
 

 

  

Biodiversity 
• Trace the discovery of virus. 
• Classify viruses on basis of their 

structure or number of 
strands/diseases/host etc. 

• Identify symptoms, mode of 
transmission and causes of viral 
disease (AIDS). 



 

 

Viruses 
The word virus is derived from Latin word ‘venome’ which means poisonous fluid.  
Viruses are: Non-cellular, submicroscopic infectious agents which contain either 
RNA or DNA, enclosed by proteinaceous coat, and reproduce only in living cells 
(obligate intracellular: parasites) Viruses use biosynthetic machinery of the host to 
make their materials and then transfer to their cells. Study of virus is known as 
virology. 
 
Historical Background of Virus 

Some viral diseases have been known from centuries.  
The first infectious disease against which presentation was developed was a viral 
disease.  
1. Work of Edward Jenner: 

In 1796. Edward Jenner discovered an effective method for the prevention of 
a viral disease small pox. He removed material from cowpox lesion on the hand 
of milkmaid and injected into an 8 years old boy (James Phipps). After six 
weeks the boy was injected with pus from a small pox victim. He did not 
develop the disease. Jenner used material for vaccination from cowpox 
lesions and successfully vaccinated 23 persons. As the material was obtained 
from cow (called vacca in Latin), this method was named as vaccination by 
Louis Pasteur. 

2.  Work of Charles Chamberland: 
Charles Chamberland (1884) found that bacteria cannot pass through 
porcelain filters. However, agents responsible for rabies can pass through 
these filters. 
Any toxic substance that caused disease was called virus. These unseen 
filterable agents of rabies were called as filterable viruses.  
Rabies is a disease which is transferred to human by bites of rabid dogs, foxes, 
cats, bats and other animals.  

3.  Work of Ivanowski: 
In, 1892, lvanowski discovered that the agent which caused tobacco mosaic 
disease was filterable. 
He obtained bacteria free filtrate from infected plants and placed it on healthy 
leaves of tobacco. 
The filtrate caused the disease in healthy plants. 
Later these ultramicroscopic agents were also observed in victims of many 
diseases including foot and mouth disease (1898) and yellow fever (1901).  
In 18?8 the Dutchman Beijerink formed the name 'virus' (Latin for poison) to 
describe the infectious nature of certain filtered plant fluids.  
Although progress was made in isolating highly purified samples of viruses 
and in identifying them chemically as nucleoproteins (nucleic acids combined 
with proteins). the particles still proved mysterious because they were too 
small to be seen with the light microscope. They were among the first 



biological structures to be studied when the electret, microscope was 
developed in the 1930s.  
Stanley (1935) crystallized the tobacco mosaic virus.  

Characteristics of Viruses 

Viruses are small infectious agents and can be seen under electron microscope. They 
nave following characteristics:  
1. Size:

They range in size from 250 nm of Pox viruses to 20 nm of Parvoviruses.
2. Filterable:

They are 10 to 1000 times smaller than bacteria. So they can pass through the
pores of filter from which bacteria cannot pass.

3. Obligate Intracellular Parasites:
Viruses cannot grow on artificial media. They can reproduce in animal cells,
plant cells or in microorganisms.
Here they reproduce by replication (a process by which many copies or
replicas of virus are formed).
Therefore, the viruses are obligate intracellular parasites.

4. No Metabolic Machinery:
Viruses have no metabolic machinery for the synthesis of their nucleic acid
and protein They depend on the host cell to complete vital functions.

5. Disease Production:
They can cause disease in the host during reproduction.

6. Resistant to Antibiotics:
They are generally resistant to many antibiotics such as penicillin,
streptomycin and others. Each type of virus will recognize and infect only
certain types of cell. In other words, viruses are highly specific to their hosts.

Structure of Virus 

Virion: 
The complete, mature and infectious particle is known as virion. It has following 
parts: 
1. Genome: The virions are composed of a central core of nucleic acid (DNA or

RNA) which is also called genome.
2. Capsid: The genome is surrounded by a protein coat, the capsid.

Nucleic acid and capsid is collectively called nucleocapsid.
Capsid gives definite shape to virion.
Capsid is made up of protein subunits known as capsomeres.
The number of capsomeres varies in a particular virus.

Examples: 
• 162 capsomeres in the capsid of herpes virus.
• 252 capsomeres in the capsid of adenovirus which cause some common colds.



 

 

Enveloped or Naked Virions:  
(i) In some animal viruses the Nucleocapsid is covered by a membrane 

called envelope. This membrane is derived from the host cell.  
(ii) The viruses which are not enveloped are known as naked virions. 

 
  Figure 1. A bacteriophage 

Shapes of Animal and Plant Viruses 
Animal and plant viruses may be: 

• polyhedron (having many sides) 
• helical (spiral) 
• enveloped or 
• complex 

 
Shapes of Bacteriophages:  
These have two shapes (structural forms): 

1. Cubical: These arc regular solid or icosahedral (having 20 triangular faces). 
2. Helical Symmetry: They are rod shaped. Many phages consist of head and tail. 

The heads are polyhedral but tails are rod shaped. 
 

Structure of Bacteriophage 
Bacteriophage meaning bacteria eater, earlier workers studied few phages 
that infect Escherichia coli. Of these the best phages are T phages (T for type). 
Two main types of T phages are T2 and T4.  
 

Structure of T4: 
The structure under electron microscope looks like a tadpole and consists of 
head and tail.  



 

 

1. Head: The head is elongated having Pyramidal (having two triangular 
structures with common. base), hexagonal or prism shaped structure to it 
straight tail is attached. Head contains double stranded DNA.  

2. Tail: The structure of tail is more complex than head. Tail has a core of protein 
which is surrounded by a sheath of another protein. On one side of the sheath 
is collar and on the other side is end plate (Base plate). Six tail fibers are 
attached to the end plate. These fibers are for attachment.  

Volume of the Phage:  
It is about 1/1000 of the host.  
 

Classification of Viruses 
Different types of plant, animal and. bacterial viruses are classified on the basis of 
morphology, cover and nucleic acid properties.  

1. Genetic Material: The genetic material may be DNA or RNA 
2. Cover: The genetic material may be naked, enveloped or complex. 
3. Morphology: On the basis of morphology viruses are classified into rod 

shaped (T.M.V), spherical (poliovirus), tadpole like (bacteriophage) and many 
more figure.  
 

Retroviruses (Oncoviruses) 
RNA tumor viruses are widely distributed in nature: These produces tumor in the 
fowls, rodents, cats and many other animals. The most familiar virus is the human 
immune deficiency virus (HIV) which causes acquired immune deficiency syndrome 
(AIDS). 

1. Structure: They are single stranded RNA viruses which are spherical in shape 
and about 100 nm in diameter. They are enveloped by host plasma membrane. 

2. Characteristics:  
Retroviruses have following characteristics: 

a. Host Specificity: 
i. A few retroviruses are non-specific and can infect any cell. Most 

of them infect host cell that have required receptors.  
ii. In the case of AIDS virus, the host ceil has a receptor that allows 

viral adsorption and penetration of many types of leukocytes 
(white blood cells) and tissue cells. 

b. Reverse Transcriptase: 
i. The retroviruses have a special enzyme called reverse 

transcriptase. It can convert a single stranded RNA genome into 
double stranded viral DNA. 

c. Mode of Action:  
i. The DNA of the retrovirus infects the host cells. They also unite 

with host genome as a provirus that can be passed to progeny 
cells. In this way some of the retroviruses can converts normal 
cells into cancer cells. 

 
 



 

 

Diseases Caused by Viruses 
1. Small Pox: 

a. Virus: It is caused by pox viruses: This virus is DNA enveloped. 
b. History: This disease occurred as epidemic in China in 12th century B.C. 

Until the early 20th century, it was common. 
c. Symptoms/Effects: This disease results in the formation of raised fluid-

filled vesicles on the body. These become pustules later on and form pitted 
scars, the pocks. 

d. Prevention: By 1950’s immunization and other control measures had 
decreased the disease. However, it is still present in the third world 
countries where many people are affected. 

2. Herpes Simplex: 
a. Virus: It is caused by Herpes virus (DNA virus). It is naturally occurring 

disease of mankind. 
b. Symptoms / Effects: This disease most occurs in the mouth. on the lips, 

and at other skin sites. In this disease vascular lesions are formed in the 
epithelial layers of ectodermal tissues. 

3. Influenza: 
a. Virus: Influenza viruses are enveloped RNA viruses. 
b. Epidemic Disease: It is very common in man and occurs in epidemic form. 

4. Mumps and Measles: 
a. Virus: Mumps and Measles viruses belong to group paramyxoviruses. They 

are large, enveloped, RNA viruses. 
b. Occurrence: It is highly contagious (communicable) wide spread, but 

rarely fatal. About 60 of adults are immune to it. 
c. Measles is a common disease among children and adults all over the world. 

This disease develops immunity in its victim. 
5. Polio: 

a. Virus: Poliomyelitis is caused by polio virus. It is the smallest known virus. 
It contains RNA in spherical capsid. 

b. Occurrence: It is present all over the world. It occurs mostly in children. 
The age at which primary infection occurs depends upon social and 
economic factors.  

6. Acquired Immunodeficiency Syndrome (AIDS): 
a. Discovery: The AIDS was reported by some physicians in early 1980's in 

the young males. All these young patients were homosexuals. 
i. This disease was also discovered in non-homosexual patients who 

were given blood (blood transfusion) or blood products. 
ii. In 1984 the agent causing the disease was identified by research 

teams from Pasteur Institute in France and National Institute of 
health in USA. 

iii. In 1986 the virus was named as human immunodeficiency virus  
(HIV). 



b. Symptoms: The patient has complex symptoms such as severe pneumonia,
a rare vascular cancer, sudden weight loss, swollen lymph nodes and
general loss of immune system.

c. Pathogenicity: The major cell infected by HIV is the helper T -lymphocyte.
It is the major part of the immune system.

i. The decrease of helper T-lymphocytes results in failure of the
immune system. Now the infected person is susceptible to other
diseases. Cells of central nervous system can also be infected by
HIV.

d. Host Specificity: It has been found recently that HIV infect and multiply in
monkey but do not cause disease in them. It means that HIV is host
specific.

Fig. Human immunodeficiency virus (HIV) 

e. Transmission: The HIV is transmitted by:
(a) Sexual contact
(b) Contact with blood
(c) Breast feeding and
(d) Healthcare workers can also acquire HIV during professional
activities.

h. Prevention: Important preventive measure is avoiding the direct
contact with HIV. Intravenous injection if drugs with common syringes
must be prevented. Sterile needles/syringes and utensils must be used.

i. Vaccination: Now the vaccine against HIV has been formed and its
experimental supply to humans started in early 200 I in South Africa.



Fig. 2. Infection cycle of HIV 

Hepatitis: 
(i) Pathogenicity:

It is an inflammation of the liver. It is usually caused by viral infection, toxic
agents or drugs.

(ii) Following are symptoms:
(a) Jaundice (b) Abdominal pain
(d) Fatigue and   (e)  Sometimes fever
It may be mild or can be sharp and can lead to liver cancer.

(iii) Liver enlargement

Types of Hepatitis: 
Following are different types of hepatitis: 
Hepatitis A: 

It was formerly called infectious hepatitis. 



 

 

Hepatitis A virus (HAV) is an RNA virus (non-enveloped). 
The disease is mild, short term and less virulent. 
It is transmitted by contact with feces from infected individuals. 
Vaccine is available for HAV. 

Hepatitis B: 
It is also called serum hepatitis. Hepatitis B (HBV) is the second major form of 
hepatitis.  

 (i)  Virus:  
Hepatitis B virus (HBV) is a DNA virus.  
(ii) Occurrence:  
It is very common in Asia, China, Philippines, Africa and the Middle east. 
(iii) Transmission:  
It is transmitted by the exchange of body fluids, for example blood serum, 
breast milk and saliva.  
During birth it is transmitted from mother to child.  
It is also transmitted by sexual contact.  
(iv) Symptoms:  
During acute attacks of Hepatitis B different symptoms appear like fatigue, 
loss appetite and jaundice. 
Infected persons can recover completely and become immune to the virus.  
People with chronic hepatitis infection are at the risk of liver damage.  

Prevention:  
Hepatitis can be controlled by:  
Taking hygienic measures, Vaccination. (Genetically engineered vaccine is 
available for HBV) and screening of blood/organ/tissue of the donor.  
 

Hepatitis C: 
It was formerly called non-A. non-B hepatitis.  

 (i) Virus:  
Hepatitis C virus (HEV) is also RNA virus (enveloped) 
(ii) Symptoms / Effects:  
It causes infusion hepatitis, which is less severe than hepatitis A or hepatitis 
B.  
However, hepatitis C often leads to chronic liver disease. 
(iii) Transmission:  

Through blood from mother to child during pregnancy and afterward 
and by sexual contact. 

Note: Vaccine is not available for HCV.  
 

Hepatitis D: 
It is also called as delta hepatitis.  

Hepatitis E: 
HEV is transmitted through the feces of an infected person.  
Halbur and coworker (2001) said that hepatitis E could be transmitted through 
pig.  



 

 

3. Hepatitis F and G:  
Hepatitis F & G are caused by unidentified virus.  

Prions 
These are infectious proteins discovered in 1983. They contain the information that 
codes for their own replication. All other organisms contain their genetic information 
in nucleic acid (DNA or RNA).  
Effects  
Prions are responsible for: mad cow infection and mysterious brain infection in man.  
 

Life Cycle of Bacteriophages 
The bacteriophage replicates only inside the bacterial cell. 
There are many steps in replication.  
Attachment (Adsorption) of Phage to the Host Cell:  
First of all, the bacteriophage attaches to the bacterial cell at receptor site. The 
receptor sites are present on the cell wall of bacterium.  
During attachment week chemical union occurs between virion and the receptor site. 
Penetration:  

• In this step the tail releases the enzyme lysozyme. This enzyme dissolves a 
portion of the bacterial cell wall. 

• The tail sheath contracts and tail core is forced into the cell through cell wall 
and cell membrane. 

• The virus injects its DNA into the cell (just as the syringe is used to inject the 
vaccine).  

• The protein coat, consisting of head and tail, remains outside the cell.  
• Many animal viruses enter the host cell as a whole.  

After penetration one of the following cycles takes place: 
(i) Lytic cycle  (ii) Lysogenic cycle 
 

1. Lytic Cycle: 
During lytic cycle following steps occur:  
(a)  Multiplication: Soon after entering the bacterium, the viral DNA takes 

the control of the biosynthetic machinery of the host.  
The host is forced to synthesize viral DNA and proteins. As a result, 
viruses begin to multiply.  
Within 25 minutes about 200 new bacteriophages are formed.  

(b)  Lysis: After the formation of bacteriophages, the bacterial cell bursts 
(lysis occurs). 
Newly formed bacteriophages are released to infect other bacteria. A 
new lytic cycle may start. 
The phage that causes lysis of the host cell is called lytic or virulent 
phage.  

 
2. Lysogenic Cycle: 

In some cases, instead of lytic cycle, lysogenic cycle takes place. It occurs as 
follows:  



 

 

(a)  Formation of Prophage: The viral DNA does not take over the control 
of host's machinery. 
The DNA is incorporated into the bacterial chromosome. Phage at this 
state is called prophage and this process is known as lysogeny.  
The phage which causes lysogeny is called temperate (lysogenic) 
phage.  
Lysogenic bacteria are resistant to infection by the same or related 
phages.  

(b)  Replication: During lysogeny the bacterium lives and reproduces 
normally.  
Viral DNA is the part of bacterial chromosome and passes to each 
daughter cell generation after generation.  

(c)  Induction: Sometimes the viral DNA detaches from the chromosome of 
the host and lytic cycle starts. This process is called induction. 
Induction is spontaneous or environmentally induced excision of the 
prophage from the bacterial chromosome. 

 

Fig. 3. Replication of a bacteriophage 
 
 

 
 
 
 
 
 
 



 

 

 
  
 

 

Additional Notes  

1. Taxonomy is the branch of biology which deals with the naming and 
classification of individuals. 

2. The arrangement of organisms into systematic groups is called as 
classification.  
3. More than 1.5 million species of animals and more than 0.5 million species 

of plants are known.  
4. All organisms are related to one another at some point in their, evolutionary 
histories.  
5. Classification is based on homologies, comparative biochemistry, cytology 

and genetics. However, the major base of classification is homologies. 
6. A species is a group of natural population which can interbreed freely 

among them and produce fertile off springs, but are reproductively isolated 
from another such groups in nature. 

7. Each species has its own structure, ecology and behavior. 
8. Species is the basic unit of classification. The taxonomic groups from 

species to kingdom form a classification ladder.  
9.  During 18th century, Carious Linnaeus (1707-1778), a Swedish botanist, 

provided a system for naming and classifying the organisms.  
10.  Linnaeus published the list of names of plants in 1753. His system became 

popular and in 1758 he published the list of names of animals. Many of his 
names are in use today.  

11. Linnaeus's system of giving each species a scientific name comprising two 
words is known as binomial nomenclature.  

12. The scientific names are mostly taken from Latin word. The scientific name 
is Latinized or Italicized.  

13.  Examples of scientific names:  
 (i)  Onion   Allium cepa  
 (ii)  Amaltas  Cassia fistula  

(iii)  Man    Homo sapiens  
 (iv)  Potato   Solanum tuberosum  
 (v)  Tomato  Solanum esculentum  
14. E-Chatton (1937) described two terms: 

Procariotique to describe bacteria and blue-green algae. 
EU-CARITIQUE to describe animal and plant cells 

15. Robert Whittekar (1969) proposed five kingdom system of classification. It 
is based on three levels of cellular organization (prokoryotes, Single call 
Eukaryotes and Multicellular Eukeryotes) and three types of nutrition 
(photosynthesis, absorption and ingestion). 

16. KINGDOM MONERA includes prokaryotic unicellular organisms. (bacteria 
and cyanobacteria). 



 

 

 

  

17. KINGDOM PROTISTA includes eukaryotic unicellular organisms such as 
Euglena and Amoeba. This kingdom also includes simple multi-cellular 
organisms that were directly evolved from unicellular protists. However, 
most protists are unicellular. 

18. KINGDOM PLANTAE includes eukaryotic multi-cellular autotrophs. They 
prepare their food by photosynthesis. Examples are mosses, ferns, 
gymnosperms and angiosperms. 

19. KINGDOM FUNGI are heterotrophic having absorptive method of nutrition. 
Most fungi are decomposers that live on organic material, secrete digestive 
enzymes and absorb small organic molecules which are produced by 
digestion. These are also called eukaryotic multi-cellular reducers (e.g. 
mushrooms).  

20. KINGDOM ANIMALIA consists of eukaryotic, multi-cellular consumers. 
Animals live by ingesting and digesting food within special cavities. They 
can move and lack cellulose. Examples are birds and reptiles.  

21. Lynn Margulis and Karlene Schwartz (1988) modified five kingdom 
classification of Whittakar by considering: cellular organization, mode of 
nutrition, cytology, genetics and organelles of symbiotic origin 
(mitochondria, chloroplast).  

22. Binomial Nomenclature: The assignment of names to organisms using two 
Latin words. the first denoting the genus and the second descriptive name, 
the two. together constitute the name of species e.g., Homo sapiens.  

23. Carcinoma: A tumor arising in one of the epithelial sheets that cover the 
outer and inner surfaces of the body.  

24. Kingdom: The most inclusive taxonomic grouping, such as the classification 
of all plants into the Kingdom Plantae.  

25. Lytic pathway: The serial events in which viral genes within a host cell begin 
to replicate independently, mature virus particles assemble and the host 
cell bursts, releasing the particles, which may then infect other host cells.  

26. Viroid: A minute particle of RNA that lacks a' protein coat and is capable of 
causing disease in both plants and animals. 

Additional Notes  



 

 

 

  

 

Assessment 1 

1. Most of the scientific names are:  
(a) Greek     (b) Latin  
(c) English    (d) Greek and Latin  

2. A virion is:  
(a) Virus    (b) Capsid  
(c) Viroid    (d) Genome  

3. Smallest virus is:  
(a) Picoma virus   (b) Influenza virus 
(c) TMV    (d) Wound tumour virus 

4. Viral genetic material is:  
(a) RNA only    (b) DNA or RNA  
(c) DNA only    (d) DNA and RNA  

5. A virus is obligate parasite of:  
(a) Metabolic machinery  (b) Nucleus  
(c) Cell    (d) Metabolic machinery and nucleus  

6. RNA particles producing symptoms similar to viral disease are known as:  
(a) Viroids    (b) Virion  
(d) All of these   (c) Prions  

7. Enzymes are present in:  
(a) Mycoplasma   (b) Spirochaetes and slime molds  
(c) Virus    (d) All of these  

8. A phage that infects algae is:  
(a) Phycophage   (b) Virulent page  
(c) Temperate phage   (d) Viroids 

9. Influenza virus contains:  
(a) RNA    (b) Proteins  
(c) DNA    (d) Both DNA and RNA  

10. Hydrophobia is caused by:  
(a) Difflugia    (b) Virus 
(c) Mycoplasma   (d) Bacteria  

 



 

 

 

  

 

Assessment 2 

 
1. How does a T phage enters its DNA in its host?  
(a) Tail piece has a TP  (b) Injection like process  
(c) Contraction of protein  (d) All of these  
 
2. Virus that infects Escherichia coli is called:   
(a) Viroid   (b) Prions 
(c) Bacteriophage   (d) Phycophage 
 
3. The virus responsible for AIDS is a kind of:   
(a) Mosaic virus    (b) Retrovirus   
(c) Immuno virus   (d) Viroid 
 
4. Capsomeres in TMV are made up of:   
(a) RNA only    (b) RNA and proteins   
(c) Amino acids  (d) Proteins and DNA 

5. A process absent in virus is:  
(a) Mutation    (b) Replication  
(c) Energy production  (d) All of these  

6. Genetic transfer through virus is called:  
(a) Transduction   (b) Conjugation  
(c) Transformation   (d) Transposition  

7. What is the most effective protection against viral infections? 
(a) Disinfectants  (b) Natural immunity of the host 
(c) Antibiotic   (d) Microbistatics 

8. Bacteriophages were discovered first time in 1915 by:  
(a) Twort    (b) Ivanowsky  
(c) D. Herelle    (d) Stanley 

9. Smallest disease causing agent in plants:  
(a) Virion    (b) Prions  
(c) Viroids    (d) Mycoplasma  

10. Who made modification in five kingdom classification system?  
(a) Margulis and Schwartz  (b) Linnaeus  
(c) Robert Whittacker  (d) Ernst Hackel  

 

 



 

 

 

20. Blue green algae such as nostoc and anabaena are purposely cultivated in 
ricepaddies  

because they are involved in:  

 

(a) N-fixation  

(c) soil softness  

(b) soil mixing  

(d) soil smoothness  

22. The individual chain of cells in a filament of nostoc is called a:  

(a) small segment (b) hormogonium (c) small filament (d) trichome  

22. A bacterium with tuft of flagella at two poles is:  

   

Assessment 3 

1. The shape of bacteriophages: 
(a) Cubical   (b) Cubical and helical 
(c) Helical and polyhedron  (d) Cubical and polyhedron 

2. Halbur and Coworker (2001) said that hepatitis ______ could be transmitted through 
pig.  
(a) E     (b) C  
(c) B     (d) D  

3. The filterable agents were first purified in 1935, when Stanley was successful in 
crystallizing the viruses of:  
(a) AIDS    (b) Tobacco mosaic  
(c) Polio    (d) Hepatitis  

4. The major cell infected by HIV is the _____ lymphocyte 
(a) Helper– T    (b) Killer – T  
(c) B    (d) Both T and B  

5. First of all, the bacteriophage attaches to the bacterial cell at _________ site.  
(a) Receptor    (b) Landing  
(c) Attacking    (d) Inducing  

6. The enzyme which dissolves a portion of the bacterial cell wall and is released by the 
tail of bacteriophages is the:  
(a) Arginase    (b) Protease  
(c) Lysozyme    (d) Amylase  

7. The capsomeres in the capsid of herpes virus are:  
(a) 162     (b) 262  
(c) 362    (d) 462  

8. Transfer of lysogenic into lytic is: 
(a) Isolation   (b) Stimulation  
(c) Induction   (d) Coordination  

9. Which of the following illness is not caused by a retrovirus?  
(a) smallpox    (b) Hepatitis B  
(c) herpes simplex   (d) all of these  

10. Who discovered in 1796 an effective method for the prevention of a viral disease small 
pox? 
(a) Ivanowski    (b) Edward Jenner  
(c) Chamberland   (d) Louis Pasteur 

 

 



 

 

 

31. The destruction of all life forms is:  

(a) vaccination  

(c) sterilization  

(b) immunization  

(d) pasteurization  

32. The accessory pigments of cyanobacteria are:  

(a) phycobilins (b) chlorophyll a  

(c) chlorophyll (d) chromatophores  

32. The cbemotberapeutic chemical substances which are used in the treatment 
ofinfectious diseases are:  

(a) antibodies (b) antibiotics  

(c) helper T-lymphocyte (d) killer T-lymphocyte  

32. Trichomes of nostoc filament mostly break near:  

(a) heterocyst (b) hormogonium  

(c) cyst (d) mucilage  

33. Which one is a cyanobacterium?  
34. (a) amoeba  
35. (c) anabaena  
36. (b) Escherichia  
37. (d) staphylococcus  
38. 36. Which effect is one that kills the microbes immediately?  
39. (a) microbicidal  
40. (c) pasteurization  
41. (b) filtration 

(d) immunization  

  

 

Assessment 4 

1. Foot and mouth disease and yellow fever is caused by:  
(a) Fungus    (b) Bacteria  
(c) Virus    (d) Protozoan  

2. Most commonly herpes simplex occurs in the mouth, on the lips and at other _____ 
sites.  
(a) Receptor    (b) Binding  
(c) Active    (d) Skin  

3. Which statement is true about viruses?  
(a) Each virus has both DNA and RNA in it 
(b) Most virus are obligate parasite 
(c) Viruses exhibit all of the characteristic associated with living organisms  
(d) A protein capsid surrounds the nucleic acid in each virus 

4. Serum hepatitis is hepatitis:  
(a) A     (b) B 
(c) C     (d) D 

5. Hepatitis can be controlled by:  
(a) Adopting hygienic measures 
(b) With routine vaccination 
(c) Screening of the blood/organ/tissue of the donor  
(d) All of these  

6. In small pox, raised fluid filled vesicles are formed on the body, which become 
pustules later on and form pitted scars which are the:  
(a) Pox    (b) Cow pox  
(c) Small pox   (d) Pocks  

7. Temperate phage may exist as:  
(a) Prophage    (b) Viroid  
(c) Capsid   (d) Retrovirus  

8. Virus tail has:  
(a) ATP    (b) Tail sheath and tail core  
(c) Tail fibers   (d) All of these  

9. Which hepatitis is by RNA virus which is enveloped?  
(a) E     (b) B  
(c) C     (d) D  

10. Icosahedral means:  
(a) Less than 10 faces   (b) 5 faces  
(c) 20 faces   (d) More than 20 face 

 



 

 

 

 

  

Key 

Assessment 1 

1. d 
2. a 
3. a 
4. d 
5. d 
6. a 
7. d 
8. a 
9. a 
10. b 

 

Assessment 2 

1. b 
2. c 
3. b 
4. c 
5. c  
6. a 
7. b 
8. a 
9. c 
10. a 

 



 

 

 

 

 

 

 

 

 

 

 

Key 

Assessment 3 

1. b 
2. a 
3. b 
4. a 
5. a 
6. c 
7. a 
8. c 
9. d 
10. b 

 

Assessment 4 

1. c 
2. d 
3. b 
4. b 
5. d 
6. d 
7. a 
8. d 
9. c 
10. c 



 

 

 

Learning Objectives: 
Anaerobic respiration (respiration without oxygen)  
Electron transport chain  
Glycolysis/glycolytic pathway/aerobic respiration  
Light dependent and light independent phases/reactions, 
Oxidative phosphorylation /cyclic and non- cyclic 
 phosphorylation 
Photosynthesis 
Production of ATP 
Role of light, water, CO2, /factors effecting photosynthesis 

Biodiversity 



Bioenergetics 
Bioenergetics is the quantitative study of energy relationships and energy 

conversions in biological systems. Biological energy transformations obey the laws of 
thermodynamics.  

Chemical energy 
All organisms need free energy for keeping themselves alive and functioning. All 

life on this planet Earth is powered, directly or indirectly, by solar energy. But no 
organism can make direct use of sunlight as source of energy for metabolism; all can use 
chemical energy in the food such as sugars etc. The chloroplasts of the plants capture 
light energy coming from the sun and convert it into chemical energy that gets stored in 
sugar and then in other organic molecules.  

ATP a Chemical Link 
With the emergence of photosynthesis on earth, molecular oxygen began to 

accumulate slowly in the atmosphere. The presence of free oxygen made possible the 
evolution of respiration. Respiration releases great deal of energy, and couples some of 
this energy to the formation of adenosine triphosphate (ATP) molecules. ATP is a kind of 
chemical link between catabolism and anabolism.  

Photosynthesis 

The process of photosynthesis helps understand some of the principles of energy 
transformation (Bioenergetics) in living systems. Photosynthetic organisms (higher land 
plants for instance) use solar energy to synthesize organic compounds (such as 
carbohydrates) that can not be formed without the input of energy. 

Respiration 

Energy stores in these molecules can be used later to power cellular processes 
and can serve as the energy source for all forms of life. Whereas photosynthesis 
provides the carbohydrate substrate, glycolysis and respiration are the processes where 
by the energy stores in carbohydrate is released in a controlled manner. So the 
photosynthesis acts as an energy-capturing while respiration as an energy releasing 
process.  



 

 

Photosynthesis  
(Conversion of solar energy into chemical energy) 
Photosynthesis can be defined as the process in which energy-poor inorganic oxidized 
compounds of carbon (i.e. CO2) and hydrogen (i.e. mainly water) are reduced to energy-
rich carbohydrate (i.e. sugar-glucose) using the light energy that is absorbed and 
converted into chemical energy by chlorophyll and some other photosynthetic 
pigments. The process of photosynthesis in green plants can be summarized as:  

                 6CO2     +   12H2O + Light 
Chlorophyll
⎯⎯⎯⎯⎯→

  C6 H12 O6 + 6O2 + 6H2O 

 (Carbon dioxide)      (Water)   (Glucose)      (Oxygen)     (Water) 

Photosynthetic Reactants and Products 
 From above overall reaction of photosynthesis it become evident that carbon 
dioxide, water and light are the reactants while glucose and oxygen are the products. 
Water appears on both sides of the equation because water is used as reactant in some 
reactions and released as product in other. However, because there is no net yield of 
H2O. 

Equation of Photosynthesis 
We can simplify the summary equation of photosynthesis for purpose of 

discussion: 

6CO2  + 6H2O + Light energy    ⎯⎯→ C6 H12 O6 + 6O2 

This is almost exactly opposite to the overall equation of aerobic respiration  

C6 H12 O6 + 6O2  ⎯→ 6CO2 + 6H2O + energy 
Photosynthesis uses the products of respiration and respiration uses the 

products of photosynthesis. There is another important difference between the two 
processes: Photosynthesis occurs only during day time, whereas respiration goes on day 
and night.  

During darkness 
During darkness leaves (and other actively metabolizing cells) respire and utilize 

oxygen and release carbon dioxide. 

At dawn and dusk 
At dawn and dusk, when light intensity is low, the rate of photosynthesis and 

respiration may, for a short time, equal one another. Thus the oxygen released from 
photosynthesis is just the amount required for cellular respiration. Also, the carbon 
dioxide released by respiration just equals the quantity required by photosynthesizing 
cells. At this moment there is no net gas exchange between the leaves and the 
atmosphere. This is termed as compensation point. 

 
 



 

 

During day time 
As the light intensity increases, so does the rate of photosynthesis and hence the 
requirement for more carbon dioxide increases which respiration alone cannot supply. 
Similarly, the oxygen produced during photosynthesis is more than the need of the 
respiring cells, so the result is the net release of oxygen coupled with the uptake of 
carbon dioxide. 

Neil’s Hypothesis      

Water and Photosynthesis 

 Oxygen released during photosynthesis comes from water, and is an important 
source of atmospheric oxygen which most organisms need for aerobic respiration and 
thus for obtaining energy to live. 

Van Neil’s Hypothesis 

In 1930s, Van Neil’s hypothesized that plants split water as a source of hydrogen, 
releasing oxygen as a by-product. Neil’s hypothesis was based on his investigations on 
photosynthesis in bacteria that make carbohydrate from carbon dioxide, but do not 
release oxygen.  

Experimental verification 

 Neil’s hypothesis that source of oxygen released during photosynthesis is water 
and not carbon dioxide, was later confirmed by scientists during 1940s when first use of 
an isotopic tracer (O18) in biological research was made. Water and carbon dioxide 
containing heavy-oxygen isotope O18 were prepared in the laboratory. Experimental 
green plants in one group were supplied with H2O containing O18and with CO2 

containing common oxygen O16. Plants in the second group were supplied with H2O 
containing common oxygen O16but with CO2 containing O18.  

 It was found that plants of first group produced O18 but the plants of 
second group did not.  

 Group-1 Plants: CO2 + 2H2O18  ⎯→ CH2O + H2O + O18
2

  

  Group-2 Plants:  CO18
2

  + 2H2O  ⎯→ CH2O18 +H2O18 + O2 

Confirmation of Neil’s hypothesis 

Water is thus one of the raw materials of photosynthesis, other being carbon dioxide. 
Hydrogen produced by splitting of water reduces NADP to NADPH2 (NADPH + H+).  

 NADPH2 is the “reducing power” which, along with ATP also formed during ‘light 
reaction’, is used to reduce CO2 to form sugar during ‘dark reaction’.  



 

 

 

 

Chloroplasts − The Sites of Photosynthesis in Plants 
  All green parts of a plant have chloroplasts, but the leaves are the major sites of 
photosynthesis in most plants.  
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Number of Chloroplast 
Chloroplasts are present in very large number, about half a million per square 

millimeter of leaf surface. Chloroplasts are present mainly in the cells of mesophyll 
tissue inside the leaf. Each mesophyll cell has about 20-100 chloroplasts. 

Structure of chloroplast 
Chloroplast has a double membrane envelope that encloses dense fluid-filled 

region, the stroma which contains most of the enzymes required to produce 
carbohydrate molecules. Another system of membranes is suspended in the stroma. 

Thylakoid and Grana 
These membranes form an elaborate interconnected set of flat, disc like sacs 

called thylakoids. The thylakoid membrane encloses a fluid-filled ‘thylakoid interior-
space’ or lumen, which is separated from the stroma by thylakoid membrane. In some 
places, thylakoid sacs are stacked in columns called grana (sing granum). 

Role of Thylakoid 
Chlorophyll (and other photosynthetic pigments) are found embedded in the 

thylakoid membranes and impart green colour to the plant. Electron acceptors of 
photosynthetic ‘Electron Transport Chain’ are also parts of these membranes. Thylakoid 
membranes are thus involved in ATP synthesis by chemiosmosis.  

  Chlorophyll (and other pigments) absorb light energy, which is converted into 
chemical energy of ATP and NADPH, the products which are used to synthesize sugar in 
the stroma of chloroplast.  

 

 

 

 

 

 

 

Photosynthetic Pigments  
Pigments 
 Light can work in chloroplasts only if it is absorbed. Pigments are the substances 
that absorb visible light (380-750) nm in wave length). Different pigments absorb light of 
different wave lengths (colours), and the wave lengths that are absorbed disappear. 

 

 

Photosynthetic 
prokaryotes lack 

chloroplasts but they 
do have unstacked 

photosynthetic 
membranes which 

work like thylakoids. 



 

 

Spectrophotometer 
An instrument called Spectrophotometer is used to measure relative abilities of 

different pigments to absorb different wavelengths of light. 

Absorption spectrum 

A graph plotting absorption of light of different wave lengths by a pigment is 
called absorption spectrum of the pigment. 

Kinds of Photosynthetic Pigments 

 Thylakoid membranes contain several kinds of pigments, but chlorophylls are 
the main photosynthetic pigments.  

 Other, accessory photosynthetic pigments present in the chloroplasts include 
yellow and red to orange carotenoids; carotenes are mostly red to orange and 
xanthophylls are yellow to orange. These broaden the absorption and utilization 
of light energy.   

Chlorophylls 

 There are known many different kinds of chlorophylls. Chlorophyll a, b, c and d 
are found in eukaryotic photosynthetic plants are algae, while the other are found in 
photosynthetic bacteria and are known as bacteriochlorophylls. 

Absorption range 
 Chlorophylls absorb mainly violet-blue and orange-red wave lengths. Green, 
yellow and indigo wave lengths are least absorbed by chlorophylls and are transmitted 
or reflected, although the yellows are often masked by darker green colour. Hence 
plants appear green, unless masked by other pigments (Fig. 11.4). 



 

 

Structure of chlorophyll 

 A chlorophyll molecule has two 
main parts. 

Porphyrin head 

 One flat, square, light absorbing 
hydrophilic head and the other long, 
anchoring, hydrophobic hydrocarbon tail. 
The head is complex porphyrin ring which 
is made up of 4 joined smaller pyrrole rings 
composed of carbon and nitrogen atoms. 
An atom of magnesium is present in the 
center of porphyrin ring and is coordinated 
with the nitrogen of each pyrrole ring (Fig. 
11.2) That is why magnesium deficiency 
causes yellowing in plants.  

 Haem portion of haemoglobin is 
also a porphyrin ring but containing an 
iron atom instead of magnesium atom in 
the center.  

Phytol tail 

 Long hydrocarbon tail which 
attached to one of the pyrrole rings is 
phytol (C20 H39). The chlorophyll molecule 
is embedded in the hydrophobic core of 
thylakoid membrane by this tail.  

CHO in chlorophyll   b

Phytol

CH3

CH3

C H52

CH3

H C2

H C2

H C3
H

H
H C 

OO
O

O

N 
Mg

N 

N N 

O

Porphyrin ring
(absorbs light)

 
 

Difference between chlorophyll a and b 
 Chlorophyll a and chlorophyll b differ from each other in only one of the 
functional groups bonded to the porphyrin; the methyl group (-CH3) in chlorophyll a is 
replaced by a terminal carbonyl group (-CHO) in chlorophyll b. 

 The molecular formulae for chlorophyll a and b are:  

 Chlorophyll a : C55 H72 O5 N4 Mg  

 Chlorophyll b : C55 H70 O6 N4 Mg 

 Due to this slight difference in their structure, the two chlorophylls show slightly 
different absorption spectra and hence different colours. Some wave lengths not 
absorbed by chlorophyll a are very effectively absorbed by chlorophyll b and vice-versa. 



 

 

Such differences in structure of different pigments increase the range of wave lengths of 
the light absorbed. Chlorophyll a is blue-green while chlorophyll b is yellow-green.  

Most abundant and important 
 Of all the chlorophylls, chlorophyll a is the most abundant and the most 
important photosynthetic pigment as it takes part directly in the light-dependent 
reactions which convert solar energy into chemical energy. It is found in all 
photosynthetic organisms except photosynthetic bacteria. Chlorophyll a itself exists in 
several forms differing slightly in their red absorbing peaks e.g. at 670, 680, 690, 700 
nm.  
 Chlorophyll b is found along with chlorophyll a in all green plants (embryophytes) 
and green algae. 
 Chlorophylls are insoluble in water but soluble in organic solvents, such as 
carbon tetrachloride, alcohol etc. 
Carotenoids-accessory pigments  
 Carotenoids are yellow and red to orange pigments that absorb strongly the 
blue-violet range, different wave lengths than the chlorophyll absorbs. So they broaden 
the spectrum of light that provides energy for photosynthesis.  

Role of Accessory Pigments 
 These and chlorophyll b are called accessory pigments because they absorb light 
and transfer the energy to chlorophyll a, which then initiates the light reactions. It is 
generally believed that the order of transfer of energy is:   

Carotenoids   ⎯→ Chlorophyll b  ⎯→ Chlorophyll a 
 Some carotenoids protect chlorophyll from intense light by absorbing and 
dissipating excessive light energy, rather than transferring energy to chlorophyll. (Similar 
carotenoids may be protecting humans eye).  
 

 

Light − The Driving Energy 
 Light is a form of energy called electromagnetic energy or radiations. Light 
behaves as waves as well as sort of particles called photons. The radiations most 
important to life are the visible light that ranges from about 380 to 750 nm in wave 
length.  
 It is the sunlight energy that is absorbed by chlorophyll, converted into chemical 
energy, and drives the photosynthetic process. Not all the light falling on the leaves is 
absorbed. Only about one percent (1%) of the light falling on the leaf surface is 
absorbed, the rest is reflected or transmitted.  

 



 

 

Absorption spectrum 
 Absorption spectrum for chlorophylls (Fig. 11.4) indicates that absorption is 
maximum in blue and red parts of the spectrum, two absorption peaks being at around 
430 nm and 670 nm respectively. Absorption peaks of carotenoids are different from 
those of chlorophylls. 

Action spectrum 
 Different wavelengths are not only differently absorbed by photosynthetic 
pigments but are also differently effective in photosynthesis.  

 Graph showing relative effectiveness 
of different wavelengths (colours) of light in 
driving photosynthesis is called action 
spectrum of photosynthesis.  

First action spectrum 
The first action spectrum was obtained 
by German biologist, T.W.Engelmann in 
1883. He worked on Spirogyra.  

 

 

 

Action spectrum can be obtained by illuminating plant with light of different 
wavelengths (or colours) and then estimating relative CO2 consumption or oxygen  

release. 
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during photosynthesis.  

 
a. Absorption spectrum of chlorophyll and carotenoids. 

b. Action spectrum for photosynthesis.  

 As is evident from above figure 11.4, action spectrum of photosynthesis 
corresponds to absorption spectrum of chlorophyll. The same two peaks and the valley 



 

 

are obtained for absorption of light as well as for CO2 consumption. This also shows that 
chlorophyll is the photosynthetic pigment.  

Difference Between Absorption and Action Spectrum 

 However, the action spectrum of photosynthesis does not parallel the 
absorption spectrum of chlorophyll exactly. Compared to the peaks in absorption 
spectrum, the peaks in action spectrum are broader, and the valley is narrower and not 
as deep. 

(Photosynthesis in the most absorbed range is more than the absorption itself. 
Likewise, photosynthesis in 500-600 nm (including green light) is more than the 
absorption of green light by the chlorophyll). 

Accessory Pigments 

This difference occurs because the accessory pigments, the carotenoids, absorb 
light in this zone and pass on some of the absorbed light to chlorophylls which then 
convert light energy to chemical energy.  

 When equal intensities of light are given there is more photosynthesis in red 
than in blue part of spectrum. 

Role of Carbon Dioxide: 

A Photosynthetic Reactant: 

 Sugar is formed during light − independent reactions of photosynthesis by the 

reduction of CO2, using ATP and NADPH, the products of light − dependent reactions. 
Obviously photosynthesis does not occur in the absence of CO2. 

CO2 from water or air 

 About 10 percent of total photosynthesis is carried out by terrestrial plants, the 
rest occurs in oceans, lakes and ponds. Aquatic photosynthetic organisms use dissolved 
CO2, bicarbonates and soluble carbonates that are present in water as carbon source. 

Air contains about 0.03 − 0.04 percent CO2. Photosynthesis occurring on land utilizes 
this atmospheric CO2.   

Stomata 

 Carbon dioxide enters the leaves through stomata and gets dissolved in the 
water absorbed by the cell walls of mesophyll cells. Stomata are found in a large 
number in a leaf; their number being proportional to the amount of gas diffusing into 

the leaf. Stomata cover only 1 − 2 percent of the leaf surface but they allow 
proportionality much more gas to diffuse.  

 



 

 

Opening of stomata 

 The entry of CO2 into the leaves depends upon the opening of stomata. The 
guard cells guarding the stoma, because of their peculiar structure and changes in their 
shape, regulate the opening and closing of stomata.  

 Stomata are adjustable 
pores that are usually open during 
the day when CO2 is required for 
photosynthesis and partially closed 
at night when photosynthesis 
stops.  

Rhythmic opening and closing of stomata 
 Daily rhythmic opening and closing of 

stomata is also due to an internal clock 
located in the guard cells.  

 Even if a plant is kept in a dark closet, 
stomata will continue their daily rhythm of 
opening and closing.  

 
 
 
 

 
 
Reactions of Photosynthesis 
Redox Process 

 Photosynthesis is a ‘redox process’ that can be represented by the following 
simplified summary equation: 

 

Water Glucose

Oxidation

OxygenCarbon

Dioxide

Reduction

+ + +6 CO2 12 H O2 +  light energy C H O6 12 6 6O2 6H O2
Chlorophyll

 

However, it is not a simple, single step process, but is a complex one that is 
completed by a series of simple steps or reactions. These reactions of photosynthesis 
consist of two parts:  

The light-dependent reactions (light reactions) which use light directly and  

The light-independent reactions (dark reactions) which do not use light directly.  

 



 

 

Light reactions 

 Light dependent reactions constitute that phase of photosynthesis during which 
light energy is absorbed by chlorophyll and other photosynthetic pigment molecules and 
converted into chemical energy. As a result of this energy conversion, reducing and 
assimilating power in the form of NADPH2 (NADPH + H+) and ATP, are formed, both 
temporarily storing energy to be carried alongwith H to the light independent reactions. 

