﬂ'l )
R R e -




>
4"‘ " Tissue Level of Organiz
AN

Fig: 9 {‘9;“ ogenetic tree of the animal kingdom

Q& DIVERSITY IN ANIMALS
verse in structure. There is the vast differences in structural com -
simplest sponges to humans.

1 animal species. The invertebrates have been ¢
latyhelminthes, aschelminthes, mollusca, ant

- :”-Il




hapes ef spicules form the skeleton. These are naedle like and may be calcanous or
_ The bath sponge has spongin fibre.

Water out

Osculum Central Sponge
cavity wall

Spongo-

Doe! Mesenchyme

Collar

Flagellum

Collar cell
Sy (choanocyte)
Sponge Organization
e - " Fig: 9.7: Generalized sponge anatom
R - & e pong y

Asexual reproductton takes place by budding or gemmules Buds develop into new
duction takes place by egg and sperm. Sexes may be separate or

nges. Sexual
aphro ite\ embryo development includes free swimming ciliated larval stages.

‘ ‘1 have remarkable ability of ¥
on from a small fragment. % \d &

e evolved from the protists “l} y 1 s

lagellates. The examples of . ,

ng in sponges:
intracellular

NE



tios of phylum cnidaria: Cnidarians are el
hwater, e. g Hydra. Most of the speczes aré»‘sessﬂe eg.

n the two. They have a sac like mternal gastrovascular cavlty Whic
the mouth. The mouth is often surrounded by tentacles. Tentacles &
1 stinging cell organelles called nematocysts.

Asexual reproduction takes place
budding and sexual reproduction by
Cnidarians also occur in the form of color
units of the colonies are called zooids. The
two main types of zooids. Polyps which @
feeding zooids and Medusae are reproduct
zooids, for sexual reproduction. o'

p
Evolutionary adaptations in cnidarians:

(1) Digestion: Ga'strovas'éular cavity
branched or divided with septa with
~opening. (2) Transporta ion and
Takes place thro gh drffu51




S—

Feeding polyp
| Emerging

Gastrovascular *
cavity

Fig: 9.9: Hydra Fig: 9.10: Obelia
Coral Reefs .- i yding material)
(Extra reading materia ) Coelenteraté. animals may show a number of zooids. They are of
; differentt ‘forms. They take up different functions. This is
Corals are cnidarians. [t is called golymorphism. Polymorphism denotes division of labour among
made of CaCOs. The ectodermal | | ye Zonids of the individual. A polymorphic colony contains many
cells of the corals take lime from | |40 4ividuals called zooids. They are mainly two types: (1) Medusae

the sea water and form their 4 Li2) Polyps. Polyp is sedentary. It shows mouth and tentacles at the
exoskeleton. These exoskeleton tree end. The medusa is free swarming. It is represented by polyp
form coral reefs and even island. form. It performs all functions. Obelia like animals Show two forms,
Coral reefs are found in the coastal polyp nutriive zooid and medusa reproductive zooid. This is
\water of Florida, West Indies, East | | .ajled dimorphic organism. In a colony of Obelia three types of zooids
coast of Africa, Australia and || e present: (1) Hydranth (a Polyp stage), (2) Blastostyle (asexually,
Island of Coral Sea. reproducing zooid). (3) Medusae are present.

3. PHYLUM PLATYH ELMINTHES (flatworms)

General characteristics of phylum platyhelminthes: The flatworms are free living,
e.g., Planaria, or parasite, e.g., Tapeworm. They are found in freshwater, marine, animal gut,
liver. Body is soft and flattened dorsiventrally. Platyhelminthes are triploblastic and exhibits a
bilateral symmetry. Coelom is absent, and the spaces are filled with mesenchyme tissue.

ots are present in some flatworms. Free living forms are motile. They move by cilia

underside of the animals, e.g., Planaria. In parasitic forms movement is

duction takes places both by asexual and sexual means. Asexual reproduction
forms are monoecious. .
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s in'Platyhelminthes:

system is incomplete
type, having only one ‘b%
or, the mouth. g )
Livor"'._'_ :

: Resplratory system is absent.
- Trah rt system is absent.

cretory system consists of two Scolex attached to
: \ 5 Sucker Intestinal wall
with  branches bearing flame

1ce of platyhelminthes: The parasitic

kes and tapeworms are very harmful

%ﬁ, Fig: 9.11: Flatworms
e\
\ INTHES (roundworms) / NEMATODA

NS : : :
ve in soil, roots, human and animal intestine and muscl

an five cm long and many are microscopic but some paras

' is not continuous. It is divided into four o
eral. The body cavity is pseudoc

istics of phylum aschelminthes: The roundworms are free livir
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f man.
lon and appendix

Importance of aschelminthes: Ascaris lumbricoides is an intestinal parasite 0
Pinworms (Enterobius vermicularis) are parasites in the human caecum, cCO
causing insomnia and loss of appetite.

Ascaris

Pinworms Enterobius vermicularis (Female)
Fig: 9.12: Nematodes

5. PHYLUM W (soft bodied animals)
ree living or sessile, and live

General characteristics of phylum mollusea: They are fr
in freshwater, marine and land (in moist places).-The molluscs exhibit bilateral symmetry, are
triploblastic, coelomate, soft and unsegmenied animals. Body is divided into; head ventral

muscular foot dorsal visceral region. The whole animal is covered in an envelope called
(snail), internal (cuttle fish) or even

mantle. It secretes the shell. The shell may be external

absent (octopus). Mouth cavity may have a tongue like structure called radula, e.g., Cuttle
fish, snail. Coelom is divided into'sinuses. Sexes may be separate, €.g., Unio or united, e.g.,
Helix. The development takes place through trochophore larvae.

The examples of molluscs are snail, slug, Oyster, freshwater mussel and Octopus etc.

Snail Freshwater Mussel

4 i Fig. 9.13: Molluscs
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Is. (4) Excretion: There are one
al cavity.(5) Nervous system: T

, pedal and visceral ganglia with nerve cord.
of molluscs: Shell of freshwater mussels are use nt

d for making ornaments. Some oysters make valu
oyster, mussels are source of food in Far East, Europe,
urious in garden and cultivation. Toredo a @vorm damac

\4

A A 'f NELIDA (segmented worms)

eristics of phylum annelida: The annelids are called segmen

free living (Earthworm) or ectoparasite (leech). They are found

1 marine e.g., Nereis. Body is metamerically segmented. Coelom is a

Clitellum
Prostomium

Pheritima (Earthworm)

Nereis

S
3

B Fig: 9.14: Annelids

¥ |

compartments. The coelomic fluid of the adjacent ¢
gs a h_Yﬁdrostatic skeleton also. The body
ch help in locomotion. The organs of loc
present in the body wall of Nerejs.
e annelids are hermaphr




of annelids:
“tmpartant food item for many

5 help in soil improvement.
' to man and cattle.

PODA (animals with jointed legs)

n "” R

al thmcterlstlcs of phylum arthropoda:

)ds are called joint footed animals. They are

es and are found in all types of habttaf

nted. Some are worm like and othegs are

egments are modified, specialized: and

7 is bilateral; head, thorax and abdomen

ct or fused. Body is covered by‘chitin. It is
pi"aces to allow articulations

body is covered by ﬁﬁﬂ. .
protective colouration
aggressive behaviour. 'I'Pie
and pupae do not have to c¢

canal has two v‘penlngs the mouth and anus.

5 exoskele on \ ormed chiefly of chitin. Muscles are attached to exoskele
S 5€ arate in arthropods The male and female arthropods m@

is mostly mtemal. Development takas pl@ea__




lungs (e ) or @
ory organs are called Malpighian tub
yrm of solid uric acid. (5) Nervous sy
s a brain and a ventral double nerve cord. T
om which nerves arise. |
of arthropods: Lobsters, crayfish and prawns are eat
5 hosts for human parasites, e.g., Cyclops ca Ty le
1. Honey and bee's wax are produced by the hq eybee and
in the production of fruits, seeds and vegetables by pollina
ophila), cockroach, grasshopper are abundgm' used as lak :
learning and research. Insects destroy field crops, fruit trees and timi
diseases among human beings. Bees and wasp's sting, mosquitoes, lice
ick blood. Scorpions and a few spiders arépoisonous and sting.

aracteristics of phylum echinodermata: They are free Iiving;"'some are
substratum. The echinoderms are exclusively marine. Most are found at the
shorelines in shallow seas.

covered by delicate epidermis: The echinoderms are triploblastic coelomates
Symmetry in adult. Echinoderms have an endoskeleton consisting of a
rich plates. The spi,aéfe‘l,.'which stick out through the delicate skin, account fo
mouth is on the dral*Side and anus is on the aboral side. There is a
arms radiate. e body may be flattened like biscuit, (cake urchin),
ort arm (starfish) globular (sea urchin), star-shaped with long arms (brittle
cumber): Coelom consists of canals and spaces, and one of which 1
;.j“ f: [ossary). Ofgans of locomotion are the tube feet.
g the edges of grooves present in the arms.
m'te The fertilization is external.

‘symmetry, autotomy and
is shown by the adult and




Ring canal

Fig: 9.16 (a): Echinodern. Star fish and water vascular system




animal kingdom. Hemichordates are sotl
relationship to chordates. Examples: Balanoglg

Proboscis stalk

Gill pores

Collar

stry is bilateral anq hemichordates are triploblastic. Body cavity is a tm
2 sg::er;n::;mpnses_of'a. glomerulus situated in the proboscis and o

. r]g_lﬂaphr[ma. Sexes may be separate or unit iizationh
ment may ingltide free swimming larval stage. united. e

. oﬁ‘ut;:;n::?r:ial'ltez (1) Respiration: It occurs by gill
Bhgitudinal vessels ordates. (2) Circulatory system: It i

is colourless and wi . @ dorsal and a ventral, interconnected by A

¥ i, without corpuscles. (3) Nervo :

rmal plexus of nerve cells and nerve fibres us system: It is diffus

RDATA

5 of the phylum chordata
o n G called the chordate most fam
'd the most widely distributed animals, shf;u?inreg t:ie rsi




e gill slits (pharyngeal
d perforations on the

n the pharynx to exterior.

“anal tail: It extends beyond

. at least in embryo;

Fig. 948: Main features of the chordates, as shownina
ige back, reversion) into generalized embryo

ation of Chordatesx
lum chordata ha§ been subdivided into two groups: (a) Protochordata

brain is not. osed in bony case (b) Craniata in which brain is enclosed
notocho been replaced by vertebral column.

crania)
ordatas has been divided into two sub-phyla: (i) Subphylum
AN :
yphalochordata.
{ Excurrent
siphon
y a covering called tunic
v@l tha outside are two




organ for respiration. The..
hordate is: Amphioxus.
g‘:‘w

ylum i.e., ved@’m‘.
‘that gi %ne member

rtebrata” and

vertebrae, which
‘the body, and a




Eye :S_'ing'lje nostril

Mouth surrounded Pores ﬂf
by barbels : slime sacs

(Caudal fin

2a lamprey Pefromyzon marinus

Jaws Evolye |
_atea have jaws The tooth beanng ‘bones of the head. Jaws are believed to ave




' Pectoral fin
Shark

Figt 2{2\{ €hondrichthyes

QSTEICHTHYE%S"'ony fishes)
icteristics of class osteichthyes: Body is usually spindle-she
movement L through water. Endoskeleton is partly or wholly bony. -
girdle is often absent. Notochord persists in a greatly reduced form.




Caudal fin

Pectoral fin
Pelvic fin

Fig: 9.23: Labeo rohita

Operculum Anal fin

Fig: 9.24: Sea horse Fig: 9.25: Lobe-finned fish, Latimeria, is a living Fossil.

All the animals which are called tetrapods

, ris less buoyan
means to respire air.

. ancestral to th Yﬁlblans the first tetrapods. Animals that live on land use limbs to
t than water. Lobed-finned fishes and early amphibians also had lungs and

4
have four limbs. The lobe-finned fishes of the Devonian period are

support the body,

3. CLASS AMPHIBIA

General characteristics of class amphibia: Body varies
~ considerably in forms, is divisible only into head and trunk. Most
m two pairs of pentadactyl limbs with 4-5 or fewer digits. Some
ithout legs, e.g., Caecilians. Webbed feet often present, e.g.,
n is often smooth, moist and rich in glands.-It is highly
Scales are generally absent. In some glands are
itophore pigment cells are present in the skin. ‘

-

Critical Thinking
What limits the ahimv of
amphibians to O’BWW T
full range of al
habitats and mws
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! "~ 9 Diversity Among

In larval stage respiration takes place by gills and in the adults by lungs and skin.
is three chambered with respect to atria and ventricle. Sinus venosus, truncus arterigsye
are present. Double circulation takes place through the heart. Sexes are separate. Gonadsg aee
paired. Fertilization may be external or internal. Most forms are oviparous.

Development takes place through metamorphosis. Amphibians are anamnioteg
(without amnion). Body temperature is variable, i.e., poikilothermic (ectotherms) and mgg
forms undergo hibemation in winter. The examples of amphibians are frogs, mdﬂf
salamanders, caecilian, mud puppy etc. !

Evolutionary adaptations in class amphibia: Limbs for movement on solid substratum!
Lungs for breathing air. Internal nares to make breathing possible by keeping mouth closed,
Slimy skin for protection against desiccation. Changed in circulatory system to providg
respiration by lungs and skin. There is reduction in bones to make the body lighter.

Longtail Salamander Common Mud Puppy (Necturus)

Fig: 9.26: Amphibians

Transition from Aquatic to Land Habitat

bians are on the borderline between aquatic and true terrestrial animals. The anim

Wﬂ or in water. So the amphibians are not a successful group owing to their depé d 2nC
S m reproduction and development.
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9 Diversity Among Animals N 4
CLASS REPTILIA

General f:haracteristics of class reptilia: There are two pairs of pentadactyl limbs,
‘each typ.ically with five digits. Skin is rough, cornified and dry, which is adapted to land life.
Heart is incompletely four chambered, having two atria and partly divided ventricle. Crocodiles
have completely four chambered heart. Reptiles are cold blooded animals, i.e., piokilothermic
(ectotherms) and hibernate in winter. Sexes are separate. Gonads are paired. Fertilization is
internal. Most forms are oviparous. Eggs are large, amniotic and have large yolk eggs. Eggs
are enclosed by leathery or limy shell for protection. Embryo is protected by three embryonic
membranes known as amnion, allantois and chorion. The examples of reptiles are tortoise,
lizard, snake, crocodile and alligator etc.

