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CHAPTER #1 
 
A Introduction 
Biology is the branch of science in which we study about the organism. Biology is a coinage of 
two Greek words bios which means life and logous which means knowledge or study. 
 
Kingdom 
The large group of living organisms is known as kingdom. In the past, the living organisms were 
divided into two kingdoms: 
1.  Plants kingdom 
2.  Animal kingdom 
 
We study plants in botany (botane: vegetation) and animals in zoology (zoo: animals). The latest 
research has rejected the idea of dividing the kingdom into two groups. Now, living organisms 
are divided into five kingdoms. 
 

Division of Kingdoms 
 
 
i. Kingdom Monera (Prokaryotae) 

In this kingdom, the prokaryotes are included; such as, bacteria & cyanobacteria. 
 

ii. Kingdom Protoctisha (Protista) 
In this kingdom, acellular and eukaryotic living organisms are included. Now, they are 
not classified as fungi, plants or animals & referred as protoctistian or protistian, e.g. 
Euglena, paramecium, chlamydomonas, etc. 
 

iii. Kingdom Fungi 
In this kingdom, multicellular, non chlorophyllous, heterotrophic living organisms are 
included. They are thallophytes having cell wall and coenocytic body which is called 
mycelium, e.g. Agaricus (mushroom), yeast, etc. 
 

iv. Kingdom Plantae 
In this kingdom, chlorophyllous, multicellular and eukaryotic living organisms with cell 
wall are included, e.g. apple, mango, sunflower, wheat, etc. 
 

v. Kingdom Animalia 
In this kingdom, chlorophyllous, multicellular and eukaryotic living organisms without 
cell wall are included, e.g. hydra, earthworm, man, etc. 

 
There have been one and a half million species of organisms discovered till now. These species 
vary in shape, form and size. On one hand, we have small bacteria measuring no more than 
0.0001 mm; and on the other hand, we have whale as the largest living organism in the world 
which measure up to 40 meters in length and 150 tons in weight. In trees, we have red wood tree 
measuring over 300 feet in height. 
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Branches of Biology 
In modern biology, species are not only classified and recognized by their forms but now 
structural and functional aspects are considered in classification. These changes led to the 
division of biology in extremely specialized branches. Some of them are as follows: 
 
1. Molecular Biology 
It is one of the latest branch of biology. In this branch, we study about structure & function of 
molecules responsible to build cell & its organelles; such as, nucleic acid, proteins, etc. 
 
 
2. Microbiology 
In this branch, we study about micro-organism; for instance, virus, bacteria, protozoa, etc.  
 
3. Environmental biology 
In this branch of biology, we study about environment and its effect on living organisms. 
 
4. Marine biology 
In this branch of biology, we study about living organisms living in marine environment or ocean 
and related with physical and chemical characteristics of the same environment. 
 
5. Fresh water biology 
The life found in fresh water is concerned with fresh water biology, e.g. in pond, lake and river 
water. It studies how the environment of fresh water affect the life physically and chemically.  
 
6. Parasitology biology 
In this branch of biology, we study about parasitic living organisms, their transmission, life cycle 
and coordination with host. 
  
7. Human biology 
In this branch of biology, we study about all aspects of human life; such as, evolution, anatomy, 
physiology, health, inheritance, etc. 
 
8. Social biology 
This branch is concerned with social interaction of animals within a population; particularly, in 
human beings. Study focuses on points which tell that the behavior is inherited or socially 
inducted.   
 
9. Biotechnology 
It is another latest branch currently introduced in biological sciences in which engineering and 
technology data is used to solve various problems particularly concerned with human beings.   
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Levels of Biological Organization 
 
The living organisms are very much complex and organized. This complexity and organism is 
based on categorization of structure. This organization is found on all levels. Its base is formed 
from pre-existing form and on other hand, it provides foundation of a level  
 
Life is formed basically from chemicals which are derived from elements. All the elements are 
unique types of matter. As we know that an atom is the smallest unit of any possible element in 
which all properties of an element is maintained. The atoms combine in specific ways and form a 
molecule. Simple molecule are formed spontaneously, e.g. CO2. Extremely large and complex 
molecules are formed from living matter. 
 
The molecules of living organism are mostly composed of carbon and form building blocks of 
living organisms. They are known as organic compounds. Different molecules combine together 
and form compounds. In living organisms, along with organic compounds inorganic compounds 
(minerals) are also linked, e.g. human blood.   
 

Conversion of Simple Molecules into Complex Molecules 
Simple organic molecules are sugar, glycerole, fatty acid, amino acid, purine and pyrimidine. In 
living organisms, simple organic molecules are converted into more complex organic 
compounds. These molecules can be recognized easily in three types of food or natural large 
molecules. These molecules are required by living organisms. They are known as carbohydrates, 
fats and proteins. 

 
 

Chemicals and Fats in a Cell   
Life appears at the level of the cell along with chemical composition and complex molecules. As 
we know that atom is the smallest unit of matter. Similarly, cell is the basic unit of life. All the 
cells basically contain genes which are functional units of inheritance. Genes contain all the 
necessary information which control cellular life. Sub cellular structures are known as 
organelles. They work like chemical factories and use information found in genes for the 
existence of the cell. Cytoplasm and inclusions are bounded by a membrane known as cell 
membrane.  
 
Some organisms; especially, microscopic organisms are usually unicellular, but large organisms 
are composed of many cells. In multi cellular organisms, same type of cells form tissue which 
perform special function, e.g. nervous tissues, connective tissues, xylem tissues, etc. Many 
tissues combine together and form an organ, e.g. brain. System is composed of many organs 
which collectively perform same function. Different organs combine together and form a system; 
like, brain, spinal cord, sense organs and nerves combine together and form nervous system. 
Different systems after advancement interact with each other and in this way they form a 
complete individual organism. 
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Definitions 
 
Species 
Individual organism after formation increases the level of organization. Such groups which are 
very close can interbreed with each other and they are called as species. 
 
Community 
The group of individuals belong to different groups or species and interlinked with each other is 
known as community. 
 
Ecosystem   
Community when interlinked with environment including land, water and air form an ecosystem 
or ecological system. 
 
Biosphere 
The whole earth where life exists is known as biosphere. 
 

Life in Space 
In this world, life arose 2.5 billion years ago. It is supposed earlier that life was simple and 
composed of non-cellular organization (virus). Later on, few or all living organisms became 
modified due to change in composition of genetic material. In this way, new forms of living 
organisms were formed. Present form of the living organisms is derived from the pre existing 
life. Life is maintained in entire world in the form of billion of species and all kinds of habitat. 
Most of the animals are free living. However, few cannot live alone and they associate 
themselves with other living beings due to their unsuccessful growth; such as, symbiosis, 
commensalisms, mutualism and parasitism. 
 

Living World in the Time 
As we know that the idea of first life was simple and non cellular. Now the question arises that 
when and how livings organisms of present day were evolved. Such questions are solved after 
study of fossils of ancient living organisms which lived in geological time. Fortunately, the 
remains of most of the animal groups are found in the form of fossils. The age of fossils can be 
detected by using different methods. Through these methods, we can know that fossils belong to 
different groups of livings organisms and had different ages. This provides support of the 
concept that different livings organisms evolved in different geological time.           
 

Phyletic Lineage 
As we know that living organisms gradually appeared in the form of population through 
evolutionary processes in different geological period of time. These historical traces provide a 
base or interlink the pre existing life with the present life. Evolutionary process an unbroken 
sequence of species which is arranged from predecessors to successors in which other groups are 
formed from pre existing groups. Appearance or discovery of all the missing links will provide 
the complete knowledge on the accurate origin of life. 
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Biological Methods 
The methods used in biological sciences are the same as used in other branches of science. 
Biologists work on different subjects and after identifying problems solve them. Methods are 
arranged in different steps for research. Scientists collect facts which provide a base for a 
possible statement called hypothesis. This hypothesis provides guideline for further observation 
and experiment. This scientific method is termed as inductive reasoning in which scientists 
through separate facts reach on a general statement which describe an experiment. Robert Hooke 
observed a T.S of cork cells. This process invited attention for further observations and 
experiment on plants and animals. M.J Schleiden and T. Schwann further described cellular 
theory and proved that all types of life is made up of cells. 
 
Once a hypothesis is proposed, deductive reasoning starts action on its characters. It involves 
often “if ___ then” statements. Their base is on accurate experiment. This leads to conclusion of 
results. If concluded results are correct then hypothesis is also approved and vice versa. If the 
hypothesis is approved, a theory is presented which is accepted as a law (general principle). 
 
Malaria a Biological Problem: Selecting a Method for Research 
Let’s take malaria (a biological problem) as an example to select a method for biological 
research It was believed that malaria is caused due to bad air which is linked with marshy places; 
but later on, it was proved that malaria is caused due a protozoan parasite which is called 
plasmodium. They are transmitted in human blood by biting of female Anophelese mosquito. 
It was not clear until 1878, when Laveran who discovered microscopic organisms in RBC’s of 
malarial patient. Later on, in 1897 Ronald Ross discovered Plasmodium in stomach (crop) of 
female Anophelese mosquito. In 1898, another biologist Grassi discovered life cycle of 
plasmodium in mosquito. After discovery of plasmodium, it was clear that plasmodium causes 
malaria and bad air of marshy places are not accountable for the same. 
 
Malaria, as we know, was a serious biological problem and thousands of people died through it. 
It made the danger for human life and economy. In order to solve this problem, experiments were 
made. Observation and data was collected and blood of malarial  patient and blood of healthy 
persons were observed under microscope. The material parasites collected from stomach and 
salivary glands of many mosquitoes. Complete life cycle of plasmodium was studied. Thus, a 
hypothesis was proposed that malaria is caused  by plasmodium. Hence, the above details prove 
why a scientific or research method is used to solve a biological problem. 
 
Experimental Study of Malaria 
For the study of malaria, many hypotheses were proposed and principles were described which 
are as follow: 
 
Example: (A hypothesis) 
Malaria is due to plasmodium. If malaria is caused due to plasmodium then in blood of malarial 
patient microorganism should be found. 
After taking samples of blood of malarial patients, experiments were made which gave positive 
result. In order to prove this, further experiments were repeated on places where malaria was 
spread. In this way, above stated hypothesis was proved. 
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The Role of Biology in Human Welfare 
Biology is an advantageous field for humans. Biological knowledge improves the standard of 
life. It involves the people intelligently in health betterment programs. It also helps to protect 
environment. Latest techniques are used in the field of agriculture and medical sciences, etc. It 
has been observed throughout the world that natality deaths and other death rates are now very 
much reduced. It may be attributed partially to the increased immunity through different 
vaccination processes.  
 
The vaccine was first discovered by Edward Jenner in 1795. The vaccine was introduced to 
animals and human in order to prevent many epidemic diseases; such as, polio, small pox, 
jaundice, etc. In some cases; like, small pox vaccination provides complete security for whole 
life; but, in other cases it is not so. 
 
Latest research and experiments have made it possible for biologists to prepare antibiotics. 
Antibiotics are those substances which in low concentration stop the growth of micro organisms. 
The first antibiotic was isolated from penicilium notatum (a fungi). Its large-scale isolation was 
done by Fleming, Florey and Chais. They got noble prize in 1945 jointly. Through these 
antibiotics, many dangerous past diseases like T.B Laprosay, Anthrex, etc., are successfully 
controlled.       
 
In medical sciences, with the advancement, biologists are still working to control problems 
concerned with health and trying to form new and developed medicines. These days, through 
chemotheropy the uncured disease of past; like, cancer is being attempted to be controlled. 
Radioactive rays (X-rays) are also helpful in biological research. These are also used in medical 
sciences for the diagnosis and cure of diseases. Though electromagnetic rays, show harmful 
effect on human tissues. However, through recent medical technology; like, radio therapy, 
cancer, tumor, etc., are controlled successfully. 
 
Increased food requirements is another major problem which the humanity  is facing today. 
Biologists are trying to control this problem. They are using such effective techniques in 
agriculture to improve the quality and quantity of crops. 
 
Hydroponic 
It is the technique in which land plants are grown in aerated solution. They are also known as 
soilless or aquatic growing plants.  
 
Hydroponic is the technique through which vegetables and plants are grown in various parts of 
the world to fulfill the requirements of the food reserviours. Hydroponic plants do not need much 
food. They can grow even on micro- nutrient. 
The advantages of hydroponic farming are: 
1. It controls weeds and soil diseases problem.   
2. It requires minimum place for farming. 
3. Hydroponic technique is successfully adopted in xerophytic areas of the world. 
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Cloning 
It is a duplicate copy of genetic material which is found in plants and animals cells naturally. 
These copies are called clones, e.g. identical twins or triplets in humans, asexual reproduction in 
plants and animals, cancer, tumor and regeneration. 
 
Artificial cloning is focused for long time and attempts were made that people may be cloned 
from single cell of adult human. Biologists have successfully cloned the lower mammals. 
Recently, Dolly a sheep is successfully cloned which is formed from a somatic cell. It was 
cloned in 1996.  
 
This process helped the scientists to culture skin cells, blood cells, etc. Now scientists are very 
much hopeful that through artificial cloning human organs can be made in laboratory. There are 
many benefits of artificial cloning in agriculture and medicine. The grafting of fruits and dry 
fruits plants is the best example of vegetative reproduction. Through this technology, material of 
medicinal importance; such as, insulin, growth hormones, interferon and antithromb are yielded. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



9 | P a g e  
 

Page # 9 
 

www.thresholdcollegiate.webs.com 
www.facebook.com\threshold-collegiate 

www.twitter.com\threshold1999 

CHAPTER #2 
 
Q. Define Bio-chemistry and give its significance. 
 
Bio-Chemistry 
The branch of biology which deals with the biochemical basis of life is called bio-chemistry. 
 
Significance of biochemistry 
Significance of biochemistry can shortly be stated as follows: 
 
1. It provides information about all processes carried out in the living organism, e.g. construction 

of body structure, flow of information from nucleus; especially, DNA for protein synthesis 
and control of allmechanism. 

 
2. It provides information about abnormal mechanism which leads to diseases and ultimately 
goes to development of medicines and medical equipment to clarify these abnormalities. 
 
3. Recent biochemical concepts and powerful techniques have enabled us to investigate and 
understand some most challenging and fundamental problems in biology and medicine, e.g. how 
does a fertilized egg give rise to different types of cells; such as, muscles, brain and lever, etc., 
what are the causes of cancer, what is the mechanism of memory. This questions are 
satisfactorily have been answered by bio chemistry. 
 
Q. Define dry weight of the cell. 
 
Dry weight of the cell 
If the water is evaporated from the cell, the remaining mass is called dry weight of the cell. It is 
consists of mainly organic molecules. 
 
Q. Define the term bio chemicals. 
Biochemical 
The compounds which are produced by living organisms are called bio chemicals. 
 
Q. Give the name of six elements, their functions and percentage in human body which 
make up most (about 98%) of the bio chemicals. 
 
 

Name of 
Element 

Molecular form of 
utilization 

Function % by weight 
in man 

Carbon CO2 It is the basic element of organic compounds. It is 
fixed during photosynthesis. 

18.5 

Oxygen O2 It is used in aerobic respiration. 6.5 
Hydrogen HO2 It is used during photosynthesis. It is used as 

reducing agent. 
9.5 

Nitrogen NO –3 NH + 
4 It is used in amino acid for protein synthesis, 

nucleic acid and harmones coenzymes. 
3.3 

Phosphorus H2PO – 4 HPO4 - 2 It is the component of nucleic acid, ATP, 1 
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phospho-lipids, co enzymes, NAD, NADP, etc. 
Sulpher SO4 – 2 It is the component of protein and co enzymes. 0.3 

Q. Give the chemical composition of bacterial cell and mammalian cell in percentage. 
Chemical composition of cell (in %) 
 
Name of molecule Bacterial cell Mammalian cell 
Water 70 70 
Protein 15 18 
Carbohydrates 3 4 
Lipids 2 3 
DNA 1 0.25 
RNA 6 1.10 
Other organic compounds 2 2 
In organic compounds 1 1 
 
Q. Describe chemistry of water or structure of water molecules or why water is able to play 
a wide role in biological systems. 
 
Chemistry of water 
Water is the most abundant component, i.e. 70% - 90% in living cells. In H2O, two atoms of 
hydrogen are joined to one atom of oxygen. Water is a polar molecule. It means that it has a very 
slightly negative end (- δ). The oxygen atom and a very slightly positive and a (+δ) the hydrogen 
atom. This separation of electrical charge is called a dipole, which gives the water molecule its 
very important properties. Dipole leads to the formation of hydrogen bond. 
Due to the above cited property, water plays its wide verities of  role in biological systems. 
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Q. Give the biological important properties of water. 
 
Biologically important properties of Water 
Some of the important properties of water in biological systems are as follows: 
 

1. Behaves as best solvent. Water acts as a solvent to polar substances and many non polar 
substances. Aqueous solution is required for metabolic process in cell so ability of water 
to act as a solvent is vitally important for the process of life. 
Ions and molecules are dissolved in water. These particles move and collide to perform 
the chemical reaction.  

2. High heat capacity. The specific heat capacity of water is high. It takes a lot of energy to 
warm it up. The thermal stability plays an important role in water based protoplasm to 
allow the bio chemistry of life carried at fairly constant rate. 

3. High Heat of Vaporization. Due to high heat of vaporization, water needs to lose a lot 
of energy to form ice. This is why the content of cells are unlikely to freeze. High heat of 
vaporization is due to hydrogen bonding which gives stability to water molecules. 

4. Amphoteric Molecules. Water acts both as an acid and a base. It means water is 
amphoteric. Owing to this property, it acts as a perfect medium for the bio chemical 
reactions occurring in cells. It acts as a buffer, thus water in cell minimizes any change in 
PH which prevents any interference in the metabolism of the cell. 

5. Cohesive Force in water molecules. Due to hydrogen bonding, water molecules remain 
together. Water molecules also adhere to surface. Therefore, it can fill a tubular vessel 
and still flow so that dissolved and suspended molecules are evenly distributed 
throughout a system. Therefore, water is an excellent transport medium. 

 
Q. Define organic molecules. 
 
Organic molecules 
The molecules which have carbon as basic element bounded covalently with hydrogen atom are 
termed as organic molecules, e.g. lipids, proteins, carbohydrates, etc. 
 
Q. How is macro molecules synthesized by condensation? Or write a note on synthesis of 
large molecules by condensation. 
 
Synthesis of large molecules by condensation 
The molecules which form the structure and carry out the activities of cells are huge and highly 
organized molecules called macro molecules. These macro molecules consist of many sub units 
or monomers. The macromers are also called polymers.  
 
Major categories of Macro molecules 
Macro molecules can be divided into four major categories: 
1. Proteins → composed of sub units called amino acid. 
2. Polysaccharides → composed of sub units called monosaccharides. 
3. Lipids → composed of sub units called fatty acid and glycerol. 
4. Nucleic acids → composed of sub units called nucleotides. 
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Condensation 
Macro molecules are synthesized from monomers by a process that resembles coupling rail cars 
onto a train. Two monomers join together when a hydroxyl (-OH) group is removed from one 
monomer and a hydrogen  
(-H) is removed from other monomer. The joining of two monomers is also called condensation. 
This type of condensation is called dehydration synthesis because water is removed 
(dehydration) and a bond is made (synthesis). This process always takes place by proper enzyme 
and energy expense. 
  

  H--- Monomer   --- OH H-- Monomer -----OH 
 
          H2O  Condensation Process 
 
   H--- Monomer   --------  Monomer   ----OH  
 
Q. How is macro molecule broken down by hydrolysis? Or write a note on hydrolysis. 
 
Breaking of large molecules by hydrolysis 
A process during which polymers are broken down into their sub units (monomers) by the 
addition of H2O is called hydrolysis. During this process, a water molecule breaks into H+ and 
OH– ions by the help of enzymes. OH– group attaches to one monomer and H+ attaches to other. 
During digestion macro molecules are changed into monomers by hydrolysis with the help of 
enzymes. 
During metabolism, macro molecules are formed and broken down in cell, i.e. condensation and 
hydrolysis both occur. 
   H --- Monomer   Monomer 
 
           H2O 

    Hydrolysis 
 
   H--- Monomer   --OH H------  Monomer    
 
 
Q. Why does carbon form unlimited number of compounds and give a detailed account on 
carbon compounds with emphasis of functional group. 
 
Carbon forms unlimited number of compounds 
Carbon is a light element and has atomic number 6. It contains 4 electrons in its outer shell and 
requires 4 more electrons to complete its outermost shell. For this purpose, it forms 4 covalent 
bonds with other atoms, i.e. it is tetravalent.  
Carbon can form 4 covalent bonds with other carbon atoms. This property allows the formation 
of skeleton and the fundamental framework of carbon around which organic molecules are 
constructed. 
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Carbon Compounds 
Carbon containing backbone may linear, branched or cyclic. 

H      H H H H 
   |       |  |  |  | 
 H------ C----- H    H-------C-------C-------C-------C--------H 
  |        |   |  |  | 
            H       H  H  H  H 
 
Methane       Butane (linear) 
 
  CH3 
     | 
CH3---CH2------C------CH3     CH2----CH2 

   |        |      | 
CH3      CH2   CH2 

2,2—dimethyl butane (branched)    Cyclo butane (cyclic) 
 
Carbon can be linked with other carbon, either by single covalent or double or triple covalent 
bonds. 
e.g., 
H   H 
 C == C      H—C ≡ C--H 
H   H 
Ethene (Double Covalent Bond)    Ethyne (Triple Covalent Bond) 
 
Bond formation with other elements 
Carbon is capable of forming bonds with other elements; like, N, O, S, P, X and H. 
 
  C---O----  C---N   C--S-- 
 
 
 
  C---P  -----   C---Cl    C--H 
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Bonding with functional groups 
Functional groups are particular groups of atoms that behave as a unit and give organic 
molecules their physical and chemical properties and solubility in aqueous solutions.  Functional 
groups replace hydrogen atom in hydrocarbon. Some of the common functional groups found in 
bio chemicals are as follows: 
       O 

      |  |        
H 
              C   ------- O  ----- H     -----   C----O---H    C   ----  N    

 
H 

Hydroxyl Group or Alcoholic Group  CarboxylicGroup   Amino group or 
      Or Organic Group  Amine 
 
 C = O          -----  C   --- S ---- H 
 
Carbonyl Group     Sulfhydryl Group 
 
Above given groups contain one or more electronegative atoms (N, P, O, S) and make organic 
molecules more polar, more water soluble and more reactive. 
 
Linkages 
The most common type of linkages formed between two functional groups which help in the 
formation of polymers from monomes by condensation are as follows: 
 
Ester Bond 
Bond formed b/w carboxylic acid and alcohol. 
 O        O 

|  |                  -H2O              |  | 
       ----C----- OH + H  -----O ----C ----           ---C -----O -----C------ 

 
Ester Bond 

 
Amide Bond 
Bond formed b/w carboxylic acid and amine 
 

O        O 
|  |                 -H2O              |  | 

       ----C----- OH + H  -----N ---C  ----           ---C -----N -----C------ 
 
         Amide Bond 
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Q. Give a detailed account on proteins. 
 
Proteins 
Proteins are the complex organic compounds having C, H, O and N as elements. But sometimes, 
they contain P and S also.  
 
Due to the presence of N, they are called nitrogenous compounds. The name protein was 
suggested by Berzelius in 1883. 
 
Sources 
Egg, meat, fish, milk and pulses are the major sources of protein. 
 
Amino acid as a building block of protein 
Proteins are macro chemical of amino acids monomers. This amino acids are linked together by 
specialized bond or linkage called peptide linkage. Each protein has a unique sequence of amino 
acid that gives the unique properties to molecules. There are twenty basic amino acids found in 
proteins of the living organisms. 
 
Amino Acids 
These are organic compounds which contain at least one basic amino group (- NH2) and one 
acidic carboxylic group (-COOH), bounded to the ∝ – carbon having general structural formula 
as follows: 
           H       O 
       α  |        | | 
Amino Group    H2N  ---C---   C---OH   Carboxylic Group 
                       | 
           R 

        Radical Group 
 
 H     O    H O     H O 

|      |  |     | |  |       | |  | 
H2N---C----C ----OH  H2N---C -------C-----OH   H2N---C--------C------
OH 
 |    |      | 
 H           CH2OH                CH3 
Glycine     Serine      Alanine 
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Linkage of amino acids 
During the process of protein synthesis, each amino acid becomes joined to other amino acids 
forming a long continuous, unbranched polymer called polypeptide chain. In polypeptide chain, 
these amino acids are linked together by codensation process. 
 H    O     H    H    O          H    O           O 
  |    |  |                |      |     | |  -H2O   |    |  |         |  | 
NH2---C---C----   OH             H ------N----C—C---OH  NH2---C---C—NH---C----C -
--OH 
 |            |     | 
 R           R     R 

Peptide Linkage 
 
----- Amino Acid  -----  Amino Acid  ------------Amino Acid  ---------- Amino Acid  --------- 
 
 
  Peptide linkage Peptide linkage Peptide linkage 
 
The sequence of amino acids in the peptide chain is specific for each protein and potentially 
capable of great diversity. 
 
Structures of Proteins 
There are four basic structures of proteins: 
 
1. Primary structure 
when polypeptide chain is linear, then it is termed as primary structure. S – S is also present. 
 
2. Secondary Structure 
When a polypeptide chain of amino acids become spirally coiled, this structure is called 
secondary structure of protein. Spirally coiled structure is also known as helix. 
 
3. Tertiary Structure 
When secondary structure is found in three dimensions, this is referred to as tertiary structure. 
 
4. Quaternary Structure 
It is the association of two or more polupeptide chains into large sized molecules. It is called 
quaternary structure. It has two sub types: 
  a.  Homogenous quaternary structure 
   If participating units are similar, then it is termed as homogenous   
   quaternary structure. 
  b. Heterogenous Quaternary Structure 

If participating units are dissimilar, then it is termed as heterogeneous 
quaternary structure. 
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Functions of proteins 
Various functions of proteins are as follows: 
1. Proteins carry out the cell activities and form the main structure of the cell. 
2. As structural cables, protein provides mechanical support both within cell and out side their 
perimeter.  
3. As enzymes, proteins vastly accelerate the rate of metabolic reactions. 
4. As harmones, growth factors and gene activators, proteins performs a wide variety of 
regulatory functions.  
5. As membrane receptors and transporters, proteins determine what type of substances should 
enter or leave the cells. 
6. Proteins act as antibodies, antigens, fibrine, etc. 
 
Q. Define carbohydrate and give the classification. Also name several molecules of mono 
saccharides, oligosaccharides and polysaccharides with function and sources of each. 
 
Carbohydrates 
It is a group of organic compounds having C, O and H in which H and O are mostly found in the 
same ratio as in water, i.e. 2:1 and are thus called by hydrated carbons. 
 
Classification of carbohydrates 
Carbohydrates can be classified into following groups on the basis of number of monomers: 
1. Monosaccharides 
2. Oligosaccharides 
3. Polysacchardies 
 
1. Monosaccharides 
These are also called simple sugars because they cannot be further hydrolyzed into simple sugar.  
 
General formula 
Their general formula is Cn H2n On . 
 
Classification of Monosaccharides 
Monosaccharides can be classified according to carbon atoms present in each molecule: 
 
Class Formula Examples 
Triose C3H6O3 Glycerose (Glyceraldehyde), dihydroxyacetone 
Tetrose C4H8O4 Erythrose, erythrolose 
Pentose C5H10O5 Ribose, ribulose 
Hexose C6H12O6 Glucose, fructose, galactose 
Heptose C7H14O7 Glucoheptose 
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Sources of Glucose 
Glucose if found in ripe fruit, sweet, corn and honey. It is also found in starch and in sugar cane. 
It is associated with fructose. 
 
Function 
On oxidation, it gives of energy. 
 
Sources of Fructose 
It is most abundant hexose found in nature generally called fruit sugar. 
 
Function 
Cane sugar is synthesized by fructose. 
 
Source of Galactose 
It is found in milk. 
 
Function 
Lactose is synthesized by galactose. 
 
 
2. Oligosaccharides 
These are the carbohydrates which have 2 to 10 monosaccharides. 
 
Common oligosaccharides 
The most common and abundant carbohydrates of oligosaccharides are disaccharides. 
 
Disaccharide 
The oligosaccharide which is composed of two monosaccharides is known as disaccharide. 
 
Formation of disaccharide 
When two hexose sugar molecules unite by condensation, dissacharide is formed. 
Sucrose, lactose and maltose are disaccharides. 
Glucose + fructose → sucrose + H2O 
Glucose + Galactose → Lactose + H2O 
Glucose + Glucose → Maltose + H2O 
 
Sources of Sucrose 
It is found in most plants. It is stored in large amount in sugar cane and beet root. 
 
Function 
On hydrolysis, it gives glucose and fructose which are the sources of energy. 
 
Sources of Lactose 
Lactose is solely found in milk. 
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Function 
It gives glucose on hydrolysis; hence, it is indirectly a source of energy. 
 

Sources of Maltose 
It can be extracted from malt which is prepared from sprouting barley. 
 

Function 
On hydrolysis, it gives glucose which is a source of energy. 
 
3. Polysacchardies 
polysachharides are formed by the condensation of hundreds or thousands of monosaccharides 
units. They are of high molecular weight carbohydrates, which on hydrolysis give mainly 
monosacchardies or products related to monosaccharides. 
 
Examples 
Starch, glycogen and cellulose 
 
Starch 
It is composed of many glucose molecules which are linked together in straight chain. It is 
insoluble in water but when boiled it becomes soluble. It may be branched. 
 
Sources 
It is the most important reserve food material of higher plants. It is found in cereals, legumes, 
potatoes and other vegetables. 
 
Function 
Starch is converted into simple sugar by hydrolysis and then oxidized to produce energy to be 
used in metabolism of other molecules. 
 
Cellulose 
Cellulose is composed of many glucose molecules which are joined only in a straight line. 
 
Sources 
The main sources of cellulose are plants. 
 
Function 
It is the main constituent of plant cell wall. It is an excellent roughage substance that adds bulk to 
the diet. 
 
Glycogen 
It is a polysaccharide stored in granular form. It is insoluble in water. It is commonly known as 
animal starch. 
 
Sources 
It is found mainly in bacteria, fungi, liver and muscle tissues of animals. 
 
Function 
Glycogen acts as storage food material. 
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Q. Write an essay on lipids 
These are the compounds which have C, H and O but much lesser ratio of oxygen than 
carbohydrates. They are insoluble in water and soluble in organic solvent. Bloor in 1943 
proposed the term lipid. 
 
Groups of lipids 
Following are the important groups of lipids: 

• Acylglycelor 
• Waxes 
• Phospho lipids 
• Terpenoids 

 
 
1. Acylglycelor (fats and oil) 
Acylglycelor consists of a glyceorl molecule linked to three fatty acids. This condensed molecule 
is also called a triacylylycerol (triglyceride). 
There are two types of acylglycerol. 

a. Saturated acylglycerol 
They contain fatty acids which are saturated, i.e. they don’t contain any double bond 
between carbon atoms. They are solid at ordinary temperature, mostly found in animals, 
e.g. stear in (C57H110O6) found in beef and mutton. 

  
 C17H35CO  OH  +  H O ---CH2   CH2 OOC  -- C17  H35 
                       |      |   
 C17H35CO  OH  +  H O ---CH2   CH2 OOC  -- C17  H35 + 3H2O 
             |                  | 
 C17H35CO  OH  +  H O ---CH2   CH2 OOC  -- C17  H35 
 
 Fatty Acid       Lipid 
 (Stearic Acid)  (Glycerol)   (Stearin) 
 
 
 
 b. Unsaturated acylglycerol 

They contain unsaturated fatty acids, i.e. they contain one or more than one double bond 
between carbon atoms. They are liquids at ordinary temperature. They are found in plants 
also called oil, e.g. linolin found in cotton seeds. 
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2. Waxes 
These are lipids having one molecule of fatty acid forming ester bond with one molecule of long 
chain alcohol, e.g. bee’s wax.  
 
Formula of bee’s wax  CH3 (CH2)4 COO(CH2)29 CH3 
 
Sources 
For many years, sperm whales were the principle source of wax but now a unique plant that 
grows primarily in desert areas, simmondsia chinesis or jojoba, may serve as superior substitute 
because it synthesizes large amount of oxygen wax esters as storage lipids in its seeds. 
 
Functions 
a. Waxes are found as protective coating on stamp, stalks, leaves, petals, fruit, skin, animal skin, 
fur, feather, etc. 
b. Waxes are water repellant and non reactive. 
c. Waxes act as superior machine lubricants. 
 
3. Phospholipids 
Phospholipid consists of two molecules of fatty acids, one molecule of glucerol and one 
phosphate group. Phospho lipid molecule consists of two ends, which are called hydrophilic end 
and hydrophobic end. 
 
Functions 
a. It is found in cell membrane performing regulation of cell permeability and transport 
processes.  
b. Properties of cell membrane depend on their phospho lipid component. 
 
4. Terpenoids 
Terpenoid is a large and important class of lipids, built up of isoprenoid (C5H8) units. 
 
Classification of terpenoids 
These can be classified into three groups: 
a. Terpenes 
These are built up of only isoprenoid unit. Small size terpenes are volatile in nature. 
 
Function 
i. They produce special fragrance.  
ii. Some of these are used in perfumes, e.g. myrcene from oil of bay, geraniol from rose, 
limonene from lemon oil and menthol from peppermint oil. 
iii. Derivates of some terpenes are found in vitamin A1 and A2. 
iv. They are also important constituent of chlorophyll molecules as well as intermediate 
compounds for cholesterol biosynthesis. 
v. In nature, they are utilized in the synthesis of rubber and lattace. 
 
b. Steroids 
 These consist of three six membered carbon rings and one five membered carbon ring. These 
rings are fused together with total 17 numeric carbon atoms called steroid nucleus. 
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Functions 
Cholesterol is a steroid which is a component of animal cell membrane and a precursor for the 
synthesis of a number of steroids, sex hormones; such as, testosterone, progesterone and 
estrogenes. 
 
c. Carotenoids 
These consist of fatty acid like carbon chain, which are conjugated by double bonds and carrying 
6 membered carbon ring at each end. 
 
Functions 
These compounds are pigments producing red, orange, yellow, green and brown colours in 
plants. Some important carotenoids are carotene, xanthophylls, etc. 
Tetrapyrrole is the part of chorophyll and cytoshromes pigments. 
 
Q. Write an essay on nucleic acid. 
 
Discovery 
A twenty two years old Swiss physician and chemist, Freidrich Miescher isolated a compound 
from nuclei of puss cells which was quite different from other molecules and named it as 
nuclein. Later, it was found that the nuclein had acedic properties and it was renamed as nucleic 
acid. 
 
Structure 
Nucleic acid is a bio polymer of nucleotides, present either in the free state or bound to proteins 
as nucleo proteins.  
 
Kinds 
There are two kinds of nucleic acid: DNA and RNA. 
 
Nucleotide 
Nucleotide is a molecule which consists of following three parts: Pentose sugar, phosphoric acid, 
nitrogenous base 
 
Pentose sugar 
It is of two types:  
a. Ribose sugar 
It is found in RNA its formula is C5H10O5. 
 
b. Deoxyribose sugar 
It is found in DNA. Its formula is C5H10O4. 
 
2. Phosphoric acid 
phosphoric acid (H3PO4) is found both in DNA and RNA. It is attached with 5th carbon of 
pentose sugar. 
 
3. Nitrogenous Base 
There are two basic types of nitrogenous bases: 
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a. Purine 
It includes two nitrogenous bases: adenine and guanine 
 
b. Pyrimidine 
It includes three nitrogenous bases: cytosine, thymine, uracin 
 
Formation of Nucleotide 
It takes place in two steps: 
 
In the first step, nitrogenous base combines with pentose sugar at its first carbon to form a 
nucleoside. 
In the second step, the phosphoric acid combines with the 5th carbon of pentose sugar to form a 
nucleotide. 
 
Mononucleotide 
It exists signally in the cell or as a part of other molecules. These are not the part of DNA or 
RNA. Some of these have extra phosphate groups, e.g . ATB (Adenosine triphosphate). It 
consists of adenine, ribose sugar and three phosphate. During conversion of ATP into ADP. The 
free energy releases which is considerably  large, i.e. 31.81 KJ/mole. This energy is utilized to 
drive energy demanding reaction such as protein synthesis, lipids, carbohydrates, mechanical 
energy of cyclosis, contractility cell division, movement of flagella, active transport, etc. 
 