Dark reactions 

 

 

 

 

 

 

 

 

 

 

 NADPH2 provides energized 
electron (and H+), while ATP provides chemical energy for the synthesis of sugar by 
reducing CO2, using reducing power and chemical energy of NADPH2 and ATP 
respectively, produced by light reactions. The energy is thus stored in the molecules of 
sugar. This phase of photosynthesis is also called dark reactions because these reactions 
do not use light directly an can take place equally well both in light and dark provided 
NADPH2 and ATP of light reactions are available. 

 
An overview of photosynthesis: Light − Depend Reactions (Energy − conversion) and Light − 

Independence Reactions (Energy − conservation) 
 

Light Dependent Reactions  

(Energy-Conversion Phase; Formation of ATP and NADPH) 
Photo System 
 As has been described previously, sunlight energy which is absorbed by 
photosynthetic pigments drives the process of photosynthesis. Photosynthetic pigments 



 

 

are organized into clusters, called photosystems, for efficient absorption and utilization 
of solar energy thylakoid membranes.  
 

 

 

 

 

Light harvesting photosystem. Energy of light (photon) absorbed by photosynthetic pigment molecules is 
transferred from molecule to molecule, and finally reaches the reaction center where actual energy 
conversion begins. 

  

Each photosystem consists of a light-gathering ‘antenna complex’ and a ‘reaction 
centre’. 

 

Antenna Complex 
 The antenna complex has many molecules of chlorophyll a, chlorophyll b and 
carotenoids, most of them channeling the energy to reaction center. 

Reaction Center 
 Reaction center has one or more molecules of chlorophyll a along with a primary 
electron acceptor, and associated electron carriers of ‘electron transport system’. 
Chlorophyll a molecules of reaction center and associated proteins are closely linked to 
the nearby electron transport system. Electron transport system plays role in generation 
of ATP by chemiosmosis. Light energy absorbed by the pigment molecules of antenna 
complex is transferred ultimately to the reaction center. There the light energy is 



 

 

converted into chemical energy.  

Types of Photo System 
 There are two photosystems, photosystem I (PS I) and photosystem II (PS II). 
These are named so in order of their discovery. 

 

Photo system I 

 Photo-system I has chlorophyll a molecule which absorbs maximum light of 700 
nm and is called P700, Photo-system II whereas reaction center of photo-system II has 
P680, the form of chlorophyll a which absorbs best the light of 680 nm. A specialized 
molecule called, primary electron acceptor is also associated nearby each reaction 
centre. This acceptor traps the high-energy electrons from the reaction center and then 
passes them on to the series of electron carriers. During this energy is used to generate 
ATP by chemiosmosis.  

Non-Cyclic Electron Flow 

 In predominant type of electron transport called non-cyclic electron flow, the 
electrons pass through the two photo systems. In less common type of path called cyclic 
electron flow only photo system I is involved. Formation of ATP during non-cyclic 
electron flow is called non-cyclic phosphorylation while that during cyclic electron flow 
is called cyclic phosphorylation. 

 

 



Non-cyclic Phosphorylation 
1. Absorption of light by photo system II

When photo system II absorbs light, an electron excited to a higher energy level
in the reaction centre chlorophyll P680 is captured by the primary electron acceptor of PS 
II. The oxidized chlorophyll is now a very strong oxidizing agent; its electron “hole” must
be filled.

2. Photolysis of water

This hole is filled by the electrons which are extracted, by an enzyme, from

water. This reaction splits a water molecules into two hydrogen ions and an oxygen 

atom, which immediately combines with another oxygen atom to form O2. This water 

splitting step of photosynthesis that releases oxygen is called photolysis. The oxygen 

produced during photolysis is the main source of replenishment of atmospheric oxygen.  

3. 1st Electron transport chain

Each photoexcited electron passes from the primary electron acceptor of photo

system II to photo system I via an electron transport chain. This chain consists of an 

electron carrier called plastoquinone (Pq), a complex of two cytochromes and a copper 

containing protein called plastocyanin (Pc). 

4. Photophosphorylation

As electrons move down the chain, their energy goes on decreasing and is used

by thylakoid membrane to produce ATP. This ATP synthesis is called 

photophosphorylation because it is driven by light energy. Specifically, ATP synthesis 

during non-cyclic electron flow is called non-cyclic photophosphorylation. This ATP 

generated by the light reactions will provide chemical energy for the synthesis of sugar 

during the Calvin cycle, the second major stage of photosynthesis.   

5. Filling of electron hole of PSI

The electron reaches the “bottom” of the electron transport chain and fills an

electron “hole” in P700, the chlorophyll a molecules in the reaction center of 

photosystem I. This hole is created when light energy is absorbed by molecules of P700 

and drives an electron from P700 to the primary acceptor of photo system I.  

6. 2nd electron transport chain

The primary electron acceptor of photo system I passes the photoexcited

electrons to a second electron transport chain, which transmits them to ferredoxin (Fd), 

an iron containing protein. An enzyme called NADP reductase then transfers the 



 

 

electrons from Fd to NADP. This is the redox reaction that stores the high-energy 

electrons in NADPH. The NADPH molecule will provide reducing power for the synthesis 

of sugar in the Calvin cycle.  

The path of electrons through the two photosystems during non-cyclic 

photophosphorylation is known as Z-scheme from its shape. 

Products of Z-scheme 

 Non-cyclic electron flow during photosynthesis generates ATP, NADPH and 

oxygen. (Each photon of light excite single electron). 
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 Non-cyclic electron flow during photosynthesis ATP, NADPH and oxygen are generated. The arrows 
trace the current of light-driven electrons from water to NADPH. Each photon of light excites single 
electron, but the diagram tracts two electrons at a time, the number of electrons required to reduce 
NADP+. The numbered steps are described in the text.  

 

Cyclic Phosphorylation 
 Under certain conditions, photoexcited electrons take an alternative path called 
cyclic electron flow.  This path uses photosystem I but not photosystem II. 

Conditions for non-cyclic phosphorylation 
Possibly it happens when  

i. The chloroplast runs low on ATP for the Calvin cycle. 

ii. The cycle slows down  

iii. NADPH accumulate in chloroplast. 



 

 

This rise in NADPH may stimulate a temporary shift from non-cyclic to cyclic 
electron flow until ATP supply meets the demand. 

 

 

Short Circuit 
The cyclic flow is short circuit: The electrons cycle back from primary electron 

acceptor to ferredoxin (Fd) to the cytochrome complex and from there continue on to 
the P700 chlorophyll. ATP is generated by the coupling of ETC by chemiosomosis.  

Products of non-cyclic flow 

 There is no production of NADPH and no release of oxygen. 

 Cyclic flow does, however, generate ATP. This is called cyclic 
photosphosphorylation.  
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 Cyclic electron flow in box. Only PS I involved. ATP is generated but no NADPH and oxygen.  

 

 

 

 

 

 



 

 

Mechanism of Chemiosmosis 

Chemiosmosis 

 In both cyclic and non-cyclic photosphosphorylation, the mechanism for ATP 
synthesis is chemiosmosis, the process that uses membranes to couple redox reactions 
to ATP production. 

Pumping of protons (H+) 

Electron transport chain pumps protons (H+) across the membrane of thylakoids 
in case of photosynthesis into the thylakoids space. 

Energy for Proton Pumping 

The energy used for this pumping comes from the electrons moving through the 
electron transport chain. 

H+ gradient establishment 

This energy is transformed into potential energy stored in the form of H+ 
gradient across the membrane. 

ATP synthase 

Next the hydrogen ions move down their gradient through special complexes 
called ATP synthase which are built in the thylakoid membrane. During this diffusion of 
H+ the energy of electrons is used to make ATP. 

 



 

 

Light Independent (Or Dark) Reactions 
Calvin cycle: carbon fixation and reduction phase, synthesis of sugar 
The dark reactions take place in the stroma of chloroplast. These reactions do not 
require light directly and can occur in the presence or absence of light provided the 
assimilatory power in the form of ATP and NADPH, produced during light reactions is 
available. Energy of these compounds is used in the formation of carbohydrates from 
CO2, and thus stored their in. 

 

 

Equation of Calvin cycle 
These reactions can be summarized as follows : 

3CO2 + 6NADPH + 9ATP ⎯⎯→ (CH2O)3 + 6NADP + 9ADP + 9Pi + 3H2O
Carbohydrate

  

 

Discovery of Calvin Cycle 

 The details of path of carbon in these reactions were discovered by Melvin Calvin 
and his colleagues at the University of California. Calvin was awarded Nobel Price in 
1961. 
 The cyclic series of reactions, catalyzed by respective enzymes, by which the 
carbon is fixed and reduced resulting in the synthesis of sugar during the dark reactions 
of photosynthesis is called Calvin Cycle. 

Phase of Calvin Cycle 
 The Calvin cycle can be divided into three phases:  

 Carbon fixation   Reduction 

 Regeneration of CO2 acceptor (RUBP) (Fig 11.10). 
Phase 1: Carbon fixation 

Carbon fixation refers to the initial incorporation of CO2 into organic material. 
Keep in mind that we are following three molecules of CO2 through the reaction (because 
3 molecules of CO2 are required to produce one molecule of carbohydrate, a triose). The 
Calvin cycle beings when a molecule of CO2 reacts with a highly reactive phosphorylated 
five – carbon sugar named ribulose bisphosphate (RUBP). 
Rubisco 

This reaction is catalyzed by the enzyme ribulose bisphosphate carboxylase, also 
known as Rubisco (it is the most abundant protein in chloroplasts, and probably the 
most abundant protein on Earth). The product of this reaction is an highly unstable, six – 
carbon intermediate that immediately breaks into two molecules of three – carbon 



 

 

compound called 3 – phosphoglycerate (phosphoglyceric acid-PGA). The carbon that 
was originally part of CO2 molecule is now a part of an organic molecule; the carbon has 
been “fixed”. Because the product of initial carbon fixation is a three – carbon 
compound, the Calvin cycle is also known as C3 pathway. 
Phase 2: Reduction: 

Each molecule of (PGA) receives an additional phosphate from ATP of light 
reaction, forming 1,3 – bisphosphoglycerate as the product. 1,3 bisphosphoglycerate is 
reduced to glyceraldehyde 3-phosphate (G3P) by receiving a pair of electrons donated 
from NADPH of light reactions. G3P is the same three-carbon sugar which is formed in 
glycolysis (first phase of cellular respiration) by the splitting of glucose. In this way fixed 
carbon is reduced to energy rich G3P with the energy and reducing power of ATP and 
NADPH (both the products of light-dependent reactions), having the energy stored in it. 
Actually G3P, and not glucose, is the carbohydrate produced directly form the Calvin 
cycle. For every three molecules of CO2 entering the cycle and combining with 3 
molecules of five-carbon RuBP, six molecules of G3P can be counted as a net gain of 
carbohydrate. Out of every six molecule of G3P formed, only one molecule leaves the 
cycle to be used by the plant for making glucose, sucrose starch or other carbohydrates, 
and other organic compounds; the other five molecules are recycled to regenerate the 
three molecules of five-carbon RuBP, the CO2 acceptor. 

Phase 3: Regeneration of CO2 acceptor, RuBP: 

Through a complex series of reactions, the carbon skeletons of five molecules of 

three-carbon G3P are rearranged into three molecules of five-carbon ribulose 

phosphate (RuP). Each RuP is phosphorylated to ribulose bisphohate (RuBP), the very 

five-carbon CO2 acceptor with which the cycle started. Again three more molecules of 

ATP of light reactions are used for this phosphorylation to three RuP molecules. These 

RuBP are now prepared to receive CO2 again, and the cycle continues. 

 

Respiration 

 Living organisms need energy to carry on their vital activities. This energy is 
provided from within the cells by the phenomenon of respiration. Respiration is the 



 

 

universal process by which organisms’ breakdown complex compounds containing 
carbon in a way that allows the cells to harvest a maximum of usable energy. 

Two ways of Respiration 

 In biology the term respiration is used in two ways. 

 External respiration 

 Cellular respiration 

 

External Respiration 

More familiarly the term respiration means the exchange of respiratory gases 

(CO2 and O2) between the organism and its environment. This exchange is called 

external respiration. 

Cellular Respiration 

The cellular respiration is the process by which energy is made available to cells 
in a step by step breakdown of C-chain molecules in the cells. 

Aerobic and Anaerobic Respiration 

 The most common fuel used by the cell to provide energy by cellular respiration 
is glucose. 

Glycolysis (1st step of cellular respiration) 

The way glucose is metabolized depends on the availability of oxygen. Prior to 
entering a mitochondrion, the glucose molecule is split to form two molecules of pyruvic 
acid. This reaction is called glycolysis (glycolysis literally means splitting of sugar), and 
occurs in the cytosol and is represented by the equation: 

 

 
 
 

This reaction occurs in all the cells and biologists believe that an identical 
reaction may have occurred in the first cell that was organized on earth. 



 

 

 The next step in cellular respiration varies depending on the type of the cell and 
the prevailing conditions  

 
pyruvate, the end product of glycolysis, follows different catabolic pathways depending on the 

organisms and the metabolic condition. 

Pyruvic Acid 
Cell processes pyruvic acid in three major ways: 

 Alcoholic fermentation 

 Lactic acid fermentation  

 Aerobic respiration. 

The first two reactions occur in the absence of oxygen and are referred to as 
anaerobic (without oxygen). The complete breakdown of glucose molecule occurs only 
in the presence of oxygen, i.e. in aerobic respiration. During aerobic respiration glucose 
is oxidized to CO2 and water and energy is released. 

 

(i) Alcoholic Fermentation: In primitive cells and in some eukaryotic cells such 
as yeast, pyruvic acid is further broken down by alcoholic fermentation into 
alcohol (C2 H5 OH) and CO2. 

 



 

 

(ii) Lactic acid fermentation: In lactic acid fermentation, each pyruvic acid 
molecule is converted into lactic acid C3 H6 O3 in the absence of oxygen gas: 

 

This form of anaerobic respiration occurs in muscle cells of humans and other 
animals during extreme physical activities, such as sprinting, when oxygen cannot be 
transported to the cells as rapidly as it is needed. 

Energy yield 
 Both alcoholic and lactic acid fermentations yield relatively small amounts of 
energy from glucose molecule. Only about 2% of the energy present within the chemical 
bonds of glucose is converted into adenosine triphosphate (ATP). 

Aerobic respiration (Discussed in detail under cellular respiration) 

 

Role of Mitochondria In Respiration 
Structure 

Mitochondria are large granular or filamentous organelles that are distributed 
throughout the cytoplasm of animals and plant cells. Each mitochondrion is constructed 
of an outer enclosing membrane and an inner membrane with elaborate folds or cristae 
that extend into the interior of the organelle. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

Function 
 Mitochondria play a part in cellular respiration by transferring the energy of the 
organic molecules to the chemical bonds of ATP. A large “battery” of enzymes and 
coenzymes slowly release energy from the glucose molecules. Thus mitochondria are 
the “Power houses” that produce energy necessary for many cellular functions. 

Adenosine triphosphate and its importance 
Adenosine triphosphate, generally abbreviated ‘ATP’ is a compound found in 

every living cell and is one of the essential chemicals of life. It plays the key role in most 
biological energy transformations. 

 

 

Conventionally, ‘P’ stands for the entire phosphate group. The second and the third 
phosphate represent the so called “high energy” bonds. If these are broken by 
hydrolysis, far more free energy is released as compared to the other bond in the ATP 
molecule. 

Energy yield 
The breaking of the terminal phosphate of ATP releases about 7.3 K cal. of 

energy. The high energy ‘P’ bond enables the cell to accumulate a great quantity of 
energy in a very small space and keeps it ready for use as soon as it is needed. 

 



 

 

 

Use of ATP 

 The ATP molecule is used by cells as a source of energy for various functions for 
example: 

 Synthesis of more complex compounds 

 Active transport across the cell membrane 

 Muscular contraction 

 Nerve conduction, etc.  

Biological Oxidation 
 The maintenance of living system requires a continual supply of free energy which is 
ultimately derived from various oxidation reduction reactions. Except for photosynthetic 
and some bacterial chemosynthetic processes, which are themselves oxidation 
reduction reactions, all other cells depend ultimately for their supply of free energy on 
oxidation reactions in respiratory processes. 

Dehydrogenase 

In some cases biological oxidation involves the removal of hydrogen, a reaction 
catalyzed by the dehydrogenases linked to specific coenzymes. Cellular respiration is 
essentially an oxidation process. 

Cellular Respiration 

Cellular respiration may be sub-divided into 4 stages: 

 i. Glycolysis    ii. Pyruvic acid oxidation 

 iii. Krebs cycle or citric acid cycle iv. Respiratory chain 

 Out of these stages the first occurs in the cytosol for which oxygen is not 
essential, while the other three occur within the mitochondria where the presence of 
oxygen is essential. 

 

1. Glycolysis  

             Glycolysis is the breakdown of glucose upto the formation of pyruvic acid. 
Glycolysis can take place both in the absence of oxygen (anaerobic condition) or 
in the presence of oxygen (aerobic condition). In both, the end product of 
glucose breakdown is pyruvic acid. The breakdown of glucose takes place in a 
series of step, each catalyzed by a specific enzyme. All these enzymes are found 



 

 

dissolved in the cytosol. In addition to the enzymes, ATP and coenzymes NAD 
(nicotinamide adenine dinucleotide) are also essential. 

Phases of glycolysis 

 Glycolysis can be divided into two phases. 

 Preparatory phase  

 Oxidative phase  

 In the preparatory phase breakdown of glucose occurs and energy is expended. In 
the oxidative phase high energy phosphate bonds are formed and energy is stored.  

I. Preparatory Phase 
1. Phosphorylation of glucose 

The first step in glycolysis is the transfer of a phosphate group from ATP to 
glucose. As a result a molecule of glucose-6-phoshapte is formed. 

2. Rearrangement (Isomerization) 

An enzyme catalyzes the conversion of glucose-6-phosphate to its isomer, 
fructorse-6-phosphate. 

3. Phosphorylation of fructose 6-bisphosphate 
At this stage another ATP molecule transfers a second phosphate group. 

4. Spliting of fructose 1, 6-bisphosphate 
The product is fructose 1,6-bisphosphate into two fragments. Each of these 
molecules contains three carbon atoms. One is called 3-phospo-glyceraldehyde, 
3-PGAL or Glyceraldehyde 3-phosphate (G3P) while the other is 
dihydroxyacetone phosphate.  

5. Interconvertion (isomerization) 
These two molecules (G3P and DAP) are isomers and in fact are readily 
interconverted by yet another enzyme of glycoslysis. 

II. Oxidative (Payoff) Phase 
1.   Oxidation and phosphorylation 

The next step in glycolysis is crucial to this process. Two electrons or two 
hydrogen atoms are removed form the molecule of 3-phosphoglyceraldehyde (PGAL) 
and transferred to a molecule of NAD. This is of course, an oxidation-reduction reaction, 
with the PGAL being oxidized and the NAD being reduced. During this reaction, a second 
phosphate group is donated to the molecule from inorganic phosphate present in the 
cell. The resulting molecule is called 1,3 Bisphosphoglycerate (BPG). 

2.   ATP formation 



 

 

 The oxidation of PGAL is an energy yielding process. Thus a “high energy” 
phosphate bond is created in this molecule. At the very next step in glycolysis this 
phosphate group is transferred to a molecule of adenosine diphosphate (ADP) 
converting it into ATP. The end product of this reaction is 3-phospho glycerate (3-PG). 

3.   Rearrangement (isomerization) 
In the next step 3-PG is converted to 2-Phosphoglycerate (2PG). 

4.   Dehydration and PEP formation 
From 2PG a molecule of water is removed and the product is phosphoenol.

 pyruvate (PEP). 

5.   Pyruvic acid formation 
PEP then gives up its ‘high energy’ phosphate to convert a second molecule of 

ADP to ATP. The product is pyruvate, pyruvic acid (C3 H4 O3). 

 It is equivalent to half glucose molecule that has been oxidized to the extent of 
losing two electrons (as hydrogen atoms). 

 

Pyruvic Acid Oxidation 
 Pyruvic acid (pyruvate), the end product of glycolysis, does not enter the Krebs 
cycle directly.  

 The pyruvate (3-carbon molecule) is first changed into 2-carbon acetic acid 
molecule. One carbon is released as CO2 (decarboxylation).  

 Acetic acid on entering the mitochondrion unites with coenzyme-A (CoA) to 
form acetyl CoA (active acetate).  

 In addition, more hydrogen atoms are transferred to NAD (Fig 11.13). 

 

Krebs Cycle or Citric Acid Cycle:  
Acetyl CoA now enters a cyclic series of chemical reactions during which 

oxidation process is completed. This series of reactions is called the Krebs cycle (after 
the name of the biochemist who discovered it), or the citric acid cycle. 

Citrate formation 
The first step in the cycle is the union of acetyl CoA with oxalocetate to form 

citrate. In this process, a molecule of CoA is regenerated and one molecule of water is 
used. Oxaloacetate is a 4-carbon acid. Citrate thus has 6 carbon atoms. 

Isocitrate formation 
 After two steps that simply result in forming an isomer of citrate, isocitrate.  

Oxidative decarboxylation (ketoglutrate formation) 
 It is conversion of isocitrate into ketoglutrate. 



 

 

Here NAD-mediated oxidation takes place. This is accompanied by the removal 
of a molecule of CO2. The result is ketoglutarate. 

Succinate formation 
 ketoglutarate in turn, undergoes further oxidation (NAD + 2H → NADH2) 

followed by decarboxylation (CO2) and addition of a molecule of water. The product 
then has one carbon atom and one oxygen atom less. It is succinate. The conversion of 

-ketoglutarate into succinate is accompanied by a free energy change which is utilised 
in the synthesis of an ATP molecule. 

Oxidation of succinate 

The next step in the Krebs cycle is the oxidation of succinate to fumarate. Once 

again, two hydrogen atoms are removed, but this time the oxidizing agent is a coenzyme 

called flavin adenine dinucleotide (FAD), which is reduced to FADH2. 

 



 

 

Outline of the Kerbs cycle. The brackets give the number of carbon atom in each intermediate of the 

cycle. 

Malate Formation 

With the addition of another molecule of water, fumarate is converted to 
malate.  

Oxidation of Malate 
Another NAD mediated oxidation of malate produces oxaloacetate, the original 

4-carbon molecule. This complete the cycle. The oxaloacetate may now combine with 
another molecule of acetyl CoA to enter the cycle and the whole process is repeated (Fig 
11.13). 

 

Respiratory Chain 
In the Krebs cycle NADH and H+ are produced from NAD+. NADH then transfers 

the hydrogen atom to the respiratory chain (also called electron transport system) 
where electrons are transported in a series of oxidation-reduction steps to react, 
ultimately, with molecular oxygen. (Fig. 11.14). 

Components of Respiration Chain 
 The oxidation reduction substances which take part in respiratory chain are: 
 i. A coenzyme called coenzyme Q 
 ii. A series of cytochrome enzymes (b,c,a,a3) 
 iii. Molecular oxygen (O2)  

Cytochrome 
Cytochromes are electron transport intermediates containing haem of related 

prosthetic groups, that undergo valency changes of iron atom. Heam is the same iron 
containing group that is oxygen carrying pigment in heamoglobin. The path of electrons 
in the reparatory chain appears to be as follows.  
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Steps in Electron Transport Chain 

i. Oxidation of NADH 

 NADH is oxidized by coenzyme Q. This oxidation yields enough free energy to 
permit the synthesis of a molecule of ATP from ADP and inorganic phosphate.  

ii. Oxidation of Co-enzyme Q 

Coenzyme Q is in turn oxidized by cytochrome b which is then oxidized by 
cytochrome c. This step also yields enough energy to permit the synthesis of a molecule 
of ATP. 

iii. Reduction of cytochrome c 

Cytochrome c then reduces a complex of two enzymes called cytochrome a and 
a3 (for convenience the complex is referred as cytochrome a). 

iv. Oxidation of cytochrome a 

Cytochrome a is oxidized by an atom of oxygen and the electrons arrive at the 
bottom end of respiratory chain. Oxygen is the most electronegative substance and the 
final acceptor of the electrons. A molecule of water is produced. In addition, this final 
oxidation provides enough energy for the synthesis of a third molecule of ATP. 

v. Oxidative phosphorylation 

Synthesis of ATP in the presence of oxygen is called oxidative phosphorylation. 
Normally, oxidative phosphorylation is coupled with the respiratory chain. As already 
described ATP is formed in three steps of the respiratory chain (Fig. 11.14). 

 



 

 

Equation of ETC 
The equation for this process can be expressed as follows: 

NADH + H+ + 3 ADP + 3Pi + ½ O2 → NAD+ +H2O + 3ATP 

Where Pi is inorganic phosphate. 

Mechanism of Oxidative Phosphorylation 

 The molecular mechanism of oxidative phosphorylation takes place in 
conjunction with the reparatory chain in the inner membrane of the 
mitochondrion. 

 Her also, as in photosynthesis, the mechanism involved is chemiosmosis by 
which electron transport chain is coupled with synthesis of ATP. 

 In this case, however the pumping/movement of protons (H+) is across the inner 
membrane of mitochondrion folded into cristae, between matrix of 
mitochondrion and mitochondrion’s intermembrane space. 

 The coupling factors in respiration are also different from those in 
photosynthesis. 
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Stages in aerobic respiration. Stage 1: Formation of acetyl-CoA from pyruvate. Stage 2: The Krebs cycle. 
Stage 3: Respiratory chain and oxidative phosphorylation. Each pair of H atoms entering the respiratory 

chain as NADH yields 3 ATPs. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Assessment 1 

 
1.   It is the quantitative study of energy relationships and energy conversions in 

biological systems. 

 (a) Bioenergetics (b) Metabolism (c) Thermodynamics (d) Nutrition 

2.   It is a kind of chemical link between catabolism and anabolism. 

 (a) Glucose (b) ADP (c) ATP (d) Starch 

3.   At dawn and dusk, when light intensity of low, the rate of photosynthesis and 
respiration may. 

 (a) Decreased (b) Equal (c) Increased (d) Stop 

4.  When there is no net gas exchange between the leaves and the atmosphere. 
This is termed as.  

 (a) Respiration   (b) Photosynthesis 

 (c) Compensation point  (d) Metabolism 

5.   Van Neil hypothesized that plants split water as a source of hydrogen, releasing 
as a by-product, which of following? 

 (a) Sulphur (b) Carbon dioxide (c) Sugar (d) Oxygen 

6.   NADPH2 is the “reducing power” which is along with ATP also formed during. 

 (a) Dark reaction (b) Light reaction (c) Calvin cycle (d) C3 − Cycle 

7.   These are the major sites of photosynthesis in most plants. 

 (a) Leaves (b) Cortex (c) Root (d) Stem 

8.   Thylakoids in chloroplasts are stacked into. 

 (a) Grana (b) Intergranun (c) Chloroplast (d) None 

9.   Light reactions take place on the. 

 (a) Chloroplast (b) Stroma (c) Grana (d) Mitochondria 

10.  Where dark reaction occurs. 

 (a) Stroma (b) Grana (c) Thylakoid (d) Mitochondria 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

(11)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Assessment 2 
 

1.  Each mesophyll cell has about how many chloroplasts? 

 (a) Half a million (b) 1200 (c) 20 − 100 (d) 12000 

2.  Thylakoid membranes are involved in ATP synthesis by. 

 (a) Z-scheme (b) Reduction (c) Chemiosmosis (d) Photosynthesis 

3.  Photosynthetic prokaryotes have unstacked photosynthetic membranes which 
work like. 

 (a) Chloroplast (b) Stroma (c) Thylakoids (d) Matrix 

4.   Pigments are the substances that absorb visible light _____nm in wavelength. 

 (a) 380 − 750 (b) 380 − 660 (c) 430 − 660 (d) None 

5.  A graph plotting absorption of light of different wavelengths by a pigment is 
called _______ spectrum of the pigment. 

 (a) Action (b) Absorption (c) Active (d) Diffraction 

6.   These are the main photosynthetic pigments. 

 (a) Carotenoid (b) Chlorophyll (c) Xanthophyll (d) Haemoglobin 

7.  Accessory photosynthetic pigments present in the chloroplasts include yellow 
and red to orange. 

 (a) Carotenoids (b) Carotenes (c) Xanthophylls (d) Chlorophyll 

8.   Chlorophylls absorb mainly wavelength, except. 

 (a) Violet blue (b) Orange red (c) Green (d) All 

9.  A chlorophyll molecule has how many main parts. 

 (a) One (b) Three (c) Two (d) Four 

10.  Chlorophyll head is complex which is made up of 4 joined rings, which are called. 

 (a) Porphyrin ring (b) Phytol tail (c) Pyrole rings (d)  Haem groups 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Assessment 3 
 

 

 1.   It is present in the center of porphyrin ring and is coordinated with the nitrogen 
of each pyrrole ring. 

 (a) Mg (b) Fe (c) Ca (d) Ma 

2.   Haem portion of haemoglobin is a porphyrin ring containing which atom in the 
center. 

 (a) Fe (b) Ma (c) Ca (d) Mg 

3.   Long hydrocarbon tail which attached to one of the pyrrole rings is phytol, 
having/ 

 (a) C20H38 (b) C39H20 (c) C38H29 (d) C20H39 

4.  Chlorophyll a differs from chlorophyll b due to presence of. 

 (a) CHO (b) Phytol tail (c) CH3 (d) Pyrrole ring 

5.   Molecular formulae for _________ is C55H72O5N4Mg. 

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

6.   Chlorophyll a is. 

 (a) Blue green (b) Orange red (c) Yellow green (d) Orange yellow 

7.  Chlorophylls are insoluble in. 

 (a) Tetrachloride (b) Water (c) Alcohol (d) Acetone 

8.  These are yellow and red to orange pigments. 

 (a) Carotene (b) Chlorophyll (c) Xanthophylls (d) Carotenoids 

9.   Carotenoid absorbs strongly which of following range. 

 (a) Blue − Violet (b) Orange − Red (c) Yellow − orange (d) Green 

10.   Which of following is not accessory photosynthetic pigment. 

 (a) Carotene (b) Chlorophyll a (c) Xanthophylls (d) Chlorophyll b 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Assessment 4 
 

 

 1.   It is generally believed that the order of transfer of energy is. 

 (a) Chlorophyll a  Chlorophyll b  Carotene 

 (b) Carotene  Chlorophyll a  Xanthophylls 

 (c) Carotenoids  Chlorophyll b  Chlorophyll a 

 (d) Chlorophyll a  Carotene  Chlorophyll b 

2.   Absorption spectrum for chlorophylls indicates two absorption peaks being at 
around. 

 (a) 430 − 670 (b) Orange − Red (c) Blue − Green (d) 380 – 730 

3.   Graph showing relative effectiveness of different wavelengths (colours) of light 
in driving photosynthesis is called. 

 (a) Absorption spectrum (b) Action spectrum 

 (c) Atomic spectrum  (d) None 

4.   .The first action spectrum was obtained by German biologist, T.W. Engelmann in 
1883. He worked on. 

 (a) Chlorella (b) Fungi (c) Hydrilla (d) Spirogyra 

5.   When equal intensities of light are give, there is more photosynthesis in. 

 (a) Red (b) Green (c) Blue (d) Yellow 

6.   Total photosynthesis is carried out by terrestrial plants. 

 (a) 90% (b) 50% (c) 10% (d) 30% 

7.   Stomata cover only what percent of the leaf surface. 

 (a) 1 − 2 (b) 10 (c) 3 − 4 (d) 20 

8.   Which do not use light directly.  

 (a) Light reactions  (b) Z-scheme (c) Darkreactions
 (d)Oxidation 

9.  It provides energized electron for the synthesis of sugar. 

 (a) NADH (b) NADPH2 (c) NADP+ (d) ATP 

10.    Which of following is reducing power in photosynthesis.  

 (a) Glucose (b) ATP (c) NADH (d) NADPH2 
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Unit 2 Biological Molecules 
Learning Outcomes  

• Define and classify biological molecules.  
• Discuss the importance of biological molecules  
• Describe biologically important properties of water (polarity, 

hydrolysis, specific heat, water as solvent and reagent, 
density, cohesion/ionization)  

• Discuss carbohydrates: monosaccharides (glucose), 
oligosaccharides (cane sugar, sucrose, lactose), 
polysaccharides (starches, cellulose, glycogen)  

• Describe proteins: amino acids, structure of proteins  
• Describe lipids: phospholipids, triglycerides, alcohol and 

esters (acylglycerol)  
• Give an account of RNA  
• Discuss conjugated molecules(glycol lipids, glycol proteins)  
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Biochemistry 
• Biochemistry is a branch of biology which deals with the study of chemical 

components and the chemical processes in living organisms.  
• All living organisms are made of organic and inorganic compounds. 
• Inorganic substances in living organisms are water, carbon dioxide, acids, bases, and 

salts etc.  

 
Some Basics Of Biochemistry 
• Living organisms contain macromolecules formed from a small number of simple 

molecules. 
• These simple molecules suggest that all life had a common origin. 
• The characteristics of an organism are determined by the information contained in its 

DN. 
• The DNA contains information that the cell can use to make proteins. Many proteins 

are enzymes, which control the physical and chemical activities of an organism. 
• The chemical activities that go on inside an organism can organism can be given the 

general term metabolism. 
• Metabolic reactions can be divided into two general categories: anabolic and 

catabolic. Anabolic reactions build up large molecules from smaller ones. While: 
catabolic reactions do the reverse, breaking down larger molecules. 

• Anabolic reactions usually involve condensation reactions ill which building-block 
molecules are joined together and a water molecule is released. 

• Catabolic reactions, such as those that occur during digestion, usually involve 
hydrolysis reactions in which larger molecules are split as they react with water.  

• In photosynthesis, plants use the energy from sunlight to build up organic molecules 
such as sugars from simple ones such as carbon dioxide and water.  

• All organisms need a supply of energy, which they obtain via respiration. In respiration 
organic molecules are oxidized into simpler molecules, usually carbon dioxide and 
water. The resulting energy is used to fuel many energy-requiring processes within the 
organism. 

CHEMICAL COMPOSITION 
% Total Cell Weight 

Bacterial Cell 
(prokaryote) 

Mammalian Cell 
(Eukaryote) 

(i) Water 70 70 
(ii) Proteins 15 18 
(iii) Carbohydrate 3 4 
(iv) Lipids 2 3 
(v) DNA 1 0.25 
(vi) RNA 6 1.1 

(vii) Other organic molecules 
(enzymes, hormones, metabolism) 2 2 

(viii) Inorganic ions 
(Na+, K+, Ca++, Mg++, CI –, SO etc.) 1 1 
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Water Importance  
§ Water is the medium of life.  
§ It is the most abundant compound in all organisms. It 

varies from 65 to 89 percent in different organisms.  
§ Human tissues contain about 20 per cent water in bone 

cells and 85 per cent in brain cells.  
§ Almost all reactions of a cell occur in the presence of 

water. It also takes part in many biochemical reactions 
such as hydrolysis of macromolecules.  

§ It is also used as a raw material in photosynthesis. 
• Ionic substances when dissolved in water, dissociate into 

positive and negative ions. 
• Non-ionic substances having charged groups in their 

molecules are dispersed in water. 
• When in solution, ions and molecules move randomly and are in a more favorable state 

to react with other molecules and ions. It is because of this property of water that almost 
all reactions in cells occur in aqueous media. In cells all chemical reactions are catalyze by 
enzymes which work in aqueous environment. 

• Non-polar organic molecules, such as fats, are insoluble in water and help to maintain 
membranes, which make compartments in the cell.  

• Water has great ability of absorbing heat with minimum of change in its own temperature.  
• The specific heat capacity of water – the number of calories required to raise the 

temperature of 1g of water from 15 to 16°C is 1.0. This is because much of the energy is 
used to break hydrogen bonds. Water thus works as temperature stabilizer for organisms 
in the environment. Protects living material against sudden thermal changes.  

• Water absorbs much heat as it changes from liquid to gas. “Heat of vaporization is 
expressed as calories absorbed per gram vaporized.” The specific heat of vaporization of 
water is 574 Kcal/kg, which plays an important role in the regulation of heat produced by 
oxidation.  

• It also provides cooling effect to plants when water is transpired. 

 

• To animals when water is perspired. Evaporation of only two ml out of one liter of water, 
lowers the temperature of the remaining 998 ml by 1°C. 

H2O  H+ + OH- 
• The water molecules ionize to form H+ and OH- ions: 
• This reaction is reversible but an equilibrium is maintained. At 25°C the concentration 

of each of H+ and OH- ions in pure water is about 10-7 mole/litre.  
• The H+ and OH- ions affect, and take part in many of the reactions that occur in cells 
• Water is effective lubricant that provides protection against damage resulting from 

friction. 
• Tears protect the surface of eye from the rubbing of eyelids. 
• Water also forms a fluid cushion around organs that helps to protect them from 

trauma. 
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Carbohydrates 
• Carbohydrates are polyhydroxy aldehydes or ketones, or complex substances which 

on hydrolysis produce polyhydroxy aldehyde or ketone subunits.  
• Three major groups of Carbohydrates are: Monosaccharides, Oligosaccharides & 

Polysaccharides.  
• General formula for Carbohydrates is Cx(H2Q)y. General formula for monosaccharides 

is (CH2O)n. General formula of oligosaccharides is Cx(H2O)y – General formula of 
polysaccharides is Cx(H2O)y –. 

• Monosaccharides: These are generally Trioses, Tetroses, Pentoses. Hexoses & 
Heptoses. Examples of trioses are dihydroxy acetone and glyceraldehyde’s. These are 
also intermediates in respiration and photosynthesis. Examples of Hexose", Glucose, 
Galactose, Fructose etc. 

• Oligosaccharides: These have 2 – 10 Monosaccharides. If two Monosaccharides then 
it is a Disaccharide. Examples of Disaccharides are: Maltose, Lactose and Sucrose etc.  

• Polysaccharides: These have more than ten Monosaccharides. Examples are 
Cellulose. Starches and Glycogen etc. Most abundant polysaccharide is Cellulose. 

• Polysaccharides are usually branched.  
• Cellulose present in wood, cotton and paper.  
• Starches present in cereals and root tubers etc.  
• In biology the most important hexose is glucose. Our blood normally contains 10.08 % 

glucose.  
• For the synthesis of 10 g of glucose 717.6 Kcal of solar energy is used. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Starch 
• Starch is compact, insoluble and IS a mixture of two compounds, amylase and 

amlyopectin. 
• Amylose is an un-branched polymer in which glucose monomers are joined by α-1 4-

glycosidic linkages. They are soluble in hot-water. 

Do you know? 
Cellulase is secreted 
by bacteria, yeasts 

and protozoa. 
Carbohydrate Types Sources Function 

Monosaccharide 
Glucose, 
fructose, 
Galactose 

fruits and 
Vegetable 

Provide energy 
converted to glycogen 
for storage 

Disaccharide 
(double/complete 
sugar) 

Sucrose, 
Maltose, 
Lactose 

Sugar cane, 
Beat root, Milk Excess is stored as fat 

Polysaccharide 
Starch, 
Cellulose, 
Glycogen 

Rice, Cereal, 
Bread 

Used in synthesis of 
many complex 
molecules 

 

Glucose is aldose 
sugar. Fructose is 

ketose sugar. 
Fructose is 
sweeter as 

compared to 
glucose 
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• Amylopectin molecule α-1, 4-glycosidic linkages and α-1, 6-glycosidic linkages. This 
allows branching. They arc "Insoluble in hot or cold water. 

Glycogen 
• In humans, glycogen is the main storage carbohydrate. Its structure is similar to 

amylopectin, but it is even more frequently branched. 
• In humans, glycogen is stored in large amounts in the liver and the muscles. During 

prolonged exercise, when the immediate supply of glucose is used up, the body 
restores its supplies by breaking down glycogen. 

• If an average person goes without food, his or her glycogen stores last for about a day. 
When glycogen runs out, the body turns to using its lipid store. This is why eating less 
while taking more exercise is the quicker way to lose weight. 

• One of the major changes associated with improving fitness is an increase in the 
amount of the enzyme glycogen synthetase in the muscles. This allows glycogen to be 
built up faster after it has been used.  

Cellulose 
• Cellulose is a structural polysaccharide. It gives strength and rigidity to plant cell walls. 
• Individual cellulose molecules are long un-branched chains containing many β-1, 4-

glycosidic linkage. The molecules are straight, side by side and are called microfibrils. 
• Cellulose is probably the most abundant structural chemical on Earth but few  animals 

can digest it because they do not make the necessary enzyme, cellulose. Herbivorous 
animals, whose diet contains large amounts of cellulose, can deal with it because they 
have cellulose-producing microorganisms in their digestive system. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Ribose Glucose 
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Lipids 
§ Lipids are heterogeneous group 

of compounds that include fats 
and oils. 

§ As they are non-polar molecules, 
most lipids are insoluble in 
water but soluble in nonpolar 
solvents such as alcohol and 
ether. Important exceptions are 
phospholipids, which have polar 
heads,  

§ Lipids contain the elements 
carbon, hydrogen, oxygen and sometimes phosphorus and nitrogen.  

§ They are intermediate-sized molecules that do not achieve the giant sizes of the 
polysaccharides, proteins and nucleic acids.  

 
 
Lipid Structure And Function 
• The triglycerides, which act mainly as energy stores in animals and plants, are a large 

important group of lipids.  
• Triglycerides consist of one molecule of glycerol and three fatty acids.  
• The glycerol molecule is common to all triglycerides and so the properties of different 

triglycerides depend on the nature of the fatty acids. Monounsaturated fatty acids 
possess one C=C bond and polyunsaturated contain more than one. 

 
Table: Some common fatty acids 

 

Fatty Acids No. of Carbon 
Atoms 

No. of Double 
Bonds Abundant In Melting Point / o 

C+ 
Palmitic 

acids 16 0 Palm oil 63.1 

Stearic acids 18 0 Cocoa 69.6 

Lauric acids 12 0 Coconut, Palm 
oil 44.2 

Oleic acids 18 1 Olive, Rapeseed 13.4 

Linoleic acid 18 2 Sunflower, 
Maze – 5.0 

 
Phospholipids 
• Phospholipids are derivatives of phosphatidic acid. The phosphatidic acid is composed 

of glycerol, fatty acids and phosphoric acid.  
• Phosphatidylcholine is one of the common phospholipids.  
• Phospholipids have a similar structure to triglycerides but one of the fatty acids is 

replaced by polar phosphoric acid.  
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• This gives the molecule a polar head and a non-polar tail. When placed in water, 
phospholipids arrange themselves with their hydrophobic (water-hating) tails pointing 
inwards and their hydrophilic (water-loving) heads pointing outwards. This is very 
important because it results in double layers called bilayers. Phospholipid bilayers 
form the basis of all biological membranes. 

Cholesterol 
• This lipid is a normal component of every cell in our body. As well as eating food that 

contains cholesterol, we can also synthesis cholesterol in the liver. 
•  The more there is in the diet the less the liver needs to make.  
• Vegetarians who eat no animal products are easily able to make all the cholesterol 

they need.  

 
Steroid Hormones 
• Steroid hormones have a similar structure to the cholesterol from which they are 
made.  
• They include testosterone, progesterone and the estrogens.  
 
Waxes 
• Waxes are lipids that are often used to waterproof surface, so preventing water loss.  
• The cuticle of a leaf and the protective covering on an insect's body are both waxes.  
• Waxes are mixtures of long chain alkanes (C25 to C35 odd numbers), alcohols, ketones 

and esters of long chain fatty acids. 
• They have no nutritional value because they cannot be digested by lipases (lipid 

digesting enzymes). 
 
Summary of Lipids 
1. Lipids are a heterogeneous group of compounds related to fatty acids.  
2. Lipids are classified as acylglycerols, waxes, phospholipids, sphingolipids, glycolipid 

and terpenoid lipids (including carotenoids and steroids).  
3. Acylglycerols are esters of fatty acids and alcohol.  
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4. An ester is produced as a result of a reaction of an alcohol with an acid and a water 
molecule is released. 

5. Fatty acids having no double bond are called saturated fatty acids while the fatty acid 
having double bonds between carbon atoms are called unsaturated fatty acids. 

6. Palmitic acid (C16) is much more soluble in the organic solvent than butyric acid (C4)· 
7. Fats and oils are lighter than water and have a specific gravity of about 0.8. 
8. Higher fat contents of food cause slower movements of feces through the bowels. 

Bacteria in food convert the undigested fats into cancer causing compounds. 
9. Terpenoids is a large group of compounds which are made up of simple repeating 

isoprenoid units (C5H8). 
 

Fats Sources Function 
Saturated • Butter, Animal Fat • Provides energy 

• Medium for intake of vitamin A, D, E and K 
Unsaturated • Fish Oil, vegetable Oil • Synthesis of cell membrane 

• Insulation layer under skin 
• Protects organs from physical injury  

 

Proteins 
1. Proteins are polymers of amino acids. the compounds containing carbon, nitrogen, 

oxygen and hydrogen.  
2. Proteins are the most abundant organic compounds in cells. They are over 50 of total 

dry weight of the cell. 
3. About 170 types of amino acids are present in the cells and tissues of these about 25 

types are involved in the formation of proteins. However, most of the proteins are 
made of 20 types of amino acids.  

4. The linkage between C of carboxyl group of one amino acid and N of amino group of 
next amino acid is called peptide bond.  