4‘

Evolutionary adaptations in class reptilia: Reptiles show the advancement over the
amphibians in having:

(@) A dry skin which enables them to live away from water.

(b) Separation of oxygenated and deoxygenated blood in the heart.
(€) A neck movable independent of the body.
(d) Better mechanism of breathing.

(e) Fertilization is internal.

(f) Egg with shell for protection on land.

“

4" .

_——“_J—*—
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\e forelimbs are modified to form wings. -

apted for perching, walking or swimming. Each foot
v horny claws. The skin is covered by an epidermal h
1e body and scales on the feet. Due to air sp
. Jaws extend into horny beak. Teeth are absent. Heart is f

a and two ventricles. There is only right aorta. t
ard. Birds are endothermic. Respiration takes place only byégmgs.

aces skelet

It curves to the right

v,
h 3

e




X
)

al characteristics of class mammalia: Body is variously shaped and
a head, a neck, a trunk and a tail. There are two pairs of pentadactyl iimbs.
jously adapted for walking, running, burrowing and swimming or flying. Skin
mostly covered by hair. Coelom is completely divided into anterior smaller

y and posterior larger cavity by.a muscular partition the diaphragm, which is

in the mammals. Endoskeleton is fully ossified. Skull has two occipital

, large cranium. External .ear or pinna is present. There is a chain of three
ear incus, malleus.and stapes. Mammals have deciduous and permanent

t is four chambered. Only left aortic arch is present. Red blood cells are non-

. Mammals are ‘warm blooded (endothermic) animals. Voice apparatus is well
nd consists of larynx

and epiglottis. Mammals give birth to their young
s feed | hiem on milk produced by mammary glands of mother.

. are classified into three subclasses: (1) Prototheria-Egg laying mammals.

M statheria-Pouched mammals. (3) Eutheria-Placental mammals.

)
. i

_CUUASS PROTOTHERIA - The Monotremes
s Prototheria is a connecting link between reptiles and man ma
; of volution and origin of mammals from reptiles. Certain m
ic life, e.g., Duck bill platypus, which has a
mammalian feature of the monotr
ngs. The reptilian fe




Duckbill Platypus Spiny Ant Eater
Fig: 9.29: The Monotremes

SUB CLASS METATHI

The females have an
abdominal pouch the marsupium, |
where they rear their young. The §
young one’s when borne are
immature. The nipples are in the
pouch. The mother feeds the young
ones and carries them in the pouch
till they are matured enough. The
Marsupials are found in Australia and
America. The examples of

marsupials are: opossum, kangaroo
and Koala. Fig: 9.30: The Marsupials

Kangaroo Koala

SUB-CLASS EUTHERIA=-T

Development of young one takes place inside the body of the mother. The young's are
borne fully developed. Developing placental mammals are dependent on placenta (an organ
of exchange between maternal blood and fetal blood.) So these mammals are called
placental mammals. Nutrients are supplied to the growing offspring, and wastes are passed
to the mother for excretion. The young ones are born at a relatively advanced stage of
development.

All the placental mammals have maximum mammalian characteristics. In some hair
have been modified into scales in pangolin, and spines in porcupine. Examples of the
placentalis are man, whale, elephant, horse, rat, mice, bat, dolphin, cat, tiger, lion, monkey,
gorilla etc.

. IEvolutIonary adaptations in class mammalia: A regulated body temperature. This makes
them independent of environmental change, keeping active throughout the year. Complete
aration of venous and arterial blood in the heart. More efficient mechanism of respiration

to the presence of a diaphragm. An active life and a high rate of metabolism.

MDCATBYFUTUREDOCTORS(TOUSEEFAHMADKHAN) 03499815886
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Goat Elephant J

Fig: 9.31: The Placentalis

| A separate respiratory passage that avoids interference in breathing during feeding.
Better developed senses of smell, sight and hearing. A more highly developed nervof:s
System. Large cerebrum and cerebellum provide for better coordination in all activities and for

bm]ng. and retentive memory. Patterns of behaviour, such as care and nursing of the young

MDCATBYFUTUREDOCTORS(TOUSEEFAHMADKHAN) 03499815886



eterotrophs (C) unicellular _ (D) moﬁl‘e.
llowing is not included in grade bilateria
(B) nematodes (C) annalids (D) mo!lus

the jawless fishes (B) chondrichthyes, the sharks
teichthyes, the bony fishes (D) tunicates, the sea squirts
@f these does not pertaifi o a protostome?
| cleavage @_),blasto pore—anus
coelom \ (D) annelids

hylum.

(B) arthropoda 'C")_,, orifera

owing is not a parasite

(B) nematode (C) platyhelminthes (@5 ori
most clearly demonstrates the evolutionary relatit
_ropods?

(B) an exoskeleton

| ((Dybody segments
tensively adapted to life on land than amg




(B) urochordata  (C) cephalochordate

®
features of animals. ,ii‘&
r criteria for animal classification. > _
Is on the basis of presence and absence of u@ 4
e the diploblastic and triploblastic levels of orgs
 life style is radial symmetry an adaptation?
style is bilateral symmetry an adaptation?

zation.

ematocysts?
 features of platyhelminthes for parasitic mode of life.
istinguishing features of Aschelminthes.
on takes place inAnnelids?
alient features ¢ “phylum Arthropoda.
narmful roles. f insects.
tween echinoderms and chordates. _

.
G
fm amphibian mean? Why amphibians are not considered,z-a-.ﬂh y

of vertebrates? .
ways, which amphibians are adapted to life on land, and in v h
»d to a watery or moist environment.
t distinguish reptiles from amphibians and he




)m, blastula, protostomes, deuteros
, trochophore larva, parapodia,haemoct
protochordata, notochord, swim bladder, amnion,

(b) radial symmetry and bilat_e@ymmeﬂy'
(d) pinacoderm and choanoder
(f) hydroids and medusa

(b) Cnidarians _(¢) Platyhelminthes  (d) Aschelminthes (Nematodes)
. (g) Arthropods (h) Echinoderms
y @ ations for digestion, gas exchange, transport, excretion
ollowing phyla:
: (c) Platyhelminthes  (d) Aschelminthes (Nematoda)
. (g) Arthropoda (h) Echinodermata
istics, evolutionary adaptations and give examples of the

istics of the phylum chordata.




Life Processes




< LT
S '.' _'1- v >
micronutrients of plants highlighting the role of each nutne@
‘carnivorous plant. O
tomata and palisade tissue in the exchange of gas

ition with gas exchange in plants.

uctures with functions.
novement of water between plant cells, and between the cells and their environment in
potential.
ovement of water through roots in terms of symplast, apoplast and vacuolar pathways.
novement of water in xylem through TACT mechanism.
:ism‘s involved in the op’"ening and closing of stomata.

%
t of cell in isotonic, hypotonic, and hypertonic conditions.
“hydrophytic (marine and freshwater), xerophytic and mesop

tments of plants in saline soils.
 cope with low and high temperatures.
-explain its 31gn1ﬁcance in providing support to herbaoawa




hanisms by which they transport water,
pport, growth and development and
these functions. ‘

" NUTRITION IN PLANTS

ices that provide necessary elements to the organist
called nutrients that may be organic or inorganic. (ne
cesses that are involved in uptake of nutrients fron
rowth or various metabolic activities of the body. Plants are
as water, carbon dioxide and certain
environment and convert them into organic compounds.

t Nutrients, their Role and Deficiencies

lements have been found essential . for *plant growth. Nine of these are
large quantities and are therefore kmown as macronutrients. These include
n, oxygen, nitrogen, phosphorus, potassium, sulphur, calcium and
maining seven elements are needed in traces or small amounts for normal
development that are knowrn'as micronutrients. These include iron, boron,
pper, molybdenum, chlorine.and zinc.

.‘.—.u"k" -

ot of nucleic acids, phospholipids,




‘potassium ca
and pre-mature death of plant.
The nutrients may b

the soil if a particular cr pi " ar
again in the same soil. Therefore, Crop rotati

(cultivation of different crops attemaﬁ!ely
same soil) or addition of fertilizers in the s

are possible remedies for this P _
table 10.1 shows the maijor_functions of eas

macro and micronutrients of the plant.

W.Tmhnnlou. and Society LO :
jjor symptoms of mineral deficiencies in plants, €.9-, necrosis, chlore

Necrosis: It is the déatiy of a part of plant body. Itis due
to deficiency of:

Calcium, magnesibm, copper and molybdenum.
Chlorosis; i 1§ the yellowing of the green pars of a plant
which shawsack of chlorophyll due to mineral deficiency
of nitgagen, and magnesium.

Stutited growth: It is less than normal growth due to the

defiGiency of phosphorus, sulphur, potassium in plants.

&>
slvorous plants are true photosynthetic autotrophs but

nse cause they usually grow in places where nitrogenous salb
e @.g., marshy areas. Actually, they use insects and other S !
purce of nitrogen. Such plants have some modified leaves that @
| | macts These plants also have certain symbiotic B

ect proteins. The examples are Pitcher plant, Venus




" ounds. Exchange of gases b
-out by diffusion. In the absence of special o rg
ainges of oxygen and carbon dioxide accor

"':'-.?"'H'?‘;}j a&ns ﬁiﬁinl-y occurs through two main W the stompts
. @ .~
 of Palisade and Spongy Mesophyll @ kxchange

ophylls are special types of parenchymatous c,,qus}thin walled living cells)
e present between the two epidermal layers of leaves. These cells are

ed to carry out photosynthesis.
S OFf mesophyll in dicot and monocot igaves

n dicots, there are two distinct layers of mesophyll, the palisade mesophyll
Ngy mesophyll. The palisade mesophyll are elongated and compactly
 cells with no intercellular spaces bétween them. The epidermis beside palisade
mesophyll is called upper epidermis. On the other

hand, spongy mesophyll are loosely packed cell with

large intercellular spaces. The epidermis beside

spongy mesophyll is called lower epidermis. Such

leaves, in which upper and lower epidermises can be

differentiated because of the presence of two types

of mesophyll cells, are.called bifacial leaves. In

monocots, the leaves are monofacial as only




' of Gases between Plant and

I"

are involved in both photosynthesis :nég‘: a
n does occur. Therefore, pattern of gaseous

es in daytime

. carbon dioxide released from r"é'spi'ration does not
d. Hence, plants import carbon dioxide from the envir
gen released from photosynthesis is much more than the r

' perform exchangeof ‘gases just like animals at night i.e., they
carbon dioxide to the envi
) | espiration is absorbed from environment and the
IS.released outside.

it of \ otosynthesis

L 3

1 (sunrise) and dusk (sunset) the rate of
on due to low intensity of light. In this sit
ufficient to carry on Photosynthesis
ed in respiration. Therefore, the
is completely stopped. This is

uation, the carb:

and the oxygen r
net gaseou

known as comper




ﬂa ‘measure of the potential energy in water that enable: %to move

er y psl) and is
its o pressure (pressure is a form of energy) called Mega Pas al (MPa). In
potential is represented by w,. Water potential of @ medium is directly

he concentration of water in that medium; therefore; ﬁ&re water has highest

|. Water potential of pure water is designated a value of zero. Water potential of




s s maily influenced by solute concentration ang™
pressure. Water potential can be broken down into jts

ndivi ower the total water potential of a
this happens, water moves to equilibrate, moving from the system or
a higher water potential to the system or compartment with a lower water
for water to move through the plant from the soil to the air (a process
iration), the conditions must exist as such:
. of root > ¥, of stem > ¥, of leaf > ¥,, of atmosphere.

yotential (ws)

reduce water potential by consuming some of the potential energy available in
This measure of decrease in water potential of a medium due to the addition of
called solute potential. Solute potential is negative in a plant cell and zero in
ater. In other words, the amount of available potential energy is reduced when
added to an aqueous system, Thus, Ws decreases with increasing solute

| J
nternal water potential of a plant cell is more negative than pure water because of
''s high solute content. Because of this difference in water potential, water will_,|
the soil into a plant's root cells via the process of osmosis. This is why solute
etimes called osmotic potential. ]
otential | '
greater than atmospheric pressure is applied to pure water or a solution, its
reases. It is equivalent to pumping water from one place to another such
living system. When water enters the plant cells by osmosis, pressuré
ide the cell making the cell turgid and increasing the water potential. T
s in water potential of a medium due to the addition of water or due to the
ospheric pressure is called pressure potential

Ip understand the concept of water potential. Two a
e, __



0 Form and Functions in Plants " 2
2 Jptake of w ter by Roots and Pathways ~~ -
- Thecell wall of epidermal cells of roots is freely permeable to water and other minerals.
The cell membrane is differentially permeable. From root hairs water enters the epidermal
cells by osmosis. The water moves along the concentration gradient. It passes through cortex,
. endodermis, and pericycle and reaches the xylem vessels. There are three pathways taken by
water to reach the xylem tissues:
(a) The apoplast pathway, (b) The symplast pathway, (c) The vacuolar pathway.
Apoplast pathway
The apoplast is the system of adjacent cell walls, which is continuous throughout the
plant. When water moving through spaces in the cell walls reaches the endodermis, its
progress is stopped by casparian strips, (a band of suberin and lignin bordering four sides of
root endodermal cells). This is called apoplast pathway.

Symplast pathway

Movement of cell sap that involves cytoplasmic connection of adjacent cells is termed
as symplast pathway. The symplast is the system of interconnected protoplast in the plant.
The cytoplasm of neighbouring protoplast is linked by the plasmodesmata. Once water and
any Solutes it contains is taken into the cytoplasm of one cell it can move through the symplast
without having to cross further membranes. Movement might be aided by cytoplasmic
streaming. The symplast is an important pathway of water movement.