Dinucleotide 
It is a dimer of mononucleotide, e.g. NAD (nicotineamide adenine dinucleotide). It is a vitamin 
constituent. NAD is a co enzyme that carries electron and work with dehydrogenase enzyme. It 
removes two hydrogen atoms from its substrate, both electrons, but only one hydrogen ion is 
passed to NAD which reduces it to NADH. 
 
Polynucleotide 
Many nucleotides are linked together by phosphate groups to form polynucleotide and nucleic 
acid. 
 
Functions 
Nucleic acid acts as a store house and transmitter of genetic information. Genetic information is 
encoded in a nucleic acid molecule in a particular and simple fashion. There are three 
nitrogenous bases in a genetic code. 
 
Q. What are the differences between DNA and RNA? 
 
DNA RNA 
DNA contains deoxyribose sugar (C5H10O4). RNA contains ribose sugar (C5H10O5). 
DNA contains adenine, guanine, cytosine 
and thymine. 

RNA contains adenine, guanine, cytosine and 
uracil. 

DNA is double stranded helical structure. RNA is single stranded structure except tRNA. 
DNA is of just one kind. RNA is of three types: rRNA, tRNA, mRNA 
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Q. DNA is a hereditary material. Discuss it. 
 
DNA is an essential constituent of genes and genes transfer hereditary characters so DNA is 
considered as a hereditary material. Many scientists did experiments to prove it.  
 
Hershey and Chase Experiment 
In 1952, Hershy and Chase proved that DNA performs the function of genetic material in 
bacteriophage virus. Bacteriophage consists of head and tail. In the head, DNA is present in the 
center and it is surrounded by protein coat. 
 
Hershey and Chase labeled protein coat with radioactive sulphur and DNA with radioactive 
phosphorus. These two viruses used to attack bacterial cells. When these bacteria were checked, 
DNA with radioactive phosphorus was present in bacteria; whereas, protein was not found. It 
proves that DNA works as hereditary material. 
 
Fred Griffith’s Experiment 
In 1929, Griffith discovered that living bacteria can acquire genetic material from dead bacteria 
and transform live bacteria from non-virulent to virulent. 
 
Avery, macleod and Mccarty confirmed that Griffith experiment. They performed many 
experiments on transformation. They discovered that only DNA has the ability of transformation 
and not RNA. 
 
Q. How does the DNA behave as genetic material? 
 
DNA takes part to transfer the genetic information. Phosphate group and sugar are present on the 
sides of double helix of DNA. They cannot work to carry the genetic information. Nitrogen bases 
help to carry the genetic information. Each DNA has specific sequence of nitrogenous bases.  
These sequences of bases in DNA can encode vast amount of information. Since the nitrogenous 
bases are of four types, it is amazing that how just four different types of bases in DNA encode 
all of the information. 
The four different types of bases can be arranged in any linear order along a strand of DNA. 
Each sequence of bases represents a unique set of genetic instruction. Three nitrogen bases work 
for one amino acid. It is known as triplet code. 
 
Q. Discuss RNA as a carrier of information. 
 
DNA is located in the nucleus while protein synthesis occurs in the cytoplasm under the 
instruction of DNA. Therefore, DNA requires some intermediate molecules that carry 
information from DNA to cytoplasm. These molecules are RNA. Genetic information flows in a 
cell from DNA to mRNA. Then, to cytoplasm in two steps process for the synthesis of protein. 
 
Transcription 
In this step, information of DNA is copied into RNA. The RNA which performs this process is 
called mRNA. It carries information from the nucleus to ribosomes.  
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Translation 
In this step, tRNA and rRNA translates the information of mRNA into the specific sequence of 
amino acids which help to synthesize the proteins. 
 
Q. What are the conjugated molecules? Classify them with short description or write a 
note on conjugated molecules. 
 
When two bio molecules combine together, it is termed as conjugated molecules.  
 
Classification of conjugated molecules 
Conjugated molecules can be classified into four groups: 
 
Glycolipids  
These are the combination of the carbohydrates and lipids. These include the glacto lipid and the 
sulfolipids, found in chloroplast. These are also called cerebrosides because they are the 
important constituent of brain. 
 
Glycoprotein or mucoids 
These consist of carbohydrates and proteins. It contains small amount of carbohydrates less than 
4 %, e.g. egg albumin, gonadotropin hormones, etc. cell membrane also possesses it . oligo and 
polysaccharides take part in it. 
 
Nucleoprotein 
It consists of nucleic acid and protein found in nucleus. These are weakly acidic and soluble in 
water. 
 
Lipoprotein 
Lipids and proteins are conjugated in lipoprotein. Lecithin and cholesterol conjugate with 
protein. Lipoproteins help in the transportation of lipid in the blood plasma. It also occurs in the 
membranous organelles. The electron transport in mitochondria contains large amount of 
lipoprotein. It also occurs in the myelinsheath of nerves photo receptive structures.  
 
Q. Many birds must store large amount of energy to power flight during migration. Which 
types of molecules (organic) would be the most advantageous for energy storage? Why? 
 
Lipids would be the most advantageous for energy storage because lipids take a very long time to 
deplete and lipids provide twice the energy as compared to carbohydrates, e.g. 16 kilogram of fat 
provides 144000 Kcal energy. 
 
Q. Why butter solidifies at room temperature but why not mustard oil? 
 
Butter solidifies at room temperature because butter contains saturated fatty acid and mustard oil 
is liquid due to containing unsaturated fatty acid. 
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CHAPTER # 3 
Q. Define the following terms: 
 
Enzymes 
Enzymes are biocatalysts which are capable of catalyzing specific chemical reactions in the 
living system. The term enzyme was coined by Friedrich Wilhelm Kuhne in 1878. 
 
Ribozymes 
Certain molecules of ribonucleic acid acts as enzymes which are known as ribozymes. They 
catalyze reactions involved in the processing of genetic information. Thomas Cech and Sidney 
Attman discovered ribozymes. 
 
Q. Why enzymes are necessary to catalyse a biochemical process? Or write a brief note on 
activation energy. 
 
Activation energy 
Chemical transformation requires that certain covalent bonds be broken within the reactants. To 
do so, the reactants must contain sufficient energy (K.E) to overcome activation energy. 
Enzymes lower down the activation energy of the reaction. Enzymes react with the energy rich 
and energy poor molecules which form an intermediate complex. This complex again breaks into 
product and enzyme. If activation energy of formation of this complex is low, many molecules 
can react and participate in the reaction. In this way, activation energy is lowered by the 
enzymes; but in this action equilibrium remains the same. 
      
Q. Give the characteristics of enzymes. 
 
Characteristics of enzymes 
The basic properties of enzymes are as follows: 

1) Most of the enzymes are proteinaceous in nature. 
2) They are macro molecules with higher molecular weight. 
3) They may entirely consist of protein, e.g. amylase or pepsin or may contain a non –

protein part, i.e. prosthetic group. 
4) They can react with both acidic and alkaline substance due to the presence of protein as 

their major part. 
5) Enzymes are organic catalyst which only speed up the rate of the reaction. 
6) They are required in very small quantity. 
7) Enzymes are specific in their nature and in their action. 
8) Their activities can be accelerated by certain ions or salts called activators, e.g. Mn+2, 

Ni+2, Cl-, etc. sometimes, they function as protectors or anti-inhibitors. 
9) Enzymes activity can be inhibited by certain factors, e.g. substrate concentration, enzyme 

concentration, pH, etc. 
10) Enzyme molecules are much greater in size than the substrate. 
11) They are heat sensitive, i.e. thermolabile. 
12) Enzymes work on specific pH. 
13) They remain chemically unchanged during and after the chemical reaction. 
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Q. Describe the mode of action of enzymes. 
 
Mode of Action of Enzymes 
Action of enzymes depends on its structure. Each enzyme has a groove of a specific shape called 
the active site into which substrate can fit. 
Two theories were proposed in order to explain the mode of action of enzymes: 
 
Key-Lock Theory 
In 1898, Fischer proposed a key-lock theory which was improved by Paul Filder and D.D 
Woods. 
According to this theory, a particular enzyme acts on a particular substrate; like, a particular lock 
can be unlocked by a particular key. The active site of each enzyme has a distinct shape and 
distribution of charge which is complementary to its substrate, like lock and key, where a lock 
allows very few keys to fit it. In the same way, enzymes allow a few complementary molecules 
to fit and react while rejecting even similar molecules. Some molecules may be able to fit in the 
active site but do not have chemical bond upon which the enzyme can act, so no reaction occurs. 
 
Induce Fit Model 
In 1959, Koshland proposed induce fit model. According to him, when a substrate combine with 
an enzyme, it induces changes in the enzyme structure. This change in structure enables the 
enzyme to perform its catalytic activity more effectively. 
 
Q. Define endoenzymes and exoenzymes. 
 
Endoenzymes 
These are the enzymes which are produced in the cell and act within the same cell. They are also 
called intracellular enzymes. 
 
Exoenzymes 
These are the enzymes which are produced in the cell and diffuse out of the cell and act upon 
some substrate present in the other cells. They are also called extra-cellular enzymes. 
 
Q. Define the following terms: 
i) Simple protein   ii) Conjugated protein   iii) Holoenzymes 
 
1) Simple Protein 
If an enzyme consists only of protein, it is called simple enzyme, e.g. amylase. 
 
2) Conjugated Protein 
If an enzyme consists of protein part and non protineceous part, it is called conjugated enzyme. 
3) Holoenzymes 
In 1932, Euler proposed that conjugated enzymes showing complete activity be called 
Holoenzymes. It contains apoenzyme and prosthetic group. 

a. Apoenzyme 
The protein part of poloenzyme is called apoenzyme. 
b. Prosthetic group 
The non-proteinaceous part of holoenzyme is called prosthetic group. 
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Q. Classify conjugated enzymes on the basis of Prosthetic Group. 
 
Classification of Conjugated Enzymes 
 
On the basis of the nature of prosthetic group, holoenzymes are of two types: 
 
i) The holoenzymes in which prosthetic group is an inorganic ion. These inorganic ions are 
known as  
Co-factors. Role of Mg+2, Mn+2, Ca+2, K+ on enzymes like phosphates, phosphorylase, amidase, 
peptidase and carboxylase are well-known. 
 
ii) The holoenzyme in which prosthetic group is an organic compound. These organic prosthetic 
groups are called co-enzymes. A co-enzymes constitutes about 1% portion of the entire enzyme 
molecule. Some  
co-enzymes are NAD, NADP, FMN, ATP, etc. 
 
Q) Give the classification of enzymes. 
 
Classification of Enzyme 
Enzymes can be classified into following groups: 
 
1) Oxidoreductase 
These enzymes catalyze reactions in which one substrate is oxidized and other is reduced, e.g. 

a) Dehdrogenases 
They convert single bond to double bond. 

 b) Oxidases 
  They use oxygen as the oxidant. 

c) Peroxidoses 
They use H2O2 as the oxidant. 

d) Hydroxylase 
They introduce hydroxyl groups in the substrate. 

e) Oxygenases 
They introduce molecular oxygen in place of double bond in the substrate. 

 
2) Fransferase 

These enzymes transfer one carbon group, aldehyde group, Ketone group, phosphoryl 
group as amino groups and so on from one substrate to another. 

 
3) Hydrolases 

These enzymes catalyze hydrolytic cleavage of C-O, C-N, C-C, P-O and other single 
bonds, e.g. peptidases, esterases, glycosidases, phosphatases, etc. 

 a) Peptidases 
 They catalyze hydrolytic cleavage of peptide bond. 

 b) Esterases 
 They catalyze hydrolytic cleavage of ester bond. 

 c) Glycosidases 
 They catalyze hydrolytic cleavage of glycosidic linkage. 
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 d) Phosphatases 
 They catalyze hydrolytic cleavage of phosphate bond. 

 
4) Lyases 
These enzymes cleave bonds by elimination reaction to form double bonds or rings. They also 
catalyze the reverse reaction, i.e. adding groups across double bonds or to rings. Usually C=C, 
C=O or C=N bonds are acted on. Examples are as follows: 
 a) Decarboxylases 
  They eliminate carboxylic group and cleave the bond. 
 b) Aldolases 
  They cleave bond by the elimination of aldehyde group. 
 c) Dehydratases 

 They cleave bond by the elimination of water. 
 
5) Isomerases 
These enzymes alter the structure but not the atomic composition of substrates, i.e. they form 
isomers. Examples are epimerase, cis-trans isomerases, mutases, etc. 
 
6) Ligases 
These enzymes are also known as sythetases. They couple the hydrolysis of a pyrophosphate in 
ATP or other nucleoside triphosphate to a second reaction in which two molecules are joined.  
 
Q) Describe the factors affecting enzymes activity. 
 
Factors affecting enzyme activity 
Following are the factors affecting enzymes activity: 
 
1) Concentration of substrate 
Concentration of substrate and concentration of enzymes have direct relation up to a certain 
level. As the concentration of substrate increases the enzyme activity also increases. Enzyme 
activity increases until the available enzyme becomes saturated with substrate. At a very high 
concentration, the substrate exerts a retarding effect upon enzyme action. This may be due to two 
reasons: 

a) Higher quantity of substrate than enzyme. 
b) Accumulation of end product in high quantity. 

 
 
 
2) Effect of temperature 
Enzymes are thermolabile. Each enzyme has its optimum temperature for its maximum activity. 
Above and below this temperature, its rate of reaction decreases. 

 
a) Optimum Temperature 

Most of the enzymes are highly active at about 370C. 
 
 b) Destruction of enzymes 

 Enzymes are completely destroyed at 1000C. 
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 c) Minimum Activity 
 Enzyme’s activity is reduced to minimum at O0C. 

 
3) Effect of pH 
Enzymes are pH sensitive. Each enzyme acts at a specific pH. There is generally a marked 
optimum pH for each enzyme, e.g. pepsin of stomach has an optimum pH of 1.4. It is inactive in 
neutral or alkaline solution. 
 
4) Effect of Water 
Water is essential for enzymes activity. In germinating seeds, with the increase in amount of 
water, to some extent, enzymes become active and germination proceeds. 
 
5) Radiation 
Enzymes are generally inactivated rapidly by exposure to ultraviolet light and also beta, alpha 
and gamma rays. 
6) Co-enzymes 
If the prosthetic group is an organic compound, although inorganic ions may also present in the 
enzyme. This organic prosthetic group is called co-enzymes. Without co-enzyme, certain 
enzymes are unable to function, e.g. COA, NAD, FAD, etc. Most vitamins are co-enzymes or 
raw materials from which co-enzymes are made. 
7) Activators 
In organic substances which increase the activity of an enzyme are called activators. Mg+2 is an 
activator for the enzyme phosphatase and Zn+2 is an activator for enzyme carbonic anhydrase. 
8) Inhibitors 
Substances which decrease the activity of enzyme are called inhibitors, e.g.  DDT, parathion, etc. 
There are two types of inhibitors: 
 
 a) Competitive Inhibitors 

Some inhibitors resemble the normal substrate molecule and complete for 
admission into active site. They are called competitive inhibitors. 
These inhibitors reduce the activity of enzyme by blocking the substrate from 
entering active site. If the inhibition is reversible, it can be overcome by 
increasing the concentration of substrate so that active site becomes available. 

 
 b) Non-Competitive Inhibitors 

Some inhibitors obstruct enzymatic reactions by binding to allosteric site. This 
site is away from active site. These inhibitors bind the enzyme and causes the 
enzyme molecule to change it shape, rendering the active site unreceptive to 
substrate or leaving the enzyme less effective. 

 
Negative feedback inhibition or End product inhibtion 
When the end product of a metabolic path-way begins to accumulate, it may acts as an allosteric 
inhibitor of the enzyme controlling the first step of the pathway. Thus, the product starts to 
switch off its own production as it builds up. The process is self regulatory. As the product is 
used up, its production is switched back on again. This is called end product inhibition and is an 
example of a negative feed back mechanism. 
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CHAPTER # 4 
Q. How did the discovery of cell become possible? 
 
Discovery of Cell 
The discovery of cell and to study their structure became possible with the development of 
optical lenses and with the construction of compound microscope. Compound microscope was 
invented in 1610 by Galileo, an Italian astronomer and physicist. 
 
Q. Who discovered the cell and the nucleus? 
Robert Hooke was the first to discover the cell as the basic unit of life in 1663. 
Robert Brown discovered the nucleus in 1831 in the cells of orchids.  
 
Q. Define microscope. 
Microscope is an instrument through which micro organisms and cells are studied. 
 
Q. Describe the kinds of microscopes. 
 
Kinds of Microscopes 
On the basis of source of light, microscopes are of following types: 
1. Light microscope 
2. X - Ray microscope 
3. Electron Microscope 
 
Light Microscope 
In this sort of microscope, visible light is used as the source illumination. The history of light 
microscopes can be traced from 8th century BC. The single lense microscope is also called 
simple or dissecting microscope. If a microscope has more than one lenses, it is called compound 
microscope. 
 
The first simplest compound microscope was designed by Gensen and Hans of Holand in 
between 1590 and 1610. This microscope could magnify the smaller objects 9 times more. The 
compound microscope was improved by Robert Hook which had the magnification power of 14 
to 42 times more.  
 
X – Ray microscope 
In this microscope, short wave length X – rays are used as source of illumination. The X – ray 
microscope has been found very efficient, cytological tool in the analysis of three dimensional 
structure of macro molecules of cell. In  X – Ray microscope, electromagnetic lenses or 
reflecting curved mirrors focus X – ray beams and the image s formed on the film. 
 
Electron Microscope 
In this microscope, electron beam is used as a source of illumination. The electron microscope 
has been designed by Knoll and Rusk from Germany in 1932. This was redesigned by Marton of 
Belgium which was further improved by  Prebus and Miller of Canada from 1932 – 1934. 
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Under certain circumstances, electrons behave as waves. They have too great advantages over 
light. Firstly, they have extremely short wave length, about the same as X rays. Secondly, 
because they are negatively charged, a beam of electrons can easily be focused through a 
specimen using electromagnets. This involves bending the beam of electrons just as glass lenses 
are used to bend light. 
 
There are two types of electron microscopes: 
a. Transmission electron microscope 
b. Scanning electron microscope 
a. Transmission electron microscope (TEM) 
In this type of microscope, tungsten filament or cathode emits the electron beam. This beam is 
passed through the specimen that is found on a set of magnetic lenses and the resultant image is 
projected on a fluorescent screen.  
 
b. Scanning Electron Microscope (SEM) 
in this type of microscope, electron beam is scanned to and fro across the specimen and electrons 
that are reflected from the surface are collected by a detector. These reflected electrons are used 
to form a TV like image on a cathode ray tube. 
 
 
Q Define the following terms: 
 
Magnification 
Magnification is a mean of increasing the apparent size of the object. With a light microscope, a 
specimen could quite easily be magnified by as much as 10000x.  
 
Resolution 
Resolution is the capacity to separate the adjacent forms or objects. The resolution of an electron 
microscope is 0.5 nm.  
 
Contrast 
Contrast is the capacity to distinguish one part of a cell from another part of cell. Contrast is 
often obtained by fixing and scanning the material.  
 
Q. Write a note on cell fractionation? 
 
Cell fractionation 
 
The technique through which cell organelles are isolated is known as cell fractionation.  
A common procedure is to grind up (homogenise) cells in a suitable medium with correct pH 
ionic composition and temperature. This can be done by homogeniser (food mixer). The mixture 
is then centrifuged. The faster the rotation of the centrifuge, the smaller the particles which will 
be sedimented. A series of increasing speeds can be used. After each speed, the supernatant (the 
liquid above the pellet) can be drawn off and recentrifuged. A series of pellets containing cell 
organelles of smaller and smaller size can be therefore be obtained. This is known as differential 
centrifugation. The high speeds require a special centrifuge known as ultracentrifuge. 
After differential centrifugation, the various cell fractions can be bio-chemically analyzed. 
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Q. Compare advantages and disadvantages of the light and electron microscope. 
 
LIGHT MICROSCOPE ELECTRON MICROSCOPE 
Advantages Disadvantages 
1. It is easy to purchase and easy to operate. 1. It is expensive to purchase and difficult to 

operate. 
2. It is small in size and can be used almost 
everywhere. 

2. It is very large in size and must be operated in 
special room. 

3. It is unaffected by magnetic field. 3. It is affected by magnetic field. 
4.  Preparation of material is relatively quick 
and simple, requiring only little expense. 

4. Preparation of material is lengthy and requires 
considerable expertise. 

5. Natural color of the material can be 
observed. 

5. All images are in black and white. 

6. Material is rarely distorted during 
preparation. 

6.  Material is distorted in preparation. 

Disadvantages Advantages 
1. It magnifies object up to 2000x. 1. It magnifies object up to 500,000x. 
2. Its resolution is low. 2. Its resolution is high. 
 
Q) Explain cell theory: 
 
A) CELL THEORY 
 Two German scientists Theodore Schwann (Zoologist) and M.J. Schleiden formulated the 
 cell theory. 
 The cell theory is one of the most fundamental generalization in biology.  
 Following are the salient features of cell the theory: 
1) All organisms are composed of one or more cells.  
2)  All cell have arisen from pre-existing cells. 
3) The cell is the basic living unit of the organization for all organisms. 
 
Q) Give the detail structure of plant cell. 
 

Structure of Plant Cell 
 A generalized cell consists of following three basic components: 
 1) Cell wall 
 2) Cytoplasm 
 3) Nucleus 
 
1) Cell Wall  

 
In plant cell, the outermost boundary is the cell wall. It is secreted by the protoplasm of the 
cell. The thickness of the cell wall differs in different cells of the plant. The cell wall is 
composed of three main layers. 
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 i) Middle Lamella  

 
The layer present between the two cells is called Lamella. The little lamella consists of 
mainly pectic substance.  

 
 ii) Primary Wall 

 
It is largely composed of cellulose impregnated with lignin. The primary wall is 
composed of layers of fine fibers is a crisscross arrangement. This crisscross arrangement 
of cellulose fibers gives great strength to the primary wall. 

 
 
 iii) Secondary Wall 

It is formed on the inner surface. It is thick and rigid. Chemically, the secondary wall is 
composed of inorganic salts, silica, waxes, cutin, etc. 

 
 Function of the cell wall 

The cell wall provides a definite shape to the cell and makes it rigid. It protects and also 
gives strength to the cell. 
 

2) Cytoplasm 
Cytoplasm lies just below the cell membrane. Its movement is called cyclosis. There are 
many functions of cytoplasm. However, we will discuss the following two: 
i) Cytoplasm acts as s store house of vital chemicals. 
ii) Cytoplasm is a site for many metabolic activities. 

  
 Following are the organelle found in cytoplasm: 
 i) Endoplasmic Reticulum 

Endoplasmic Reticulum is a network of tiny tubules or channels extending from plasma 
membrane or cell wall to nuclear membrane. It is chemically composed of lipoprotein. 
Endoplasmic Reticulum is of two shapes morphologically.  

 
 Smooth Endoplasmic Reticulum  

The channels of smooth endoplasmic reticulum are smooth in appearance 
because their surface is not coated with ribosomes. The smooth 
endoplasmic reticulum is involved in the synthesis of lipids molecules 
specially. 

 
 Rough Endoplasmic Reticulum 

Rough appearance of endoplasmic reticulum is because of many 
ribosomes attached on its surface. Rough endoplasmic reticulum is 
involved in the synthesis of proteins. After synthesis of proteins, these are 
either stored or transported through these channels to other parts of the 
cells. 
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ii) Mitochondria  

Mitochondria are rods or filaments like very small bodies present in the cytoplasm. 
Mitochondria were discovered by Altamann in 1894. Mitochondria are double layered 
organelles with complicated internal structure of folded membranes. Chemically, these 
membranes are composed of lipoprotein. The basic function of mitochondria is to carry out 
respiration. It is called power house of the cell. 

 
iii) Golgi Bodies 

Golgi bodies apparatus is also called Golgi complex. It was discovered by Comillo Golgi. 
The sacs of Golgi complex contains protein, carbohydrate, glyco-protein and specific 
enzymes. Golgi bodies are concerned with cell secretions. Golgi bodies are also concerned 
with the formation and storage of certain  compounds secreted by  the cells. In most plants 
and animals cell, the number of cisternae may vary from 3 to 7. 

 
iv) Ribosomes 

Ribosmoes were first discovered by Palade. Ribosomes are numerous tiny granules present in 
the cytoplasm. Most of ribosomes coat the rough endoplasmic reticulum. Chemically, 
ribosomes are ribonucleoprotein. Ribosomes contain almost equal quantity of RNA and 
protein. Ribosomes are the factory synthesis and nucleolus is the factory to produce 
ribosomes. 

 
v) Lysosomes 

Lysosomes were discovered by De Duve in 1949. Lysosomes are simple sac like structure 
containing acid, phosphates and numerous hydrolytic enzymes involved in the cellular 
digestion. 

 
vi) Plastids 

Plastids are elastic in nature. They can change their shapes. One type of plastid can change 
another type of plastids. Plastids are of three types: 
 

 Leucoplast 
Leucoplasts are colourless organelles found in the underground parts of 
plants. Mostly, leucoplasts are of the triangular or tubular shape. They 
store food. 

 
 Chloroplast 

Chloroplasts are specialized photosynthetic organelles restricted in the 
cells of green parts of the plants. These are commonly oval or disc shaped 
structures having double membrane. 
 

 Chromoplast 
Chromoplasts are of different colours except white and green. 
Chromoplasts are present in the petals of flower and in the ripened fruit. 
Due to these chromoplasts, the flowers  are seen attractive so cross 
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pollination takes-place by insects. Chromoplasts may be yellow, orange or 
red in colour. 

 
vii) Vacoule 

The vacuole is the largest structure present inside the cytoplasm. It is surrounded by 
tonoplast. Tonoplast is basically plasma membrane. Vacuole contains largely water and 
salts. 

 
viii) Peroxisome 

Peroxisomes are single membrane bounded microbodies. They contain enzymes for 
transferring hydrogen atom to oxygen and form H2O2. H2O2 is a toxic molecule which is 
immediately broken down into water by Catalase. Peroxisomes are believed to help in 
detoxification of alcohol. 

 
ix) Glyoxysome 

Glyoxysomes are single membrane bounded microbodies. They contain enzymes that can 
metabolize some of the molecules involved in the photosynthesis and respiration. 

 
 
x) Cytoskeleton 

Network of fibrous protein structures have been found existing in all eukaryotes. These 
are known collectively as cytoskeleton. These fibers are of at least three types: 
• Microtubules  
• Microfilaments 
• Intermediate filaments 
 

 a) Microtubules 
Microtubules are hollow cylinders with an outer diameter of 25nm. They are 
made up of globular proteins. A single microtubule consists of hundreds of 
thousands of tubulin; sub units usually arranged in 13 columns called 
protofilaments. 

  
 b) Microfilaments 

Microfilaments are solid with a diameter of 7nm. They are made up of globular 
proteins. A single microfilament consists of two actin chains that intertwine in a 
helical fashion. 

 
 c) Intermediate filaments 

Their size is intermediate, i.e., 8nm to 11nm in diameter. They are rope like 
polymers of fibrous proteins. They support the nuclear envelope. 
 

Function of Cytoskeleton 
It plays fundamental role in mitosis, meiosis, cytokinesis, cellwall deposition, maintenance of 
cell shape and cell differentiation. 
 
3) Nucleus 
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Nucleus is the most prominent structure present within the cell. It may be spherical or 
irregular in shape. It controls all kinds of living activities of the cell. 
Nucleus is differentiated into three parts. 
a) Nuclear membrane  
b) Neucleoplasm 
c) Nucleolus 

 

 a) Nuclear Membrane 
Nuclear membrane is a double membrane structure with many pores in it. It is chemically 
composed of lipo-protein. The thickness of external membrane is about 900A. By the 
nuclear-pore a relation exists b/w the cytoplasm and nucleus. 

 
 b) Nucleoplasm 

Nucleoplasm is granulus which consists of a solution of protein and salts. Dissolved 
phosphorous, ribose sugar, protein and nucleic acid are also present in the nucleoplasm. 
Numerous thread like structures are found in the nucleoplasm known as chromatin fibres. 
 
c) Nucleolus 
Nucleolus is a special structure present inside the nucleus. Nucleleolus synthesizes and 
stores RNA. All three kinds of RNA’s, i.e.,tRNA, mRNA and rRNA are present in the 
nucleolus. These RNA’s play essential role is protein synthesis. 

 

Structure of Animal Cell 
Animal cell is divided into three parts: 

i. Plasma membrane  
ii. Cytoplasm 
iii. Nucleus 

 
1) Plasma Membrane /Cell Membrane 

It is the outermost layer of the cell. It is thin, porous, elastic and semipermiable which 
regulates the movement of molecules and ions. Plasma membrane consists of three layers 
which are composed of lipo-protein. In almost all the cells, the thickness of plasma 
membrane varies from 1000A to 3150A. 

 
2) Cytoplasm 
 Following are the organelles found in cytoplasm: 
i) Endoplasmic Reticulum  ii) Mitochondria 
iii) Golgi Apparatus    iv) Ribosome  
v) Lysosome    vi) Centriole 
vii) Vacoule    ix) Peroxisome 
x) Glyoxysome 
 
Centriole 
The cells of animals contain two centrioles. Centrioles are located near the exterior surface of the 
nucleus. Each centriole consists of nine peripheral filaments. Each filament having three 
microtubules. During reproduction of cell, centrioles produce spindle fibres. Centriole has a 
diameter of 0.2mm. 
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Q) Write the differences between animal cell and plant cell? 
 
Plant cell Animal cell 
1) The outermost layer is cell wall. 1) The outermost layer is plasma membrane. 
2) Plastids are present. 2) Plastids are absent. 
3) Cell wall is composed of lignin, pectin 

chitin, cellulose, etc. 
3) Cell wall is composed of carbohydrate and  
             lipoprotein. 

4) Centrioles are absent. 4) Centrioles are present. 
5) One or few large vacuoles are present. 5) Numerous small vacuoles are present. 
6) It has a definite shape. 6) It has a irregular shape. 
7) During cell division, spindle fibres are  
            appeared. 

7) During cell division, spindle, aster fibres are 
             appeared. 

 
Q) Write the differences between prokaryotes and eukaryotes? 
 
 Prokaryotes 
1) Definite nucleus is absent. 
2) Prokaryote cells are found in bacteria and lluegreen algae. 
3) DNA molecule is found without nuclear membrane. 
4) Ribosomes are much smaller. 
5) With respect to evolution, it is a primtive cell. 
6) Cell wall is composed of Murein. 
 
 Eukaryotes 
1) Definite nucleus is present. 
2) Eukaryote cells are found in unicellular and multicellular organism. 
3) DNA molecule is surrounded by nuclear membrane. 
4) Ribosomes are larger than prokaryote. 
5) With respect to evolution, it appeared after the prolaryote. 
6) Cell wall is composed of cellulose, lignim, pectin, chitin, etc. 
 
Q) Define the following: 
 
1) Phagocytosis 

Phagocytosis is the process in which cell engulf food particles by the help of in folding or 
projecting the cell membrane. During phagocytosis, food vacuoles are formed in which 
intracellular digestion takeplace. Phagocytosis is also known as cell eating process. 

 
2) Active Transport 

Active transport is the movement of substance with the help of biological energy. Active 
transport is generally against the gradient of concentration. 

 
3) Fluid Mosaic Model 
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Fluid mosaic model suggests that globular proteins are embedded in the lipid bilayer in a 
mosaic manner. This hypothesis was suggested by Nicholson and singer. 
 

 
4) Passive Transport 

It is a type of diffusion in which molecules move from higher concentration to lower 
concentration. In this process, no extra energy is required. 

 
5) Endocytosis 

It is the process in which the cell membrane helps to take in the material by in folding in 
the form of vacuole. 

 
6) Exocytosis 
 The process in which material is expelled out through plasma membrane is known as 
exocytosis. 
 
7) Pincytosis 

When liquid material is taken in by endocytosis, this process is called pinocytosis which 
is also called cell drinking process. 

 
Q) Give the types of chromosomes on the basic of position of centromere. 
 
A) Types of Chromosomes 
 Chromosomes are of different types on the basis of position of centromere. These are as 
 follows:  
 
1) Metacentric 
 Metacentric chromosomes are with equal arms resembling the letter V. 
 
2) Sub-Metacentric 
 These chromosomes are with unequal arms and resemble the letter J. 
 
3) Acrocentric or Sub-Telocentric 

These are rod like chrosomes. One arm is very small and the other is very long. The 
centromere is subterminal. 

 
4) Telocentric 
 Centromere is located at the end of chromosome. They are also rod like. 
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Q) Write a brief note on lysosmal storage diseases: 
 
A) Lysosmal Storage Diseases 

Disturbance in the function of lysosome has profound effects on human health. In 1965, 
W.G. Hers of Belgium explained the lysosomal disorder. He described that the deficiency 
of a lysosomal enzyme α-glucosidase could lead to the storage of undigested glycogen 
accumulate in lysosome causing  swelling of the lysosome and irreversible damage to the 
cells and tissues. 
Some  lysosmal storage diseases are as follows: 
 
Diseases    Consequences 

1) Tay-Sachs Disease  Mental retardation, blindness, death by age 3. 
2) Gaucher’s Disease  Liver and spleen enlargement, erosion of long bones, 

mental retardation  
     in infantile form only. 
3) Krabbe’s Disease  Loss of myelin, mental retardation, death by age 2. 
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Q. What are the bases of classification of living organisms? 
The living organisms are classified on the bases of homology, comparative biochemistry, 
cytology and genetics. 
 
Homology 
The living organisms which are placed in a particular group have many fundamental similarities 
in their structure. It is not always easy to find those basic similarities, e.g. flipper of a whale is 
used for swimming, the wing of a bat for flight and the arm of a man for grasping. The flipper, 
arm and wing are not seen similar until the internal structures are studied. The flipper, arm and 
the wing all are built on the same pattern. During the course of evolution, each has been 
modified from the basic pattern to serve a particular function. Structures that are similar because 
of their common origin but may differ functionally are said to be homologous. Homologous 
structures are considered by the taxonomists in grouping animals or plants in a classification 
scheme. 
 
Biochemistry  (chemical constitution) 
Biochemistry is particularly when classifying organisms like bacteria which may look alike and 
may have an identical cellular structure. Using techniques such as chromatography and 
electrophoresis, it is possible to compare the amino acids sequence in the proteins of different 
organisms. Biochemistry is useful not only in classifying organisms but it is also helpful to 
establish evolutionary relationships. 
 
Cytology 
Sometimes microscopic features have to be used in classification, e.g. microscopic studies have 
revealed that bacteria and cyanobacteria have a unique type of cell structure and for the same 
reason they are put together in kingdom Monera. Due to microscopic studies of cells, it was 
made possible to classify organisms in prokaryotes and eukaryotes.  
 
Microscopic structures can be useful at the generic and species levels too. Locust and 
grasshopper have similar morphological appearance but the number of chromosomes can enable 
entomologists to classify locusts and grasshoppers. Cytological technique can show delicate 
differences between species or sub species which are identical in many other respects.  
 
Genetics 
All the morphological, biochemical and cytological characters of an individual of a species 
depend upon its genetic constitution. Hence, the final tool helping in classifying organisms is 
genetics. The relevant base sequence in DNA is an important tool for classifying organisms. 
 
Q. Define the term character. 
Character is anything or any feature whose expression can be measured or otherwise assessed, 
e.g. the colour of corolla is one of its character. 
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Q. Define expression of a character. 
The property or the feature by which a character can be defined is knows as expression of a 
character, e.g. “corolla’s white colour” is an expression of character. 
 
Q. What do you mean by taxonomic hierarchy? Describe it. 
 
Taxonomic hierarchy is an organization of different texa and these texa are off different grades, 
e.g. Taxon Kingdom holds higher grade than texon phylum. Similarly, texon phylum holds 
higher grade than texon class and so on.  
 
Hierarchy of Biological Classification 
The basic unit of biological classification is the species.  
 
Species 
It is a group of organisms which have numerous physical features in common and which are 
normally capable of interbreeding and producing viable fertile off springs. 
 
Closely related species are grouped together into genera. Genera which have some common 
features are grouped into families. Closely related families are grouped into orders. Orders with 
some similarities are grouped into classes. Classes are grouped into phyla and phyla into 
kingdoms. When classifying plants and bacteria, the term division is used instead of phylum. 
Intermediate categories are sometimes used, e.g. a sub phylum may be inserted between phylum 
and class and sub class and sub class between class and order and so on.  
 