5. Glycylalanine has two amino acids and is called dipeptide. 

 
6. Each protein has specific properties which are due to: Number of amino acids. Kinds 

of amino acids specific sequence of amino acids and the shape of protein molecule. 
7. Sanger was the first scientist who determined the sequence of amino acids in a protein 

molecule. 
8. Insulin is composed of 51 amino acids in two chains. One with 21 amino acids and the 

other with 30 amino acids. Both the chains are linked by disulphide bonds. 
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9. Hemoglobin is composed of four chains two alpha and two beta chains. Each alpha 
chain contains 141 amino acids which each beta chain contains 146 amino acids.  

10. There are over 10.000 proteins in the human body. These are formed by the specific 
arrangements of 20 types of amino acids.  

11. The sequence of amino acids is determined by the order of nucleotides in the DNA.  
12. In the sickle cell hemoglobin only one amino acid (Glutamic acid) in each beta chain 

out of the 574 amino acids does not occupy the normal place in the proteins. 
 Actually, glutamic acid is replaced by valine. Therefore, hemoglobin fails to carry 
sufficient oxygen. The result is the death of the patient. 

13. Secondary structure of proteins is the coiling of primary polypeptide chains. 
14. α helix is very uniform geometric structure with 3.6 amino acids in each turn of the 

helix  
15. Tertiary protein structure is formed when a polypeptide chain bends and folds upon 

itself forming a globular shape.  
16. Quaternary proteins are polymers of several tertiary structures. 
17. All enzymes are proteins (e.g. amylase, lipase, pepsin etc). Enzymes control the cell 

metabolism. 
18. Some hormones are proteins (e.g. insulin). Hormones regulate metabolic processes.  
19. Antibodies (Immunoglobulins) are proteins which protect the body from pathogens.  
20. Blood clotting proteins (like fibrinogens) prevent the loss of blood from the body after 

injury. 
21. Movement of organs and organisms are caused by proteins (e.g. actin and mysosin et. 

are involved). 
22. Movement of chromosomes during anaphase of cell division, are caused by proteins 

(tubuis are involved).  
23. The term protein is for the finished, functional molecule. 
24. Some proteins consist of one polypeptide, others consist of two or more than two 

hemoglobin for example, contains four polypeptides. 
25. Amino acids join together in long chains to form proteins by means of peptide bond. 

This is an example of a condensation reaction.  
Four Levels of Protein Structure 

All proteins are complex molecules and biochemists look at their structure at their 
different levels; primary, secondary, tertiary and quaternary.  

Primary Structure 
• The primary structure of proteins depends upon the number, kind (types) and sequent 

of amino acids in a protein molecule. 
• Real proteins usually consist of a lot more than five amino acids. The hormone 

insulin for example for example the relatively small protein has 51 amino acids. 
• The code for the primary structure of any protein is contained in the gene. This code 

determines the order in which amino acids are assembled. This order then dictates 
the way they will twist and turn to produce the three-dimensional shape that allows 
the protein to carry out its specific function. 

A simple primary structure of a tiny protein: 
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Tertiary Structure  
• The tertiary structure of a protein is its overall three-dimensional shape and is produce 

as a result of the following:  
• The sequence of amino acids that produces a-helices &β-sheets bends at particular 

places. 
• The hydrophobic nature of many amino acid side chains. Globular proteins are 

surrounded by water and so the hydrophobic side chains tend to point inwards. 
• Tertiary structure is maintained by ionic bonds, hydrogen bonds and disulfide (-S-S-) 

bonds. 
• Functional proteins, such as enzymes and antibodies, must have an exact shape-and 

sometimes the ability to change shape - to fulfill their role in the organism.  
• Many structural proteins depend on their tertiary structure for strength. The large 

number of disulphide bridges in keratin, of example, makes body structures such as 
hair and nails very tough. 

• If a protein consists of only one polypeptide, the tertiary structure is the final shape 
of the molecule. If, however, the protein has more than one, it has a further, 
quaternary level of structure. 

Quaternary Structure 
Quaternary proteins are polymers of several tertiary structures.  

Secondary Structure 
 
§ The first level of three-dimensional twisting 

is described as the secondary structure of 
the protein.  

§ When combinations of amino acids join 
together in a chain they fold into particular 
shapes and patterns (such as spirals). 

§ These shapes form because the amino 
acids twist around to achieve the most 
stable arrangement of hydrogen bonds. 
The main types of secondary structure in 
proteins are:  

§ The α-helix, a spiral, is the most common 
type of secondary structure. The hydrogen 
bonds stabilize the α-helix.  

§ The β-pleated sheet, a flat structure that 
consists of two or more amino acid chains 
running parallel to each other, linked by 
hydrogen bonds.  

§ The secondary structure of a protein 
depends on its amino acid sequence; some 
amino acids produce α-helices. Others 
usually make β-pleated sheets.  

Q. What is the difference between primary and secondary 
structure of proteins? 
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In quaternary structure, the highly complex polypeptide tertiary chains are aggregated 
held together by:  
(i) hydrophobic interactions 
(ii) hydrogen bonds and 
(iii) ionic bonds 
 

Fibrous And Globular Proteins 
• The final three-dimensional structure of proteins results in two main classes of protein 

- fibrous and globular. 
• Fibrous proteins contain polypeptides that bind together to form long fibers or 

sheets. They are physically tough and are insoluble in water.  
• Globular proteins are usually individual molecules with complex tertiary and quaternary 

structures. They are spherical, or globular in shape, hence the name. Most are soluble in 
water and they have a biochemical function. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Nucleic Acids 
• Nucleic acids are so called because they are slightly acidic and present mainly in the 

nucleus. 
• The two types of nucleic acid, DNA and RNA both contain carbon, hydrogen, oxygen, 

nitrogen and phosphorus.  
• Nucleic acids are polymers of nucleotides.  
• Nucleotides are the building blocks of nucleic acids. A nucleotide consists of three units: 

 • A sugar (ribose or deoxyribose) 
• A phosphate group 
• A nitrogen-containing base 

Stability of Proteins 
§ As the final shape of globular proteins is maintained by relatively weak molecular interactions such 

as hydrogen bonds, proteins are very sensitive to temperature increases and other changes in their 
environment.  

§ As the temperature goes up beyond 40° C, molecular vibration increases and bonds that· are 
holding together the tertiary or quaternary structure break, changing the shape of the molecule. 
This is known as denaturation.  

§ Different proteins are denatured at different temperatures. Some begin to be denatured after 
about 40-45o C or even below but many are not totally denatured until 60° C or even higher. 

§ It is an oversimplification to say organisms die at temperatures over 44° C because their proteins 
become denature. In practice organisms die because of a metabolic imbalance caused when 
enzymes work at different rate.  

§ Proteins can also be denatured by adverse chemical conditions. Chemicals that affect weak bonds 
change the overall structure. Even a slight change in protein shape mean loss of function, some 
proteins are particularly sensitive to changes in pH 



 11 

 
• In a typical nucleotide the nitrogenous base is 

attached to position 1 of pentose sugar, while 
phosphoric acid is attached to carbon at position 5 of 
pentose sugar.  

• DNA has nucleotides in which the sugar is 
deoxyribose, while RNA contains the sugar ribose.  

 
Deoxyribonucleic Acid (DNA) 
• A German chemist, Friedrich Miescher, discovered DNA in 

1869. Miescher extracted a, white substance from the 
nuclei of human cells and fish sperm. He called this substance nuclein because it was associated 
with the nucleus. Since nuclein was acidic, it was called as nucleic acid.  

• Most of the DNA in a eukaryotic cell is in the nucleus and in very less amount in Mitochondria 
and Chloroplasts.  

• The nucleotides in DNA contain the nitrogenous (nitrogen-containing) bases 
which are adenine, guanine, cytosine or thymine.  

• Names of four nucleotides of DNA are:  
o d-adenosine monophosphate (d-AMP) 
o d-guanosine monophosphate (d-GMP) 
o d-cytidine monophosphate (d-CMP) 
o d-thymidine monophosphate (d-TMP) 

• When DNA replicates (copies itself), it makes new strands by 
adding nucleotides. These are available as free molecules in 
the cytoplasm. Generally, cells can synthesize their own 
nucleotides. 

Base pair 
• Adenine and guanine are purines (large/double ring) while thymine and cytosine are pyrimidines 

(small/single ring).  
• Because of the shape of the two types of molecules, each purine always bonds with only one 

pyrimidine. So, in DNA, adenine always bonds with thymine, and cytosine with guanine. In RNA, 
cytosine bonds with guanine and adenine bonds with uracil: 

DNA:  A = T    RNA:  A = U 

  G = C       G = C 

• The base pairs are held together by hydrogen bonds. There are two H-bonds between A and T 
(or U) and three between C and G.  

• A nucleotide has ester bond. A polynucleotide chain has phosphodiester bonds. 
• In phosphodiester linkage, one phosphate group is linked to the two sugars by means of a pair of 

esters (P-O-C) bonds. 
• According to Erwin Chargaff the quantity of A and T are almost equal. Similarly, the quantity of G 

and C are almost equal. It means A with T and G with C in DNA double strand.  

Genetic Code  
DNA has two remarkable 

characteristics:  

• It is a store of genetic 

information. 
• It can copy itself 

exactly, time after time. 
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• British Chemist Rosalind Franklin carried on an X-ray diffraction analysis of DNA in the Lab of 
Maurice Wilkins. 

• Maurice Wilkins (British biochemist) prepared DNA fibers. 
• The diffraction pattern suggested that the DNA molecule had a shape of a helix with a diameter 

of2 nm and a complete helical turn every 3.4 nm. 
• James Watson and Francis crick proposed structure of the DNA molecule. 

 
• In DNA the sides are formed by alternating sugar-phosphate units, while the base pairs form the 

cross-bridges, like the rungs of a ladder. Each base pairing causes a twist in the helix and there is 
a complete 360o turn every 10 base pairs.  

• DNA & Histones form Eukaryotic chromosomes.  
• A gene is a unit of biological inheritance.  
• The E. coli genome consists of 4,639,221 base pairs. It codes for about 4288 proteins.  
• The first microbe whose genome is completely sequenced is Haemophilus influenza. It was 

published in July 28, 1995.  

Ribonucleic Acid (RNA) 

§ RNA is synthesized 'by DNA in a 
process known as transcription. 

§ RNA is present in the 
Nucleus/nucleolus, ribosomes, 
cytosol and in smaller amounts in 
other parts of the cell. 

§ The RNA molecule has single 
strand. It may fold back on itself 
to give double helix.  

§ ATP is highly unstable nucleotide. 
It is used as energy currency by 
the cell. 

§ All types of RNA’s are synthesized' from DNA in the nucleus and then are moved out in 
the cytoplasm to perform their specific functions. 

§ Three of the bases in RNA - adenine guanine and cytosine - are the same as those it 
DNA. The fourth is different: RNA contains uracil instead of thymine.  

§ RNA molecules are much smaller than DNA molecules. 
§ DNA can consist of over 300,000,000 nucleotides. RNA usually consists of a few hundred. 
§ RNA is also less stable.  
§ DNA molecules are the permanent store for genetic information and last for many years. 

In contrast, RNA molecules have a short-term function and are easily replaced. 
§ There are three forms of ribonucleic acid (RNA) in the cell:  
§ Small lengths of mRNA are assembled in the nucleus using a single gene within the DNA 

as a template. When a complete copy of the gene has been produced the mRNA moves 
out of the nucleus to the ribosome, where the protein is synthesized according to the 



13 

code taken from the DNA. For a protein molecule of 1000 amino acids, the length of 
mRNA will be 3,000 nucleotides. The mRNA is about 3to 4 % of the total RNA in the cell. 

§ Transfer RNA is found in the cytoplasm and is a carrier molecule, bringing amino acids to
the ribosomes for assembly into a new amino acid chain according to the order specified
on the mRNA code. There is one specific tRNA for each kind of amino acid. So there are
at least 20 kinds of tRNAs in the cell. tRNAs are about 10 to 20% of the total RNA in the
cell. Human cells contain about 45 different kinds of tRNA molecules.

§ Ribosomal RNA makes up part of the ribosome. Ribosomal RNA is up to 80 % of the total
RNA in the cell. In ribosome, rRNA is 40 – 50 %. During translation, rRNA provides the
site where polypeptides arc assembled.
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Practice Questions 
Assessment 1 

1. The richest source of energy is: 
a. Glucose 
b. Fructose 
c. Fats 
d. Proteins 

2. Examples of structural lipids are: 
a. Phospholipids 
b. Glycolipid 
c. Sterols 
d. all of these 

3. Which one is odd? 
a. Glucose 
b. Fructose 
c. Galactose 
d. Lactose 

4. Which is nitrogen base? 
a. Choline 
b. ethanol amine 
c. serine 
d. all of these 

5. The viscosity of protoplasm is comparable with that of: 
a. Glycerol 
b. Glycerin 
c. Light machine oil 
d. all of these 

6. The property of contraction and relaxation of cytoplasm is attributable to special type of: 
a. Carbohydrates 
b. Lipids 
c. Proteins 
d. nucleic acids 

7. Amount of water in living cells varies from: 
a. 75 – 89 
b. 70 – 89 
c. 60 – 89 
d. 65 – 89 

8. Histones are: 
a. Single protein 
b. Different kinds of proteins 
c. Conjugated molecules 
d. carbohydrates 

9. 3-D proteins are due to: 
a. Primary structure 
b. Tertiary structure 
c. Secondary structure 
d. Both A and C 

10. Primary product of photosynthesis: 
a. Carbohydrates 
b. Proteins 
c. Lipids 
d. Nucleotides 
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Assessment 2 

1. Total number of amino acids in insulin is: 
a. 61 
b. 41 
c. 71 
d. 51 

2. Amino acids of hemoglobin are arranged in two dimmers, contains 
a. 574 amino acids 
b. 287 amino acids 
c. 141 amino acids 
d. 146 amino acids 

3. A chain containing two amino acids is known as: 
a. Dipeptide 
b. Peptide 
c. Amino-peptide 
d. Di amino acid 

4. The simplest amino acid is: 
a. Alanine 
b. Lysine 
c. Glycine 
d. aspartic acid 

5. The essential amino acid means: 
a. formed within the body 
b. enter from outside the body 
c. can change from one to another kind of amino acid 
d. 20 kinds of amino acids 

6. The simplest fatty acid is: 
a. acetic acid 
b. butyric acid 
c. Palmitic acid 
d. oleic acid 

7. The Nucleotide with single ring is: 
a. Adenine 
b. Guanine 
c. Cytosine 
d. both a and b 

8. Histone present in: 
a. DNA 
b. RNA 
c. Chromosome 
d. glycolipids 

9. Number of Nucleotides in ATP: 
a. 1 
b. 2 
c. 3 
d. 4 

10. Most diverse macromolecules in a cell: 
a. Carbohydrate 
b. Protein 
c. Lipid 
d. DNA 

 



 16 

 
  Assessment 3 

 
1. Choline is _____: 

a. Monosaccharide 
b. Disaccharide 
c. Nitrogenous base 
d. Nucleotide 

2. Number of Nucleotides in NADP: 
a. 1 
b. 2 
c. 3 
d. 4 

3. Which one is conjugated molecule? 
a. Protein 
b. Carbohydrate 
c. Glycoprotein 
d. Lipid 

4. Amylopectin not abundant in: 
a. Wheat 
b. Maize 
c. both a and b 
d. Pulses 

5. Most abundant fruit sugar is usually: 
a. Glucose 
b. Sucrose 
c. Maltose 
d. Lactose 

6. Example of vitamin/nucleotide/co-enzyme is: 
a. FAD 
b. NAD 
c. NADP 
d. All of these 

7. Base pairs in E. coli: 
a. 4288 
b. 14000 
c. 4639221 
d. Four 

8. What is unique of DNA? 
a. Replication 
b. Organic 
c. Has nitrogenous bases 
d. all of these 

9. Reverse of Dehydration synthesis is: 
a. Hydrolysis 
b. Oxidation 
c. Reduction 
d. Oxidation-Reduction 

10. Phospholipids are: 
a. Polar 
b. non-polar 
c. Polar on one end and non-polar on the other end 
d. Sometimes polar and sometimes non polar 
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Assessment 4 

1. Glyceraldehyde is: 
a. Tetrose 
b. Triose 
c. Heptose 
d. Pseudoheptalose 

2. Glycerol is the backbone molecule for: 
a. disacchardies 
b. DNA 
c. triglycerides 
d. ATP 

3. All the information for the structure and functioning of a cell is stored in: 
a. DNA 
b. tRNA 
c. mRNA 
d. rRNA 

4. Basic unit of DNA is: 
a. nucleotide 
b. amino acid 
c. nucleic acid 
d. double helix 

5. Second most abundant compound in living organisms is: 
a. protein 
b. lipids 
c. DNA 
d. Carbohydrate 

6. Tetroses are rare in nature and occur in: 
a. Some bacteria 
b. Few bacteria 
c. Bacteria 
d. Most Bacteria 

7. Evaporation of only two ml out of one liter of water lowers the temperature of the remaining 998 ml by 
__________ oC. 

a. 0.01 
b. 0.1 
c. 1.0 
d. 2.0 

8. Generally all the organic compounds contain the elements except: 
a. iron and oxygen 
b. carbon and oxygen 
c. carbon and hydrogen 
d. Carbon and nitrogen 

9. Potential source of energy for cell activities: 
a. C – H 
b. H – H 
c. C – O – C 
d. C – C 

10. At 25° C the concentration each of H+ and OH ions in pure water is about: 
a.    10 –7 ml/litre 

b.    10 –7 mole/litre 

c.    10 –7 mg/litre 

d.    10 –7 moles/ml 

11.  
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Key 

Assessment 1 
1. c 
2. d 
3. d 
4. d 
5. a 
6. c 
7. d 
8. b 
9. b 
10. a 

Assessment 2 
11.  d 
12.  a 
13.  a 
14.  c  
15.  b 
16.  a 
17.  c  
18.  c 
19.  a 
20.  b 
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 Key 

Assessment 3 
 

21. c 
22. d 
23. c 
24. d 
25. a 
26. d 
27. c 
28. d 
29. a 
30. c 

Assessment 4 
 

31. b 
32. c 
33. a 
34. a 
35. a 
36. a 
37. c 
38. a 
39. a 
40. b 
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Unit 1: The Cell 
Learning Outcomes  
• Compare the structure of typical animal and 

plant cell 
• Compare and contrast the structure of 

prokaryotic cells with eukaryotic cells 
• Outline the structure and function of the 

following organelles: 
o Nucleus, Endoplasmic Reticulum, Golgi 

Apparatus and Mitochondria 
• Discuss fluid mosaic model of cell membrane 
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Prokaryotic and Eukaryotic Cell 

 
 
 

 
 
 
 
 
 
 

PROPERTY PROKARYOTIC CELLS EUKARYOTIC CELLS 

Nuclear 
membrane 

Since there is no nuclear membrane 
therefore no distinct nucleus Present 

Chromatin 
material 

The genetic material (DNA) is 
without any nuclear membrane and 
freely present in the cytoplasm. 

A nucleus is present in which 
nuclear material (chromosomes) is 
enclosed in double nuclear 
membrane. 

Chromosome It is formed of DNA only It is formed of DNA and protein. 

Organelles 

Few organelles 
None are surrounded by an envelope 
(two membranes) internal 
membrane scarce if present usually 
associated with respiration or 
photosynthesis. 

Many organelles envelop-bound 
organelles present e.g. nucleus, 
mitochondria, and chloroplasts. 
Great diversity of organelles 
bounded by single membrane e.g. 
lysosomes, vacuoles, micro bodies, 
endoplasmic, reticulum etc. 

Ribosomes Ribosomes are 70S smaller subunit is 
30S while larger subunit is 50S. 

Ribosomes are 80S smaller subunit 
is 40S while larger subunit is 60S. 

Cell wall 

Cell wall is composed of 
peptidoglycan or murein. When 
polysaccharide chains are bound 
covalently to shorter chains of amino 
acids. Peptidoglycan is formed. The 
entire cell wall is considered as a 

The cell wall if present is formed of 
cellulose is most of the plant cells 
and is formed of chitin in fungi. 

 

Figure 1.1 Prokaryotic and eukaryotic cell 
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single complex molecule called 
sacculus. 

Cell division In prokaryotes mitosis is missing and 
the cell divided by binary fission. Cell division by mitosis. 

Organelles Organisms possessing prokaryotic 
cells are called prokaryotes. 

Organism possessing eukaryotic 
cells is called eukaryotes. 

Origin/ 
Evaluation 

Prokaryotes present primitive stage 
of evaluation. 

Eukaryotes probably evolved from 
prokaryotes. 

Flagella 
Simple, lacking microtubules 
extracellular (not enclosed by cell 
surface membrane) 20 nm diameter. 

Complex, with 9 + 2 arrangement 
of microtubules intracellular 
(surrounded by cell  surface 
membrane) 200 nm diameter 

Respiration 
Mesosomes in bacteria except 
cytoplasmic membrane un blue 
green algae. 

Mitochondria for aerobic 
respiration. 

Photosynthesis No chloroplasts no membrane 
stacking 

Chloroplasts containing 
membranes which are usually 
stacked into lamellae or grana. 

Nitrogen 
fixation Mainly unicellular Mainly have the ability 

Form Mainly unicellular 
Mainly multi-cellular (except 
Protoctista, many of which are 
unicellular) 

Cell size Average diameter 0.5 – 20 µm 
10-100 µm diameter common 
commonly 1000-10000 times 
volume of prokaryotic cells. 

Examples Prokaryotes include bacteria and 
blue green algae (cyanobacteria) 

Eukaryotes include all other 
unicellular or multi-cellular 
organisms such as animals, plants 
fungi and Protista. 
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Comparison of Animal and Plant Cell 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1.2 Differences between plant and animal cell 
The figure above shows the features and differences between plant and animal cells 

Animal Cell 
 

1. Usually smaller in size. 
2. Enclosed by plasma membrane 

only. 
3. Plastids absent. 
4. Cytoplasm consists largely of 

smaller vacuole. 
5. Prominent and highly complex 

Golgi bodies. 
6. Possess centrosome with one 

of two centrioles. 

Plant Cell 
 

1. Comparatively larger in size. 
2. In addition to plasma membrane 

mostly surrounded by a thick cell 
wall. 

3. Plastids (chloroplast and 
chromoplast) are very common. 

4. Cytoplasm peripheral, central 
space occupied by a large vacuole. 

5. Contain several subunits of Golgi 
bodies called dictyosomes. 

6. No centrioles present, instead two 
small clear area called polar caps 
are present. 
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§ A large proportion of the inside of the cell is taken up with a fluid-filled compartment 
known as the vacuole. Together the wall and vacuole maintain the shape of the whole 
cell. 

§ Plant cells have specialized organelles, the chloroplasts, which enable them to make their 
own food by photosynthesis. 

 

Cell Membrane 
Plasma membrane or cell membrane is the outer most boundary of the cell. However, in most 
plant cells, it is covered by a cell wall. 
 
 
 
 

Nucleus. 
Plasma 

membrane. 
Mitochondria. 

Rough ER. 
Golgi bodies. 
Lysosomes. 

 

Small 
Vacuoles 

Large 
Vacuole 

Centrioles  

Cell wall 

Plastids e.g. 
chloroplasts 

Figure 1.3 The comparison between plant and animal cells. 
The union shows the features present in both the type of cells while the intersection 
depicts the characteristics specific to each of the organelle. 

Structure 
Under electron microscope it is a bi-
layered structure, this structure is 
delicate and elastic it has some ability 
to repair itself. 
Models of Cell Membrane Structure 

There are two models of cell 
membrane structure: 
Unit Membrane Model According to 

this model the cell membrane 
is composed of lipid bilayer 
and sandwiched between two 
protein layers. This structure is 
present in all cell organelles 
(for example, mitochondria, 
chloroplast etc.) 

 
 
 

Figure 1.4 Unit Membrane 
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Chemical Composition 
Cell membrane contains phospholipids 20-40% proteins, 60-80% cholesterol and 
polysaccharides. 
• It is about 7 nm thick 
• The basic structure is a phospholipid bilayer. 
• The hydrophilic phosphate heads of the phospholipids face outwards. The result is the 

aqueous environment inside and outside the cell. 
• The hydrocarbon tails face inwards and create a hydrophobic interior. 
• Most protein molecules float about in the phospholipid bilayer forming a fluid mosaic pattern.  
• The proteins stay in the membrane because they have regions of hydrophobic amino acids 

which interact with the fatty acid tails to exclude water. 
• Some proteins and lipids have short branching carbohydrate chains like antennae forming 

glycoproteins and glycolipids respectively. 
• Membrane also contains cholesterol. Like unsaturated fatty acids cholesterol disturbs the 

close packing of phospholipids and keeps them more fluid. This can be important for 
organisms living at low temperatures when membranes can solidify. Cholesterol also 
increases flexibility and stability of membranes, without it membrane break up. 

• The two sides of a membrane differ in composition and function. 
 
Functions of Membrane 
• The phospholipid bilayer provides the basic structure of membrane. It also restricts entry and 

exit of polar molecules and ions. 
• Channel protein and carrier proteins are involved in the selective transport of polar 

molecules and ions across the membrane. 

Fluid Mosaic Model According to the fluid mosaic model the cell membrane consists of a double 
layer of phospholipid molecules, known as a lipid bi-layers. It has proteins and other molecules. 
The name fluid mosaic is used because the bi-layer is a very fluid structure and it contains a mosaic 
of protein molecules. 
 
 

Figure 1.5 Fluid Mosaic Model 
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Transport Across The Cell Membrane 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Diffusion 
 

Diffusion is the movement of molecules 
or ions from a region of their high 
concentration to a region of their low 
concentration. The process is passive 
(does not require energy and happens 
spontaneously). 
 
Two factors affect the rate of diffusion 
 
a) Difference in concentration between 
point A and point B. The steeper the 
gradient, the faster the rate of diffusion.  
b) The greater the surface area of a 
membrane through which diffusion is 
taking place the greater the rate of 
diffusion. 
 

Facilitated Diffusion 
 
Some substances enter and leave cells 
much faster than you would expect it 
only diffusion occurred. We now know 
that some membrane proteins facilitate 
the diffusion of some substances across 
the cell membrane.  

 
Two types of proteins are responsible 
for facilitated diffusion. 

• Specific carrier protein takes 
particular substance from the 
membrane to the other. 

• Ion channels are proteins that 
open and close to control the 
passage of selected charged 
articles. 

• Channel proteins have a fixed 
shape 

 

Point to Ponder  
Remember, diffusion and passive transport are the two names of the same process 

• Some proteins act as receptor molecules for chemical signaling between 
cells. 

• Some proteins act as an antigen these act as cell identity markers. 
• Glycolipids and glycoproteins help cells to recognize each other – allowing 

the immune system to tell the difference between body cells and invading 
bacteria. 

•  Energy transfer ion photosynthesis and respiration proteins take part in the 
energy   transfer system. 
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Active Transport 

Active transport is the energy-consuming transport of molecules or ions across a 
membrane against a concentration gradient. Movement are usually in one direction only. 
Unlike diffusion which is reversible. The energy is supplied in the form of ATP made in 
respiration. Without respiration, active transport is therefore impossible.  

 
 
 
 
 
 
 
 
 

Osmosis 
Osmosis is a passage of water molecules from a region of their high concentration to a 
region of their low concentration through a partially permeable membrane. We can say 
that it is a form of diffusion in which only water molecules move. 

 

 
Q. What is the difference between active and 
passive transport? 

 

Endocytosis and Endocytosis 
• Endocytosis and exocytosis are active processes involving the bulk transport of 

materials through membrane, either into cells (endocytosis) or out of cells 
(exocytosis). 

• Endocytosis occurs by an enfolding or extension of the cell membrane to form a 
vesicle it is of two types. 
o Phagocytosis (cell eating) material taken up is in solid form. Cells 

specializing in the process are called phagocytes and are said to be 
phagocytic. For example, some white blood cells take up bacteria by 
phagocytosis. The sea formed during uptake is called a phagocytosis 
vacuole. 

o Pinocytosis (cell drinking) material taken up is in liquid form. The vesicles 
formed are often extremely small, in which case the process is known as 
micropinocytosis and the vesicles as micro pinocytosis vesicles. 

• Exocytosis is the reverse process of endocytosis. Waste materials may be 
removed from cells, such as solid, undigested remain from the pancreas is 
achieved in this way. Plant cells use exocytosis to export the material needed to 
form cell walls. 
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The Nucleus 
 

§ The nucleus is the largest and most prominent organelles in the animal cell. 
§ Almost all eukaryote cells have a nucleus – red blood cells in mammals and phloem cells 

in plants are exception. 
§ Every nucleus is surrounded by a nuclear envelope. This consists of two membranes that 

are separated by gap of 20 to 40 nm. 
§ Nucleus may be irregular in shape and about 10 µm in diameter. It contains the cell’s DNA, 

which carries information that allows the cell to divide and carry out all its cellular 
processes. 

§ Nucleus controls the life and activities of the cell. 
§ In animal cells nucleus is generally present in the central part. In plant cells nucleus is 

pushed towards periphery due to a large central vacuole. 
§ DNA/RNA and proteins (including 

enzymes) forms the chemical 
composition of coleus. 

§ Nucleus consists of nuclear 
membrane, nucleoli, nucleoplasm 
and chromosomes. 

§ The number of nuclear pores is 
highly variable. For example, the 
undifferentiated cells (e.g. eggs) 
have many pores (about 30000 per 
nucleus) while the differentiated 
cells (e.g. erythrocytes) have only 3 
or 4 pores/nucleus. Each pore has a 
definite structure. 

 
Nucleolus 
Nucleolus is a darkly stained structure within the nucleus. It has no membrane. 

There are two regions of a nucleolus. 
The Peripheral Granular Area 

It contains the materials from which ribosomal subunits are formed. 
The Central Fibrillar Area 

It has large molecular weight RNA and rDNA. 
• The heredity material is in the form of chromosomes, which controls all the activities of 

the cell. Chromosome is formed of DNA and proteins. 
• Nucleus is visible when the cell is in non-dividing stage. It contains chromatin network 

and soluble sap called nucleoplasm. Dark staining chromatin, consisting of tightly packed 
DNA, is known as Heterochromatin. The lighter, more loosely packed material is called 
Euchromatin contains the DNA that is being actively read to produce proteins. In 
heterochromatin, the DNA is packed together and is not being read. Nucleus is stained 
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with the basic dyes because of the chromatin material. During cell division chromatin 
material is converted into darkly stained thread like structures called chromosome. 

Chromosome is made of arms and centromeres. 
• Centromere is the place on the chromosome where spindle fibers are attached during cell 

division. 
o Each chromosome consists of two identical chromatids at the beginning of cell 

division which are held together at centromere. 
• A chromatid is exact replica of the chromosome. 
• The information to control cell activities is present on the chromosomes in the form of 

genes.  
• The chromosome number varies which may be 2n = 2 to 2n = 1200 (Pteridophytes).  
• The number of chromosomes in all individuals of the same species remains constant 

generation after generation. 
• Some examples of chromosome No. are: Frog = 26, Chimpanzee = 48. Fruit fly (Drosophila 

melanogaster) = 8, Wheat = 42, Onion = 16, Potato. = 48. Garden pea = 14. Penicillium (a 
fungus) has two chromosomes (one pair), corn 20, wheat 42, sugarcane 80, some ferns 
have more than 500 pairs, mosquito 6, fruit fly 8, frog 26, honey bee 32, mouse 40 and 
human cells have 46 chromosomes (23 pairs). 

• The number of chromosomes in normal body cells is diploid (2n) while the gem cells 
(sperms and eggs) have haploid chromosome number (11). 

 
 

 

 

Endoplasmic reticulum (ER) 

The nuclear envelope joins with the membrane of the endoplasmic reticulum (ER). It is a system 
of complex network spread throughout the cell.  

These are present in Eukaryotic cells & are of two types:  
1) RER  
2) SER 

•  On the outside surface of the RER are ribosomes. 
•  The main function of RER is to keep together and transport the proteins made on the 

ribosomes. 
•  Instead of simply diffusing away into the cytoplasm, newly made proteins enter into RER. 

Here they fold into three-dimensional shape. 
•  A mature cell that makes and secretes large amounts of protein – such as one that makes 

digestive enzymes – has RER that occupies as much as 90 per cent of the total volume of 
the cytoplasm. 

•  RER is also a storage unit for enzymes and other proteins. 

Do you know? 
Germ cells have n 

number of chromosomes 
while somatic cells have 

2n number of 
chromosomes 

Examples 
Human germ cells (eggs and sperms) = 23 
chromosomes. 
Drosophila germ cells = 4 chromosomes.  
 



 

 11 

•  Small vesicles containing newly synthesized proteins pinch off from (the ends of the RER 
and either fuse with the golgi complex or pass directly to the cell surface membrane.  

•  The channels having material present in them which is separated from the cytoplasmic 
materials by the spherical or tubular membranes is called cisternae.  

•  E.R provides mechanical support to the cell.  
•  In some cells SER transmit impulses. For example, nerve and muscle cells.  
•  Both RER and SER are involved in the transportation of materials from one part of the cell 

to the other. 

 
 
 
 
 
 
 
 
 
 
 

 
Ribosomes 

Ribosomes were discovered by Palade in 1955.  
§ Ribosomes are small dense organelles, about 20 nm in diameter present in great numbers in 

the cell. Most are attached to the surface of RER but they can occur free in the cytoplasm.  
§ Ribosomes are made from a combination of rRNA and protein. Eukaryotic ribosomes are 

compose-I of an equal quantity of RNA and protein. Therefore, they are also called as 
ribonucleoproteins.  

§ Ribosomes are involved in protein synthesis. They assemble amino acids in the right order to 
produce new proteins. The ribosome uses the code on' messenger RNA (mRNA) to put amino 
acid together in chains to form specific proteins.  

Smooth Endoplasmic Reticulum (SER) Rough Endoplasmic Reticulum (RER) 

It does not bear ribosomes over the surface of 
its membranes. 

It possesses ribosomes attached to its 
membranes. 

It is mainly formed of, vesicles and tubules. It is mainly formed of cisternae and a few 
tubules. 

It is engaged in 'the synthesis of glycogen, 
lipids and steroids. 

It takes part in the synthesis of proteins and 
enzymes 

ER with no ribosomes attached 
is known as SER. 
Smooth ER is not involved in 
protein synthesis but is the site 
of steroid (lipid hormone) 
production. It also contains 
enzymes that detoxify, or 
make harmless, a wide variety 
of organic molecules, and it 
acts as a storage site for 
calcium in skeletal muscle 
cells. 

 

 

Figure 1. Endoplasmic reticulum. The diagram shows both 
SER and RER 
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§ Generally, proteins that are to be used inside the cell are made on free ribosome while those 
that are to be secreted out of the cell are made on ribosomes that are bound to ER 
membranes.  

§ New ribosomes are formed in the nucleolus. 
§ Eukaryotic ribosome is 80 S (60 S + 40 S). Mg++ controls this  

attachment.  
§ A group of ribosomes attached to the same mRNA are called  

polysomes.  
 
The Golgi Complex 
 
The Golgi apparatus/Golgi complex was discovered by Camillo Golgi  
in 1898. It is found in eukaryotic cells.  
• Golgi apparatus consists of stacks of flattened membrane  
• bound sacs or flattened cavities or vesicles called Cisternae (5 – 8).  
• The whole organelle is a shifting, flexible structure; vesicles are constantly being added at one 

side and lost from the other. Generally, vesicles fuse with the forming face (the one nearest 
to the nucleus) and leave from the maturing face (the one nearest to the cell surface 
membrane). 

• Golgi complex has proteins, carbohydrates, glycoproteins and some enzymes. The Golgi 
complex appears to be involved with the synthesis and modification of proteins. lipids and 
carbohydrates.  

• Major functions of Golgi complex are formation of conjugated molecules and Secretions. 
• Proteins made on the ribosomes attached to ER are packaged into the vesicles by the ER. 

Some of the vesicles join with the Golgi complex and the proteins they contain are modified 
before they are secreted out of the cell.  

• Golgi apparatus + Golgi vesicles = Golgi complex  
• Secretions are products formed in the cells on ribosomes and then pass to the outside 

through endoplasmic reticulum and Golgi apparatus.  
• In plants Golgi apparatus is involved in the synthesis of cell wall. 
 
 
 
 
 
 
 
 
 
 

Figure 1. Golgi Apparatus Figure 1. Ribosomes (Large and small subunits) 



 

 13 

Mitochondria 

• Mitochondria are important organelles of eukaryotic cells. They manufacture and supply 
energy to the cell. Therefore, they are also called powerhouse of the cell.  

• Mitochondria are particularly abundant in metabolically active cells, tissues such (is muscle 
and tissues involved in active transport.  

• The size (0.5 – 1.5 µn wide) and number of mitochondria varies and depend upon the 
physiological activity of the cell.  

• Under compound microscope mitochondria may be rod shaped, vesicles or filaments. In 
Electron Microscope, Mitochondria have two membranes, outer smooth and inner with 
aristae. 

• The inner surface of aristae in the mitochondrial matrix has small knob like structures called 
F1 particles. These are involved in ATP formation.  

• Mitochondrial matrix contains enzymes, coenzymes and organic and inorganic salts. 
Mitochondria also contain DNA and ribosomes.  

• Mitochondrial matrix helps in metabolic processes like Kreb's cycle, aerobic respiration and 
fatty acid metabolism etc. Their main function is to make ATP via the process of aerobic 
respiration. ATP diffuses into the cell and provides instant chemical energy.  

• Mitochondria have a double membrane; the outer membrane is smooth while the inner one 
is folded. This arrangement gives as large internal surface area on which the complex 
reactions of aerobic respiration can take place.  

Mitochondrion is a self-replicating organelle.  

Centrioles 

Centrioles are present in animal cells, some microorganisms and lower plants. They are absent 
in higher plants.  
§ Centrioles are short bundles of filaments, set at right angles to each other. They are found in 

a clear area of cytoplasm known as the centrosome.  
§ In a cross section, each centriole consists of a cylindrical array of 9 microtubules, each 

microtubule has 3 tubules. The tubules are composed of special protein caned tubulin. The 
chemical composition and structure is similar to that of cilia and flagella. 

Centrioles Mitochondria 
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A cell is the structural and 
functional unit of life 

Discovery of cell is linked with the 
invention of microscope because most 
of the cells are microscopic 

Jean Baptist de-Lamarck (1809) said 
"nobody can have life if it is not 
formed by cellular tissue."  
 

Robert Brown said that nucleus is present in the cell and the cell is not an empty space. He discovered the nucleus in the cells of orchids. 

Robert Hooke discovered the cell in 1665 
under his self-made compound microscope. 
According to Hooke, cell is an empty space 
surrounded by thick walls. He published his -
work in Micrographia in 1665. 

Lorenz Oken in 1805 (a German 

scientist) said "all living beings 

originate from or consist of vesicles or 

cells". 

Cell theory is: "All living organisms 
are composed of cells and cell 
products".  
 

Louis Pasteur (1862) 
said that bacteria 
are formed from 
existing bacteria. 
 

A German zoologist Theodor Schwann 

(1839) and a German botanist Schleiden 

(1838) worked independently on the cell 

 They found that a cell has 3 parts:  

Nucleus 
Cytoplasm (fluid surrounding the nucleus) and 

Plasma membrane (outer thin membrane) 

 

Additional Notes  

The main features of Cell Theory in its 
present form are: 
• All organisms are composed of one 

or more cells. 
• All cells arise from pre-existing cells.  
• Cell is the basic structural and 

functional unit for all organisms.  
 

A German physician Rudolph Virchow (1855) said "omniscellula e cellula" (new cells formed by the division of existing living cells). It was opposite to the idea of Abiogenesis 

The human naked eye can 
differentiate between two points, 
which are 1.0 mm apart. This is 
known as resolution of the eye. This 
resolution can be increased by 
lenses. 
 In a compound microscope the resolution is 2.0 µm. It is 500 X that of naked eye.  
 

August Weismann (1880) said that 

all living cells have a common origin 

because they have basic similarity in 

structure and composition. 

Their function is the formation of spindle (that guides the chromosomes 
during cell division). In addition to spindle formation, the centrioles act as 
the center of formation for the whole cytoskeleton and they are known as 
microtubule organizing centers. 
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A compound microscope has 
different magnification powers. The 
ocular lenses may he 5 X and 10 X 
while objective lenses may be 20 X, 
40 X, 100 X etc.  

Additional Notes  

The magnification power of microscope is determined by 
multiplying X values of ocular lens and X value of objective lens. 
For example: A microscope with 10 X ocular lens and 40 X 
objective lens will have 10 X 40 = 400 X magnifying power.  
 

The source of illumination in compound 
microscopes is visible light. In electron 
microscope the source of illumination is 
a beam of electrons.  
 

In multi-cellular organisms there is a 
division of labour. Examples from animals 
are: 
Muscle cells contract and relax 
Nerve cells transmit impulses 
Gland cells secrete 
Red blood cells carry oxygen 
Some stomach cells secrete gastric juice 
White blood cells (WBC) produce 
antibodies. 
Eye cells detect and respond to light. 

The resolution of electron microscope is 2 – 4 Angstrom. It is 500 X greater than that of the compound microscope and 250,000 X greater than that of the naked eye.   

Examples from animals are:  Xylem cells conduct water and mineral salts from 
soil to the aerial parts of the plant Phloem cells translocate food Sclerenchymatous cells give support to the plants 

Chlorenchymatous cells carry out photosynthesis 
Parenchymatous. cells store surplus food and Meristernatie cells produce new cells for growth 

and development of the plant  

Due to different functions the cells 

have different shapes and sizes.  
 

The function of an organism is due to 
activities and interactions of different 
cells and cell components. 
 

To study cell parts, modern techniques are used. 

Most modern technique is cell fractionation.  

 
 

The process of grinding to get a uniform 
composition/structure is called 
homogenization. 

The tissues are taken and are 

homogenized by special instruments 

(like homogenizers). 

Cell size is measured in 
micrometer (µm). One µm is 
0.000,001 meter or 1 x 10 – 
6 of a metre. 

The process of separation of different parts of the cell into different 
layers (on the basis of their size and weight and density of the 
medium) in the centrifuge tube using a centrifuge machine at medium 
speed is called density gradient centrifugation.  
 

In most plant cells, cell 
membrane is surrounded by 
cell wall.  
 

Ostrich's egg is the biggest egg  

 
The electron 
microscope has shown 
that the cell wall is 
formed by three main 
layers:  
Middle lamella  
Primary cell wall 
Secondary cell wall  
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Additional Notes  

Secondary cell wall is formed on Inner 
surface of primary wall. It is thick and rigid 
than primary wall. Chemically it is 
composed of inorganic salts, silica, wax, 
cutin and lignin etc.  

Primary wall is a true wall and develops in newly growing cells. It is mainly made up of cellulose with some deposition of pectin and hemicellulose.   First of all Middle Lamella is formed between 
the primary wall s of the neighboring cells. It is 
not the true wall and is composed of pectin or 
calcium pectate.  
 

The polysaccharides in bacterial cell wall and 
cellulose in plant cell wall are carbohydrates. 

Cell wall protects the cell from osmotiolysis. 
 

The protoplasm of a eukaryotic cell is 
divided into nucleus and cytoplasm. 
 

Cytoplasm is formed by an aqueous ground substance 
which contains: 
Many cell organelles 
Insoluble wastes and storage products (called inclusions) 
Cytosol (the soluble part of cytoplasm is called cytosol) 
 Cytosol is 90 % water and 10 

inorganic and organic molecules.  
 

Cytosol has true solutions and colloidal 
solutions. The colloidal solution may be sol or 
gel. Sol is non-viscous and gel is viscous.  
 

The material present in between 
the plasma membrane and the 
nuclear membrane is called 
cytoplasm. 
 

Cytosol is 90 % water and 10 inorganic and organic molecules  
 

Lysosomes are involved in: 
Autophagy/self-eating (Autophagosomes)  
Phagocytosis 
Extra-cellular digestion and autolysis 
 

The peripheral part of the cell is 
like a gel.  
 

The process of separation of different parts of the cell into 

different layers (on the basis of their size and weight and 

density of the medium) in the centrifuge tube using a 

centrifuge machine at high speed is called density gradient 

ultracentrifugation. 

 

The free floating cell organelles (e.g. 
Mitochondria) move in the cytoplasm 
due to cytoplasmic streaming 
movements and is called active mass 
movement of cytoplasm.  
 

De Duve in 1949 isolated lysosomes. They 

are found in most eukaryotic cells 

 Lysosomes are rich in acid phosphatases and 
several other hydrolytic enzymes. 
 

In the primary cell wall the cellulose fibers 
are arranged in a criss-cross manner which 
give strength to the cell wall.  
 

The autophagosomes working on digestive 
vacuoles are also known as secondary Lysosomes. 
 

De-Duve and coworkers isolated peroxisomes in 

1965 from liver cells and other tissues. These are 

single membrane organelles (0.5 µm in diameter).  

 

TAY-SACH'S disease is due to the absence of an 
enzyme that is involved in the catabolism of 
lipids. Accumulation of lipids in brain cells 
leads to mental retardation and even death. 

If an enzyme that breaks glycogen 
to glucose is absent from 
Lysosomes, the result is a disease 
Glycogenosis type II.  
 

The living content of the cell is called 
protoplasm. 
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Additional Notes  

Peroxisomes contain H2O2 
producing oxidases and catalase.  
 Two important enzymes in glyoxysomes are glycolic acid oxidase and catalase.  

 

Peroxisomes have oxidative enzymes such as 
peroxidase, catalase and glycolic acid oxidase etc. 
 

The main protein in cytoskeleton are 
tubulin (in microtubules) actin, myosin, 
tropomyosin and other which are also 
found in the muscles. 
 