Vacuolar pathway
In the vacuolar pathway water moves from vacuole to vacuole through neighbouring
cells, crossing the symplast and apoplast in the process and moving through membranes and

tonoplast by osmosis. It moves down a water potential gradient.
Casparian strip Xylem

Apoplast pathway or
Extracellular route, via cell wall.

stopped by Casparian strip

Fig. 10.4: Pathway of water P

-,

If@\TBYFUTU.REDOCTORS(TOUSEEFAHMADKHAN) 03499815886



L ._ 1 conducts mainly water and mi
e Pﬁm conducts organic food from the

eand permanent tissue that consists of four cell types; the tracheic
fibres and xylem parenchyma. Tracheids are dead, elongated s
ignified walls. They have mechanical strength and QM support
NG  of water and minerals. These cells are unwersalfy pfesent in
cula plants which are therefore, called tracheophytes. Xylem vessels
hly thick walled tubular structures formed by the fusion of several vess
_'ls) end to end in a row. Vessel elements aré shorter than trachei
in plant body as they are placed one above the other. Xylem vessels
sperms where they are involved in conduction of water and minerals
anical support to the body. Xylem fibres are also dead but narrow, higl
ly thick walled cells with tapering ends. They are mainly responsible for:
Jpport to the plant body. The only living cells of xylem are xylem parenchyma,
1 walled, broad cells and are involved in the storage of water and minerals
ing conduction.




= -MThmarefonnodbyﬂw
_Sieveplate | TUsion of cells called sieve tube elements. .m
‘tube elements are thin walled living cells mgp
not have nuclei, actually, their nuclei are lost
Sieve tube they mature. These cells are ow at the
centre and wide at the end % ansverse or
oblique pore bearing partitic e sieve plate,
separates two successive sieve tube elements.
Due to the absence of nuclei, the functions of
sieve tube elements are controlled by adjacent
companion cells. The sieve elements and
companion cells, together form a functional unit
that act as conducting channels and are
involved in transport of organic solutes.
Companion cells provide energy to sieve tube
Fig: 10.6: Phloem elements for their activities. Like xylem tissue,
alsc ,;ne'ssesses parenchyma and fibre cells Phloem parenchymas are storage cells and

Companion cell

are first movadf’:’l@ the root xylem cells and then to the leaves. This upward
nt o wgter an@i‘b‘s’olved mineral from root to the leaves through xylem tissue is

Since this movement occurs against the gravity therefore, a
required to conduct water and minerals in tall heighted plants. The most
‘that explain this movement is generally called TACT theory.

this theory. four factors such as Transpiration pull Adhesuon C
re combined to form a collective force that is mainly re .
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r molecules so there is a
n for water within the
s of the xylem. Adhesion

r— Stoma
. Water molecule

ard gravity. Adhesion also
hold water in the xylem when
ion is not occurring.

Cohesion and tension

' Water molecules attract one | '.!l E_n
r, forming weak hydrogen bonds. el

at HESION AND -
attraction among water molecules is « ggHES]ON A ME XYLEM: *  PondinE
cohesion and the hydrogen bonds . e |
- between them are termed as | 8% Water molecule i
i : I % Root hair !
hanism of TACT force wm
Soil particle
The column of water molecule
xylem is at least as strong and |- Water
~as a steel wire of the ! Root
. Hydrogen bonds among WATER UP’I‘AKE, FROM SOIL
provide the cohesion that Fig. 10.7: Movement of water in xylem through TA@T ;

ring' of water Mechanism

e height of the plant within the xylem. As long as transpiration continues,
nse and is pulled upward as one molecule. The bulk flow of water to th
dﬂven by solar energy since evaporation from leaves is responsible for

 and closlng of Stomata ‘,\/



v potential and water potential of g
. ) Since, the surrounding epidermal cells have high water
80 water begins to move from surrounding epidermal cells to the guard

1 » of it is transformed into sucrose so that it can be trar

maining glucose is converted into insoluble starch and is stored for later use. The
1 glucose concentration causes an increase in water_tial of the guard cells. In
ater begins to move from guard cells to surrounding epidermal cells. Due 1o loss of
ard cells become flaccid, thus stomata are closed. . |

ons Influx/efflux theory
According to this theory, the start of photosynthetic activity in the morning when plant is
”Ii_-ght-. causes a decrease in level of CO; in the guard cells. Low level of CO;
s or stimulates the influx (inward movement) of K* ions (shown in red dots in the fig.
nto the guard cells from the surfounding epidermal cells by active transport. At the same
cid is ionized into malate” ions and H* ions due to the exposure of blue light (a
le light). The accgmulation of H* ions causes decrease in pH of guard cells, which
ad to surrour ding epidermal cells in order to maintain the pH of guard cells. The
' combined with malate” ions to form potassium malate which is highly
' decreases the water potential of the guard cells. In this way water begins

" ding epidermal cells to guard cells. The entry of water into the guard cells
‘, d and thus, stomata are opened.

. the photosynthetic activity is stopped and level of CO rises in guard
Eawe ates the efflux (outward movement) of K" ions (shown

CO, favours or stimulat
110.8) from the guard cells into the surrounding epidermal cells
i d is reformed by the combination of malate” i

ow. Due to the absence of potassium




Flg: ‘_1?0%.18;: (i) Stomata opening (i) Stomata clqsing
jlocation of organic solutes \\~~

t of prepared food (organic solutes) to-different parts of the plant
is called translocation of organic solutes.

tion of translocation

- sap, this movement cannot be characterized as upward or downward
repared food is to moye to different directions. Therefore, in order to
is movement it is usually said that translocation always occurs from a
The term source:is applied to the area of supply of food such as food
or storage organ' (when it supplies the food). The term sink is used for
n of food such ,%wﬁetabolizing organ or storage organ (when it stores the
@mit is particularly a sink on the other hand root and stem

thg’ mechanism of transloca
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4
Y,

f]’  Sieve tube

) w _running
8 through the
length of

the plant

SINK
root cells

translocation from the area of hlg
hydrostatic pressure (the source) to the
area of lower hydrostatic pressure (the

this solution. Thq ss of solutes in
phloem sap causes an increase in water
potential so-the water from the phloem
flows back to the xylem tubes.

10.4 HOMEOSTASIS IN
PLANTS

Homeostasis is the ability to
maintain a steady state within a constantly
changing environment that contributes
towards the success of living systems. The
outer environmental conditions such as
water availability, nutrients and temperature
often show fluctuations that also affect
these components within plant body. Plants
have several adaptations to cope with
these challenges. Here you are going to
learn about osmotic adjustment
(osmoregulation) and thermoregulation in
plants. ‘

~

10.4.1 Osmotic adjustment
(Osmoregulation)

The maintenanae of v




in different osmotic conditions

otic conditions cause different effects upon net movement of water in and |
) cell is kept in a medium which has higher water potential and lower solute
cell sap, the water begin to move from medium to the cell (endos _
gid. Such medium s €alled hypotonic medium. On the other hand, if a
um which has lowgl' water potential and higher solute concentration than
begin to move Y cell to the medium (exosmosis) and cell becomes
b mllad \ pertonic medium. Both hypotonic and hypertonic type of
‘compel foresmotic adjustment. The ideal situation for a cell is isotonic h
| and outer environment is equal, therefore, there is no nﬂ
nf the cell. However, this situation is rarely avallable to t

ents in plants of different environment

er, plants are classified into hydrophytes, mesog
hmmmmmm
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® exposed in nearly isotonic conditions so face no drastic problem of
) or dehydration (deficiency of water). Such plants shéw moderate
spiratio auo to medium sized leaves with distribution of '
Nicl m generally open in day and close at night.
omata even in day. These plants store a
rount of water, have very thin cuticle on

The plants that are found in the area where

ittle amount of water is available are called
nytes. Desert plants such as cactus, opuntia are example of such plants. These plants
osed to severely hypertonic conditions'so face extreme degree of dehydration. Such
_;_ how very reduced rate of transpiration due to narrow needle like leaves or due to
e modification of leaves into_spines. They have stomata in depressions (sunken
m are generally close in.day and open at night. These plants store a very high
of water therefore; they are also called succulent plants. They have very think cuticle




ble . orb watéf even water_ _
ne environments (halophytes) have

/ by taking up sodium and chloride at high rates and th

vacuoles of the leaf cells, keeping the salt concentration in
2 low level that does not interfere with the functions of thy
ry of their leaves. These plants use the accumulated sal
water potential in the soil.
and some halophytes do not uptake salts form soil;instead, they‘ make
umulating their own dissolved substances compatible with enzym s
compatible solutes” are mostly organic compounds such as the

s glycine and, in some plants, sugar aleohols, such as sorbitol.

joregulation in plants
for optimum activity of their enzymes require a suitable temperature.
a type of homeostasis by which-an organism is able to perform necessary"
snse to low and high femperature stress. Plants also have certain

1]

cture of membrane proteins is also affected. In addition, free:
crystal formation with in cytoplasm that interferes with the

ave low freezing point), which help membrane to m
: crystal fprmat_ion is inhibited. In order to p
e to cold regions such as oaks, maples

sitions of the cells which




abs: rption and everheatmg by the plant The leaves .
openings, which allow the loss of water (transpiration), and remwa'w =
pi?ht However, very high temperature i.e., above 45°C, plants clese neir
the water loss. Therefore, most plants have adapted to sumv% *
tress srtuatlons by synthesizing large quantttles of spemal proteins called heﬂt

10.5 SUPPORT IN PLANTS

When the life started on land from water, one of the very important needs for the
isms was to gain some sort of support and strength for keeping their bodies in. shapes

a}so have variety of mechanism for support. Sueh as, turgor mechanism in parenchyma
chanical tissues (thick walled e.g., collenchyma and sclerenchyma), arrangemeht,of

bundles and secondary growth. 3

5.1 Role of turgor mechanism'in support

In plants the parenchyma cells have large central vacuoles, which are filled with water
r causes pressure on the sufrounding walls, when the cells are turgid. This pressure on

1- 'eeps the cells, stiff and. hard and is called turgor pressure. In herbaceous plants w@ra
alized supporting tissués.are not common, the turgidity of the cells provides support@ad

d it grows upnghﬂy

10.5.2 Role of mec_haril”é,al
tissues in support

m'hicm';fimm The term mechanical tissues is used for
hincelldosewall  the  tissues of thick walled cells i€,
collenchyma and sclerenchyma. B

Collenchyma

The collenchyma ts C '
ii"l,":;;' extraeellulased, tion at

Liinglyr o



re solely means for _ Lumen

il strength for the &\ Lignified seconds,
are dead due to the By
k secondary lignified wall. Fig: 10.11: T.S. of sclereids
“two types, i.e., fibres and -
elongated cells and sclereids are roughly spherical or variously s
\ have heavily thickened walls with lignin and with great tensile strengy
in the pericycle of stems forming & solid rod of tissue. Fibres also found jn

Jloem tissues. Sclereids are common in fruit wall and seed coats.

Middle lamella

Simple pit connecting
empty lumen of mature
fibres (dead cells)

Pointed ends of fibres
interlock without air
spaces

Wall - layers of cellulose
impregnated with lignin

. (b) L.S. of sclerenchyma cells
rangement of vascular bundles '

jascular bundles are arranged in the form of ring in stem. As compa
; yascpl.ar bunf:iles are scattered in the stem, the rin e;rra e
plants also provide support to the plant body | : 5

. WTH AND __DEVELOPMENT IN PLANTS




d Functions in Plants
ot “::g size), cell maturation and differentiation (cells structurally and functionally
specla ed to perform particular functions). Plants add new organs like, branches,
roots etc throughout life. This unique pattern is called continuous growth.

.6.1 Meristematic tissues (Meristems) >

| In lower plaf‘rts. th.e entire plant body is capable of growing, but in higher plants, growth

s mmmd to certain regions known as growing points that possess specialized tissues for
growth, the meristematic tissues or meristems. The cells remain forever young and divide
actively throughout the life of the plant in these tissues. When a meristematic cell divides in
two, the new cell that remains in the meristem is called an initial, and the other is called the
derivative. As repeated mitotic divisions of the initial cells add new cells, the derivatives are
pushed farther away from the zone of active division. They stretch, enlarge and differentiate
into other types of tissues as they mature. Meristematic cells are generally small and cuboidal
with large nuclei, small vacuoles, and thin walls. A plant has two major kinds of meristems: the
apical meristem and lateral meristem.

Apical meristems \-*

40

These are located at the tips of roots and shoots. Cell divisions and subsequent cellular
enlargement in these areas lengthen the above and below ground parts of the plant. Since,
these meristem are present in plants right from embryonic life, therefore, they are also known

as primary meristems. B

Lateral meristems

Lateral meristems are cylinders of dividing cells on lateral sides in stems and roots of

. dicots and gymnosperms and increase their thickness and diameter. These meristems are
derived from apical meristem after embryonic life therefore; they are also called secondary
meristem. Vascular cambium, cork cambium, and intercalary meristem are the types of lateral
meristems. Some plants grow in diameter by producing new tissues laterally from a cylinder of
tissue called the vascular cambium, which extends throughout the length of the plant from

Cortex

Region where
vascular tissue
will form

Apical meristem

. L) - ——= -
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e after germination of seed, it begins to |ncréa its length fi

root and shoot is therefore, called primary *growth It rer

ofa plant however the rate of growth may vary in different periods
| out by the cell division in apical méristem.




Primary xylem

Cambium
Primary phloem

ol o
AN

¥
-

Wéw xylem
"\ Wascular cambium
QQ\) Secondary phloem

Primary phloem

%& Cork cambium

N second growth ring 9:0":*;\"
First growth fing <
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1. the bulk of tissues added
ascular cambium) i mainly
@ﬂaﬂ wood. The inner region of

\ em, primary xylem and central

pith) is blocked by the deposition of

life and therefore gives a dark appearance-
wood However, the outer region of wood
ﬁﬁly ‘secondary xylem) remain functional andd

) light appearance. It is called sap wood. , |

lﬂﬂlgof 'stzr.; from vascular cambium to Tfa“?szsoeutst‘}::;“:;pixsi::}; (;an' .

is called bark. The portion of bark inner to the ﬂ?‘t’hi;"plam? ge

m is called inner bark (secondary phloem, A

y phloem, pericycle, endodermis, primary cortex and secondary cortex) while the portion

 the cork cambium is called outer bark (cork and epidermis).

ing the development of a plant, the rate of growth [
growing points is not constant, for example,
ferent meristem sometime influence upon each
interactions among different growing points are S
h correlations. These growth correlations may
(if growth of one part promotes the growth of
or negative (if growth of one part inhibits the
ther part).