Classification of Wheat  Classification of Housefly 
Kingdom: Plantae Kingdom: Animalia 
Division: Tracheophyta Division: Arthrophoda 
Class: Monocotyledonae Class: Insecta 
Order: Poles Order: Diptera 
Family: Poaceae Family: Muscidae 
Genus: Triticum Genus: Musca 
Species: Indicum Species: Domestica 
 
This ascending series of groups makes up the taxonomic hierarchy. Each grouping of organisms 
within the hierarchy is called a texon. In each taxon, has a rank and a name, e.g. in class 
mammalia, class is a rank of taxon and mammalia is a name of taxon. 
 
The lowest three texa (family, genus and species) of a hierarchy are named according to strict 
internationally agreed rules. The names of the four highest texa (kingdom, phylum, class and 
order) are often different according to individual taxonomist.  
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Q. What is binomial nomenclature? 
Linnaeus introduced a system of giving the names of an organism. According to him, an 
organism name consists of two words. First, the name of genus to which the species belong and 
second, a designation for that particular species. The genus name is capitalized while the specific 
name is not. Both names are customarily printed in italics (underlined in handwritten or typed). 
This is called binomial nomenclature. 
 
Q. Why two kingdom system was failed and five kingdom system was introduced? 
Previously, organisms were divided into two kingdoms; the animal kingdom, which contained 
motile organisms and heterotrophic, and the plant kingdom which contained autotrophs. 
Unicellular heterotrophs (protozoa) were put in the animal kingdom and unicellular autotrophs 
were put in the plant kingdom with the algae. Fungi and bacteria were included in plant 
kingdom. 
 
The following were the major problem in the two kingdoms classification system: 

 Euglena (a protozoan) contains chlorophyll, feeds autotrophically and can feed 
heterotrophically. So should euglena be classified as animal or plant? 

 Fungi lacks chlorophyll and feeds hetertrophically and its cellular structure differs from 
that of plants in several ways. 

 The electron microscope has revealed that bacteria and cyanobacteria have a simple 
prokaryotic cell structure, so they are markedly different from all other eukaryotes. 

 
Due to above problems, two kingdom system was failed and Robert H. Whittaker introduced five 
kingdom system. 
 
On the base of level of organization of organisms and their methods of nutrition, Whittaker 
proposed the following five kingdoms: 

 Kingdom Prokaryotae (monera): Prokarayotes which feed by a variety of different 
methods. 

 Kingdom Protista: Unicellular eukaryotes which feed by a variety of different methods. 
 Kingdom Fungi: Multicellular eukaryotes which feed heterotrophically by absorption.  
 Kingdom Plantae: Multicelluar eukaryotes which feed autotrophically by photosynthesis. 
 Kingdom Animalia: Multicellular eukaryotes which feed heterotrophically by ingestion. 

 
Q. What changes are proposed by Margulis and Schwartz in the five kingdom system of R. 
Whittaker? 
R. Whittaker proposed the five kingdom system on the bases of level of organization of the 
organisms and their methods of nutrition: 

 Kingdom Prokaryotae (monera): Prokarayotes which feed by a variety of different 
methods. 

 Kingdom Protista: Unicellular eukaryotes which feed by a variety of different methods. 
 Kingdom Fungi: Multicellular eukaryotes which feed heterotrophically by absorption.  
 Kingdom Plantae: Multicelluar eukaryotes which feed autotrophically by photosynthesis. 
 Kingdom Animalia: Multicellular eukaryotes which feed heterotrophically by ingestion. 
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Although, Whittaker’s five kingdom system received widespread approval but it has also some 
problems. Whittaker placed unicellular algae in kingdom protista and multicellular in kingdom 
plantae. This was unfortunate because of two algal groups share many common features. Algae 
as a whole has rather little in common with the rest of the plant kingdom. 
 
Changes proposed by L. Margulis and K. Schwartz 
Margulis and Schwartz suggested that the muticellular algae should be removed from the plant 
kingdom and placed along with unicellular eukaryotes in a new kingdom protoctista which 
would replace Whittaker’s protist kingdom. 
 
 
Following are the five kingdoms proposed by margulis and Schwartz: 

 Kingdom Monera (Prokaryotae): It includes almost all the propkaryotes, e.g. bacteria and 
cyanobacteria, etc. 

 Kingdom Protoctista (Protista): It includes all the unicellular eukaryotic organisms, plants 
or fungi, e.g. euglena, paramecium, chlamydomonas, yeasts, multicelluar algae, etc. 

 Kingdom Fungi: It includes non chlorophyllous, multicelluar organisms having chitinous 
cell wall and coelecytic body called mycelium, e.g. agaricus, etc. 

 Kingdom Plantae: It includes all the chlorophyllous multicellular eukaryotes living 
organisms having cellulose in cell wall and zygote develops into embryo, e.g. apple, etc. 

 Kingdom Animalia: It includes all the non chlorophyllous multicellular eukaryotic 
organims having no cell wall, e.g. hydra, etc. 

 
Viruses are not included in the five kingdoms. Biologists can form another kingdom if they feel 
like creating one. 
 
Q. What are viruses? Describe their structure. 
 
Viruses are the smallest living organisms, ranging in size from about 20 – 300 nm. They can pass 
through filters and do not have cellular structure. They are obligate endo parasites and are highly 
specific to their host. In 1892, a Russian virologist Iuanovsky indicated the existence of virus in 
tobacco mosaic disease and Beijerink coined the name virus in 1898. 
 
Structure 
Virus has a very simple structure consisting of the following: 

 Core: The genetic material, either DNA or RNA. The DNA and RNA may be single 
stranded or double. 

 Capsid: A protective coat of protein surrounding the coat. 
 Nucleocapsid: The combine structure formed by the core and capsid. 
 Envelope: Larger virsues have an additional lipo protein around the capsid derived from 

the cell surface membrane of the host cell. 
 Capsomeres: Capsids are often build up of identical repeating sub units called 

capsomeres. 
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Polyhedral and helical symmetry are common among capsids. The most common polyhedral 
form in the viruses is the icosahedron, which has twenty triangular faces with twelve corners and 
thirty edges.  
Helical symmetry is found in tobacco mosaic virus. Hair the capsid is made up of 2130 identical 
protein capsomeres. 
 
Nucleic acid in case of plant viruses is RNA. In case of animal viruses and bacteriophage, it is 
DNA. The shape of the viruses differe widely. They may be of the following shapes: 

 Rod shaped, e.g. tobacco mosaic virus. 
 Brick shaped, e.g. pox virus 
 Bullet shaped, e.g. Rhabdo virus 
 Rounded or spherical, e.g. HIV 
 Cuboid or polyhedral in shape, e.g. adeno virus 
 Composite shaped, e.g. bacteriophage 

 
 
Q. Describe the general characters of virus. 
 
Viruses have the following characteristics: 

 They are smallest living organisms, ranging in size from about 20 – 300nm. 
 They don’t have a cellular structure. 
 They can only reproduce by invading living cells. Therefore, they are all parasites. They 

are obligate endo parasites.  
 They have a simple structure consisting of a small piece of nucleic acid , either DNA or 

RNA surrounded by a protein or lipoprotein coat. 
 They are on the boundary between what we regard as living or non living. 
 Each type of virus recognize and infect only certain types of cells. In other words, virus 

are highly specific to their hosts. 
 They can be changed into crystal by the use of certain chemicals. 
 They can pass through the filters that stop all known bacteria. 
 They have high resistance to antibiotics, drugs, acids, alkalis, salts and high temperature. 
 They have capability to adapt according to their environment. 

 
Q. Describe the life cycle of bacteriphage virus. 
Bacteriophage virus can reproduce by two mechanisms: 
1. Lytic cycle 
2. Lysogenic cycle 
 
Lytic Cycle 
A viral reproductive cycle that ends in death of the host cell (bacterium) is known as the lytic 
cycle. A virus that produces only by a lytic cycle is a harmful virus. 
 
Following are the steps of the lytic cycle of T4 phage: 

 The T4 phage uses its tail fibers to stick to specific receptor sites on the outer surface of 
an escherichia coli. 

 The sheath of the tail contracts and phage thrusts a hollow core through the wall and 
membranes of the E. coli. The phage injects its DNA into the E. coli. 



46 | P a g e  
 

Page # 46 
 

www.thresholdcollegiate.webs.com 
www.facebook.com\threshold-collegiate 

www.twitter.com\threshold1999 

 The empty capsid of the phage is left outside the cell. The cell’s DNA is hydrolysed. 
 Phage DNA controls the biochemical process of E. coli and produces phage proteins and 

phage genome. The phage parts come together and form daughter phage. 
 The phage then directs the production of lysozyme. Lysozyme digests the bacterial cell 

wall. With the damaged wall, osmosis causes the cell to swell and finally to burst, 
releasing 100 to 200 phages. 

 
Lysogenic cycle 
It replicates the viral genome without destroying the host.  λ phage uses both modes of 
reproduction within a bacterium. 
Infection of E coli cell by λ begins when the λ phage binds to the surface and injects its DNA 
within the host. The λ phage DNA molecule forms a circle. This circular λ phage, DNA is 
attached to the bacterial DNA. It is then known as the prophage. After that, bacterium reproduces 
normally, copying the prophage and transmitting it to daughter cell. As a result of many cell 
divisions, a colony of bacteria is produced with infected prophage.  
 
The lysogenic mechanism enables viruses to propagate without killing the host cells.  
 
Occasionally a prophage exits the bacterial chromosome and initiates a lytic cycle. At this time, 
viral genome commands the host cell to manufacture complete phages and phages are released. 
Radiation or certain chemical switch the virus from the lysogenic to the lytic mode. 
 
Q. Define temperature viruses. 
Viruses that are capable of sing both modes of reproduction within a bacterium are called 
temperature viruses, e.g. λ phage. 
 
Q. Describe the transmission, causes, symptoms and control of the various viral diseases. 
 
Poliomyelitis 
Causes: It is caused by poliovirus (RNA virus). 
Transmission: Polio is spread by droplet infection or via human faeces. 
Symptoms: Fever, headache and feelings of stiffness in neck. Paralysis also occur. 
Control: living attenuated virus is given orally. 
 
Cold 
Causes: Common cold is causesd by rhinovirus (RNA virus). 
Transmission: Disease is transmitted by droplet infection. 
Symptoms: Sneezing and coughing are common symptom. Usually, it affects upper respiratory 
tract. 
Control: Living or inactivated virus is given as intramuscular injection. 
 
Yellow Fever 
Causes: Yellow fever is caused by arbovirus, i.e. arthropod – borne virus (RNA). 
Transmission: Ticks and mosquitoes are the vectors. 
Symptoms: Fever, headache, backache, nausea, vomiting, eyes become yellow, faeces colour is 
black. 
Control: Living attenuated virus is given. Control of vectors is also important. 
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AIDS 
Causes: Acquired immune deficiency syndrome is caused by HIV, i.e. a retrovirus (RNA). 
Transmission: It is spread by blood transfusion and sexual intercourse. 
Symptoms: Loss of appetite, loss of weight, fever, persistent dry cough, white spots due to 
thrush, shingles, lymphoma, tuberculosis, etc. 
Control: Azidothymidine is given to the patient. 
 
Rabies 
Causes: It is caused by rhabdovirus. 
Transmission: The viruses of this disease spread by dogs, raccoons and foxes. These viruses are 
present in the saliva and also in the urine of bat. 
Symptoms: an animal infected with rabies may go into a mad frenzy, often running great 
distances in its confusion. 
Control: To control this disease, vaccination is used. 
 
Measles 
Causes: It is caused by a paramyxovirus (RNA virus). 
Transmission: Transmission is by droplet infection. 
Symptoms: Sore throat, runny nose, watery eyes, cough and fever, reddish rash appears on neck 
and spreads over body. 
Control: Vaccination is used. 
 
Mumps 
Causes: It is caused by paramyxovirus (RNA virus). 
Transmission: It is spread by droplet infection. 
Symptoms: Fever, swelling of parotid glands, inflammation of gonads. 
Control: Living attenuated virus is given. 
 
Flu 
Causes: It is caused by myxovirus (DNA virus). 
Transmission: Transmission occurs by droplet infection. 
Symptoms: Fever, headache, sore throat, muscular ache, disturbance of respiratory tract. 
Control: Vaccination can be used. 
 
Plant diseases 
Tobacco mosaic disease is caused by tobacco mosaic virus. This virus infects tobacco plants. 
There are two major routes by which a plant viral disease can spread: horizontal transmission or 
vertical transmission. In horizontal transmission, a plant is infected from an external source of 
virus through injured parts or through insects. In the vertical transmission, a plant inherits a viral 
infection from a parent. 
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Q. Write symptoms, transmission and control of AIDS. 
 
Causative agent 
The causative agent of AIDS is HIV (Human Immune Deficiency Syndrome). The glycoprotein 
of the envelope enable the virus to bind the specific receptors on the surface of certain white 
blood cells. 
 
Life cycle of HIV 

 Virus appears a T4 lymphocyte cell. 
 Virus glycoprotein attaches to a specific receptor in the cell surface membrane. 
 Virus enters the cells by endocytosis. 
 The viral RNA is released into the cytoplasm of the host cell together with the enzymes 

reverse transcriptase. 
 A double standard DNA copy of the single standard virus RNA is made using reverse 

transcriptase. 
 The DNA copy enters the nucleus and inserts itself into the host DNA. Whenever the cell 

divides, it also makes the copy of the viral DNA, increasing the number of DNA cells. 
 After a period of inactivity known as the latency period which lasts on average 5 years, 

the virus becomes active again.  
 New RNA is produced by enzyme transcriptase and viral protein is made using the host’s 

protein synthesizing machinery. 
 New viral particles assemble. 
 Virus particles bud off from the cell surface membrane of the host by exocytosis. 
 The cell eventually dies as a result of the infection. 

 
Transmission 
The HIV can only survive in body fluids. Transmission can occur by the following ways: 

 Intimate Sexual Contact 
HIV passes from the infected partner to his/her unaffected partner through sexual contact. 
 

 Infected Blood entering the blood stream 
o AIDS can also be contracted by intervenous drug users practicing self infection by 

means of unsterilised needles and syringes. 
o Blood transfusion have unfortunately contracted the disease after being given 

blood infected with HIV. 
o Close contact between infected and non infected people through cuts and open 

wounds is a source of spread. 
o An infected pregnant woman can pass on the vius to her baby through the 

placentra at birth or through breast milk during suckling. 
 
Signs and Symptoms 
First sign and symptoms are a short flu like illness followed by no further effects for months or 
years. Many patients suffer a rare and disfiguring from skin cancer known as kaposi’s sarcoma. 
Other common signs and symptoms of AIDS included weight loss, fever, dementia, diarrhoae, 
septicaemia and other forms of cancer. Severity of immune deficiency varies and bouts of illness 
may persists for years. By affecting lymphocytes HIV may directly infects brain cells. The brain 
shrinks with a loss of memory and mental agility. 
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Treatment/Control 
There is no vaccine to cure AIDS. Some drugs have been developed to cure it. These drugs are 
not very much successful, e.g. AZT (Azidothymidine), Ribavarrin, sumarin, etc. 
 
Prevention 

 Keep to one’s sex partner and avoid promiscuous sexual beaviour. 
 Avoid drug abuse as drug addicts tend to share hypodermic needles. 
 Avoid sharing instruments that are likely to break skin and be contaminated with blood, 

e.g. razors, and toothbrushes. 
 
Q. What is hepatitis? How many types of hepatitis are there? 
It is an inflammation of the liver. 
 
Types of hepatitis 
There are three types of hepatitis: 
 
Hepatitis A 
It is transmitted by contact with faeces from infected persons. It is caused by non envelope RNA 
virus. 
 
Hepatitis B (Serum hepatitis) 
It is caused by DNA virus. It is blood borne disease and it can be spread by sexual intercourse. 
Jaundice, nausea, severe loss of appetite and flu like symptoms are common. 
 
Hepatitis C 
It is transmitted from mother to child through blood during pregnancy and afterwards by sexual 
contact. 
 
Q. Classify viruses on the bases of diversity. 
Viruses can be classified into eight groups: 
 
Unenveloped plus strand RNA viruses 
These viruses lack envelope and consists only of a nucleic acid core surrounded by a protein 
capsid. They are called plus strand because they act directly as mRNA after infecting a host cell. 
These viruses are attached to the host’s ribosomes and are translated. They cause cold, 
poliomyelitis, etc. 
 
Enveloped plus strand RNA viruses 
These viruses contain lipid rich envelopes. They parasitizes animals. Some of them contain 
glycoprotein envelopes. They cause AIDS, yellow fever and some cancers. 
 
Minus strand RNA viruses 
Minus strand viruses carry the RNA strand complementary to the mRNA that carries the genetic 
information of the appropriate mRNA which then functions in the cell. Among the members of 
this group are the rhabdo viruses. They cause flu, mumps, rabies, etc. 
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Viroids 
These are infections circular molecules of RNA that include from 250 to 400 nucleotides. 
Viroids lack capsids. They infect plants only. 
 
Double strand RNA viruses 
These are reoviruses. They are icosahedral RNA viruses. They cause colarado tick fever.  
 
Small genome DNA viruses 
These viruses have small genomes. Some of these viruses have single strand DNA and some 
have double strand DNA. Among them are parvoviruses. They are icosahedral and about 20 nm 
in diameter. They causes viral hepatitis, warts, etc. 
 
Medium genome and large genome DNA viruses 
These are herpes viruses. They have strand DNA. They cause herpes, shingles, some cancers, 
poxes, etc. 
 
Bacteriophage 
These are complex viruses. They are made up of at least five separate proteins. These proteins 
make up the head, the tail core, the capsid, the base plate and the tail fibres. A long DNA 
molecule is coiled within the head. They infect only bacteria.  
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Q. Describe the shape, structure and economic importance of bacteria. 
 
Shape 
These are small and simple organisms. They are the first cellular organisms. Bacterial cell ranges 
in size from 0.2 μ to 2 μ in width and 2 μ to 10 μ in length. These are microscopic organisms. 
They vary in shape; like, spherical, rod like, spiral or comma. 
 
Structure 
Bacteria cell consists of the following organelles: 

• Cell wall 
• Cytoplasm 
• Nuclear material  
• Flagella 
• Pilli 

 
Cell wall 
Cell wall is chemically composed of sugar, amino acids and other materials. Sometimes, cell 
wall is surrounded by a layer called capsule made of polysacchride. On the inner side of the cell 
wall, cell membrane is present. It is composed of lipid and protein. By the help of this membrane 
respiration is carried out. 
 
Cytoplasm 
Cytoplasm is granular and consists of glycogen, protein and lipid. Mitochondria and endoplasmic 
reticulum and absent. Ribosome is composed of protein and RNA. Mesosomes are found in the 
inner side of the cell membrane which produces particular enzymes that take part in respiration. 
 
Pilli 
These are hollow, filamentous appendages smaller than flagella. They help in conjugation and 
not in locomotion. 
 
Nuclear material 
Nuclear material is found in bacteria without nuclear membrane. Nuclear membrane is DNA. 
Bacteria have only one chromosome. Genetic material is divided at the time of cell division and 
transmits into the new cells. 
 
Flagella 
Some bacteria have flagella for locomotion. Flagella varies according to number and position in 
various bacteria. Mostly, flagella are found in bacilli bacteria and rarely in cocci. 
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Economic importance 
Bacteria are most important for us economically. These are useful as well as harmful. 
 
Useful bacteria 
 
Agricultural bacteria 
The fertility of the soil increases with the activity of soil bacteria. They decompose dead plants 
and animals and convert various organic compounds into simpler forms. Nitrifying bacteria 
converts NO2 into NO3. 
 
Alimentary canal bacteria 
Certain bacteria are found in alimentary canal of herbivores and help them in the digestion of 
cellulose by an enzyme called cellulase. In human beings, some other bacteria are found in the 
digestion by secreting vitamins. 
 
Industrial bacteria 

1. They are used in dairy industries. They help in forming curd, butter and cheese. 
2. Bacteria are used in leather industry. 
3. They are used in textile industry and help in making fiber. 
4. They are used in making alcohal and vinegar. 
5. It is thought that they are useful for preparing certain vitamins. 

 
Medical bacteria 
Valuable antibiotic drugs have been obtained from bacteria. Streptomycin, chloromycetin, 
neomycin, polymicin and eumycin, etc. 
 
Preparation of amino acids and proteins 
These important substances are commercially manufactured by bacteria. 
 
Harmful bacteria 
Food spoilage 
Bacteria spoil food substances by fermentation; like, cooked food, meat, milk, vegetables, fruit, 
etc. they make them tasteless and poisonous. 
 
Diseases in man 
Bacteria re responsible for causing many fatal diseases in man, e.g. tuberclosis, pneumonia, 
cholera, tetanus, typhoid, diptheria, syphilis, gonorrhea, etc. 
 
Disease in plants 
Many diseases are carried out by bacteria in plants, e.g. citrus, canker, fibrelight of apple and 
pear, wildfire of tobacco, black rot of cabbage, spot diseases of leaves of rice, corn, fruit, 
spinach, cucumber, etc. 
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Q. Describe the various types of bacteria or classify bacteria on the basis of shape. 
 
On the basis of morphology, bacteria are divided into four groups: 
 
Cocci 
They are spherical ad non flagellated. According to cell arrangement, they are further divided 
into sub types: 
 
Micrococcus 
They are singular and do not make groups. 
 
Diplococcus 
They make a group of two individuals. 
 
Tetrad 
They make a group of four individuals. 
 
Hreptococcus  
They are found in a chain shape. 
 
Sarcina 
Sarcina is a cube of 08 cocci. 
 
Haphylococcus 
They are found in cluster. 
 
Bacilli 
They are rod like bacteria. According to cell arrangement, they are further divided into sub types: 

• Microbacillus 
• Diplobacillus 
• Herptobacillus 
• Haphylobacillus 

 
Spirilli 
They are spiral or corkscrew shaped. They are not found in group, e.g. spirochaeta. 
 
Comma 
They are comma like bactera, e.g. vibrio cholera. 
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Q. Describe various types of bacteria according to nutrition. 
According to nutrition, bacteria can be divided into two types: 

• Autotrophic bacteria 
• Heterotrophic bacteria 

 
Authotrophic bacteria 
Those bacteria which prepare their food by the help of sun light or other chemical reactions and 
use CO2 are called autotrophic bacteria. They prepare organic compounds. They can be divided 
into two sub types: 
 
Photosynthetic bacteria 
Photosynthetic bacteria possesses chlorophyll. They use CO2 from air and energy from sun light 
and photosynthesis takes place. But they use H2S for hydrogen instead of water. So in this 
process, sulphur is excreted out in spite of oxygen. 
 
   light  
CO2 + 2H2S  →   (CH2O)n +H2O + 2S 
          chlorophyll  
 
Chemosynthesis bacteria 
They obtain carbon from inorganic compounds and energy from oxidation and reduction 
reactions. Bacteria use various compounds, e.g. nitrate, suplhur, ammonia and ferrus iron. 
 
Heterotrophic bacteria 
These bacteria are not able to manufacture their own food and depend upon other organic 
substances. They are of three types: 
 
Symbionts 
They obtain food from the host without harming it, e.g. rhizobium radicicola occurring as 
symbiont in the root nodules of leguminous plants, e.g. pea plant. 
 
Parasites 
These bacteria obtain their food by other living organisms. They live on plants and animals and 
obtain their food by the organisms completely and cause many diseases in them. 
 
Taprophytes 
They obtain their food by dead organic materials. They lie on dead bodies of plants and animals. 
With the help of enzymes, they decompose the organic material into simpler form to obtain 
energy. 
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Q. Describe asexual and sexual reproduction. 
 
Asexual reproduction in bacteria 
Asexual reproduction is carried out by two processes: 
 
Fission 
Bacteria reproduce by binary fission in favourable conditions. First, the DNA is replicated and 
the two chromatin bodies move apart into separate nuclear regions. Then a constriction appear 
around the middle of the cell and splits into two parts which grow in size and form mature 
bacterial cells. 
 
Endospore formation 
This mode of asexual reproduction takes place during unfavourable conditions. During this, the 
whole protoplasmic content gets accumulated into a small area within the cell. A cyst is formed 
around this mass. It is called endospore. This endospore is set free on the decay of parental wall. 
On the return of favourable conditions, this endospore enlarges to form mature bacterial cell. 
 
Sexual reproduction in bacteria 
Sexual reproduction in true sense is absent in bacteria. However, there are three methods by 
which genetic recombination takes place in bacteria: 
 
Conjugation 
In 1946, Toshua Lederbery and Edward L Tatum discovered the conjugation. They carried out an 
experiment showing conjugation between two mutants strains of bacteria. These bacteria are 
called Escherichia coli. 
 
These two scientists selected a wild type bacterium capable of synthesizing substances; like A, 
B, C, D, E, and F. they obtained two mutant strains by irradition from this bacterium. One 
mutant variety was capable of synthesizing substances A, B and C while other mutant variety 
was capable of synthesizing D, E and F. 
 
These two mutant were grown together in the growth medium having all the six substances A, B, 
C, D, E, and F. after several hours, they found the following progeny: 
a. Both parental types 
b. Wild type bacteria sustaining all the six substances 
c. New type of strain requiring all the six substances for growth 
 
The two scientists excluded that the appearance of wild type and new one type is an evidence 
that conjugation has taken place. 
 
Transduction 
It is a mode of genetic recombination in which genetic material is transferred from one bacterium 
to another by a bacteriophage. 
 
In this process, bacteriophage attacks a bacterium called donor. The injected DNA of 
bacteriophage multiply. This multiplying DNA receive some of the genetic material of the 
bacterium. When bacteriophage come out from bacterium, have their own DNA and genetic 
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material of the bacterium. These phages are then made to attack a new bacterium called 
recipient. Hence, the DNA of phage as well as genetic material of donor are transferred into new 
bacterium. This process is known as transduction. 
 
Transformation 
It is a process of transmitting information from one bacterium to another bacterium causing it to 
transform. The transforming principle was first noticed by an English scientist Fred Griffith in 
1928. He selected two stains of bacterium. One is smooth variety having slimy wet capsule 
around cell wall and virulent. The second type is the rough type having an irregular surface and 
no capsule. The R type bacteria are non virulent. 
 
When S type virulent bacteria were injected into a mouse, his death occurred. However, on 
injecting the R type non virulent bacteria, the mouse remained alive. After that Griffith changed 
virulent bacteria into non virulent by heating and injected into the mouse. This did not cause any 
death. 
 
Later, Griffith injected R type bacteria and a large quantity of heat killed S type bacteria into the 
same mouse. This treatment proved lethal as mouse surprisingly suffered pneumonia and died. 
ToughGriffith concluded that the live R type bacteria had been transformed into live S type 
bacteria by some genetic material from the dead S type cell. This process is termed as 
transformation. 
 
Q. Describe the structure and reproduction of Nostoc. 
 
Structure of Nostoc 
Nostoc is filamentous. The filament are intermixed in a gelatinous mass forming a ball like 
structure floating on water. A single filament looks like a chain of beads. Each filament is 
unbranched and has a single row of rounded or oval cells. The individual cell has a double 
layered wall. The protoplasm is differentiated into an outer coloured region-chloroplasm and an 
inner colorless region called centroplasm, at interval, there are found slightly larger rounded, 
colorless cells with thickened wall known as heterocysts. 
 
Reproduction in Nostoc 
Nostoc reproduces asexually. There is no sexual reproduction. Following are the different modes 
of asexual reproduction: 
 
Harmogonia 
During favourable conditions, the filament breaks up at the junction of each hetrocyst. The 
protein of the filament between two hetrocysts is called hormogonium. Each hormogonium, then 
grows in length by simple mitotic division in one plane. 
 
Akinetes 
During unfavourable conditions, certain cells of nostoc reserve food. These cells become round 
and surrounded by thick layer. Therse are akinetes or orthospores. On the approach of favourable 
conditions, these akinetes germinate into new nostoc filament. 
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Hetrocyst 
Sometimes hetrocyst also takes part in reproduction. These are changed into new filament after 
unusual activation. This reproduction takes place during unfavourable condition. 
 
Q. Classify bacteria on the basis of respiration. 
The need of oxygen in respiration provides a base for classification of bacteria which are as 
follows: 
 
Aerobes  
They require oxygen for respiration. 
 
Anerobis 
They respire without oxygen. 
 
Facultative bacteria 
They respire with or without oxygen. 
 
Micro-aerophilic bacteria 
They require a low concentration of oxygen for growth. 
 
Obligate anaerobes 
Some bacteria are killed in the presence of oxygen. They are called obligate anaerobes. 
 
Facultative anaerobes 
They use oxygen but can respire without it. 
 
Obligate aerobes 
They can only survive in the presence of oxygen. 
 
 
Q. What do you mean by eubacteria and archebacteria? 
 
EuBacteria 
It is a large division of bacteria which means true bacteria. 
 
Archebacteria 
It is a small division which means ancient bacteria. 
 
Q. What are the four phases of bacterial growth? 
Four distinct phases are recognized in bacterial growth: 
 
Lag phase 
It is an inactive phase or phase during which bacteria prepare themselves for division. 
 
Log phase 
In this phase, bacteria grow and multiply very rapidly. 
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Stationary phase 
Bacterial multiplication is equal to death rate. 
 
Death or decline phase 
It is more rapid than multiplication rate. 
 
Q. How can pathogenic bacteria be controlled? 
 
Following measures can be taken to control bacteria: 

1. Infected individual should be treated. 
2. Prophylatic treatment of the population through immunization or vaccination. 
3. Disruption of the life cycle of the pathogen at all possible stages. 
4. In case of epidemics, prevention of the spread of the infection to non infected individual 

through quarantine. 
5. Identification and control or treatment of the reserviour hosts, if any. 
6. Health awareness in masses primarily to reduce the risk factors related to same disease. 
7. Establishing a surveillance system. 
8. Killing of bacteria can be brought about by a number of sterilization methods; like, 

exposing bacteria to ultra violet rays or to high temperature. Certain antiseptics, anti 
bodies and chemotherapy agent are used to kill the bacteria. 

 
Q. What is immunization? Define briefly the process of immunization. 
This refers to various processes of induction of specific immunity by injecting antigens, anti 
bodies or immune cells.  
 
Method of immunization 
There are many ways of immunization, one s called vaccination. It is prophylactic in nature and 
refers to the inoculation of host with in active or weakened pathogens or pathogenic products to 
stimulate protective immunity. Thus, in case of subsequent natural infection with the same 
pathogen, the immune system easily recognizes the invader and comfortably manages to 
overcome the pathogen. A vaccine is either taken orally (e.g. polio vaccine) or injected into the 
body (e.g. tetanus vaccine). 
 
Q. Write the advantages and disadvantages of antibiotics. 
 
Advantages 

1. These inhibit or kill microorganisms.  
2. They are used in agriculture both as growth promoting substances in animal feeds and as 

prophylactics (disease preventing). 
3. Bacterial disease are cured successfully. 

 
Disadvantages 

1. Extensive use of antibiotics leads to the rapid development of antibiotic resistance in 
pathogenic microorganisms. 

2. Their unnecessary and prolonged use disturbs the metabolic activities of the user. 
3. The most common adverse reaction is many type of allergies reactions. 
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Q. Give the salient features of cyano bacteria (blue green algae). 
 
These are as follows: 

1. They are prokaryotie. 
2. They are unicellular or may occur in colony form. 
3. Cell wall is double layered. 
4. Protoplasm is differentiated into an outer coloured region chromoplasm and inner 

colourless region centroplasm. 
5. Chromoplasm contains various pigments in which chlorophylta and phycocyanin are in 

abundance imparting bluish green colour. 
6. They are aquatic. Mostly, blue green algae are fresh water. 
7. Sexual reproduction is totally absent. 

Asexual reproduction takes place by means of harmogonia, zoosporecs, akinetes and 
fragmentation. 
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Q Describe the structure, reproduction (life cycle) and economic importance of phytopthora infestans. 
 
Structure 
The body of phytopthora is known as mycelium. The mycelium is branched, unseptate and 
hyaline. In older parts, sepata are present. It is intercellular and permeates the tissue of the leaf 
getting nourishment from the host cells by sending in hustoria which are slenders and un 
branched. In the mycelium, cytoplasm is present which has many diploid nuclei. Due to 
unseptate and multinucleate condition, it is called coenocytic mycelium. In the cytoplasm, oil 
globules are formed to store food material. 
 
Reproduction 
Reproduction takes place by asexual and sexual methods: 
 
Asexual reproduction 
It takes place by biflagellated zoospores. In favourable conditions, sporangiophore give rise to 
sporangia. These sporangia are produced in groups and are seen on the lower surface of the 
infected leaves. On maturation, sporangia are detached. They are rounded or lemon shaped 
having papilla at the anterior end. 
The protoplasm of the sporangium divides into several uninucleate protoplast. Each protoplast 
changes into biflagellated, uninucleate, vacoulated and naked zoospore. The mature sporangium 
bursts at the papilla and the zoospores liberate in the film of water. The zoosopores swim for 
sometime, come to rest, lose their flagella and becomes encysted. Later on, they produce a germ 
tube and finally they are converted into mycelium. 
 
Conditions necessary for the production of sporangia 
1. For the production of spornagia, 1005 relative humidity is required. 
2. Below 90% humidity, sporangia are not produced. 
3. The sporangia are produced in the saturated atmosphere at 3-22 degree celsius temperature. 
4. The optimum temperature for the production of sporangia is 12 0C. 
 
Sexual reproduction 
Sexual reproduction takes place by oogamous. Female reproductive organ, i.e oogonium 
develops later and male reproductive organ, i.e. antheridium develops first. They may develop on 
the same hypha or on two adjacent hyphae. 
 

Antheridia 
Each antheridium contains diploid nuclei. By reduction division haploid nuclei are produced, but 
only one nucleus takes part in fertilization and others degenerate. 
 

Oogonium 
During the development, it passes through the antheridium and forms a spherical or pear shaped 
body. Antheridium is situated at its lower side as a collar like structure. 
 
The oogonium is differentiated into two parts, outer is periplasm and inner is ooplasm. The 
ooplasm contins only one nucleus, but the other nuclei are shifted into periplasm which are 
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degenerated later on. The nucleus of ooplasm divides into two, one nucleus functions as an egg 
nucleus while the other disappears. 
 
Fertilization 
At the time of fertilization, two or three tube like bodies arise from the antheridium. One of these 
is connected to the oogonium and through this tube male nucleus is migrated into the oogonium. 
The male and the female nuclei are fused together to form oospore. 

 
Germination of oospore 

From oospore, a germ tube arises. At the tip of germ tube, a sporangium is formed which 
produces many zoosopores. Zoospores germinate into new mycelium of phytopthora during 
favourable conditions. 
 
Economic importance 
It causes the late blight of potato. This is a havoc to potato crop and causes sufficient damage. 
The first sign of the disease is the appearance of small brown patches on the leaves which in 
cloudy and muggy weather rapidly increase to the whole surface of leaf. In bad cases, the crown 
also shows similar symptoms which becomes a rotten pulpy mass emitting foul odour. The 
tubers are also affected which often remain smaller and show dry rot. 
 
Q. Write plant and animal like characters of Eugelna. 
 
Plant like characters 
These are as follows: 
1. It has chlorophyll and can manufacture its own food. 
2. It needs sun light for photosynthesis, so it is a natural autotroph. 

 
Animal like characters 

These are as follows: 
1. Cell wall is absent around the body. 
2. It has cytopharynx. 
3. It has reserviours which stores intergenous waste products. 
4. In the absence of chlorophyll, it can get its nourishment from outside. 
 
Q. Give occurrence, structure and life cycle of ulva. 
 
Occurrence 
Ulva, commonly known as “sea lettuce” is a marine alga. Ulva grows attached to rocks and 
wharves or to other marine algae. It grows along sea coasts between the high and low tides. 
 
Morphology 
The plant body consists of an erect, irregularly wrinkled blade that may reach a length of 30 cm. 
It is attached to rocks and other objects in the sea by means of a basal hold fast consisting of long 
colourless rhizoids. The vegetative body or the thallus is thin, never becoming more than two 
cells in thickness. 
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Internal structure of thallus 
The cells are isodiametric or vertically elongated to the thallus surface. Their walls are more or 
less confluent with one another to form a tough gelatinous matrix. Each cell is uninucleate and 
contains single cup shaped chloroplast with a pyrenoid on the side towards flat surface of the 
blade. 
 