Central vacuole is formed by combining the 
smaller vacuoles during the growth and 
development of plant. 

In seeds rich in lipids (such are castor and 
beans) glyoxysomes break fatty acids to 
succinate.  
 

In lipid-rich seeds (e.g. castor, bean and soybeans 
etc.), glyoxysomes are abundant during 
germination period. In lipid poor seeds (e.g. pea), 
they are absent.  
 

Microfilaments are involved In internal cell motion also called cyclosis.  
Microfilaments are much more slender. 
They are made up of contractile actin 
protein linked to the inner face of the 
plasma membrane.  
 

Microtubules are long, unbranched and 
slender structures, they are composed of 
tubulin proteins. 
 

The microtubules are joined in a specific way 

to form some cell organelles. For examples 

cilia, flagella, basal bodies and centrioles etc. 

 

Amoeboid movements are because of 
micro filaments. 

Intermediate filaments play a role in maintaining 
the cell shape and are also involved in the linkage 
of the cell parts. 
 

The cytosol contains cytoskeletal fabric 
formed of microtubules, microfilaments 
and intermediate filaments. This is 
Cytoskeleton. 
 

Vacuoles are bounded by a single 
membrane (tonoplast) 
 

In plant seedlings, Glyoxysomes convert 
stored fatty acids to carbohydrates and 
provide energy to grow a new plant. This 
process occurs through glyoxylate cycle. 
Enzymes of this cycle are present in the 
glyoxisomes.  

Microtubules Microfilament Cilia Flagella 
They are non-
contractile. 

They are contractile. The number of cilia per cell 
is usually very large 
(300 – 1400) 

The number of flagella 
per cell is usually 
1 – 4 

A micro tubule contains 
13 proto filaments. 

They do not possess 
longitudinal subunits. 

They are smaller in size. They are larger (100-
200 nm in length) 

They are hollow tubules. They are solid 
structures. 

Cilia are present all over the 
surface of the cell. 

Flagella are present 
only at end of the cell. 

They are formed of α 
and β tubulin proteins. 

They are mainly made 
up of protein actin. 

They beat in a coordinated 
rhythm either simultaneously 
or one after the other. 

The Flagella beat 
independently. 

The diameter is 25 nm. The diameter is 6 nm. They help in locomotion, 
aeration, feeding and 
circulation, etc. 

They help in 
locomotion. 

They occur in centrioles, 
basal bodies, cilia. 
flagella, astral rays, 
spindle fibres etc. 

They occur below cell 
membrane and at the 
interphase of 
plasmagel-plasmasol. 
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Practice Questions 

1) Which of the following are colorless?  
 a) Chloroplasts   c) Leucoplasts 
 b) Chromoplasts   d) None of these  
2) Which of the following is most slender in structure?  
 a) Microtubules   c) Intermediate filaments 
 b) Microfilaments d) Both A and B 
3) Soluble part of the cytoplasm is termed as: 
      a) Cisterna   c) Endocytosis  
 b) Cytosol  d) Both A and B 
4) Which of the following modifies proteins and lipids by adding carbohydrates?  
 a) Golgi Apparatus c) Plasma membrane 
 b) Polysome   d) None of these 
5) The nucleus contains: 
     a) Mitochondria   b) Cytosol 
 c) Enzyme   d) DNA 
6) Another name for Golgi complex is: 
      a) Dictyosome   b) Endoplasmic Reticulum  
      c) Cyto-membrane system d) None of the above 
7) Leucoplasts are a kind of: 
      a) Lysosomes   b) Chloroplasts 
 c) Plastids  d) Grannum 
8) Vacuole in plants is responsible for:  
     a) Photosynthesis  b) Cellular excretion  
 c) Turgor pressure d) Starch storage 
9) By which of the following can movements of materials across animal cell 
membranes be accomplished?  
 a)   Active transport   b)  Diffusion  
 c)  Pinocytosis only d)  All of the above 
10) Cell membranes are composed of: 
 a) Lipids and proteins  b) Phospholipids  
 c) Proteins and carbohydrates d) Lipids and terpenoids 
11) Hydrogen peroxide degradation in a cell is a function of:  
 a) Peroxisomes   b) Ribosomes 
 c) Mitochondria   d) Microbodies 
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12) Movement of substances from lower concentration to higher concentration 
across semi-permeable membrane is termed as: 
 a) Facilitated diffusion b) Diffusion 
 c) Passive transport d) Active transport 
13) Robert Hook was the first person to see cells in:  
 a) Various plants  b) Fungi 
 c) Animals   d) Cork 
14) The concept “OMNIS cellula-e-cellula” means that, new cells are formed from:  
 a) Non-living material  b) Pre-existing living cells 
 c) Dead organic matter  d) As a result of chemical reactions  
15) In generalized plant cell the nucleus is: 
 a) Present in the middle of the cell      
 b) Displaced to the peripheral site of the cell 
 c) Absent 
 d) Modified into endoplasmic reticulum 
16) Plasma membrane is found in the cells of:  
 a) Animals only   b) Plants only 
 c) Both in plants and animals d) Bacteria only  
17) The semi-circular channels and system of tubes found in the cytoplasm are 
known as:  
 a) Ribosomes  b) Endoplasmic reticulum 
 c) Glyoxysomes   d) Vacuoles 
18) The structures that are involved in the manufacture and supply of energy to the 
cell are:  
 a) Centrioles  b) Nucleolus 
 c) Plastids   d) Mitochondria 
19) In a plant cell chlorophyll is present in: 
 a) Chromoplasts  b) Stroma  
 c) Leucoplasts   d) Chloroplasts 
20) Ribosomes have equal amount of:  
 a) DNA and Protein  b) mRNA and Protein 
 c) RNA and Protein d) None 
21) Plastids are only found in the:       
 a) Animals and plants b) Plants 
 c) Animals         d) Viruses  
22) The command center of an eukaryotic cell is:  
 a) Nucleoid   b) Small vacuoles 
 c) Endoplasmic reticulum  d) Nucleus 
23) Lipids synthesis / metabolism takes place in which of the following organelle?  
 a) Mitochondria  
 b) Vacuoles 
 c) Rough endoplasmic reticulum 
 d)  Smooth endoplasmic reticulum       
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24) Pick the odd one out in fungi: 

a) Polysome b) Golgi Complex 
c)  Nucleolus d) Mesosomes 

25) Ribosomes exist in two forms, either attached with the RER or freely dispersed 
in the: 
 a) Tonoplasts b) Cytoplasm 
 c) Golgi bodies  d) SER  
26) The ribosomal RNA is synthesized and stored in: 
 a) Endoplasmic reticulum b) Golgi complex  
 c) Nucleolus   d) Chromosomes 
27)  The ______ model of plasma membrane suggests that proteins are embedded 
in lipid bilayer: 
       a)     Unit membrane              b)     Permeable 
 c)     Fluid mosaic                   d)     Ultracentrifuge   
28)  Assemblage of _____ occurs in nucleolus:  
        a)     rDNA                              b)     RNA   
 c)     Ribosomes                     d)     Chromosomes  
29)  The enzymes of lysosomes are synthesized on: 
 a)     RER                                  b)     Chloroplast 
        c)     SER                                  d)     Golgi Apparatus  
30)  Centrioles are made up of _____ microtubules triplet. 
       a)     9                                       b)     3 
 c)     27                                     d)     12 
31)  Which of the following structure is absent in higher plants and found in animal 
cells: 
 a)     Centriole                             b)        Mitochondria    
       c)     Cytoskeleton                      d)        Cytoplasm 
32)  The soluble part of cytoplasm or fluid that remains when all organelles are 
removed is known:  
        a)     Solution                               b)        Cytoskeleton  
        c)    Gelatin material                 d)        Cytosol 
33)  The outer membrane of the nuclear envelope is at places continuous with the:         
        a)     Golgi apparatus                  b)        Lysozymes  
 c)     Endoplasmic reticulum     d)        Peroxisomes 
34)  The process by which unwanted structures within the cell are engulfed and 
digested within the lysosome is known as:             
        a)     Endocytosis                         b)        Hydrolysis  
        c)     Exocytosis                            d)        Autophagy 
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35)  Detoxification of harmful drugs within the cell is done by: 
        a)    Nucleolus               b)    Smooth endoplasmic reticulum 
        c)    Ribosomes             d)    Food vacuoles 
36)  Peptidoglycan or murein is a special or distinctive  feature of cell wall in:               
        a)    Algae                                 b)    Bacteria 
        c)    Fungi                                 d)    Plants    
37)  The intake of liquid materials across the cell membrane is:                             
        a)    Phagocytosis  b)    Pinocytosis 
        b)    Endocytosis                  d)    Exocytosis     
38)  Organelle involved in the synthesis of ATP is: 
        a)    Ribosome   b)    Nucleus 

c)    Mitochondria          d)    Centriole  
39)  Which component of the cell is concerned with cell secretions?  
        a)    Plasma membrane           b)    Cytoskeleton         
 c)    Golgi complex                d)    Mitochondria   
40)  During animal cell division, the spindle fibers are formed from:                             
        a)    Mitochondria                  b)    Ribosomes    
 c)    Centriole                        d)    Lysosomes  
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 1. c 
2. b 
3. b 
4. a 
5. d 
6. a 
7. c 
8. c 
9. d 
10. a 
11. a 
12. d 
13. d 
14. b 
15. b 
16. c 
17. b 
18. d 
19. d 
20. c 
21. b 
22. d 
23. d 
24. d 
25. b 
26. c 
27. c 
28. c 
29. a 
30. a  
31. a 
32. d 
33. c 
34. d 
35. b 
36. b 
37. b 
38. c 
39. c 
40. c 
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Kingdom Animalia:  
• Kingdom Animalia includes all the animals. 

• The name Animalia is derived from Latin word anima which means breath or soul. 

• Kingdom Animalia consists of all animals which are multi-cellular, diploid, eukaryotic, 

Ingestive, heterotrophs and develop from two different haploid gametes (a large egg 

and a smaller sperm). 

Classification: 
Kingdom Animalia is divided into two subkingdoms:  

1.  Subkingdom Parazoa: 

In these animals there is no tissue organization and have organs. They have indeterminate 

(indefinite) shape and an asymmetrical. These are the simplest animals Phylum Porifera 

is included in this sub kingdom.  

2.  Subkingdom Eumetazoa: 

In these animals the tissues are organized into organs and organ systems, most of the 

phyla of kingdom Animalia (about 29) belongs to subkingdom Eumatazoa. These phyla 

are other than porifera. Grade Radiata and Grade Bilatera are included in this 

subkingdom. 

Grade radiata/diploblastic organization: 
These animals arc simplest of Eumctazoa and are diploblastic. 

1. Systematic Position: Diploblastic animals belong 10 division radiata (subkingdom 

Eumatazoa) 

2.  Body: The body wall of these animals consists of two layers of cells, outer ectoderm and 

inner endoderm. There is a jelly like mesenchyme or mesoglea which in most cases is non-

cellular. 

3.  Less Specialization: These animals show lesser specialization and they do not from 

specialized organs. 

4.  Symmetry: These animals have radial symmetry. In radial symmetry the parts of the body 

arc arranged around a central axis in such a way that any plane passing through the 

central axis divides the animal into two equal halves.  

The cylindrical body of a sea-anemone can be cut in two equal halves vertically in any 

plane. 

5. Digestive System: There is only one cavity in the body called gastro vascular cavity which 

has only mouth. Through this mouth the food and water enters and also the wastes are 

removed alone with water. This is known as sac like digestive system. 

6. Transportation: A special transport system is absent; most substances are distributed 

within the body by the process of diffusion.  



 

 

7.  Nervous System: Central nervous system is absent. However, a network of neurons is 

present.  

8. Animals in this Group: Animals included in phylum Cnidaria (coelenterata) are 

diploblastic.  

 

Grade bilateria/triploblastic organization: 
• These animals have bilateral symmetry in bilateral symmetry an animal can he divided 

into two equal parts by an imaginary line only in one plane. 

• In these animals the right side is approximately equal to the left side and there is a distinct 

anterior and a posterior end. The head is present at the anterior end. They also hay c a 

dorsal and a ventral surface. 

• All the animals included in grade Bilateria are triploblastic. These may be acoelomate, 

pseudococlomate or coclomate. 

• Acoelomata: The animals without coelom (body cavity) arc called Acoelomata. 

• Pseudocoelomata: The animals with a false coelom (pseudocoele) are called 

Pscudocoelomata. 

•  Coelomata: The animals with a true coelom arc called Coelomates. 

• The body wall of these animals is-made of three layers which are ectoderm mesoderm 

and endoderm.  

• In most triploblastic animals during embryonic development, these layers’ form following 

structures: 

• The ectoderm forms integumentary and nervous system. 

• The mesoderm forms muscular, skeletal and reproductive systems. 

• The endoderm forms the lining of digestive tract and the glands of digestive system 

(such as liver and pancreas) 

• Specialization: The cells of these animals show greater degree of specialization. These 

have specialized organs and organ systems. 

• Symmetry: These animals haw bilateral symmetry. 

• Digestive System: The digestive system is mostly of tube type. In tube type digestive 

system, the mouth is at the anterior end while the anus is at the posterior end. 

• Transportation: Special transport system i.e. blood vascular system is present in most of 

the cases. 

• Nervous System: Central nervous system is present 

• Types of Triploblastic Animals: Triploblastic animals may be acoelomate pseudo 

coelomate or coelomate. 

The animals belonging to phyla, Platyhelminthes, Nematoda, Annelida, Mellusca 

Arthropoda, Echinodermata, Hemichordata and Chordata are included ill grade bilateria. 

Thelarvae of echinoderms have bilateral symmetry.  



 

 

However, the adult Echinoderm, have secondarily developed radial symmetry, due to 

their special mode of life. 

 

Acoelomata, pseudocoelomata and coelomate: 
1. Acoelomata: The animals without coelom (body cavity) are called Acoelomata (Phylum, 

Platyhelminthes). It has following characters: 

(i)  Mesenchyma: The mesoderm forms a loose, cellular tissue called mesenchyma or 

parenchyma which tills the space between the ectoderm and the endoderm. 

Mesoderm also forms a packing around the internal organs to support and protect 

them. 

(ii) The Gut: The gut is sac-type 

(iii) Transportation: There is no special transport system and most substances arc 

distributed within the body by the process of diffusion 

(iv) Excretory System: This system consists of flame cells, excretory ducts and 

excretory pores; it is for the transport of excretory products. 

(v) Nervous System: The nervous system is well developed. 

2.  Pseudocoelomata: 

The animals with a false coelom (pseudocoele) are called Pseudocoelomata (Phylum  

Aschelminthes/Nematoda). 

In these animals the space between the body wall and the digestive tube is called 

pseudocoelom (false body cavity). Pseudocoelom is not homologous to true coelom 

because it is not lined by coelomic epithelium, similarly it has no relation with the 

reproductive and excretory organs. 

Pseudocoelom develops from the blastocoel of the embryo and is hounded externally by 

the muscle and internally by the cuticle of the intestine. 

3 Coelomata: 

The animals with a true coelom (body cavity} are called Coelomata, The animals from 

annelid, to chordates are included. These animals have following characters: 

Coelom: 

These animals have coelom. Coelom is a cavity between the body wall and the alimentary 

canal and is lined by mesoderm. The mesoderm splits into: 

Outer parietal layer which underlines the body wall and 

The visceral layer which covers the alimentary canal 

The cavity between both is the true coelom. It is filled with fluid called coelomic fluid. 

Well-Developed Systems: 

• The gut is more complex 

• The Neuro-sensory system is well developed and centralized 

• They have a well-developed circulatory system 



 

 

• A well-developed excretory system not only removes nitrogenous wastes but also 

osmoregulation in function 

• Respiratory and reproductive systems are also well developed 

 

 

Parazoa 

The sub-kingdom Parazoa includes only one Phylum which is the phylum porifera 

Rearrangement, reorganization and regeneration 

• If sponge cells are separated they can rearrange and reorganize. Some sponge has 

regenerative ability.  

• The capacity of sponges to regenerate is for restoration of damaged or lost parts & also 

for complete regeneration of an adult from fragments or even single cells. 

• Sponge cells may be separated by mechanical methods (c.g squeezing a piece of sponge 

through tine silk cloth) or by chemical methods (e.g. elimination of calcium and 

magnesium from seawater). 

 

• In order for small aggregates of cells to form larger aggregates, the cells arc attached to a 

surface. There they flatten and develop an envelope of special cells (pinacocytes) this is 

called the dimorphic stage. 

• Reconstitution of the choanocyte chambers and of the canal system follows soon 

afterward, resulting in a young sponge that is functional and able to grow. 

• It is generally believed that the reconstitution process is not comparable with embryonic 

development, because the various types of dissociated cells participate in the formation 

of the new sponge. 



 

 

• During unfavourable conditions, sponges are reduced to small fragments that may consist 

only one mass of archaeocytes covered by layers of pinacocytes. A complete sponge 

forms from these fragments when favourable conditions return. 

• The regenerative abilities of sponges, their lack of a central coordinating organ (brain) and 

the peculiar migratory ability of cells within the organisms combine to make it somewhat 

difficult to define the individuality of a sponge. 

Examples: 

(i)  Sycon: Typical marine sponge.  

(ii)  Leucoselenia: A sponge that consists of a group of erect tubes.  

(iii) Euplectella: It is beautiful and delicate sponge made up of glass) framework. It IS 

commonly called Venus flower basket. 

(iv) Spongilla: It is freshwater sponge. 

Importance: 

• Many artificial sponges have been made from synthetic material however the natural 

sponges are still in demand. 

• The best commercial sponges are found in the warm waters of Mediterranean Sea. Some 

uses are as follows: 

• The skeleton of sponges has long been used for washing and bathing. 

• They have great capacity to absorb water. Therefore, they are used in surgical operations 

for absorbing fluids and blood. 

• They are also used for sound absorption in the buildings. 

Coral reefs: 
• Many colonial coelenterates (such as corals) produce a hard exoskeleton formed of 

calcium carbonate (CaCO3). 

• These polyps are covered by stony cups due to hardening of their secretions. 

• It is secreted by epidermal cells that take lime from sea water. 

• From the mouth of the stony cup a polyp can pass out its tentacles for keeling and 

withdraw it when not feeding. 

• The stony network or mass of such Coelenterates are called Corals. 

• The skeleton of corals is responsible for formation of small coral islands or large coral 

reefs. 

• Most such Coelenterates are colonial. 

• Living polyps are found on the surface layer of corals. However, on the lower side and at 

the base are present masses of dead stony structures called Coral reefs. 

• Coral reefs are important habitats. They are thought to support more than I million 

aquatic species. This includes not only several hundred species of coral, hut thousands 01 

fish and invertebrate species such as sponges, crabs, shrimps, lobsters, sea anemones, 

bryozoans, worms, sea stars and sea urchins, octopuses, squid, snails and nudibranchs. 



 

 

• It is estimated that nearly one-quarter of the world's marine species get shelter and food 

from coral reefs. 

• Coral reefs are found in the coastal waters of Florida, West Indies, East Coast of Africa, 

Australia and Island of Coral Sea. 

 

Phylum: platyhelminthes - the flatworms 

Habitat: 

A few species are free living and found in freshwater, for example Dugesia(planaria). 

Many are parasites (mostly endoparasites). The endoparasite lives inside the host. The 

most common examples are: 

Taenia sodium (tapeworm) 

Fasciola hepatica (liver fluke) and 

Schistosoma (blood fluke) 

Tile parasites are more common in tropics. Some of these cause diseases in humans. 

Reproduction: 

They reproduce both by sexual and asexual means. Asexual reproduction is by fissior: in 

which the animal constricts in the middle into two pieces. Each piece regenerates the 

missing part.  

The sexually reproducing species are hermaphrodite (both male and female reproductive 

organs are present in the same individual).  

Development: 

Development is direct. Sometimes larval form is present.  

Examples: 

(i)  Dugesia (Planada): A free-living flatworm with a ciliated outer surface.  

(ii)  Fasciola (Liver Fluke): It is an endoparasite in sheep and rarely in human beings. It 

attaches to the host tissue by suckers. It completes its life cycle in two hosts: A 

snail Sheep or man (in the bile duct) Taenia (Tape Worm): 

It is an endoparasite that completes its life cycle in two hosts:  

• Humans  

•  Cattle/pig  

The intermediate host is pig or cattle. The body is ribbon-like and divided into segments 

called proglottids which contain sex organs. The segments (proglottids) continue to break 

off and are passed out tram the intestine along with faeces. Let us discuss infestation and 

disinfestations of tape worm. The relationship between the host and parasite is a delicate 

one, since each modifies the activities and functions of the other. 

Infestation: 

• The zygote begins to develop while it is still inside the uterus of female in Taenia (tape 

worm). 



 

 

• The last segments (or proglottids) contain completely developed embryo in t heir uteri.  

• The fully mature proglottids break off from the body and come out of the body of man 

with faeces (undigested waste). Each proglottid may contain upto 80,000 eggs. 

• The embryo inside the egg is round in shape and has six chitinous hooks. It shows limited 

movement of contraction. 

• F or further development it must reach a second host which may be a cow (or pig).  

• If the embryos are swallowed by the cow (or pig), they bore their way and reach the 

voluntary muscles. Here they remain embedded. Tape worm in the intermediate host is 

the bladder worm.  

• If an improperly cooked beef is eaten by a person, the parasite (which has not been killed) 

begins to develop further in the intestine of man. Development of the tape worm in 

encysted meat is stimulated by the gastric juices of the host. The adults then attach 

themselves to the intestinal tract (small intestine) of their host by the scolex and absorb 

pnniall, digested food through their body wall. 

Dlsinfestation: 

Once the parasite has entered the intestine of man it is difficult to remove completely. 

Care and Control: 

The beef should he cooked properly before eating it. As a result, there is no chance "I' the 

parasite entering the digestive system.  

Medicine: 

I f the parasite has entered then certain medicines are taken to remove it. Its complete 

removal is necessarily because if only head remains inside the intestine it can grow into 

new tape-worm once again.  

Anema: 

Besides treatment with drugs. physicians also give anema to the patient. to fully remove 

the parasite.  

Adaptation for parasitic mode of life: 
The Platyhelminthes have adapted following characters for parasitic mode of life: 

1. Cuticle: The epidermis is absent and resistant cuticle is formed for protection.  

2. Adhesive Organs: They have developed adhesive organs (such as suckers and hooks) for 

attachment to the host.  

3. Digestive System: The digestive system is simple due to increased dependence on host.  

4. Muscular and Nervous System: Then: is degeneration of muscular system and nervous 

system. 

5. Reproductive Systems: The reproductive systems are complicated and the ova are 

produced in a large number. In this way the continuity of the species is ensured.  

6. Life Cycle: The complex life cycle and the presence of more than one host during the life 

cycle increases the chances of survival of the parasite.  



 

 

Pseudocoelomates achelminthes:  

(Pgylummematoda – The Round Worms) 

The name Nematoda means pointed ends. The animals of this group have elongated 

worm like body with pointed ends.  

Habitat: 

They are mostly parasites. 

Reproduction: 

The sexes are separate. The female has female gonads called ovaries which produce eggs. 

The male has male gonads called testes which produce sperms. A zygote is formed as a 

result of fertilization.  

Development: 

A larval stage is present in the life cycle. Therefore, the development is indirect. Round 

worms play important role in breaking down of organic matter. A single rotting apple may 

contain 90,000 worms. There are billions of roundworms in one acre of topsoil. 

 

Parasitic diseases: 
Parasitic Aschelminthes are very important because they cause very serious diseases in 

man and plants. Some examples are as follows: 

1. Ascaris Lumbericoides: It is an intestinal parasite of man.  

• It is the most common intestinal parasite in the world, infecting an estimated one billion 

people. It is also the largest of the round worms reaching an average of forty cm (sixteen 

inches) in length. It can be as thick as a pencil and weigh almost as much.  

• It is pink with bright red "speed stripes" The female grows in the intestines producing an 

enormous number of eggs estimated to be about twenty-seven million in her lifetime of 

a year or so. 

• The eggs expelled in the feces can live outside the body for up to seven years in warm 

soil. Food, water, and soil contamination are the means of infection for humans. However, 

humans are not a viable host for the: mature worm but the immature form is the one that 

causes the disease. 

• When the larvae hatch. they travel to various parts of the bod) like the lungs, liver, brain, 

or eye. 

• Children contract the worm since they often play in dirt and then put their hands into 

their mouths. 

• Symptoms in children are nervousness and irritability, allergic reactions, dry cough, 

restlessness at night, convulsions or spasms, twitching in various parts of the body, itching 

or irritation of the nose or anus as well as lactose intolerance. 

• Symptoms in adults include: abdominal pain, edema of the lips, allergic reactions, 

insomnia, anorexia, and weight loss.  



 

 

2.  Genus Rhabditis: It contains Plan: species normally found in soil, organic matter or water 

and feces of man or animals.  

3. Enterobius Vermicularis: 

• It is commonly known as pinworm and is international but more common in Europe and 

America. 

• Pinworms are parasites in the human caecum, colon and appendix. 

• Their movement cause intense itching of anus, inflammation of mucous membrane of 

colon and appendix resulting in insomnia and loss of appetite. 

4.         AcycIostoma Duodenale: It is commonly known as hook worm. It is a parasite of human 

small intestine in Asia, North Africa and Europe. 

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

• During feeding they produce an anticoagulant to prevent clotting of blood and after 

feeding leave the wound bleeding. 

In children it can cause severe anemia and retard physical and mental growth. 

 

Phylum: arthropoda: animals with jointed legs: 
They are commonly called joint footed animals because arthros means joined &pods means feet.  

Origin: 

These have common origin with annelids because both have segmented body, 

appendages and cuticle.  

Diversity: 

The phylum contains mort species than any other phylum. Insects (cockroaches, 

grasshoppers, butterflies, mosquitoes) are most common arthropods on the earth. They 

are variable in structure. Some are worm-like centipedes. Other are flying insects with the 

body divided into three regions which are head, thorax and abdomen.  

Habitat: 

They are present on the land and in fresh and marine water. Many can fly. 

Body Organization: 

They are triploblastic, coelom ate and bilaterally symmetrical animals. The coelom is 

reduced and communicated with blood vascular system. Such a coelom is called blood 

vascular system.  

Segmentation: 

The body is segmented. Each segment is attached to its neighbor by a modified portion 

of cuticle which is thin and flexible. 

Appendages: 

They have jointed appendages. These appendages have been modified for specialized 

functions. 

 



 

 

Chitinous Cuticle: 

The body is covered with waterproof chitinous cuticle secreted by the epidermis.  

Digestive System: 

II is in the form of alimentary canal with two openings, the mouth and anus. It has 

different parts each with a specific function. Nutrition is small plants and animals.  

Circulatory System: 

They have open circulatory system. The blood flows in the body cavity bathing the tissues 

of the body. However, there is a primitive heart and a main blood vessel. Blood is 

colourless because it is without hemoglobin. 

Respiration: 

Most arthropods have extensive tracheal system formed of air tubes called tracheae for 

the exchange of gases. Main tubes open to the exterior through openings called spiracles. 

Aquatic arthropods respire through gills.  

Excretory System:  

It is well developed and consists of Malpighian tubules. The nitrogenous wastes are 

excreted in the form of solid uric acid (C5H4N4O3). 

Nervous System: 

It is well developed and consists of paired ganglia (simple brain) connected to a ventral 

double nerve cord. On the ventral nerve cord a ganglion is present in each segment. 

Nerves arise from these ganglia. The sensory organs are usually a pair of compound eyes 

and antennae.  

Skeleton: 

They have exoskeleton which is in the form of outer covering called cuticle. The cuticle is 

light in weight and is formed chiefly of chitin. The muscles are attached to the 

exoskeleton. Exoskeleton provides protection and helps in locomotion. 

Locomotion: 

The arthropods exhibit active and swift movements. They swim, crawl or fly depending 

upon the habitat they occupy. The organs of locomotion are paired appendages. Some 

may also have wings to fly. 

Reproduction and life cycle: 
The sexes are separate. The testes produce sperms while the ovaries produce eggs. 

Metamorphosis occurs in the life cycle of insects. Metamorphosis (meta = change + 

morphe = form) is an abrupt change of form or structure during the life cycle. 

There are three morphological forms in the life cycle: 

• The egg develops into Ian a. 

• Larva is converted into motionless pupa. 

• The pupa finally develops into an adult. 



 

 

In some primitive insects the metamorphosis is incomplete. The larva resembles adult 

and called nymph or instar. It lives in the same habitat as adult.  

Examples: Crab, lobster, Prawn, woodlouse, mosquito, dragonfly, moth, scorpion, spider, 

mites, ticks, centipede and millipede. 

Classification of arthropoda: 
Phylum Arthropoda is a large group with a great variety. Some important classes are as 

follows: 

1. Class Crustacea: 

(i)  Habitat: They are aquatic  

(ii) Gills: The have gills for respiration. 

(iii) Exoskeleton: An exoskeleton of chitin is present which becomes harder due to 

deposition of salts. On the dorsal side of the Cephalothroax the exoskeleton is in 

the form of carapace. 

(iv) Appendages: The appendages are modified for capturing food, walking, 

swimming, respiration and reproduction. Head has two pairs of antennal 

appendages.  

(v)  Coelom: I t is reduced and hemocoel is present. 

(vi) Mandibles and Maxillae: One pair of Mandibles (jaws) and t\\ 0 pairs of Maxillae. 

(vii) Sexes: Sexes are mostly separate.  

Examples: Daphnia, Cyclops, Crabs, lobsters, prawn, woodlouse etc. 

2. Class Insecta: 

(i) Habitat: Insects are found everywhere. Many show social behaviour.  

(ii) Largest Group: This is the largest group not only of Arthropoda but of all the 

animal kingdom. Of species of organisms 53.1% are insects.  

(iii) Biodiversity: It has great variety.  

(iv) Body Regions: It has three distinct regions which are head. thorax and abdomen.  

(v) Head: The head is usually vertical to the body and jaws are ventrally placed. There 

is a pail antennae and compound eyes on the head.  

(vi) Thorax: The thorax has three segments in which are present three pairs of jointed 

legs. Man) them may have one or two pairs of wings.  

(vii) Abdomen: Abdomen has varying number of segments.  

(viii) Nervous System: It is composed of brain and double nerve cord. Brain is formed 

of fused ganglia double nerve cord is ventral.  

(ix) Reproduction: Sexes are separate. Animals are oviparous.  

(x) Development: Metamorphosis takes place during development.  

Examples: Dragonfly, mosquito, butterflies, moths, wasps and beetles etc. 

 

 



 

 

3.  Class Arachnida:  

(i) Segmentation: Anterior segments are fused to form Cephalothorax. 

(ii) Appendages: Cephalothorax bears a pair of appendages called chelicerae with 

claws, two pairs as pedipalps and four pairs of legs. 

(iii) Antennae: There are no antennae.  

(iv) Jaws: They have no true jaws. 

(v) Abdomen: Abdomen may be segmented or un-segmented and is with or without 

appendages. 

(vi) Respiration: It is by gills, lungs or special structures called book lungs. 

(vii) Excretion: It is by the Malpighian tubules. 

(viii) Eyes: Eyes arc simple. Most spiders have eight eyes placed in such a way that they 

can easily look at the predators and prey.  

(ix) Reproduction: Sexes are separate. They are oviparous (lay eggs). 

(x) Development: No true metamorphosis.  

Examples: Scorpions, spiders, mites and ticks. 

4. Class Myriapoda: 

(i) Body Shape: Elongated and dorsoventrally flattened. 

(ii) Segmentation: The body is divided into large number of segments each having a 

pair of legs. 

(iii) Antenna and Eyes: A pair of antennae and a pair of eyes are present on the head. 

Examples: Centipedes and millipedes. 

General organization of Arthropods: 
Arthopods are at the peak of invertebrate evolution. They have some advanced 

characters such as hi lateral symmetry, triploblastic organization, coelomic cavity and 

developed organ systems etc. Two main achievements are: 

• The chitinous exoskeleton and 

• Jointed appendages (locomotoy mechanism) 

The Chitinous Exoskeleton:  

1. Arthropods have chitinous exoskeleton which is formed f chitin. 

• Chitin is nun-living, non-cellular protein carbohydrate compound and is secreted by the 

inderlying epidermis, on the outer side if has a waxy layer. 

• In some arthropods chitin is soft and flexible while in others it is hard, in one organization. 

In some parts of the body it is soft and flexible while in other it is hard. 

Functions of Chitin:  
• The exoskeleton protects the body 

• It acts as lever for the movement omuscles of jointed limbs. 

• The chitin in the jaws is used for biting and crushing food. 



 

 

• It forms lens of thecompound eye. 

• It also forms the copulatroy organs and the organ of defense and offense. 

• Moulting or Ecdysis: 

• The process of shedding of exoskeleton is called moulting or ecdysis. 

• In the young arthropods (such as insect larvae) chitinous exoskeleton is shed from 

time to timefor the growth of the larva. 

 

 

2. Jointed appendages: 

• In Arthropods each somite has a pair of jointed appendages provide an efficient mean of 

locomotion. 

• The segment and appendages are often modified for different functions (like locomotion 

offence and defense and reproduction) in different sub-groups. These animals call walk 

swim or fly. 

Affinities with anilida 

Arthropods share following characters with annelids. 

• Both have cuticle 

• Both have segmented body. However, in Arthropods the segmentation is not metameric 

and organs are not repeated in different segments. 

• Both have appendages. However, in Arthropods each somite has a pair of jointed 

appendages. The segments and appendages are often modified for different functions in 

different habitats. 

•  Both have similar plan of nervous system. 

Economic importance 

• Insects compete with man tor same food and space. Insects attack man, domestic animals 

and crops and produce man) diseases. 

• They are not only dangerous to health but also cause economic loss to mall by destroying 

his property and crops. 

• Some insects arc useful (such as the hone) bee or the silk worm). Insects are therefore of 

great importance to mankind. 

Harmful arthropods: 

1.  Transmission of Disease Causing Organisms:  

Many types of mosquitoes, flies, fleas, lice and hugs transmit disease causing organisms 

to man and domestic animal. Some examples are as follows: 

• The female mosquito of genus Anopheles transmit Plasmodium that causes malaria in 

man. 

•  Mosquitoes can also cause yellow fever and filariasis. 



 

 

• The Tse-tsefly of African countries transmits trypanosome, the cause of sleeping sickness 

and skin diseases. Some species of trypanosome cause diseases in cattle. 

• The common housefly carries arthropos. The result is cholera and hepatitis etc. 

• Fleas are also a type of harmful arthropod. The bites from fleas transferred the disease-

causing bacteria for the bubonic plague. 

• Ticks are another type of harmful arthropod. Rocky Mountain spotted fever is 

characterized by a significant hemorrhagic rash and is caused by rickettsia organism. The 

infection is transmitted by ticks. 

2.  Crops Damage: 

Many insects lay eggs on fruits and other commercial crops such as sugarcane, maize, 

cotton and vegetables etc. The larvae of these insects’ damage fruits and the crops 

resulting in economic loss to farmers. The locust that move in large numbers from country 

to country cause damage to standing crops and other plants. 

 

Beneficial arthropods: 

•  The honey bee provides honey and wax Ike wax is used in cosmetics.  

• Silkworm gives us silk. 

• Some insects are predaceous on other harmful insects. Lady Hugs are another type of 

beneficial arthropod. They are used to control aphids for gardens and farms. 

•  Some insects are scavengers. They cat up dead animal and vegetable matter.  

•  Insect Ian ac arc the source of food for fish. 

• Crabs arc also a type of beneficial arthropod. We cook and eat crabs so we have enough 

energy and nutrition to live. 

• Spiders are very beneficial arthropods. Spiders arc beneficial to man by killing harm fill 

insects. There are very few spider species that actually have venom that are poisonous to 

man. 

• Some insects like ants cat up the dead plants and animals thereby keeping the 

environment clean. 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

KEY POINTS 

• The name animalia is derived from Latin word anima which means breath or 

soul. 

• Kingdom animalia includes all the animals from phylum porifera to phylum 

chordate. 

• Kingdom animalia consists of all animals which are multi-cellular, diploid, 

eukaryotic, ingestive, heterotruphs and develop from two different haploid 

gametes (a large egg and a smaller sperm). 

• In the two-kingdom classification system the Kingdom Animalia is divided into 

two different groups which are protozoa and metazoa, The protozoa arc one-

celled animals while metazoa are multi-cellular animals. 

• According to five kingdom system of Robert Whittaker the kingdom animalia 

has two subkingdoms which are parazoa and metazoa. Protozoans are 

included in kingdom Protoctista. 

• All biologists agree that animals evolved from protoctists. 

• Although multi-cellularity is present in all the kingdoms (Fungi, Plantae and 

Animalia), but it is well developed in animals. 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Additional / related readings (animalia) 

 
Fig. General life cycle of animals 

1. The name Animalia is derived from Latin word anima which means breath or soul. 

2. Kingdom Animalia includes all the animals from phylum porifera to phylum chordata. 

3. Kingdom Animalia consists of all animals which are multi-cellular, diploid, eukaryotic, 

ingestive, heterotrophs and develop from two different haploid gametes (a large egg and a 

smaller sperm). 

4. In the two-kingdom classification system, the Kingdom Animalia is divided into two groups 

which are protozoa and metazoa. The protozoa are one-celled animals while mctazoa are 

multicellular animals. 

5. According to five kingdom system of Robert Whittaker the kingdom animalia has two 

subkingdoms which are parazoa and metazoa. Protozoans are included in kingdom 

Protoctista. 

6. All biologists agree that animals evolved from protoctists. 

7. Although multi-cellularity is present in all the kingdoms (Fungi, Plantae and Animalia), but it 

is well developed in animals. 

8. In animals the junction that controls communications is the brain. The junction that controls 

the flow of materials is the heart. 

9. The smallest animals are microscopic which are smaller than many protoctists. 

10.  The largest animals are whales (sea mammals) included in Phylum Chordata.  

11.  In parazoa there is no tissue organization and have no organs. They have indeterminate 

(indefinite) shape and are asymmetrical. These are the simplest animals. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

12.     In the animals of subkingdom eumetazoa, the tissues are organized into -organs and 

organ systems.  

13. Most of the phyla of kingdom Animalia (about 29) belong to subkingdom Eumatazoa. 

14. In rural symmetry he parts of the body arc arranged around a central axis in such a way 

that any plane passing through the central axis divides the animal into two equal 

halves. 

15. In bilateral symmetry an animal can be divided into two equal parts by an imaginary 

line only in one plane. 

16. The larvae of echinoderms have bilateral symmetry. However, the adult echinoderms 

have secondary developed radial symmetry, due to their special mode of life. 

 

Series Proterostomia (Protostomes) Series Deuteristomia (Deuterostomes) 

Cleavage or division of the zygote is 

spiral and determinate. 

Cleavage is radical and indeterminate. 

Suring development the mouth arises 

from the blastopore from its anterior 

margin. 

During development the mouth is formed 

at some distance anterior to the 

blastopore and blastopore forms the anus. 

Coelom or body cavity is formed due to 

splitting of mesoderm (schizocoelous) 

Mesoderm is developed as an 

outpounding of archenterons 

(enteerocoelous) 

Mesoderm is derived from cells on the 

lip of blastopore. 

Mesodem is derived from the wall of 

developing gut (archenteron) 

It includes animals belonging to the 

phyla, aschelminthes (Nomatoda) 

Annelida, Molusca and arthropoda,  

It includes animals belonging to the phyla 

Echinodermata, Hemichordata and 

Chrodata. 

 

Series Proterostomia (Protostomes) Series Deuteristomia (Deuterostomes) 

The planes of cleavage are not 

symmetrical between poles but are 

diagonal to the polar axis. 

The planes of cleavage are symmetrical to 

the polar axis. 

As a result unequal cells are produced 

around the axis of polarity. 

As a result the tiers of cells are produced 

on the top of each other. 

The fate of each blastomere is 

predetermined. Therefore, all the 

blastomeres have determinate role in the 

formation of embryo. 

The fate of each blastomere is not 

predetermined. Therefore in some animals 

any blastomere can produce a complete 

embryo. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

17.  The jelly like mesenchyme or mesugloeu in most cases is non-cellular. 

18. A special transport system is absent up to phylum number 4 (Nematoda). Most substances are 

distributed within the body to the process of diffusion. 

19. CNS starts from platyhelminthes. 

20. In most triploblastic animals during embryonic development the embryonic layers form the 

following structures: 

(i) The ectoderm forms integumentary and nervous system.  

(ii) The mesoderm forms muscular, skeletal and reproductive systems  

(iii) The endoderm forms the lining of digestive tract and the glands of digestive system 

(such as liver and pancreas). 

21. In Platyhelminthes the excretory system consists of flame cells, excretory ducts and excretory 

pores. 

22. In Pseudocoelomates the space between the body wall and the digestive tube is called 

pseudocoelom (false body cavity). 

23. Pseudocoelom is not homologous to true coelom because it is not lined by coelomic epithelium. 

24. Pseudocoelom develops from the blastocoel of the embryo and is bounded externally by the 

muscles and internally by the cuticle of the intestine. 

25. The pseudocoelom consists of vacuolated cells filled with a protein-rich fluid. This fluid develops 

high hydrostatic pressure.  

26. Coelom is a cavity between the body wall and the alimentary canal and is lined by mesoderm. 

The mesoderm splits into: 

 (i) Outer parietal layer which underlines the body wall and 

(ii) The visceral layer which covers the alimentary canal 

27. The subkingdom parazoa includes only one Phylum which is the phylum porifera. 

28. The word Porifera is derived from Latin porus = pore, ferra = to bear 

29. Porifers, coelenterates and Echinoderms are aquatic. Echinoderms are only marine 

30. Out of total 5000 species of porifers 150 species live in fresh water while all other are marine. 

31. Scolymastrajoubini- a barrel like glass sponge (porifer) of Antarctica is more than a metre tall. 

32. In porifers the pores through which water enters the body are called ostia and the pore through 

which the water leaves the body is known as Osculum (main openinu) 

33. The cavity in porifers is spongocoel 

34. In most sponges the body wall is formed of two layers: 

 (i) The outer layer is pinacoderm. It is made up of cells called pinacocytes 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 (ii) The inner layer is choanoderm. It is made of flagellated collar cell called choanocytes. 

Between these two layers is present gelatinous mesenchyme which may contain 

amoeboid cells and spicules or sponginfibres. 

35. In sponges 20 of their food consists of small animals (zooplankton) and plants (phytoplankton) 

while 80 consists of detrital organic particles. 

36. In sponges there is no definite nervous system. However neurosensory and neuron cells are 

present which coordinate the flow of water 

37. In sponges the skeleton is in the form of spicules or sponging fibres. 

38. In sponges the spicules are present among pinacocytesosculum and ostia and provides 

support. 

39. The adult sponges are sessile however their larvae are motile. 

40. In sponges asexual reproduction is by budding. The buds may be external or internal. The 

internal buds are called gemmules. 

41. Some sponges reproduce sexually. These are mostly hermaphrodite and mostlyprotandrous 

(male sex cells develop first). 

42. A sponge that consists of a group of erect tubes is Leucoselenia 

43. The sponge Euplectella is also called Venus flower basket. 

44. Spongilla is freshwater sponge 

45. The name Cnidaria is given to phylum coelenterata due to the presence or special cells called 

cnidocytes. These cells give rise to nematocysts (the stinging cells). 

46. The coelenterates range in size from microscopic Hydra to macroscopic. Branchioceranth us. 

Branchioceranthus is a hydrozoan polyp that may reach two metres in length. 

47. In coelenterates the nematocysts develop from ectoderm. 

48. In coelenterates there is only one cavity which serves as digestive as well as body cavity. It is 

called gastro vascular cavity or enteron. 

49. In coelenterates the stinging cells or nematocysts are for defense and offense. 

50. In coelenterates there is no central nervous system (CNS). The nervous system is in the form 

of neuron cells which are irregularly scattered in the body-wall or form a plexus in the body 

wall. 

51.  The coelenterates Hydra, Obelia, Sea-anemone and corals etc are sessile. 

52.  The coelenterates Hydra, jelly fishes and Sea-anemones are solitary. 

53. The coelenterates Physalia, Vellelaetc, are colonial. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

54. Zooids are of two basic forms which are polyps and the medusae. 

55. Polyps / hydroids arc cylindrical, sessile, nutritive and reproduce asexually (by budding). 

56. Medusae are umbrella like, motile and reproduce sexually. 

57. A colony is an aggregation of individuals or zoo ids that perform different functions for the 

colony. 

58. In many coelenterates the asexual generation alternates with the sexual generation. Both 

generations are diploid. 

Example: obelia. 

59. In obelia Gonozooid/Blastostyle develops buds 

60. The occurrence of structurally and functionally more than two different types of individuals 

called the zooids within the same organism is called polymorphism. 

61. Obelia has 3 kinds of zooids which are the gastrozooids, the gonozooids (blasto style) and the 

medusae. Some of the colonial members have up to five different types of zooids. These 

perform different functions for colony. An example is Physuiia (Portuguese man of war). 

62. Hydra: A freshwater coelenterate. It exists only in polyp form. Therefore alternation of 

generations is absent. 

63. Obelia: It is a marine coelenterate and has alternation of generations. 

64. Aurelia (jelly fish): The polyp is reduced and medusa is dominant in jell fish. 

65. Actinia (sea anemone): The body consists of polyp only. Enteron is divided by large partitions 

called mesenteries. 

66. Madrepora: The body is covered by exoskeleton of calcium carbonate. The commonly called 

corals. The skeleton forms large coral reefs and even small islands. 