1 of lateral buds. It is also found in roots where
vth is inhibited by growth of the main root.
tall height with short side branches have
dominance and the plants showing short
dense growth of lateral branches have very

performed several experiments to showing weak apical dominancé.
mmz finally cf)ncfltfded that it is the auxin (a plant gre
B ocal ud and inhibits the growth of lateral buds. It is @l
d by lateral buds (another plant growth regulator) WOrK

. 1
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Browth Rogulators

_mrdlnated by chemicals commonly known as pla

from their sites of synthesis to the sites of action, and because their effects
ne aspect of growth, they are called growth regulators. Five major types of
are recognized (a) auxins (b) gibberellins (c) cytokinins (d) abscisic acid
's, glbberellms and cytoklmns are called growth promoters because of their

erellins are widespread throughout the plant kingdom, and more than 75 have
, to date. Rather than giving each a specific name, the compounds are
'u"éxample, Gm.__,-_,, GA2, and so on. Gibberellic acid 3 (GA3) is the most
ughly studied. The gibberellins are especially abundant in seeds
ey control stem elongation by stimulating both cell division and




« Promote bud

initiation |

« Promote iate(ﬂi(ll " Promote bud
bud growth g initiation

» Break btid
dormancy

+ Promote in
short day plants

« Inhibit in long
day plants

= Acts as
substitute for
far red light

+ Antagonistic to
gibberellins
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m is the movement of plants parts, either towards (positive) of away
urce. Such movements are found in shoots and ts sho

$

m (gravitropism) is the movement of plants parts, either towards (positive)
e) from force of gravity. Such movements are-also found in shoots and roots.
gative geotropism (grow upward above the ground) and roots show positive
 downward under the ground).

X

opism is the movement due o the touch stimulus. Such movements are
ng plants that require any supportive structure such as a wall, a wooden stick

tropism the stimulus is a chemical (nutrients). Such movement is shown by
which hyphggu»show more growth towards the nutrients.

its dnfluence on living organisms through variation in intensity, quality and
ration of light in the whole day is called photoperiod and its effect on the
wers in some plants is called photoperiodism. This behavior is found in
e to the exposure of appropriate photoperiod their vegetative buds are
ds and the flowers are begin to produce. If such plants do not get

ir vegetative growth remains continue but flowers are not p roduced.

| uPon _,p_hotoperiodism |




\ant even they belong to the
is seemed to be critical and for ¢
are short day plants. Actually, length of
Jative proportion of two forms of phytochromes (
plant body. Critical photoperiod for short day can be
ay, which is required to stimulate/induce_flowering ina
already been given. Similarly, “critical photoperiod for long
as the minimum length of day, which is required to stimulate/induce
t". For example, for henbane 11 hours photoperiod is critical.

riods over photoperiods
vered that the actual stimulus for.flowering is the uninterrupted
e light period. Therefore, it is really the length of dark period which is
~short day plant (e.g., cocklebur):is grown in appropriate short days
its long nights (more than 8.5 hours) are interrupted by short light
nted. Similarly, a long day plant (e.g., henbane) can flower in
ss than 11 hours), if.its long nights or dark periods (more than 13

u i"}'iil wavelengths) of light is also important in promotion or

e, cocklebur a short day plant, will not flower if its long nights g

s revealed that red light (660 nm wavelength) was effectlvaf;l'_r'.t. 'll
red light (730 nm wavelength) reversed the effect of red Ii'."-".:l-}-
R0 than one type of light exposures were given to intei w

S respond differently to these lights. This struggl
’ptor pigments in the form of phytoch .




' RFRRFR

Short-day

Critical dark period (long-night) (short-r I
plant

“ : 10.17: Phytochrome detects varying periods of daw\&?;th and darkness.
pn and action of phytochromes :

me is a blue green leaf pigment that alternately exists in two forms:
red) absorbs red light (of 660 .nm wave length) and is converted to Pfr
far-red) absorbs far-red light (of 730 nm wave length) and is converted to Pr

ontains more red light thanfar-red light; therefore Pfr is present more in plants
. Far-red light are invisible heat

are present in both day and night, but e ——— P
o Pr occurs mainly-at night. The rate Farred Lant L

n (Pfr to Pr) provides a biological clock

he'length of their night v
teauires a low ratio of Pfrto

| iti : Slow conversion in darkness
critical length results in rsion in

C e Pfr to Pr ratio becomes low.
ay plant requires a high ratio
critical length results in




f--"i-m and calculation of the age of gmﬁ by counting number of
and thigmotropism ampbﬂts

: {B) ﬂ._ n )\carbon (D) phosphorus
cur due to the deficiencyof

@J magnesium Bhshorue D

(D) calcium

Mwason of

(€) Oxygen @) m
mals from soil takes placgrough

- (C) e mat
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e plants? Give examples:
v role of transpiration in exchange of gases in plants? %\
tahot note on: (a) hydrophytes (b) mesophytes (c) xerophyt
the role of turgor mechanism for support in plants? ol
ribe the types of plant growth. \
y plants based upon photoperiodism.
ritical photoperiod?
phytochromes?
port is needed in terrestrial life?
the types of movement in plants’in response to stimuli?
differences between:
ast pathway and symplast pathway-  (b) cohesion and adhesion
smosis and exosSmosis. (d) hypotonic and hypertonic solution

1esophytes and xerophytes (f) collenchyma and sclerenchyma
rary growth and secondary growth

ALG

ses between plants and environment.
r between plant cells and their environment.

r through roots.

& exchange of ga
movement of wate
‘the movement of wate
; :‘;c\;iTaf sap in xylem t'hrougt't TACT mechanism. |
me ﬁa;j‘;ism,.,af opening and closing of stomata.
~eation of organic solutes in plants.

in plants of different environment,
to support in plants?




or .:eamed out on food in the three regions
_f digested products from

the small lntestme lumen to th

their respective roles.

nent parts of large intestine with
' nd the voluntary control in adults.

tary reflex for egestion in infants @

d metabolic role of liver.
of bile and relate the constittients with respective roles.

of pancreas and explafn jts function as an exocrine gland.
wnce with the secretln hormone

'g:gllula.r !e-vel. Most of the food we eat, howévb
mechamc'ally- and chemically reduced to forms




ur major layers: an interal mucosa and ar
‘Muscularis in between. These four layers are prese
e oesophagus to the anus. -

Oral cavity
and a palate and ~Toneue
between the palate = Tooth
alled oral cavity. The Sublingual
fills the oral cavity when
ed. Rough projections
e on the surface of the

: ) ) QOesophagus
friction; which is useful in P&

the hard palate and a

r part the soft palate. There
. Different teeth are adapted g
\ ¢

in different ways« The
teeth) are chiselishaped Gallbladder

Common bile duct

edges are used 1o bite po4enum < '4'

“of food. The O RS
; Asccnding M‘
colon i{ '

Small

intestine ‘




led salivary amylase, | is a proteoglycan that gives a lubric
t bonds between glucose | to the secretions of the salivary glands

omer polysaccharides to moistens food and mucous T
harides. maltose and | 2's° contains various && al salts i

) : chloride ions which. speed up the activi
e o the fotal enzymes. Saliva prevents bacterial infection it
the mouth as. it contains lysozyme and
immunoglobulin: Saliva has a pH between 6.00
and 7.0,@ favourable range for the digestive |
action of'amylase.

| _wing reflex, an mvoluntary action. As part of this reflex action the .
es .up to meet the epiglettis, with this action epiglottis cartilage drops O\u'e»'ﬂﬁl b
to the larynx aad trachea. In this way food is passed over the h'ach@
yeu place your rhand over your larynx, you can feel it moves up when y |

0es phagus the soft palate lowers and the epiglottis is ralsed.




Fig. 11@5@@3 |
yetween the pharynx and

‘about 25 cm long. It begins at the base of the
oesophagus penetrates the diaphragm and is.continuous with the stomach.
tion which started in the oral cavity continues in the oesophagus. As

Cardiac sphincter

Body

v o i Serosa

ic region
% Longitudinal muscle

é 4 . layer

Circular muscle layer

N \ ' Obllaue muscle layer
' Submucosa
5 i
:

|F
s El




n outer longitudinal layer, a‘middle circular layer and an inner obli
lers are submucosa and-mucosa. The stomach is lined with sim

gastnc glands The gﬁith‘élial cells of stomach can be divided into
 is surface mucous cells, which produce mucus, is on the surf

: ing hree are in the gastric gland. They are: (1) Parietal

oric acid and intrinsic factors (2) Chief (zymogenic) cells

ne cells secrete the hormone gastrin into the blood.

) can be divided into two types: mechanical digestion

""ikmg action of the stomach walls allows mecha




{of 3 or Iess. Pepsin catalyzes the cleavage of some o
into smaller peptide chains. e

fnervous system and gastrin hormone on the-secretion of gastric juice ~—
mately 2-3 litres of gastric juice are produced each day. Both nervous and

..-'

5"? gastric secretions is initiated by the presence of food in the
ili are distention of the stomach and the presence of amino acids
e st mach. Peristaltic waves occur less frequently, are significantly more

peristaltic contraction is sufficiently strong to force a s_mall' amoun
ic opening and into the duodenum.




i?far the hydrolysis of fats. It hydrolyse:
ycerols (diglycerides) (ii) glycerol (iii) fatty m._

-the mactlve forms.

glands secrete an activator enzyme called en@inase The
ogen into trypsin. Trypsin then activates more trypsinogen. The

which acts on proteins and converts them into polypeptides.

vanufactured in liver but stored
mulsifies fat causing them to
erous small droplets called
on provides' relative large

for the action of lipase enzyme

\n: The inactive chymotrypsinogen is converted t@ active form cl'!yrnotrypsh

i science Titbits

Mucus is secreted in large amount by

_d_'t":odénal glands, intestinal glands, and goblet

cells. The mucus provides the wall of intestine |
with protection against the irritating effects of
acidic chyme and against the digestive
enzymes that enter the duodenum from the

pancreas. !

chyme is turned into a watery emulsion called chyle.
| ;-from the Iumen of intestine v/




Lymph
vessel

Arteriole

A Single Villus Venule

of carbohydrates
1 occurs by a combination of simple
e transport. The monosaccharides
by facilitated diffusion’ to the
intestinal villi and are carried by the
| system to the liver, where non-glucose
nverted to glucose. Glucose enters the
tated diffusion.

_ acid are absorbed by
are recombined into fats within
e then mixed with cholesterol

gest i&aﬁy acids and glycerol.

small globules called
: are transported by

Fig. 11.6: Structure of VHMS

I-
; Science Titbits

Lipoproteins are referred to as high
or low-density lipoproteins. A lipoprotein
with high lipid content has a very low
density (LDL), whereas a lipoprotein with
high protein content has a relatively
density (HDL). Chylomicrons, whi ]
made up of 99% lipid and only 1% protein,
have an extremely very low density.

The appendix contains a small 2
mucus associated lymphoid tis

gives the appendix an undetermined r
immunity. However, the app&n ¢ is Kr




_gnd‘ intestine is ileocecal junction guarded |
al end of the large intestine, is where t
~Ie caecum is a small blind tube about 9 cm long
‘the appendix contain many lymph nodules. The.:_ _
of four parts: the ascending colon, transverse col
ld colon The rectum is a straight, muscular tu@ that b

[
L

performs several important functions. The major functions of the
Absorbing water and electrolytes (b) /Absorption of wtamlns
protecting from infections.

intestine. The proximal half of the large intestine functions to reabsorb
electrolytes making the stools:solid. The substances that remain in the 'I_
which is stored for a time inthe distal portion of the large intestine.
s: The large intestinecalso helps in absorption of vitamins made by
e in the large intestine. These bacteria also produce large amounts o
rtant of these isVitamin K and Biotin (a B vitamin).

components at earlier parts of the intestines. (b) Acts. -a a
1 microbial infections and invasions.




juces and secretes bile. It i5 stored in the gall
ile nsists of water, bile salts: sodium glycc
t, bilirubin, cholesterols, lecithin (a phospholipid) i

» small droplets are then acted upon
ase. Bilirubin results from the breakdown ,
In the intestine, bacteria convert bilirubin o 3
s that give the faeces its characteristic brown N "(”“r b)a"te"a g :‘iﬁnﬁ |
e of these pigments are absorbed from i@ﬁ colon) synthesize vitamin
b . ) A " which is passively absorbed in
‘in the kidneys and excreted in the urine; . gl e

e . fhe colon, and breakdown a small
e characteristic yellowish colour of ‘theé | sjmount of cellulose to glucose.

Gases called flatus (meaning;,-_- |
blowing) are produced by bacterial

. . - actions in the colon.
f bile is related to secretifyfiormone

ds in the lumen of the duodenum stimulate endocrine cells to release the
ystokinin (CCK). CCK stimulates contractions in the smooth muscle of the
\g bile release into the duodenum.

e in the lum n of the duodenum stimulates other endocrine cells to release
' ﬁa produced by the duodenum is carried through the circulatory
stimulates liver to release bicarbonate into the bile.

ns important digestive and excretory functions, stores and processes
' molecules and detoxifies harmful chemicals.
tes can remove sugar from the blood and store it in the f
ins (A, B12, D, E, and K), copper




Bﬂlrubin (orange pagment) and il
1 of haemoglobin. Liver produces :
! 'f'ir-lsl'd'e the blood vessels. Red blood cells are fo




e forms as trypsinogen
ted by the removal of certain peptid
‘were produced in their active forms, they would dig .
n is activated by the proteolytic enzyme enterokinase into try
activates more trypsinogen, as well as chy
e. Amylase, continues the polysaccharide digestion {
\creatic lipases, breakdown lipids into free

icleotides, respectively.
pancreatic juice is related to secrefinthormone

 juice secretion is regulated by the hofmones secretin and cholecystokinin
' by the walls of the duodenum upen detection of acid food, proteins, fats and
ic secretion consists of an agueous bicarbonate component from the duct
tic component from the acinar cells. A clear alkaline secretion of the
g enzymes that aid in.the digestion of proteins, carbohydrates, and fats.
sffect of secretin on the pancreas is 10 stimulate duct cells to secrete water
As soon as this oceurs, the enzymes secreted by the acinar cells are
‘pancreas, through the pancreatic duct into the duodenum.