In the lower portion of the thallus, certain cells send out long colourless rhizoids which pass 
down between the two layers of cells and intertwine freely with one another. They form 
parenchymatous hold fast. The loose protruding portions of the rhizoids are green, septate and 
multinuucleate. 
 
Reproduction 
Reproduction in ulva is of three types: 
 
1. Vegetative reproduction 

The plants reproduces vegetatively by two methods: 
a) The plant perennates by the holdfast from which arises a new blade each spring. 
b) The plant reproduces by fragmentation when growing in quite waters of estuaries only. 
 
2. Asexual reproduction 
Asexual reproduction takes place by quadriflagellate zoospores which are produced from 8 to 16 
in a single parent cell. They may be produced in any cell of the plant except the lower most. 
They are at first formed in the cells near the margin. Later on, they are produced in other cells 
which are more remote from the margin. The zoospores production continues until all the cells 
are used and nothing remains of the blade but a filmy mass of empty cell walls. Zoospores 
escapes through a pore in parent cell wall. Liberation of zoospores usually takes place at a time 
when the plant is reflooded by an incoming tide. After swimming for an hour or so, a zoospore 
comes to rest on some solid body, withdraws its flagella and secretes a wall. A transverse wall 
soon appears, the lower cell develops into a rhizoidal holdfast and the upper into the blade. 
Meiosis occurs during zoospores formation. As a result of asexual reproduction, male (+) and 
female (-) gametophytes are produced. 

 
3. Sexual reproduction 
The sexual  reproduction takes place by the fusion f biflagellated gametes produced from the 
cells of the gametophytes to an extent of 16 to 32 in a cell.  
 
Gametes are smaller than the zoospores, pyriform in shape with a single chloroplast and an 
eyespot. They are discharged during the low spring tides of each lunar mouth. Gametic fusion 
takes place only between two gametes produced by different gametophytes. Most species of ulva 
are isogamous. The gametes are positively phototactic before fusion but the quadriflagellated 
zygote is negatively phototactic and this change in behaviour causes it to descend and attach to a 
suitable substratum. 
 
After fusion, the quadriflagellated zygote continues to swim for a few hours. Eventually, it 
comes to rest on a firm onject, loses its flagella and secretes a wall. With in a day or two, the 
zygote divides and by succeeding divisions a new sporophyte is developed. 
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Alternation of generation 
Ulva plant shows a distinct and regular isomorphic alternation of generation. The haploid 
gametophyte alternates with diploid sporophyte which are similar in morphology but differ in 
chromosome numbers. 
 
Q. Write occurrence, structure, reproduction and economic importance of chlorella. 
 

Occurrence 
It is fresh water algae found floating in stagnant water of ponds, ditches, etc. It may be found in 
the cells or tissues of such animals as sponges, stentor, paramecium and hydra. 
 

Morphology 
The plant body is one celled, spherical in outline and solitary. It contains a single nucleus and a 
cup shaped chloroplast usually without a pyrenoid. 
 

Reproduction 
The sole method of reproduction is by aplanospores which involves the division of protoplast 
into 8 –16 daughter protoplasts. Each daughter protoplast secretes a wall to produce a non motile 
aplanspore. On release from the parent cell, each aplanospore forms a new vegetative cell. 
 

Economic importance 
1. It is much used in experiments on photosynthesis. 
2. It is of great economic importance as recently antibiotics called chlorellin has been prepared 

from it which is useful for the control of bacterial diseases. 
 
Q. Give the structure of Euglena. 

 
Structure of Euglena 

It has elongated body and its size is 0.1 mm. Around the body pellicle is present. Cytoplasm 
consists of two parts; outer ectoplasm and inner endoplasm. Euglena contains many chloroplasts. 
In the center of the body nucleus is present. At the upper end of the body a funnel shaped 
depression is present called cytosome. Cytosome opens into gullet which leads into reserviour. 
Few contractile vacuoles are also present. Flagellum is locomotory organelle. Eye spot is 
sensitive to light. 
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Q. Describe the characters of phylum protozoa and classify the same. 
The animals included in this phylum are acellular, i.e. their body is not divided into cells and 
their internal structure is more complicated than a single cell. They live independently and 
perform all the functions of their life. They may also occur in group. They are usually found in 
marine or fresh water. Some of them are parasites. 
 

Important characteristics of phylum protozoa 
1. They are microscopic. Their body consists of only one cell. They live single or in groups. 
2. They are rounded, oval, elongated or irregular in shape. 
3. Their protoplasm consists of outer ectoplasm and inner endoplasm.  
4. A definite nucleus is present in the body. 
5. Respiration takes place through external surface or by diffusion. 
6. The movement occurs by pseudopodia, cilia or flagella. 
7. Reproduction is by simple cell division or by sexual method. 
8. During unfavourable conditions, some protozoans form non motile spores or cysts covered 

by thick layer. When favourable conditions return, the spores are liberated out and develop 
into new animals. 

9. Some protozoans live as a parasite in the body of animals and plants. In this phylum, about 
30000 species are included. 

 
The phylam protozoa is divided into following classes: 
• Class – Flagellata 
• Class – Sareodina 
• Class – Ciliata 
• Class – Suctoria 
• Class – Sporozoa 
 

 Class Flagellata 
1. The shape of body does not change. It remains constant. 
2. They live single or in colony. 
3. Their body is covered by an outer covering called pellicle. It is elastic. Sometimes, a shell is 

also present around the body which is made up of cytoplasm, chitin or silica. 
4. Nucleus is present. 
5. Ectoplasm and endoplasm cannot be clearly separated from each other. 
6. From the outer surface of the body, one or more thread like bodies arise called flagella. They 

help in locomotion. 
7. Reproduction takes place by asexual or sexual method. Asexual reproduction occurs by 

binary fission. Sexual reproduction takes place by two methods: 
a. Isogamy. When male and female gametes are externally similar. 
b. Anisogamy. When male and female gametes are different from each other. 

 
In class flagella, there are two types of animals: 

a. with chlorophyll 
They live in fresh water and as well as in marine water. They have chlorophyll and 
manufacture their food like plants. 
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Examples 
• Euglena – It lives single 
• Volvox – It lives in the form of a colony. 
• Noctiluca – it lives in sea. It emits light. 

 
b. without chlorophyll 

They do not have chlorophyll. They are usually parasites, e.g. trypanosoma and 
leishmania. They live as parasites in the body of vertebrates. 

 
 

Class sarcodina 
1. they have very soft body surface which can change the shape of the body. In some animals, 

the body is covered by a shell, e.g. globigerina. 
2. From their outer surface, pseudopodia are produced which help in locomotion and to capture 

the food. 
3. The protoplasm is divided into ectoplasm and endoplasm.  
4. Nucleus is one or more. 
5. Excretion takes place by contractile vacuole. In marine animals, contractile vacuole is absent, 

e.g. amoeba, heliozoans, foraminiferans and globigerina. 
 

Class Suctoria 
These animals have close relationship with ciliata animals and they seem to be evolved from 
them. Their characters are as follows: 
1. They have cilia which help in swimming but the adult animals are without cilia. They are 

attached to any solid object by the help of a long rod like structure. 
2. They contain two types of nuclei; micronucleus (smaller) and meganucleus (large). 
3. From the body, certain thin structures arise called tenticles. Some tentacles are pointed and 

penetrate into the body of prey. Some tentacles have knob like bodies at their tips which help 
to capture the prey. The tentacles secrete a poisonous substance to paralyze the prey. 

4. Reproduction takes place by budding, e.g. Acinata 
 

Class Ciliata 
1. Their body is provided by cilia which help in locomotion and to get food into the body. 
2. They have mouth through which the food enters the body. The food may also be taken 

through the general surface.  
3. They contain two nuclei, micronucleus and meganucleus. 
4. Sexual reproduction takes place by conjugation method. 
5. Body is covered by pellicle. 
6. Excretion takes place by contractile vacuole, e.g paramecium, slentor, verticella. 
 
Class Sporozoa 

1. The animals of this class are usually parasites. 
2. They do not  produce special organs for locomotion. They perform very slow movement 

called amoeboid movement. 
3. They contain cytoplasm and nucleus. 
4. Reproduction takes place by asexual and sexual methods. 
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5. They cause some dangerous diseases in man and other vertebrates; such as, malaria by 
plasmodium. 

6. Their life cycle is completed in the body of two hosts. The plasmodium is transferred into 
the body of man from the body of female anapheles mosquito. 

 
Q. Describe the morphology, physiology and reproduction of Slime mold. 
 
Morphology 
The vegetative body of slime mold is called plasmodium consisting of a naked mass of 
multinucleate protoplasm which may be microscopic in size or attains a diameter several meters 
in some species. A plasmodium is viscous and slimy to touch and may be white or in some shade 
of yellow, red, brown or violet. Some times, plasmodium becomes net like or finely branched. 
Plasmodium moves by pseudopodia over logs, dead leaves or soil. Many vacuoles are found in 
plasmodium. 
 
Physiology 
They are heterotrophs, mostly saprophytes but a few species are parasites. During creeping 
movement, the plasmodia engulf bacteria, spores or small particles or dead plant or animal 
tissues and digest them within food vacuole. This is like the digestion in amoeba.  
 
Reproduction 
Although, the slime molds (myxomy cetes) are animal like but their reproduction is distinctly 
plant like. Reproduction occurs by various methods: 
Vegetative reproduction 
Slime mold reproduces by two methods: 

a. Fragmentation 
A plasmodium may break into pieces. Each piece develops into a new 
plasmodium. 
 

b. Sclerotia 
In times of drought, the pseudopodia are with drawn and the plasmodium rounds 
itself ito a hard waxy mass, the sclerotium. The thick horny wall keeps it viable 
for several years with the supply of water, the wall ruptures and the plasmodium 
reappears. 

 
Asexual reproduction 
At the times of asexual reproduction, plasmodium changes into clusters of fruiting bodies. The 
fruiting bodies look like small golf balls or feathers or birds cages or worms. They are in a great 
variety of colours. Part of each fruiting body produces a large number of microscopic, asexual 
reproductive cells called spores. Each spore has a single nucleus. On germination, spore 
produces a single amoeboid structure which develops a flagellum after emergence. Some times, 
3 to 8 such amoeboid structures may be produced. These amoeboid structure soon develop into 
free swimming swarmers bearing two unequal flagella. They keep moving for some time but 
later on the flagella are retracted and the swarmers again amoeboid. A single myxamoeba may 
divide successively into as many as 300 myxaoeba in three days. They germinate in favorable 
conditions. 
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Sexual reproduction 
The swarmers or myxamoeba sometimes behave as gametes and fuse in pairs. The resultant 
zygote then grows directly into a creeping amoeboid plasmodium which becomes multinucleate 
by repeated mitotic divisions of the fusion nucleus. Sometimes, a number of zygote may fuse to 
forma a large plasmodium but there is no nuclear fusion. There is distinct alternation of 
generation. 
 
Q. Describe life cycle of malarial parasite. 
Life cycle of plasmodium is completed in two hosts. Man serves as primary host whereas 
mosquito serves as secondary host. 
 
Asexual cycle in man (schizogony) 
A healthy person acquires plasmodium in the form of sporozoites when a female anopheles 
mosquito bites him. 
Schizogony comprises of the following phases: 
 
Pre-erythrocytic phase 
Sporozoites after entering human body, circulate for about half an hour and then into the liver to 
attack liver cells. Inliver cell, each sporozoites grows for many days and becomes a schizont. It 
divides to form a large number of uninucleate cryptozoites. These are liberated when the liver 
cell burst. The cryptozoites attack fresh liver cells and multiply producing metacryptozoites. 
 
Erythrocytic phase 
The metacryptozoites then attack RBC. Each becomes rounded and is called trophzoites. When it 
grows in size, the nucleus is pushed to one side. It resembles a signet ring so it is called signet 
ring stage. The trohozoites ingests a large amount of cytoplasm of the RBC. It develops into an 
active amoeboid trophozoite. After active feeding, it becomes rounded, grows in size and 
becomes a schizont. It now undergoes schizogony and produces merozoites. With the rapture of 
RBC, the merozoites are liberated into the blood plasma. These merozoites attack fresh RBC to 
repeat the cycle. 
 
Post erythrocytic phase 
Some merozoites produced in erythrocytic phase reach the liver cells and undergo schizonic 
development. This is knows as erythrocytic phase. 
 
Gamogony  
When successful asexual multiplication is achieved, the merozoites do not attack fresh RBC. The 
merozoites increase in size to become gamocytes; male microgamocytes and female 
macrogamocytes. The gamocytes do not divide but remain within their host blood. 
 
Sexual cycle in mosquito 
Sexual cycle comprises of the following three phases: 
 
Gametogony 
The gametocytes are taken up along with the blood into the stomach of the mosquito. The female 
gamocytes soon become macrogamete. Each male gamocyte forms 6 to 8 sperm like 
microgametes by a process of exflagellation. 
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Syngamy 
Microgamete and macrogamete fuse together to form a zygote. This process is called syngamy. 
The zygote becomes worm like ookinete. It penetrates the stomach wall to settle down just under 
the midgut. Here, after absorbing the nutrients, it becomes rounded and encysts to form the 
oocyst. 
 
Sporogony 
In 6 to 7 days, the nucleus of the oocyst divides into thousands of slender sporozoites by the 
process of sporogony. The cyst bursts and the liberated sporozoites migrate towards the salivary 
glands where they await transfer to a human host. 
 
Symptoms of malaria 

1. Patient feels severe chill even though the body temperature is mostly above normal. 
2. Patient feels terrible headache. 
3. The body temperature may rise to 1060C. 
4. Heart beat increases. 
5. Breathing rate becomes more. 
6. Patient feels nausea and have vomiting. 
7. Loss of appetite is a common symptom. 
8. Constipation occurs. 
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Q. What do you know about fungi? Describe fungal body. 
 
Fungi 
These are a group of living organisms having a body called mycelium that is made up hyphae 
which are coenocytic, non-chlorophyllous and have a cell wall. 
 
Fungi as plants 
Previously, fungi were regarded as plants as they resemble plants in having cell wall, lacking 
centreioles and being non motile. 
 
Fungi as animals 
Fungi resemble with animals as they are heterotrophic, lack cellulose in their cell walls and 
contain chitin. 
 
Present taxonomic position of fungi 
They are neither completely plants nor animals. Their DNA studies also confirmed that they are 
different from all other organisms. 
 
Unique feature 
Fungi have characteristic mitosis called nuclear mitosis during which nuclear membrane does not 
break and spindle is formed within nucleus. 
 
The body of fungus 
Fungal body is known as mycelium. Mycelium consists of long, slander, branched, tublar and 
thread like filaments called hyphae. Chitin in their walls is more resistant to decay than are 
cellulose and lignin which  make up plant cell wall.  
 
Types of hyphae 
These are of two types:  
 
Septate hyphae 
These are divided by cross walls called septa. Due to septa, hypha contains many cells having 
one or more nuclei.  
 
Non septate hyphae 
These lack septa and are not divided into individual cells. So, this sort of hyphae is in the form of 
an elongated multinucleated large cell. Such a hyphae is called coenocytic hyphae in which 
cytoplasm moves effectively. 
Septa of many septate fungi have a pore through which cytoplasm flows from cell to cell. 
 
Absorption surface 
Extensive spreading system of hyphae provides enormous surface area for absorption.  
 
Hyphae forms reproductive structures 
These may be packed together and organized to form complex reproductive structures; such as, 
mushrooms, puff balls, morels, etc. 
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Non hyphal fungus 
Yeasts is a non hyphal unicellular fungus. 
 
Fungal nucleus 
All fungal nuclei are hyploid except for transient diploid zygote that formed during sexual 
reproduction. 
 
Q. Write a brief note on fungus armillaria. 
 
Armillaria 
It is a pathogenic fungus and attacks on conifers. 
It has been measured up to 15 hectares. (1 hectare = 10000 m2) 
 
Q. Describe nutrition in fungi. 
Fungi are heterotrophs. They obtain their food material by direct absorption from the body or 
dead organic matter, so they are also called absorptive heterotrophs. They are of different types 
on the basis of nutrition: 
 
1. Saprophytes or saprobes 
Some fungi derive their food from the organic compounds of dead plants and animals and are 
spoken of as saprophytes or saprobes. They are also decomposers. They secrete out digestive 
enzymes which digest carbohydrates, proteins and other macro molecules. The digested food 
then absorbed by the fungus through modified hyphae called rhizoids. Some fungi act as 
scavengers, decomposing dead organic material, cleaning surface of the earth. Some saprophytes 
are dangerous because they pass from the dead parts of a plant to the living parts, thus, become 
destroyer of living plants, e.g. nectria cinnabarina causes coral spot disease of apple tree. 
 
2. Parasites 
Parasitic fungi absorb nutrients directly from the living host cytoplasm with the help of special 
hyphal tips called haustoria. Parasitic fungi may be obligate or facultative.  
 
a. Obligate parasites 
They can grow only on their living host. Various mildews and most rust species are obligate 
parasites. 
 
b. Facultive parasites 
These fungi can live either as saprophytes or as parasites, e.g. nectria cinnabarina. 
Mycelium of parasitic fungi may develop on the external surface of host or inside the tissues of 
host. So, parasitic fungi may further be classified into two types: 
 
i. Epiphytic  
These fungi are present on the external surface of their host plants, e.g. hopmould, vinemould, 
etc. 
 
ii. Endophytic 
These fungi are present inside the tissue of host, e.g. cystopus, rusts, smuts, etc. 
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3. Predators 
Some fungi are active predators. The oyster mushroom (pleurotus ostreatus) is a predatory 
fungus. It paralyzes the nematodes, penetrates them and absorb their nutritional contents to fulfill 
its nitrogen requirements. Some species of arthrobotrys trap soil nematodes by forming 
constricting ring. Their hyphae invade and digest the unlucky victim. Some fungi secrete sticky 
substances. 
 
4. Lichens 
These are peculiar plants consisting of a fungus and an algae living together in intimate 
symbosis. Mostly, ascomycetes is imperfect fungi have this sort of mutualistic association. Few 
basidiomycetes also forms scuh mutualistic relationship. The algae may be green or blue green 
or sometimes both. Most of the visible parts of lichens consist of fungus, algal components are 
present with in hyphae. Fungus protects the algal partners from strong light and desiccation and 
itself gets food from algae. Lichens are bio indicators of air pollution. They can grow at such 
places where neither of the components alone can, even at bare rocks. Lichens vary in colours, 
shape and growth form. 
 
5. Mycorrhizae 
It is mutualisitic relationship in which fungi associate themselves with the roots of certain higher 
plants; particularly, forest trees. The fungal hyphae increase the amount of soil contents and total 
surface area for absorption and help in the absorption of P, Zn, Cu and other nutrients from the 
soil into the roots. The plants supplies organic carbon to fungal hyphae. The plants usually do not 
develop root hair. There are two types of mycorrhizae: 
 
a. Endomycorrhizae 
The fungal hyphae penetrates into the inside of the root cells of plants, e.g. orchid. 
 
b. Ectomycorrhizae 
The fungal hyphae penetrate between the outer cells of plant, e.g. beech, oak, pine, etc. 
 
Q. Describe reproduction in fungi. 
 
Reproduction in fungi 
It can reproduce asexually as well as sexually: 
 
Asexual reproduction 
It takes by different methods: 
i. Fragmentation:  
The hyphae breaks up into pieces accidentally or through external forces. Each piece grows into 
a new individual.  
ii. Fission 
It involves the splitting of the cell into two daughter cells by transverse wall, i.e. yeasts. 
iii. Budding 
In saccharomycetes (yeasts), the parents cell buds off new cells which separates from the parents 
cell and develop into new individuals. 
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iv. Spawns 
These are blocks of mycelium mixed with a suitable substratum. They are sown in suitably 
prepared beds, e.g. mushrooms. 
v. Sclerotia 
These are compact masses of hypahe, forming pseudo tissues. They serve as organ of 
perennation, e.g. claviceps. 
vi. Spores 
These are produced inside the sporangium. These are small and produced in large number and 
dispersed by wind. When spores land in a suitable place, they germinate and give rise to new 
fungal hyphae. 
vii. Conidia 
These are non motile spores produced exogonously by constriction at the end of special hyphal 
branch called conidiophores. They are usually produced in clusters. Conodia can cause rapid 
colonization on new food, e.g. aspergillus, penicillium, etc.  
viii. Oidia 
In several fungi, the hyphae become dived by transverse walls into a large number of short 
segments. Each segment is capable of germinating and developing into a new fungus. These 
segments are knows as oidia, e.g. mucor. 
ix. Pycliospores 
These are small conidia like bodies produced in flask shaped cavities called the pycnia, e.g. 
puccininia.  
 
Sexual reproduction 
Sexual reproduction in fungi consists of three typical phases. 
 
i. First Phase (Plasmogamy) 
It involves a union of two protoplasts bringing two haploid nuclei close together in the same cell. 
 
ii. Second Phase (Karyogamy) 
It involves the fusion of two haploid nuclei brought together as a result of plasmogamy. 
Karyogamy follows plasmogamy immediately, but in some cases, this is delayed and the 
plasmogamy simply results in the formation of a binucleate cell. Such a fungal hypha or cell 
having two nuclei of different genetic types is called dikaryotic hypha or cell. Dikaryotic is also 
termed as heterokaryotic. The two nuclei of the dikaryon remain free till late in the life history of 
the fungus. 
 
 iii. Third phase (Meiosis) 
It involves cell division following nuclear fusion. Different groups of fungi produce different 
types of haploid sexual spores by meiosis. 
In Ascomycetes the sexual spores, termed ascospores, are produced within a cell called ascus. In 
Basidiomycetes the sexual spores, termed basidiospores, are produced on a cell. (Exognously) 
called basidium.  
As we proceed from the lower to the higher fungi, the sexuality is surprisingly reduced. 
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Q) Write an essay on economic importance of fungi. 
 
Economic important of fungi 
Fungi show many economic importance: 
 
1) Liseful fungi 
 
a) Food 
Many kinds of edible fungi in the form of mushrooms are a source of delicious  food dishes. 
Yeasts are utilized in baking industry. Other are used in brewing and in cheese and organic acid 
producing industries. Some fungi are poisonous e.g., toadstools and death stools. 
 
b) Medicines 
Various types of antibiotics are isolated from fungi e.g., penicillin, chloromycetin, neomycin, 
terramycin etc. 
 
c) Soil fertility  
They main soil fertility by decomposing the dead organic matter. E.g., Mycorrhizal fungi 
 
2) Harmful fungi 
 
a) Food Spoilage 
Fungi spoil tremendous amounts of food stuff. 
 
b) Human disease 
Fungi cause a number of diseases like aspergillosis (ear, lungs diseases) moniliasis (skin, mouth, 
gums diseases) 
 
c) Plant disease 
Fungi destroy many agricultural crops, fruits and ornamentals by causing diseases. Some of the 
diseases are loose smut of wheat, late blight of potato, downy and powdry mildews etc. 
 
d) Spoilage 
Many fungi spoil leather goods, wool, books, timber, cotton etc. 
 
3) Economic Losses due to fungi 
 
a) Fungi are responsible for heavy economic losses by causing serious plant diseases. Extensive 
damage due to rusts and smuts diseases of wheat, corn and rice promoted mass displacement and 
starvation to death many people. 
 
b) Powdery mildews (on grapes, rose, wheat etc), ergot of rye, red rot of sugarcane, potato wilt, 
cotton root, rot, apple seab and brown rot of peach, plum, apricot and cherries are also fungal 
diseases which bring about a heavy economic loss. 
 
c) Fungi also cause certain animal diseases. Following are human diseases. 
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i)  Ring worm:  It is caused by imperfect fungi. 
ii) Athelet’s foot: It is also caused by imperfect fungi. 
iii) Oral and Vaginal thrush: Candida albicans, a yeast, causes oral and vaginal  

  thrush. 
iv)  Histoplasmosis: It is a serous infection of lungs caused by inhaling spores of a 

fungus which is common in soil contaminated with bird’s faces. 
v) Aspergillosis: Aspergillus Fumigatus causes aspergillosis but only in person with 

defective immune system such as AIDS and may cause death. 
  Aspergillus flavus produces carcinogenic mycotoxins which is called aflatoxins. 

vi) Ergotism: Claviceps purpose (Ergot of rye) causes ergotism. The poisonous 
material in the ergot causes nervous spasm, convulsion and even gangrene. 

c) Saprobic fungi cause incalculable damage to food, wood, fiber and leather by decomposing 
them 15% to 50% of world’s fruit is lost each year due to fungal attack. 

 
Q) Write a brief note on land adaptations of fungi. 
 
Land adaptations of fungi 
Following characteristics enable fungi to live on land.  
1) Hyphae that absorb water and soluble nutrients, they also anchor the plant. 
2) Thick walled drought resistant spores are produced in large number. 
3) Special gametes are produced which need no water for fertilization. 
 
 
Q) Write four major division of fungi in detail 
 
Classification of fungi 
Fungi are classified into four major divisions: 
i) Zygomycota   ii) Ascomycota 
iii) Basidiomycota  iv) Dueteromycota 
 
i) Zygomycota 
It is the smallest group of fungi. Bread molds and other microscopic fungi are included in it. 
Dormant Zygospore is formed during the life cycle of these fungi, so the division is called 
Zygomycota. 
Reproduction occurs by asexually and sexually. Sexual reproduction occurs by the fusion of 
gametangia. Each gametangium contains numerous nuclei. The gametangia are cut off from the 
hyphae by complete septa. These gametangia may be formed on hyphae of different mating types 
or on a single hypha. If different mating types are involved, fusion b/w the pairs of nuclei occurs 
immediately and diploid Zygote nuclei are formed. The fused portion of hyphae develops into a 
Zygospore. Meiosis occurs during the germination of the Zygospore.  
Mostly asexual reproduction occurs. During asexual reproduction haploid spores are produced. 
These spores are produced within sporangia and sporangi are formed on specialized erect hyphae 
called sporangiophores. These spores are shed above the substrate and dispersed by wind and 
form new mycelia. 
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ii) Ascomycota 
Ascomycota is a large group of fungi: yeasts, common molds, morels, and truffles are included 
in it. Also many plant pathogens are included. Ascus are formed during their life cycle, so this 
division is named ascomycota. 
Asexual reproduction occurs by various methods e.g., by conidia, by chlamydospores, by oidia, 
by fission,by budding, by fragmentation etc. 
Conidia are important asexual reproduction bodies. They are produced on special hyphae called 
conidiophores. Conidia are formed in chains or solitary. In some fungi they are produced in 
saucer shaped structures called acervuli. In some cases they are formed within the flask shaped 
bodies known as pycnia. Such conidia are also called pycniospores. 
Sexual reproduction occurs by means of acsus. Zygote is formed by the fusion of male and 
female gametes. Zygote develops into a special body known as ascus. Sometimes ascogonia of 
certain species are changed into asci without fertilization. In the lower fungi of this group the 
Zygote nucleus divides by meiosis and forms4 to 8 nuclei, which form ascopores. In higher fungi 
some hyphae are produced from ascogonium called ascogenous hyphae. These hyphae takes part 
in the formation of asci. In this process the asogonium divides into binucleate cells. From each 
cell ascogenous hypha arises and the nuclei of ascogonial cell migrate into ascogenous hypha. 
Aprical cells of ascogenous hyphae elongate and bend over to form hook like structures called 
crosiers. In the hook cell the two nuclei divide to form four nuclei. Two daughter nuclei are 
found in the arch, one at the tip and one on the base of the hook. Septa are formed in such a way 
that a binucleate arch cell, a uninucleate tip cell and the uninucleate basal cell are formed. The 
binucleate arch cell becomes ascus mother cell. The two nuclei in asucs mother cell fuse together 
and the cell elongates to form asus. The fused nucleus divides by meiosis and produces eight 
haploid ascospores. 
 
The sterile hyphae arise from the stalks of sex organs, form a wall around the asci called 
peridium. In this way a special body is formed in which asci are situated. This body is called 
ascocarp. There are four types of ascocarps.  
i) Apothecium  ii) Perithecium  iii) Hysterothecium   iv) Cleistothecium 
 
iii) Basidiomycota 
In this group smut fungi, rust fungi, puff balls, bracket fungi, jelly fungi, bird’s nest fungi and 
mushrooms are included. Its members are both saprophytes and parasites. 
Mycelium is branched and septate. There are three types of mycelium. 

i) Primary Mycelium  ii) Secondary Mycelium  iii) Tertiary Mycelium 
Vegetative reproduction occurs by fragmentation or budding. 
Asexual reproduction occurs by Oidia, Chlamydopore or Conidia.  
Sexual reproduction occurs by Karyogamy. This is the process in which two nuclei are 
fused together to form a diploid nucleus. Due to meiosis the diploid nucleus forms four 
haploid basidiospores. A special reproductive body is formed in which basidiospores are 
produced called basidium. 
Basidia are produced in fruiting bodies called basidiocarp but it does not form in rusts, 
smuts and few other fungi. In the formation of basidiocarp secondary mycelium is 
arranged into pseudoparenchymatous tissue. The body of basidiocarp consists of two 
parts. The lower is a stalk called stipe and upper one is cap like or umbrella shaped 
known as pileus. Pileus is composed of many thread like structures called gills. Gills 
produce many basdia. 
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iv) Deuteromycota (Imperfect fungi) 
It is an artifical group of fungi. In this group all those fungi are included which do not have true 
stages of life cycle such as Zygospores, Oospores, ascus, basidium, teliospores etc. These fungi 
have incomplete life cycle so they are called fungi imperfecti. 
In this group mostly fungi of ascomycetes or basidiomycetes are included. The mycelium is 
branched and septate. In the cells cytoplasm and one to many nuclei are present. 
Reproduction usually takesplace by Conidia but acervulus, synnema or coremium are also 
formed as reproductive organs. 
Fungi imperfecti are responsible for spoilage of our food. Species of Monilia cause mouth and 
throat disease known as thrush pulmonary infection. Trichophyton fungi cause Barber’s itch and 
Atheletes foot. 
 
Penicillium Notatum 
It is a source of antibiotic penicillin. Some fungi give the characteristics flavours and aromas to 
cheese. Species of Aspergillus are used for fermenting soya sauce and soya paste. Citric acid is 
produced commercially by the help of the members of this genus. 
 
Q) What is the economic importance of yeast? 
 
Positive Importance 
 
a) Yeast is used in alcohol fermentation. 
b) It is used in bear formation. 
c) It is useful to prepare bakery products. 
d) Cryptococcus contains vitamins. 
 
Negative Importance 
a) It spoils food stuff specially cheese and tomato. 
b) Sacharomyces Vaginites causes a disease in woman called vaginal thrush. 
c) Cryptococcus produces a disease of central nervous system called cryptococcosis. 
d) Candida causes diseases of skin, nails and lungs known as moniliasis. 
 
 
 
 
 
 
 
 
 
 
 
 
Q: - Give general characteristics and amphibious nature of Bryophtes. 
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General characteristics: - 
1) Bryophtes are non-vascular plants. 
2) They are found in humid and shady places. 
3) Mostly bryophytes are autotrophic but a few species are saprophytic in nature. 
4) Their main body is gametophyte. 
5) They possess rhizoids for attachment and absorption of water. 
 
Amphibious nature: - 
Bryophytes display a key adaptation that first made the move onto land possible, the embryophte 
condition. Their gametes develop within gametangia. Even with their protected embryos, bryophytes 
are not totally liberated from their ancestral aquatic habitat.First of all, these plants need water to 
reproduce. Their sperm,like those of most green algae, are flagellated and must sioim from the 
antheridium to the archegonium to fertilization to occur. 
Bryophytes lack the lignin-fortified tissue required to support tall plants on land. The tiny spores are 
protected by sporopollenin i.e.a polymer. 
 
Q: - Give the adaptation of plants land habitat. 
 
Adaptations to land habitat: - 
Its is the opinion of all biologists that the land plants have been evolved from aquatic plants. 
The life of aquatic plants is easy because water is essential for all processes of life. The aquatic plants 
do not face dry conditions. The carbon compounds are abundant in the sea which are used in 
photosynthesis. The temperature of sea water does not change very rapidly like dry land. In this way 
the life of aquatic plants is easy.  
When the plants migrated on land, they faced certain problems. The most important ones are as 
follows. 
(a) To obtain and conserve water. 
(b) To absorb Co2 from atmosphere for photosynthesis. 
To sovle these problems the plants change their body structure according to the environment. First of 
all they shifted from aquatic to the amphibious habitat, then they started their life on dry land. 
Amphibiuos plantsare the plants whish grow on moist places or live both in dry and wet habitat. e.g. 
Mosses and liverworts. 
Following are the adaptive characters exhibited by Bryophtes. 
1) Rhitoids for water absorption 2) Conservation of water 3) Absorption of Co2 4)Heterogamy  
5) Protection of reproductive cells 6) Formation of embryo 
 
1) Rhitoids for water absorption: - 
Rhizoids are the hair like or thread like structure which arise from the lower region of the plant They 
absorb water from the soil. These are long, filamentous extensions of the cells. Rhizoids increase the 
surface for absorption. e.g. Marchantia. 
 
 
 
 
2) Conservation of water: - 
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In land plants water conservation is very important. In liver-worts and mosses the body is called thallus. 
The thallus is composed of numerous cells but only few cells are exposed to the sunligth on the outer 
layer. The thallus also contains cuticle made up of a waxy substance called cutin. It prevents the 
evaporation of water.The cuticle is also found in higher land plants. 
  
3) Absorption of Co2 : - 
The land plants possess a special system for exchange of gases. Marchantia plants contain air chambers 
 in the thallus which open to the outside by airpores.These chambers have green filaments which 
perfrom the function of photosynthesis. The Co2 of air is diffused into the cytoplasm of moist green 
cells. In higher plants exchange of gases occurs through stomata. 
 
4) Heterogamy: - 
Heterogamy is the most successful kind of reproduction that has evolved in bryophytes. It is defined as 
production of two diffrent tyes of gametes, one is male i.e. motile and the other is female i.i. non-motile 
full of stored food. 
  
5) Protection of reproductive cells: - 
The land plants have speacial system of protection of their reproductive cells. The male gamete and 
female gamete are produced in multicellular resproductive sex organs called antheria and archegonia 
respectiveiy. Moreover, together with these organs hair like structures called paraphses are also present 
which help to prevent dry of the sex organs. 
 
6) Formation of embryo: - 
Embryo formation in amphibious plants is of universal occurence. Oospore is formed in the 
archegonium. The oospore develops into embryo. The embryo is covered by certain layers which are 
produced from archegonium. These layers protect the embryo from dry conditions. 
 
Q: - What are the three divisions of Bryophta? 
 
Divisions of Bryophyta: - 
There are three divisions of Bryophyta. 
 
1) Musci (Mosses): - 
The most familiar Bryophtes are mosses. A mat of moss actually consists of many plants. The mat has a  
spongy quality that enables it to absorb and retain water. Each plant of the mat grips the substratum by  
rhizoids. True stems, leaves and roots are not found e.g. funaria. 
 
2) Hepaticae (Liverworts): - 
Liverworts are less conspicuous plants than mosses. The plant body is divided into lobes giving an  
appearance of lobed liver of animal. e.g. Marchantia. 
 
3) Anthoceratae (Hornworts): - 
Hornworts resemble liverworts but sporophyte is elongated capsule that grow like horns from the 
matlike gametophyte e.g. Anthoceros. The sporophyte shows many advanced characters. The 
sporophyte has stomata, chloroplast and meristem. 
 
Q: - What are the major group of vascular plants. Give example of each group. 
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Major groups of vascular plants (Tracheophyta): - 
The major groups of vascular plants are as follows. 
1) Sub-division Psilopsida e.g. Psilotum 
2) Sub-division Lycopsida e.g. Selaginella 
3) Sub-division Sphenosida e.g. Equisetum 
4) Sub-division Pteropsida e.g. Dryopteris 
5) Sub-division Spermopsida e.g. Pinus 
 
Q: - With the help of labelled diagrams describe life of selaginella. 
 
Life Cycle Of Selaginella 
The life cycle of Selaginella is completed in two stages. 
   (1) Sporophytic stage  (2) Gametophytic stage 
 
(1) Sporophytic stage: - 
In this stage the plant reproduces by asexual method. Selaginella plant is heterosporous. i.e. it produces 
two types of spores,microspres and megaspores. The microspores are small sized and the megaspores 
are large sized. At the time of reproduction numerous leaflike structures are arranged to form cone like 
bodies at theapex of fertile shoot called strobili. In the strobilus the leaf like structure are called 
sporophylls.sporophylls are of two types, microsporophylls at the upper side and megasporophylls at 
the lower side. In the axil of microsporophylls microsporangia and in the axil of megasporophylls 
megasporangia are developed.  
 