67. The body of Platyhelminthes is soft and dorsoventrally compressed. Therefore, they are 

called plastyhminthes (means flatworms) 

68. In parasites the digestive system poorly developed or absent. 

69. In platyhelminthes asexual reproduction is by fission in which the animal constricts, in the 

middle into two pieces. 

70. In platyhelminthes the sexually reproducing species are hermaphrodite I both male and 

female reproductive organs are present in the same individually. 

71. Fasciola (Liver fluke) is an endoparasite in sheep and rarely in human being. It completes its 

life cycle in two hosts: (i) a snail. (ii) sheep or man (in the bile duct) 

72. The name Nematoda means pointed ends. 

73. Nematodes are mostly parasites and are un-segmented. 

74. A fluid filled space is present between the body wall and the alimentary canal. It provides 

tube within tube type structure in the nematodes. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

75. Nervous system of Nematodes: dorsal ventral and lateral nerve cords + a nerve ring around the 

pharynx. 

76. In Nematodes the muscles are arranged in four bands (two dorso-lateral and two ventre-lateral). 

The circular muscles are absent. Therefore the bending is dorso-ventral only. 

77. In Nematodes the sexes are separate. 

78. In Nematodes a larval stage is present in the life cycle. Therefore the development is indirect. 

79. Annelid is a Latin word which means little ring. Most of the worms are included in this phylum. 

80. Annelida may be marine (Nereis) freshwater (stylaria) or found in damp soil (earthworms). Some 

are parasites such as leech (Hirudo). 

81. The Annelid body is metamerically segmented and is divided transversely into anumber of 

segments. 

82. In annelids the coelomic fluid serves as hydrostatic skeleton also. 

83. In annelids the mouth is overhung by a lobe called prostomium. 

84. Annelids are the first group of invertebrates with closed circulatory system. 

85. In annelids the skin is kept moist by mucous and coelomic fluid. 

86. In annelids excretion is by specialized structures called nephridia. These are present in every 

segment. 

87. In annelids CNS consists of a simple brain and a solid double, longitudinal, ventral nerve cord. 

Nerves arise in each segment from the nerve cord. 

88. In annelids both circular and longitudinal muscles are present. 

89. In annelids when circular muscles contract body elongates. When longitudinal musclescontract 

body becomes short and widen. 

90. In annelids the components of locomotion are setae, muscles and hydrostatic skeleton. 

91. Neries have parapodia. 

92. Setae: chaetae are absent in leech. 

93. Most annelids are hermaphrodite (e.g. Earthworm. leech). In some annelids the sexes are 

separate (e.g. Nereis). 

94. A free swimming ciliated larva is Trochophore larva. 

95. Phylum Annelida has three classes which are Class Polychaeta, Class Oligochaeta and Class 

Hirudinea. 

96. Nereis and Chaetopterus belongs to Class Polychaeta, they have Palps, tentacles, parapodia and 

trochophore larva. 

97. Earthworms belong to class Oligochaeta. 

98. Leech belongs to class Hirudinea. 

99. Leech has fixed number of segments (34). Each segment has additional circular rings or markings 

called annuli. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

100. No distinct head is present in the Leeches. Chitinous jaws are present. 

101. Anticoagulant secreted by Leeches is Hirudin 

102. Arthropods are commonly called joint footed animals because arthros means joined and pods 

means feet. 

103. Arthropods have common origin with annelids because both hale: 

(i) scgmcrredhody 

(ii) appendages and 

(iii) cuticle 

104. Largest phylum is Arthropoda. Second largest phylum of invertebrates is Mollusca. 

105. In arthropods: The body i. covered with waterproof chitinous cuticle secreted by the 

epidermis, Chitin is non-living, non-cellular protein carbohydrate compound. On the outer 

side it has a waxy layer. 

106. Arthropods have open circulatory system, primitive heart and blood is 

colourless(haernolymph) because it is without hemoglobin. 

107. Most arthropods have extensive tracheal system formed of airtubles tracheae for the 

exchange of gases. Main tubes open to the exterior through openings, called spiracles, 

aquatic arthropods respire through gills. 

108. In arthropods excretory system is well developed and consists of Malpighiail tubules. The 

nitrogenous wastes are excreted in the form of solid uric acid (CH4N4O3).  

109. In arthropods CNS is well developed and consists of paired ganglia (simple brain) connected 

to a ventral double nerve cord. 

110. When the larva resembles adult it is called nymph or inster. It lives in the same habitat as 

adult. 

111. Most spiders have eight eyes placed in such a way that they can easily look at the predators 

and prey. 

112. Latin Molluscus means soft, there are more than 50000 living species in the phylum Mollusca. 

113. The body of Mollusks is un-segmented and soft and can be divided into head, a ventral 

muscular foot and a dorsal visceral mass. 

114. The body of Mollusks is covered by a glandular epithelial envelope (especially over the 

visceral mass) called mantle which secretes calcareous shell. 

115. In the mouth cavity of many mollusks there is a rasping tongue-like radula provided with 

many horny teeth, Except for Caphalopoda the circulatory system of mollusks is open. 

116. A respiratory pigment of blue in color, called haemocyanin is present in the mollusks. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

117. The space between the shell and the mantle cavity contains gills in some mollusks. The gaseous 

exchange is by gills mostly, In some cases such as skate, the mantle cavity is converted into a 

lung. 

118. In the Mollusks, the excretory organs are paired nephridia. 

119. In the Mollusks the nervous system consists of three pairs of interconnected ganglia present in 

the head, foot and body regions. 

120. The mollusks have six classes. The major classes are Gastropoda, Bivalviaand Cephalopoda. 

121. Gastropoda has both aquatic and terrestrial species. Examples are Helix aspersa (garden snail) 

and Lima (slug). 

122. Bivalvia (Pelecypoda) is aquatic, shell of two pieces. Examples are Mytilus: (murine mussel) 

Anodonta (freshwater mussel) Ostrea (oyster). 

123. Cephalopoda are aquatic, examples are loligo (squid), sepia (cuttlefish) and Octopus. 

124. Among the invertebrates the brain of Octopus is very large, complex and highly developed. It 

is enclosed in a shell-like case of ·Cartilage. 

125. The giant squid is the largest invertebrate animal. Its length is up to 15 meters (almost 50 feet), 

including tentacles or arms (weight about 2000 Kg) 

126. Teredo (a shipworm) damages wooden parts of ships. 

127. There are over 5.000 known species of Echinoderms. 

128. In echinoderms the skeleton / exoskeleton is mesoderm I in origin. 

129. In echinoderms the mouth is on lower surface (oral) and anus is on upper surface (aboral). 

130. In echinoderms the body may be flattened like biscuit (cake urchin), star-shaped with short 

arms (starfish), star-shaped with long arms (brittle star), globular (sea urchin) or elongated 

(sea-cucumber). 

131. In echinoderms the water vascular system present in their coelom. It is a complex system of 

tubes and spaces surrounding the mouth and passing into the arms and tube feet. The water 

circulates through these channels. Water enters these canals through a sieve-like plate called 

madreporite present on the aboral (upper) body surface. 

132. In Echinodermata no special organs for respiration or excretion, circulatory and Nervous 

system poorly developed while digestive and reproductive s: stem are well developed. 

133. In Echinodermata there is no brain but a nerve ring is present around the pharyngeal region. 

134. In Echinodermata locomotion is by tubefeet which are sac-like structures present along the 

edges of grooves present in the arms. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

135. The larvae of Echinodermata are bipinnaria and brachiolaria. These are with bilateral 

symmetry. 

136. Regeneration is very common in the Echinodermates. 

137. Echinodermates, hemichordates (Prechordates) and chordates are Deuterostomes 

138. Hemichordates are worm-like with soft body. 

139. The body of Hemichordates is divided into an anterior proboscis, collar and trunk. 

140. The body wall of Hemichordates is made of unicellular epidermis with mucus-secreting cells. 

141. Examples of Hemichordates: Balanog/ossusand Saccoglossus . 

142. The name chordata is given due to a common character – the Notochord. 

143. All the chordates have three basic characters: 

(i) the Notochord 

(ii) hollow dorsal CNS 

(iii) paired gill slits 

144. The Notochord is a rod-like semi rigid body of the vacuolated cells which are filled with 

proteinacoeus material which may extend the length of the body between enteric canal and 

the dorsal hollow central nervous system. 

145. Notochord is present in all members of the phylum either in the larval or embryonic stages 

or throughout life. Its main function is to support and stiffen the body. Therefore it acts as 

skeletal axis. 

146. All chordates have paired gill slits in embryonic stage. In some these are non-functional. In 

others these are functional for some period in their life history (e.g. frogs etc.). In still others 

these are functional throughout life (e.g. Amphioxus, and fishes etc.). 

147. Chordates are divided in to lower chordates/Acraniates (e.g. Amphioxus etc.) and 

higherchordates (vertebrates/Craniates). 

148. Two subphyla of f lower chordates are Urochordata and Cephalochordata. 

149. Urochordates are also called Tunicates because they are enclosed in a covering called Tunio. 

Example is Molgula. 

150. In the Cephalochordata Notochord and nerve cord is present in the entire length of the body 

and remains throughout life (e.g. Amphioxus). 

151. Vertebrates may also be divided into: 

(i)  An amniotes: These are without foetal membranes 

(cyclostomata, chondrichthyes, osteichthyes and amphibia). 

(ii) Amniotes: These are with foetal membranes (reptiles. aves and mammals). 

Foetal membranes are aminion, allantois and chorion. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

152. In class cyclostomata are included most primitive living vertebrates which are withoutjaws. 

Examples are Lampreys and hagfish. Hag fishes are helmaphrodite. 

153. In Cyclostomata: Eel-like body; Scales absent; No paired appendages; Six to fourteen pairs of 

gills: Long larval period in larnpray. 

154. In class Chondrichthyes: Cartilaginous fishes; Body fusiform; 5 – 7pairs of gills; Examples are 

sharks and rays; Placoidscales on the body. With the exception of whale the sharks are the 

largest living vertebrates (some reach 30 – 50feet in length). 

155. The skates and rays live in the bottom. In these anterior pairs of fins (pacoral fins) are large 

and used for swimming like wings. 

156. Shark liver oil is extracted and used in medicine as source of vitamin A and D. 

157. Class osteichthyes (Bony fishes) Notochord may remain in parts, the skin has dermal scales 

which are ganoid, cycloid or ctenoid. Mouth is terminal, swim bladder usually pressure, brain 

with 10 pairs of cranial nerve. 

158. Paired fins are pectoral and pelvic, unpaired fins are dorsal, caudal (tail) and anal fins. 

159. Dipnoi (double breathing) is lungs fish (lobe-finned fish). 

160. Oxygen is more in the air than in water. 

161. Temperature changes are more sever in the terrestrial environment. 

162. Amphibians are intermediate between aquatic ad true terrestrial animals (Reptiles). 

163. In the evolution from water to land, amphibians have developed limbs in place of fin, lungs in 

place of gills and some changes in the skin. 

 Note: First land vertebrates are amphibians while first successful land vertebrates are reptiles. 

164. Caecllians are legless amphibians. 

165. Amphibians and reptiles are cold blooded (poiklothermic) animals and hibernate in winter. 

166. In amphibians there is external fertilization and development while newts and salamander are 

tailed amphibians. 

167. In retiles the ventricle of heart is incompletely partitioned, in crocodile ventricle is completely 

partitioned into two. 

168. Reptiles were dominant in mesozoicperiod (225 – 65 million years). 

169. The climate suitable for reptiles becomes less favourable in tertiary period, so most of them 

become extinct, now out of a dozen or more main lines, only four exist. 

170. The reptiles of today have been derived from dinosaurs of Jurassic (195 – 136 million years) 

and cretaceous period (136 – 65 million years), 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

171. The crocodiles are the reptiles from which modern birds were derived. 

172. Both birds and mammals have evolved from reptiles along different lines. 

173. The earliest known fossil bird is archaeopteryx: about the size of a crow, bony teeth in the 

jaw socket, each wing with three claws. 

174. The archaeopteryx is a connecting link between reptiles and birds. 

175. The body of the bird has four divisions which are head, neck, trunk and tail. 

176. Birds and mammals are homoeothermic. 

177. The birds do not have teeth. Therefore, they have developed a thick muscular structure 

(Gizzard) which is used for crushing the food. 

178. In birds the organ of voice is called syrinx. It is present at the lower end of trachea near the 

origin of the two bronchi. In mammals voice apparatus is Larynx which is present at the upper 

and of trachea. 

179. Ostrich and Kiwi are running birds. 

180. In the penguin, the fore-limbs are modified into flippers for swimming (e.g. penguin). 

181. The terms mammal was given by Linnaeus to the animals nourished by milk from the breast 

of the mother. 

182. Well-developed brain/CNS in mammals. 

183. The mammals have evolved from reptilian ancestors the cotylosaurs. 

184. Varnope fossil (found in Texas) 50 % mammals. 

185. Mammals become dominant in the Cenozoic period. 

186. Most mammals have hair on the body for insulation and temperature regulation. In some the 

hair, have become modified into scales (Pangolin) and spines (porcupine). 

187. Diaphgram is present in the mammals. Diaphragm is a muscular sheet which separates the 

thoracic and abdominal cavities. 

188. In the mammals there is achain of three bones in the internal ear which are Incus Maleus and 

stapes. 

189. In Mammals red blood cells are non-nucleated. 

190. Mammals are classified into three sub-classes. Prototheria (egg lying mammals) metatheria 

(pouched mammals) and eutheria (Placcental Mammals). 

191. Prototheria: connecting link between reptiles and mammals. Examplesare duck bill platypus 

and echidna (spiny anteater). 

192. In Metatherians, Marsupium is present the young when born are immature in rudimentary 

form development is complete in the marsupium, 

Example opossum kangaroo and Tasmanian wolf 

193. Sub class eutheria has placental mammals, placenta is formed between fetus and mother 

through placenta fetus is nourished. Placenta has endocrine function also. 

194. Carnivores: an animal that eats only meat. 

 



 

 

 

 

 

  195. Deuterostome: any member of the animals in which the blastopore of the developing 

embryo becomes the anus, while a second opening becomes the mouth. 

196. Enterocoelous a coelom formation by out pocking of the archenterons. 

197. Gill slit: An opening of the pharynx through which water passing over an aquatic animal's 

gills leaves the body. Gill slits occur in adult fish and other vertebrate embryos. 

198. Hernocoel: A blood-tilled cavity. 

199. Marsupial: A mammal, such as the kangaroo, that possesses an external pouch in which 

the young are matured. 

200. Mesoderm: The middle layer (between ectoderm and endoderm) that arises during 

gastrulation in an embryo. Mesodermal cells give rise to the skeleton, muscles, and 

circulatory and immune systems, among other structures. 

201. Metamorphosis: Among insects, amphibians, and other animals, the developmental 

transformation form the larval to the adult form.  

202 Nerve cord: The spinal cord, located dorsal to the notochord, which is present in all 

chordates and which coordinates sequential muscle action. 

203. Notochord: The stiff but flexible rod that runs the length of a chordate, just ventral to the 

nerve cord. 

204. Placenta: The organ in sharks and mammals that connects a developing embryo to 

surrounding maternal tissue and through which the fetus may obtain nutrients, gives off 

wastes, and exchanges O2 and CO2.  

205. Poikilotherm: Any animal having a variable body temperature that has the temperature of 

the surrounding environment. 

206. Pseudocoelom: The "false", fluid filled body cavity that is a characteristic of the 

nematodes. 

207. Radial symmetry: A body plan that looks circular when viewed form above or below and in 

which certain structures radiate outward in all directions from the center. 

208. Schizocoelous: A coelom formation by the splitting of mesoderm into two layers. 

209. Bilateral symmetry: The animal body plan in which an organism's right and left sides are 

mirror images. 
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Assessment 1 

1. Grade Radiata includes only one phylum and that is: 
(a)       Porifera   (b) Cnidaria 
(c)     Platyhelminthes  (d) Echinodermata 

2. Radial symmetry occurs in which set? 
 (a) Echinodermata & Coelenterata (b) Porifera & Coelenterata 
 (c) Mollusca & Arthropod  (d) Platyhelminthes & Coelenterata 
3. Coelomate animals: 
 (a) Have bilateral symmetry   (b) Are triploblastic 
 (c) Constitute phyla from annelid to chordates (d) All the above 
4. Acoelomates are characterized by: 
 (a) The absence of brain 
 (b) The absence of mesoderm 
 (c) A solid body without a cavity surrounding internal organs 
 (d) A coelom that is not completely lined with mesoderm 
5. An animal that has definite right and left halves has ________: 
 (a) Rotational symmetry  (b) Radial symmetry 
 (c) Bilateral symmetry  (d) Helical symmetry 
6. The name Platyhelminthes means: 
 (a) Pinworms   (b) Hookworms 
 (c) Roundworms    (d) Flatworms 
7. Fasciola hepatica is an endoparasite that lives in the: 

(a) Liver of sheep    (b) Blood of sheep 
(c) Spleen of sheep   (d) Intestine of sheep 

8. Taenia solium lacks alimentary canal because: 
(a) It does not require any food  (b) It lives in the intestine 
(c) It has saprozoic mode of feeding (d) None of the above 

9. In helminthes, flame cells are component of their: 
(a) Reproductive system   (b) Excretory system 

 (c) Nervous system  (d) Respiratory system 
10.      Taenia solium is the biological name of: 
 (a) Tapeworm   (b) Liver fluke 
 (c) Blood fluke   (d) Planaria 
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Assessment 2 

1.   Acoelomate, triploblastic body with bilateral symmetry is characteristic of: 
(a) Flatworm    (b) Roundworm 
(c) Segmented worm   (d) Mollusc 

2.   The intermediate host in the life cycle of Taenia saginata is: 
 (a) Pig    (b) Goat 
 (c) Dog    (d) Cattle 
3.  Platyhelminthes are best described as: 
 (a) Flatworms, triploblastic, acoelomates 
 (b) Flatworms, diploblastic, acoelomates 
 (c) Flatworms, triploblastic, coelomates 
 (d) Flatworms, triploblastic, pseudocoelomates 
4. Enterobius vermicularis is: 

(a) Cosmopolitan    (b) Endemic 
(c) Discontinuously distributed  (d) None of these 

5. Roundworms have all of the following characteristics except: 
(a) A pseudocoelom   (b) Bilateral symmetry 

 (c) An ectoderm germ layer  (d) A notochord 
6. The genus “Rhabditis” contains numerous species normally found in: 
 (a) Soil    (b) Water 
 (c) Feces of man/animals   (d) All the above 
7. A parasite of human small intestine in Asia, North Africa and Europe causing severe 

anemia, and retardation of physical and mental growth in children is: 
 (a) Hook worm   (b) Pinworm 
 (c) Ascaris     (d) Tapeworm 
8. There are four bands of muscles in Nematodes, two are dorso-lateral and two: 

(a) Ventro-lateral    (b) Dorso-ventral 
(c) Dorso-lateral    (d) Latero-ventral 

9. Nematodes lack respiratory system and: 
(a) Digestive system   (b) Nervous system 
(c) Circulatory system   (d) All of these 

10. In annelids, all of the following body structures/systems are ________ continuous 
throughout the length of body; penetrating each individual segment except: 

 (a) Nerve cord   (b) Gut 
 (c) Excretory system   (d) Blood vessels 
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Assessment 3 

1. Annelids are all except: 
 (a) Triploblastic   (b) Bilaterally symmetrical 
 (c) Coelomates   (d) Pointed ended 
2. A parasitic annelid is: 

(a) Nereis     (b) Stylaria 
(c) Earthworms    (d) Hirudo 

3. The first group of invertebrates which have developed a closed circulatory system is: 
 (a) Annelids    (b) Platyhelminthes 
 (c) Nematodes    (d) Molluscs 
4. Which system is absent in annelids? 

(a) Circulatory system   (b) Respiratory system 
(c) Nervous system    (d) Digestive system 

5. All of the following are hermaphrodite except: 
(a) Earthworm    (b) Leech 
(c) Nereis     (d) None 

6. Metamerically segmented worms are included in the phylum: 
(a) Coelenterata    (b) Nematoda 
(c) Mollusca    (d) Annelida 

7. Metamerism of earthworms is suitable: 
(a) Feeding     (b) Locomotion 
(c) Reproduction    (d) Digestion 

8. Longitudinal and circular muscles are found in the body wall of: 
(a) Sponges    (b) Cnidarians 
(c) Annelids    (d) Nematodes 

9. Respiratory through skin is found in: 
(a) Planarian    (b) Earthworm 
(c) Snail     (d) Pinworm 

10. Metamerically segmented, bilaterally symmetrical animals bearing jointed appendages. 
These are characteristic of: 
(a) Helminthes    (b) Annelida 
(c) Mollusca    (d) Arthropoda 
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Assessment 4 

1. Hemocoelic body cavity is a characteristic of: 
(a) Ascaris     (b) Leech 
(c) Cockroach    (d) Snails 

2. The nitrogenous waste in cockroach is mainly excreted as: 
(a) Urea     (b) Uric acid 
(c) Ammonia    (d) Urea and uric acid 

3. A huge phylum of invertebrates with segmented bodies and ‘‘jointed feet’’: 
(a) Vertebrata    (b) Nematoda 
(c) Arthropods    (d) Annelida 

4. True and complete metamorphosis is found in: 
(a) Silver fish    (b) Grasshopper 

 (c) Cockroach   (d) Moth and mosquito 
5. Common house fly (Musca domestica) is vector for: 
 (a) Dengue   (b) Cholera 
 (c) Hepatitis    (d) Both ‘b’ & ‘c’ 
6. Bed Bugs contribute to the spread of: 
 (a) Typhoid   (b) Yellow fever 
 (c) Typhus     (d) Trench fever 
7. The vector for pathogens that causes cholera and hepatitis is: 

(a) Mosquito    (b) Musca domestica 
(c) Tse tse fly    (d) None of these 

8. Which of the following is not transmitted by mosquitoes? 
(a) Yellow fever    (b) Lymphatic filariasis 
(c) Dengue     (d) Cholera 

9. Head, foot and visceral mass; this combination of characters is diagnostic of: 
(a) Echinoderms    (b) Arthropods 
(c) Molluscs    (d) Annelida  

10. Sepia is commonly known as: 
(a) Star fish    (b) Jelly fish 
(c) Cuttle fish    (d) Silver fish 
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Unit 3 Enzymes 
• Describe the distinguishing 

characteristics of enzymes  
• Explain mechanism of action of 

enzymes  
• Describe effects of factor on enzyme 

action (temperature, pH, 
concentration)  

• Describe enzyme inhibitors  
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Enzymes 
• Molecule that increases the rate of a chemical reaction without being used up 

during that reaction is catalyst. Biological catalysts are primarily protein 
molecules known as enzymes. Enzymes control reactions in living cells. 

• An active enzyme may speed up a particular reaction but living organisms do 
not need all reactions to be going at the maximum rate all of the time. Enzymes 
interact with other molecules to produce an organized system. 

• Many of the complex chemicals that living organisms need cannot be made in 
a single: reaction. Instead, a series of simpler reactions occur one reaction 
after another, forming a metabolic pathway, for example, different pathways 
in Photosynthesis & Respiration.  

 

Mechanism of Enzymes Action 
The Lock and Key Hypothesis 
• Enzyme function depends on restricted portion known as the active site. 
• The active site is a groove or pocket in the surface of the enzyme into which 

the substrate molecule fits. Typically, the active site is formed by 3 to 12 amino 
acids.  

• The size, shape and chemical nature of the active site corresponds closely 
with that of the substrate molecule.  
According to this hypothesis the active site is a rigid structure. There is no 
modification or flexibility in the-active-site before during or after the enzyme 
action and it is used only as a template. This hypothesis/model does not 
support all reactions.  

Induce Fit Hypothesis 
•  Koshland (1959) proposed this hypothesis/model. 
•  Substrate binds to the enzyme in the active site and induce change in shape 

of enzyme. It means that when a substrate combines with an enzyme it creates 
changes in the enzyme active site as active site is not rigid structure. This 
change allows the enzyme to do its catalytic activity more effectively. 

 

Naming and Classifying Enzymes 
International Union of Biochemistry has developed a scheme for naming and 
classifying enzymes. Enzymes are mostly named by adding the suffix -ase to the 
name of their substrate. The rest of the name indicates the nature of the reaction. 
For example, alcohol dehydrogenase - catalyzes the removal of hydrogen from 
alcohol (ethanol).  
 

Six Main Categories of Enzymes 
§ Oxidoreductases: These are involved in oxidation and reduction (redox) 

reactions. In aerobic respiration, most of the cells ATP is generated by redox 
reactions. 
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§ Transferases: These catalyze the transfer of a chemical group from one 
compound another. Transfer of an amino group from an amino acid to another 
organic acid in the process of transamination. 

§ Hydrolases: These catalyze hydrolyses (splitting by use of water) reactions. Most 
digestive enzymes are hydrolases. 

§ Lyases: These catalyze the breakdown of molecules by reactions that do not 
involved hydrolysis. 

§ Isomerases: These catalyze the transformation of one isomer into another, for 
instance the conversion of glucose 1,6 bisphosphate into fructose 1,6 
bisphosphate. 

§ Ligases: These form bonds between compounds using ATP. For example, DNA 
ligase is involved in the synthesis of DNA. 

 

Feedback Mechanism in Series of Reaction 
• Many metabolic pathways are self-controlling. When a substance is needed, a 

particular pathway is activated to produce it. When enough has been produced, 
the pathway is deactivated.  

• This happens because some enzymes in a metabolic pathway are inhibited by the 
end product. When the product is once more in short supply, the inhibition is 
lifted and the pathway becomes active again. This self-regulation is an example 
of negative feedback. This is a fundamental principle important in homeostasis. 

 

 
 

Fig: Enzyme to enzyme chain (association) 
 
 

Enzyme Inhibitors 
An inhibitor is a chemical substance which can react (in place of substrate) with the 
enzyme but is not transformed into product(s) and thus blocks the active site 
temporarily or permanently (for example poisons, like cyanide, antibiotics, 
antimetabolites and some drugs).  
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OR  
Enzyme inhibitors are molecules that interact in some way with the enzyme to 
prevent it from working in the normal manner.  
 
Inhibitors may be nonspecific or specific. Specific inhibitors may be irreversible or 
reversible. (Competitive and non-competitive)  
 

Non-specific Inhibitors 
A non-sspecific inhibition affects all enzymes in the same way. Non-specific methods 
of inhibition include any physical or chemical changes which ultimately denature the 
protein portion of the enzyme. 

Two main types are:  
• Temperature 

Usually, the reaction rate increases with temperature, but with enzyme reactions, 
a point is reached when the reaction rate decreases with increasing temperature. 
At high temperatures the protein part of the enzyme begins to denature, thus 
inhibiting the reaction. 

• Acids and Bases 
Enzyme activity is also controlled by pH. As the pH is decreased or increased the 
nature of the various acid and amine groups on side chains is altered with 
resulting changes in the shape or structure of the enzyme.  
 

Specific Inhibitors 
Specific inhibitors may be irreversible or reversible (competitive and 
noncompetitive). 
Irreversible Inhibitors 
• These form strong covalent bonds with an enzyme. 
• These inhibitors may act at near or remote from the active site. 
• They may not be displaced by the addition of excess substrate. 
• The basic structure of the enzyme is modified to the degree that it ceases to 

work. 
• Since many enzymes contain sulfhydral (– SH), alcohol, or acid groups as part 

of their active sites, any chemical which can react with them acts as an 
irreversible inhibitor. Heavy metals such as Ag+, Hg2+,Pb2+ have strong 
affinities for –SH groups.  

Reversible Inhibitors 
They form weak linkages with the enzyme. Their effect can be neutralized 
completely or partly by increase in the substrate concentration.  
They are of two types which are competitive and non-competitive. 
Competitive Inhibitors 
They have structural similarity with the substrate and are selected by the binding 
sites cannot activate the catalytic sites. As a result product(s) are not formed. 
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Fig. Mechanism of competitive inhibition. 
(a) Formation of enzyme-substrate complex resulting in the formation of product. 
(b) Inhibitor malonic acid does not fit the active site, hence no product is formed. 

Non-Competitive Inhibitors 
They form enzyme inhibitor complex at a point other than the active site. They are 
the enzyme structure in such a way that even if a substrate binds the active site 
catalysis does not occur. 
 

Enzymes and Activation Energy 
§ To start chemical reactions some energy is required.  
§ This energy is called activation 

energy.  
§ The way enzymes operate is by 

lowering the amount of activation 
energy required for a chemical 
reaction to start. This happens 
because enzymes weaken a covalent 
bond within a substrate molecule. 

§ In other cases this lowering of 
activation energy happens because 
the enzyme holds the substrate 
molecules in a particular.  

 
 
This diagram shows that without the enzyme, much more activation energy is 
required to get chemical reaction to take place. 
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BASIC FACTS ABOUT ENZYMES 
1. The catalytic activity of an enzyme is due to active site. It is a small portion of 

enzyme consisting of few amino acids.  
2. The enzyme and its substrate react with each other through active sites.  
3. The active site is a three dimensional cavity bearing a specific charge.  
4. Most of the enzymes have a non-protein part known as a co-factor. 
5. Cofactor is directly involved in chemical reaction for catalysis. Cofactor acts 

as "bridge" between enzyme and its substrate. Sometimes the co-factor 
provides energy to drive the reactions. 

6. There are three kinds of a cofactor: 
(a)  The detachable inorganic ion (metal ion) working as co-factor is known 

as an activator e.g. Cu/Zn.  
(b)  The covalently bonded non-protein part of enzymes is known as 

prosthetic group e.g., Lipids. 
(c) If the non- protein portion is loosely attached to the protein part it is 

known as coenzyme e.g. Vitamins. 
7. An enzyme with its coenzyme or prosthetic group removed is called Apo 
enzyme. 
8. An activated enzyme consisting of polypeptide chain and a cofactor is known 

a, Holo enzyme. 
9. The conditions under which enzymatic activity is destroyed by disrupting 

bonds between the atoms in an enzyme are: High temperature and extreme 
changes in pH. 

10. Enzymes are also produced in the cells near the site of function. 
11. Many enzymes are dissolved in the cytoplasm. Others are bound to the sub-

cellular organelles. 
For example:  
(a) Enzymes for photosynthesis are present in the Chloroplasts. 
(b) Enzymes for cellular respiration are present in the Mitochondria. 
(c) Some enzymes of protein synthesis are present in Ribosomes. 

12. All metabolic activities occurring in the cells are carried out by specific 
enzymes. 
13. Enzymes are sensitive to a small change in pll, temperature and substrate 
concentration. 
14. Some enzymes are damaging if they become active in the wrong place. Pepsin 

produced in inactive pepsinogen form. If it is produced in the active form .it 
may cause cancer. 

15. Mechanism of enzyme action is called catalysis. 
16. The active site of the enzyme is made up of binding site and catalytic site. 
17. The binding site helps in identification/Recognition and binding of a proper 

substrate: form E-S complex. This reaction activates the catalytic site. The 
catalytic site catalyzes the transformation of substrate into product(s). The 
enzyme after catalysis detaches from the products unchanged. 

 

1. The catalytic activity of an enzyme is due to active site. It is a small portion of 
enzyme consisting of few amino acids.  

2. The enzyme and its substrate react with each other through active sites.  
3. The active site is a three dimensional cavity bearing a specific charge.  
4. Most of the enzymes have a non-protein part known as a co-factor. 
5. Cofactor is directly involved in chemical reaction for catalysis. Cofactor acts as 

"bridge" between enzyme and its substrate. Sometimes the co-factor provides 
energy to drive the reactions. 

6. There are three kinds of a cofactor: 
(a)  The detachable inorganic ion (metal ion) working as co-factor is known 

as an activator e.g. Cu/Zn.  
(b)  The covalently bonded non-protein part of enzymes is known as 

prosthetic group e.g., Lipids. 
(c) If the non- protein portion is loosely attached to the protein part it is 

known as coenzyme e.g. Vitamins. 
7. An enzyme with its coenzyme or prosthetic group removed is called Apo 
enzyme. 
8. An activated enzyme consisting of polypeptide chain and a cofactor is known 

a, Holo enzyme. 
9. The conditions under which enzymatic activity is destroyed by disrupting bonds 

between the atoms in an enzyme are: High temperature and extreme changes 
in pH. 

10. Enzymes are also produced in the cells near the site of function. 
11. Many enzymes are dissolved in the cytoplasm. Others are bound to the sub-

cellular organelles. 
For example:  
(a) Enzymes for photosynthesis are present in the Chloroplasts. 
(b) Enzymes for cellular respiration are present in the Mitochondria. 
(c) Some enzymes of protein synthesis are present in Ribosomes. 

12. All metabolic activities occurring in the cells are carried out by specific 
enzymes. 
13. Enzymes are sensitive to a small change in pH, temperature and substrate 
concentration. 
14. Some enzymes are damaging if they become active in the wrong place. Pepsin 

produced in inactive pepsinogen form. If it is produced in the active form .it 
may cause cancer. 

15. Mechanism of enzyme action is called catalysis. 
16. The active site of the enzyme is made up of binding site and catalytic site. 
17. The binding site helps in identification/Recognition and binding of a proper 

substrate: form E-S complex. This reaction activates the catalytic site. The 
catalytic site catalyzes the transformation of substrate into product(s). The 
enzyme after catalysis detaches from the products unchanged. 
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Fig. mode of action of enzymes. 

18. An enzyme has specific function because its chemistry and configuration 
(shape) is specific. Any factor that can change the chemistry and shape of an 
enzyme can affect its rate of catalysis. 

19. Some factors that can affect the rate of enzyme action are: enzyme 
concentration, substrate concentration, temperature, and pH value. 

20. If substrate concentration is unlimited then the rate of reaction depends on 
the amount of enzyme present at a specific time. If the amount of enzyme is 
doubled the reaction rate is also doubled.  

21. Reason: The increase in enzyme number causes increase in active sites. More 
active sites will convert more substrate into product(s), in a given time. 

22. At low substrate concentration the reaction rate is directly proportional to the 
substrate. 

23. If the enzyme concentration is constant the rate of reaction increases with an 
increase with substrate concentration. 

24. The temperature at which activity of enzyme is maximum is called as optimum 
temperature. The increase in temperature causes increase in reaction rate of 
enzyme up to a certain limit. For enzymes of human body 37°C is the optimum 
temperature. 

25. Heat provides activation energy. Heat also supplies kinetic energy to the 
molecules. At high temperature globular structure is lost and the enzyme is 
denatured. Globular structure is necessary for enzyme activity,  

26. The enzymes function at narrow pH range is called optimum pH. A slight 
change in 'pH can change the ionization of the amino acids at the active site 
and the ionization of the substrates. Now enzyme activity is either retard or 
blocked completely. A great change in pH causes the bonds in the enzyme to 
break. The result is the denaturation of enzyme. 

27. A condition in which all of the active sites of enzymes are occupied by 
substrate molecules is called Enzyme saturation.  

28. A complex consisting of an enzyme and its reactant (substrate) which is held 
together by weak bonds is called Enzyme-substrate (ES) complex. The 
formation of an ES is the first step in enzyme catalysis. 

29. A type of metabolic pathway control that regulates the rate at which the cells 
synthesize amino acids (or other monomers) and use them in building proteins 
(or other polymers) is called Feedback inhibition. 

18. An enzyme has specific function because its chemistry and configuration 
(shape) is specific. Any factor that can change the chemistry and shape of an 
enzyme can affect its rate of catalysis. 

19. Some factors that can affect the rate of enzyme action are: enzyme 
concentration, substrate concentration, temperature, and pH value. 

20. If substrate concentration is unlimited then the rate of reaction depends on the 
amount of enzyme present at a specific time. If the amount of enzyme is 
doubled the reaction rate is also doubled.  

21. Reason: The increase in enzyme number causes increase in active sites. More 
active sites will convert more substrate into product(s), in a given time. 

22. At low substrate concentration the reaction rate is directly proportional to the 
substrate. 

23. If the enzyme concentration is constant the rate of reaction increases with an 
increase with substrate concentration. 

24. The temperature at which activity of enzyme is maximum is called as optimum 
temperature. The increase in temperature causes increase in reaction rate of 
enzyme up to a certain limit. For enzymes of human body 37°C is the optimum 
temperature. 

25. Heat provides activation energy. Heat also supplies kinetic energy to the 
molecules. At high temperature globular structure is lost and the enzyme is 
denatured. Globular structure is necessary for enzyme activity,  

26. The enzymes function at narrow pH range is called optimum pH. A slight 
change in 'pH can change the ionization of the amino acids at the active site and 
the ionization of the substrates. Now enzyme activity is either retard or blocked 
completely. A great change in pH causes the bonds in the enzyme to break. The 
result is the denaturation of enzyme. 

27. A condition in which all of the active sites of enzymes are occupied by substrate 
molecules is called Enzyme saturation.  

28. A complex consisting of an enzyme and its reactant (substrate) which is held 
together by weak bonds is called Enzyme-substrate (ES) complex. The 
formation of an ES is the first step in enzyme catalysis. 

29. A type of metabolic pathway control that regulates the rate at which the cells 
synthesize amino acids (or other monomers) and use them in building proteins 
(or other polymers) is called Feedback inhibition. 
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0. An organic molecule that functions as a coenzyme is the Vitamin. 
31. Allosteric enzyme is an enzyme that undergoes reversible changes in shape 

and in catalytic activity. 
 
 
 
 
 
 
 
 

 
  

30.       An organic molecule that functions as a coenzyme is the Vitamin. 
31. Allosteric enzyme is an enzyme that undergoes reversible changes in shape and 
in catalytic activity. 
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Assessment 1 

 
1. A metabolic pathway is a:  

a. Route taken by chemicals through a solution  
b. Sequence of enzyme Controlled reactions  
c. Route taken by a single particular enzyme  
d. Routes taken by all enzymes in a specific medium 

2. Energy must be added for a chemical reaction to start. This is energy of:  
a. Activation  
b. Entropy  
c. Enthalpy  
d. Oxidation 

3. Sucrase (invertase) acts on:  
a. Sucrose  
b. Sucrose and starch 
c. Any disaccharide  
d. Any organic Monomer 

4. Starch is converted into maltose by:  
a. Diastase  
b. Invertase  
c. Maltase  
d. Hydrozenase 

5. Blocking of active site of an enzyme temporarily is a type of:  
a. Non-competitive inhibition  
b. Irreversible inhibition  
c. Competitive inhibition  
d. Feedback Inhibition 

6. A group of enzymes called hydrolases acts upon:  
a. Lipids  
b. Proteins  
c. Carbohydrate  
d. All of these 

7. A complete enzyme is:  
a. Holoenzyme  
b. Apoenzyme  
c. Coenzyme  
d. Cofactor only 

8. Which enzyme digests the major food source in Bean and Sunflower? 
a. Amylase  
b. Lipase  
c. Diastase  
d. Protease 

9. Co-enzyme is often derived from:  
a. Protein 
b. vitamin  
c. lipid  
d. inorganic ion 

10. Enzymes which are slightly different in molecular structure but can perform similar activities 
are called:  

a. dehydrogenases  
b. kinases  
c. isozyme  
d. apoenzyme 
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Assessment 2 

 1. Active enzymes present in:  
a. viroids  
b. prions  
c. viruses  
d. mycoplasma 

2. Temp. is going from 15 to 41° C, rate of reaction is going:  
a. Down  
b. up  
c. down then up  
d. up then down 

3. Active site of enzyme is produced by:  
a. Globular structure  
b. charges  
c. fibrous structure  
d. both a and b 

4. In feedback inhibition, a metabolic pathway is switched off by:  
a. Accumulation of end product  
b. Competitive inhibition  
c. lack of substrate  
d. rise in temperature 

5. Enzyme groups recognized by IUB:  
a. 2 
b. 4  
c. 6  
d. 8 

6. Cyclic pathway controlled by enzymes present in:  
a. chloroplast  
b. mitochondria  
c. nucleus  
d. both a and b 

7. Protein into peptones by:  
a. pepsin  
b. trypsin  
c. Erypsin  
d. both a and b 

8. Which one is hydrolase?  
a. Amylase  
b. Polymerase  
c. Enolase  
d. all of these 

9. Which one is present in the seed?  
a. hormones  
b. vitamins  
c. enzymes  
d. all of these 

10.  Common function of enzyme, vitamin and Hormone is:  
a. used  
b. specific  
c. Helpful  
d. oxidative 
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  Assessment 3 
 

 
1. Enzymes lower the ______ energy: 

a. Initiating 
b. Activation 
c. Restoring 
d. Reviving 

2. Enzyme study is:  
a. In vivo possible  
b. In vitro possible  
c. impossible  
d. it is possible to study enzymes both in vivo and in vitro 

3. An enzyme at below 5° C is:  
a. activated  
b. Inactivated  
c. denatured  
d. destroyed 

4. Co-enzyme is often a:  
a. protein  
b. vitamin  
c. lipid  
d. inorganic ion 

5. A co-factor may be activator, prosthetic group or:  
a. enzyme  
b. coenzyme  
c. ion  
d. lipid 

6. A non-protein part of enzymes is known as a:  
a. co-factor  
b. lipid  
c. factor  
d. carbohydrate 

7. The substance with which enzyme acts is called:  
a. coenzyme  
b. product  
c. both a and b  
d. substrate 

8. For substrate succinic acid, the competitive inhibitor is:  
a. malic acid  
b. succinate  
c. malonic acid  
d. fumaric acid 

9. Some enzymes consist solely of:  
a. carbohydrates  
b. nucleic acids  
c. fats  
d. proteins 

10. All enzymes are proteins which are:  
a. globular  
b. fibrous  
c. a helix  
d. a helix and b-pleated 
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  Assessment 4 
 

 
1. According to ________ model the active site is a rigid structure  

a. fluid mosaic  
b. lock and key  
c. induce fit  
d. unit membrane 

2. Koshland (1959) proposed modified form of:  
a. induce fit model  
b. lock and key model  
c. fluid mosaic model  
d. unit membrane model 

3. At low concentration of substrate the reaction rate is directly proportional to the:  
a. Substrate available  
b. Enzyme available  
c. Coenzyme available  
d. Cofactor available 

4. The catalytic activity of an enzyme is restricted to its small portion:  
a. active site  
b. passive site  
c. cofactor only 
d. binding site 

5. An activated enzyme made of polypeptide chain and a co-factor is:  
a. substrate  
b. co-enzymes  
c. apoenzyme  
d. holoenzyme 

6. A method of injecting enzymes to replace those that are missing because of genetic 
mutations: 
a. Enzyme replacement therapy  
b. Enzyme therapy  
c. Enzyme production  
d. one gene one enzyme hypothesis 

7. The study of enzymes is called:  
a. enzymology  
b. metabolism  
c. molecular biology  
d. biochemistry 

8. Study of fermentation is:  
a. anaerobics  
b. zymology  
c. fermentology  
d. biochemistry 

9. Malonic acid is competitive inhibitor of: 
a. Dehydrogenase 
b. Succinic dehydrogenase 
c. Diastase 
d. Fumaric dehydrogenase 

10. Enzymes for light independent reactions are located in: 
a. Thylakoid lumen 
b. Mitochondrial matrix 
c. Embedded in thylakoid membrane 
d. Stroma 
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Key 

 

Assessment 1 
1.  b 
2. a 
3. a 
4. a 
5. d 
6. d 
7. a 
8. b 
9. b 
10. c 

Assessment 2 
 

11. d 
12. d  
13. d  
14. a 
15. c 
16. d 
17. a 
18. d 
19. d 
20. b 
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Assessment 3 

 
21. b 
22. d 
23. b 
24. b 
25. a 
26. a 
27. d 
28. c 
29. d 
30. a 

Assessment 4 
 
31. b 
32. b 
33. a 
34. a 
35. d 
36. a 
37. a 
38. b 
39. b 
40.        d  

 



 

 

Evolution\ 

Evolution 
 

Learning Objectives 

Concepts of evolution  

Inheritance of acquired characteristics  

Darwinism 

Darwin’s theory evolution 

Neo-Darwinism’s  

Evidence of evolution 



 

 

 

 
Evolution 
Series of processes which transform simple life to vast diversity. 

OR 
Change in allelic frequency of a population over the passage of time. 
 

Lamarckism 
“An organism can pass on characteristics that it acquired during its lifetime to its offspring.” 

It is also known as inheritance of acquired characters. 
 

Lamarck argued that those parts of the body used extensively to cope with the environment 
become larger and stronger, while those that are not used deteriorate. 
 

Examples 
• Lamarck cited that the blacksmith develops a bigger bicep in the arm because he works the 

hammer. 
• The giraffe got their neck to new lengths by stretching it in pursuit of leaves to eat. 

 

Darwanism 
“All species of organisms arise & develop through the natural selection of small, inherited 

variations that increase the individual’s ability to compete, survive and reproduce.” 
 

Darwinism - Main Postulates 
 

Descent With Modification 
The history of life is like a tree with multiple branching and rebranching from a common trunk 

 

Natural Selection and Adaptation 
o Production of more individuals than the environment can support 
o Survival in the struggle for existence is not random but depends in part on the hereditary 

constitution of the surviving individuals. 
o This unequal ability of individuals to survive and reproduce will lead to a gradual change in a 

population, with favorable characteristics accumulating over the generations thus leading to the 
evolution of a new species.  

  



 

 

Difference between Darwanism and Lamarckism 

 
 
 

LAMARCKISM  DARWINISM  

It believes in the internal vital force.  It does not believe in the internal vital force.  