* SORDE_%B‘ Digestive System and Food Habits

|| describe causes, prevention and treatment of the disorders related to
{ food habits: ulcer, food poisoning, dyspepsia, obesity, anorexia nervosa

s classically viewed as a condition in which the stomach
! ct itself. Helicobacter pylori is the most important fac

teroidal anti-inflammatory agents are




| Nobel Prize Winner in
(right side) and his co

is: aﬁgﬁness from indige

. vomiting and abdominal pain. It SN

ic substances. S\
to the toxins produced by bacteria, Salmonella and Campyloba
on: Basic hygiene should be followed. Avoid unboiled /unbottled water, ice
d peel on fruits. Consume freshly prepared hot food or thoroughly rewarmed

Soft easily digested diet, such as soup, fruits drinks; tea and cold drink:
ydration salt (ORS)is given. Antidiarrhoeal agent such as Loperam

rescribed. c;‘
te or imperféet digestion is called dyspepsia.
It may.occur due to excessive acidity in stomach or faulty fu
3 or insufficient quality and quantity of bile secretion.
food that worsens symptoms. Stop smoking, weight reduct

' tly food, heavy lifting, bending specially after meals an
g sleep.

e




es of fem@@charactenstlcs enable the girls to retreat into a childlike state
: c therapy is usually required to treat anorexic girls. Such patients
‘other route other than alimentary canal, i.e., intravenously. The recovery is.

y take 2—4 years and in some cases longer.




(B) hydrochloric acid
: ._ (D) gastrin ,@
bile into the PN
(B) ileum (C) jejunum .~ (D) peritoneum
ation of fat will not occur in the absence of
(8) bile pigment (O bilé'sat
-and glycerol are first absorbed by
essel (B) villi
(D) hepatic portal vein

ne responsible for. stimulating secretion of hydrochloroic : .'
S is \

(D) pancreat

(B) &e‘b‘veﬁn (C) gastrin (D) insulin

:_,ﬁne@lﬁnged to trypsin by |
é’ ) enterokinase  (C) secretin (D) hydrochloric

L

ction of each type of teeth.




rensive Questions

man oral cavity. What are j‘.r-te‘*fajﬁctions of oral cavity?

\e human stomach with.diagram.

tructure of hg{m@h small intestine. |
" ested products from the small intestine lumen to the blood

cture of liver.
ibe the composition of bile. What is the role of constitue
related to the secretion of hormone secretin?




IRCULATION

SNSRERS T

of the walls of eac

e of the walls of heart and rationalize the thi;:5
v ﬁﬂbﬂd through heart as regulated by the vatveg\%
s of heartbeat. R\

n of heart in the body ar;d define the role of pericardium. :

dm node, AV node and Purkinji fibers in_ Mnﬂmg the heartbeat.
s and uses of Electrocardiogram. .\
led structure of arteries, veins andaﬁﬁanas
of arterioles in vasoconstriction dhdwasodilation.
g of precapillary sphincters m«égu!atmg the flow of blood through capillaries.
1 of the blood through the p@aw and systemic circulation (coronary, hepatic-portal
circulation).
ﬁlﬁa of blood flow thr@, eries, artericles, capillaries, venules and veins.
periads of systolic and diastolic pressure.
volume receplors in regulating the blood pressure.
ifferentiate between thrombus and embolus.
therosclerosis and arteriosclerosis.
s, heart attack, and heart failure as the stages of cardiovascular disea

" related to the malfunctioning of cardiac valves.




0 we need a transport system? You have read in the previous chapter that what ﬁ’&
hapter 1 you have read what are cells? Al the cells of our body need food from
and oxygen from the lungs. Carbon dioxide and waste chemicals have to be

the lungs and kidneys respectively. Our bodies are too large for materials to

n and out. So we have a system of internal transport - a circulatory system that

oxygen and carbon dioxide, distributes nutrients to the body cells @d conveys the

ducts of metabolism to specific site for disposal.

is chapter targets more detailed study of the circulatory system of man, the basic

e of which has been dealt with in biology IX-X course. Cardiovascular disorders and
System have been discussed in detail.

12.1 BLOOD CIRCULATORY SYSTEM OF MAN —

f The internal transport or blood circulatory system of man is divided into cardiovascular

em and lymphatic system. The cardiovascular system consists of a strong muscular
three kinds of blood vessels: arteries, capillaries, veins and blood. The study of the
ses of cardiovascular system is called angiology.

12.1.1 Heart

The heart functions as a pump and is responsible for the circulation of the blood through
ood vessels. The human heartis a hollow, fibromuscular organ. The Greek name for the
is cardia from which we have the adjective cardiac. The Latin name for the heart is cor
1 which we have adjective coronary. The adult heart has the shape of a cone. The blunt,
nded point of the cone ds the apex . Lt corwnon st arery
larger flat part_at the opposite

he cone is the base.
Superier vena cava
2. Struc‘tu@f Human Heart-/ﬁwmm
3 aranes oS "
e

Left subclavian arery

ti Iocated in the thoracic |
the lungs. The Right pulmanary vei .

" js a closed sac that | b=
it consiss of two parts H!

| . A '
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' the pericardium as
heart from being
overfilled with blood.

Aarta
Left pulmonary arteries

pulmonary trunk chambers: two

Left pulmonary veins entrance chamber) and twg

Left atrium
Semilunar valves the ventrlcies

composed of the thregile
Alrioveniricular 7
(bicuspid) valve The eplcardtum,*the myocar'
the endocardium. The epicardit
Intervenincular seplum thin Serous membrane com
Left ventricle the smooth outer surface of
The thick middle layer of the hear
myocardium, is composed o
muscle cells. The smoot
surface of the heart chambel
endocardium which cc')n'

Papillary muscle

e 's.ueenor vena cava, the inferior vena ¢
.an ad-dl_tl'on'al opening into the right atn




hwd s mptﬁh'ﬁw scles eantract when the ventricles eantract and prevent
and € atria by pulling on the chordae tendineae attached to the
a pulmonary trunk possess aortic and pulmonary semilunar.

ac o of BlOOd through Heart Interior vena cava Supeﬁgrvenaca‘vd h‘.

or vena cava and the inferior vena
ing deoxygenated blood, enter the right
ﬁght atrium sends blood through the
e to the right ventricle. The right ventricle
through the pulmonary semilunar valve
llmonary trunk and the two pulmonary
 to the lungs. Four pulmonary veins, carrying
blood from the lungs, enter the left atrium. I

Veins pulmonary semilunar valve

Pulmeonary arteries

i

Lungs

t atrium sends blood through the bicuspid
the left ventricle. The left ventricle sends
ugh the aortic semilunar valve into the
' body proper. The heart is a double pump
e right ventricle of the heart sends blood:to
38, and the left ventricle sends blood throughout Areries  [TeRamum ) |

Capillaries

Pulmonary veins
(right and left)

' e ¢ o k A Bicuspid valve

_oartbeat anag its vonu oL '\ — ‘ \
continuous, rhythmic cycleeart is passively [Tett ventricle | .
lood from the large veing and then the heart o o WL

acts, propelling the blood throughout the
rnating relaxations and contractions make Kovt

ac cycle. The cardiac cycle is a sequence

, Fig. 12.3: Passage of blood through heart
o Jme@at
; sttole means to contract and diastole means to dilate. Atrial systolg is
he atrial myocardium and atrial diastole is relaxation of the atrial myocardium.
ricular systole is contraction of the ventricular myocardium and ventricular
on of the ventncular myocardium. When the word “systole” and “diasteie"

- tn specific chambers, they mean ventricular systole or diastole.

the nght atnum from the body through the vene




atriove icu 2
the beginntng of ventricular

second heart soun

sound often descnbed as a‘

It results from closure of tf
- pulmonary samlluna

of systole. ‘lub’ 1

‘dub’ as ‘duppie

.. alves of the aorta and
ack flow in the heart is prevented. In this phase bicuspid valve and

, aortic semilunar valve, and pulmonary semilunar valve are
¢ cycle is of 0.7 to 0.8 second depending on the capability of cardia -
eart muscle rests 0.1 to 0.3 second between the beats.

contract,
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! _ eanéﬁtuté- the conduction sysﬂam._‘l'he- oond
cardiac cycle. The components of the conduction system are the (a)

the upper wall of the right
where vena cavae enter the
> has been developed from

le is connected to a strand of
cles (in the ventricular septumn)

'-.a'sses through a small epening

on to reach the interventricular

muscle fibres. They
1 m ost card

cL Tor

= b

Bundleof Mis

Purkinje fibres

Fig. 12.5: Conducting system of the heart
1. Action potentials originate in the
sinoatrial (SA) node and travel across the
wall of the atrium (arrows) from the SA
node to the atrioventricular (AV) node.

2. Action potentials pass through the AV
node and along the atrioventricular (AV)
bundle, which extends from the AV node,
through the fibrous skeleton, into the
interventricular septum. '
3. The AV bundle divides into right and
left bundle branches, and action potentials
descend to the apex of each ventricl
along the bundle branches. y

4. Action potentials are carried by the
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Ker of the heart. When
nd is required for action pot

/ node action potentials are pro
m. As a consequence, the
e AV node until they pass

n of the atrial contraction b

onducting syste
] n potentials reach th
5 second allows completio

¢ arrhythmias.

al pacemaker in patients of cardia ..
bradycardia (heart beat less

in electrical thythm of heart. It may be
ycardia (heart beat more than 1
contraction. The pacemaker is pu
al rhythm at a set rate, o in this way

00 beats per minute)- Pacemaker :
t surgically under, the skin where it may be | I
i

arrythmia are controlled.

mpulses that pass through the conduction system of the heart during the

: pe:mrded as an electrocardiogram (ECG). The electrical changes result
nd repolarization of cardiac musele fibres and can be detected on th‘é.-:
'g|!jghan instrument called the electrocardiograph. The principal aSpths.'
Lo in fig. 12.6. The wave deflections, designated P, QRS, and T are
ic events of the cardiac cycle occur. ’ '

n of t_heﬁa’m’al fibres of the SA node produces the P wave. The ventricl f
ur.in_g. th%’?’xﬁression of the P wave. On the ECG r;acordingn ::ee:-:
;nteg;t:; zf :zeulf’ v;ave to the beginning of the QRS ’complex
beis as o Sgozedo‘::;;hedSA depolarization to reach the
ands as awdownward deflecti:r: (:;f_l:hc;lcg\R(SQ(); continues’. as;
es. D.unggdth-i_s 'interval, the ventricles are in S{;;gll:xal:.tca
g l:r:tlgn known as the S-T segment represer
e -.epOIarrllzanlon and initiation of repolarizatibm
:’:ﬁ:o::;l ECG ipdica'tes that the 2
iNd oceurs just prior to con
rs just prler- to ventricular
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T wave
(ventricles repolarize)

Fig. 42/6:'Electrocardiogram (ECG
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BLOOD VESSELS “—

eins, which return blood to the heart, and capillaries, which permit
the tissues. : ;
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nge frem 7 to 9 ym in diameter,
ta change in their diameter.
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een as blue vessels under the

Tunica adventia is composed
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» (vawdllator agents) can cause powerful va
ilu!da of some organs. e.g., histamine. Most of ﬁlo

Artenole

Precapillary

k and Into the venules. sphi:fcm'

flows frm'l arterioles  through ¢, ...
rioles. From a metarteriole blood
S into a thoroughfare channel. Several
38 D '_ ﬂ'om the thoroughfare
El!w in these capillaries is
by smooth muscle cells called

illary sphincter, which are located at

f the branches. This sphincter can Venule
lose the entrance to the capillary.
‘sphincters are normally either
open or completely closed, and
constriction of tl@ metarteriole also varies. The precapillary sphincters and
ten open and glose cyclically several times per minute, with the duration of the
J about preportional to the metabolic needs of the tissue. The cyclic opening and

DMotior

Fig. 12.11: Capillary network

athway

W includes two circuits, the pulmonary circuit which circulates
systemic circuit which circulates blood to all other parts of the body

ic _on ls Rcﬂeeﬂve of Emotlon:?
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c Vena cava collects blood from the lower body reglons Bﬂﬂ’l
a and the venae cavae are the major pathways in stemic
artery and the vein that serve the same organ are % the same

 circulation Q{b

Il of the heart has its own supply of blood vessels to rrLe;? its vital needs. The
Is supplied with blood by the right and left coronary arteries. From the
in the myocardlum the blood enters the cardlac veins. The course of these vessels

;'-H'lmug_h an opening into the right atrium.
¢ portal system

portal system is vascular
that begins and ends with
beds and has no pumping
1 such as the heart. .The
system that begins with
in the viscera and ends with vein

Inferior

Hepatie vein vena cava

Stomach
Liver

Spleen

Duodenum

5‘,-,. : portal vein,
\ tem, is formed

m. Wlthln the liver.the
h a series of dilated




) given point in the

{. The overall blood flow
adult at rest is about 5000
i cardiac output. It is the

d by the heart in a unit : o
Fig. 12.14: Principal arteries and veins of kidney '

12.3 BLOOD PRESSURE

is the force exerted by the blood against any unit area on the inner walls
The standard reference for the blood pressuré is the mercury
‘measures pressure in millimetres of mercury (mm Hg). If the blood pre
e pressure is great enough to lift a column of mercury 100 mm. When the
contract the arterial blood pressure is the highest. It is called syst
ricles of the h%y«e‘iax. the arterial blood pressure is the lowest.

s @

'y

ed into two categories based on the type of blood vessel il

ted'_ in the walls of the aorta and carotid sinus
_. _;-.sur;e and relay the information to the brain
Ained. Stimulation of parasympathetic nerﬁé
asodilatation throughout the body and ¢
owing the heart rate. The opposite «




arteries, bmumaummoprmwﬂ
maoeuonal area of capillaries that determines i

ﬁlhempillaries and enters the venules and v@n speeds up again as a
jon in total cross-sectional area. The carotid sinus and aortic arch

flex: S are important in regulating blood pressure moment to moment.