Microsporangia: - 
Inside the microsporangium a mass of  cells is produced known as spore mother cells. These cells are 
about 16 in number. All of these cells are functional and give rise to 64 small microspores by meiosis. 
When the Microsporangia are mature, in the upper part a slit appears which become widen to liberate 
the spores. Eachmicrospore develops into male gametophyte. 
 
Megasporangia: - 
In the megasporangium many spore mother cells are produced. Usually all the spore mother cells 
except one degenerate. The remaining spore mother cell divides by meiosis into four haploid 
megaspore. Each megaspore develops into female gametophyte. 
 
2) Gametophytic stage: - 
The microspore and megaspore give rise to the male and female gametophytes respectively. 
 
Male gametophyte: - 
The microspore germinates into male gametophyte. The nucleus divides to form two cells, a prothelial 
cell and antheridial cell. The prothelial cell does not develop further. The antheridial cell performs a 
series of division and forms a mass of cells. This mass of cells is differentiated into two types of cells, 
the outer eight cells are called jacket cells and inner mass of antherozoid mother cells. 
The jacket cells form an outer layer called jacket layer. From each antherozoid mother cell a spirally 
coiled biflagellate anthertozoid is formed. When the antherozoids are mature, the jacket layer ruptures 
and antherozoids are liberated out. 
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Female gametophyte: - 
The megaspore germinates into female gametophyte when it is still remained inside the 
megasporanguim. The nucleus of megaspore divides many times by free nucleus division. As a result 
of division gametophyte tissue is formed. The formation of gametophyte is completed after the 
megaspore has fallen to the ground. Its wall ruptures at the apex by a tri-radiate. Tissue and a portion of 
female gametophyte a long with the archegonia become exposed.  
The female gametophyte produces female reproductive organs called archegonia. Each archegonium is 
small flask-shaped and consists of two parts, venter and neck. Egg cell is found in venter. 
 
Fertilization: - 
At the time of fertilization the venter canal cell and the neck canal cell degenerate and change into a 
mucilagenous substance, due to which the antherozoids are attracted toward the archegonium. The 
antherozoids after being liberated from the male gametophyte swim in rain water and move towards the 
male archegonium. Many of them enter it through the open mouth but only one fuses with the egg cell 
to form oospore. The oospore produces embryo which develops into a new Selaginella sporophyte. 
 
 
Q: - With the help of labelled diagrams describe life cycle of fern. 
 
Life cycle of fern 
Life cycle consist of two phases. 
 
(1) Sporophytic stages: - 
It is asexual stage. At the time of reproduction sporangia are produced in clusters on the underside of 
some leaves called sporophylls. Each sporangium is a small structure consisting of a capsule and a 
stalk. In each sporangium few spore mother cells are present which produce spores by meiosis. When 
the spore mature the capsule bursts and spore are liberated. Each spore germinates and gives rise to the 
gametophyte. 
 
(2) Gametophytic  stage:- 
Gametophyte produces two different types of reproductive organs, male and female. The male organs 
are called antheridia, which are developed toward the rhizoid, and female organs are known as 
archegonia, which are borne in the central multicellular region of the gametophyte. 
Each antheridium is a spherical or oval body with a number is antherozoid mother cell produces a 
single male gamete which is flagellated . 
The archegonium is a flask shaped body consist of a lower swollen part, the venter and upper tube like 
portion, the neck. The venter contains an egg cell and a venter canal cell. 
 
Fertilization: - 
At the time of fertilization venter canal cell and neck canal cells are converted into a mucilaginous 
substance which contains malic acid. The male gametes are attracted towards the archegonium due to 
the presence of mucilagenous substance and swim through a film of water. Many sperms enter into the 
archegonium through neck but only one gamete fuses with the egg nucleus and forms oospore 
germinates into an embryo which soon develops into a sporophyte. 
 
Q: - Describe the life cycle of moss (funaria). 
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Life cycle of a moss 
Life cycle consist of two phages. 
 
(1) Gametophytic stage: - 
This is a sexual stage in which plant produce antheridia and archegonia. Funaria is monoecious i.e. the 
antheridia and archegonia are borne on the same plant but on separate branch. 
 
Antheridia: - 
The mature antheridium is an elongated club shaped organ.  
It consists of two parts, a lower stalk and an upper broad capsule Inside the capsule numerous 
androcyte mother cells arte produced, each of which divides to form two androcytes. Each androcyte 
produces a single biflagellated antherozoid. 
  
Archegonia:- 
Each arechegnium is flask shaped. It consists of thee parts, stalk, venter and neck. The venter contains a 
large cell. The egg cell and a small cell, the venter canals cell. 
 
Fertilization:- 
When the arechegnium matures, the venter canal cell and neck canal cell disintegrate to form a 
mucilaginous substance. The antherozoids are attracted towards the archegonium. Many antherozoid 
enter the archegonium and one of then fuses with the egg cell to form a zygote., zygote becomes 
oospore by the secretion of a wall  
 
2) Sporophytic stage: - 
the oospore geminates and gives rise to the sporophyte. It grows on the gametophyte. The sporophyte 
consists of three parts. 
1) Foot  2) Seta  3) Capsule 
in the capsule spore mother cells are formed which undergo reduction division to form spores. 
 
Germination of spore: - 
The spore germinates under favourable conditions. It produces a filamentous, branched and green 
structure called protonema. From the lower side of protonema schizoids are arised and from the upper 
region new moss plants are developed  
 
Q:- Give the development of male gametophyte in Pinus. 
 
Development of male gametophyte:- 
The microspore of Pinus develops to form male gametophyte the outer layer of microspore (exine) is 
ruptured and inner layer (intine) comes out in the form of tube, which is known as pollen tube. 
The nucleus of microspore divides into two or three prothelial two cells, one is generative cell and 
another is tube cell. The generative nucleus divides to form tow male gametes while the tube nucleus 
disappears before the process of fertilization. In this way a reduced male gametophyte is formed. 
 
 
Q:- What do you know about kingdom plantae ? Give its characteristics. 
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Kingdom Plantae: - 
This kingdom includes multicellular green organisms, which are autotrophs i.e. they are able to 
manufacture their food. All these organisms are eukaryotes. They have proper cell wall and complete 
nucleus. Their growth takes place by apical meristems. 
 
Characteristics:- 
Plants have certain characters, which are considered as land adaptations. These characters are as 
follows. 
1) The aerial parts such as leaves have a waxy coating called cuticle. The reduces rate of transpiration. 

Wax of the cuticle is the secondary product of plant. 
2)  Another secondary product of plants is lignin, a special compound which provides strength and 

rigidity to the plant tissues. 
3) In plant body a polymer sporopollenin is also present. It is resistant to environmental damage. 
4) Embryo formation is the important character of plants. 
 
Q: - What are tracheophytes? Describe briefly the five major groups of them. 
 

Tracheophytes: - 
Tracheophytes consist of vascular plants. They are terrestrial in nature. The plants of this division have 
four fundamental adaptations for terrestrial habitat. 
1) Around the reproductive organs protective layer of sterile jacket cells is present. 
2) Multi cellular embryo remains in the female reproductive organs, archegonia. 
3) On the aerial parts of plant cuticle layer is present. 
4) Xylem is present for the conduction of water. 
Tracheophyta is divided into five major groups 
(1) Sub-division — Psilopsida 
(2) Sub-division — Lycopsida 
(3) Sub-division — Sphenopsida  
(4) Sub-division — Pterosida 
(5) Sub-division — Spermopsida 
 
(1) Sub-division — Psilopsida: - 
In this sub-division fossil plants such as Rhynia and some living genera Psilotum and Tmesipter is are 
included. 
 
Characters: - 
1) Their main body is sporophyte. The body consists of underground rhizome like structure and an 

aerial portion. It is dichotomously branched. 
2) True roots are absent. Rhizoids are produced from the rhizome, which help in water absorption. 
3) The vascular tissues of stem are very primitive in structure and arrangement. 
4) Leaves are small, simple, scale like and spirally arranged. 
5) Aerial stem is green, takes part in photosynthesis. 
6) Cambium is absent, so there is no secondary growth. 
7) A sexual reproduction takes place by sporangia. 
8) In the sporangia haploid spores are produced by meiosis. Spores are of same types (Homosporous). 
(2) Sub-division – Lycopsida: - 
In this sub-division the most ancient vascular plants are included.  
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They were appeared in the middle of Devonian period. Only five genera of this group are alive today, 
two of these are Selaginella and Lycopodium.  
 
Characters: - 
1) Their body consists of roots, stem and leaves. They have true roots and true leaves. 
2)  The leaves are small and simple. Each leaf has a single vascular bundle. 
3) Certain leaves take part in reproduction, bear sporangia. Such leaves are called sporophylls. 
4) The sporophylls form cone like structures called strobili. Each strobilus is club-shaped, so the plants 

called club-mosses. 
5) The spores are either similar in structure, called homocporous.  
e.g. Lycopodium or of different types called heterosporous e.g. selaginella. 
  
3) Sub-division – Sphenopsida:- 
The members of this division care called horsetails e.g. Equisetum 
 

Characters: - 
i) The sporophyte consists of root, stem and leaves. 
ii) True roots are present. 
iii) The stem has distinct nodes and internodes. The internodes are hollow. 
iv) The leaves are produced in whorls and form a sheath at the lower side around each node. 

The leaves are scale like. 
v) The sporangia are borne on sporangiophores and are arranged in the form of cone like 

structures called strobili. 
 
4) Sub- division – Pteropsida: - 
 This subdivision consists of a group of plants. Commonly known as ferns e.g.  
Adiantun 
Characters: - 

i) The plant body consists of roots, stem and leaves. It is sporophytic in nature. 
ii) The leaves are larger in size called megaphylls or fronds 
iii) The stem is subterranean rhizome but in some ferns it is aerial and erect. 
iv) Each leaf consists of two parts, petiole and blade. The petiole is covered with hairs called 

ramenta. 
v) The blade is either simple or pinnately compound. 

 
5) Sub division – Spermopsida : -  
The plants which produce flowers and seeds fare included in this group they first appeared in the late 
division and carboniferous period. 
These plants are classified into two groups. 
 

a) Gymnosperms: - 
i) The Gymnosperms include all conifers. 
ii) These plants are mostly grown in clod climate and on the mountain s. 
iii) They are evergreen plants, 
iv) They are evergreen plants, 
v) Their leaves are thin and called needles. It is a xerophytic character. 
vi) They produce cone like flowers and naked seeds. 
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vii) These plants provide timber. 
b) Angiosperms:- 
i) In these plants the ovules are developed in the ovaries, so they form covered seeds. 
ii) Their leaves are usually spread. 
iii) Angiosperms include monocots and dicots. 
iv) Their vascular tissue is more complex than that of the gymnosperms. 
v) They became the dominant land plants in the Cenozoic era. 
vi) Ovules are enclosed within carpels. 

 
Q: - Describe various adaptations of the vascular plants as successful group of land plants. 
 
Vascular plants as successful groups of land plants:- 
Following are the key adaptations of the vascular plants as successful group of land plants. 

i) The gametophyte generation is very reduced. While in nonvascular plants gametophyte is 
conspicuous. The gametophyte is susceptible to drying out. 

ii) Fertilization is not dependent on water as it is in other non-vascular plants.. the male 
gametes of seed plants are non-motile and are carried within pollen grains. 

iii) Conifers and flowering plants produce seeds. 
iv) Xylem and sclerenchyma are lignified tissues providing support in all vascular plants. Many 

of these show secondary growth.  
v) True roots, also associated with vascular plants absorb soil water efficiently. 
vi) The plant is protected from desiccation by an epidermis with a water proof cuticle. 
vii) The epidermis of leaves is perforated by stomata allowing gaseous exchange b/w plant and 

atmosphere. 
 

Q:- Describe an angiospermic flower. 
 

The flower: - 
The flower is a highly modified shoot. 

 
Floral Parts: - 
A flower consists of four types of floral organs. 

 
(1) Calyx : - 

This is the first and outermost whorl, composed of small, leafy structur4es called sepals. They 
are usually green but sometimes they are highly coloured called petaloid. Their function is to 
protect t the inner parts of the flower. 

(2)  Corolla :- 
This is the second whorl and composed of expanded and brightly coloured structures called 
petals. They may also have glands which produce juicy substances. They attract the insects for 
pollination. 

(3)  Androecium: - 
It is composed of the male reproductive organs. The stamens. Each stamen consists of three 
parts, filament, anther and connective. 

 
(4)  Gynoecium: - 
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It is the female whorl of the flower and composed of carpel or pistils. Each pistil consists of 
three parts, stigma. Style and ovary. 

 
Q: - Differentiate b/w bryophytes and tracheophytes. Or differentiate b/w non-vascular and 
 vascular plants. 

Bryophytes Tracheophytes 
(1)Bryophytes do not have vascular tissues
non- vascular plants. 
(2)Their main plant is gametophyte. 
(3)Bryophytes are  restricted to wet shady  
places. 
(4)Bryophytes produce spores. 
 
 

(1)Tracheophytes possess vascular tissues
vascular plants. 
(2) Their main plant is sporophyte. 
(3) Tracheophytes are not restricted to 
places. 
(4) Tracheophytes usually produce seeds. 
    

 
 
Q) Describe the life cycle of Pinus. 
 
STEM 
In the pinus plant, there is a clear stem, which elongated and erect. The main stem produces two types 
of branches monopodially in whorls, one is known as LONG SHOOT and the other one is DWARF 
SHOOT. 
 
LONG SHOOT 
In the pinus plant, there are two types of shoots that are why branching system is known as 
DIMORPHIC. Long shoots have epical bud that is why; they can increase in size, so commonly known 
as SHOOTS OF UMLIMITED GROWTH. They are arising from the axil of scale leaves. 
 
DWARF SHOOT 
These are the branches having very limited growth. Their size is just about 1-2 inch. They do not have 
epical bud that is why their growth is limited. They also arise from the axil of scale leaves. 
 
LEAVES 
In the pinus; again the leaves are dimorphic that is; they are of two types. One is known as SCALE 
LEAVES and the other is known as FOLIAGE OR NEEDLE LEAVES. 
 
SCALE LEAVES 
These are the small brown colored leaves present on the main stem and also on the long and short 
shoots. Their main function is not photosynthesis but they deal with conservation of moisture. 
 
 
 
FOLIAGE LEAVES 
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These are the leaves arisen from short shoots only and are needles like in appearance therefore are 
commonly known as NEEDLES. These leaves are showing the xerophytic characters of pinus plant. 
They are three of five in number, which depends on the type of the pinus. 
 
REPRODUCTION IN PINUS 
Pinus is gymnospermic plant and is basically saprophytic in nature, which means that plant reproduce 
by means of spores, or by asexual method. Sexual reproduction or gametophytic phase follows the 
asexual reproduction. In this way, life cycle shows alternation of generation. 
 

SPOROPHYTIC PHASE 
MALE CONES 
Pinus is basically a sporophytic plant containing male and female spores. Male spores are formed inside 
the male cone and are known as MICROSPORES. Inside the male cone, there are some special 
chambers attached with the central axis known as MICROSPOROPHYLL. These chambers attached 
with the central axis known as MICROSPORANGIUM and inside each microsporangium, microspore 
mother cells can be seen. Each micro sphere mother cell is divided by the process of meiosis and is 
changed into male spores (MICROSPORES). Microspore is a unicellular body composed on two 
layers. Outer membrane which is tough and made up of spines is known as EXINE. While the inner 
layer is thin, delicate and soft is known as INTINE. Inside the cytoplasm of microspore, two nuclei are 
present one is larger and is known as VEGETATIVE NUCLEAUS OR TUBE NUCLEUS while the 
smaller nucleus is known as GENERATIVE NUCLEUS which is responsible for male gametophyte. 
 
FEMALE CONES 
In the pinus, female spores are known as MEGASPORES, and they are developed inside the female 
cone. Each female cone is internally composed on a central axis or thalamus and having two kinds of 
scales. One group of scales is larger in size arising from the central axis and containing a rounded ovule 
at their base. These scales are known as OVULIFEROUS SCALE. The second kinds of scales are 
smaller in size and thin in nature and are known as CARPELLARY SCALES. 
 
OVULE OF PINUS 
The ovule of pinus is rounded body attached at the base of ovuliferous scales. Each ovule is surrounded 
by outer integument, which is having an opening at the anterior end known as MICROPYLE. Just 
below the integument, mass of tissues can be seen which is known as NUCELLUS OVULE MOTHER 
TISSUES. Nucellus contains nucellus nucleus, which is divided to form two kinds of cells. One is 
Tapetal Cell and the other one is called MEGASPORE MOTHER CELLS. Megaspore mother cells 
generate megaspores by the process of meiosis. 
 
 
 
GAMETOPHYTIC PHASE 
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 MALE GAMETOPYTE 
The microspore of pinus develops to form male gametophyte. The outer layer of microspore (exine) is 
ruptured and inner layer (intine) comes out in the form of tube, which is known as POLLEN TUBE. 
The pollen tube is having two kinds of nuclei. One is known as TUBE NUCLEUS and other one is 
known as GENERATIVE NUCLEUS. The generative nucleus at this stage divides to form two male 
gametes while the tube nucleus disappears before the process of fertilization. 
FEMALE GAMETOPHYTE 
The megaspore inside the ovule develops to form female gametophyte. Now in the female 
gametophyte, acrchegonia mother cells are divided again and again by the process of meiosis and are 
changed into archegonia. Each archegonium is a flask shaped body having a venter, a lid and a neck 
canal. Inside the venter, egg nucleus can be seen. Neck canal cells are not present in this archegonium. 
FERTILIZATION AND FORMATION OF SEED 
After the pollination, the pollen tube penetrates in the ovule and now male gamete passes inside 
through an opening called MICROPHYLE, where the male gamete fuses with the egg nucleus inside 
the archeognium and in this way fertilization is completed and oospore body is formed. Now seed 
germinates to form new pinus plant. 
ALTERNATION OF GENERATION 
Pinus is a sporophyte plant, it reproduces asexually by means of flowers known as CONES. The male 
and female cones are produced on same plant, but separately. The male and female cones are diploid 
(2n), after meiosis male come produces large number of haploid microscopes, while female cone 
produces magaspores. They germinate and again do not form diploid sporophyte, but develops into 
gametophyte (n). The male gametophyte on maturity forms male gametes while female gametophyte 
produces egg cells. These haploid bodies after fertilization give rise to diploid oospore, which develops 
into seed and on germination produce a pinus sporophyte plant and not again gametophyte. 
 
Q) Describe briefly Rhynia Plant. 
 
RHYNIA 
Rhynia is a member of group Pteridophyta. It is one of the oldest vascular plants. Rhynia is a fossil i.e., 
it does not occur in present time. It is a plant of past life, about 400 million years ago, but its body is 
still preserved. 
Actually the life cycle of Rhynia plant is completed in two stages, sporophyte and gametophyte. Its 
sporophyte is preserved and gametophyte is not available so the details of gametophyte are unkown. 
Sporophyte 
The sporophyte of Rhynia consisted to two parts, the lower part was called rhizome. It was 
underground and dichotomously branched. From rhizome thread like bodies were produced, called 
rhizoids, to absorb water and salts from the soil. 
The upper part of sporophyte arised from rhizome. It was erect and dichotomously branched. The 
branches were green in colour due to the presence of chlorophyll. They would manufacture food 
material. Actual leaves were absent in Rhynia. 
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In Rhynia plant vascular tissues are present, which help in the supply of food and water throughout the 
body. Xylem is in the centre, it supplies water and phloem is around the xylem. The phloem takes part 
in the distribution of food material. The vascular tissue is surrounded by cortex. The outer most layer is 
called epidermis which contains stomata. 
Rhynia plant produced asexual reproductive bodies, sporangia on the upper branches, which formed 
spores. After liberation from the sporangia they developed into another stage, the gametophyte. The 
details about the gametophyte are not known.   
 
Q) Describe evolution of seed. 
EVOLUTION OF SEED 
The process of evolution is also visible in the formation of seed in plants. The Selaginella shows 
heterospory i.e., it produces two types of spores, the smaller microspores and larger megaspores. The 
microspore forms male gametophyte and megaspore develops into female gametophyte. In Selaginella 
the sporangia are also protected by special structures like club-moss, Horse tail and Fern. This 
protective system is due to the result of evolution. By the observation of carboniferous period it is 
evident that the Fern had small branch like protective organs and two types of spores were produced in 
their sporangia. By the process of evolution the branch like organs united together and changed into a 
protective layer around the sporangia. 
 
In seed producing plants the megaspore remains inside the megasporangium. Around it the protective 
coverings are present, called integuments. The megaspore develops into female gametophyte. In the 
evolution of seed there are three steps. 
i) Origin of heterospory 
ii) Formation of integument for the protection of megasporangia 
iii) The megaspore remains in  the megasporangium and develops into female gametophyte. 
When immature seed is studied, it is evident that the integuments are not only the protective layers, 
they also provide nourishment to the female gametophyte. The character of seed formation in vascular 
plants helps to adjust the plants in their environment. 
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Q) Describe the evolution of leaf. 
 
EVOLUTION OF LEAF 
 
Leaf is very imporant organ of plant because it takes part in photosynthesis., they are evolved from the 
primitive vascular plants. To trace the origin of leaf we have to study the types of leaves. In vascular 
plants there are two types of leaves. 
 
i) One is simple, small and scale like. It contains only one veins, so it is called single veined leaf. 
ii) Another type is multi-veined leaf because it contains many veins. It is larger in size with distinct 
lamina. 
In the case of single veined leaf the fossils provide no proper evidence. It is assumed that it originated 
from a leaf –less branch of primitive vascular plant by the reduction in size and gradually this leaf less 
branch has changed into a single-veined leaf. This type of leaf was developed in club-moss and horse 
tail plants. 
Incase of many veined leaves it is assumed that their production started much later. These are the 
modified form of forked branches in primitive land plants. In their evolution the first step was the union 
of forked branches and continuation of growth in one direction, so they were changed into a flat body. 
They second step was the formation of green cells between and vascular tissues. They were filled up by 
photosynthetic tissues and they were ultimately changed into leaf like structure. 
 
Q) Describe the life cycle of angiospermic plant. 
 
LIFE CYCLE OF ANGIOSPERMIC PLANT 
Angiospermic plant is a flowering plant. Its body consists of three parts. 
 
1) Root:  It is underground part, absorbs water and salts. 
 
2) Stem: Aerial part of plant, branched or unbranched. 
 
3) Leaf:  Green in colour and manufacture food material for the plant. 
 
LIFE CYCLE 
The life cycle of angiospermic plant is completed in two stages i.e., it shows alternation of generations 
process. The first stage of life cycle is called sporophyte and another stage is known as gametophyte. 
 
SPOROPHYTE STAGE 
In this stage two types of spores are formed, microspores and megaspores. The microspores are 
produced by megasporophylis (carpels) 
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MICROSPOROPHYLLS 
Each microsporophyll consists of three parts, anther, connective and filament. Anther is the upper most 
swollen part which has two lobes. Each lobe contains two chambers, called microsporangia (pollen 
sacs), in which numerous microspores (pollen grains) are formed. Filament is the lower stalk and the 
point where anther is attached to the filament is called connective. Each microspore is haploid body 
with two layers, outer exine and inner intine. 
 
Megasporophyll 
Each megasporophyll (carpel) consists of three parts, stigma, style and ovary. Stigma is the upper most 
part which receives pollengrains from microsporophylls. Style is the elongated stalk and ovary is the 
lower most swollen portion. It is one chambered or many chambered in which ovules are present. The 
ovules are considered as megasporanga. 
 
Structure of Ovule (Megasporangium) 
 
The ovule is enclosed in two other coats, called integuments. At one end of the ovule a small pore is 
present, the micropyle. Within the integuments nucellus is present, which contains egg sac or embryo 
sac. At the microplyer end three cells are present, one of these cells is the egg cell or ovum and other 
two cells are called synergids. At the opposite end three other cells are also found, known as antipodal 
cells. They have no proper function. In the centre of the embryo sac definitive nucleus is present. 
 
Pollination 
Cross pollination takes place by the help of insects or other agents. If it fails, self pollination may also 
occur. 
 
Development of Male and Female gametophytes 
 
Female Gametophyte 
Before fertilization many changes occur within the ovule to form the female gamete or egg cell. The 
ovule contains a single large diploid body, called megaspore mother cell. It soon divides twice by 
meiosis and four megaspores are formed. Out of these four megaspores only one is functional and 
others are disintigrated. The functional megaspore is haploid and germinates to produce female 
gametophyte. 
 
The megaspore divides into two nuclei. These two daughter nuclei separate from each other and move 
to the opposite poles. The cytoplasmic region of the megaspore forms the embryo sac and the two 
nuclei form two regions, upper micropylar end and lower is the chalazal end. This structure is the 
female gametophyte. 
 
The nucleus at the upper end divides twice to form four nuclei. Similarly the nucleus of the lower end 
also produces four nuclei. One nucleus from each of the two groups is migrated to the centre of the 
embryo sac where the two nuclei fuse together to form a secondary nucleus or definitive nucleus. 
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The three nuclei present at the micropylar end are very important. The central nucleus is the egg or 
ovum i.e., the female gamete, while the other two nuclei are called synergids. The eff and synergids are 
collectively called the egg-apparatus. 
 
The three nuclei at the other end are called antipodal cells, which have no function. The secondary 
nucleus or definitive remains in the centre. It takes part in double fertilization. 
 
Male Prothallus (Male gametophyte) 
When the pollen grain reaches at the stigma it germinates into a tube, called pollentube. It passes 
through the style of carpel and reaches the ovule inside the ovary. The pollen grain nucleus divides into 
two nuclei, one is tube nuclei, one is tube nucleus and other is generative nucleus. The generative 
nucleus divides and forms two male gametes. This stage represents the male prothallus, which is much 
reduced. 
 
Fertilization 
When the pollen tube reaches the ovule, one male nucleus fuses with the egg cell and forms Zygote. 
Another male nucleus fuses with the definitive nucleus and forms endospermic nucleus. In this way 
double fertilization occurs. 
The zygote develops into seed. The seed is present in a fruit. The seed can germinate into new plant 
(sporophyte) during favourable conditions. 
 
 
Q) Describe the floral characters, floral formula, floral diagram and economic importance of the 
following families: 
 
Rosacea, Solanaceae, Fabaceae/Paplionaceae, Mimosaceae, Caesalpiniaceae, Poaceae/Graminac 
 
Rosaceae/Rose family 
 
Floral Characters 
Floral characters are as follows: 
 
Inflorescence 
Variable, solitary flowered to racemose and cymose cluster. 
 
Flowers 
Mostly bisexual, actinomorphic, often perigynous to some degree, usually showy and scented. 
 
Calyx 
Sometimes epicalyx is present. Sepal lobes five rarely 4, united at the base, usually green. 
 
Corolla 
Petals five or numerous in multiple of 5, free, imbricate, rosaceous, large and showy and usually 
conspicuous. 
 
 
Androecium 
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Numerous stamens, sometime only 5 or  10 usually bent inward in the bud state, anther small, bilocular. 
 
Gynoceium  
A simple pistil of 1 to numerous separate carpels or 2 to 5 carpels, united into compound pistil, often 
adinate to the calyx tube, ovary superior to inferior, ovules usually 2 or more per carpel, placentation  
basal when the carpel is one or apocarpous but axile when the carpels are many and syncarpous , style 
simple , free or united , stigma linear , spathulate or capitate. 
 
Diagnostic characters 
Flowers usually actinomorphic, carpel 1 to many borne on expanded convex or hollow thalamus. 
 
Economic Importance 
1) A large number of plants are ornamental and all grown in gardens for their beautiful and scented 
flowers. 
2) The branches of cratageus and cotoneaster provide excellent walking sticks and wood. 
3) The wood of Pyruspastia is used for making tobacco pipes. 
4) In Asian countries the petals of rose are used in making gulkand and are also used in extraction of an 
essential rose oil which is used as perfume. 
5) Rose water is used in eye diseases and for many other purposes. 
 
SOLANACEAE (Night shade or potato family) 
Floral Characters 
Floral characters are as follows: 
 
Inflorescence 
Typically an axillary cyme or combination of cymes, some times helicoids or axillary umbellate cymes. 
 
Flowers 
Bisexual, usually actinomorphic or weakly zygomorphic, bracteate or ebracteate, hypogynous, usually 
pentamerous, variously coloured. 
 
Calyx 
5 united sepals, usually persistant. 
 
Corolla 
5 united petals, corolla rotate to tubular. 
 
Androcium 
5 stamens, inserted on the corolla tube and alternate with _____ filament usually of unequal length, 
rarely stamens 4 and didynamous, anothers open either length wise or by terminal pores, sometimes 
divided by a false septum often fusing round the sytle. 
 
Gynoecium 
A compound pistil of 2 united carpels, ovary obliquely placed, superior, bilocular or imperfectly tetra 
locular by false septum, style terminal, simple or lobed, placentation axile, ovule numerous. 
 
Diagnostic Characters 
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Stem with bicollateral vascular bundles, leaves alternate becoming opposite near inflorescence, stipules 
absent, flower actinomorphic, pentamerous, stamen 5, epipetalous, ovary bilocular, obliquely placed, 
placentation axile, fruit berry or capsule. 
 
Economic Importance 
1) Many plants are used as food e.g., Potato, Tomato, Brinjal etc. 
2) The fruits of capsicum are rich in vitamin C and A, are used as condiment. 
3) Physalis produces an edible fruit enclosed in a bladder like persistant calyx the husk, hence the name 
husk tomatoes (Rasbhari) 
4) The leaves of Nicotiana Tabacum are used in making cigarettes. 
5) Many members of this family yield powerful alkaloids e.g., Atropabelladona, Datura which are rich 
in atropine and daturine respectively which are used medicinally. 
6) Many plants are grown as ornamentals. E.g., Nicotiana, Cestrum, Brunfelsia etc. 
 
FABACEAE / PAPILIONACEAE 
Floral Characters 
Floral characters are as follows: 
 
Inflorescence 
Racemose or solitary axillary 
 
Flowers 
Bisexual, zygomorphic, bracteate, pedicellate, hypogynous to perigynous, pentamerous and 
papilionaceous. 
 
Calyx 
5 sepals, more or less united in a tube, toothed, teeth sub-equal, odd sepal anterior, sometimes two 
upper and three lower sepals unite and form a bi-lipped structure, green mostly hairy. 
 
Corolla 
Papilionaceous, petals 5, free usually clawed, dissimilar, the odd upper, posterior petal is large and 
conspicuous and is called standard or vexillum, 2 lateral ones free called wings and two anterior inner 
most that fuse to form a boat shaped structure called the keel or carina, descending imbricate. 
 
Gynoecium 
 
A simple pistil 1 carpeled with one locule, ovary superior, ovule one or more, style long, bent at its 
base, flattened and hairy, stigma simple. 
 
Androecium 
10 stamens, mostly diadelphous and fuse to form sheath round the pistil, one stamen is free and 9 
stamens are fused. 
 
 
 
 
Diagnostic Characters: 
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Trees, shrubs or herbs, leaves pinnately or palmately compound or simple, flower papilionaceous and 
distinctly irregular stamen 10, monoadelphous or diadelphous, carpel 1, fruit a legume. 
 
Economic Importance 
1) Pulses belong to this family which are protein rich and used as food. E.g., Cicer arietinum 

(gram), lens esculanta, Phaseolus Aureus etc. 
 
2) Many plants are ued as forage e.g., vicia, melilotus, trifolium etc. 
3) Many trees of this family provide excellent timber for building, furniture and fuel, e.g., Butea, 

Dilburgia etc. 
4) The seed of Arachis hypogea are used for extraction of oil which after hydrogenation is used as 

vegetable oil. 
5) Dyes are obtained from any plants e.g., Indigofera tinctoria, Butea Monosperma. 
6) Many plants are important far medicines. E.g., Glycyrrhiza glabra for caugh and cold and 

Clitoria ternatae is used against snake bite. 
7) The red and white seeds of Abrus Precatorious are used by jewellers as weights called ratti. 
8) Some important ornamental plants includes Lathyus odoratus, Lupinus clitoria etc. 
 
 
Mimosacea (Acacia Family) 
Floral Characters 
Floral characters are as follows: 
 
Inflorescence 
Spike like a head or umbel rarely racemose or globose umbels. 
 
Flowers 
Actinimorphic, bisexual, hypogynous, bracteate, bract small 
Calyx 
Usually 5 sepals, imbriacte or valvate, generally fused, toothed or lobed, mostly green. 
 
Corolla 
5 petals, valvate, free or fused, corolla lobed, hypgynous slightly perigynous. 
 
Androceium 
5 to numerous stamens, free, monoadelhous or adinate to the base of corolla, anther, versatile, often 
crowned by a decidous gland. 
 
Gynoecium 
A simple pistil of 1 carpel, ovary unilocular, superior, ovules many, placentation marginal, style long of 
filiform, stigma terminal minute. 
 
Diagnostic Characters 
Trees or shurb, leaves compound, bipinnate, flower actinomorphic, calyx tubular, valvate, petal valvate 
or connate below, carpel 1, fruit mostly lomentum. 
 
Economic Importance 
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1) Many trees provide commercially important wood which is used for construction purpose or 
furniture or as a fuel. 

2) Arabic gum is obtained from Acacia nilotica and A senegal. 
3) Katha, a dye is obtained from Acacia Catechu. 
4) The tender leaves of Acacia Nilotica are used as blood purifier. 
5) Some garden plants are grown for their beautiful flowers. E.g., Mimosa pudica. 
6) Prosopis are planted in the aridzones for breaking the wind pressure. 
 
Caesalpiniaceae (Casia Family) 

 
Floral Characters 
Floral characters are as follows: 
 
Inflorescence 
Axillary or terminal raceme or pancile or spikes, rarely cymose, showy. 
 
Flowers 
Bisexual, zygomorphic, rarely actinomorphic, perigynous. 
 
Calyx 
 5 sepals, free or connate at base, imbricate or rarely valvate, often coloured. 
 
Corolla 
5 petals, free, imbriacate, the posterior petal inner most in bud. 
 
Androecium 
10 stamens or fewer, rarely numerous, free or variously connate, extra staminal disc sometimes present, 
sometimes staminoids present. 
Gynoecium 
A simple pistil of 1 carpel, ovary superior, unilocular, placentation marginal, ovule, one to many, style 
1simple, long stigma simple. 
 
Diagnostic characters 
Flowers zygonorphic with large upper petals (standard) inside the two lateral petals (wings), sepal lobes 
5, free or slightly connate, petal 5, ascending imbricate, stamen 10 or fewer. 
 
Economic Importance 
1) The leaves of Cassia Fistula are used to cure ring worm and skin diseases. 
2) The leave cassia senna and C obovata yield the drug senna which is the base for a laxative. 
3) Oil extracted from the seeds of Cynometera Cauliflora is applied externally for skin diseases. 
4) Common ornamental plants are Bauhinia Vargiegata, Cassia fistula. 
5) The leaves and flowers bud of Bauhinia Variegata are used as vegetable. 
6) The acidic fruit of Tamarindus Indica are edible and are rich in tartaric acid. 
7) The bark of Bauhinia Perpurae and Tamarindus indica are used in tanning. 
8) The heart wood ( long wood) of Haematoxylon yield the dye haematoxylum. 
Poaceae /Graminae (Grass Family) 
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Floral Characters 
Floral characters are as follows: 
 
Inflorescence 
Spikelets consisting of bracts, distichoisly arranged along a slender axis, the two lower bracts (glumes) 

which are empty. 
 
Flowers 
Bisexual or unisexual, zygomorphic, hypogynous, protected by palea . 
 
Perianth 
Perianth is represented by two minute scales called the lodicules. 
 
Androecium 
It has usually 3 or 6 stamens, anthers versatile and pendulous. 
 
Gynoecium 
It is tricarpellary, syncarpous or monocarpellary, ovary unilocular, superior, styles may be 2, stigmas 
feathery. 
 
Economic Importance 
1) Cereals and millets which are chief food stuff of mankind belong to this family like wheat, oats, 
rice,  

corn barley, millets, bajra etc. 
2) Sugar is obtained from sugar cane. 
3) Bamboo shoots are eaten as a vegetable or soup dish. 
4) Nearly all the cereals and millet crops are given to animals as fodder. 
5) Some plants are grown as ornamentals. 
 