It considers new needs or desire produce new 
structures and change habits of the organism.  

They do not form part of Darwin's natural 
selection theory.  

If an organ is constantly used it would be better 
developed whereas disuse of organ results in its 
degeneration.  

An organ can develop further or degenerate 
only due to continuous variations.  

It does not consider struggle for existence.  Struggle for existence is very important in this 
theory.  

All the acquired characters are inherited to the 
next generation.  

Only useful variations are transferred to the 
next generation.  

Lamarckism does not believe in survival of the 
fittest.  

Darwin's natural selection theory is based on 
survival of the fittest.  

 

Evidences of Evolution 
 
Evolution leaves observable signs. Darwin's theory of evolution was mainly based on the evidence from 
the geographical distribution of species and from the fossil record. Following are a few evidences of 
evolution: 

• Biogeography 
• The fossil Record (Paleontology) 
• Comparative Anatomy 
• Molecular Biology 

 
Biogeography 

o It was the biogeography (geographical distribution of species) that first suggested the idea of 
evolution to Darwin. 

o Armadillos are the armored mammals that live only in America. The evolutionary view of 
biogeography predicts that contemporary armadillos are modified, descendants of earlier species 
that occupied these continents, and the fossil record confirms that such ancestors existed. 

 

The Fossil Record (Paleontology) 
o The earliest fossils were of the prokaryotes.  
o The chronological appearance of the different classes of vertebrate animals in the fossil record is 

a good example. Fossil fishes, the earliest vertebrates, with amphibians next, followed by 
reptiles, then mammals and birds. This sequence is consistent with the history of vertebrate 
descent. The evolution of horse provides an example of such a history. 

 
 
 



 

 

 

Comparative Anatomy 
Anatomical similarities between species grouped in the same taxonomic category bring another 

support to the theory of the Descent with modification. 
 

 
 

Vestigial Organs  
Vestigial organs are historical remnants of structures that had important functions in ancestors 

but are no longer essential presently. 
E.g. the skeletons of whales and some snakes retain vestiges of the pelvis and leg bones of 

walking ancestors, vermiform appendix in carnivores, ear muscles in man etc. 
 

Molecular Biology 
o Evolutionary relationships among species are reflected in their DNA and proteins and in their 

genes and gene products. 
o If two species have genes and proteins with sequences of monomers that match closely, the 

sequences must have been copied from a common ancestor. 
o Taxonomically remote organisms, such as humans and bacteria, have some proteins in common. 

For instance, cytochrome c, a respiratory protein is found in all aerobic species. 
 

Homologous Organs  Analogous Organs  

Organs that are functionally different but 
structurally similar  

Organs (structures) that show similarity in 
function but they are structurally different  

Shows divergent evolution  Shows convergent evolution  

E.g. the forelimbs of human, cats, whales, bats.  E.g. the wings of bat, birds and insects etc.  



 

 

 

Learning Objectives: 

Carnivorous plants/parasitic nutrition (pitcher plant, 

 venus fly trap, sundew) 

Water and mineral uptake by roots, xylem and phloem  

Osmotic pressure/potential  

Cardiovascular system (including human heart structure, blood 

 vessels)  

Respiratory system  

 Digestive system  

 Immune & system  

Lymphatic system 

 

 

 

Life Processes in Animals and Plants  



 

 

 

Human Digestive System: 

 

 
                                                    Fig. The digestive system of man 

The digestive system of man consists of a long coiled tube that extends from the mouth to the 

main parts of the digestive system are the oral or buccal cavity, esophagus, stomach, small 

intestine (duodenum, jejunum and ileum), large intestine (ascending colon, transverse colon, 

descending colon, caecum and rectum). Associated glands are salivary glands, liver and pancreas. 

There are three sites of digestion in the digestive system of man oral cavity, stomach and small 

intestine. 

 



 

 

Basic Features of the Gut Wall: 
The gut is not the same all the way along the alimentary canal. Each region has pacific features, 

which can be related to the function of different parts of the gut. 

The gut wall is divided into three main layers: 

• An outer muscle layer, protected by a thin coating of fibers. 

• A middle layer, the sub-mucosa. 

• An inner layer, the mucosa. 

 

Oral cavity in digestion 

Introduction: 

The oral cavity is bounded by palate, tongue, teeth and cheeks. There we several 

functions of oral cavity. Three functions are most important which are: 

1. Selection of food 

2. Grinding or mastication 

3. Lubrication and digestion 

 

1. Selection of Food: When the food enters the oral cavity it is tasted, smelled and felt. If 

the taste or smell is unpleasant or if hard objects like bone or dirt are present in the food, 

it is rejected. The senses of smell, taste and sight help the oral cavity in the selection of 

food. The tongue which is sensory and muscular organ plays the most important role in 

selection of food through its taste buds. 

2. Grinding or Mastication: After selection, the food is ground by means of molar teeth into 

smaller pieces. This is useful because: 

The esophagus allows small pieces to pass through and small pieces have much more 

surface for the enzymes to attack. 

3. Lubrication and Digestion: 

These two are the main functions of the oral cavity which occurs by saliva. 

Saliva is secreted by three pairs of salivary glands: 

Sublingual glands present below the tongue, Sub maxillary glands behind the jaws and 

Parotid glands in front of the ears. 

Salivary glands produce saliva at the rate of about 1 to 1.5 liters per day. It is produced 

constantly, but more is released when we see, smell, taste or even just think about food. 

Saliva is mainly water (99.5 percent) with some dissolved substances (0.5 percent) 

including: 

Water: 

• Mineral salts such as Sodium bicarbonate phosphates and hydrogen carbonates. 



 

 

• Salivary amylase or Ptyalin, a starch-digesting enzyme that breaks molecules of search 

into maltose. 

• Mucin, a slimy glycoprotein lubricant. 

• Lysozyme, an enzyme that kills bacteria. 

Salivary amylase, the starch-splitting enzyme in saliva, begins the process of chemical 

breakdown. 

(i) Water and Mucous: Water and Mucous together make a slimy liquid which moisten and 

lubricate the food. As a result, it can be chewed efficiently and passed through the 

esophagus smoothly. 

(ii) Sodium Bicarbonate and Some Other Salts: 

 Sodium bicarbonate and some other salts arc slightly antiseptic hut their main function is 

to stabilize the pH of the food. Fresh Saliva is alkaline with a pH nearly 8 it quickly loses 

carbon dioxide and the pH is now 6. 

(iii) Ptyalin: Ptyalin is a carbohydrate digesting enzyme. It digests starch and glycogen to 

maltose. 

Bolus Formation: 
As a result of mastication, the softened, partly digested, slimy food is rolled into all oval 

lumps called bolus. B is pushed to the hack of the mouth by the action of tongue and 

muscles of pharynx which ensure that the food does not enter the windpipe. 

The mouth is lined by stratified epithelium (epithelial cells stacked on top of’ each other). 

This protects the deeper tissues of the mouth from friction damage and has a very high 

turnover. 

We replace the lining of our mouth and the rest of the gut every 24 hours or so. 

Swallowing: 

Following steps are involved during swallowing: 

i. The tongue moves upwards and backwards against the roof of the mouth. As a result, 

the bolus is forced to the back of the mouth cavity. 

ii. The backward movement of the tongue pushes the soft palate up and closes the 

internal nostrils.  

iii. At the same time the tongue forces the epiglottis into horizontal position. As a result, 

the opening of the windpipe (the glottis) is closed. (Epiglottis is a flap of cartilage). 

iv. The larynx moves upward under the back of the tongue. 

v. The glottis is partly closed by the contraction of a ring like muscle. 

vi. The food does not enter the partly open glottis. This is because that the epiglottis 

diverts the 

vii. food to one side of the opening and safely down the esophagus. 



 

 

viii. The beginning of the swallowing action is voluntary, but once the food reaches the back 

of the mouth, swallowing becomes automatic. The food is then forced down the 

esophagus by peristalsis. 

 

 

Peristalsis 
The intestine, along with many other tubular organs in the body (ureters, vas deferens and 

uterus) are made from smooth muscle whose main function is the slow rhythmic contraction 

known as peristalsis. 

Introduction: 

Peristaltic movements are characteristics movements of the digestive tract by which food 

is moved along the cavity of the canal. 

Definition: 
It is a wave of contraction and relaxation of the circular and longitudinal muscles, which 

squeezes the food down along the digestive canal. 

Occurrence: 

Peristalsis starts just behind the food from the buccal cavity along the esophagus to the 

stomach and then along the whole alimentary canal. 

Anti-peristalsis: 



 

 

The reversal of peristalsis is called anti-peristalsis. As a result of a peristalsis the food may 

pass from the intestine back into the stomach and even into the mouth leading to 

vomiting. 

Hunger Pang: 

Hunger contractions are peristaltic contractions which are increased by low blood glucose 

level and are sufficiently strong to create an uncomfortable sensation called a “hunger 

pang”. Hunger pangs usually begin 12 to 24 hours after the previous meal or in less time 

for some people. 

Effect of Gravity on the Movement of Material: 

Gravity helps the movement of material through the esophagus especially when liquid is 

swallowed. However, the peristaltic contractions that move material through the 

esophagus are sufficiently forceful. Therefore, a person can swallow even while doing a 

headstand. 

Digestion in stomach: 

Introduction: 

 Overall, the stomach: 

• Mixes food with gastric juice by muscular action. 

• Retains food, giving enzymes time to act. 

• Digests proteins through the action of the enzyme pepsin. 

• Curdles milk with the enzyme rennin. 

• Absorbs some simple chemicals. 

The stomach is located below the diaphragm on the left side of the abdominal cavity. It is 

an elastic muscular bag. The stomach stores food for some time, making discontinuous 

feeding possible. Ii also partly digests the food. 

Cardiac Sphincter: 
At the junction of esophagus and the stomach there is a special ring of muscles called 

cardiac sphincter. When the sphincter muscles contract, the entrance to the stomach 

closes, therefore, the contents of the stomach cannot move back into the esophagus. It 

opens when a wave of peristalsis coming down the esophagus reaches it. 

 

Heart Burn or Pyrosis: 
It is a painful burning sensation in the chest usually associated with the back flush of acidic 

chyme into the esophagus. This is due to: 

• Overeating 

• Eating fatty food 

• Lying down immediately after a meal 

• Consuming too much alcohol, caffeine or smoking 



 

 

Stomach Wall: 

The stomach wall is composed of three principal layers. 

Outer Layer: 

It is formed of connective tissue.  

 

 

Middle Layer: 

It is formed of smooth muscles. Outer layer is formed of longitudinal muscles while the 

inner layer is formed of circular muscles. All regions of the gut have two layers of muscle, 

apart from the stomach, which has three. The extra oblique layer runs at 45o to the other 

two, and helps churn the food. 

The stomach has deep ridges called rugae that help with the mechanical breakdown of 

food. 

Inner Layer (Mucosa): 

It is composed of connective tissue. It has many tubular gastric glands. These glands are 

composed of three kinds of cells: 

(i) Mucous Cells: 

These cells secrete mucus which is a thick secretion. It covers inside of the stomach due 

to mucous the underlying wall are prevented from digestion. 

(ii) Parietal or Oxyntic Cells: 

These cells secrete hydrochloric acid (HCI). HCI is secreted in concentration form having 

pH 1.3; its functions are as follows: 

 It adjusts the pH of stomach contents from 2 – 3. At this pH the pepsin can act on proteins. 

It also softens the food and kills many microorganisms that enter the stomach along with 

the food, it converts pepsinogen to pepsin. 

(iii) Zymogen Cells: 

These cells secrete pepsinogen; Pepsinogen is inactive form of Pepsin. Pepsinogen is 

activated to pepsin by HCI or by already activated pepsin. Pepsin hydrolyzes protein to 

yield peptones and polypeptides. The secretion of all these cells is collectively called 

gastric juice. 

Protein Digestion in the Stomach: 

One of the main functions of the stomach is to begin the digest proteins. Pepsin a 

powerful endopeptidase enzyme digests proteins. The enzyme breaks peptide bends in 

the middle of the protein chain, turning protein molecules into polypeptides. Protein 

digestion is completed when exopeptidase enzymes remove amino acids from the ends 

of the polypeptides. 



 

 

The stomach avoids digesting its down tissue by secreting pepsin in an inactive form 

pepsinogen. This is converted to pepsin in the lumen of the stomach only after contact 

with hydrochloric acid. The hydrogen ions in the acid cause the pepsinogen to unfold and 

become pepsin the active form of the enzyme. 

 

 

 

Milk Digestion: 

Caseinogen the proteins in milk are water soluble. They are available nutrients (milk is the 

sole source of food for young mammals) but if they remained in their soluble form they 

would leave the stomach before protein digestion had finished. To avoid this, the stomach 

produces rennins. This curdles milk converting soluble caseinogen into insoluble casein 

like pepsin remains is also secreted in an inactive form, Prorennin. Like pepsinogen 

prorennin is converted to its active form by contact with stomach acid. 

Chyme formation: 

The muscles of stomach wall thoroughly mix up the food with gastric juice and convert it 

to semi-solid mass called chime. Gradually the stomach empties into the duodenum 

through the relaxed pyloric sphincter. 

Control or Regulation of Gastric Juice Production: 

The secretion of the gastric juice is regulated by smell, sight and quality of food. If more 

protein is present in the food it stimulates the production of gastrin hormone from the 

gastric endocrine gland. The gastrin is carried by blood to the gastric glands. The gastric 

glands are stimulated and produce more gastric juice. We can say that more proteins, 

more gastrin and more gastric juice for protein digestion. 

 

 
 



 

 

 

 

 

 

 

 

 

Digestion in small intestine 

Introduction: 

Small intestine in man consists of duodenum, jejunum an ileum. 

Duodenum: 

Duodenum is about 20 – 25 cm long. It leads into jejunum and then ileum. When chime 

passes from stomach into duodenum its acidity stimulated the release of secretions from 

pancreas, liver and duodenal cells. 

Hepatic and pancreatic secretions are also stimulated by a hormone called secretin which 

is produced by the intestine mucosa on the entry of acidic food from stomach. 

The acidity stimulates secretin production in duodenum and secretin is carried by blood 

to pancreas. The pancreas is stimulated to produce pancreatic juice; secretin also inhibits 

gastric secretion. 

Pancreas: 

Pancreas is a large gland whose exocrine tissue secretes a juice that flows through 

pancreatic duct into the duodenum. Pancreatic juice contains NaHCO3 which partly 

neutralizes the chyme coming from the stomach. This is necessary because enzymes of 

the pancreas do not work well in the acidic medium. Pancreatic juice contains enzymes 

that digest carbohydrates, fats and proteins (principal components of food). These 

enzymes are as follows: 

(i) Amylase: 

It is the Carbohydrate digesting enzyme. It is also called amylopsin. It digests starch into 

maltose. 

(ii) Lipase: 

It is fat digesting enzyme. It hydrolyzes a small percentage of fats into fatty acids and 

glycerol. 

(iii) Trypsin: 

Trypsin breaks proteins into peptones and polypeptides. Like pepsin trypsin is also 

secreted as inactive trypsinogen. It is activated to trypsin by enterokinase, Enterokinase 

enzyme is secreted by the lining of the duodenum. 

Liver: 



 

 

The liver is reddish brown gastric gland present in the anterior part of the body cavity.  

The liver is the large stucture of the body’ performing over 500 different chemical 

functions. It filters over a liter of blood each minute. 

Liver secretes bile. It is temporarily stored in the gall bladder and released into the 

duodenum through the bile duct. The bile is green, watery fluid. It contains no enzymes 

but salts are present. Its green colour is due to the bile pigments which are formed from 

the breakdown of hemoglobin in the liver. 

Liver cells produce around 0.8 to 1.0 liter of bile daily. Secretions from individual cells pass 

into tiny canals called bile canaliculi. These lead to the gall bladder, a small sac-like organ 

which stores the bile until it is needed. Bile is released into the duodenum when the 

muscle walls of the gall bladder contracts. Bile reaches the duodenum through the bile 

duct. Bile: 

• Emulsifies fats (breaks large far or oil droplets into an emulsion of microscopic droplets). 

This process massively increases the surface area available for fat digesting enzymes; 

• Neutralizes the (acidic) chyme from the stomach and creates the ideal pH for intestinal 

enzymes; 

• Stimulates peristalsis in the duodenum and ileum; 

• Allows the excretion of cholesterol, fats and bile pigments. 

The hormone secretin acts with nervous stimulation by the vagus nerve to increase the 

rate of bile secretion. The acidity of chyme in the duodenum and the hormone CCK-PZ 

stimulate the gall bladder to contract. 

Malfunctioning of the Liver: 

(i) Jaundice: 

If bile pigments arc prevented from leaving digestive tract, they may accumulate in blood. 

The result is a condition called as jaundice. 

(ii) Gall Stones: 

Cholesterol, secreted by the liver, may precipitate in the gall bladder. As a result, 

gallstones are produced this may block the release of bile. 

Liver Damage: 

The liver is easily ruptured because it is large, fixed in position and fragile. It may lacerate 

by a broken rib. Liver rupture or laceration may result in severe internal bleeding. 

Liver Enlargement: 
The liver may become enlarged as a result of heart malfunctioning or hepatic cancer. 

Similarly, liver may be damaged due to hepatitis or being alcoholic. Urea formation in the 

liver, liver converts toxic substance ammonia to less toxic compound urea. Urea is then 

excreted by kidneys. Ammonia is a waste product of amino acid metabolism. 

Jejunum and Ileum: 



 

 

Jejunum is the second part of the small intestine extending from the duodenum to the 

ileum. It is about 2.4 meter in length comprising about 2/5 (two fifth) of the small 

intestine. The lower 3/5 (three fifth) of the small intestine from jejunum is the ileum. The 

food which is not digested in the duodenum is completely digested in the jejunum and 

ileum. 

Jejunum and ileum produces following enzymes. These enzymes are present in the 

intestinal juice. 

 

ENZYMES SUBSTRATE PRODUCTS 

Amino peptidase Polypeptides Di-peptides 

Erypsin Dipeptides Amino acids 

Lipase Fats Fatty acids and glycerol 

Maltase Maltose Glucose 

Lactase Lactose Glucose and galactose 

 

Absorption of Food: 
Nearly all absorption of the products of digestion takes place hi the ileum. This is because 

that the internal surface of ileum has many finger-like outgrowths called viilì. 

Internal Surface of the Ileum: 

The internal surface of the ileum has many folds. These folds show velvety appearance 

due to the presence of many fingerlike outgrowths called villi. 

Structure of a Villus: 

A villus is a fingerlike outgrowth. 

It is richly supplied with blood capillaries. 

It has also a vessel called lacteal of lymphatic system. 

Each villus has a covering of epithelial cells. 

Ultra Structure of a Villus: 

Electron microscope reveal that these cells have countless, closely packed cylindrical 

processes called microvilli. 

Total Area of Absorption: 

The total area of absorption is very large due to enfolding, villi and microvilli. An average 

70 kg man has approximately 100 square meters of absorbing surface in his small 

intestine. 

Absorption of Digested Food: 

Some digested contents are absorbed into the blood while the others into the lacteals. 

Absorption into the Blood: 



 

 

Simple sugars and amino acids are absorbed by diffusion or active transport into the blood 

capillaries through the microvilli. Some of the fatty acids and glycerol are also absorbed 

into blood. 

Absorption into the Lacteals: 

A large proportion of fatty acids and glycerol enter the epithelial cells of villi. Here they 

recombine into fats. These fats then enter the lacteals. 

Formation and Use of Lipoproteins: 

Proteins present in lymph vessels combine with fat molecules to form lipoprotein 

droplets. These pass into blood stream via thoracic lymphatic duct. 

The lipoproteins are then hydrolyzed by blood plasma enzyme and enter body cells. Here 

they may be used in respiration or stored as fat in the liver or in the muscle present under 

the skin. 

Intestinal Gas: 

Many humans develop intestinal gas and diarrhea from consuming milk product because 

they lack the enzyme (lactase) for digesting lactose in milk. 

Formation of New Epithelial Cells of Villi: 

The epithelial cells of villi constantly shed into the intestine. These cells are replaced by 

New cells moving p due to rapid cell division in crypts (underlying cells). 

The intestinal contents are pushed along the alimentary canal by normal peristaltic 

activity. 

Ileocolic Sphincter: 

At the end of ileum, there is an ileocolic sphincter. It opens and closes time to time to 

allow a small amount of residue from the ileum to enter the large intestine. 

 



 

 

 
 

Fig. Part of wall of small intestine showing glands and vilii 

(b) Detail of villus structure. 

 

 

 

 

 

Large intestine 

Introduction: 

At the end of ileum there is an ileocolic sphincter. It opens and close time to time to allow 

a small amount of residue from the ileum to enter the large intestine. 

The large intestine is compound of a caecum, colon and rectum. 

(i) Caecum: 

It is a blind sac that projects from the large intestine between ileum and colon. 

Appendix: from the blind end of the caecum there arises a finger like process called 

appendix. Sometimes the appendix is inflamed due to entrapping and then purification 

(decomposition of fluid causing appendicitis in severe cases it is removed surgically. 

(ii) Colon: 

It has three parts which are ascending transverse and descending colon 

 



 

 

 

Functions of colon 
Following are the functions of colon: 

1. Absorption of Water and Salts: 

The material that passes from the small intestine to the large intestine contains a large 

amount of water, dissolved salts and undigested material. Water and salts are absorbed 

into blood, while undigested material is rejected as feces. If the absorption of water and 

salts does take place due to infection, drug action, physical irritation or emotional 

disturbance, a condition known as diarrhea occurs. If this condition is not controlled then 

dehydration develops that may prove to be fatal. 

Another extreme condition is constipation which is caused by the excessive absorption of 

water by the colon. 

2. Role of Bacteria: 

Large intestine also has many useful bacteria that synthesize some vitamins especially 

vitamin K. which are absorbed in blood. 

3. Rectum: 

Rectum is the last part o large intestine. Here feces are temporarily stored and rejected 

through anus at intervals. 

4. Anus: 

Anus is surrounded by two sphincters. The internal is of smooth and external of stripped 

muscles. 

5. Defecation Reflex: 



 

 

Under normal conditions, when the rectum is filled up with feces, it gives rise to 

defecation reflex. This reflex can he consciously inhibited in individuals but not in infants. 

Gradually the child learns to bring this reflex under control. 

6. Feces: 

The feces contain a large number of bacteria, plant fibers, sloughed off mucosal cells, 

mucous, cholesterol, bile pigments and water. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ORGAN FUNCTION SECRETION 

Oral cavity 

Teeth 

 

Lips and Cheeks 

 

 

Tongue 

 

Mastication (cutting and grinding of food); 

communication. 

Manipulation of food; hold food in position 

between the teeth; communication. 

Manipulation of food; holds food in position 

between the teeth; cleansing teeth; taste. 

 

None 

 

Saliva from buccal glands 

(mucus only) 

 

Some mucus; small amount of serous fluid 

Salivary Glands 

Parotid gland 

 

 

Submandibular glands 

Sublingual glands 

Pharynx 

 

 

Secretion of saliva through ducts to superior 

and posterior portions of oral cavity 

Secretion of saliva in floor of oral cavity 

Secretion of saliva in floor of oral cavity 

Swallowing 

Movement of food by peristalsis from 

pharynx to stomach. 

 

Saliva with amylase. 

 

 

Saliva, with amylase: mucus. 

Saliva mucus only 

Some mucus 

 



 

 

Esophagus 

 

Stomach 

 

 

Mucous cells 

 

Parietal cells 

Zymogen cells 

Endocrine cells 

Mechanical mixing of food; enzymatic 

digestion; storage; absorption. 

Protection of stomach wall by mucus 

production. 

Decrease in stomach pH 

Protein digestion 

Regulation of secretion and motility 

 

Mucus 

 

 

 

 

Mucus 

 

Hydrochloric acid 

Pepsinogen 

Gastrin 

Accessory Glands 

Liver 

Gall Bladder 

 

Pancreas 

 

Secretion of bile into duodenum 

Bile storage; absorbs water and electrolytes 

to concentrate bile. 

Secretion of several digestive enzymes and 

bicarbonate ions into duodenum. 

 

Bile 

No secretion of its own, stores and 

concentration bile. 

Trypsin, chymotrypsin, pancreas, amylase, 

pancreatic lipase, bicarbonate ions  

Small Intestine 

Duodenal glands 

Goblet cells 

Absorptive cells 

 

Endocrine cells 

 

Protection 

Protection 

Secretion of digestive enzymes and 

absorption of digested materials. 

Regulation of secretion and motility. 

 

Mucus 

Mucus 

Enterokinase, amylase, peptidases, 

sucrose, maltase, lactase, lipase gastrin, 

secretin 

Large Intestine 

Goblet cells 

 

Absorption, storage and food movement. 

Protection 

 

Mucus 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Gaseous Exchange 
Respiration occurs at two levels: 
1. Organismic Level 
2. Cellular Level 

1. Organismic Respiration: 
 It is also known as breathing or ventilation. Breathing is the process in which fresh air 
containing more oxygen is pumped into the lungs and the air with more CO2 is pumped 
out of the lungs. 

2. Cellular Respiration: 
Cellular respiration is the process by which cell utilizes oxygen produces carbon dioxide 
extracts and conserve the energy from food molecules in biologically useful from such as 
ATP. 
The cellular respiration is directly involved in the production of energy. All living activities 
are performed by this energy. 

Respiration in Man: 
In man respiratory system includes lungs and air passages which carry fresh air to 
the respiratory sites. 

Air passage ways: 
Air passage ways consist of nostrils, nasal cavities, pharynx, larynx, trachea, bronchi, 
bronchioles and alveolar ducts which lead into the alveolar sac. 
1. Nasal Cavities: 

Nasal cavities are lined by mucous membrane of the ciliated epithelium. Each 
nasal cavity is subdivided into three passage ways by the projection of bones from 
the walls of the internal nose. 

Functions of the Nasal Cavities: 
(i) Filtration: 

When the air enters the nasal cavity through nostril, the larger dust particles are 
trapped by the hair and mucus in the nostrils. 

(ii) Moistening: 
When the air passes through the nasal cavity, it becomes moist. 

(iii) Temperature Regulation: 
While passing through the nasal cavities, the temperature is regulated and 
becomes closer to the body temperature. In the above functions, mucous 
membrane is actively involved. 

2. Pharynx: 
The nasal cavity leads into the throat or pharynx by two internal openings. Pharynx 
is a muscular passage lined with mucous membrane. 

3. Larynx: 
The air enters from the pharynx into the larynx. The larynx or voice box is a 
complex cartilaginous structure surrounding the upper end of the trachea. The 
opening of larynx is called glottis. It is also lined by mucous membrane. 

(i) Epiglottis: 



 

 

It is a lid which automatically covers the opening of the larynx during swallowing. Therefore, food 
or liquids cannot enter into the larynx. The properties of epiglottis are as follows: 
 

• Epiglottis is a cartilaginous structure 
• It is muscularly controlled 
• It has a hinge like action 
(ii) Vocal Cords: 

In the glottis, the mucous membrane is stretched across into two thin edged 
fibrous bands called vocal cords. These help in voice production, when vibrated by 
air. 

4. Trachea and Bronchi: 
The trachea or wind pipe is a tubular structure. It is ventral to the oesophagus and extends 
to the chest cavity or thorax where it is divided into right and left branches. In the wall of 
trachea there are a series of’ C shaped cartilage rings. These prevent the trachea from 
collapsing and keep the passage of air open. Bronchi have the same cartilage rings as the 
trachea. However, the rings are progressively replaced by irregularly placed cartilage 
plates. 

5. Bronchioles: 
Each bronchus on entering the lung divides and subdivides progressively into smaller and 
smaller bronchi. When the smaller bronchi attain a diameter of one mm or less, then they 
are called bronchioles. The bronchioles totally lack cartilages. Bronchioles are made up of 
mainly circular smooth muscles. 

6. Air Sacs: 
The bronchioles continue to divide and subdivide deep into the lungs and finally open into 
a large number of air-sacs. Air-sac is the functional unit of the lungs. Each air-sac consists 
of several microscopic single layered structures called alveoli. Overlying the alveoli, there 
is a rich network of blood capillaries. It is an excellent site for the exchange of gases. 

7. Lungs: 
The lungs are closed sacs that are connected to the outside by the way of the trachea end 
the nostrils or mouth. 
Note: The human gas exchanging organ, the lung, is located in the thorax, where it’s 

delicate tissues are protected by the bony and muscular thoracic cage. 
Note: The trachea is a tube about 10 to 12 centimeters long and two centimeters wide. 
Note: The larynx is an organ of dual function: as an air canal to the lungs and as the organ 

of phonation. 
Note: On average, an adult human lung as about 300,000,000 alveoli. They are 

polyhedral structures, with a diameter of about 250 to 300 micrometers. 

  
 

 

Lungs are spongy because of the presence of millions of alveoli. 
Lungs are placed in the chest cavity. Chest cavity is bounded by ribs 
and muscles on the sides. 
The floor of the chest is called diaphragm. Diaphragm is a sheet of 
skeletal muscles. 
Lungs are covered with double layered thin membranous sacs 

called pleura. 

 



 

 

 

Breathing and its mechanism 
Breathing is a process in which fresh air containing more oxygen is pumped into the lungs 
and air with more carbon dioxide is pumped out of the lungs. In other words breathing is 
a mechanical process consisting of two phases, Inspiration and expiration. During 
inspiration, fresh air moves in while during expiration the consumed air moves out of the 
lungs. 
Breathing rate: 
During rest, breathing occurs rhythmically at the frequency of 15 to 20 times per minute 
in humans. This is sufficient to remove CO2 from the blood. 

1. Inspiration: 
During inspiration the space inside the chest cavity is increased by two was the muscles 
of ribs contract and elevate the ribs upwards and forwards. The muscles of the diaphragm 
also contract and diaphragm becomes less domelike. 

 This downward movement of diaphragm and outward and upward movement of the ribs, 
causes increase in the chest cavity and reduces internal pressure. 
When the pressure from the lungs is removed, they expand. With the expansion of the 
lungs vacuum is created inside the lungs. The air rushes into the lungs from the outside 
due to the higher atmospheric pressure. This is called inspiration. 

2. Expiration: 
During expiration the muscles of the ribs are relaxed and the ribs move downward and 
inward. In this way from the side of chest cavity the space becomes less. At the same time 
the muscles of diaphragm also relax, becoming more domes like chest cavity is also 
reduced from the floor as well. The chest cavity is reduced and a pre-exerted on the lungs. 
The air inside the lungs moves out. This is called expiration. 

Respiratory Distress Syndrome: 
It is common in premature infants especially in infants with a gestation age of less than 7 
months. This occurs because enough surfactant is not produced to reduce the tendency 
of the lungs to collapse. 
Surfactant is a mixture of lipoprotein molecules produced by the secretary cells of the 
alveolar epithelium. This mixture forms a layer over the surface of the fluid within the 
alveoli to reduce the surface tension. 

Factors Causing Gaseous Exchange: 
Following factors bring about gaseous exchange (Intake of oxygen and release of carbon 
dioxide) between blood and the alveolar air. 
(i) Diffusion of oxygen in and carbon dioxide out occurs because of difference in p
 artial pressure of these gases. 
(ii) The alveoli are surrounded by a network of capillaries. The blood is distributed in 

thin layers and therefore exposed to large alveolar surface. 
(iii) Blood in the lungs is separated from the alveolar air by extremely thin membranes 

of the capillaries and alveoli. 

Transport of Oxygen: 



 

 

In human beings the respiratory pigment is haemoglobin. It is contained in the red blood 
corpuscles (R.B.C.). Haemoglobin combines with oxygen to form bright red 
oxyhaemoglobin. At low oxygen concentration and less pressure, the reaction becomes 
reversible. Now oxyhaemoglobin (which is unstable) splits back to its normal purple-red 
coloured haemoglobin after giving out most of its oxygen. This reaction occurs with the 
help of an enzyme carbonicanhydrase present in R.B.C. 
In this way haemoglobin acts as an efficient oxygen carrier. 
A small proportion of oxygen also dissolved in blood plasma. 
 

Hb + O2     HbO2 

 

Maximum Absorption Capacity: 
Haemoglobin can absorb maximum oxygen at the sea level. The maximum amount of 
oxygen which normal human blood absorbs and carries at the sea-level is about 20 ml/100 
ml of blood. This is the maximum capacity of haemoglobin for oxygen when it is fully 
oxygenated. 
Under normal conditions blood of alveoli of the lungs, is not completely oxygenated. 
When an oxygen tension is 100 mm mercury then haemoglobin is 98 percent oxygenated. 
Therefore, loo ml of blood contains 19.6 ml of oxygen. This means that haemoglobin can 
be almost completely oxygenated by an oxygen pressure of 100 mm mercury which is 
present in the lungs. Any higher oxygen pressure would have the same result. 

What happens when O2 pressure is below 60 mm of Hg? 

In many cells and tissues, the oxygen pressure is below 60 mm of mercury. Now the 
reaction becomes reversible. 
HbO2 → Hb + O 
This results in the liberation of large quantities of oxygen from haemoglobin. In this way 
in the tissue where oxygen pressure is low oxyhaemoglobin dissociates rapidly. 

Factors affecting the capacity of haemoglobin to combine with   
oxygen: 

Three important factors affect the capacity of haemoglobin to combine with oxygen: 
1. Carbon Dioxide: 

When CO2 pressure increases, the O2 pressure decreases. As a result the capacity of 
haemoglobin to hold oxygen becomes less. In this way increased CO2 pressure favours the 
greater liberation of oxygen from theblood to the tissue. 

2. Temperature: 
Rise in temperature also decreases the oxygen-carrying capacity of blood. For example 
when muscular activity is increased, 02 is released from the blood and is supplied to the 
muscles. 

3. pH: 
When the pH of the blood declines, the amount of oxygen bound to haemoglobin also 
declines. This occurs because decreased pH results from an increase in hydrogenions. The 
hydrogen ions combine with the protein part of the haemoglohin. As a result, the ability 

Carbonic anhydrase 



 

 

of haemoglobin to bind oxygen is decreased. An increase in blood pH results in an 
increased ability of haemoglobin to bind oxygen. 

Transport of carbon dioxide: 
Carbon dioxide is more soluble than oxygen and dissolves freely in the tissue fluid 
surrounding the cells. 
From the tissue fluid, dissolved carbon dioxide passes to the plasma with in the blood 
capillaries. 
Carbon dioxide is transported in the blood in several different states. 

1. As Carboxyhaemoglobin: 
Some of the CO2 (about 20%) is carried as carboxyhaemoglobin. Carboxyhaernoglohin is 
formed when carbon dioxide combines with amino group of hemoglobin. 
 
 

2. In Combination with Plasma Proteins: 
The plasma proteins also carry about 5% carbon dioxide from the body fluids to the 
capillaries of lungs. 

3. In Combination with Potassium: 
Small amount of carbon dioxide is also carried by corpuscles combined with potassium. 

4. As Bicarbonate: 
About 70% carbon dioxide is carried as bicarbonate ion combined with sodium in the 
plasma. As carbon dioxide from tissue fluid enters in the capillaries, it combines to form 
carbonic acid. 

CO2+ H2O → H2CO3 

The carbonic acid splits quickly and ionizes to produce hydrogen ions and bicarbonate 
ions. 

H2CO3 → H++ HCO3
– 

When blood leaves the capillaries most of the carbon dioxide is in the form of bicarbonate 
ions. 
All these reactions are reversible. 
In the lungs bicarbonate ions combine with hydrogen ions to form carbonic acid which 
splits into water and carbon dioxide. 
The carbon dioxide diffuses out from the capillaries of the lungs into the space of alveolar 
sac. 

HCO3
–+ H + → H2CO3 CO2 + H2O 

Carbon Dioxide Concentration in Arterial and Venous Blood: 
The arterial blood contains about 50 ml of carbon dioxide per 100 ml of blood. The venous 
blood has 54 ml of carbon dioxide per 100 ml of blood. Each 100 ml of blood takes up 4 
ml of CO2 as it passes through the tissues and gives off 4 ml of CO2 per 100 ml of blood as 
it passes through the lungs. 

CO2 as a Ventilation (Breathing) Regulator: 
Carbon dioxide is much more important than oxygen as a regulator of normal alveolar 
Breathing. However under certain conditions a reduced PO2 (partial pressure of O2) in the 
arterial blood plays an important stimulatory role especially during conditions of shock. 



 

 

Important points to remember: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Respiratory distress syndrome occurs because enough surfactant is not produced to reduce the tendency of 
the lungs to collapse. It is common in premature infants especially in infants with a gestation age of 
less than 7 months. 

2. Alveolar Breathing is regulated by CO2 and O2. 
3. Normally, at rest we inhale and exhale 15 – 20 times per minutes. During exercise the breathing rate 

may rise to 30 times per minute. 
 

TABLE: Changes in the composition of the breathed air 
GASES INHALED EXHALED % SECRETION 

Oxygen 21 16 

Carbon dioxide 0.04 4 

Water vapors Variable Saturated 

Nitrogen 79 79 

 
 

  

4. Lung cancer is one of the most serious diseases of respiratory system. 90% of lung cancer is caused 
by smoking. 

5. More than ten compounds of tar of tobacco smoke are involved to cause cancer. 
6. Cancer or carcinoma is basically malignant tumor of potentially unlimited growth. It expands locally 

by invasion and systemically by metastasis. 
7. Tuberculosis is the general name of a group of diseases caused by Mycobacterium tuberculosis. 
8. Asthma is an allergic reaction to pollen, spores, cold, humidity, pollution etc. This allergic reaction 

causes sudden contraction of small bronchioles. 
9. Emphysema is a breakdown of alveoli due to “smoker’s cough”. 
10. Haemogiobin is the most important protein present in many animals including man. 
11. Haemoglobin in man increases the oxygen carrying capacity of the blood to about 75 times. 
12. Myoglobin is haemoglobin like iron containing protein pigment present in the muscle fibers. 
13. Myoglobin is also known as muscle haemoglobin. It is an intermediate compound for the transfer of 

oxygen from haemoglobin to aerobic metabolic processes of the muscle cells. Myoglobin can also 
store some oxygen. 

14. Myoglobin consists of one polypeptide chain associated with an iron containing ring structure which 
can bind with the molecule of oxygen. The affinity of myoglobin to combine with oxygen is much 
higher as compared to haemoglobin. 

15. Aquatic mammals especially the Cetaceans can stay in the depth of the ocean for about two hours 
without coming up for air. Diving mammals have almost twice the volume of the blood in relation to 
their body weight as compared to the non-divers. Most of the diving mammals have high 
concentration of myoglobin in their muscles. Myoglobinbinds extra oxygen. 

16. When a mammal dives to its limit, the diving reflex is activated. Now the breathing stops, rate of 
heart beat slows down to 1/10th of the normal, most of the blood goes to the brain and heart which 
can least withstand anoxia, Muscles shift from aerobic to an aerobic respiration. 

17. In an adult human being when the lungs are fully inflated, the total inside capacity of the lungs is 
about 5 liters. 

18. Normally when we are at rest or asleep, the exchange is only about half a liter. The volume of air 
taken inside the lungs and expelled during exercise is about 3.5 liters. It means, there is a residual 
volume of 1.5 liters even during exercise which cannot be expelled. 

 
 
 
 
 
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

ADDITIONAL / RELATED READINGS 
1. Respiration is the most important metabolic activity of all living organisms. 
2. Respiration occurs at two levels: 

(i) Organismic level 
(ii) Cellular level. 

3. Organismic respiration is also known as breathing or ventilation. 
4. Cellular respiration is the process by which cell utilizes oxygen, produces carbon dioxide, 

extracts and conserve the energy from food molecules in biologically useful form such as ATP. 
5. Respiratory gases are exchanged between body fluid and outside medium. The outside 

medium may be water or air. 
6. Exchange of gases occurs only by diffusion. 
7. Air is better respiratory medium than water. In the equal volumes of air and water, oxygen is 

higher in the air. A liter of air has about 200 ml oxygen while one-liter water cannot contain 
even 10 ml oxygen. 

8. Oxygen diffuses about 8000 times more quickly in air than in water. Water is 8000 times 
denser than air. 

9. Water is 50 times more viscous than the air. 
10. The transport system of plants (xylem and phloem) is not involved in the transport of gases. 

This is because that in plants there is no special organ or system for gaseous exchange. 
11. Land plants get their oxygen from air through stomata. Therefore, stomata are the main 

source of exchange of gases in plants. Stomata are largely present in the leaves and in young 
stem. 

12. There are about 12000 stomata per square centimeter of leaf surface in Tobacco plant. 
13. The stomata lead to the intercellular spaces between mesophyll cells. 
14. The air spaces in the leaf are similar to honey comb. The air spaces cover up to 40% of the 

total volume of the leaf. 
15. In the older stems, cork tissue is present which is formed of dead cells. The cork tissue has 

special pores called lenticels which are involved in gaseous exchange. 
16. The roots of the land plants get their oxygen from the air present in the spaces between the 

soil particles. 
17. Respiratory activity which occurs in plants during daytime is called photorespiration. 

OR 
The pathway in which RuBP is converted into serine is called photorespiration. 

18. Photorespiration starts in hot dry weather when temperature above 40° C. Now ABA is 
released and stomata close. But light reaction will continue. As a result the level of oxygen 
inside the leaf rises while the level of carbon dioxide falls due to its consumption. Now 
photorespiration starts. 

19. The process of photorespiration uses ATP and NADPH produced in the light reactions just like 

Calvin-Benson cycle. However photorespiration is reverse of the Calvin cycle. In this 

 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

process carbon dioxide is released and oxygen is absorbed. This oxygen is produced in the light reactions. 
20. Three main reactions in the photorespiration: 

(i) RuBP + O2 → Glycolate   (in the Chloroplast) 
(ii) Glycolate → Glycine    (in the Peroxisomes) 
 (iii) 2 glycine → Serine + CO2   (in the Mitochondria) 

21. The rubisco is carboxylase as well as oxygenase. When the rubisco acts as carboxylase it adds 
carbon dioxide to RuBP, which is an accepter molecule. On the other hand when rubisco is 
oxygenase it adds oxygen to RuBP. Both these reactions compete with each other. 

22. The photorespiration reduces the photosynthetic process. In most plants, by photorespiration, 
the carbohydrate production is reduced up to 25%. 

23. The distance across which diffusion of gases has to take place should be little. In most animals 
the epithelium which separates air and blood is only two cells thick. 
Therefore, the distance for diffusion is very short. 

24. Blood in the lungs is separated from the alveolar air by extremely thin membranes of the 
capillaries and alveoli. 

25. Organismic respiration/breathing/Ventilation maintains a steep diffusion gradient. 
26. Hydra has no specialized organs for respiration. Exchange of gases (intake of 02 and removal of 

CO2) occurs through the entire surface of the body by diffusion. 
27. Earthworm has no specialized organs for respiration. The exchange of gases occurs mainly 

through the skin. 
28. The respiratory system of the cockroach consists of branching systems of air tubules called 

tracheae lined by chitin. 
29. In the cockroach the main tracheal trunk communicates with exterior by 10 pairs of apertures 

called spiracles. These are present on the lateral sides of the body. Two pairs are in the thorax 
while eight pairs in the first eight abdominal segments. 

30. In the cockroach Air is pumped in and out of the tracheae by the expansion and contraction of 
the abdominal muscles (Dorsoventral muscles). When abdomen expands the first four pairs of 
spiracles open, the air rushes in through these spiracles into the tracheoles. When the abdomen 
contracts, the anterior four pairs of spiracles close and posterior six pairs of spiracles open. The 
air is forced out of the body through these spiracles. 

31. Fish respires through the gills Gills are paired structures present on the either side of the body 
almost at the junction of head and trunk. There are four to five pairs of gills which may be visible 
on the surface of the pharynx (in the cartilaginous fishes) or placed in the branchial cavities (in 
bony fishes). 

32. In frog, the gaseous exchange occurs through the lungs, by skin and the buccal chamber. The 
gaseous exchange through the skin is known as cutaneous respiration. Gaseous exchange through 
the lungs is called pulmonary respiration. 

33. Respiratory system in birds is the most efficient and complicated. The birds are very active 
animals with high metabolic rate. Therefore, they need large amount of oxygen. 

 



 

 

 

 
 
 
34. In birds there is one-way flow of the air through the lungs and the air is renewed after inspiration. 
35. The lungs of birds have parabronchi instead of alveoli. These are tiny thin walled ducts. These 

parabronchi are opened at both ends and the air is constantly ventilated. The walls of the 
parabronchi are chief sites of gaseous exchange. The direction of the blood flow in the lungs is 
opposes to the air flow through the parabronchi. This counter current exchange increases the 
amount of oxygen which enters the blood. 

36. In birds the lungs have also developed several extensions known as air sacs. These reach into all 
parts of the body and even penetrate some of the bones. In most birds the air sacs are nine in 
number. The air sacs send air into the parabronchi. Photo respiration is a process which is reverse 
of: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Transportation:  

Blood Circulatory System:  
The circulatory system of man has the following basic components.  

(i) Circulating fluid – the blood 

 (ii) The pumping organ – the heart 

(iii) The blood vessels – arteries, capillaries and veins 

The Circulatory Fluid the Blood: 

• The blood is the medium in which dissolved nutrients, gases, hormones, and wastes are 

transported through the body. 

• It is made up of two main components: 

(i) plasma and 

 (ii) cells or cell like bodies (white blood cells, red blood cells. platelets) 

• The weight of the blood in our body is about 1/12th of our body 

 

 

 

                                  Fig. Red blood cells (erythrocytes) and white blood cells 

 (Leucocytes) both develop from stem cells in bone marrow. 