Total
cross-sectional
area

Velocity of
blood flow
(mL/s)




nbe :-t‘ rt during life is calleq
| _ o | or the hea _
a clotted mass of blood within a vesse ring life is calleq
dott;@:i::: r:fa?:ood within a vessel or thefr;::r:;a?:iovzscular syst:f:
, occlusion (a closing of an opening) of some part &

. lism. Embolus js
i is called embo
A th through the blood streaﬂj . site distant from j
o smrt:;: 'tsc::JIt:;e |?(;t3id or ggalseous mass that is carnt;q ;(:] ; e calletz
mh‘:;:siu%% emi:oli arise from dislodgement of throm®!
N F ut j

'I:mbbli. Thrombus and embolus cause death.

- : - atherosclerosis, angina
In this section we will discuss cardiovascular diseases, such as

sition of cholesterol in the arteries resulting in the
re deposited in the cholesterol and these often
wn as arteriosclerosis. The plaque first forms

: atherosclerosis and
hrombus and may detach to form embolus. The major factors that CRNg™ Ciaretie/ariiil
arteriosclerosis are: Hypercholesterolemia, (hyperlipidemia), Hypertension, Cig %
- Diabetes mellitus, the other minor risk factors are: ol '
= (a) Increasing age, (b) Lack of exercise, (c) Stressful competitive life, (d) Obesity.
Angina pectoris : , -
" Due to atherosclerosis a person may feel occasional chest pain, a condition known as
 angina pectoris. Angina is most likely to occur when the heart is labouring hard because of
yﬁaal or emotional stress. Angina is a signal that part of the heart is not receiving a

sufficient supply of oxygen and that part of the heart attack could occur in future.

_”.A'tfhgrosclerosis is the plaque depo
arrowing of the arteries lumen. Later, fibres a
to calcify and become hard, a process kno

Patent ductus arteriosus (Extra reading material)
an be classified as congenital or acquired. Congenital heart problems result from
development.and may be attributed to heredity, nutritional problems (poor diet)
on: .
5the- two major arteries—the aorta and the pulmonary artery—are
e ductus arteriosus. This vessel is an essential part of foetal blood
oetus's blood does not need to go to the lungs to get oxygenated. The:
the blood to skip the circulation to the lungs. However, when the baby is
en in the lungs. Within minutes or up to a few days after birth, the vessel F&‘

alf_changes oceurring in the baby's circulation. If the ductus arteriosus i
this necessary step of circulation.

arteriosus. This opening allows

Patent ductus !

with oxygen-poor blood from the e
thé_.-:_.!‘leart. and increase bloog
ptions for a patent ductus
and closure by cardiac ot

pulmonary

a heart defect e
i oxyqa_nat?d- blood from the lungs is separe
oo ventricle walls can allow deoxygenated ¢
through the aorta has less oxygen than
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diate to shoulder, arm neck orjaw Other syr
ortness of breath and dizziness or fainting. The whole prm
uscle) infarction (death due to lack of oxygen). When heart
#l';lmat replaced because cardiac muscles do not divide. When a perse n
ck scar tissue (a type of connective tissue) grows into the areas where th

rt is permanently weakened.

|

tive heart failure is inability of heart to pump all mé}bf)d coming to it. The
-Butput is unable to keep pace with the venous return.

al heart problem

( .5_ enltal heart problems result from abnormalities in the embryonlc development. It

Atrial septal defect {em reading material)

t is a congenital heart defect. If the interatrial septum is defective then oxygen-rich blood
m the left side of the heart to mix'With the oxygen-poor blood in the right side of the heart,
results in cyanosis (blueness of the skin).During development of the foetus, the interatrial
s to separate the left and right atria. However, a hole in the septum called the foramen ovale,
'om the right atrium to en}ar.th left atrium during foetal development. This opening allows blood
the nonfunctional foetal lungs while the foetus obtains its oxygen from the placenta. After birth, the
il jht side of the he s as the lungs open and begin working, causing the foramen ovale to

“Dlagnosl @f ardiovascular Disorders

rn researc » efforts have resulted in
osis. of CVD their treatment and

of angiography
| eteﬁzation is a technique in
hster is inserted into a
the heart under
This allows




is a surgical procedure that

of obstruction in the coronary

e involves taking healthy segments

other parts of the patient's body

the leg or an artery of thorax to
in the coronary arteries.

and Society Connections
es and disadvantages of coronary bypass.

ary artery bypass grafting are: (1) procedure is safe, (2) angina is abolished or greatly
fthe patients, (3) it is used in the patients with: (a) 2 to 3 vessel diseases (b) disease
ry (c) impaired left ventricular furiction (d) diabetic patients (e) lesion not suitable for
ntages of coronary artery‘bypass grafting are: (a) defused left ventricular damage,
©operation), myocardial ipfarction. (c) infection (d) wound pain (e) longer hospital stay.

/ a cardiologist threads a
'arteryofanann or a leg
r blood vessel

be reaches the

ry artery a balloon

the tube is inflated

F@str. the artery




le itself, the |
d vessels outside the heart. |
 the heart is started again, and
 removed. The breastbone and the skin incision are then closed.
ertension and Hypotension ‘.{%\
on )
d pressure is the force of blood against your blood vessels as it circulates. This
sssary to make the blood flow, delivering nutrienis and oxygen throughout Your
 blood pressure also called "hypertension,” is a serious medical condition. When
pushes harder against the walls of your arteries, your blood pressure goes up. Your
e may be different at different times of the day. Hypertension is defined as blood
her than 140/90 mmHg. A diagnosis of hypertension may be made when one or
s are high. 120/80 mmHg is normal blood pressure. Modern lifestyle factors are
r a growing burden of hypertension: physical inactivity, stress, salt-rich diets with

and fatty foods, alcohol, tobacco use, age and family history. Hypertension can
art damage blood vessels, and increase the risk of heart attack, stroke, kidney

ulating bloodfptessure
d pressure are: heart rate, stroke volume, resistance to blood
rength of the heartbeat, and vasomotor centre in the medulla.

‘hypotensit
N} duals, sudden standing or after eating causes a fall in blood pressure,
of vision, and even fainting. Hypotension occurs primarily in adults older
include: high blood pressure, some medications, some heart conditions, £ -
weating, bed rest and pregnancy as woman's circulatory sym i
: L N




Concave surface

:ar"léukocytés; Leukocytes fight infection bﬁipiéa-sing che'm'i
fe- phagocytes, eating bacteria and foreige pl"otelns. Eosino
om cytes produce antibodies.

Basophil

ystem of Man \_——~~ |
m includes lymph, lymphc ytes, lymphatic vessels, lymph nodes, tonsil

t one si' '%f?'the body consists of spaces between the

-"'.e_-flnt_e " 1. The fluid in these spaces is the interstitial fluid

tium is derived by filtration and diffusion from the capill
tains almost the same constituents as plasma except f
)ecause proteins do not pass outward through the walls o

pid transport of water molecules electrolytes, n
C. Materials are exchanged between the blood
uid and the body cells. In other words, to g
ust pass through the interstitial fluid,




), @bmposlﬂon and Function —
ion: The fluid in the interstitium is derived by filtration and diffusion from the

Composition: Interstitial fluid contains almost the same constituents as plasma except

for much lower concentrations of proteins because proteins do not pass outward through the
walls of the capillaries with ease.

White blood cell
squeezing through
Red blood cells capillary wall Endothelium

Direction Blood
| of blood i
flow Goolan)

Movement of oxygen Movement of excretory
and dissolved food waste products
substances

Interstitial uid Tissue cells

Fig. 12.19: Relationship betweena blood capillary, interstitial fluid and tissue cells

Function: Interstitial fluid allows rapid transport of water molecules electrolytes, nutrients,
cellular excreta, oxygen, carbon dioxide etc., through the interstitium. Materials are exchanged
between the blood and interstitial fluid and between the interstitial fluid and the body cells. In
'I other words, to get from the blood to body cells or vice versa, materials must pass through the

interstitial fluid. B e
12.5.2 Comparison of the
composition of interstitla‘lfyd
and Iymph

lmately 30 litres of fluid pass

from the b jlood capillaries into the interstitial

- space each day, whereas only 27 litres pass
~ from the interstitial space back into blood
@plllarles_ The remaining 3 litres of fluid

%lled lymph (meanmg clear spring
') and passes through the lymphatic
o the blood. In addition to
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lilar to the valves of veins.
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along the various lymphatic
nodes function to filter lymph.

sic duct. It drains the right thorax, right upper llfn
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; phases of heartbeat on a printed EC
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of the heart of sheep and describing its intemal
-an artery and a vein by observing g
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| Exercise
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e corre
~.~\. ating of cardiac muscle in the mammalian heart is initiated by the.
rio-ventricular node (B) parasympathetic nervous system
e tissue (D) sino-atrial node
d cell, entering the right side of the heart, passes by or thr
res: '

2. semilunar valve
5. Pulmonary trunk




(B) urine. t%\‘

rs has litt ect on blood flow in arteries?

@of vessels

(B) on interauricular septum
(D) in the wall of left atrium

(B) carbon dioxide
(D) white blood cells

ich of the following?
(C) water (D) interstitial fluid

(B) blood pressure
(D) heartbeat

(B) is also called AV node
(D) is also called bundle of His
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lling of the Iymph node is cause of conern.
s between:
d valve and tricuspid valve
- and diastole
de and AV node
wave and T-wave of ECG
blood capillaries and lymph capillaries
harar&ceptor and volume receptor

Extensive Questions

ibel and describe the external structure of human heart.
 the flow of blood through human heart as regulated by the valves.
 phases of heanbegt in man.
 the oonductmg >m of human heart.
eiectrocardio ram with the help of diagram.
1e structure of blood vessels in man.
e role of p ecaplllary sphincter?
lmonary circulation and systemic circulation.

p.rtal system
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man skin that make it |rnpenetrable barrier ; t inve
: ?@’l and

ct in killing the bacteria pre

at glands within the epidermis inhibit the

» acids and enzymes of the digestive tra

epithelium of nasal cavity and of the mucous of the brongk

borne microorganisms.
phages and neutrophils in Idﬂing bacteria.

| Killer (NK) cells kill the cells that are infected by microbes and i

the complemimt&tem kill bacteria and how the interferons inhi




/ 'Iaarnt the eomposmon of blood in grade IX-X biology course and
previous chapter. In this chapter we will learn about the y’s
hasis would be on the immune system. The body’s response to foreign
1€ production of antibodies directed agair<t a specific antigen, is called an
se. Immunity is the ability to resist damage from foreign substances such as
L and harmful chemicals, e.g., toxins released by mmroorgamsms, munology
ﬁf.:ferelgn particles that can affect the living body and the defence mechanisms,
] by the body to eliminate these particles. The human bo.dy has three lines of
inst microbial attack. First line of defence comprises external barriers that keep
ut of the body. Second line of defence consists of nonspecific internal defence
”l-'_lﬁity) that combats all invading microbes. Third line of defence includes the
nternal defence (adaptive/ acquired immunity) also.called immune system.

13.1 FIRST LINE OF BEFENCE ———

_e. first and obviously best, defence is to keep microbes out in the first place. The
| body has two surfaces exposed to the environment: the skin and the mucous
s of the digestive and respiratory_tracts. These surfaces are external barriers to
| invasion. Since these barriers inhibit generally all kind of microbial invasion thus, first
2nce is supposed to be a non-specific defence.
IMMUNE RESPONSE

Pathogens

(f‘(bactena virus, fungi, etc.)

____._..—-.....__

First line of defense
(nonspecific)

.—-.—-



) sié' also contains the sebaceous glands and sy
m, an oily substance whereas; sweat glands
vides cooling effect to the body. Secretion from sweat
over the skin. These secretions contain natural antibiotics &
growth of bacteria and fungi. These multiple defence r
ly effective barrier against microbial invasion.
&

Sweat pores

Duct

- Sebaceous gland

Sweat gland

Dermis




- against microbial invasion
The anterior part of nasal cavities that ﬁﬁﬁmm
in hairs is called vestibule. These vestibular to pharynx
airs filter the large dust particles of the inhaled :
The inner surface of nasal cavities is also
lined by ciliated mucous epithelium. The
mucous secreted by this epithelium is also
involved in trapping of fine dust particles and
microbes. The cilia of the epithelium sweep the
trapped, fine dust particles and microbes posterior
to the pharynx, where they are swallowed and are
eliminated by the digestive system. The trachea
and the air passageways within the lungs are also
lined by ciliated mucous epithelium that is also
involved in trapping of fine dust particles and Fig. 13.3: A diagrammatic view of the
microbes. The cilia in this region propel mucus respiratory epithelium of trachea showing

Ciliated columnar
epithelial cell
Mucous cell
Stem cell

Mucus layer

and foreign particles towards the larynx, where the direction of movement of mucous
‘they enter the pharynx and are swallowed. containing trapped particles towards pharynx
y SECOND LINE OF DEFENCE - Nonspecific Defence

\& " If microbes become successful to penetrate the skin or mucous membranes then a
second line of defence takes action against these foreign invaders. The second line of
defence comprises three nonspecific internal defence. First, the body has a standing army
of phagocytic cells and natural killer cells. Second, invasion of microbes provokes an
inflammatory response. Third, the body often produces fever. In addition, some
. Protective proteins are also the part of second line of defence. These defence are
nonspecific because they attack wide variety of microbes, rather than targeting specific

Wﬂﬂsas the immune response does.
13.2.1 Killing Cells of Blood ="
Dogm re white blood cells in the body called phagocytes. A phagocyte is a cell

other abnormal body cells (cancerous cells) or invaded microorganisms by

> process s called phagocytosis. Two types of blood cells are phagocytes:
and neutrophils.

 derived from monocytes or the monocytes that leave the blood
Monocytes are formed in bone marrow. From bone marrow,

are transported to the areas of the body where they are
ene ound in the organs such as the lungs, liver, s_ﬁ_l'egn_’:

remaining in the blood. In these organs, they patrc
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y some parts of micro _

The macrophages also secrete many

sis of the microbes. Some of these protein

to macrophages, thereby increasing their numbers:,.
the brain to raise the body temperature, producing

te the specific immune response-
D W

Macrophages

aitack Macrophage engulfs

bacteria bacterium and displays
parts on surface

’ —\
Protcins

' Bacteria secreted

Specific immune
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I'1SEs

|

M ,s'm- es triggered
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ftain_apoptotic protease

Proteins of Complement System e
er system consists over thirty types of small proteins found in the
al synthesized by the liver, and normally circulating in inactive state. They
d on the entry of foreign particles. Once a complement protein is activated, it
her protein, which further activates other proteins of the system and so on.
of this complement activation is stimulation of phagocytes t0 ¢ ear foreign and

aterial, development of inflammation to attract additional phagocytes at the site
n and activation of the cell killing membrane attack complexes. The complement
an important supporter of the immune system that enhances (complements) the
‘of antibodies and phagocytic cells to clear microbes.and damaged cells from the
\otes inflammation, and attacks the pathogen's plasma membrane.