Q) Give the botanical names, common names and local names of familiar plants of family 
Rosaceae. 
Botanical Names   Common Names    Local Names 
Malva sitvestis   Apple      Seb 
Pyrus Pyrifolia   Pear      Nashpati 
Prunus Persica   Peach     Aaru 
Prunus Amygdalus   Almond     Badam 
Rosa Indica   Rose      Gulab 
 
 
 
 
 
 
 
Q) Give the botanical names, common names and local names of familiar plants of family 
Solanaceae. 
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Botanical Names   Common Names    Local Names 
Solanum Tuberosum  Potato      Aalu 
Solanum Melongena   Brinjal     Bengan 
Lycopersicum Esculentum  Tomato     Tamater 
Capsicum Annum   Red pepper     Surkh Mirch 
Petunia Alba    Petunia     Petunia 
Solanum Nigrum  Black nightshade    Makoi 
Datura alba    Thorn apple    Dhatura 
Nicotiana tabacum   Tobacco     Tambacoo 
Altropa belladonna  Deadly Night Shade    Sag-angur 
Cestrum Nocturnum   Lady of the night    Raat ki Rani 
 
 
Q) Give the botanical names, common names and local names of familiar plants of family 
Mimosacae. 
 
Botanical Names   Common Names    Local Names 
Acacia Nilotica  Gum Tree    Babule, Kikar 
Albizzia Lebbek   Siris      Siris 
Mimosa Pudica   Touch me not     Chhui Mui 
Prospis Glandulosa  Prosopis     Devi 
Acacia Catechu  Catechu    Kattha plant 
 
Q) Give the botanical names, common names and local names of familiar plants of family 
Fabaceae/Papilionaceae. 
 
Botanical Names   Common Names    Local Names 
Lathyrus odoratus  Sweet pea    Phul Mattar 
Arachis Hypogea   Peanut      Moongphali 
Cicer Arietinum   Gram      Channa 
Dalbergia Sisso  Redwood     Shisham 
Pisum Sativum   Edible pea     Mattar 
Sesbanice Aegyptica   Sesbania     Jayanti 
 
Q) Give the botanical names, common names and local names of familiar plants of family 
Caesalpinaceae. 
Botanical Names   Common Names    Local Names 
Tamarindus Indica   Tamarind     Imli 
Cassia Fistula    Amaltus     Amaltas 
Bauhinia Verigata   Camel’s foot    Kachnar 
Poinciana Regia   Flame of the forest    Gul-e-Mohar 
Parkinsonia Roxburgai  Kikar     Valayti Kikar 
 
Q) Give the botanical names, common names and local names of familiar plants of family 
Poaceae/Graminae. 
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Botanical Names   Common Names    Local Names 
Triticum Indicum   Wheat     Gayhun 
Avena Sativa    Oats      Jai 
Zea mays    Indian Corn     Makai, Bhutta 
Oryza Sativa    Rice      Chawal 
Saccharum Officinarum  Sugarcane     Ganna 
Hordeum Vulgore  Barley      Jau 
Pennisetum Typhoideum  Pearl Millet     Bajra 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Phylum Porifera 
Introduction 
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Poriferians are pore bearing animals. They are commonly called sponges. There are 5000 species 
in this phylum. 150 species are fresh water while the rest are marine. 
 
Feature  

• Animals have pores in their body called ostia and one or few large pores are called 
oscula. 

• The water enters through large pores thus setting a water canal system. 
• Animals are sessile. 
• They are multicellular but having no organ or system.  
• Oxygen diffuses direct in to body cells. 
• Waste product diffuses from cells to the outside or through oscula. 
• The outer large (epidermis) is made of contractile flattened cells called pinacocytes. 
• The inner large (endoderm) is formed by flagellated cells called choanocytes. 
• The pores or ostia are formed by cells called porocytes. 
• The inner hollow cavity is called spongocoel. 
• The spongocoel may be a single cavity or divided and redivided into thousands of small 

chambers,   increasing the surface area. 
 
Spongoceol are of three types: 

i. Ascom type: Spongocoel single cavity 
ii. Sycontpye type: Spongocoel divide into secondary chamber. 
iii. Leucon type: Spongocoel divide and redivide into secondary and tertiary chambers. 

 
Between pinacocytes and choanocytes, gelatinous layer is present which is called mesenchyme. 
Mesenchyme contains skeletal elements spicules. The spicules may be calcareous (class calaria), 
siliceous (demospongia). Most sponges are bisexual but some are unisexual. 
 
An Example: Sycon 

• Reproduction may be asexual and sexual. 
• Sperm and ova are formed by amoeba type cells called amoebocytes. 
• Fertilization is cross. Sperm of one animal may pass to other by water current. 
• Development through larva which is called AMPHIBLASTULA LARVA. 
• Asexual reproduction is by regeneration fragmentation or by spores called gemmule 

formation 
• Sponges with sponging fibre are dried and used as bathroom sponges. 

 
 
 
 
 
 
 
 
 

Phylum Cnidaria (Coelentrata)    
Introduction 
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All the cnidarians are aquatic animals, multicellular but do not have any system. There are 9000 
species of animals in this phylum. 
 
Features 

• Animals have two body layers. 
Ectoderm: It is an outer layer. 
Endoderm: It is an inner layer. 

• The two layers are held together by a jelly like substance called mesoglea. 
• There is no system but different types of cells form a tissue system. 
• Animals are mostly marine. 
• The body has hollow gastrovascular cavity called coelenteron. The old name is 

coelenterata. 
• Coelenteren functions for a rudimentary gut, opens through an opening which functions 

as mouth and anus. 
• Respiration and excretion is directly by diffusion through cell membrane. 
• The animals may be polyp type or medusoid type. 
• Polyp type animals are cylindrical and have mouth and tantactles on upper side and they 

are sessile. 
• Medusa type animals have umbrella type body. They swim freely. They have mouth and 

tentacles on lower side. 
 
Polymorphism 
Occurring more than one animalcules in an animal is called polymorphism. Many cnidarians live 
in the form in which many individuals become physically attached to one another. These 
individuals are called zooids. These zooides are independent and perform special functions. 
Polymorphism is common in Hydrozoan, e.g. Physalia. 
 
Coral Reef 
Many polypoid secrete chemicals which form hard covering and are of various shapes. These 
chemicals are called coral reefs. 
 
The phylum cridaria is divided into three classes: 

i. Hydrozoa 
ii. Scyphozoa 
iii. Anthozoa 

 
 
 
 
 
 
 

Phylum Platyhelminthes 
Introduction 
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The name plalyhelminthes means flat worms. They are soft bodies flat animals. There are 15000 
species in this phylum. 
 
Features: 

• Animals are triploblastic pseudocoelomete 
• Some are free living, some are parasite and mostly are endoparasites. 
• Their size varies from 10mm to several meters. 
• Digestive system if present, intestine is much branched. 
• The excretory system with much branched tubules with large number of flame cells. 
• Respiratory system and blood circulatory system is absent. 
• Flatworms are hermaphrodite with complex life cycle and may include- many larval 

stages. 
• Animals are external or internal parasites and they are attached with sucker and hooks to 

their host. 
• Parasites worms may be monogenic or digenic. 

Common examples are: 
Dugesia – Planaria Fasciola  
Teania saginata 

 
Parasitic Adaptations 
The parasitic platyhelminthes have completely adopted themselves to parasitic mode of life by 
the developing following characters: 

• The epidermis is absent and there is cuticle which is for protection. 
• They have developed glands, suckers and hooks for attachment to host. 
• There are no locomotory organs as they do not need it. 
• Alimentary canal is reduced or absent as digested food is available for host. 
• Nervosensory organs are not developed due to passive mode of life. 
• Reproductive system is well developed. Fertility rate in very high to cope with 

chances of danger from host body. 
 
 

Phylum Nematoda 
Introduction: Nematoda means “Painted ends”. They are commonly called round worms. There 
are 20000 species in this phylum. 
 
Feature: 

• Their size is microscopic to 9 meter. 
• They are bilaterally symmetrical and triploblastic animals. 
• The alimentary canal is tube like with mouth at anterior and anus at posterior end. 
• Body is covered with cuticle. 
• Respiration occurs by body surface. 
• Sexes are separate. 

 
Some important Parasites 
About 50species are human parasites. 
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Ascaris 

• It is most common parasite of man and lives as endoparasite of human intestine. 
• Male and female are separate 
• Male is smaller than female 
• Female produces 200000 eggs every day. 

 
Wuchereria (Thread worm) It enters in man by blood sucking mosquito and lives in lymphatic 
vessels of animals and cause diseases called FILARIASIS which causes inflammation of arm 
and scrotum and the condition is called ELEPHANTIASIS. 
 
Ancyclostoma (Hook worm) 

• It is a human parasite. 
• It is very dangerous because it holds the villi of intestine and sucks blood and body fluid. 

During feeding, it produces an anticoagulant to prevent clotting of blood. 
 

Phylum Annelida 
 
Introduction: The word annelida means “Little rings”. There are 15000 species in the phylum. 
Features 

• The body is metamerically segmented. Metameric segment means external segments 
corresponding with internal segmentation. Some of the organs are repeated in each 
segment as they penetrate the septa. 

• Internally the segment are repeated from each other by septa  
extending across the coelom. 

• They are triploblastic coelemate and bilateral symmentrical. 
• Animals are marine, freshwater, terrestrail or parasite. 
• Excretory organ is nephridia. 
• Locomotory organ is setae or parapodia. 
• Digestive system, reproductive system, nervous system and  

excretory system are well developed. 
• Respiration occurs by moist skin. 
• Circulatory system is close type with blood vessels and many  

pulsatile hearts. 
• Blood is red in color and with haemoglobin. 
• Skeleton is hydrostatic type. 
• Animals are hermaphrodite or unisexual. 
• Nervous system with pair of cerebral ganglia and double ventral nerve cord. 

Examples are Neries, leech and earthworm. Phylum is divided into three classes: 
• Class Polycheata.  
• Class Oligochaetia 
• Class Hirodinea 

 
Class Polychaeta 

• Polychaeta are free living marine animals. 
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• They have parapodia on each segment.   
• Sexes are separate. 
• Head bears eyes, palps and tentacles. 
• Larva is trochophore.      

Example is Neries 
 
Class Oligochaeta 

• Oligocchaeta are free living terristrail animals 
• Locomotory organ setae. 
•  They are hermophrodite 
• Development is direct in these animals. 
• Excretory organs is Nephridia. 
• They have head indistinct with no tentacles.  

Example is earth worm 
 
Class Hirudinea 

• Animals are mostly blood sucking ectoparasite. Some are terristrial and carnivores. 
• Anterior and posterior suckers are present. 
• Body with fixed (33) numbers of segment. 
• Each segment further subdivided into annuli 

Example is leech. 
Phylum Mollusca 

Introduction 
Phylum Mollusca is the second largest phylum of kingdom. There are 128000 species in this 
phylum. They are soft bodied animals. The largest animal squid 16m length weight several tons 
among invertebrates. 

• The animals are marine, freshwater or terristarial. 
• They are triploblastic, coelomate and bilaterally symmetrical. 
• Body is unsegmented. 
• Digestive system is complete with mouth and anus at the opposite ends. 
• Food grasping organs redula present in buccal cavity. 
• Excretory organs and nervous system are developed 
• Aquatic animals respire by gills and terristrial animals respire by rudimentary lungs. 
• Shell when present bivalve or univalve constituting exo skeleton. 
• Animals are unisexual or bisexual. 
• Fertilization is external. 
• The development is direct through trochophore larva. 
• Mollusca have different body forms but they share three common characters: 

i. Muscular foot concern with locomotion, sensation and feeding. 
ii. Visceral mass includes major organs. 
iii. Mantle is a fold of tissues. It surrounds the entire body and also secretes shell. 

 
 
 
This phylum is divided into following classes: 

• Class Gastropoda 
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• Class Bivalvia 
• Class Cephalopoda 

 
Class Gastropoda 
This is the largest class of phylum mollusca. Animals of this phylum are mostly marine some are 
fresh water and some are terristial. 

• Animals are mostly bilateral symmetrical. 
• External shell are present or absent. Whenever present, it is usually spirally coiled. 
• Animals have broad muscular foot and prominent head. 

 
Examples are Pila and Snail (Helis aspersa) 
 
Class Bivalvia 

• They are marine and fresh water. 
• It is the second largest class of phylum Mollusca. 
• They are called bivlava because their body is enclosed in left and right piece. These 

pieces are called valves and are movably hinged together. 
• The foot is hatched shoped and used for digging and creeping. 
• The inner most pearly layer forms pearl 

 
Examples are mytilus and pearl oysters. 
 
Class Cephalopoda 

• All the animals are marine and free swimming. 
• Head distinct large with well developed eyes.  
• The foot is divided into 8 or 10 arms that have suckers used for locomotion and capturing 

the prey. 
• Some have external shell, some have internal and some has no shell. 
• Mouth is below the head. 
• Example is Loligo, sepia, octopus and nautilus. 
• Nautilus has external shell. Sepia and loligo has internal shell while octopus has no shell. 

 
Economic Importance of Mollusca 

• Some are harmful. Ship worms damage the wooden part of ship. 
• Slugs are injurious as they destroy the plants. 
• Clams oysters and mussels are source of food and are eaten in America. 
• Shells of freshwater mussels are used in making buttons. 
• Some oysters make valueable pearls. 
• They are also important in palaentological studies. 

 
 
 

Phylum Arthropoda 
Introduction: Phylum arthropoda is the largest phylum of kingdom Animalia and it includes 
three quarters of the animals. There are about 900000 species in this phylum. 
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Features 

• The word arthors = Jointed, Pods = feet. It is one of the important character. 
• They live in greater variety of habitat and can eat greater variety of food. 
• They are bilateral symmetrical and triploblastic and metamerically segmented. 
• Exoskeleton is hard. 
• Body is divisible into head, thorax and abdomen. 
• Body cavity filled with blood called haemocoel. 
• Circulatory system is open type. 
• Respiration takes place through gills in aquatic forms by tracheae in insect and book 

lungs in scorpions. 
• Excretory organs are mostly malpighain tubules. 
• Nervous system is developed  and of annelido type. 
• Eyes with mosaic vision is also a factor of advantage in arthropods. 
• Sexes are separate.  
• Metamorphosis is of common occurrence.  

 
This phylum is divided into following classes: 
 
Class Merostomata (Mouth plates) 

• It is very small group of animals which are marine. 
• 5 or 6 pair of abdominal appendages work as gills. 
• Abdomen ending in a sharp telson. 
• They have compound eyes. 

 
Example is limulus (king crab) 
 
Class Arachnida (spider like) 

• They are terrestrial arthropods. 
• Body can be divided into cephalothorax and abdomen. 
• Cephalothorax consists of 2 chelicerea with claws, two pairs of pedipalp and 4 pairs of 

legs. 
• They posses a sting at the end of their narrow segmented abdomen. 
• They are predators. 
• They posses silk glands which secrete a protein that on exposure to air forms silk threads. 
• Silk thread used in building nest and web for trapping the preys. 

 
 
 
 
 
 
Class Crustacea (with Carapace) 

• Animals are marine freshwater or terristrial. 
• They have two pairs of antenna, a pair of mandible and two pairs of maxillae around their 

month. 
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• Body is divided into cephalothorex and abdomen or head, thorax  and abdomen. 
• Body with dorsal carapace. 
• The appandagas are modified for walking, swimming, feeding and respiration. 
• Mostly crustaceans are free swimming but sacculina is parasite. Daphnia and Cyclops are 

fresh water forms. 
• Economically prawn, shrimps and lobsters are being used as food. 

 
Class Myriapoda (many legs) 

•  Thy are terrestrial arthropods leading a hidden life in the soil. 
• Body consists of head and large trunk connecting many segments. Head bears a pair of 

antennae. 
• Centripedes bear one pair of appendages on each segment. Millipede bears two pair of 

appendages per segment. 
 
Class Insecta(six legs) 

• This is the largest class of the animals kingdom. 
• There are one million insects. 
• The study of insects is called entomology. 
• Body of insect is divided into head, thorax and abdomen. 
• They possess three pairs of walking legs so they are called hexapoda. 
• Abdomen contains not more than 13 segment . 
• They occur in variety of habitat on the basis of wings. 
• There are two groups: 

Pterygota (with wings) 
Apterygota (without wings) 

• The wings are four in number and attached with thorax. 
• They respire through trachea opening through spiracles. 
• Mouth parts are of various types. 
• They may be biting and chewing type as in cockroach. 
• Piercing and sucking type as in mosquito. 
• Chewing and lapping as in honey bee. 
• Sponging type as in housefly. 
• Siphoning type as in butterfly. 
• Mostly insets live independent life but some live in colonial form with marked division of  

     labour and are called social insects. 
 
 
 
 
 
 
Economic Importance of Arthropoda 
Harmful insects 

• Mosquitoes, flies, fleas, lices and bugs transmit diseases to man and domestic animals. 
• Female anopheles transmit malaria. 
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• Tse-tse fly of Africa countries transmit trypanosoma causing sleeping sickness. 
• The common housefly transmits germs causing cholera and hepatitis. 
• A number of insects lay eggs on fruit and crops and their larva damage crops. 
• Locust that moves in large number from country damaged standing crop. 

 
Beneficial insects 

• Honey bee provides honey and wax. 
• Silkworm gives silk. 
• Some insects are scavengers. 
• The larva of some aquatic insects provides food for fishes. 

 
 

Phylum Echmdoermata 
Introduction 
Phylum echinodermata includes 6000 species. All animals included in this group are marine with 
spiny skin. 
 
Features 

• They are triploblastic, radially symmetrical and often referred as pentaradial. 
• The body is covered with spines which may be long as sea urchin or short as in sand 

dollars. 
• They contain epidermis with fixed or moveable plates. 
• The plates are perforated fixed or moveable. 
• The plates are perforated at certain areas through which special organs the tube feet 

comes out. 
• Tube feet are unique character of phylum echinodermata. 
• System of tubes and spaces surround the mouth and pass into arms and tube feet. Water 

circulates through these tubes setting a water vascular system. 
• The tube feet serve for locomotion, sensation, respiration and for capturing the prey. 
• Reproduction is usually sexual. 
• They have remarkable property of regeneration of their lost part. 
• Development is indirect passing usually through a bipinnaria larval stage. 

 
Examples are star fish, brittle star, sea cucumber and sea urchin. 
 
 
 
 
 
 
 
Affinities 

• Echinodermata do not show close relationship with invertebrates but they show their 
resemblance with chordates and hemichordates. 

• These have the same style of cleavage pattern of blastulation and gastrulation. 



108 | P a g e  
 

Page # 108 
 

www.thresholdcollegiate.webs.com 
www.facebook.com\threshold-collegiate 

www.twitter.com\threshold1999 

• The larva of both the animals resemble in biochemical, morphological and anatomic 
features. 

• Both have mesodermal exoskeleton.     
• In both, mesoderm is derived from cells close to blastopore. 
• The above resemblances are not accidental or due to evolution but they both emerged 

from the same ancestor like diplenra who gave rise to hemichordates and chaordates. 
 
 

Phylum Chordata 
Introduction 
Members of this phylum are the best known of all the animals. There are 45000 species in this 
phylum. This phylum includes many animals of major economic importance. The members of 
this phylum show under given three characters or at least one of them: 

i. Notochord. 
ii. Hollow, dorsal, tubular nerve cord 
iii. Pharyngeal gill slits. 

 
Notochord 
It is a flexible cartilagineous skeleton rod made of connective tissues which are formed in the 
embryos of all chordates in the dorsal side. It persists in few chordates throughout their life 
where as in most of them it is surrounded and replaced by a vertebral column. 
 
Hollow, Dorsal, tubular nerve cord 
In all the chordates hollow, tubular fluid filled nerve cord is always developed in the mid-dorsal 
line. But in sub phylum vertebrates, it is differentiated into brain and spinal cord. 
 
Pharyngeal gill slits 
In all the chordates in an embryonic stage, wall of pharynx becomes perforated. In aquatic  
animals these slits change into gills where as in terristrial form they close and disappear. 
 
Other Chordate Characters 

• They are biletral, symmetrical and triploblastic. 
• Animals having a complete digestive tract with a mouth and anus. 
• Coelem is well developed and internal organs are suspended in it. 
• They produce by sexual method. 
• Majority has post anal tail 

 
Phylum chordata is divided into two groups: 

i. Acraniata or Portochordata 
ii. Craniatac  or vertebrates. 

 
 
Acraniata or Protochordata 

• These animals are first simple chordate group. 
• Brain box is absent. Hence, brain is not prominent. 
• Notochord does not transform into vertebral column 
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They are also divided into two sub-phylum 

i. Sub- phylum Urochordata 
ii. Sub- phylum Cephalochordata 
 

Sub – phylum Urochordata 
Introduction 
These are commonly known as Tunicates. Adult shows very little resemblance to chordate and 
only chordate character is perforated pharynx. 
 
Features 

• These animals are marine and are attached with stones or  other animals. 
• The body is covered by a covering called tunic which is composed of a kind of cellulose. 

Hence, it is also named as tunicata. 
• The tunics have two openings 

 
1. Incurrent  siphon 

Through it, water enters. 
2.  Excurrent siphon 

Through it, water, waste products and gametes are passed out. 
• Tunicates are filter feeders, removing plankton from stream of water passing through the 

pharynx and trapping in mucus secreted by endoostyle and carrying down in oesphagus 
by beating of cilia. 

• Fertilization is external. Zygote develops into tad pole like larva. 
 
Larva 

• The larva of tunicates is similar to frog tad pole larva. 
• Larva body has perforated pharynx and a long muscular tail, containing a notochord and 

dorsal nerve chord. 
• The notochord is restricted to tail region. Hence, it named as urochordata. 
• During metamorphosis, notochord totally disappear and nerve chord is replaced by a 

nerve ganglion. 
 
Sub – Phylum Cephalochordata 
Introduction 
Cephalachorda is a small group  of this phylum and have only two genera. 
 
Features 

• In cephalochordate, there are three chordates characters, i.e. notochord, perforated 
pharynx and dorsal nerve chord which are highly developed. 

• The animals are small, transluscent, segmented, 5 to 10 cm long and pointed at both ends. 
• They are widely distributed in shallow water, free swimming or burrowing in the sand.  
• Feeding mechanism resembles with urochordates. 
• Excretory organs are nephridia. 
• Head, brain and auditory organs are prominent. 
• A typical example is Amphioxus which is  
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important from evolutionary point of view. They  
show resemblances with higher chord. 

Craniata or Vertebrates 
Features 

• The animals have brain box or cranium in which it is enclosed. 
• They have vertabral column. 
• This group is divided into two sub- phyla 

 
Sub – phylum Angnatha 
Features 

• This is a very small group which includes only one class cyclostomata. Hence, Agnatha 
are also commonly called cyclostomes. 

• They resemble with fishes but they have no Jaws, so they are called jawless fishes. 
• They have 10 – 15 pair of gills. 
• Mouth is a circular oral cavity tongue is lined with teeth which are used to scrape the skin 

of prey and feed upon exposed soft tissues and blood. 
• Larva is ammocoete. 

Examples are lampary and Hagfish. 
 
Sub – Phylum Gnathostomata  
This is the largest group of vertebrates with upper jaw and lower jaw. 

i. Teeth may be present or may not be present. 
ii. Gnathostomata are divided into two super classes. 
iii. Super classes are tetrapoda and pisces. 

 
Super class pisces 

• More than half of the chordates are fish and there are 25000 types of fishes. 
• The study of fishes is called Ichthyology. 
• All the fishes are aquatic animals. They respire with lungs. 
• The body has paired fins. 
• The body is covered with scales. 

 
 
 
 
 
 
 
 
 
 
 
SUPER CLASS PISCES IS DIVIDED INTO TWO CLASSES: 
 
i. Class Chonorichthyes (cartilagineous fish) 

• Fishes of this class are marine living. 
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• Their skeletion is Cartilagenous. 
• Body is fusiform but tarpedo has body. 
• Placoid scale are on their body. 
• Respiration is by the means of 5 – 7 pairs of gills which are not covered by opercudum. 
• No swim bladder.  
• Sexes are separate. 
• They are oviparous or viviparous. 

 
Examples are electric rays (torpedo), dogfish (scoliodon). These are common in Pakistan. 
 
ii. Class Osteichthyes (Bony fishes) 

• This is the largest class of Chordata. 
• These fishes are marine and fresh water. 
• The endoskeleton is bony. 
• The skin has dermal scales which may be cycloid or ctenoid. 
• Terminal Jaws with or without teeth. 
• Most of the fishes have air bladder or swim bladder which act as hydrostatic organs. 
• Gills are covered by operculum. 
• Heart has two chambers. 
• RBC is nucleated. 
• Sexes are separate. Fertilization is external. 

Examples are eelfish, seahorse and flying fish. 
 
Most of the edible fishes also belong to this group. 
PERCHES (Pomfret)  HILSA(Pallah)  CARPS (Rohu) 
MACKRELS (Surmai) CAT FISH (Khagga) SALMON (Trout) 
Adaptation of Fishes for Aquatic Life 
Following are the major adaptation of fishes for aquatic mode of life: 
 
Stream – lined Body 
The body of fishes is boat shape which offer least resistance to water while swim. 
 
Swim Bladder 
A swim blader which is character of bony fishes connected or may not be connected to pharynx 
or sink lower. Gas is filled in it. Thus, a fish can float. 
 
Fins 
Fishes develop fins which are paired and unpaired. They help in swimming. 
 
Gills 
Fishes have gills for respiration which are adapted to receive oxygen dissolved in water. 
 
Senses 
To overcome the deficiency of senses of hearing and sight in water, they have developed a 
remarkable sense of smell. This super class has developed into two pairs of pentadactyl limbs for 
walking, running, flying or for offence and defence. It is divided into four classes: 
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i. Class AMPHIBIA 
ii. Class REPTILIA 
iii. Class AVES 
iv. Class MAMMALIA 

 
Class AMPHIBIA 
Introduction 
Class amphibia is a very small group having 2000 species, the animals can live on land as well as 
in water. 
 
Features 

• They are only the vertebrates which have no exoskeleton. 
• Heart has three chambers. 
• They respire through the lung, skin and buccal cavity. 
• Their skin is moist. 
• They lay eggs in water where they stay in their early period. 
• They are Poikilo therms. 
• To avoid extreme temperature they go under hibernation in winter by bringing 

themselves in mud while in summer they go under an estivation. 
The common examples of amphibians are: 

i. caecilian (worm like) 
ii. salamanders (lizard like) with limbs and tail 
iii. frog and toad (with tail) 

 
Trends towards Land Habitate 
The greatest event in the phylogenic history of animals was transition from aquatic to terrestrial 
mode of life. Amphibians were the first animal who invaded the land, but they failed to adapt it 
completely. The most important adaption was development of lungs for breathing on land. The 
other was modification of fins into limbs. 
 
Ambhibia as Unsuccessful Land Vertebrates 
They are not true land vertebrates so it is a diminishing group. They are said to be unsuccessful 
land vertebrates on the following bases: 

• They are cold blooded and do not have exoskeleton so they cannot cope with extreme 
temperature. 

• Their thin skin cannot prevent the water loss. Hence, it makes them vulnerable to 
desiccation. Their eggs are small and without shell so they are laid in water 
Their eggs have small amount of yolk so the larva which comes out breathes with gills. 
This is why amphibians are always in need of water and this is the reason they are always 
found near the water.  

 
 
Class Reptilia (to crawl and creep) 
 
Introduction 
There are 5000 species in class reptilia. They are true land vertebrates. 
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Features 

• Their skin is dry and covered with epidermal scales. 
• They are terrestrial and crawl on land. 
• They have two pairs of limbs except snake. 
• Reptiles are Poikilotherms. 
• They lay their eggs on land which are covered by shell. 
• The eggs have protective coat called Amnion. 
• Amnion is also present in birds and mammals so they are called Amniote while fishes 

and amphibians do not have amnion. They are called Anamniote. 
• They respire by lung. Gills never develop at any stage. 
• The heart gradually approaches to four chambers 
• There is no metamorphosis 

 
Example: 
 TURTLE  SNAKES TORTOISE 
 CROCODILES LIZARDS ALLIGATORS 

• Sphenodon a living fossil is the only reptile which is found in NEWZEALAND 
• Many types of turtles and tortoise and green turtle (chelone mydas) is found in Pakistan  
• Wall lizard, garden lizards Uromastix are also found in Pakistan. 
• Many snakes like cobra, viper, krait, python and sea snakes are also found in Pakistan. 
• Some snakes are poisonous. Their poison is called venome which is injected in prey by 

curved teeth called fangs. The venome may be Haemotoxic or Neurotoxic.    
 
Past History of Reptiles 
Reptiles dominated in the earth 225 – 70 million of years ago (Mesozoic era). This era was ruled 
by Dinosaurs which means terrible lizard. Ancestors of the present day reptiles appeared during 
the same period. 
 
Reptiles are successful land vertebrates 
Reptiles are fully adopted for land as: 

• They do not have to go to water to reproduce. 
• Fertilization is internal. Amnotic eggs with leathery shell which is impermeable to water 

and permeable to gases. 
• The ability to sustain temperature change on land and to slow down the loss of body 

water was brough by development of sales on their body. 
• The kidneys were also well adopted to retain water. 
• Limbs and also claws made them fit to move, dig and climb but also to defend  against 

predators. 
• Their developed lungs and heart made possible the increased supply of oxygen to muscle 

and for active life on the earth. 
Class Aves 
Introduction 
Birds are the most interesting and beautiful animals in animal kingdom. There are 9000 species 
of birds and the study of birds is called ORNITHOLOGY.   
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Features 
• Body is stream lined and spindle shaped 
• Body is divisible into thread, neck, trunk and tail. 
• Birds are warm blooded animals. 
• Body is covered with feathers. 
• Feathers act as insulator and involved in endothermy and flight. 
• Bones are hollow to reduce the weight 
• Large eye ball and vision is sharp. 
• Circulatory system is very efficient. 
• Sound producing organs syrinx is present instead of larynx. 
• Jaws and teeth are absent. Beak is present.  
• The shape of beak and type of feet claws tell habitat and habit of birds. 
• Fertilization is internal and egg have large amount of yolk. The eggs are amniotic 

covered shell. 
• An efficient respiratory system to store a plentiful supply of oxygen to flight muscle. 

 
The modern birds are divided into sub classes: 

i. Sub class RATITAE 
ii. Sub class CARINATAE 

 
Sub Cass Ratitae 

• This subclass includes big sized flight birds 
• Their wings are weak. 
• They have flat sternum without keel and according to their flight muscle are poorly 

developed. 
 
Example 
(Ostrich the largest bird weight 150 kg found in Arabian Countries) 
Kiwi which is an other flightless bird restricted to New Zealand. 
Penguin an another unique flightless bird is confined to frozen shores of Antarctica. 
 
Sub class Carinatea 

Almost all modern birds are included in this sub class: 
• They usually small and light weight birds. 
• Their wings are highly developed and feathers of their wings have interlocking system. 
• Their sternum is provided with a crest like keel to accommodate the highly developed 

peetoral flight muscle. 
 
Example 
Pakistan is rich in avifauna. The common birds of Pakistan are sparrow, pegions, myna, bulbul, 
hoopoes, crow, doves, parrots, falcon, etc. 
Flight Adaptation 
The birds make adaptation which helps them to meet the requirement of perfect flying animals. 
 
Shapes of the body 
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Birds have stream line spindle shaped body which offers least resistance to air which is a primary 
requisite of flight. 
 
Loss of weight 
Hollow air filled bones, absent of teeth, absence of tail vertibrea, absence of uninary bladder, 
ovary and oviduct is also a step to reduce the weight of bird. 
 
Wings 
Fore limbs are modified into wings which are moved up and down with strong muscle which 
help them in flight. 
 
Energy Requirement 
As they require much energy, they have an efficient blood circulatory system. They have air sacs 
for storage of air and crop for the storage of food as both substances are needed for energy. 
 
Food 
Birds eat mostly highly energized food like seeds and fruits. However some are carnivores. 
 
Maintenance of Body Temperature 
Active muscular activity causes rise in temperature which is kept in normal range by ventilation 
of air racs. 
 
Evolution of Birds 
It is believed that birds have evolved from reptiles.  
 
Archaeopteryx, a fossil bird discovered from yellow salty line in Bovaria some 150 million years 
ago. It shows link between reptiles and birds. 
 
Birds like character 

• It was of the size of a crow. 
• Skull was like birds. 
• It has well developed feathers. 

 
Reptilian characters 

• Presence of long tail. 
• Teeth on jaws. 
• Poorly developed kell less sternum. 

 
 
 
 
 
 
Class Mammalia 
Introduction 
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This is the most advance group of animal including 4500 species. All the mammals are found in 
land except dolphin and whale. 
 
Features 

• The unique features of this class is the presence of mammary glands which produce milk 
by which the young ones are nourished. 

• Their brain and nervous system is highly developed than the other vertebrates. 
• Body is covered with hairs instead of scale. 
• External ear (pinna) is present. 
• Diaphragm divides the body into thoracic cavity and abdominal cavity. 
• Seven cervical vertibrea are present. 
• Fertilization is internal. 
• Mammals have deciduous and permanent teeth. In man the teeth are in two sets. 
• Mostly, the teeth are of four types: incisors, canines, premolar and molar. 
• All mammals are viviparous except egg laying mammals. 
• Mammals are warm blooded animals.  
• RBC are non nucleated. 
• The heart consists of 4 chambers. 

 
Class mammalia is divided into three subclasses: 

i. Prototheria 
ii. Metatheria 
iii. Eutheria 

 
Sub – Class Prototheria 

• This subclass contains most primitive mammals with single order monotremata. 
• Group shows characters of both reptitles and mammals. 
• They are egg lying mammals (oviparous). 
• They have cloaca (like reptile). 
• They lack pinna. 
• They have mammary glands without nipple. 

 
Examples are echidna and duckbilled platypus 
 
 
 
 
 
 
 
 
 
 
Sub – phylum Metatheria 

• It is also a very small group with single order marsupulia. There are only 250 species. 
Most of the animals are found in Australia and some are in north and south America  
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• The most important character is the presence of abdominal pouch, the marsupium. They 
rear young one. 

• They give birth to immature young and are carried in pouch. They feed on milk. The 
nipples open in pouch. 

• They do not lay eggs. 
• Marsupials are viviparous 

 
Examples are Koalabear, Kangaroo and opossum. 
 
 
Sub class Eutheria 
Introduction 
95% mammals are included in this group. These are wide spread and adopted to almost each and 
every habitat on  the earth. 
 
Features 

• They are placental mammals. 
• They develop in maternal utres where they are nourished by placenta. 

 
Example are shrew, rats, squarils, rabbits and ant eaters. These are small eutherians. Sheeps, 
gaots, cows, deer, camels are hoofed mammals. Monkey, gorilla and man are intelligent 
mammals. 
 
Origins 
Mammals appeared from order THERAPSIDA, a class of reptilia ancient mammals coere small 
like rat and mice. They were mocturnal. 
 
  

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 

NUTIRITION IN PLANTS 
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All living organisms need nutrition for the maintenance of their lives. Nutrient is the food or any 
substance which supplies the body with elements necessary for metabolism. Certain nutrients; 
like, carbohydrates, fats and proteins provide energy and also raw material for the synthesis of 
protoplasm. Other nutrients; like, water, electrolytes, minerals and vitamins are also essential for 
the metabolic process. 
 
NUTRITION 
It is the sum of all the processes involved in the taken and utilization of elements by which 
growth, repair and maintenance of activities in the organism are accomplished. 
 

AUTOTROPHIC AND HETEROTROPHIC NUTRITION 
AUTOTROPHIC 
It is that mode of nutrition in which living organism (green plants) prepare their own food by 
using simple material. 
 
HETEROTROPHIC 
It is that mode of nutrition in which living organism obtain food from surrounding. 
 

AUTOTROPHIC MODE OF NUTRITION 
In this mode of nutrition, living organisms prepare complex substances; like sugar, fats and 
proteins by using CO2 , H2O and nitrates. 
 