 

Plasma: 
• In a normal person plasma is 55 by volume of the blood, and cells or cell-like bodies about 

45 % by volume of the blood. 



 

 

• Plasma is primarily water in which proteins, salts, nutrients and wastes are dissolved/ 

Water constitutes about 90 of plasma, 10 are solutes which are as follows:  

• The inorganic ions and salts make up 0,9 per cent of the plasma, of humans, by weight. 

More than two thirds of this amount is sodium chloride the 'ordinary table salt. 

• The normal pH of human blood is 7.4 and it is maintained between narrow limits because 

the change in pH would affect the chemical reactions of the body. 

• The plasma proteins constitute 7-9 percent by weight of the plasma. Most of these 

proteins are synthesized in the liver. Some of the globulins, called immune globulins or 

antibodies are produced in response to antigens by lymphocytes cells and then are passed 

to plasma and lymph immuneglobulins play important role in body's defenses against 

disease. 

• The proteins like Prothrombin acts as a catalyst in blood clotting process. Fibrinogen takes 

part in the blood clotting process. 

• Organic nutrients in the blood include glucose, fats, phospholipids amino acids and lactic 

acids. Some of them enter the blood from the intestine (absorption). 

• Lactic acid is produced in muscles as a result of glycolysis and is transported by blood to 

liver. Cholesterol is metabolized to some extent but also sense as precursor of steroid 

hormones. 

• Plasma also contains nitrogenous waste products formed as a result of cellular 

metabolism. These products are carried from the liver where they are produced to the 

organs from where they are removed i.e. kidneys. Urea and small amounts of uric acid 

are present in plasma. 

• All the hormones in the body are carried by blood - so they are present in the plasma. 

• The gases such as CO2 and O2 are present in the plasma of the blood. 

 

Blood cells and cell like bodies:  
These include Red blood cells (Erythrocytes), white blood cells (Leucocytes) and platelets 

(Thrombocytes). 

a) Red Blood Cells (Erythrocytes): These are most numerous of the cells in the blood. A cubic 

millimeter of blood contains 5-5 ½ million of them in males and 4-4 ½ million in females. 

• These cells when formed have nucleus but is lost before they enter the circulatory fluid 

or blood. 

• 95 % of the cytoplasm of red blood cells is the red pigment, called hemoglobin. The 

remaining 5 % consists of enzymes, salts and other proteins. 

• The red cells once mature do not divide. 

• These cells are biconcave and have an elastic cell membrane. 



 

 

• Red blood cells are formed principally in the red bone marrow of short bones, such as the 

sternum, ribs and vertebrae. In the embryonic life, they are formed in the liver and spleen. 

• The average life span of red blood cell is about four months after which it breaks down 

and disintegrated in the liver and spleen - partly by phagocytes by phagocytosis. 

• About 2 – 10 million red blood cells are formed and destroyed every second in a normal 

person. 

• Their main function is to transport O2 and CO2. 

• Having Hb inside red blood cells rather than In solution In the plasma gives several 

advantages: 

• A much greater volume of Hb can be carried in cells than could be' dissolved in plasma. 

• Hb can be kept in a favourable chemical environment to allow taster loading and 

unloading of respiratory gases. 

• Hb molecules of particular age are kept together and can be easily replaced when old. 

•  Hb in cells does not affect the osmotic properties of the blood (free Hb would). 

•  Hb in cells cannot be lost by excretion. 

(b) White Blood Cells (Leucocytes):  

• These blood cells are colourless, as they do not contain pigments. 

• One cubic millimeter of blood contains 7000 to 8000 of them. They are much larger than 

the red blood cells. 

• There are at least five different types which can be distinguished on the basis of the shape 

of the nucleus and density of granules in the cytoplasm. They can be grouped into two 

main types, granulocytes and agranulocytes. 

• Granulocytes include neutrophils, eosinophils and basophils. They are formed in the red 

bone marrow. 

• Agranulocytes are formed in the lymphoid tissue such as those of the lymph nodes, 

spleen, tonsils, adenoids and the thymus. Agranulocytes include monocytes and 

lymphocytes (B and T), 

• Monocytes stay from 10 – 20 hours in the blood, then enter tissues and become tissue 

macrophuges, performing phagocytic function. 

• Lymphocytes have life spans of months or even years but this depends on the body's need 

for these cells.  

Functions of WBCs:  
•  Leucocytes protect the body against foreign invaders, and use circulatory system to travel 

to the site of invasion. 

• Monocytes and neutrophils travel through capillaries and reach the site of wound where 

bacteria have gained entry. 



 

 

• Macrophages and neutrophils feed on bacterial invaders or other forcing cells including 

cancer cells. They typically die in the process and their dead bodies accumulate and 

contribute to the white substance called pus, seen at infection sites. 

• Basophils produce heparin - a substance that inhibit blood clotting these also produce 

chemicals, such as histamine that participate In allergic reaction and in responses to tissue 

damage and microbial invasion.  

Lymphocytes help provide immunity against the disease. 

 

(c) Platelets (Thrombocytes):  

• These are not cells, but are fragments of large cells called megakaryocytes. There is no 

nucleus in them. There is no pigment in them. 

• Platelets help in conversion of fibrinogen, a solid plasma protein, into insoluble form 

fibrin. The fibrin threads enmesh red blood cells and other platelets in the area of 

damaged tissue, ultimately forming blood clot. The clot serves as a temporary seal to 

prevent bleeding until the damaged tissue can be repaired. 



 

 

 

Functions of Blood:  
• The plasma proteins maintain colloid osmotic pressure of the blood (75 % by albumins 

25 % by globulins and almost none by fibrinogen). 

• Blood helps to transport of materials, in the body including nutrients, water, salts and 

waster products. All hormones are transported by blood from the endocrine tissues 

to the larger cells. 
• O2 and CO2 are transported by blood. 

• Blood helps in body defenses against disease neutrophils and monocytes engulf and 

destroy invading microorganisms e.g. bacteria. Blood provides immunity by the 

lymphocytes. 

• Blood produces interferon and antitoxins which are proteins and protects our body 

from nucleic acids of invading organism; and toxins of the invaders. 

• Blood acts as a buffer to maintain the acid base balance i.e, concentration of H+ and 

OH – ions of the body. 

• Helps in maintaining the body temperature, concentration of water and silts, this 

helps in homeostasis. 

• Blood helps in the exchange of materials between blood and body tissue tissues 

through blood capillaries. 

• Blood helps the body in maintaining the internal environment, by producing, heparin, 

histamines and also maintaining the amounts of chemicals in the body to a constant 

or nearly constant level. 

• Blood undergoes a clotting process under certain circumstances due to specific 

proteins. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

Disorders of blood 

1. Leucaemia (Blood Cancer): 
It is the result of uncontrolled production of white blood cells (Leucocytes). This is cause 

by a cancerous mutation of a myelogenous or lymphogenous cell. The Leucaemia is 

usually characterized by greatly increased numbers of abnormal white blood cells in the 

circulating blood. 

Myelogenous cells (bone marrow cells) are in the bone marrow and may spread 

throughout the body so that white blood cells are produced in many other organs. These 

white blood cells are not completely differentiated and so arc detective. 

Leucaemia may be of different kinds depending on the type of white blood cells, which 

are undifferentiated and being produced at a faster, than normal rate. There may be 

neutrophilic leucaemia, eosinophilic leucaemiaand basophilic leucaemia, monocytic or 

lymphocytic leucaemia. 

It is a very serious disorder and the patient needs to change the blood regularly with the 

normal blood, got from donors. It can be cured by bone marrow transplant, which is in 

most cases effective but very expensive treatment. 

2. Thalassemia (G. Thalassa = Thesea; haema = blood): 
It is also called Cooley's anaemia on the name of Thomas B. Cooley American pediatrician. 

It is a genetically transmitted haemoglobin abnormality. Haemoglobin molecules in most 

cases, does not have β-chains in it instead F chain is present. 

(F is foetal haemoglobin) 

It is characterized by the presence of microcytes by spleenomegaly(enlargement of 

spleen) and by changes in the bones and skin. 

This disease is more common in children especially of Mediterranean parents. The blood 

of these patients is to be replaced regularly, with normal blood. 

It can be cured by bone marrow transplant - which is very expensive and does not give 

100 % cure rate. 

3. Oedema: 

It means the presence of excess fluid in the tissues of the body.The excess fluid may be in 

the cells or outside the cells. The intracellular «edema is caused by osmosis of water into 

the cells and cause, depression of metabolic systems (due to lack of nutrition and O2 in 

the tissues) especially and the Na-pump. 

The extracellular oedema may result by: 

(i)  Abnormal leakage of fluid from the blood capillaries or failure of the lymphatic system to 

return fluid from the interstitial fluid. 

(ii) Oedma is caused by renal retention of salts and water. 



 

 

Oedema disturbs the exchange and concentration of minerals and ions ill the blood and 

body cells, it also affects blood pressure, increases heart load etc. 

 

The heart (pumping organ) 

Structure and action: 
1.  Location:  

The heart of humans is located in the chest cavity.  

2.  Pericardium: 

The heart is enclosed in a double membranous sac - the pericardial cavity which contains 

the pericardial fluid. Pericardium protects the heart, prevents it from overextension. 

3.  Wall of Heart:  

The wail of the heart is composed of three layers.  

(i) I-picardium 

(ii) Myocardium 

(iii) Endocardium 

• Mycodium of the heart is made up of cardiac muscles. 

• These muscle contain myofibrils, and myofilaments of myosin and actin. 

• Their arrangement is similar to those in skeletal muscle fibres and their mechanism of 

contraction is also the same, except they are branched cells, in which the successive cells 

are separated by junctions called intercalated discs. 

• The heart contracts automatically within rhythmicity, due to the autonomic nervous 

system of the body. 

 



 

 

Chambers of Heart:  
There are four chambers of the heart, two upper thin walled atria and two lower thick 

walled ventricles. Atria receive the blood and pass on to the ventricle which distribute the 

blood. 

Double Pump: 

Human heart functions as a double pump, and is responsible for pulmonary and systemic 

circulation. Complete separation of deoxygenated blood (Right side) and oxygenated 

blood (left side) in the heart is maintained. 

Function: 

(i)  The right atrium receives deoxygenated blood via vena cava (inferior and superior) from

 the body. 

(ii)  The blood is passed on to right ventricle through tricuspid valve (because it has 3 

naps).These naps are attached with fibrous cords called chordaetendinae, to the papillary 

muscles which are extensions of wall of the right ventricle. 

(iii)  When right ventricle contracts, the blood is passed to pulmonary trunk which carry blood 

via left and right pulmonary arteries, to the lungs. 

(iv)  At the base of the pulmonary trunk, semi lunar valves are present. 

(v)  After oxygenation in the lungs the blood is brought by pulmonary veins to the left atrium 

which passes this blood via bicuspid valve (because it has two flaps) to the left ventricle. 

The flaps of bicuspid valve are similarly attached through chordae tendinae, with papillary 

muscles of wall of left ventricle. 

(vi)  When the left ventricle contracts. it pushes the blood through aorta to all parts of the 

body (except lungs). 

(vii)  At the base of aorta semi lunar valves are also present. The valves of the heart control the 

direction of flow of blood.  

(viii) The wall of left ventricle is thicker (about 3 time) than that of the right ventricle. 

(ix)  At the base of aorta, first pair of arteries, the coronary arteries, arise and supply blood to 

the heart.  

(x)  The aorta forms an arch, and before descending down gives three branches supplying 

blood to head, arms shoulders. 

(xi)  Aorts descends down in the chest cavity. It gives many small branches to the chest wall 

and then passes down to the abdominal region. Here it gives branches which supply blood 

to different parts of alimentary canal, kidneys and the lower abdomen. 

(xii)  Aorta bifurcates into iliac arteries, each of which divides into two femoral and sciatic 

arteries supplying blood to legs.  

(xiii) The blood from the upper part of the body is collected by different veins, which join to 

form superior vena cava; which pass the blood to right atrium. 



 

 

(xiv) Two iliac veins are formed by veins which collect blood from legs, and unite to form 

inferior vena cava. It receives renal vein form each kidney; and hepatic vein from liver, 

before it enters right atrium. The liver receives hepatic portal vein which is formed by 

many veins collecting deoxygenated blood with absorbed food from different parts of 

alimentary canal.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Important points to remember 
1. Myocardium of the heart is made up of special type of muscles the cardiac muscles. 

2. Human heart functions as a double pump, and is responsible for pulmonary and systemic 

circulation. 

3. In human heart: The right atrium receives deoxygenated blood via vena cava (inferior and 

superior) from the body. 

4. Heartbeat involves three distinct stages: 

(i) Diastole 

(ii) Atrial systole 

(iii) Ventricular systole. 

One complete heart beat consists of one systole and one diastole, and lasts for about 0.8 

seconds. 

5. The heart beat cycle starts when the sino-atrial node (Pace maker) at the upper end of right 

atrium sends out electrical impulses to the atrial muscles and causing both atria to contract. 

6. The recording of heart beat is known as electrocardiogram which is taken by 

electrocardiograph (E.C.G) machine. 

7. Pacemaker is responsible for initiating the impulse which triggers the heart beat rate. 

8. If there is some block in the flow of the electrical impulses, or if the impulses initiated by S.A, 

node are weak; it may lead to death of the individual. So an artificial pacemaker which is 

battery operated producing electrical stimulus is used. 

9. Failure of interatrial foramen (an opening in the inter-atrial septum) to dose or of ductus 

arteriosus to fully constrict results in cyanosis (blueness of skin) of new born. 

10. The contraction. of the circular (smooth) muscles of arteries and arterioles is under the 

control of nervous and endocrine systems 

(Examples: Vasoconstriction and Vasodilation),  

11. Capillaries are only one cell thick, Exchange only at capillary level. 

12. The diameter of capillary can be altered by nervous stimulation; which tends to close them 

and by chemicals such as histamine which dilates them. 

13. The pre capillary sphincters also regulate the amount of blood flowing capillaries, Thus the 

amount Ilf blood flowing in a certain tissue is controlled. 

14. Capillaries join to form venules, which join to form veins. 

15. The pressure within capillaries causes a continuous leakage of fluid from the blood plasma 

into the spaces that surround the capillaries and tissues, This fluid is interstitial fluid, It has 

water in which are dissolved nutrients, Hormones, gases, wastes and small proteins from the 

blood. 

16. Large proteins. red blood cells and platelets cannot go to the intercellular spaces of, capillary 

wall. so they remain within capillaries. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

17. Atheroma + arteriosclerosis = Atherosclerosis 

18. Atherosclerosis causes narrowing and hardening of arteries. 

19. Blood pressure is the measure of force with which, blood pushes up against blood vessel 

walls. 

20. The pressure reaching its high point during systole (systolic pressure which in normal 

individuals is 120 mm Hg) and its low point during diastole (diastolic pressure which in normal 

individuals ranges between 75-85 mm Hg). 

21. The walls of arteries are elastic and the flow of blood stretches them, and it is felt as pulse. 

22. Hypertension is a condition of high blood pressure. 

23. Thrombus is a solid mass or plug of blood constituents (clot) in a blood vessel. 

24. Thrombosis is the formation of thrombus. 

25. Blockage of blood vessel in the heart by an embolus (or by locally formed thrombus) causes 

necrosis or damage to portion of the heart muscles. a condition known as a heart attack or 

technically myocardial infarction. 

26. If the normal flow of blood is blocked by an embolus (or a locally formed thrombus), in a 

blood vessel in the brain, and causes necrosis, or death, of the surrounding neural tissue 

(owing to lack of O2) the condition is called a stroke or cerebral infarction.  

27. Haemorrhage is the discharge of blood from blood vessels. 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

Lymphatic system:  
• In humans in addition to blood vascular system there is another system which is 

responsible for the transport and returning of materials from the tissues of the body to 

the blood this system is called lymphatic system. 

• It consists of lymph capillaries, lymph vessels, lymphoid masses lymph nodes and lymph 

(the fluid) which flows in the system. 

• The Lymph capillaries end blindly in the body tissues where pressure from the 

accumulation of interstitial fluid or extracellular fluid forces the fluid into the lymph 

capillaries, when this fluid enters the lymph capillaries it is called lymph. The lymph 

vessels empty in veins; so lymph is a fluid in transit between interstitial fluid and the 

blood. 

• The intercellular spaces in the walls of lymph vessels are larger than those of the 

capillaries of blood vascular system. So larger molecules, from the interstitial fluid can 

also enter the lymph capillaries. 

• Lymph capillaries join to form larger and larger lymph vessels and ultimately form thoracic 

lymph duct, which opens into subclavian vein. The flow of lymph is always towards the 

thoracic duct.  

•  In the intestine the branches of lymph capillaries within villi are called lacteals. 

• The flow of lymph is maintained by: 

 (i) Activity of skeleton muscles 

(ii) Movement of viscera 

(iii) Breathing movements 

(iv) The valves which prevent back flow of lymph 

• Along the pathway, the lymph vessels, have, at certain points, masses of connective tissue 

where lymphocytes are present, these are lymph nodes. 

•  Several afferent lymph vessels enter a lymph node which is drained by a single efferent 

lymph vessel. Lymph nodes are present in the neck region axilla and groin of humans. 

• In addition several lymphoid masses are present in the walls of digestive tract in the 

mucosa and sub-mucosa. The larger masses, spleen and thymus, tonsils and adenoids are 

all lymphoid masses. These produce lymphocytes. 



 

 

Functions: 
These are several functions performed by lymphatic system.  

• In an average person, about three liters more fluid leaves the blood capillaries than is 

reabsorbed by them each day. It returns this excess fluid and its dissolved proteins and 

other substances to the blood.  

• The lacteals of villi absorb large fat globules, which are released by interstitial cells after 

the products of digestion of fats are absorbed. After a fatty meal these fat globules may 

make up 1 of the lymph.  

• The lymphatic system helps to defend the body against foreign invaders; Lymph nodes 

have lymphocytes and macrophages that destroy the bacteria and viruses. The painful 

swelling of lymph nodes ill certain diseases (mumps is an extreme example) is largely a 

result of the accumulation of dead lymphocytes and macrophages. 

• Just as the lymph nodes filter lymph, the spleen filters blood, exposing it to macrophages 

and lymphocytes that destroy foreign particles and aged red blood cells. 

Note: Lymphatic system is actually a subsystem of the circulatory system in the 

vertebrate body that consists of a complex network of vessels, tissues, and organs. 

Summary 
The lymphatic system is part of the immune system. It is also part of the circulatory system; it 

returns to the heart the small amount of tissue fluid that cannot be returned by the veins. 

Lymphatic summery flow begins in the capillary beds, where small amounts of tissue fluid drain 

into tin y lymphatic capillaries. The walls of these vessels are more permeable than blood 

capillaries) lipids and large molecules such as proteins, and so lymph contains a high proportion 

of the» ~ substances. Many cells secrete substances that are too large to enter the blood directly, 

and so can only pass into the general circulation via the lymphatic’s. The lymph capillaries drain 

into larger lymph vessels that look like thin, transparent veins. These vessels have valves to 

prevent backflow. Lymph contains no red blood cells, and so is pale and clear. 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

Immunity 
• In animals in addition to physical barriers (skin + mucous membranes) and phagocytes, 

there is a third mechanism, to defend their bodies against the foreign invaders; this is the 

immune system. 

• Immunity is the capacity to recognize the material entered in the body and to mobilize 

cells and cell products for removal of this foreign material with greater speed and 

effectiveness. 

• The components of immune system include the lymphocytes (B and T) and the antibodies 

which are special type of proteins. 

• These antibodies are immunoglobulin’s which are synthesized by vertebrates, in response 

to antigens. 

• Antigen or immunogenic is a foreign substance often a protein which stimulates the 

formation of antibodies. 

• Antibodies are specific i.e. cause the destruction of the antigen, which stimulated their 

production.  

• Antibodies are manufactured in B-lymphocytes then secreted into the lymph and blood 

where they circulate freely. 

• Lymphocyte T and B have been named due to their relationship with Thymus gland, and 

Bursa of Fabricius respectively.  

• B-cells recognize antigen then combat micro-organisms and or effect the rejection of 

foreign tissues (in case of tissue transplant). This is called cell-mediated response. 

• B-cells recognize antigen and form plasma cell clone. These plasma cells synthesize and 

liberate antibodies into the blood plasma and tissue fluid. Here antibodies attach to the 

surfaces of bacteria and speed up their phagocytosis, or combine with and neutralize 

toxins produced by micro-organisms by producing antitoxins. This is called humoral 

immune response. 

 

 

 

 

 

 

 



 

 

 

 

 

Fig. (a) An antibody molecule consists of four polypeptide chains, two identical light chains 

and two identical heave chain - linked by disulfide (- S - S -) bridges. Variable amino acid 

Sequences (V) in the light chains and upper regions of the heave chains determine which 

antigen will bind to that particular antibody constant amino acid sequences (e) are the same 

for all the antibodies in one class (b) large antigen-antibody complexes will form if there are 

multiple copies of the antigenic molecule on the foreign cell's surface. 

Types of immunity: 
There are following two types of immunity.  

Active Immunity:  

• The use of vaccines, which stimulate the production of antibodies in the body, and making 

a person immune against the disease or infection, is called active immunity. But this active 

immunity has been achieved by artificially introducing antigens in the body, so it is called 

artificially induced active immunity. Most of the vaccines consist of non-virulent, mutant 

strains of the poliovirus. 



 

 

• When a person is exposed to an infection (antigen) - becomes ill, and in most cases 

survives then this immunity, developed against that disease is called naturally induced 

immunity or autoimmune response.  

• When we get vaccination, against a specific disease (antigen), we become immune to that 

infection or disease. If we get vaccination against, Polio, Smallpox, measles, mumps etc. 

once in our life time, we are protected or become immune to that infection in our future 

life.  

Passive Immunity:  
• If antibodies are injected in the form of antisera (Antiserum is a serum containing 

antibodies), to make a person immune against a disease. This called passive immunity.  

• Passive immunity response is immediate, but not long lasting.  

• The method of passive immunization is used to combat active infections of, tetanus, 

infectious hepatitis, rabies, snake bite venom etc. 

• Antiserum is a serum containing antibodies.  

• In the case of snake bite venom passive immunity is produced by the antitoxins - so the 

serum is called antivenin serum. The patient is the complications (or possibly death) 

caused by the infection or venom, spared. 

• In the body antigen - antibody complexes are formed which are taken up by phagocytes 

and destroyed.  

In AIDS the affected suffer deficiency in the immune system of the body. This is because 

that the Viruses live in the Helper T-lymphocytes. 

Immunization:  

• Immunization is the process of making a person immune to a disease by inoculating them 

against it.  

• Inoculation is the introduction of an antigen into the body--usually through an injection-

to stimulate the production of antibodies.  

• The medical practice of immunization began at the end of the eighteenth century, when 

English physician Edward Jenner (1749-1823) successfully vaccinated 23 people against 

small pox. Jenner called his method "vaccination," using the Latin words vacca, meaning 

"cow" and vaccinia, meaning "cowpox" Because the two diseases are caused by similar 

viruses that have the same antigens, antibodies that work against cowpox will also fight 

smallpox. 

• In 1885 a rabies vaccine developed by French scientist Louis Pasteur (1822-1895) from 

the spinal fluid of infected rabbits proved to be successful, since that time, vaccines have 

been developed for many diseases including diphtheria, polio, pertussis (whooping 

cough), measles, mumps, rubella (German measles), hepatitis and influenza. 



 

 

• Vaccines are made from either weakened live or killed microorganisms. When introduced 

into the body they stimulate the production of antibodies providing active immunity 

against bacterial and viral diseases. 
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Nervous Coordination 



 

 

Nervous Coordination 

Introduction:  
In nervous coordination specialized cells or neurons are linked together directly or via the central 
nervous system, to form network that connects receptors and effectors. Receptors are the cells 
or organs which receive stimuli while the effectors are those which carry out actions or 
responses.  
The neuron has the capacity to generate and conduct impulses which travel across the synapse 
and pass from the receptors to the effectors. The neuron brings about the nervous co-ordination.  
The elements of nervous system which help in co-ordination are:  
1. Receptors  
2. Neurons  
3. Effectors  
 

1. Recpetors: 
The receptor may be a cell, or neuron ending or a receptor organ. Receptors detect changes in 
the external and internal environment of the animal, receptor are classified as follows: 

(i) Chemo receptors:  
These are for smell (nose), taste (tongue) and for blood CO2, oxygen, blood glucose. 
amino acids and fatty acids (receptors in the hypothalamus). 

(ii) Mechanoreceptors: 
 These detect stimuli of touch (free nerve endings + expanded tip ending + stray 
edgiest) pressure, hearing and equilibrium. 

(iii) Photoreceptors: 
 (Electromagnetic receptors), these respond to stimuli of light for example in eyes. 
rods and cones.  

(iv) Thermoreceptors:  
Show response to cold and warmth.  

(v) Nociceptors: 
 (Undifferentiated endings) which produce the sensation of pain. Modalities of 
Sensation. Each principal sensation is modality (like pain, touch, sight, sound etc.) 

Sensory Receptors of The Skin:  
The receptors in the skin are concerned with at least five different senses which are touch, 
pressure, heat, cold and pain. These sensations are detected by 3 different types of modified 
sensory neurons haying naked nerve endings or specialized cellular capsules (pressure, hot and 
cold receptors). 

(i) Naked or Free Nerve Endings:  
These are touch and pain receptors (for example situated at the base of hairs). 

(ii) Meissner's Corpuscles:  
These are touch receptors. These are encapsulated neuron endings. These lie in 
papillae which extend into the ridges of the fingertips. The corpuscle consists of spiral 
and much-twisted endings, each of which ends in a knob. 
 

(iii) Pacinian Corpuscles:  



 

 

These receive deep pressure stimulus. These are also encapsulated neuron endings. 
These are present quite deep in the body. The receptors present in the limbs detect 
vibration sense. The receptors present. in the joints of terrestrial vertebrates also 
detect the vibrations of the ground. 

Note: Free Nerve Ending: On some receptor neurons, a finely branched ending that responds to 
touch and pressure, to heat and cold, or to pain; produces the sensations of itching and 
tickling. 
Number and Kinds of Receptors: Pain receptors are nearly 27 times more abundant than 
cold receptors. The cold receptors are nearly 10 times more abundant than heat or 
temperature receptors. The receptors are not distributed evenly. For example, touch 
receptors are more numerous in the finger tips than in the skin of the back. 

2.  Neurons:  
             The chief structural and functional unit of the nervous system is neurons. Neuroglia are 

the cells that play a vital role in the nutrition of neurons and their protection by myelin 
sheath. These are present in the higher animals and in humans and make up as much as 
half of the nervous system.  
There are three functional types of neurons in mammals:  
The sensory neurons 
The associative (intermediate/relay) neurons  
The motor neurons 

 
Structure of a Neuron:  
A neuron has two main parts which are cell body and fibers. 

(i) The Cell Body:  
The neuron has a cell body or soma containing nucleus and various organelles 
embedded in the cytoplasm. The cell body is the main nutritional part of the cell and 
is concerned with the biosynthesis of materials necessary for the growth and 
maintenance of the neuron. Nissl's granules are present in the cell body. Nissl's 
granules are groups of ribosomes associated with rough E.R, and Golgi apparatus. If 
the cell body of the neuron remains intact, it can regenerate axons and dandrite 
fibers. A mature neuron cannot divide further.  

(ii) The Fibers:  
The fibers are the protoplasmic processes arising from the cell body. 

       There are two main types of cytoplasmic processes or fibers: 
(a) Dendrites:  

These carry impulse towards cell body. If it is a single fiber, then it is called dendron 
but if smaller fibers then they are called dendrites (singular: dendrite). 

(b) Axons:  
The processes conducting impulses away from cell body are called axons. These 
may be more than a meter long in some neurons. Microtubules, neurofibrils, 
rough endoplasmic reticulum and mitochondria are present throughout the 
axoplasm (cytoplasm of axon) of the neuron. 
 



 

 

3. Effectors:  
             These are the structures which respond when they are stimulated by impulse coming via 

motor neuron. The principal effectors are muscles and glands. The muscles respond by 
contracting while gland responds by secreting. 

Reflex Arc 
Flow of impulse through the nervous system involves receptor, neurons, and effectors. Reflex arc 
is the path way of passage of impulse during a reflex action. Reflex action is a type of involuntary 
action. The direction of stimulus is from receptors to sensory neuron to associative t association 
/ relay) neuron and then through motor neuron to the effectors.  
Reflexes may be monosynaptic or polysynaptic. 
 

 
Reflex action 

Nerve Impulse 
Nerve impulse is a wave of electrochemical changes, which travels along the length of the neuron 
involving chemical reactions and movement of ions across the cell membrane. 
Electrical Potential:  
Electrical potential is a measure of the capacity to do electrical work. It represents stored energy 
which is due to separation of charges across a barrier.  
In the case of neuron, the charges are positive and negative ions, and the charge separating 
barrier is the plasma membrane. 
Membrane Potential:  
The electrical potential that exists across a cell membrane IS known as membrane potential. 
Resting Membrane Potential:  
A typical neuron at rest is more positive electrically outside than inside the cell membrane. This 
net difference in charge between the inner and outer surface of a non-conducting neuron is 
called the resting membrane potential. 
 
 
 



 

 

Factors Involved in Resting Membrane Potential:  
The major factors which are involved in resting membrane potential are sodium ions are tenfold 
higher in concentration outside than inside the membrane surface. The potassium ions are 
twenty times more concentrated inside than outside. This is due to Na+ / K+ pumping system. 
The large negative organic ions (such as proteins, organic acids etc.) are much more inside the 
membrane than outside, where they are only in negligible concentration. This makes the inside 
of neuron membrane more negative. So inside becomes more negative than the outside of the 
cell membrane of neuron. 
The membrane potential is of approximately -70 m V. A nerve impulse is initiated by an 
appropriate stimulus (called threshold stimulus) applied at one end of the neuron and it results 
in a localized change in the resting membrane potential. Resting membrane potential disappears 
for a brief instant and is replaced by a new potential called active membrane potential, which is 
in the form of impulse. Now pumping of Na+rushes in and the inner membrane surface becomes 
more positive than the outside. This is Active membrane potential which is 0.05 volts (– 50mv).  
This change is so brief (for perhaps a millisecond) that only a portion of the neuron is inside active 
membrane potential state. The neuron conducts this impulse in the form of nerve impulse.  
Soon after passage of the impulse, the resting membrane potential is restored by the movement 
of a small number of ions especially K+ moving out. This neuron now is ready to conduct another 
impulse.  
In myelinated neurons the impulse jumps from node to node (node of Ranvier). This is lolled 
Saltatory impulse.  
The normal speed of nerve impulse in humans is 100 meters per second but In myelinated 
neurons maximum speed is 120 meters per second. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

Synapse:  
The axon endings of the neuron are connected to the dendrites of the next neuron. There is no 
cytoplasmic connection between the two neurons and microscopic gaps are left between them. 
Each of these contact points is known as synapse. A nerve impulse is passed from one neuron to 
the other through the synapse.  
However, a single impulse does not necessarily pass the synapse. It may take two or three 
impulses arriving in rapid series or perhaps simultaneously from two or more fibres to start an 
impulse in the next neuron.  
The action potential cannot jump from one neuron to the next in line, however, the message is 
transmitted across the synapse in the form of chemical messenger called neurotransmitters.  
When an impulse reaches a synaptic knob, synaptic vesicles within fuse with the presynaptic 
membrane, the neurotransmitter molecules are released into the synaptic cleft. The 
neurotransmitter molecules bind to the receptors on the post-synaptic membrane Nerve impulse 
starts in this neuron. Neurotransmitters are chemicals, which are released at the axon ending of 
t neurons, at synapse. These are: acetylcholine, adrenaline, nor-epinephrine, serotonin and 
dopamine. 
Acetylcholine is the main transmitter for synapses that lie outside the cent nervous system. 
Others are mostly involved in synaptic transmission within the brain and spit cord.  
 

Human Nervous System 
 
Human nervous system is a type of centralized nervous system.  

 
 

Fig. Classification of the human nervous system 



 

 

Protection of Central Nervous System (CNS):   
The CNS consists of brain and spinal cord, which are both protected in three ways.  

(i) Cranium:  
It is the part of skull which protects the brain 

(ii) Vertebral Column:  
The neural arches of the vertebrae of vertebral column protect the spinal cord 

(iii) Meninges:  
Beneath the cranium (and vertebral column), the brain and spinal cord are protected 
by triple layer of meninges. 

Cerebrospinal fluid (CSF):  
Between the layers of meninges, the cerebrospinal fluid (CSF) is present. It is similar in 
composition to blood plasma. It bathes the neurons of brain and spinal cord. It cushions against 
the bumps and jolts. Both brain and spinal cord are hollow. The spinal cord has central canal and 
brain has many cavities (ventricles) filled by CSF.  

Parts of Central Nervous System (CNS):  
These are brain & spinal cord.  

Parts of Human Brain:  
The human brain 'weighs about 1.5 kilograms and is 85 per cent water. Brain is the major part of 
CNS and is well protected in the cranium of skull. The brain can be divided into forebrain, mid 
brain and hind brain. 

Forebrain 
It is further divided into three functional parts, the thalamus, the limbic system and the 
cerebrum. 

1. Thalamus:  
The thalamus is a relay center and carries sensory information to the limbic system 
and cerebrum.  

The information is taken by sensory neurons from auditory and visual pathways, from the 
skin and from within the body.  

 
Fig: The human brain 



 

 

 

The Limbic System:  
The limbic system is located in an arc between the thalamus and cerebrum. The limbic system 
extends through several brain regions, limbic system work together to produce our most basic 
and primitive emotions, drives, and behaviors. It is the center of most unconscious emotional 
behaviors such as love, hates, hunger, sexual responses, fear, rage, tranquility, thirst, pleasure, 
sexual response & the formation of memories 
 

 
Fig. The limbic system and thalamus 

 
Parts of Limbic System:  
The limbic system consists of hypothalamus, the amygdala, and hippocampus and nearby regions 
of cerebrum. 

(i) The Hypothalamus: 
 The hypothalamus is a key area. It receives a huge amount of internal and external 
sensory information and acts as a coordinate center between the nervous system and 
the endocrine (hormonal) system. 

The hypothalamus is responsible for sensations such as hunger and thirst. It also helps 
control the autonomic nervous system since it regulates body temperature and the 
balance of water and salts in the blood. It is linked directly to the pituitary gland by means 
of blood vessels and nerves. 
Generally, the hypothalamus controls the release of hormones from the pituitary 
including the antidiuretic hormone (which controls water reabsorption in the kidneys) 
growth hormone and some reproductive hormones. 

(ii) Amygdala:  
Amygdala in the amygdala, cluster of neurons produce sensation (feeling) of 
(pleasure, punishment, love, hate or sexual arousal) when stimulated. 

It is also involved in the feelings of fear and rage. 
(iii) Hippocampus:  

Hippocampus plays an important role in the formation of long-term memory and thus 
us required for learning. 



 

 

 

Cerebrum:  
Cerebrum is the largest part of the brain and is divided into two halves called cerebral 
hemispheres. The left cerebral hemisphere controls the right side of the body and right cerebral 
hemisphere controls the left side of the body. 
Corpus Callosum:  
These halves communicate with each other by means of a large band of axons called corpus 
callosum. Tens of billions of neurons are packed into this part, the outer region the cerebral 
cortex, forms folds called convolutions which greatly increase its surface area. 
Functions of Cerebral Cortex:  
(i)  It receives sensory information, processes it and stores some in memory for future use. 

This is also involved in intelligence, reasoning and judgment. 
(ii)  It is also responsible for poorly understood process that we call thinking. 
(iii)  The cerebral cortex contains primary sensory areas. Here the signals from sensory organs 

such as eyes and ears are received and converted into subjective impressions such as light 
and sound. Nearby association areas interpret this information. 

(iv)  It also contains sensory area of touch. This area receives and interprets sensations of 
touch from all parts of the body. 

(v)  It is also involved in speech. 
(vi)  It is also a center for sending impulses to voluntary muscles, controlling voluntary 
movements. 

Midbrain:  
It is reduced in humans and has following functions:  

1. Relay Centre:  
Hindbrain contains reticular formation, which is a relay center connecting hindbrain 
with the forebrain. Reticular formation is very important in screening the input 
information before they reach higher brain centers. 

       It also contains auditory relay center. 
Reflex Movements: It controls reflex movement of eyes. 

Hindbrain:  
It includes the medulla, pons and cerebellum.  

1. Medulla:  
It controls several automatic functions such as breathing, heart rate, blood pressure 
and swallowing. 

2. Pons: 
 It is located above the medulla. Its functions are as follows: 

 (i) Certain neurons in pons influence transitions between sleep and wakefulness 
(ii) It is also involved in the rate and pattern of breathing 

The Cerebellum: 
It co-ordinates body movements and maintain body position. Therefore, smooth and accurate 
motions are possible. The cerebellum is also involved in the learning and memory storage for 
behaviors. It is best developed in birds, which engage in the complex activity of flight. 
 



 

 

 
Spinal Cord: 
Medulla oblongata narrows down into the spinal cord. Structure and Composition: 
Structure and Composition: 
It is an oval shaped hollow cylinder, running through the vertebral column. It is made up of a very 
large number of neurons, the cell-fibers and cell bodies. These are arranged in a definite pattern. 
In a cross section, the spinal cord shows two portions: 

(i) Inner Portion: 
It is butterfly shaped grey matter containing a central canal. Gray matter consists of 
cellbodies and non-myelinated nerve fibers or tracts. 

(ii) Outer Portion: 
It is composed of white matter. White matter is made lip of myelinated nerve fibers 
or tracts. 

Fig. The spinal cord 
Functions:  
(i) The spinal cord is the centre for a large number of reflexes. 
(ii) It is a pathway for conduction of impulses to and from different parts of the body and 
brain. 
Peripheral Nervous System (PNS):  
It consists of sensory neurons and motor neurons, which may form ganglia and the Nerves. 
Ganglia:  
These are the concentrations of cell bodies of neurons. 
Nerves: 
The nerves are the bundles ofaxons or dendrites, bounded-by connective tissue. 
Type of Nerves on the Basis of Conduction of Impulse:  
The nerves may be sensory, motor or mixed depending upon the direction of impulse they 
conduct. 
 



 

 

 
Types of Nerves on the Basis of Link with Brain or Spinal Cord:  

These are of two types:  
(i) Cranial Nerves:  

In humans, there are 12 pairs of nerves, which arise from the brain, or lead to the 
brain. These nerves are called cerebral or cranial nerves. Some of these nerves are 
sensory, some motor and some are mixed. 

(ii) Spinal Nerves:  
From the spinal cord 31 pairs of spinal nerves arise or lead to spinal cord. All these 
nerves are mixed having fibres of both sensory and motor neurons. Sensory neurons 
carry signals to the CNS' from sensory organs. The motor neurons carry signals from 
the CNS that controls the activities of muscles and glands. 

Nervous Systems Formed by the Motor Neurons: 
Motor neurons form two types of nervous systems:  

(i) Somatic Nervous System:  
It controls voluntary movements. These movements are under the conscious control 
of the body. Skeletal muscles are involved in these movements. 

(ii) Autonomic Nervous System:  
It controls involuntary responses by influencing organs, glands and smooth muscles. 

Types of Autonomic Nervous System:  
The motor neurons of autonomic nervous system are divided into sympathetic nervous system 
and parasympathetic nervous system. Both of these systems function automatically and 
innervate all internal organs. These systems utilize two neurons and one ganglion for each 
impulse. 

(i) Sympathetic System:  
Most ganglia of the sympathetic system arise from the middle portion of the spinal 
cord and almost terminate in the ganglia that lie near the cord. 

       Functions: 
(a)This system is important during emergency situations and is associated with "fight       or 

flight". 
(b) This system accelerates the heartbeat, dilates the pupil and  inhabits the 

digestion of food etc. 
(ii) Parasympathetic System:  
               A few cranial nerves including the vagus nerve together with the nerves from the bottom 

portion of the spinal cord, form the parasympathetic nervous system.  
Functions: It promotes all the internal responses which are associated with the relaxed 
state (maintenance activities). Some examples are contraction of the pupils promotes 
digestion of food & retards heartbeat. 

 
 
 
 
 



 

 

 

Nervous Disorders 
Following are some of the common disorders of nervous system in humans:  
1. Parkinson's Disease (Paralysis Agitans):  
Symptoms:  
              It is a nervous disorder characterized by involuntary tremors reduced motor power and 

rigidity poor balance and speech problems. The mental faculties are not affected.  
Causes.  
            Parkinson's disease is a disease in which the death of a small number of cells in the basal 

ganglia leads to an inability to select and initiate patterns of movement, onset of disease 
usually in 50's and 60's. 
The disease is slowly progressive. Therefore, the patient may live for many years. The 
disease may result by head trauma.  

Treatment:  
Effective drugs are available (such as L-dopa also called Levodopa). 
In carefully selected patients, surgical destruction of the portions of globus pallidus or the 
ventrolateral nucleus of thalamus has proved highly beneficial. A naturally occurring protein 
called glial cell-line derived neurotrophic factor (G DNF) boosts uptake or dopamine when 
delivered to lab rats and monkeys. 
2.  Epilepsy:  
Symptoms:  

(i) Primary Changes:  
Sudden transient alterations in brain function associated with excessive rapid electric 
discharge in the gray matter. 

(ii) Secondary Changes:  
It is a convulsive disorder of nerves. It is characterized by sudden and transient 
symptoms of motor sensory, psychic or autonomic nature, associated with changes in 
consciousness. 

Causes: 
 The start of epilepsy is usually before age 30. Later age start suggests organic disease. In some 
patients, emotional disturbances play a significant “trigger" role. 
Diagnosis:  
Electroencephalography (EEG) is most important test in the study of epilepsy.  
Treatment:  
Anticonvulsant drugs are used. Alcohol aggravates epilepsy. Therefore persons suffering from 
epilepsy should avoid alcohol. 

3. Alzheimer’s disease: 
       Alzheimer’s disease was first described by alois Alzheimer in 1907. 

Symptoms:  
There is decline in the brain function (especially with age). Its symptoms are similar to 
those diseases that cause dementia (mammary loss). 
 
 



 

 

 
Causes:  
There is a genetic predisposition (tendency) to the disease in some people. So it runs in 
families.There is also evidence that high levels of aluminum may contribute to the onset 
of this disease.  

 

Chemical Coordination 
In animal’s chemical coordination is by endocrine system. It consists of endocrine glands which 
are present in different parts of the body. These glands secrete hormones. 

Endocrine Glands:  
The endocrine or ductless glands are (with a few exceptions) discrete group of cells which make 
specific chemical compounds called hormones (In Greek hormone mean) exciting or setting in 
motion). 
Hormone:  
Hormones are organic compounds of varying structural complexity. They are poured directly and 
are transported by blood to respective target tissues.  
Function:  
The hormones affect the target cells. To affect the target cells they work in the following. They 
do not initiate new biochemical reactions. However they regulate enzymatic and other chemical 
reactions, already present. They may either stimulate or inhibit a function. Hormones may also 
control some long term changes. For example rate of growth, ate of metabolic activity and sexual 
maturity.  
Chemical Nature of Hormones: 
Chemically hormones may be of following four types: 

(i) Proteins (e.g. insulin and glucagon.)  
(ii) Amino acids & derivatives (e.g. Thyroxin, epinephrine and norepinephrine) 
(iii) Polypeptides (e.g. vasopressin or anti-diuretic hormone and oxytocin) and 

Steroids (e.g. estrogens, testosterone and cortisone) 

Role of Hypothalamus in Endocrine System:  
It is part of the fore brain. Here many of the sensory stimuli of the nervous system are converted 
into hormonal responses. Nerve cells in the hypothalamus produce and secrete a variety of 
hormones. One of the nerve clusters synthesizes oxytocin and antidiuretic hormone 
(ADH)vasopressin. These hormones travel down and are stored in the nerve endings located in 
the posterior pituitary. Upon proper stimulation from the hypothalamus, oxytocin and 
vasopressin are released into the blood supply of the posterior pituitary. Other nerve clusters in 
the hypothalamus produce and secrete a battery of releasing and inhibiting hormones. These 
hormones are carried by the blood to the anterior pituitary. There they regulate the secretion u 
various tropic hormones, growth hormone, and Prolactin manufactured by the anterior pituitary 
cells. 

The Pituitary Gland: 
In the pituitary gland (hypophysis cerebri) is an ovoid structure. It is about 0.5 gm in the adult 
and is connected to brain through a short stalk (the infundibulum).  It has three lobes which are 
anterior ,median and posterior. 



 

 

 
Anterior Lobe 
The anterior lobe is also called as the master gland. This is because that in addition to producing 
primary hormones it produces the tropic hormones which control the secretion of hormones of 
other endocrine glands.Anterior lobe of pituitary secretes the following hormones: 
1. Somatotrophin (STH): 
Release: 
 Somatotrophin releasing factor (SRF) is secreted from hypothalamus through nut the life.  
Functions:  
The main function is growth. When growth has mostly ceased after adolescence, the hormone 
continues to promote protein synthesis throughout the body. 
Disorders: 
(i)  If this hormone is produced in excess during early life, it leads to Gigantism as a result 

there is abnormal development of hands, feet, jaw etc. (known as Acromegaly). 
(ii)  If there is under-secretion,Dwarfism results in addition to other symptoms associated 

with lack of thyroid and adrenal hormone. 
2. Thyroid Stimulating Hormone:  
Release:  
Release of thryotrophin releasing factor from the hypothalamus is controlled by the levels of 
thyroxin in the blood. In the presence of low levels of thyroxin, there is increasing production of 
TSH and viceversa. 
Functions:  
It is secreted throughout life but particularly reaches high levels during the periods of rapid 
growth and development. It acts directly on the cells of the thyroid gland increasing both their 
numbers and their secretary activity. 
3.  Adrenocorticotrophic Hormone (ACTH):  
Release:  
Release of corticotrophin releasing factor from the hypothalamus is controlled by steroid levels 
in the blood and by direct nervous stimulation of the hypothalamus as a result of stress e.g. cold, 
heat, pain, fright and infections.  
Functions: 
 Excess and deficiency results as for disturbance of normal adrenal functions. 