An example of protective proteins of complement system is perforin, a membrane
plex that produces holes in the bacterial cell walls and plasma membranes of
ia. The holes allow fluids and salts to enter the bacterial cell, thus, bacterial cell
nd eventually burst.

Bacterium

(@) Water and salts Th :
diffuse into the ® ev:nbtt?aclt;ﬁguw“s et
ate bacterium through
ial cell wall. the holes.
5: Action of the complement system against a bacterium R
: k- 'IIH-L 1
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o ont of the non-spe _
‘major component 0 cix hysical
- T::l'infecﬂous microorganism c:‘:'o:ycgn)'{:et |
e tilggers this response. lnﬂam":a-asponse cohﬁén‘
inflammation is an inflamme.ltory r heat. paitheal
he classical signs of inflammation are heat, pain, redr
ction. ke up the inflammatory respe
ws the chain of events that make . “first thing ¢
S t::zl::: the skin and infected it with brlcterllaé;hi I:t:n i::aIlnga
je is injured is that the damag 0 o) i fe
: in:-;?nigs Tt,1e chemical sparks the moblllzati.on of v:rs:gzddsez
. '-ﬁe“indu.ces neighbouring blood vessels to dilate aln o asSés il
Iz‘#ﬁﬁpply to the damaged area increases, and blood paS p  out
38 into the interstitial fluid of the affected tissues.

*Phagocytes and
fluid move

Dilation and increased Phagocytes

leakiness of local blood (macrophages and
vessels; migration of neutrophils) consume
phagocytes to the area bacteria and cell :
~ debris; tissue heals

g. 13.6: Th  Inflammatory response

is to eliminate

the initial cause of cell injur |

€ original insult (to attack physicall

ir. The inflammatory response
g tissues.




all the mechanisms for raising the body temperature are brought into play,
conservation and increased heat production. Since, higher body temperature .tha |
the microbial growth in the body, this is the reason why invaded microorganisms

e the host's body temperature.

the other hand, certain white blood cells in
to the infection, also release hormones
y called endogenous pyrogens that further
' the temperature set point of hypothalamus
higher body temperature than normal increases

1 bacteria. The endogenous pyrogens also cause
cells to reduce the concentration of iron in the
because many bacteria require more iron to
oduce at temperature of 38°C or 39°C than at 37°C,
fever and reduced iron in the blood combine to slow

ction of interferons that travel to other cells and
their resistance to viral attack. The higher body

e fever may inhibit replication.

&,
Science Titbits

Several . experiments have
suggested < that interleukin-1 causes
fever by first inducing the formation of
one of the prostaglandins. When drugs
block . prostaglandin formation, the
fever is either completely abrogated or
at least reduced. In fact, this may be
the explanation for the manner in
which aspirin reduces the degree of
fever because aspirin impedes the
formation of prostaglandins from
arachidonic,acid. It also would explain
why aspirin does not lower the body
temperature in a normal person
because a normal person does not
have any interleukin-1. Drugs such as
aspirin that reduce the level of fever

are called antipyretics.

qilng and Planping
vhy phys

an prescribe antihistamine therapy to the patients of runny nose or

kin rashes are a type of hypersensitivity
basophils. Its release causes vasodilation, incre
action. Antihistamine drugs block histamine rec

this w 2y are effective in allergic rhinitis i.e. runny nose and sk

reaction in which histamine is released
ased capillary permeability and
eptor sites so histamine action

in rashes

y Connections

antipyretic drugs, when fever is a nonspecific
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ody's nonspecific defence, the third
;sponses, often called immune respon
cific antigens. These antigens serve
se. The term "antigen” comes from ANTI-t
n have specific antigens on

ence respond against particular infections and acts as the
infections therefore, it is also called specif‘l%#diefon_w
types: Humoral immune response and cell-mediated

» jmmune responses are particularly carried out by two

and T-lymphocytes or T cells. However, third line of defence also
s (macrophages) that participate in activation of these lymphocytes.

Monocytes in Third Line of Degfence —

ibed in second line of defence that. monocytes are kind of WBCs,
ymphoid tissues. The monocytes circulate in blood for 10 to 20
leave the blood and come.into the intercellular space of tissuess =
and attain a larger size to become tissue macrophages. When
agocytosis of invaded microorganisms, after digesting them th.ﬁj,_f'-"
| antigens on their surfaces but also begin to secrete about 100

sukin-1 sec{r_.»ei___\__‘;‘" ‘by macrophages activates the T cells that in tu
ukin-2, which then activates the B cells. Interleukin-1 al
nse @w, causing fever and activating other mechanisms that




b : o - _F-. : i
compel the helper T cells to divide but also causes pro

Is. The activation of T-cells by § ecifié ;

ytotoxic T cells and B ce|
ell-mediated immunity. Th
" e specific antigen.

-cells, each able to

e body contains millions of differ

o>

h- I

Self-nonself

complex Interleukin-2

stimulates
cell division

Antigen-presenting nterleukin-1 gjnding Binding

stimulates site for  site for
helper Tcell  antigen  self protein

0.13.7: Activation of cell mediated immune response

5 WS Pertorin makee hoke In 1 ot oo
Do e ommm s destroyen
" © and enryme enters




.ker-rdésignated CD4
ed they divide and produce four types of cells which h

ne. The holes cause the pathogen to lyse (rupture), .
| _-._':'_-'.'_ese ceIIs secrete mterleukm 2 which stimulates cell division of T cell .




Cytotoxie ~ Helper ~ Suppressor Memory
Plasma Cells T Cells T Cells T Cells T Cells

$ecrele antibodies destroy cancer activate B shut down long-lived,

into bloodstream cell and body and immune provide
cells infected T Cells response future

by viruses immunity

Fig. 13.9: The major cells of Inmune system and their roles in the immune system

re of an antibody« - Antigen-binding

sites

d to specific antigens,
bes. The antibodies are
e blood and the lymph to




fic protection is provided by

f the immune system, but
is system to become fully
nts of the acquired immune
| immunity and antibody

women

against _sm j
observed ‘and studied
milkmaid who had previ
cowpox and was found to
to smallpox.




dies against baties and <ome snake venoms al;a-;
an rhesus blood group antigen are used. ’%3

: 'Bisorders of Inmune System & v

ditions that stimulate a defective immune response or destroy immune system
ders of immune system.

are defective immune responses leading to chronic health conditions like Hay

thma and food allergy. The immune system of allergy patients overreacts

large quantity of special antibodies IgE. This IgE binds with basophils to
: chemacals ike histamine. Histamine increases capillary leakiness,

atlon and other allergic responses. Antihistamine drugs
rehevmg the symptoms of allergies. Vaccination can be

own cells and the antlbodtes are gomg to produce
to destroy them. This problem is called an autoim




ent's immune mechanisms, which m
transplant rejection.

: ectlon probably varies with the nature of the tissue ang
: .' y ani?sm_s_ require that the host helper T cells come
Jjor histocompatibility complex (MHC) antigens. This cont
tic cells of the graft tissue itself. At this point, At |
st, antigen-specific TH cells stimulate the‘v ~activation and
Is, which then mount a focused attack on the transplant tissue,
sive antigen-specific TH cells move to the graft site, where they rel_ea_sa':!'
scruit monocyte/macrophages and T cells to the graft site and maintain

mechanism in which antibodies plays a role. The responsive helper T
appropriate B cell clone, producing a shower of antibodies to the

HC antigens. These can trigger either complement-mediated graft
 phagocytosis of the grafted tissue by macrophages.

_'rlﬂ_'Soclety Connections'
lanoma as due te the inability of tumour-

d \‘ to grow out of control. Melanoma
he melanocytes a type of skin cell.
th_q:skin. but they are more likely to start

‘and on the legs in women. The neck and Moot dangerous foens of ML NN




become a routine procedure due to
And the availability of drugs that more sel
>Nt the patient from becoming immunologically
d hypersensitivity reaction as a function of lyn
of immunosuppressive drugs enhances tolerance. People
S have side effects like pain, diarrhoea, leukopenia, sepsis, lymp
in rashes, anaphylactic reaction, hypertension, hyperkalemia and neurotox
Cination). Hence, each system is affected, sgw € person starts to feel weakness

ections

 discovery of monoclonal antibodies and justify how this accomplishment
many aspects of biological researchy
Milstein and Georges Kohler working:in Cambridge solve the problem of developing a
I producing monoclonal antibodies; for which they were awarded Nobel Prize in 1984.
elonging to one clone. £ach type of antibody is made by one type of B cells which
‘Words multiplies tomaké many identical copies of itself in response to a particular
Konhlar fuse cer cells, which are immortal to form hybridoma

monoclonal antibodies has been Spawned a new industry. A common
nedical diagnosis. Monoclonal antibodies are used for determining
is, rabies, cancer, streptococcal thr
. leukaemias (cancers of white blood cells) and lymphomas etc.
en developed which is very effective at preventing rejec tm
al antibodies can be used to fing out the types of antigens pre
of matching.




ive T cells carried in the plasma
combine with antigens
le regions (B) at constant region
macrophages are present (D) both A and C are correct
n to the immune system, we are protected from disease by
‘normal body temperature (B) hormones
s ng\ (D) mucous membrane and cilia

o .
Interferon production

concentration of iron in the blood
ctivity of phagocytes

(B) macrophages
(B) red blood cells




dsarders of lmmune system :

 the autoimmune diseases? N
'erences between: :

ous gland and sweat gland

hages and neutrophils

ole of mac phages and neutrophils in killing bacteria?
otect proteins of complementary system with diagram.
nflammatory response with diagram.

e response against infection.

| nﬂcytes in immune system.

“cells in cell mediated r




lu!lhus in transfer
hlhommbasesofa

OH) (an'ty-dy-uh-ret'k) a

y the posterior lobe of the

basal body (bay'sl): »

organization and anchorage of a

base pair: a complementory

containing a purine, pyrimidingiy 3
basidiocarp (ba-sid’ wkﬂ'ﬁ)’ the fruiting body
basidiomycete, e.g., méshroom.

basidiomycete (ba-sid"e-o-my'seat): member of a
phylum of fungieeharacterized by the production of =
sexual basidigspores. |
basidiospores (ba-sid'e-o-spor): one of a set of
sexual@pores, usually four, borne on a basidium ofa =
basidiowtycete 'S
basidium (ba-sid"ee-um): the club-like spore=
producing organ of basidiomycetes that bears
sexual spores called basidiospores. -
bilateral symmetry: a body shape with right andﬂ
halves that are approximately mirror images of one
another. N
bile: a liquid secretion of the liver stored in the galt
bladder and released into the small intestine dur
digestion. Bile is a complex mixture of bile s

water, other salts, and cholesterol.

binary fission: the process by which a ‘

bacterium divides in half, producing two i
offspring.

blodversity: 3l g iings witin a g




> series of reactions whereby
: d into carbohydrates during the
e__.reactions of photosynthesis also

series of reactions in certain plants
dioxide into oxaloacetic acid, which
down for use in the C3 cycle of

: the initial steps in the C3 cycle in

on dioxide reacts with the ribulose
to form a stable organic molecule.

k): pertaining to the heart.

_ ne complete heart beat.

roteins: a membrane proteins that

usion of specific substances across the

olecule to be transported binds to

of the carrier proteins, the protein

shape, allowing the molecule to move

ne through the protein.

ted active transport: transport across

a substance rom @ region of low

a high concentration;
with a binding site

and an energy source

cells in a root, which
>r and minerals in nnd

chanml .promin a memm'ana pmuh that

channel or pore completely through the membrane
and that is usually permeable to one or a few water-
soluble molecules specially ions. :
chemiosmosis: a process of ATP generation in
chloroplasts and mitochondria. The nt o
electron transport system is used 1o
ions across membrane, _therel
concentration gradient of hyd -across i
membrane. The hydro ,_""ns diffuse back acrciss
the membrane through the pores of ATP-
synthesizing enzymes. The energy of their
movement down their concentration gradient drives
ATP synthesis.

chitin - (ky'tin): a nitrogen-containing structural
polysaccharide that forms the exoskeleton of insects
and the cell walls of many fungi.

choanocyte (koh-an'oh-sight): a unique cell having
a flagellum surrounded by a thin cytoplasmic collar;
characteristic of sponges and group of protists.
chorion: the outermost extra embryonic membrane
of the embryo of an amniote. Becomes highly
vascular and aids in gas exchange.

chromatin (kro' mah-tin): the complex of DNA,
protein, and RNA that makes up eukayotic
chromosomes.

chromosomes (kro'moh-soms): structures in the
cell nucleus, composed of chromatin and containing
the genes.

ciliate (sil'e-ate): a unicellular protozoon covered by
many short cilia.

citrate (citric acid): a 6-carbon organic acid.
citric acid cycle: series of chemical re
aerobic cellular respiration in which aeam

AHMADKHAN) 03499815886




deamination (dee-am-ih-nay'shun):
amino group (-NH2) from an amino
organic compound. R
decomposers:  microbial _ heterotrophs
breakdown dead organic material and u:
decomposition products as a source of energy.
called saprotrophs or saprobes.
deoxyribonucleic acid (DNA): do
nucleic acid; contains genetic inforT
specific sequences of its constityeAEILICIeotEs
deoxyribose pentose: sugar lacking a hydroxyl (-
OH) group on carbon-2'; a‘€onstituent of DNA.
diastole (di-as'toh-lee)f phase of the cardiac cycle in
which the heart is relaxed.
diatom (die'eh-tom"): a usually unicellular alga that :
is covered by an ornate, siliceous shell consist‘in.g_ of
two overlapping halves; an important component of
hun) (1) a sexual plankton.i'n both marine ar:d fresh \.fv.aters. :
protists that involves dikaryotic (dy-kgre—ee-ot ik): condntlon' of haw..{_wgmg
Il with another cell; (2) a nuelei per cell (i.e, n + n), characteristic of certain
ge in bacteria that fungal hyphae. :
dioecious (dy-ee'shus): having male and female
reproductive structures on separate plants.
dipeptide: a compound consisting of two amino
acids linked by a peptide bond.
disaccharide (dy-sak'ah-ride): a sugar produced by
covalently linking two monosaccharides.
dorsal (dor'sl): toward the uppermost surface or
back of an animal.
double fertilization: a process in the flowering
life cycle in which there are two fertilizations;
fertilization results in the formation of a zygot
develops into a young plant, while the

results in the formation of endosperm
tissue). |

ganic cofactor for
in the reaction by

specialized hypha




Y necrotic lesion in
niting, seizures and

er ): the inner germ layer of
omes the lining of the digestive
res that develop from the
, lungs, and pancreas.

mic reticulum (ER) (en'doh-plaz'mik reh-
): interconnected network of internal
| in eukaryotic cells enclosing a
the ER lumen. Rough ER has
- attached to the cytosolic surface:
ER, a site of lipid biosynthesis, lacks

: a thin, flexible structure that guards the
 the larynx, preventing food from entering
uring swallowing.

rine: a hormone secreted by adrenal

linkage: covalent linkage formed by. the
a carboxyl group and a hydroxyl group,
removal of the equivalent of a water
the linkage includes an oxygen atom
0 a carbonyl group.

plant harmone that prgmotes the ripening

ome material which does not
t during cell division. It

fermuntaﬁon anaeroblc prm
produced by a series of redox reactions in
organic compounds serve as electron donors and as
electron acceptors. e

fibre: (1) in plants a type of sclerenchyma. Fibres
are long, tapered cells with thick walls. (2) in
animals, an elongated cell as a muscle or
nerve cell.

florigen (flor'uh-jen): arjn?pﬁtheﬁcai plant hormone
that promotes flowering.

fluid-mosaic model: the modern picture of the
plasma membrane and other cellular membranes in
which protein. molecules float in phospholipids
bilayer.