Autotrophic nutrition again consist of two types: 
(1) Phototrophic Nutrition  (2) Chemotrophic Nutrition 
 
1) PHOTOTROPHIC NUTRITION 
In this type of nutrition, living organism have the ability to convert solar energy into useable 
energy. The raw material needed by these organisms are CO2 , H2O, nitrogen, phosphorus, 
sulphur and magnesium. The phototrophic organisms also need chlorophyll. 
The process by which these organism prepare their food is called photosynthesis. 
             light 

6CO2+12H2O  C6H12O6 + 6O2+6H2O 
    chlorophyll  

 
PHOTOSYNTHESIS IN BACTERIA 
Some bacteria can also perform the function of photosynthesis and can prepare their own 
food.They use light and grow in springs in which sulphur is present in the form of H2S (hydrogen 
sulphide). They use hydrogen of H2S instead of water and sunlight. This is way O2 is not 
released in bacterial photosynthesis. 
 
The green pigment is bacterial chlorophyll. Carotenoid and chlorobium both uses H2 of H2S. 
Light splits H2S. Hydrogen combines with CO2 to form CH2O. 
 
  2H2S + CO2       (CH2O)n + H2O + 2S 
2) CHEMOTROPHIC NUTRITION 

light 
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In this mode of nutrition, light is used as a source of energy but energy is produced by the 
oxidation of certain inorganic compounds; such as, ammonia, nitrate, ferrous ions, hydrogen 
sulphide and a number of metallic and non-metallic materials available in the environment. The 
energy is used for the synthesis of carbohydrates. This is chemotrophic nutrition and this process 
is called chemosynthesis. Organisms using this mode of nutrition are called chemotrophs. 
  2NO4 + 3 O2       2NO2 + 2H2O + 4H+ + energy 
 
Other bacteria oxidize nitrite to nitrate. 
  2NO2 + O2       2NO3 + energy 
 
This type of mode of nutrition is seen in bacteria. 
 

 
HETEROTROPHIC MODE OF NUTRIRTION 

Some plants are not capable of manufacturing their own food as they obtain food from other 
sources. 
This mode of nutrition may be parasitic or saprophytic. 
 
a) PARASITIC NUTRITION 
In this mode of nutrition, the plants obtain their food from living plants or living animals. 
There are two types of this mode of nutrition: 
 
1) FACULTATIVE PARASITE (PARTIAL PARASITE) 
These are those plants which partially obtain their food from host. 
 
2) OBLIGATE PARASITES (TOTAL PARASITE) 
Those plants which entirely depend upon host. 
 
b) SAPROPHYTE 
The plants which depend upon dead or rotten organic matter are called saprophyte. 
The saprophytes are again may be obligate or total saprophyte or facultative or partial 
saprophyte. 
 

 
 
 
 
 
 
 
 
 

PARASITIC PLANTS 
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For obtaining the food, the parasitic plants develop haustoria which penetrate into the tissues for 
absorbing nutrients.  
Parasitic organisms are of the following types: 
(1) Partial stem parasite  (2) Total stem parasite 
(3) Partial root parasite  (4) Total root parasite 
 
PARTIAL STEM PARASITE 
This type of mode of nutrition is found in Loranthus. It has thick green leaves and some has 
woody stem and elaborated haustorial system. It can manufacture some of its food with nutrients 
and water absorbed from host plant by haustoria. The seeds of Loranthus get stuck upto the stem 
of host plant and germinate, sending its haustoria in the tissues of the host plant. Loranthus is 
commonly found on shrubs, roseaceous trees, Bauhinia and mango trees and also causes a 
serious damage.  
Other examples are: 

• Viscum: It sends its haustoria in the internal tissues. 
• Cassytha filiformis: It is a leafless wiry stem. It sends its haustoria in the vascular tissues 

of host. 
 
TOTAL STEM PARASITE 
This type of mode of nutrition is found in cuscuta (Amarbail). It is a leafless wiry stem. It attacks 
the herbs, shrubs and trees. It sends its haustoria inside the tissues of host. The xylem of parasite 
comes in contact with the xylem of host and sucks water and mineral. The phloem of parasite 
comes in contact with the phloem of host and sucks the prepared food. Eventually the host dies. 
 
PARTIAL ROOT PARASITE 
This type of mode of nutrition is seen in sandal wood tree. Its seedling can grow for a year but 
not so independently. With in a year the sucking roots of plant attack the roots of neighboring 
trees and from them nutrients are absorbed. 
 
TOTAL ROOT PARASTIE 
Such type of nutrition is seen in Orobanche which attacks on the root of plants belonging to 
family Brassicaceae or Solanaceae. Cistanche Parasitizes on the root of captropis striga and 
sugarcane and obtains their nutrients. 
 

Examples of Parasitic Plants 
INSECTIVOROUS PLANT (CARNIVOROUS PLANT) 
There are few plants which obtain their food by taking insects and small birds. Their digestion is 
like animals. Enzymes secreted by such plants are like enzymes secreted by stomach of man. 
These plants grow in area where nitrogen is deficient. 
 
PITCHER PLANT 
In this plants, the leaves are modified into flasks like structure. 
The flask has a slipy rim and a coloured lid, which is for attraction of insects. When the insects 
sit on rim, it falls in the pitcher. The lid is closed and it is digested with enzymes. Other 
examples are nepenthes and cephalotus. 
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DROCERA INTERMEDIA OR SUNDEW 
In these plants the leaves are modified for attraction of insects. The tiny leaves bear hair like 
structure. With a gland at their tip, the insects are attracted by the plant. Odour are enlarged. The 
proteins of insects are digested by enzymes. 
 
VENUS FLY TRAP (DIONAEA MUSCIPULA) 
In this plant the leaves are modified into a bilobed structure. There is a row of long hair on the 
margin of each lobe. When an insect touches these sensitive hair, the lobes are closed like a book 
and insect is digested by enzymes secreted by the gland. 
 
ALDROVANDA (WATER FLY TRAP) 
It is a rootless aquatic free-floating system. The leaves have two lobed mobile lamina having 
teeth at the margin and sensitive hair and stalked glands on the surface of slender stem. The 
insects are captured and digested by glands. 
 
UTRICULARIA (BLADDER WORT) 
It is also an aquatic plant. Leaves are modified into hair like structure. Some of the hair are 
modified into balloon which has a trap door. When the organism enters, the door is closed and 
organism is digested. 
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NUTRITION IN ANIMALS 
 

HETEROTROPHIC NUTIRTION IN ANIMALS 
Hetrotrophic mode of nutrition is one in which an animal obtains food as ready-made organic 
food from other plants and animals. When complex food is converted into simple one, this mode 
of nutrition is called Holozoic. When they obtain this food from dead organism, it is called 
Saprophytic. When from living organism, it is called Parasitic. Some animals feed upon 
fragments of decomposing material and contribute in the process of break down. They are called 
Detritivores (Earthworm). Some hunt and eat and they are called Predators. Some feed on plants 
and are called Herbivorous. Some feed on animals which are called Carnivorous. Some eat every 
thing and are called Omnivorous. Some are filter feeder, some take food in liquid called fluid 
feeder, some take small particle of food called Microphagus feeder and some take food in large 
particles called Macrophagus feeder. 
 
HOLOZOIC NUTIRITION 
This type of nutrition is found in animals. In this nutrition, complex and non-diffusible particles 
are taken in and digested into smaller and diffuseable particles. The animals have digestive tract 
in which following processes occur: 
* Ingestion: Taking in of complex food. 
* Digestion: Conversion of complex particles into simple one with the help of enzymes. 
* Absorbtion: Uptake of soluble particles from digestive tract to cells. 
* Assimilation: Utilization of digested products for production of energy and formation of 
Protoplasm. 
* Engestion: Elimination of undigested food from body. 
 

DIGESTION 
Digestion is a process in which non-diffuseable substances are converted into diffuseable so that 
they may be absorbed in cell. The digestion occurs with the help of enzymes. 
 
INTRACELLULAR DIGESTION 
It is that digestion in which food is digested inside the cell. This type of digestion occurs in 
unicellular organism and some multicellular organism. 
 
EXTRACELLULAR DIGESTION 
In this digestion, the food is digested outside the cell (in alimantary canal) and the digested food 
is taken in cell. 
This type of digestion occurs in multicellular animals. The food is first mechanically broken 
down which is called mechanical digestion. 
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NUTRITION IN AMOEBA 
Amoeba is the simplest unicellular organism in which digestion is intra cellular. 
 
FOOD 
Amoeba is microphagus feeder. It feeds on bacteria flagellates, ciliates and minute food particles. 
 
 
MECHANISM OF CAPTURING THE FOOD  
When an amoeba comes in contact with a food particle, it encircles its pseudopodia around it in 
cup like manner and forms a food vacuole. 
The food is then digested and passes in protoplasm through fine canals by micropincytosis. The 
digested food than circulates in protoplasm by cyclosis where food takes part in the assimilation 
of protoplasm or as a source of energy. The undigested food is ejected out from rear end of 
exocytosis. 
 

NUTRITION IN HYDRA 
Hydra is a multi cellular animal but it has no special organ for digestion. 
The digestion is brought in gastro vascular cavity and it is intracellular and extracellular type. 
 
FOOD 
Hydra is macrophagus feeder and it feeds on larva, pupa, small crustaceans and annelids. 
 
FOOD CAPTURING MECHANISM 
The food is captured with tentacles There are various types of tentacles. Some penetrate and 
paralyze, some intervene around the prey. The tentacles bend over the mouth and food comes in 
Gastro vascular cavity. 
 
DIGESTION 
The digestion in hydra is intracellular and extracellular. Extracellular digestion is brought with 
the help pf glandular cells present in endoderm. They secrete enzymes and digest the food in 
gastro vascular cavity. The flagellated cells and contraction of endodermal cells helps in 
circulation of digested food in body. Hydra can digest protein and fats but not starch. This 
extracellular digestion is completed in four hours. The semi-digested food is engulfed by 
phagocytosis process by flagellated cells where the food is digested inside the cells (intracellular 
digestion). Hence, digestion is completed which is absorbed by the cells of ectoderm through 
mesogloea. The undigested food is excreted out through mouth. 
 

 
 
 
 
 

 
NUTRITION IN PLANARIA 

Planaria is a free-living flat worm. 
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FOOD 
Planaria is carnivorous animal. It feeds upon small worms,  
crustaceans, snail and dead animals. 
 
GUT 
There is a single gut opening, the mouth that is located on the  
ventral surface near the middle of animal. The mouth opens  
into tubular pharynx which leads into intestine. The intestine 
then immediately divides into three branches, one anterior and  
two lateral. Each of these main branches gives numerous small  
branches which end blindly on caecae. 
 
FOOD CAPTURING MECHANSIM 
Planaria engulfs the prey by protruding eversible pharynx  
through the mouth and pushes the food into alimentary canal. 
 
DIGESTION 
The digestion in planaria is both intracellular and extracellular. Enzymes are secreted by the 
gland cells of intestine. In the lumen of intestine, the food is digested. Small particles of food are 
then engulfed by some amoeba like cells by Phagocytosis which are present in the walls of 
intestine. Hence, this is intracellular digestion. 
 
ABSORPTION 
The digested food is then passes to all the cells by the process of diffusion. Branched intestine 
also facilitates diffusion of materials to the body cells. Undigested food is ejected through mouth. 
 

DIGESTION IN COCKROACH 
The digestive system of cockroach is tubular type and can be divided into three regions: 
 
 
FOREGUT 
It includes mouth cavity, pharynx  
and gizzard. 
 
MIDGUT 
It consists of mesenteron. 
 
HINDGUT 
It consists of ileum colon and rectum. 
 
The Mouth Cavity 
The mouth cavity is formed by LABRUM  
(upper lip) LABIUM (lower lip)  
MANDIBLES and MAXILLAE. The maxillae  
pick the food and it is grinded by mandibles  
and mixed with sliva produced by slivary glands. 
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The sliva contains enzymes amylase that acts on  
carbohydrates. 
 
Pharynx Crop and Gizzard 
The mouth opens in tubular pharynx which in  
turn opens in oesophagus. It dilates into a sac 
like structure called CROP which opens into thick 
walled GIZZARD lined with circular teeth. Gizzard  
grinds the food. 
 
MIDGUT 
It is narrow tubular portion in which eight hepatic caecae open in it. They secrete enzymes. The 
midgut also produces enzymes. These enzymes flow back to crop where they digest protein and 
fats. The digestion is completed in midgut and absorbed from it. 
 
HINDGUT 
 It has a short tubular ileum, a long coiled colon and a broad rectum. The rectum absorbs much 
needed water from undigested food while undigested food is expelled out through anus. 
 

HUMAN DEGESTIVE SYSTEM 
Man is the most advanced heterotroph having a perfect digestive system. The digestion is extracellular. 
Man is omnivorous. 
 
DIGESTIVE ORGANS 
The alimentary canal is a long coiled tube that extends from mouth to anus. The parts of this tube are: 

(1) Buccal cavity  (2) Oesophagus 
(3) Stomach   (4) Small intestine 
(5) Colon   (6) Rectum 
(7) Glands 
 
      Liver, Pancreas and Slivary Gland 

 
 
 
 
BUCCAL CAVITY 
Buccal cavity is bounded by two jaws. The jaws bear teeth. The Buccal cavity has fleshy tongue. 
 
TEETH 
There are two sets of teeth, deciduous and permanent. There are four types of teeth. 8 incisors, 4 canines, 
8 premolar and 12 molars. Some teeth are in the lower jaw and some are on the upper jaw. Teeth are used 
for chewing the food. 
 
TONGUE 
It is muscular and fleshy lying at he floor of buccal cavity having taste bud attached posteriorly 
and free interiorly. It is for tasting the food and helps in better chewing. 
 

Duodenum Jejunum Ileum
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SLIVARY GLANDS 
Three pairs of slivary glands are associated with oral cavity. One pair parotid gland, one pair 
sublingual gland and one pair submandibular glands. Slivary glands secrete sliva, which has 
slivary amylase. 
 
PHARYNX 
It is the posterior narrow part of the buccal cavity which leads into oesophagus and glottis. 
 
OESOPHAGUS 
It is a narrow muscular tube about 25cm long running through the thoracic cavity. It has mucous 
glands. It conveys the food and fluid by peristalsis. 
 
STOMACH 
The stomach is a bag like structure situated below the diaphragm on the left side of abdominal 
cavity. The stomach has three regions: 
(i) Cardiac region: It is the anterior region having mucous glands. 
(ii) Fundus: It is the middle region. It is the main part and has gastric glands which secrete 
gastric juice. 
(iii) Pyloric region: It produces mucous. 
 
Function 
Stomach stores food for about 4hours for physical mixing with gastric juice. 
 (ii) It secretes HCl and enzymes. 
 
PERISTALSIS 
To swallow the food and water along the alimentary canal, peristaltic movement is required. It is 
a wave of contraction of circular and longitudinal muscles preceded by wave of relaxation; thus, 
squeezing the food in the buccal cavity along the oesophagus to the stomach and then to whole 
alimentary canal: 
 
ANTIPERISTALSIS 
Some times the peristalsis starts in a reverse direction, i.e. from intestine to stomach and then to 
mouth leading to vomiting. 
 
 
 
SMALL INTESTINE 
Next to stomach is small intestine which is 6 meter long 25 cm wide. Its coiled loop fills the 
most abdominal cavity. It is divided into three regions: 
(i) Duodenum 
(ii) Jejunum 
(iii) Ileum 
 
(i) DUODENUM 
It is the first part of small intestine. It is 30cm long. It receives bile duct from liver and 
pancreatic duct from pancreas. 
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(ii) JEJUNUM 
Duodenum opens in jejunum. It is about 2.4meters long. There are number of enzymes secreted 
by jejunum which help in digestion. 
 
(iii) ILEUM 
Jejunum passes in ileum, which is about 3.6m long. It receives much diluted food. The inner wall 
of ileum has finger like projections called villi whose walls are richly supplied with blood 
vessels and lymph vessels called LACTEALS and smooth muscles. They are able to contract 
and relax; thus, bringing themselves close to food. The ileum is the principal organ where 
digestion of food occurs. 
 
LARGE INTESTINE 
Ileum opens in large intestine. It has a large diameter about 6.5 cm. It is divided into short 
caecuma along colon and a terminal rectum. The caecum gives off a blind tube about 18cm long 
called Vermiform appendix which is a vestigial organ. 
 
1. COLON 
The colon is the largest part and consists of three regions. These are ascending colon, transverse 
colon and descending colon. Inorganic salts, vitamins and H2O are absorbed in colon. 
 
2. RECTUM 
It is the last portion of large intestine. The undigested food is stored into rectum. When the 
rectum is full, the faeces pass out through anus. 
 
LIVER 
Liver is the largest gland of the body as well as largest organ of the body. It is reddish brown in 
colour. It has two main lobes, left and right joined by ligaments. The left is further divided into 
two lobes. A pear shaped gall bladder lies on the under surface of the liver which stores bile 
juice. 
 
FUNCTIONS OF LIVER 
The liver performs more than 250 functions. 
 
1. SECRETION OF BILE JUICE 
Liver secretes bile juice. It is green in color. It contains H2O and bile salts and bile pigments. 
Bile salts are sodium bicarbonate. These salts make the food basic and emulsify it. 
Bile pigment bilirubin (red) and biliverdin (green) are excretory product formed by breal down 
of RBC in the liver. 
 
2. METABOLIC FUNCTION 
Various compounds are synthesized and broken down in liver. 
 
3. DETOXIFICATION 
Liver detoxifies poisonous substances taken daily in liver. 
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4. STORAGE OF FOOD 
Liver stores food in the form of Glycogen. 
 
5. MAINTAINANCE OF QUANTITY OF NUTRIENTS 
The surplus amount of glucose is deposited in liver cell after meal in the form of glycogen. 
Glycogen is converted into glucose when it is needed by body. Storage of Amino acids after 
removal of NH2, which form urea. The liver also processes fatty acids and stores it as ketone . 
Liver also stores vitamins. 
 
PANCREAS 
Pancreas is a leaf lobulated gland. It opens in duodenum by a pancreatic duct. The pancreas 
secrete three main enzymes which acts upon fats, carbohydrates and proteins. 
 
ANUS 
It is the external opening of anal cavity. There are two sphineters which surround the anus. Internal one is 
made up of smooth muscle and is under the control of autonomic nervous system and outer one is made 
up of straited muscles controlled by voluntary nervous system. 
 

DIGESTION IN MAN 
Man is the most advanced heterotroph. Man’s diet consists of plants and animals. The principle 
constituents are carbohydrates, fats and proteins that are digested with the help pf various enzymes. 
 
DIGESTION IN ORAL CAVITY 
In Buccal cavity the food is chewed by four different types of teeth incisors for cutting molar and 
Premolar for crushing at the same time the food is mixed with sliva secreted by three pairs of 
slivary gland. 
 
ACTION OF SLIVA 
Sliva is alkaline. It contains following constituents: 

MUCUS  lubricates  Food 
PTYALIN  acts on starch and converts into  Maltose 

 
DIGESTION IN STOMACH 
Some 35 million glands lining the stomach secrete gastric juice. There are three types of stomach 
glands. 
Mucous cells  Secrete mucous 
Zymogen cells  Secrete Pepsinogon 
Oxyntic cells  Secrete HCL 
HCl  makes the food  acidic 
Pepsin  Acts on  Protein  converts  Polypeptide 
Renin  Converts milk  into  curd (in infants) 
The food in stomach is converted into semi fluid state called Chyme. 
 
DIGESTION INTO DUODENUM 
When the food comes in duodenum, the digestive agents come from three different sources: 
Bile juice from liver 
Pancreatic juice from pancreas 
Juice from small intestine 
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Bile juice  emulsifies  fats 
 
FROM PANCREAS 
Pancreatic amylase  converts  starch  maltose 
Lipase  converts  Fats  Fatty acids and Glycerol 
Trypsin  acts on  Protein  Poly peptides 
 
JUICES FROM SMALL INTESTINE 
Maltase  acts on  Maltose  converts into  Glucose 
Lactase  acts on  Lactose  converts into  Glucose 
Sucrase  acts on  Sucrose  converts into  Glucose 
Peptidase  acts on  Polypeptides  converts into  Aminoacid 
Enterolinase  Activates trypsin 
 
ABSORBTION 
Small intestine is a site where the food is absorbed through Villi. Amino acids, glucose, 
inorganic salts and vitamins are absorbed by active transport into capillaries from where the food 
is carried to liver by hepatic portal system. Fats are absorbed in lymph vessels of villi (lacteals) 
as white emulsion. 
 
ABSORBTION OF H2O 
Water is reabsorbed in large intestine. 
 
EGESTION 
The undigested food which is reached in rectum is in semisolid condition. It is ejected through 
anus. 
 

 
 
 

 
 

PLAQUE AND DENTAL DISEASES 
 
PERIODONTAL DISEASE 
A mixture of bacteria and slivary materials which is called plaque when accumulates, the 
bacteria causes inflammation of gums. If this condition continues, the inflammation reaches to 
the root of tooth and destroy the peridental layer and tooth become loose and falls. Plaque also 
combines with certain chemicals in sliva, which becomes hard and calcified and forms a deposit 
called Calculus, which cannot be removed by brush. 
 
DENTAL CARIES 
Some bacteria in plaque convert sugar into acid which destroys enamel of teeth slowly. 
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TOOTHACHE 
When the dentine and pulp of tooth are attacked, it causes toothache and loss of tooth. 
 
CAUSES OF DENTAL CARRIES 
Dental caries spread by several factors, e.g. exposition of tooth to sugary food, disturbance of 
sliva composition, lack of oral hygiene and low level of fluoride in drinking water. 
 
PREVENTIVE MEASURES 
Prevention of dental caries may be achieved by adding fluoride in drinking water or food; like, 
milk or by taking fluoride tablets and using fluoride toothpaste. 
 

DISORDER OF GASTRO INTESTINAL TRACT 
 
DIARRHOEA 
Diarrhoea or loose motion results from the rapid movement of faecal matter through the large intestine. 
Diarrhoea may occur due to several causes: 
 
ENTRITIS 

(i) Some times virus or bacteria causes diarrhoea. 
(ii) Some times mucosa is irritated by infection. 
(iii) Some times motility of intestinal wall increases many folds. 
(iv) Some times cholera may cause diarrhea. In this case extreme quantity of bicarbonate ions, sodium 

ions and water is secreted in intestinal tract leading to death. 
Nervous tension may also cause diarrhea which is called psychogenic diarrhoea. 
 
DYSENTRY 

Some times amoeba causes inflammation of large intestine which causes diarrhoea with mucous and 
blood in stool.  
 

CONSTIPATION 
Constipation means slow movement of faeces through large intestine. The faeces is hard and dry. The 
constipation is caused by excessive absobtion of water. 
 

 
 
 
PILES 

Piles are also called Haemorrhoids. They are dilated veins. Piles may be external or internal to anal 
opening. The common cause of piles is constipation. Piles can be avoided by regular habit of defecation 
and use of fiber diet. 

 
DYSPEPSIA 

Incomplete digestion is called Dyspepsia. This is not a disease of disorder. This is characterized by 
abdominal discomfort, flatulence, hurt, burn, nausea and vomitings. These symptoms occur time to time 
due to activity in stomach or faulty function of stomach and intestine or insufficient quality or quantity 
of bile secretion. 
 

PEPTIC ULCER 
The inner wall of digestive tract is covered by mucous which protects enzymes. Mucous layer is broken 
down by the digestive enzymes and these enzymes eat the wall of stomach or occasionally the ulcer 
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makes the hole in the wall of digestive tract. The contents of the digestive tract spills in abdominal 
cavity leading to severe infection which prove fatal if medical care is not taken. 
 

FOOD POISIONING 
This is illness due to indigestion of food containing toxic substance produced by bacteria salmonella 
and camphylobacter. Vomiting or diarrhoea or both may occur within 48 hours of consumption of 
contaminates food. Domestic are common source of infection which may be contracted from 
inadequately defrosted and uncooked chicken or from undercooked raw eggs. 
 

OBESITY 
It is a condition when there is an excessive amount of fat accumulated in the body. Obesity is caused by 
too much eating. Fat is deposited in tissues in abdomen around the kidney and under the skin. Obesity 
can be a family tendency. 
 

MALNUTRITION 
When an organism is deficient in or receives one or more nutrients over a large period is said to be 
malnutrition. The deficiency is known as under-nutrition and the excess is called over nutrition. Under 
nutrition is a common problem of developed countries. Over nutrition causes obesity or heart problems. 
 

ANOREXIA NERVOSA 
The term is employed to the loss of appetite. It is a psychological condition usually seen in girl and 
young women characterized by severe and prolonged refuses to eat. It is some times accompanied by 
induced vomiting. 
 

BULIMIA NERVOSA 
It is exclusively confined to women. It is characterized by bouts of over eating of flattering food; such 
as fried food, cream cakes, etc. 
 

 
 

 
 

PARASITIC NUTRITION 
Parasitism is an association between two living organisms of different species in which one 
partner is benefited and the other is at loss. The benefited partner is called Parasite and the 
partner at loss is called the host. 
 
ECTOPARASITE 
If the parasite lives at the outer surface of host, it is known as ectoparasite, e.g. Lices and leech. 
 
ENDOPARASITE 
It is the parasite lives inside the host, it is known as endoparasite, e.g. tapeworm and 
roundworm. 
 
Examples of Endoparasite: 
(i)  Viruses:  They cause diseases; like, influenza, rabies, yellow fever. 
(ii)  Bacteria:  They cause tuberculosis, typhoid, cholera, etc. 
(iii) Fungi:   They cause skin diseases; like, ringworm and athletes foot. 
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(iv)  Protozoan:  Plasmodium causes malaria. 
   Trypnosoma causes trypanosomiasis. 
   Leishmania causes leishmaniais. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Q  Describe the respiratory organs of Hydra. 
 
Respiratory organs of Hydra 
Hydra consists of two layers of cells. The outer layer is ectoderm and inner layer is endoderm. 
Hydra has no organ, although hydra possesses tissue level organization. The ectodermal cells are 
in direct contact with water, so the ectodermal cells exchange gases with external water, while 
endodermal cells exchange gases with water that comes within gastro vascular cavity. 
 
 
Q  Describe the respiratory organs of earth worm. 
 
Respiratory Organs of Earth Worm 
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Earth worm has no special respiratory organ so it uses its wet skin as respiratory surface that 
provides enough surface area for efficient gas exchange. In order to keep the skin moist, earth 
worm has to live in damp soil. The moisture is absorbed by mucous secreted from the goblet 
glands in the skin. However, due to larger size distribution of gases to each cell is not possible by 
simple diffusion, earthworm has developed a blood vascular system which can efficiently and 
rapidly transport gases within the body. 
 
 
Q Describe the respiratory organs  of cockroach.  
 

Respiratory Organs of Cockroach 
Cockroach has special type of  respiratory system called tracheal system. The tracheal system 
consists of number of internal tubes called tracheae which open outside the body through minute 
slit like pores known as spiracles. While the  inner side of the  tracheae divides into fine branches 
and are spread throughout the body. These fine branches are called tracheoles. Both  the trachea 
and the tracheoles are lined internally by thin cuticle. There are 10 pairs of spiracles on lateral 
sides of the cockroach , 2 pairs of spiracles lie in the thoracic segments while 8 pairs of spiracles 
lie  in abdominal  segments. Spiracles are opened or closed by valves. Tracheoles  finally end as 
blind  fluid filled fine branches  which are  attached  with the cells of   the tissues. The cock 
roach takes in air directly from the atmosphere into the tracheae through spiracles. Since O2 
diffuses directly into the cells of the tissues at the level of fluid filled tracheoles, hence, their 
blood vascular system is devoid of hemoglobin. However, the removal of   CO2 from the cells of 
the body is largely dependent upon plasma of the blood.  
 
 
 
 
 
Q    Describe the respiratory organs of fishes. 
 
Respiratory Organs of Fish  
Respiratory organs in fish are called gills. Each gill is highly vascularized structure. It is 
composed of two rows of hundreds of filaments which are   arranged in v- shape and are 
supported by a cartilage or a long curved bone called the gill bar or gill arch. Each filament is 
folded to form numerous plate like lamellae which greatly increase the surface area of gill. Each 
lamella is provided by  a dense network of blood  capillaries.  
In bony fishes, ventilation is brought about  by the combined effect of mouth and opercula. It 
passes over the gills through pharynx and ultimately exits at the back of opercula. Since 
concentration of oxygen in water is low and also water is denser than air, fish must use 
considerable energy to ventilate its gills. Gas exchange is also facilitated in gills due to “counter 
current flow” of water  and blood. In the capillaries of each lamella, blood flows in direction 



134 | P a g e  
 

Page # 134 
 

www.thresholdcollegiate.webs.com 
www.facebook.com\threshold-collegiate 

www.twitter.com\threshold1999 

opposite to the movement of water across the  gills. Thus, the most highly oxygenated blood is 
brought closer to the water that is just entering the gills and that has even higher oxygen content 
than the blood. As the water flows over the lamellae, water loses its oxygen to the blood. Counter 
current flow is very effective as it enables the fish to extract up to 80% -90% of the oxygen from 
water that flows over the gills. 
 
 
Q Describe the respiratory organs of frog. 
Respiratory organs of frog 
The larval stages of frog respire by gills; whereas, adult respires by Lungs. Lungs have shallow 
internal folds that increase the inner surface to form many chambers called alveoli. These alveoli 
are separated from each other through septa. The inner surface of alveoli is single cell layer and 
attached with blood capillaries. Alveoli are the site of exchange of gases. From each lung a 
bronchus arises. Both bronchi open into the larynx, which leads into the buccal cavity through 
glottis. The frog draws air into the buccal cavity by lowering its bucco pharyngeal floor. During 
this process, it opens the nostrils and closes the glottis, then nostril is closed and glottis opens. It 
raises the bucco pharyngeal floor, thus pushing the air in to the lungs. This air mixes with the air 
which is already present in lungs and O2 is diffused into the capillaries of alveoli. Frog can also 
respire by skin and buccal cavity. 
 
Q Describe the respiratory organs of bird. 
 
Respiratory organs of bird 
The lungs of a bird are internally sub-divided into numerous, small, highly vascularized, thin 
membranous channels called parabronchi. These channels are responsible for continuous flow of 
air in one direction. In addition to a pair of lungs, a bird has 8 to 9 thin walled, non-muscular, 
non-vascular air sacs. 
Thus, a bird must take two breaths to move air completely through the system of air sacs of the 
lungs. The first breath draws fresh air into the posterior air sacs of the lungs. The second breath 
pushes the first breath into anterior air sacs and then out of the body. This one way flow of air 
enables a bird to fly at very high altitude without any shortage of oxygen, as the air coming in 
lungs is always oxygen rich. 
 
 
Q Write the properties of respiratory surface. OR. What are the factors affecting gas 
 exchange? 
Properties of respiratory surface 
Respiratory surface of animals bears following properties. 
 
(1) Permeable  
(2) Large surface area in relation to volume  
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(3) Wet  
(4) Thin 
 
Q Why air is a better respiratory medium than water? 
 
Reason 
Air is a better respiratory medium than water because concentration of oxygen in air is higher 
than water and air is less denser as compared to water.  
 
Q What do you understand by counter current flow of water and blood in gills of fish? 
 
Counter current flow 
 
Gills of fish consist of many filaments and filament form lamellae. Each lamella possesses blood 
capillaries. 
 
In the capillaries of each lamella, blood flows in the direction opposite to the movement of water 
across the gills. This is known as counter current flow of water and blood. 
 
 
 
 
 
 
 
 
 
Q Differentiate between positive pressure breathing and negative pressure breathing. 
 

Positive pressure breathing Negative pressure breathing 
(1) In this kind of breathing, air is drawn into 

the lungs due to positive pressure (increase 
in pressure in thoracic cavity in relation to 
atmospheric pressure). 

(2) Examples are Amphibians. 

(1) In this kind of breathing, air is drawn into 
the lungs due to negative pressure (decrease 
in pressure in thoracic cavity in relation to 
atmospheric pressure). 

(2) Examples are Mammak. 
 

 
Q Differentiate between incomplete ventilation and complete ventilation. 
 

Incomplete ventilation  Complete ventilation 
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(1) The ventilation, which does not allow the 
lungs to be completely emptied or refilled 
by air is termed as incomplete ventilation. 

(2) Examples are Amphibians. 

(1) The ventilation, which allows the lungs to be 
completely emptied or refilled by air is 
termed as complete ventilation. 

(2)  Examples are birds.  
 

  
Q State and explain the respiratory system of man. 
 
Respiratory system of man 
The respiratory system of man consists of paired lungs and the air passage ways. Lungs are 
situated in the thoracic cavity. The walls of thoracic cavity are formed of inter costal muscles 
which are attached with a bony cage formed by 12 pairs of ribs, vertebral column and sternum 
bone. The thoracic cavity is separated from the abdomen by a muscular partition called 
diaphragm. 
 
Air passageways 
Atmospheric air enters into nasal cavity through a pair of nares (nostrils). Nasal cavity is lined by 
vascularized and ciliated epithelium containing mucous secreting cells. Hair are also present in 
nasal cavity. 
Air passes into pharynx through internal nostrils. The opening of nostrils into pharynx are 
guarded by soft palate. Pharynx leads air into Larynx through an opening called glottis. A flap of 
tissue called epiglottis guards glottis. During swallowing, palate and epiglottis close the nostril 
opening and glottis. Larynx leads the air into a duct called trachea. It bears c-shaped cartilage 
rings which prevent it from collapsing during drawing air in. Its internal lining is ciliated and 
bears mucus secreting goblet cells. Due to mucus and upward beating of cilia, residues of dust 
and germs are always pushed out the trachea into the esophagus through pharynx. Trachea 
bifurcates into two smaller bronchi. Each bronchus leads the air into lung of its side. Bronchi 
also bear c-shaped cartilage rings. 
 
Lungs 
Lungs are soft, spongy and highly vascularized structures. The right lung is partitioned into three 
lobes while the left lung into two lobes. Two thin membranes known as pleural membranes 
enclose each lungs. Within the pleural membranes, there is a fluid filled narrow cavity called 
pleural cavity. This fluid acts as a lubricant. 
Bronchus divides into very fine branches called bronchioles. Each bronchioles terminates at a 
very tiny, hollow sac like alveolar duct containing a number of air sac or alveoli. A single 
alveolus is composed of single layer of epithelial cells. Each alveolus is surrounded by extensive 
network of blood capillaries. It is the site of exchange of respiratory gases. The internal area of 
an alveolus is provided with a thin layer of fluid containing surfactant. It reduces the internal 
surface tension to prevent it from collapsing during gas exchange. 
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Q) Define Respiration. 
 
Respiration 
Respiration is a process in which gases are exchanged and food is oxidized. 
 
C6H12O6 + 6O2  6CO2 + 6H2O   = - ∆ H 
 
Q) What is breathing? Explain its mechanism. Write rate of breathing. 
 
Breathing 
Breathing is the process of taking in and giving out of air from the atmosphere up to the 
respiratory surface and vice versa. 
 
Mechanism of breathing 
In man, breathing is termed as negative breathing. Breathing consists of inspiration and 
expiration. 
Inspiration (Inhalation) 
Inspiration or the process of taking in of air is energy consuming process in which volume of 
thoracic cavity is increased due to contraction of intercostals muscles and diaphragm. 
Contraction of external inter-costal muscles moves the ribs as well as sternum outward and 
upward while contraction of diaphragm makes it flat. As a consequence, the thoracic cavity 
enlarges and a negative pressure is developed inside the thoracic cavity and ultimately in the 
lungs. So the air through the respiratory passage rushes into the lungs up to alveoli where 
exchange of gases occurs. 
 
 
 
 
Expiration (Exhalation) 
Expiration or the process of giving out of air is a passive process which takes place due to 
increased pressure in the thoracic cavity as well as lungs. It is caused by relaxation of external 
intercostal muscles and the contraction of internal intercostals muscles which move ribs as well 
as sternum inward and downward. Similarly, diaphragm also relaxes which makes it dome 
shaped; thus, reducing the volume of the thoracic cavity. As a result, lungs are compressed so the 
air along with water vapors is exhaled. 
 
Rate of breathing 
We can hold our breath for a short time or can breathe faster and deeper at our will. This is 
termed as voluntary control. But mostly rate of breathing is controlled automatically. This is 
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termed as involuntary control. It has been found that increased concentration of CO2 and H+ in 
blood are the basic stimuli to increase the rate of breathing. Their concentrations are mentioned 
by chemo receptors known as aortic and carotid bodies situated in aorta and carotid arteries 
respectively. Any change in the concentrations of CO2 and H+ are detected by medulla 
oblongata. Medulla oblongata is itself sensory to changes in the contractions of CO2 and H+ 
present in the cerebo-spinal fluid. In response to increased concentrations of CO2 and H+, it 
sends impulses to intercostals muscles to increase breathing rate. 
 