G

gametophyte generation (gam-ee;'toh-fite): the n.
gamete producing stage in the life cycle of a plant.
ganoid scale: thick, bony rhombic scales of bony
fish, not overlapping.

gastrin (gas'trin): a hormone released by the
stomach mucosa; stimulates the gastric glands to
secrete pepsinogen.

gastrovascular cavity: a central digestive cavity
with a single opening that functions as both mouth
and anus; characteristic of cnidarians and flatworms.
gene therapy: any one of a variety of methods
designed to correct a disease or alleviate its

symptoms through the introduction of genes into the
affected person's cells.

genetic engineering: manipulation of genes, often
through recombinant DNA technology. .

genital herpes: it is characterized by m
vesicular lesions of the male and female

and anal areas.
genome (jee'nome): all the genetic m
or organism.
gnnomle_ DHA llbrary a '




mmetrcal in some fishes, a
lobe larger than the lower, and
column somewhat upturned%\ v “W

sharks.
hetrochromatin: chro material of ¢ ¢
density from normal’( Ily greater), in which

activity of the genes is modified or SUW ;
heterospory .(het" ur-os'pur-ee): production of twe
types of ', 'Spores, microspores (mﬂl)
megaspares (female). -2
histoneés (his"tones): small, positively chargec
(basic) proteins in the cell nucleus that bind t
negatively charged DNA.

homocercal: a tail with the upper and Iamr" bes
symmetrical and the vertebral column ending near
the middle of the base, as in most teleost fishes.
homospory (hoh” mos'pure-ee): production of one
type of n spore that gives rise to a bisext
gametophyte.

hormone: an organic chemical messenger
multicellular organisms produced in one
body and transported to another part where it affects
some aspect of metabolism.

hydrolysis: reaction in which a

between two subunits is broken thr

is added to one subunit and a droxyl grou
other.




a specific response by the
vasion of the body by particular
microorganism, Characterized
of the foreign material by immune
ubsequent destruction by antibodies or

] outside a living organism (literally

g in a living organism.
response: a non-specific, local

y to the body, characterized by
oreign substances and tissue
d cells and “walling off" of injury
ids escaping from near by blood

bundie sheath
_ cell
around the leaf veins, outside the bundle-sheath
cells. (The term 'Kranz' means wreath or ring in
German).
Kuru (koo roo) a progressive and fatal brain
disease, found only in certain parts of Papua New

Guinea and thought to be tfransmissible by a slow
virus.

L

lacteal (lak'tee-al): one of the many lymphatic
vessels in the intestinal villi that absorb fat.

lactic acid: a 3-carbon organic acid; also known
also lactate.

large intestine: the portion of the digestive tract of
humans (and other vertebrates) consisting
cecum, colon, rectum, and anus. :

larva (pl. larvae): an immature form in

of some animals: ’

lateral meristems: areas of |




the lymphatic
ood plasma and
n; contains white

ph tissue surrounded
psule; manufactures

of the
. excess interstitial

blood cell with

is responsible. Qar

N\

te g'lvlvl.-llar organelles
n a variety of

‘memory cell: B or T lymphocy

mob on of immune response
subsequent exposure to a particular
mesonephrons: the middle of the thre
embryonic renal organs '
functional kidney of fish and amphibi
messenger RNA (MRNA): RNA

amino acid sequence of a pi

DNA. Qe :
metastasis (met-tastuh-ssis): the spreadir
cancer cells from one organ or part of the b
another. \

microbodies: membrane-bounded  structur
eukaryotic " cells that contain enzymes; in
peroxisomes and glyoxisomes.
microfilaments: thin fibres composed of a v
protein subunits; form part of the cytoskeleton.
micronutrient: an essential element that is req
in traceamounts for normal plant growth.
microphyll (mi'kro-fil): type of leaf found in
mosses; contains one vascular strand (i.e.,
venation).

molting: the shedding and replacement of &
covering such as an exoskeleton.
monoacylglycerol  (mono”o-as’-il-glis'er-ol):
neutral fat consisting of glycerol
chemically with a single fatty acid,
monoglyceride. '
monocyte (mon'oh-site): a type of white

a large phagocytic, nongranular leuke
enters the tissues and differentia
macrophage.

monoecious (mon-ee'shus): hz

_fama[e-feﬂfﬂ.ducﬁve parts in sepa

e plan




‘otein found in muscle.

‘e enveloped, have single
larity RNA, e.g., influenza virus.
> to the affinity of the viruses for

(ortF omyxoviruses) is added to
paramyxo viruses.

and reduced forms,

otinamide adenine dinucleotide;
ansfers electrons (as hydrogen),
abolic pathways, including cellular

- and reduced forms,
cotinamide adenine dinucleotide
zyme that acts as an ‘elect
er agent, particularly gig;;_a
Jing structure
in cnidarians;

8s chiefly from contact
n the birth canal.
ear envelope remains

£

union of mobile male gamete and immobile

gamate. N -
organotroph is an organis it obtains hydrogen
or electrons from organic substrates. Thi

used in microbiolog % classify and «
organisms based on how they obtain elect _
their (respiration processes.
Someorganotrophs such as animals and many
bacteria, are also heterotrophs.

osmoregulation (0oz’'moh-reg-yoo-lay'shun); the
active ‘regulation of the osmotic pressure of body
fluids so that they do not become excessively dilute
or excessively concentrated.

osmosis (oz-moh'sis): net movement of water (the
principal solvent in biological systems) by diffusion
through a selectively permeable membrane from a
region of higher concentration of water (a hypotonic
solution) to a region of lower concentration of water
(a hypertonic solution).

osmotic pressure: the pressure that must be
exerted on the hypertonic side of a selectively
permeable membrane to prevent diffusion of water
(by osmosis) from the side containing pure water,
ovoviviparous (oh‘voh-vih-vip"ur—us): a type of
development in which the young hatch from eggs
incubated inside the mother's body:.

oxidative phosphorylation (fos"for-in-lay'shun): the
Production of ATP using energy derived from the
transfer of electrons in the electron transport syster
of mitochondria; occurs by chemiosmosis.
oxyhaemoglobin: haemoglobin that has e

with oxygen, '

1
i




ng of a chain
e consists of two
amino acids.

ln peptides and

kan): a modified

yossessing an  attached

cterial cell wall.
gical time that is a

photnlysis (foh-to! Iuh—sis) the pl
splitting of water in the light—depandem
photosynthesis, catalyzed by a sp eific e
photon (foh'ton): a parhclg ‘of

radiation; one quantum of radiant€
photoperiodism (foh‘__‘ Oh-p

physiological response {

to variations in the len
photophosphoryl&ﬂou (foh"toh—fos-for-ih-lay‘ :
the production ofATP in photosynthesis.
photosystem: a group of chlorophyll mole
accesnry pigments and associated

!ocated in the thylakoid membr‘ane

phetoautorophic eukaryotes).
phototrophs : are the organisms that

photon capture to acquire energy. They
energy from light to carry out various
metabolic processes. It is a common misconce|
that phototrophs are obligatorily photosynth
phototropism (foh”toh-troh'pizm): the grﬂ
plant in response to the direction of light. |
phytochrome  (fy'toh-krome): a bl
proteinaceous pigment involved in a wlde
physiological responses to light; - in
interchangeable forms depending on the al

to far-red light.

pinocytosis (pin” oh-sy-toh'sis): cell drinkir

of endocytosis by which cells eng

droplets of Ilquids "




fragments in the blood that
ed thrombocytes.
molecule built up from

ich as a protein, nucleic

(pol-ee~sak’ah-ride): a

sisting of many monosaccharide
ples are  starch, glycogen, and

| nd act as a pore, through which

se.[1] Unlike other membrane

S, porins are large enough to. allow

rﬁembrane of .gram-negative
ne gnam-pos-itiv% cteria of the
cid-containing

and the

\ with negative
plementary

Paleozoic era, encompassing appr
4 billion years of Earth's history.

dissolved sugar is thought to be tran
phloem.

prokaryote (pro-kar'ee-ote

nucleus and other membr

include the bacteria,

Prokaryotae. O\

prophage (pro'faj): a latent state of a bacteriop
in which the viral genome is inserted into the
bacterial host chromosome. |
protist (proh'tist): one of a vast kingdom of
eukaryoticorganisms, primarily single-celled or
simple multicellular; mostly aquatic.

pseudocoelom (soo'doh-see'lom): a body cavity
between the mesoderm and endoderm; derived form
the blastocoel.

pseudocoelomate (soo"doh-seel'oh-mate): animal
possessing a pseudocoelom. ;
pulse: alternate expansion and recoil of an artery.
purines (pure'eenz): nitrogenous bases with carbon
and nitrogen atoms in two attached rings;

components of nucleic acids, ATP, NAD+, and
certain  other biologically  active substances.
Examples are adenine and guanine.

R

radial cleavage: o j
which the cells are located directly above or bel
one another; characteristic of early deuter
embryos. _

radial symmetry: a body plan in

through the mouth

Yhyides. th



s (“slow virus”)
certain animal

aped enveloped
negative polarity
the bullet shape

f single-stranded
nly in |:Jr(:ite.i'nJ

ery of these substa .
{hemv?frgm hormones and other mpl |
function outside the cell as “first messengers” in
transmission of biological information
messenger molecules are ‘
diffuse rapidly through the cytoplasm, en
information to move quickly. throughout the ¢
Examples of second messenger molecules include
cyclic AMP, cyclic GMP inositol trisphosphate,
diacylglycerol, and caleium.
semilunar valves: valves between the ventricles of
the heart and the arteries that carry blood away from
the heart. |
sepsis: (It is characterized by a whole-body
inflammatory state and the presence of a known or
suspected infection. The body may develop this
inflammatory response to microbes in the blood,
urine, lungs, skin or other tissue.
septum (pl. septa): a cross-wall or partition; for
example, the walls that divide a hypha into cells.
Permanently attached to sessile (ses'sile) one
location. Coral animals, for example, are sessile.

small intestine: portion of the vertebrate digestive

tract that extends from the stomach to the large
intestine.

sodium potassium pump: a set of active transport
molecules in nerve cell membranes that use
energy of ATP to pump sodium ions out of the ¢
and potassium ions in maintaining the concentrat
gradients of these ions across the membrane.
spongy mesophyill (mez'oh-fil):  the

a_r'f._an_ged mesophyll cells near the lower epi
certain leaves.




flar bytwu gua.rd
sible for its opening and

) (Pl. strobili): in certain plants,
that bears spore-producing

space of the chloroplast, enclosed by
r membrane and surrounding the
f the reactions of the Calvin cycle.

ance on which an enzyme acts: a
enzymatically catalyzed reaction.

T':cell T lymphoctye that suppresses

"r' a protein receptog located on the

1 a c antigen and
u.

loed clot formed within a

- number of blood

visna: it is a disease of sheep, charwﬁerlzod

and supporting cellin the ﬁylem
transfer RNA (tRNA): RNA molecules that
specific amino acids and serve as adapter
molecules in protein synthesis. The m
anticodons bind to complementary mRNA codons.
transposon: A transposable element is a DNA
sequence that can change its )
genome, sometimes creating or reversing mutatiena
and altering the cell's. Qme’i‘ ic identity and genome
size. These mobile segments of DNA are sometimes
called “jumping genes”

trichome (try'’kehm): a hair or other appendage
growing out from the epidermis of a plant.
tricylglycerol (try-as'il-glis'er-oil): a neutral fat
consisting of a glycerol combined chemically with
three fatty acids; also called triglyceride.

triose: a sugar molecule containing three carbons.
tube feet: structures characteristic of echinoderms;
function in locomotion.

Vv

vaccine (vak-seen'): a commercially produced

weakened or killed antigen of a particular disease
that stimulates the body to make antibodies

vertebral column: backbone of vertebrates through
which the spinal cord passes.

vesicle (ves'ih-kl)" any small sac, especially a small
spherical membrane-bounded compartment, within
the cytoplasm.

viroid (vy'roid): tiny, naked virus consisting only of
nucleic acid.

viscera (vis'ur-uh): the internal body organs
especially those located in the abdominal or thoracic
cavities.

pneumonia and lesions in brain.




flagellated motile spore
 algae, water molds,

ized by the production
sexual zygspores.
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