 
Q) Describe the disorders of respiratory tract. 
 
Disorders of Respiratory Tract 
 
Lungs Cancer 
It is usually a result of smoking. As the smoke passes through the respiratory passage, its toxic 
contents like nicotine, SO2, etc., cause gradual loss of cilia of epithelial cells of the respiratory 
passage so that dust and germs are settled inside the lungs. Later, cells with abnormal nuclei 
appear in the thickened epithelial living which start dividing rapidly without following normal 
cell division. Finally, these cells with abnormal nuclei break the thickened epithelial living and 
penetrate into the other tissues causing cancer. 
 
Emphysema 
It is a degenerative disease in which alveoli gradually deteriorate. It happened when some toxic 
substance such as nitrogen oxides, SO2, etc., constantly inhaled. Due to such toxic substances, 
the elasticity of the lungs decreases. As a result, alveoli are ruptured and lungs become harder. 
So the tissues of the body including brain are supplied less and less oxygen. Thus, the victim’s 
breathing becomes labored day by day. It also makes him depressed, irritable and sluggish. 
 
 
 
Asthma 
In asthma, recurrent attacks of breathlessness occur and it is accompanied by wheezing when 
breathing out. It may be caused by external factors like, pollens, dust, animal fur, common cold, 
cough, smoke, etc. Hereditary is a major factor in the development of asthma. 
 
Tuberculosis 
Tuberculosis is caused by Mycobacterium Tuberculosis. Main symptoms are coughing, pain in 
chest, shortness of breath, fever, sweating at night, weight loss and poor appetite. In severe case, 
blood is secreted with sputum. It can cause complication leading to death. Disease is spread by 
droplet infection. 
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Q) Discuss the process of transport of gases in man. 
 
TRANSPORT OF GASES IN MAN 
Blood helps in transport of gases in man 
 
1) Oxygen and CO2 carrying capacities of blood 
O2 and CO2 are exchanged in alveoli lungs by the simple process of diffusion. Blood returning 
into lungs from all parts of the body is deoxygenated, dark maroon in color and appears bluish 
through the skin. The inhaled air has greater concentration of oxygen, due to which oxygen 
moves into blood flowing into capillaries around alveoli. Blood returning from tissues contains 
higher concentration of CO2. Due to this, CO2 diffuses from the tissues into the blood which is 
brought in the lungs. From lungs CO2 is exhaled. 
 
2) Factors affecting O2 and CO2 carrying capacities 
Many factors affect on transport of respiratory gases across the alveolar well, e.g. concentration 
gradient, presence of any competitor; such as, carbon mono oxide, moisture, surfactant, etc. 
 
3) Lung Capacities 
The total average lung capacity of adult human being is about 5 liters (5000)cm3 of air. 
 
a) Tidal volume 
During normal breathing, a person takes in and gives out air approximately half of a liters 
(450cm3 to 500cm3). This is called tidal volume. 
b) Vital capacity 
With an extra deep breath, the maximum volume of air inspired and expired called vital capacity 
average about 4 liters. 
c) Residual Volume 
Due to deep breath, approximately 1 liter of air remains in the lungs. It is termed as residual 
volume.Due to residual volume, thorax cannot collapse. Aging, emphysema, etc., can increase 
the residual volume at the expense of vital capacity. 
4) Role of Hemoglobin 
Hemoglobin is a proteinaceous  respiratory pigment present in RBC. Each hemoglobin molecule 
has 4 iron containing groups called heme. It is the iron which reversibly binds with oxygen. Due 
to Hb, blood could carry 70 times more oxygen than plasma. Hb binds to oxygen to form a loose 
compound called oxyhaemoglobin. It is carried to the tissues where due to low concentration of 
O2 in tissues, oxyhaemoglobin dissociate releasing O2 which enters in tissues. 
       Lungs   
Hb  +  4O2    Hb (O2)4 
Haemoglobin      Oxyhaemoglobin 
 
5) Role of Myoglobin 
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Myoglobin is a smaller protein than haemoglobin. It is found in the muscles and it may bind to 
oxygen more tightly than haemoglobin. It gives red colour to muscles.  
 
6) Trasnport of CO2 
Haemoglobin  transport 35% CO2 from tissues to alveolar blood capillaries. CO2 due to its higher 
concentraion in tissues diffuses out into the blood where it combines with amino group of 
haemoglobin to form a molecule called carbaminohaemoglobin. In alveoli, it breakes and CO2 
diffuses out into alveoli. 
60% CO2 is transported by water of RBC 
CO2 + H2O  H2CO3 
         
H2CO3  HCO3 + H+ 

  

HCO3 +Na  NaHCO3 
           

All the above reactions are reversed at the surface of lungs and CO2 is exhaled. 
O5% CO2 is transported by water of plasma. 
CO2 + H2O  H2CO3 
         

H2CO3           HCO3
- + H 

         

HCO3 -  + K+  KHCO3 
            

All the above reactions are reversed at the surface of lungs and CO2 is exhaled. 
These reactions are catalysed by Carbon anhydrase. 
 
 
 
 
 
Q) Describe transport in Hydra. 
 
Transport In Hydra 
The body of Hyrda is composed of two layers, ectoderm and endoderm. The gastrovasular cavity 
serves for the dual functions of digestion and distribution of substances through out the body. 
The fluid inside the cavity is continuous with the water outside through the mouth. Thus both 
inner and outer layers are bathed by the water. Diffusion is sufficient for the transportation of 
digested food, oxygen, carbon dioxide and other metabolic waste. 
 
Q) Describe transport in Planaria. 
 
Transport in Planaria 
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Palnaria has no circulatory system for the transportation of digested food and gaseous exchange. 
The transport of digested food to the body cells takes place by combining diffusion process with 
special organization of the intestine. Planaria posses an extensively branched intestine. These 
branches reach very close to the cells of the body. The digested food is pumped into the branches 
by muscular action of the digestive tube. So that the nutrients reach directly to the cells and 
diffuse into them. 
 
 
Q) Give the general characteristics of a circulatory system. 
 
The purpose of a circulatory system is to provide rapid mass flow of material from one place of 
the body to the other place covering sufficient distance which can not be easily covered by 
diffusion. 
 
General characteristics of a circulatory system 
 
The characteristics of circulatory system are as follows: 
 
1) It has a circulatory fluid, the blood. 
2) The blood is pumped by a contractile device around the body which may be a modified 

blood vessel or a heart. 
3) The blood circulates through the tubes which are known as blood vessels. 
4) It has one way valves to keep the medium flowing in one direction. 
 
 
 
 
 
 
 
 
 
 

Q) Write down differences b/w open and closed types of circulatory system of 
Cockroach and Earthworm. 
 

Main Features Cockroach Earthworm 
1) Type Open Type Closed Type 
2) Circulation The blood flows through blood 

filled sinuses (Haemocoel) 
The blood flows through 
closed bloods vessels. 

3) Contact of blood  The blood comes in contact with 
the surrounding tissues  

The blood does not come in 
contact with the tissues. 

4) Body Cavity  The Coelom is greatly reduced  The Coelom is large 
5) Interstitial fluid  There is no difference b/w the 

Interstitial fluid and the blood. 
The Interstitial fluid is 
separated from the blood. 

6) Distribution of blood  It is poorly controlled Fairly controlled and is 
adjustable. 
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7) Vessels A single dorsal vessel runs mid 

dorsally from head to the posterior 
end  

One dorsal vessel runs above 
the alimentary canal and one 
ventral vessel below the 
alimentary canal from 
anterior to the posterior end. 

8) Flow of blood Forward in dorsal vessel  Forward in dorsal vessel and 
backward in ventral vessel. 

9) Hearts  Modified posterior part of dorsal 
aorta having 13 chambers  

Modified circular vessels 
connecting the dorsal and 
ventral vessel in 7th, 9th, 12th, 
13th segments.  

10) Veins and capillaries  Absent  Present  
11) Blood  Colorless, having no haemoglobin  Red, haemoglobin is 

dissolved in plasma. 
 
Q) Write a note on open type circulatory system. 
 
OPEN TYPE CIRCULATORY SYSTEM 
The open type circulatory system is found in Arthropads, Molluses and Tunicates. The blood 
circulates within the open body sinuses and bathes the surrounding tissues. These blood sinuses 
are collectively known as haemocoel. Since there is no distinction b/w blood and interstitial 
fluid, so the general body fluid is more correctly known as haemolymph. 
 
Since the blood flows within the sinuses and comes in direct with the body tissues, the system is 
known as open type circulatory system. Because the blood is in large spaces and the heart is 
weakly muscular, the blood pressure can never be very high. This limits the efficiency of the 
open type circulatory system, that is why it not found in large animals. 
 
 
 
Q) Write a note on closed type circulatory system. 
 
CLOSED TYPE CIRCULATORY SYSTEM 
The closed type circulatory system is more commonly found in Annelids, Echinoderms, 
Cephalopads and vertebrates. The blood circulates through closed blood vessels and is distinct 
from the interstitial fluid, Exchange of materials occurs across the walls of blood capillaries, 
which ramify through the organs and come into close association with the body cells. 
 
A disadvantage of a closed circulatory system is that the blood is in vessels and their walls form 
a barrier b/w the blood and the surrounding tissue cells. The transporting materials have to cross 
this barrier into the surrounding tissue fluid and hence into the cells. At the same time, waste 
products diffuse from the cells into the tissue fluid and then into the capillaries. 
 
 
Q) Write a note on Leukaemia. 



143 | P a g e  
 

Page # 143 
 

www.thresholdcollegiate.webs.com 
www.facebook.com\threshold-collegiate 

www.twitter.com\threshold1999 

Leukaemia is a disorder of the haemopoietic tissues (the tissues in which RBCs are formed) 
associated with increased number of leucocytes in the blood. They disturb normal blood cell 
formation in the bone marrow. These are progressive and fatal conditions results in death, most 
often from haemorrhage or infection. Several factors are associated with the development of 
leukaemia like ionizing radiation, cytotoxic drugs, retroviruses, genetic etc. 
 
Q) Write a note on Thalassaemia. 
 
Thalassaemia: is an inherited impairment of haemoglobin production. When the abnormality is 
heterozygous, the synthesis of haemoglobin is midly affected. Synthesis of hemoglobin is greatly 
affected when the person is homozygous. 
 
B-thalassaemia is the most common type. Heterozygotes have thalassaemia minor with wild 
anaemia. Homozygotes have thalassemia major with severe anaemia. It results to the 
enlargement of the kidney. The regular blood transfusion is the only remedy. 
 
 
Q) Describe the structure of human heart and explain the cardiac cycle. 
 
Structure of human heart 
Heart is surrounded by a double layered pericardium. A pericardial fluid is secreted in b/w the 
two. It functions as lubricant and reduces friction b/w the heart walls and surrounding tissue 
during the beating of heart. 
 
The heart is conical in shape. It is reddish in colour and consists of four chambers, two atria and 
two ventricles. Atria are thin walled and ventricles are thick walled. Superior vena cava and 
inferior vena cava enter the right atrium. Right atrium receives non oxygenated blood. Similarly 
two large arteries emerge out, one from the right ventricle i.e., pulmonary aorta and the other 
from the left ventricle i.e., systemic aorta. 
 
Right and left atria are separated by inter atrial septum. The right atrium opens into the right 
ventricle by an aperture guarded by tricuspid value. The left atrium opens into the left ventricle 
by an aperture guarded by bicuspid valve. Semilunar valves guard the emergence of the 
pulmonary and systemic aorta. These valves prevent backward flow of blood and allow it to 
move in forward direction. 
 
The right and left ventricles are separated by inter ventricular septum. The inner walls of the 
ventricles have papillary muscles for the attachement of chordae tendinae which are attached to 
the cusps of the valves. The cavity of the left ventricle is narrower than the right ventricle 
because of more muscular walls. It is due to the fact that the right ventricle have to pump blood 
into the lungs only while the left ventricle pumps blood to the entire body. 
 
Cardiac Cycle 
Heart contracts without external stimulation. Contraction is controlled by muscles, it is known as 
myogenic.  
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The sequence of events which takes place during the completion of one heart beat is called 
cardiac cycle. 
 
The resting period of the heart is chambers is known as diastole and the period during which they 
contract is known as systole. The right atrium and left atrium in their diastolic phase receive non 
oxygenated and oxygenated blood respectively. When the atrial diastole ends, the two atria 
contact simultaneously. This event is known as atrial systole and the blood enters the respective 
ventricles. Immediately, the ventricles contract. This event is termed as ventricular systole, 
during which semi-lunar values are opened. The blood is pumped into the respective aortae. The 
volume of blood pumped per minute by the left ventricle into the systemic circuit is called 
cardiac output. 
 
 
Q) Why white blood corpuscles are known as soldiers of the body? 
 
A) WBCs defend against diseases e.g., neutrophils and monocytes engulf germs by phagocytosis 
and digest them that enter the blood stream. Lymphocytes produce antibodies and antitoxins that 
kill the germs. Due to all these reasons WBCs are known as soldiers of the body. 
 
Q) What are LUB and DUP? 
 
LUB:  
The ventricular systole is known as LUB. 
 
DUP: 
The ventricular diastole is known as DUP. 
 
 
 
 
Q) Define Heart Murmur. 
 
HEART MURMUR 
Heart murmur is a defect of one or more values which may be detectable as a hissing sound. 
 
 
Q) Why the capillaries have a single layer of endothelium? 
 
A)  Capillaries have a single layer of endothelium which presents very little resistance to the 

diffusion of dissolved substances in or out. The material exchange b/w cell and capillary 
occurs only by diffusion or active transport, so for this process wall should be thin. That 
is why capillaries have a single layer of endothelium. 

 
Q) Describe single circuit plan in fish. 
 
Single Circuit Plan in Fish 
The heart of fish is two chambered; one is atrium and second is ventricle. Blood 
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from the body enters atrium through a thin walled sinus venosus which opens into a muscular 
ventricle. When the ventricle contracts the blood is pumped into the ventral aorta via conus 
arteriosus. From the aorta, the venous blood passes into the afferent branchial arteries into the 
gills for oxygenation. Since the blood flows through the heart only once during each circuit of 
the body, the fishes are said to possess a single circuit plan. 
 
 
Q) Describe double circuit plan in Amphibians and Reptiles. Or Why we say that 
amphibians and reptiles have incomplete double circulation? 
 
Double Circuit Plan 
In amphibians and reptiles the heart consists of three chambers, two atria and one ventricle. The 
oxygenated blood from the lungs is returned to the left atrium through the pulmonary veins. 
Whereas the deoxygenated blood from the body is passed to the right atrium via sinus venosus 
by the anterior and posterior vena cava. These two types of blood remain separated due to atrial 
septum but get mixed to some extent with in the ventricle. Since the oxygenated and 
deoxygenated blood are mixed, the circulation is known as incomplete double circulation. 
 
Q) Describe pulmonary and systemic circulation in birds and mammals. Or Why we say 
that birds and mammals have complete double circulation? 
 
Pulmonary and Systemic circulation in birds and mammals: 
In birds and mammals the heart is four chambered with two atria and two ventricles. The right 
atrium and right ventricle are completely separated from the left atrium and left ventricle by inter 
atrial and inter ventricular septum. The right side receives deoxygenated blood and the left side 
oxygenated blood. The blood circulates through the heart twice. Once as deoxygenated blood on 
the right side, from where it is pumped to the lungs for oxygenation (pulmonary circulation). 
Next time as oxygenated blood on the left side to be distributed to all the parts of the body except 
lungs (systemic circulation). Thus it is known as complete double circulation. 
Q) Trace the evolution of heart in vertebrates. 
 
Evolution of heart in vertebrates: 
In the evolution of heart many changes have taken place. 
 
Fishes 
In fishes the heart is S-shaped having only two chambers. The atrium receives the blood through 
a thin walled chamber of the veins, the sinus venosus that opens into ventricle which pumps the 
blood through conus arteriosus into the body. 
 
Amphibians  
The heart is tri-chambered, two artria and one ventricle. The right atrium receives deoxygenated 
blood from the body and left atrium receives oxygenated blood from the lungs. But these two 
types of blood get mixed in ventricle to some extent. 
 
Reptiles 
The heart is tri-chambered with a beginning of the partition of the ventricle by inter-ventricular 
septum which is complete in crocodilians. 
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Birds and Mammals 
They have four chambered heart, two atria and two ventricles. The two types of blood remain 
separate. The oxygenated blood circulates through the left side and the deoxygenated through the 
right side. This brings about a complete double circulation. 
 
 
Q) Write a note on blood. 
 
Blood   
Blood is a viscous, red fluid connective tissue, comprising a colourless plasma in which the 
blood corpuscles float. 
 
Plasma 
Plasma constitutes about 55% of the blood. It is viscous fluid containing a mixture of inorganic 
salts in true solution form and blood proteins (albumins, globulins and fibrinogen) in colloidal 
form. Plasma also contains glucose, amino acids, triglycerides, urea, harmones, enzymes and 
auto toxins. The water forms 90% of plasma. 
 
Blood Corpuscles 
They are of two types. 
 
1) Red blood corpuscles (Erythrocytes) 
These are biconcave, non nucleated circular plate like cells. Their average diameter is  
7-8U. They contain hemoglobin which is an iron bound protein. The RBCs are formed in bone 
marrow of sterum and ribs etc and are destroyed after 120 days by phagocytosis in spleen or 
liver. The iron is retained and the rest is passed as bile pigments bilirum and biliverdin. RBCs 
contain an enzyme carbonic anhydrase. 
2) White blood corpuscles (leucocytes) 
They are irregular, nucleated, larger but less numerous than the RBCs. They are formed in bone 
marrow, spleen, thymus and lymph nodes. They are destroyed after 20-30hrs. 
Leucocytes may be categorized into two types on the basis of presence of grancules in the 
cytoplasm. 
 
a) Granulocytes ( Polymorphonuclear) 
They contain granules. E.g., Neutrophils, Eosinophils and Basophils. 
 
b) Agranulocytes (Mononuclear) 
They do not contain granules. E.g., Monocytes, Lymphocytes.  
Neutrophils and monocytes are phagocytic where as lymophocytes, Eosinophils and Basophils 
produce antitoxins, Histamine and Heparin. 
 
Platelets 
They are irregular cell fragments, non-nucleated, produced within the bone marrow. They help in 
blood clotting. 
 
Q) Write function of blood. 
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Functions of Blood 
Blood performs many functions, The first five functions given below are carried out by plasma. 
 
Transport of Nutrition 
Blood transports digested food, water and other substances from the gut to the various parts of 
the body. 
 
Transport of waste substances 
Blood transports waste substances from the tissues to the excretory organs for their discharge. 
 
Transport of metabolic by products 
Blood transports metabolic by products from the area of production to other parts of the body. 
 
Transport of harmones 
Blood transports harmones from the endocrine glands to the target organs. 
 
Distribution of heat 
Blood helps to maintain a uniform body temperature. 
 
Transport of O2 and CO2 
Blood transports O2 from lungs to all parts of body and CO2 from the cells to the lungs. 
 
Defense against diseases 
Neutrophils and monocytes and engulf and digest the germs and lymphocytes produce antibodies 
to prevent from diseases. 
 
Protection against its own loss 
Blood protects its own loss by clotting over the injured part. 
 
 
Q) Describe arteries, veins and capillaries. 
 
Arteries 
Arteries are thick walled vessels consisting of three layers. The outer tunica externa composed of 
fibrous connective tissue having collagen fibers. The middle layer tunica media has smooth 
muscles and elastic fibers. The inner tunica interna consists of squamous endothelium. The 
arteries are elastic and pulsatile. They contain a small lumen. The smaller arteries are known as 
arterioles. They contain sphincters at their capillary ends which regulate the flow of blood into 
the capillaries. The arteries carry oxygenated blood except the pulmonary arteries. 
 
Veins 
Veins are thin walled blood vessels. They are composed of three layers, outer tunica externa, 
middle tunica media and inner tunica interna. Veins are less elastic. Their lumen is large 
semilunar values are present which prevent the back flow of blood. The veins carry 
deoxygenated blood except the pulmonary veins. 
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Capillaries 
Capillaries are extremely narrow (7-10U in diameter), thin walled microscopic vessels. Their 
walls consists of single layer of endothelium which presents very little resistance to the diffusion 
of dissolved substances in or out. The close approximate b/w the capillaries and the tissue cells 
facilitates the exchange of materials. 
 
Q) Write brief notes on the following. 
1) S-A node 2) Pace maker  3) A-V node  
4) Artificial pace maker 5) Blue babies 
 

1) S-A node:- 
 The stimulus for contraction of the heart originates in a specific region of the right atrium called 
sino-atrial node. It is a vestige of sinus venous. It consists of cardiac  muscle fibres, possessing 
few myofibrils and few nerve endings of autonomic nervous system. 
 

2) Pace maker:- 
S-A node is known as pace maker because each wave of excitation for the contraction of atria 
begins here and acts as the stimulus for the next wave of excitation. 

 
3) A-V node:- 

A trio-ventricular node is located in the right atrium below S-A node. A-V node is stimulated by 
the wave of exitement send the S-A node. It’s excitation travels all parts of the ventricles through 
two bundles of his in the ventricular septum  and then into the walls of the ventricle through 
purkinje fibres. As a result ventricles contract. There is a delay of about 0.15 seconds in 
conduction from the S-A node to A-V node permitting a trial systole to be completed before 
ventricular systole begins. 

4) Artificial pace maker:- 
It is a device that supplies electrical impulses to the heart to maintain the heart heat at a regular 
rate. It consists of a small electronic device and power source connected to heart via on electrical 
wire. it is implanted beneath the skin in the chest when a person’s SAN is not functioning 
properly. 
 

5) Blue babies:- 
It is known a s cyanosis. Cyanosis is a bluish discoloration of the skin and mucous membrane 
due to excessive concentration of reduced hemoglobin in the blood. The most common cause of 
cyanosis is cyanotic heart disease. In this disease, there is abnormal connection b/w right and left 
side of heart which leads to mixing of oxygenated and deoxygenated blood. This abnormal 
connection is due to atrial septum defect, ventricular septum defect or persistant ductus 
arteriosus.  

 
 
Q:- Differentiate b/w arteries and veins? 
 

Arteries  Veins 
1) Arteries are thick walled vessels,  
2) Arteries have more elastic fibres. 
3) Their lumen is small 

1) veins are thin walled vessels. 
2) Veins have less elastic fibres. 
3) Their lumen is large. 
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4) They do not contain semi lunar  
             valves. 

5) The pressure of blood flowing   
            through then is high and are      
            pulsatile. 

6) Blood flows rapidly with jerks in    
            pulsations. 

7) They carry oxygenated blood  
             except pulmonary arteries. 

8) The arteries are deep seated and  
            do not collapse when empty. 

9) Smaller arteries are known as  
            arterioles. 
  

4) They contain semi lunar valves. 
5) The pressure of blood flowing  
through them is low and are non- 
pulsatile. 
6) Blood flows slowly and smoothly. 
7) They carry deoxygenated blood 
except pulmonary veins. 
8) The veins are superficial and  
collapse when empty. 
9) The smaller veins are known as  
veinules. 

 
 
 
 
 
 
 
 
 
 
 
Blood pressure:- 
Blood pressure is the hydrostatic force exerted by the blood against unit area of the vessel 
wall. Blood pressure is measured by sphygmomanometer. It is measured of mercury (mmHg) 
when the walls of arterioles are constricted (vasoconstriction), the blood pressure rises; when 
they are dilated (vasodilation) the blood pressure falls. This constriction and dilation is due to 
contraction and relaxation ofsmooth muscles of alterioles. 
Blood in the arteries of the average adult exerts a pressure is aobout 120 mm Hg during 
diastole of verticles and 80 mmHg during diastole. This is expressed as 120 / 80 mmhg. 
 
Pulse pressure:- 
The difference b/w systolic and diastolic pressure is called pulse pressure. 
 
 
Q:-  Differentiate b/w vasoconstriction and vasodilatation. 
Vasoconstriction  Vasodilatation 

1) When walls of the arterioles are 
constricted , it is known as 
vasoconstriction. 

2) In this blood pressure rises. 

1) When walls of the arterioles are 
dilated, it is kn0own as 
vasodilatation. 

2) In this blood pressure falls. 
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Q:- What are lymph and lymphatic system? Write known the function of lymphatic 
system. 
 
Lymphatic 
Lymph can be defined as a colourless body fluid that contains lymphocytes, small proteins 
and fates. 
 
Lymphatic system  
A system of blind vessels (lymphatic) that drains lymph from all over the body back into the 
blood stream is called lymphatic system. In addition to lymphatic and lymph it consists of 
lymph nodes. Spleen, thymus, tonsils and some of the patches of tissues in vermiform and 
small intestine. 
 
Functions of lymphatic system 
Following are the function of lymphatic system 
 
1) Drainage system:- 
Lymphatic vessels act as drainage channels for water and plasma proteins that have leaked 
away from blood at capillary bed and that must be delivered back to blood  circulation. 
Without which death can occur in 24 hours. 
 
2) Defense of the body 
Microorganisms, foreign cells, cellular debris in the lymph are removed by macrophages 
residing in the lymph nodes. 
 
3) Absorption and delivery of fats:-  
Lymph capillaries called lacteals penetrate the villi of the small intestine where  
Fats are absorbed and delivered to the blood circulatory system . 
 
 
Q:- What is Edema? What are its causes? 
Whenever the tissue fluid accumulates rather than being drained into the blood by the 
lymphatic system, tissues and body cavities become swollen. This condition is known as 
edema. 
 
Causes of edema:- 
One of the common cause of edema is severe dietary protein deficiency, when  
starved for amine acids, the body consumes its own blood proteins. This reduces the  
osmotic potential of the blood causing tissue fluid to accumulate in body tissues.  
Resulting in edema. 
Another cause of edema is lymphatic obstruction, which results in more and more  
protein collection in the local tissue fluid hence, the volume increases.  
The commonest cause of lymphatic obstruction is filariasis. Sometimes increaed premeability 
of the capillaries due to burns or allergic reactions causes edema. 

 
 
Q) What are cardio vasular disorders? Give a breif description of each of them. 
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Cardio Vascular Disorders  
Deiseases of heart, blood vessels and blood circulationa are termed as Cardio vasular disorders. 
Some cardio vasular diseases are as follows: 
 
Atherosclerosis 
It is a disease of the arterial wall which loses its elasticity and gets narrower. The narrowing is 
due to the formation of fatty lesions called atheromatous plaques in the inner lining of the 
arteries. These plaques consist of low denisty lipoproteins, decaying muscles cells, fibrous tissue, 
clumps of blood platelets and sometimes calcium. 
 
The possible causes of atherosclerosis are smoking, hypertension, male gender, obesity, physical 
inactivity, high serum cholestorl level, severe diabeties and possibly an anxious or aggressive 
personaltiy.  
 
Atherosclerosis can cause angina pectoris. 
 
Hypertension 
When the mean arterial pressure is greater than the upper range it is known as hypertension. 
Hypertension is called as silent killer. Due to hypertension the heart may enlarge and fail to 
pump the blood effectively. 
 
Several factors such as heredity, higher intake of salts in diet, smoking obesity and disorders of 
kidney are responsible for hypertension. Usually a mean arterial pressure of greater than 110mm 
Hg under resting conditions is considered to be hyptertensive. 
 
Thrombus formation 
The process of blood clot formation is knowna s thrombasis. Ahterosclerotic plaques initiate the 
formation of blood clot. As the growth of the plaque and clot progresses, the luman of the artery 
narrows or completely blocks. Ultimately the blood supply to the organ is either reduced or 
prevented. Thus the function of the organ is imparied. Thrombus of the coronary artery or carotid 
artery may be fata. If a clot travels in the blood stream, it is called embolus. 
 
Coronary Thrombosis 
Narrowing or blockage of one of the coronary arteries by a thrombus is called coronary 
thrombosis. This causes a section of the heart muscles to die. Sudden blockage of a coronary 
artery can cause a acute heart attack. 
 
Myocardial infraction (Heart Attack) 
It refers to the death of the part of heart muscles. It is commonly known as heart attack. Due to 
the blockage of any of the coronary artery, the blood supply to some cardiac muscles stops. The 
area of heart muscle which has zero or little flow of blodd that it cannot function is said to be 
infarcted and the process is called myocardial infraction. This disease is characterized by severe 
continuous chest pain. 
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Stroke 
Storke implies to damage the part of the brain caused by interruption of blood supply or leakage 
of blood outside of vessel. Paralysis of one side of the body may occur, known as hemiplegia. 
Hypertension and atherosclerosis are  among the most common causes. 
 
Prevention 
1)  The stroke can be prevented by keeping the blood pressure at normal range through a 
proper diet. 
2) Salts should be used in less quantity. 
3) Fats should also be reduced especially cholesterol. 
4) Exercise should be made a regular habit of life.  
5) Smoking should be avoided. 
 
Haemorrhage 
The haemorrahage is defined as the escape of blood from the vessels. The massive accumulation 
of blood within a tissue is called haemotoma. The most dangerous haemorrahage is the brain 
haemorrhage causing stroke. 
 
 
 
 
 
Q) What is immune system? Describe the innate immune system and adaptive immune 
system. 
 
Immunity 
Animals body is always exposed to the invasion of countless infectious micro organisms such as 
virus, bacteria etc. such invansion in number of cases are overcome. The ability of the body to 
resist micro organisms their tosins if any foreign cells and abnormal cell of the body is termed as 
immunity. 
 
Immune System 
Immune system is collection of cells and proteins that work to protect the body from potentially 
harmful, infectious microorganism. 
The immune system can be divided into two functional divisions. 
 
I) Innate Immune System  II) Adaptive Immune System 
 
 
1) Innate Immune SYstem 
It is responsible for natural immunity. It consists of physical (e.g., skin, mucous membrances) 
and chemcial (e.g., lysozyme, gastic juice etc) barriers against infectious micro-organisms. Skin 
and mucous membrance act as first line of defense. The skin provdies an impenetrable barrier ot 
the vast majority of infectious agents. Most of the micro organisms present in food or trapped in 
swalloed muscus from the upper respiratory tract are destroyed by the highly acidic, gastric juice 
of the stomach. 
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Sceond line of defense consists of phagoecytes, anteimicrobial proteins and inflammatory 
response. 
 
Phagocytes are cetrain type of WBC which destory infectious agents. Neutrophils ingest bacteria 
very actively. Macrophages destroy micro organisms. 
 
Another group of WBC that natural killer cells (NK cells) destroy virally infection own cells of 
the body. They also attack zbnormal cells (cancerous cells). NK cells bind to their target cell, 
release some pore forming proteins into the target cell which cause lysis of the target cell. This 
kind of destorying the target cells is called cytoxicity. 
 
Among antimicrobial proteins, lysozymes, compliment proteins and interferons are important. 
Lysozomes causes the lysis of bacteria. Complement proteins directly cause lysis of bacteria. 
Interferons induce a state of antiviral resistance in uninfected thissues of the body. 
 
Inflammation is the body’s reaction to an injury or by the entry of microorganisms. A cascade of 
chemical reactions takes place during inflammatory response. It si characterized byheat, 
rednessm swelling and pain the injuired tissue. When injuired basophils and mast cells release 
histamine. Due to which phagocytes and macrophages are attracted at the injuired site. Thus 
phagocytes eat up microorganisms, dirt cell debris etc. 
 
In case of warm blooded animals, microorganisms escaping away from the inflammatory 
response may trigger fever. It is due to pygrogen released by WBC. Moderate fever contributes 
to the defense of the body. 
 
2) Adaptive immune system 
It produces specific immune response against invading  organisms, toxins, transplanted tissues 
and tumor cells. This is the third kine of defense. The responses of the adaptive immune system 
are provided by two types of lymphocytes called B cells and T cells. 
In order of develop a specific immune response, the immune system must recognize the invading 
substance. A foreign substance that elicits immune response is called antigen. The immune 
system responds to an antigen by activating lymphocytes and producing specifc, soluble proteins 
called antibodies. The antibody combines with the antigen and helps to eliminate it from the 
body. The immune system has also the ability ot memorize antigens it has enocuntered. Thus 
upon subsequent exposure to the same pathagen, it responds very quickly. 
 
Q) What is immunity? What are active and passive immunity? Describe humoral and cell 
mediated immunity. 
 
Immunity  
The ability of the body to resist micro organisms, their toxins, foreign cells and abnormal cells of 
the body is termed as immunity. 
 
Active Immunity 
Immunity acquired by own immune response is called active immunity. If it is a conseuqnece of 
natural infection, it is said to be “naturnal active immunity”. Active immunity can be acquired 
artifically by vaccination. In this tcase it is said to be “artificial active immunity.” 
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Passive Immunity 
It depends upon the antibiodies transported from another person or even an animal. It could be 
natural passive immunity, if antibodies transferred to one person were derived from another of 
the same species. E.g. a pregnant woman passes after antibodies to her baby. 
Passive immunity can also be transferred artifically by introducing antibodies dervied from 
animals or human being who are already immune to that disease. This is termed as artifical 
passive immunity e.g., rabies is treated in man by injecting antibodies derived from persons who 
have been already vaccinated against rabies. 
 
Humoral Immunity 
Immunity provided by the antibodies secreted in the circulatory system by B cells is termed as 
humoral immunity. This is particularly helpful in bacterial invasion. Each B cell has specific type 
of antibodies on its cell surface. This antibody serves as antigenic receptor. When an infection 
occurs, the antibodies borne by a few B cells will bind to antigens on the surface of the 
microorganisms. Antigen-antibody comple binding causes such B cells to divide rapidly to give 
rise enlarged effector cells called plasma cells which secrete antibodies into the circulation that 
help eliminate that particular antigen, some of the efftor cells do not secrete antibody, they 
become memory cells. The memory cells play important role in future immunity to this specific 
organism in case of re infection. 
Cell mediated Immunity 
Cell mediated immunity is contributed by the second family of lymphocytes called T cells, 
which do not secrete antibodies. They mediate immunity by killing infected cells and arding in 
inflammation. This is parituclarluy imporant in the defense against virus as well as some 
parasites that hide within the host cells, and fungi. Several types of T cells contribute to cell 
mediated immunity. 
 
1) Helper T cells (TH). (2)  Cytotoxic T cells (Tc)  (3) Suppressor T cells (Ts) 
Like B cells. Helper T cells and cytotoxic T cells have antigenic receptors called T cell receptors 
on their plasma membrane. 
Helper T cell receptors actually recognize a combination of antigen fragment and one of the 
body’s own self marker called “Major Histo- Compatibility Complex (MHC) Class II” molecules 
on the surface of macrophage or B cells. 
On the other hand the receptors on the surface of cytotoxic T cells arecognize a  
combination of antigenic fragment and self surface marker molecules called MHC class I which 
are found on every nucleated cells of its own body. 
 
After the infection is conquered, anot5her group of T cells called suppressor T cells seems to 
shut off the immune response in both B cells and cytotoxic T cells. 
 
During CMI response some T cells turn into memory T cells to protect the body in case of re-
infection in future. 
 
Q: - Describe briefly primary and secondary immune responses. 
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Primary immune response: - 
The first exposure of an antigen to the immune system elicits formation of clones effecter cells 
top develop specific immunity. This response of the immune system is termed as primary 
immune response. Beginning from the infection to the development of maximum effecter cells 
takes 5 to10 days. 
 
Secondary immune response: - 
There is always a risk of re-infection with the same pathogen. In such case, the immune response 
is always quicker than the first one. This is known as secondary immune response. It develops to 
its maximum within 3 to 5 days,. This quicker response is due to immunological \memory of the 
immune system. It is based upon the long lasting memory cells produced with the short-lived 
effecter cells of the primary immune response. The development of memory cells may provide 
life long protection against some diseases like chicken pox. 
 
Q:- What are cytokines ? 
Cytokines (Lymphokines): 
Cytokines or the hormones of the immune system are protein molecules secreted by the cells of 
the immune system to regulate the immune responses various cytokines including a range of, 
interferons etc. have been recognized. 
Interferons:- 
Interferons belonging to the group of cytokines are a group of proteins produced naturally by 
body cells in response to viral infections and other stimuli. They inhibit viral multiplication and 
increase the activity of the natural killer cells. 
 
Immunization  
Immunization is the process of inducing imunity as a preventive measure against certain 
infectous diseases. The incidence of a number of diseases (e.g diphtheria, measles) has declined 
dramatically since the introduction of effective immunization programmes. Once thought to be 
the dreadful diseases like tuberclulosis etc. is now under control through immunization and 
treatment.   
 
 
 
 
  
 
 
 