4. Gonadotrophic Hormones:  
These are of three types: 

(i) Follicle stimulating hormone (FSH) 
(ii) Luteinising Hormone (LH) it is also called interstitial cell stimulating hormone (ICSH) in the 
male 
(iii) Prolactin: It is sometimes inappropriately (improperly) called luteotrophic hormone (LTH) 
Release:  
A common hypothalamic releasing factor is involved in the secretion of FSH and LH/ICSH. 
Prolactin is continuously produced from the pituitary and is inhibited by prolactin inhibiting factor 
(PIH) from the hypothalamus. 
Functions of FSH: In females FSH stimulates follicle development and secretion of oestrogens 
from the ovaries. 



 

 

In males, FSH stimulates development of the germinal epithelium of the testis and sperm 
production. 
Functions of LH: LH works with FSH to stimulate oestrogen secretion and rupture of mature 
follicles to release egg or ovum. LH also causes the lutenisation (lit. "turning yellow”) of the 
ruptured follicle and work with prolactin to maintain the corpus luteum (and hence it secretes 
progesterone). 
ICSH in the male stimulates the interstitial cells of the testis to secrete testosterone. 
Functions of Prolactin:  
Prolactin stimulates milk production (and acts with LH as described above). 
Median Lobe 
Median lobe secretes the following hormone:  
Melanophore Stimulating Hormone:  
Release:  
External light governs its secretion, more secretion in pregnancy. 
Inhibition:  
Its inhibition of secretion is controlled by hypothalamus. 
Functions:  
Stimulates melanocytes in skin to produce brown pigment, melanin which darkens the skin. 
Disorder:  
Excess MSH is secreted in Addison's disease. One of the symptoms of which is darkening of the 
skin. 
Posterior Lobe 
The posterior lobe of the pituitary gland secretes the following hormones: 
1. Antidiuretic Hormone (ADH) or Vasopressin:  
Release:  
Secretions caused by decrease in blood pressure, blood volume, and osmotic pressure of the 
blood which is detected by osmoreceptors in the hypothalamus. External sensory stimuli also 
influence hypothalamic neurosecretory cells. 
Functions:  
Increased levels cause increased water reabsorption in distal parts of kidney. 
Disorder:  
Lack of this hormone produces Diabetes insipidus. As a result there is the production of large 
quantities of dilute urine and great thirst. Oxytocin:  
Release:  
Its release is stimulated by distension of cervix, decrease in progesterone level in blood and 
neural stimuli during parturition and suckling. 
Functions:  
Primary action is on smooth muscles, particularly in the uterus during childbirth and also causes 
milk ejection from mammary glands.  

Thyroid Gland 
Location:  
In mammals thyroid gland consist of two lobes situated below the larynx. In mammals the thyroid 
gland consists of two lobes. 



 

 

Hormones:  
 It produces: 
(i)  Thyroxin (or tetraiodo-thryonine: T4) tri-iodothyronine or T3 (which has a structure 

similar to thyroxin with 3 iodine atoms and not 4). 
(ii) Calcitonin hormone. 
Functions:  
The thyroid is active continuously but produces higher levels of secretions during periods of rapid 
growth and sexual maturation and in stress situations such as cold and hunger. 

(i) Functions of Thyroxin and Tri-iodothyronine: 
These two hormones act in the same way: 

(a)  They act on the basal metabolic rate by stimulating the breakdown of glucose and 
release of heat and generation of ATP. 

(b)  They also act in combination with somatotropin in bringing about growth, and act 
directly on brain cells causing them to differentiate.  

(c)  In amphibians, they affect the process of metamorphosis. If secretion of thyroid is 
deficient, tadpole larvae of frog does not metamorphose to develop into frog, but 
instead grow to a large sized tadpole.  

(ii) Effects of Over Secretion (Grave's Disease):  
             Excess thyroxin produces a condition called Grave's disease, with exophthalmic goiter and 

increase in the basal metabolic rate. 
This can lead to cardiac failure if prolonged. The cause of Graves' disease is the production 
of an abnormal body protein. This protein continuously stimulates the thyroid for 
excessive secretion.  

Effects of Under Secretion:  
(i) Cretinism:  

If congenitally 'deficient, the lack of thyroxin causes cretinism, where the individual 
fails to develop normally. They are small, have coarse scanty hair, thick yellowish scaly 
skin and mentally retarded they also fail to develop sexually. 

(ii) Goiter / Myxoedema (Occurs Later in Life):  
Individuals with iodine-deficient diets may have goiter, a condition in which the 
thyroid becomes greatly enlarged. 

It produces a swelling of the neck (goiter) and may lead to lying down of excess fat and. 
weight is increased. The condition is known as myxoedema. In the myxoedema, the 
puffiness of hands and skin is produced. Reduced metabolism, body temperature and 
pulse rate results. All bodily and mental processes are retarded. Table salt with iodine is 
recommended so that there is no deficiency of iodine and thus of thyroxin in the body. 

Functions of Calcitonin:  
High Ca++ ions concentration in the blood causes stimulation of the synthesis and release of 
calcitonin. Low levels of Ca++ ions suppress its manufacture.  
Functions:  
Its function is antagonistic to parathormone (from the parathyroid glands) and prevents removal 
of Ca++ ions from the bones.  
Oversecretion / Undersecretion:  



 

 

Excess or deficiency leads to a disturbance of calcium metabolism. Disturbance in calcium 
metabolism seriously affects nerves; skeleton, muscle and blood etc.  
 

Parathyroids:  
Location:  
In man the glands are found embedded in the posterior part of the lateral lobes of the thyroid.  
Hormone: 
These produce a hormone called Parathormone.  
Functions:  
Low levels of blood Ca++ ions stimulate the parathyroid directly to increase parathormone 
production. The high levels of Ca++ ions suppress its release.  
Under secretion /Over secretion: 
 Under-activity causes a drop in blood Ca + ions which in turn leads to muscular tetany. Over-
activity would lead to a progressive demineralization of the bones similar to rickets. Similarly 
there is the formation of massive kidney stones. Both conditions may be fatal.  

Islets of Langerhans (Pancreas) 
Location:  
These are present in the pancreas.  
Control:  
These are under the control of pituitary trophic hormones STH and ACTH and responds directly 
to the level of blood glucose.  
Cell Types: 
The islets contain two types of cells:  
(i) β-cells: These are larger in number and secrete insulin.  
(ii) α-cells: These are smaller in number and secrete glucagon. 
Functions of Insulin:   
Insulin decreases blood glucose levels in many ways which include: 
• Increasing glycogen synthesis.  
• Increasing cell utilization of glucose.  
• Conversion of glucose into lipid and protein.  
• Insulin inhibits the hydrolysis of glycogen in the liver and the muscles.  
Disorders Due to Undersecretion or Oversecretion of Insulin:  
Diabetes Mellitus:  
Failure to produce insulin leads to a condition called diabetes mellitus.  
Symptoms:  
(a) High level of blood sugar 
(b) Sugar in the urine,  
(c) A disturbance of the body's osmotic equilibrium 
(d) derangement of the nervous system.  
(e)  Toxic metabolites from fat (which need 'glucose energy' for their oxidation) also 

accumulate and are only lost from the kidney with valuable metal cations.  
(f) The body becomes dehydrated.  
 



 

 

 
Hypoglycaemia:  
If excess insulin is produced, the utilization of sugar is too great and its level falls in the blood 
(hypogIycaemia) which upsets nerve and muscle functioning. 
Functions of Glucagon: 
Glucagon is antagonistic to insulin and increases the blood glucose levels. It does this mainly by 
promoting breakdown of glycogen to glucose in the liver and muscles.  
It also increases the rate of breakdown of fats.  
Disorders:  
Glucagon abnormalities are rare as endocrine disorders. Tumors on the a-cells will cause excess 
glucagon secretions. The result is high blood glucose levels. This in turn damages the a-cells.   

Adrenals 
Location: 
 A pair of adrenals is present, one on the top of each kidney.  
Structure:  
Its outer layer is called as adrenal cortex while the inner layer is called as adrenal medulla. 
The Hormones of Adrenal Medulla:  
The medulla produces the hormones adrenaline and noradrenaline.  
Release:  
Both adrenaline and noradrenaline are secreted in stress situations. In rats whose adrenal 
medulla has been removed surgically the ability to withstand any stress situation (such as cold) 
is reduced.  
Functions:  
Adrenaline: It dilates blood vessels In certain parts of the body (such as the skeletal muscles) and 
increases the heart's output.  
Noradrenaline:  
It constricts blood vessels in certain areas (such as the gut). 
Combined Effects:  
(i)  Both hormones are involved in raising blood pressure 
(ii) Both promote the release of glucose from liver glycogen 
(iii)  They also reinforce the effects of the sympathetic system 
Cortical Hormones:  
The adrenal cortex secretes Cortisol, Corticosterone and aldosterone hormones. ACTH from the 
pituitary stimulates secretion of these hormones. The adrenal cortex is active at all times but 
especially active in a shock or stress situations and infections.  
Functions:  
Cortisol: It increases blood glucose level mainly by its production from protein and b) 
antagonizing the action of insulin. 
Corticosterone: 
 It increases blood glucose levels and regulates mineral ion balance. Therefore it is both a 
glucocorticoid and a mineralocorticoid.  
 
 



 

 

Aldosterone:  
The adrenal cortex mainly secretes aldosterone. It conserves the level of N a + ions in the body 
by preventing their loss from the kidney tubules.  
Disorders:  

(i) Under Secretions:  
The destruction of the adrenal cortex (such as occurs in Addison's disease) will lead to 
general metabolic disturbance. In this case there will be weakness of muscle action 
and loss of salts. 

Stress situation such as cold which would normally be overcome lead to collapse and 
death. 

(ii) Over Secretions:  
The reverse of this is found in Cushing’s disease where too much cortical hormone is 
produced. Symptoms are an excessive protein breakdown resulting muscular and 
bone weakness. The high blood sugar disturbs the metabolism as in diabetes. 

Androgens (e.g. Testosterone): 
 Very small amounts of androgens are secreted in both male and female by adrenal glands. 
Androgens cause development of the secondary male characteristics.  
Disorder:  
A tumor on the inner part of the adrenal cortex in a female can cause excess of androgens to be 
produced. As a result there is the development of certain male characteristics. However; such 
cases are very rare.  

Gut 
Many parts of the gut function as endocrine tissue. The important hormones produced are 
Gastrin and secretin:  

(i) Gastrin:  
It is the hormone produced by mucosa of the pyloric region of the stomach. It 
stimulates the secretion of gastric juice.  

(ii) Functions:  
It is produced' under the influence of protein food in the stomach after it is partially 
digested.  

(iii) Secretin:  
It is produced from the duodenum when acid food touches its lining.  

Functions: 
It affects the pancreas to produce and release pancreatic juice. It also affects the rate of 
bile production in the liver.  

Gonads 
These are ovaries and testes. The ovaries are inside the body while the testes are outside  
Ovary:  
Following hormones are secreted by the ovary:  
Oestrogens:  
Oestrogens are secreted by ripening follicles (and, in many species. by interstitial cells the ovary). 
The development of the follicle was initiated by FSH from the pituitary. 
 



 

 

Functions:  
(i) Oestrogens bring about the development of the secondary sexual characters in the 
female. 
(ii) Cause thickening of the uterine wall and 
(iii) At a point during the oestrous or menstrual cycle, Oestrogens exert a positive feedback 
 As a result; there is a sharp rise in LH output by the pituitary 
(iv) It also aids in healing and repair of uterine wall after menstruation 
(v) Under the influence of oestrogens, some of cells of uterine wall become glandular and 

start secreting proteinaceous secretions which are taken up by the embryo when in its 
early stages of development.  

Under secretion: 
Deficiency of the sex hormones leads in the young to failure to mature sexually and sterility in 
the adult. 
Progesterone:  
Release: 
Progesterone is produced by the ruptured follicle in response to LH from the pituitary.  
Functions: 
(i) Progesterone inhibits further FSH secretion from the pituitary. In this way it prevents any 

more follicles from ripening. 
(ii) It also affects the uterus, causing further thickening and vascularization of its wall, and 

other areas of the female body, preparing it for the maintaining state of pregnancy. 
(iii) It suppresses ovulation. That is why it is a major component of birth control pill. 

Testes 
Structure:  
The testes consist of many coiled seminiferous tubules. Here the spermatozoa develops between 
the tubules are the regions of interstitial cells. 
Hormones:  
The interstitial cells produce gonadal hormones called testosterone and 17 β-
Hydroxytestosterone. 
Release of Hormones:  
After the initiation of the sex organs in the foetus, the level rises fairly consistently until puberty. 
After puberty the supply of LH, and therefore the level of testosterone, remains constant. 
Functions: 
(i)  In the foetus it initiates the development of the sex organs  
(ii)  At puberty it brings about development of the male secondary characteristics and 

promotes the sex drive 
(iii) The castrated male fails to develop secondary sexual characteristics and his body is more 

like an immature female. 
 
 
 
 
 



 

 

Feedback Mechanism 
It is a type of interaction in which a controlling mechanism is itself controlled by the products of 
reactions it is controlling.  
Explanation:  
For proper body functions two opposing systems are needed, if there are accelerators, there 
must be inhibitors. If one hormone in the body promotes or stimulates a reaction, another will 
check it. This occurs due to feedback mechanism. 
Let us take an example: 
 
Feedback in Thyroid Gland Function: 
(i)  Low body temperature (or stress) stimulates neurosecretory cells of the hypothalamus. 

These cells release hormones.  
(ii)  These hormones activate the release of thyroid-stimulating hormone (TSH) in the anterior 
pituitary.  
(iii)  The TSH then stimulates the thyroid gland to release thyroxine.  
(iv)  Thyroxine causes an increase in the metabolic activity of most body cells, generating A TP 

energy and heat. 
(iv) Both the raised body temperature and higher thyroxine levels in the blood inhibit the 

releasing-hormone cells and the TSH-producing cells.  
 
 
TABLE: Human endocrine glands and their principal secretions. 
Glands Hormone Chemical 

Structure 
Effect 

Posterior lobe Anti-diuretic 
hormone (ADH) 

Peptide Reduces amount of water lost In urine 
Raises blood pressure by constricting 
arterioles. 

 Oxytocin Peptide Contraction of smooth muscle during 
childbirth. Stimulates secretion of milk 
from mammary glands. 

Anterior lobe Adrenocorticotrophic  
hormone (ACTH) 

Peptide Stimulates production and release of  
hormones from adrenal cortex. 

 Follicle stimulatin 
hormone(FSH) also 
called ICSH in males 

Glycoprotein Controls the development of follicles 
in the ovary, and sperm cells in the 
testis. 

Growth hormone Protein Promotes growth (especially of 
skeleton and muscles). Affects body 
metabolism. 

Luteinising hormone 
(LH) 

Glycoprotein Stimulates ovulation and formation of 
the corpus luteum (stimulates 
testosterone production in males). 

Prolactin Protein Stimulates milk production and release 
during pregnancy. 



 

 

 Thyroid stimulating 
hormone (TSH) 

Glycoprotein Stimulates growth of thyroid  gland 
synthesis and production of thyroid 
hormones. 

Thyroid Thyroxin + 
Tri-iodothyronine 

Iodine  
Containing 
Amino acids 

Thyroxin Increases rate of cell 
metabolism, controls aspects of 
growth and development and controls 
basal metabolic rate (BMR) 

Parathyroid Parathormone Peptide Raises blood calcium levels by 
stimulating release of calcium from 
bone 

Pancreas (Islets 
of Langerhans) 

Insulin (Produced 
By the β-cells) 

Protein Lowers blood glucose levels by making 
cell membranes more permeable to 
glucose increase glycogen storage in 
liver. 

 Glucagon (Produced 
by the a cells) 

Peptide Raises blood sugar levels by 
stimulating glycogen breakdown in the 
liver 

Adrenal Cortex Glucocorticoid 
e.g. cortisol 

Steriods In response to stress, raises blood 
glucose. 

 Mineralocorticoids,  
e.g., aldosterone 

Steriods Concerned with water retention 
Increases reabsorption of sodium 
chloride in kidneys, so important in 
control of blood volume and pressure 

 
 
 
 



 

 

 

 

Adrenal medulla Adrenaline Modified amino acid 

Fear, flight and flight reactions Prepares the body for 
heightenedactivity. Mimics effects of the autonomic 
nervous system 

 Noradrenaline Modified amino acid 
As adrenaline 

Gonads Ovary 
(follicle) 

Oestrogens Steroids Female sex characteristics building of uterus lining 
after menstruation, inhibits FSH 

Ovary (corpus) Progesterone Steroids 
Stimulates maturation of uterus lining, maintains 
pregnancy inhibits FSH. 

Testis Androgens  
e.g 
testosterone 

Steroids Support sperm production important the 
development ofmad in secondary sexual 
characteristics 

Placenta Human 
Chorionic 
Gonadotrophin 
(HCG) 

Sterioid 

Causes corpus luteum to secrete thus maintaining 
progesterone. Pregnancy 
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Prokaryotes 
• Describe cellular structure of 

bacteria. 

• Explain diversity in shape and size 
in bacteria. 

• Highlight the importance of 
bacteria and control of harmful 
bacteria 



 

 

Prokaryotes 
• It consists of organisms with prokaryotic cells.  
• In Greek the word Pro means "before" and karyon means nucleus. So prokaryotes 

are cells that do not have true nucleus structure. It mainly includes bacteria.  
Microbiologists place bacteria in two major groups: 

1. Eubacteria (In Greek it means "true bacteria") 
2. Archaeobacteria (In Greek it means "ancient bacteria"). It is a small division.  

 
Size of Bacteria 
• The size is from 0.1 to 600 µm. 
• The smallest bacteria are present in the genus Mycoplasma with the size of 100 to 

200nm in diameter. It is about the size of the largest viruses (poxviruses). 
• Escherichia coli is 1.1 to 1.5 µm wide and 2.0 to 6.0 µm long. 
• Some spirochetes may reach 500 µm in length. 
• Staphylococci and Streptococci i.e, 0.75 – 1.25µ in diameter.  
• A huge bacterium (Epulopiscium fishclsoni) has been discovered in the intestine of 

the brown surgeonfish (Acanthurus nigrofuscus). Its size is 600 µm by 80 µm (a 
little smaller than a printed hyphen). It is now clear that a few bacteria are much 
larger than the average eukaryotic cell. 
 

Shapes of Bacteria 
Most of the bacterial species have constant characteristic shapes. However, some are 
pleomorphic and present in many shapes. On the basis of shapes bacteria can be 
classified as cocci, bacilli and spirillum. 

1. Cocci 
The Cocci are spherical or oval bacteria. 
These are arranged according to planes of division. 

I. Division in One Plane: 
If division is in one plane it produces two types of arrangements. 

a. Diplococcus Arrangement: When cocci are present in pairs then 
arrangement is diplococcus (Diplococcus pneumoniae). 

b. Streptococcus Arrangement: When cocci are present in long chain 
of cells then the arrangement is streptococci. 

II. Division in Two Planes: 
When the division of cell is in two planes it will produce a tetrad 
arrangement. A tetrad is a square of 4 cocci. 

III. Division in Three Planes: 
When the division is in three planes it will produce a sarcina 
arrangement. Sarcina is a cube of 8 cocci. 

IV. Division in Random Planes: 



 

 

When division occurs in random planes it will produce a staphylococcus 
arrangement. Here the cocci are arranged in irregular grape-like clusters 
(Staphylococcus aureus). 

2. Bacilli 
Bacilli are rod-shaped bacteria. They all divide in one plane producing four kinds 
of arrangements:  

I. Bacillus: It is a single cell of bacteria. 
II. Streptobacillus: It is a chain of bacilli. 

III. Diplobacillus: When rod shaped bacteria occur in pairs then it is called 
diplobacillus. 

IV. Coccobacillus: When rod shaped bacteria are like coccus. 
Examples of Rod Shaped Bacteria: Escherichia coli. Bacillus subtilis, Pseudomonas 

3. Spiral (Spiral Shaped Bacteria) 
These bacteria are spirally coiled.  
Spirals can be in one of three forms, a vibrio, a spirillum, or a spirochete. 

I. Vibrio: It is curved or comma-shaped rod. 
II. Spirillum: It is a thick, rigid spiral. 

III. Spirochete: It is a thin, flexible spiral. 
Examples of Spiral Shaped Bacteria: Vibrio, Hyphomicrobium 
 
Other Shapes of Bacteria:  

Some other shapes of bacteria are trichrome forming, sheathed, stalked, 
square, star shaped, spindle shaped, lobe shaped and filamentous bacteria. 

• All bacteria have cell membrane, cytoplasm, ribosome and chromatin bodies. 
• Most of bacteria have a cell wall, which gives shape to the bacterial cell. 
• The structures like capsule, slime, flagella, pili, fimbriae and granules are found in 

some/different bacteria. 
 
Structure of a Bacterial Cell 

We will study structure of a bacterial cell under the following headings: 
1. Flagella and their Functions 
• These are very thin hair like structures that come out through the cell wall. The 

flagella originate from basal body. It is a structure just beneath the cell membrane 
in the cytoplasm. Flagella are made up of protein flagellin. 

• Classification of bacteria on the basis of presence, attachment and number of 
flagella 

• On the basis of presence, attachment and number of flagella. bacteria are 
classified as:  

I. Atrichous: The bacteria without any flagella are called atrichous. 
II. Monotrichous: These have a single polar flagellum. 

III. Lophotrichous: These have a tuft of flagella at one pole only. 
IV. Amphitrichous: These have tuft of flagella at both poles. 



 

 

V. Peritrichous: In this condition flagella surrounds the whole cell. 
Most of bacteria and spiral shaped bacteria have flagella. Cocci very rarely have 
flagella. 
 
Functions of Flagella:  

I. Motility: Primary function of flagella is to help in motility. 
II. Chemotaxis: They also help to detect and move in response to chemical signals 

(stimulus). It is a type of behaviour called as chemotaxis. 
 
2. Pili and their Functions 

I. Definition: These are hollow, non-helical, filamentous appendages. 
II. Presence: True pili are only present on gram-negative bacteria. 

III. Size: Pili are smaller than flagella. 
IV. Chemical Composition: They are made up of special protein called pilin. 
V. Functions: Pili are not involved in motility.  

Following are their functions: 
a. Mating Process (Conjugation): 

They are involved in mating process called conjugation. 
b. Attachment: 

Some pili are used for attachment of bacteria to various surfaces. 
 

3. The Cell Envelope (The Outer Wrapping of Bacteria) 
In bacteria the complex of layers external to the cell protoplasm is called as cell 
envelope. It includes capsule, slime and cell wall. 

(i)  Capsule: Some bacteria produce capsule. It is tightly bound to the cell. 
Capsule is made up of repeating polysaccharide units, or of protein, or of both. 
It has a thicker, gummy nature that gives sticky characters to the colony.  

(ii) Slime: It is a loose, soluble cover of macromolecules called as slime capsule. It 
is present some bacteria. 
Slime provides greater pathogenicity to bacteria and protects them against 
phagocytosis 

(iii) Cell Wall: Beneath the extracellular substances and external to cytoplasmic 
membrane is cell wall It is a rigid structure and determines the shape of 
bacterium. 

 Cell wall also protect the cells from osmotic lysis. 
 Cell wall is only absent in mycoplasmas. 
 
Gram Stain Technique on the Basis of Differences in Cell Wall:  
Christian Gram developed the technique of gram stain on the basis of differences in 
the cell wall.  
On the basis of this technique bacteria can be divided into two groups:  



 

 

i. Gram Positive Bacteria: These are the group of bacteria that stained purple. 
They retain the primary dye due to the formation of CV-I complex in the cell 
wall. 

ii. Gram Negative Bacteria: These bacteria are stained pink because they retain 
secondary dye in the cell wall. 

 
Comparison of Gram Positive and Gram-Negative Cell Wall:  
Difference in staining is due to difference in structure of cell walls of two groups. It is 
clear from the following table: 
 

Characteristics Gram Positive Gram negative 

Number of Major Layers 

(i) Chemical 
mark up 

(a) 
 

(b) 
(c) 

 
(d) 

Peptidoglycan (50% of 
dry weight in some 

bacterial cells) 
Techoic acid 

Lipotechoic acid 
 

Lipids (1 – 4 %) 

(a) 
 

(b) 
(c) 

 
(d) 

Lipopolysaccharides 
 

Lipoprotein 
Peptidoglycan 10 % dry 

weight of some bacterial 
cells 

Lipids ( 11 – 12 %) 
(ii) Overall 

thickness 
 20 – 80 nm  8 – 11 nm 

(iii) Outer 
membrane 

 No  Yes 

(iv) Periplasmic 
space 

 Present in some  Present in all 

(v) Permeability  More permeable  Less permeable 
 
Chemical Composition of Cell Wall:  

• The cell walls of most bacteria have a macromolecule called peptidoglycan. 
• Its amount varies in different types of bacteria. 
• Peptidoglycan is composed of long glycan chains cross-linked with peptide 

fragments. 
• The cell wall also contains sugar molecules, teichoic acid, lipoproteins and 

lipopolysaccharides. These are linked to peptidoglycan. 
• Cell walls of Archaeobacteria are different from Eubacteria. They do not 

contain peptidoglycan. Their cell walls are composed of proteins, glycoproteins 
and poly saccharides. 

• Cell walls of other bacterial groups: Many bacterial groups have no cell wall 
structure which is characteristic of gram positive or gram negative bacteria.  



 

 

• No cell wall in Some Bacteria: Some bacteria have no cell wall (like 
Mycoplasmas). 

 
4. Cell Membrane 

I. Location: Beneath the cell wall is the cell membrane or plasma membrane.  
II. Nature: It is thin, delicate, flexible and completely surrounds the cytoplasm. 

Any damage to results in the death of organism. 
III. Chemical Composition: Bacterial membrane differs from eukaryotic membrane 

because it does not contain sterol (such as cholesterol).  
IV. Functions: Cell membrane regulates the transport of proteins, nutrients, sugar 

and electrons or the metabolites. 
It also contains enzymes for respiratory metabolism. 
 

4.  Cytoplasmic Matrix 
i. Definition: The cytoplasmic matrix is' the substance present between the 

plasma membrane and the nucleoid.  
a. The plasma membrane and everything present within is known as 

protoplast. 
ii. Properties of Cytoplasmic Matrix: It is a major part of protoplast. It has gel like 

consistency.  
a. Small molecules can move through it rapidly. 
b. Large separate structures such as chromatin/nuclear body, ribosomes, 

Mesosomes granules and nucleoid are present in this matrix. 
c. The cytoplasm of prokaryotic cell has no membrane bound organelles 

and cytoskeleton: (microtubules). 
 
5.  Nucleoid 

I. Definition: The DNA of bacteria is a single circular and double stranded 
molecule. It aggregates as an irregular shaped dense material called as 
nucleoid. 

a. Other names for nucleoid are nuclear body, chromatin body and nuclear 
region. In bacteria chromosomes and nuclear membrane absent 

II. Location: Nucleoid is present near the center of cell. 
III. Visible in the Light Microscope: It is visible in the light microscope after staining 

with Feulgen stain 
IV. Size: It is very long molecule of DNA which is tightly folded so as to fit in the cell 

component. The closed circle chromosome (DNA) of Escherichia coli is about 
1.4000 11 m. 

V. Haploid Organisms: Because of the presence of a single chromosome, bacteria 
are haploid organisms. 
 



 

 

6. Plasmid 
• In addition to the single circular DNA molecule found in all bacteria, some 

species also contain one or more plasmids.  
• A plasmid is a small, self-replicating circle of extra DNA. It possesses only a few 

genes, which generally give extra survival advantage. They contain drug, heavy 
metals, disease and insect resistant genes.  

• Some give resistance to antibiotics. For example, some staphylococci contain a 
plasmid which includes a gene for the enzyme penicillinase. This breaks down 
penicillin, thus making the bacteria resistant to penicillin.  

• Other plasmid genes are known which give resistance to disinfectants. cause 
disease or responsible for the fermentation of milk to cheese by lactic acid 
bacteria  

• In the modem genetic engineering techniques plasmids are important vectors. 
Genes are inserted in them to get complex chemicals as food, hydrocarbons, 
with applications in clearing oil spills and producing protein from petroleum. 
 

7. Ribosomes 
(i) Location: They are mostly free in the cytoplasm. Sometimes they are 

loosely attached to the plasma membranes. 
(ii) Size: They are smaller (70S) than eukaryotic (80S) ribosome. 
(i) Number of Ribosomes: There are thousands of ribosomes in each healthy 

growing cell. 
(iv) Chemical Composition: Ribosomes arc composed of RNA and proteins. 
(v) Function: They are protein factories. 
 

8. Mesosomes 
(i) Definition: The cell membrane, invaginate into the cytoplasm forming a 

structure called as Mesosomes. 
(ii) Shapes of Mesosomes: Mesosomes are in the form of vesicles, tubules or 

lamellae. 
(iii) Function: Mesosomes are involved in DNA replication. They play a role in 

cell division. 
Some Mesosomes are involved in the export of exo-cellular enzyme. 
Respiratory enzymes-are also present on the Mesosomes. 
 

9. Granules and Storage Bodies 
(i) Storage: Bacteria live in competitive environment and the nutrients 

become short. Therefore, the store extra nutrients when possible 
(ii) Storage Materials: Storage materials may be glycogen. Sulphur, fat and 

phosphate. Waste materials are generally exerted in the form of alcohol, 
lactic acid and acetic acid.  



 

 

 
 
 
 

10. Spores  
Some bacteria, mainly of the genera Clostridium and Bacillus form endospores 
(spore produced inside cells). They are thick walled. Long lived and extremely 
resistant particularly to heat drought and shortwave radiations. Their position in 
the cell, variable and is of importance in recognition and classification. 
Certain Species Bacteria Produce Spores: 
(i)  Formation / Production: Spores are metabolically dormant bodies and 

are produced at a later stage of cell growth.  
(ii) Types of Spores: Spores are of two types: 

  (a) Exospores: These are formed external to the vegetative cells. 
  (b) Endospores: These are formed within the vegetative cells. 

(iii) Properties / Functions: Spores are resistant to adverse physical 
environmental conditions. For example, light high temperature, 
desiccation, pH and chemical agents,  
Under favorable conditions they germinate and form vegetative cells. 
 

11. Cysts 
(i) Definition: Cysts are dormant, thick-walled, desiccation resistant forms. 

However, they are not heat resistant. 
(ii) Development: They are developed during differentiation of vegetative 

cells. 
(ii) Germination: These can germinate under suitable conditions. 

 
Nutrition of Bacteria 
Why Nutrition / Energy Required? 
Like other organism’s bacteria need nutrition (energy) for their growth, maintenance 
and reproduction. 
 
Classification of Bacteria on The Basis of Nutrition:  

On the basis of nutrition bacteria are of two types which are heterotrophic and 
autotrophic.  

1. Heterotrophic 
They cannot synthesize their organic compounds from simple inorganic 
substances. Most bacteria are heterotrophic. They live either as the 
saprophytes or as the parasites. 
(i) Saprophytic Bacteria: They get their food from dead organic matter. Soil 

is full of organic compounds in the form of humus. 



 

 

Humus is the material resulting from the partial decay of plants and 
animals. 
Many bacteria in the soil have every extensive enzyme system that break 
down the complex substances of humus to simpler compounds. 
The bacteria absorb and use these simpler substances as a source of 
energy. 

(ii) Parasitic Bacterial: These are fully dependent on their host for their 
nutrition. 

2. Autotrophic bacterial 
They can synthesize organic compounds from inorganic substances. Some 
kinds of bacteria are autotrophic. These bacteria are divided into two groups: 
(i)  Photosynthetic Autotrophs: 

These bacteria synthesize their food by the process of photosynthesis. 
  The chlorophyll in them is different from that of green plants. 

Bacterial chlorophyll is dispersed in the cytoplasm (while in most  green 
plants, the chlorophyll is present in the chloroplasts). 
During photosynthesis these bacteria use hydrogen sulphide (H2S) 
instead of water as a hydrogen source and release sulphur instead of 
oxygen. 
The overall reaction of photosynthesis in photosynthetic bacteria is: 

 
Examples: 

Green Sulphur bacteria, purple Sulphur bacteria and purple non-Sulphur 
bacteria are photosynthetic bacteria. 

(ii) Chemosynthetic Autotrophs: 
These bacteria can, oxidize inorganic compounds like ammonia, nitrate. 
nitrite, Sulphur or ferrous iron. As a result, the energy is released which is 
used for their synthetic reactions, Nitrifying bacteria are chemosynthetic. 

 
Respiration in Bacteria 

On the basis of mode of respiration bacteria are divided into following groups: 
1. Aerobic Bacteria: 

These are able to grow in the presence of oxygen. Pseudomonas is an aerobic 
bacterium.  

2. Anaerobic Bacteria: 
These can grow in the absence of oxygen. Spirochete is anaerobic bacterium. 

3. Facultative Bacteria: 
These bacteria can grow either in the presence or absence of oxygen. E. coli is a 
facultative anaerobic bacterium. 

4. Microaerophilic: 

CO2 + H22S (CH2O) + H2O + 2SChlrophyll
Light

Do you know? 
Pseudomonas is an 
aerobic bacterium 



 

 

Some bacteria require a low concentration of oxygen for growth and are known 
as microaerophilic. Example is Campylobacter. 

 
 
 
Growth and Reproduction in Bacteria 
Bacterial Growth: 

The increase in number of bacterial cells is called as bacterial growth. This 
increase in number occurs by asexual reproduction. 

Asexual Reproduction: 
In bacteria asexual reproduction occurs by means of binary fission. 

(i) Binary Fission: The division of a prokaryotic cell into two identical daughter cells 
is called IS binary fission. Following processes occur in binary fission:  
• Parent cell enlarges 
• Its chromosome duplicates 
• Plasma membrane pinches inward at the center of the cell 
• When nuclear material has been equally distributed, the cell wall grows 

inward to separate cell into two. 
 
Repeating the Process: 

This sequence is repeated at intervals by each new daughter cell. As a result, 
the population of cells increases. Once the division is complete, bacteria grow 
and develop their specific features. 

Generation Time: 
The time interval until the completion of next division is known as generation 
time. In the fastest growing bacteria such divisions may occur as often as every 
20 minutes. 

Bacterial Growth Curve: 
Four different phases are known in bacterial growth curve. 
(i) Lag Phase: It is phase of no growth. Bacteria prepare themselves for 

division. 
(ii) Log Phase: It is phase of rapid growth. Bacteria divide at exponential 

rate. 
(iii) Stationary Phase: Bacterial death rate is equal to the bacterial rate of 

reproduction and multiplication. 
(iv) Death/Decline Phase: Bacteria start dying. Death rate is more than 

reproduction rate. 



 

 

 
 
Sexual Reproduction: 
• In 1946 it was discovered that bacteria can take part in a primitive form of 

sexual reproduction. The usual process of sexual reproduction and mitosis is 
absent in bacteria. 

• Gametes are not involved,  but the exchange of genetic material does take 
place and is called genetic recombination. It is generally by conjugation.  

• Conjugation involves transfer of DNA between cells in direct contact. One cell 
acts as the donor (male) and the other as the recipient (female). 

• The ability to serve as a donor is determined by genes in a special type of 
plasmid called the sex factor, or F factor (F for fertility). This forms the protein 
of a special type of pilus the F pilus or sex pilus. This enables cells to come into 
contact. The pilus is hollow and the DNA passes through the pilus from the 
donor (F+) to the recipient (F). 

Advantages of Sexual Reproduction (Conjugation): 
Due to conjugation new genetic combinations are produced. As a result, these 
bacteria can survive in many different conditions. 
Mutualism (or symbiosis) is the name given to any form of close relationship 
between two living organisms in which both partners benefit. 
Examples of bacterial mutualists are Rhizobium, a nitrogen-fixer living in the 
root nodules of legumes such as pea and clover, and Escherichia coli, which 

 



 

 

inhabits the gut of humans and probably contributes vitamins of the Band K 
groups. 
 

Importance of Bacteria 
We will discuss importance of bacteria under following headings: 

1. Ecological Importance: 
Bacteria are ecologically very important. This is because of the following 
reasons:  
(i)  Highly Adaptable: 

They are highly adaptable and found almost everywhere. 
(ii) Decomposition: 

They decompose organic matter. In this way they prevent the 
accumulation of dead material and metabolic wastes. 

(iii) Recycling of Elements: 
They play important role in the completion of nitrogen, phosphorus, 
sulfur and carbon cycles. 

2. Economic Importance 
Bacteria are economically very important. Their beneficial and harmful effects 
are as  follows:  
(i) Beneficial Effects: 

  (a) Food Production: They are used in food production. 
(b) Vaccine and Antibiotics: Bacteria are involved in the production of 

antibiotics and vaccines, 
(c) Drugs: They are used in the formation of many different kinds of 

drugs. 
(d) Biotechnology: They are used in biotechnology. 

(ii) Harmful Effects: 
(a) Spoilage of Food and Vegetables: Bacteria are also responsible for 

spoilage of food and vegetables. 
(b) Plant Pathogens: Many plant pathogens adversely affect the 

agriculture. 
(c) Animal/Human Pathogens: Bacteria are very common pathogens 

of man and other animals. About 200 species of bacteria cause 
diseases in man. 

Control of Bacteria 
Microorganisms can be controlled by various methods. 

1. Physical Methods 
Many physical methods are applied to prevent bacteria. For example, steam, 
dry heat, gas, filtration and radiation.  
The process in which we use physical agents to control bacteria/microorganism 
is known as sterilization process. Sterilization is destruction of all life forms.  



 

 

(i) High Temperature Treatment: High temperature is used in 
microbiological labs for control of microbes. Both heat and moist heat 
are used.  

(a) Moist Heat: Moist heat causes coagulation of proteins and kills the 
microbes. 

(b) Dry Heat: Dry heat causes oxidation of different chemicals of microbe’s 
end kills them.  

(ii) Radiations: Certain electromagnetic radiations below 300 nrn can 
effectively kill the microorganisms Gamma rays are commonly used for 
sterilization process. 

(iii) Membrane Filters: Heat sensitive compounds like antibiotics series, 
hormones etc., are sterilized by membrane filters. 
 

2. Chemical Methods 
Chemical methods for control of bacteria include antiseptics, disinfectants are 
chemotherapeutic agents.  
(i)  Antiseptics: These are chemical substances used on living tissues to kill 

and inhibit the growth microorganism. 
(ii) Disinfectants: These chemical agents are used to inhibit the growth of 

vegetative cells on the nonliving materials. 
These include oxidizing and reducing agents. For example, halogens, 
phenols, hydrogen peroxide, Potassium permanganate, alcohol and 
formaldehyde etc. 

(iii) Chemotherapeutic: Chemotherapeutic agents and antibiotics work with 
natural defense and stop the growth of bacteria and other microbes. 
They destroy or inhibit the growth of microorganisms living tissues. 

 These are Sulfonamides, tetracycline, penicillin, etc. 
 Some other processes that kill / inhibit the microbial population are: 
(a)  Microbicidal Effect: Microbicidal effect is one that kills the microbes 

immediately.  
(b) Microbistatic: Microbistatic inhibits the reproductive capacities of the 

cells and maintain the microbial population at constant size. 
 

Mode of Action:  
Mode of action, of different physical and chemical agents, of control vary. 
Damage occurs due to malfunctions in cell wall, cell membranes, cytoplasm, 
enzymes or nucleic add. 

Use and Misuse of Antibiotics 
1. Antibiotics: (Greek word Anti, against, and Bios, life) 

Antibiotics are the chemotherapeutic chemical substances used in treatment of 
infectious diseases. 



 

 

2. Origin: They are synthesized and secreted by bacteria, actinomycetes, fungi 
and in the laboratory however, their origins are living cells. 

3.  Selection of Antibiotics: To select the antibiotic, we must know: 
 Its mode of action and Possible adverse (side) effects 
4. Use of Antibiotics: Use antibiotics as prescribed by the physicians 

Take dose at regular intervals and complete the treatment as advised by the 
doctor. 

5. Adverse Effects of Antibiotics: The misuse of antibiotics results in the following 
adverse effects: 
(i) Drug Resistance: The great use 01 antibiotics, is followed by the 

problems of drug resistance in microorganisms. Due to this, resistance 
against disease treatments is increasing. 

(ii) Interact with Human Metabolism: Misused antibiotics can interact with 
the human metabolism and may cause death. 

(iii) Allergic Reactions: Misuse of antibiotic like penicillin can cause allergic 
reactions. 

(iv) Deafness: Streptomycin can affect auditory nerve. The result is deafness. 
Discoloration of Teeth: Tetracycline and its related compounds cause 
permanent discoloration of the teeth in the young children. 

 
 

  

• Microbicidal effect is one 

that kills the microbes 

immediately. 

• Microbiastic inhibits the 

reproductive capacities of 

the cells and maintains the 

microbial population at 

constant size. 



 

 

 
 
  

Additional/Related Readings 
 
1. Kingdom Prokaryote (prokaryotic cells) includes Bacteria and cyanobacteria. 
2.  Microbiologists place bacteria in two major groups: EUBACTERIA (In Greek it 

means "true bacteria") and Archaeobacteria (In Greek it means "ancient 
bacteria". 

3. The discovery of small organisms (like bacteria) was linked with the invented 
in of microscope. 

4. Antonie Van Leeuwenhoek was a Dutch Scientist and in 1673 he reported the 
microbes (such as bacteria and protozoa) for the first time. He called these 
small creatures as "animalcules". 

5. Louis Pasteur developed the vaccines for diseases anthrax, fowl cholera and 
rabies. 

6. Louis Pasteur proved that microorganism could cause disease. He also 
developed pasteurization process and fermentation. 

7. Robert Koch isolated rod-shaped bacteria with squarish ends (bacilli) from the 
blood or sheep that was died of anthrax. 

8. Robert Koch formulated the germ theory of disease which has four postulates. 
9. Koch and his colleagues invented many techniques for: inoculation, isolation 

and media preparation, maintenance of pure cultures and preparation of 
specimens for microscopic studies. 

10. Some bacteria are present in specific environments. For example: hot springs, 
alkaline/acidic soil, highly saline environments, in highly polluted soils and 
waters etc. 

11. The size of bacteria is from 0.1 to 600 µm. 
l2. The procedures used to eliminate or reduce infection is called antisepsis 
13. The cyanobacteria are the largest and the most diverse group of 

photosynthetic bacteria previously called blue green algae. 
l4. Cyanobacteria are true' prokaryotes. They range in diameter from 1-10 urn. 

They have Gram-negative type cell wall. 
15. Cyanobacteria may be unicellular, colonial or filamentous 
16. Filaments cyanobacteria consisting of trichomes surrounded by mucilaginous 

sheath 
17. In cyanobacteria flagella are absent. They use gas vesicles to move in the 

water. 
18. A trichome is a chain of cells within the filament. Due to gas vesicles many 

filamentous species have gliding motility. 
19. For photosynthesis the cyanobacteria have chlorophyll a and photosystem II. 
20. Bacteria have sulfogenic photosynthesis while cyanobacteria have oxygenic 

photosynthesis. 
21. In Cyanobacteria, Photosynthetic pigments and electron transport chain is in 

thylakoid membranes linked with particles called phycobilisomes. 
 



 

 

  
22. In Cyanobacteria, CO2 is assimilated through the Calvin cycle. 
23. Phycocyanin pigment (blue) is their predominant phycobilin, Cyanobacteria 

use phycobilins as accessory pigments. 
24. Reserve food material in cyanobacteria is glycogen. 
25. Cyanobacteria reproduce by binary fission and fragmentation, Hormogonia, 

akinetes and heterocysts may also form in it. 
26. Cyanobacteria: Formally called blue-green algae, single rod-shaped or 

spherical prokaryotic cells that occur in clusters or in long filamentous chains 
and' carry out photosynthesis by means of chlorophyll a, carotenoids, and red 
and blue pigments. 

27. Cyanobacteria have heterocysts, which are helpful in the fixation of 
atmospheric nitrogen. 

28. Super blue green algae is a single celled organism that produces its own food 
through photosynthesis. It serves as a "complete whole food" which contains 
60 proteins with all essential amino acids. 

29. Oscillatoria and few other cyanobacteria can be used as pollution indicator. 
30. Many species of cyanobacteria form water blooms. 
31. Nostoc is common in terrestrial and subaerial environment. 
 Note: Gas vesicles are not true membranous organelles in the cyanobacteria. 
32. Nostoc forms a jelly like mass in which many filaments are embedded. 
33. Trichome breaks near heterocyst to form fragments called hormogonia. 
34. In cyanobacteria there is no sexual reproduction. However asexual 

reproduction is present. 
35. Pieces of trichome or filament are Hormogonia. 
36.  Akinetes are thick walled, enlarged vegetative cells which accumulate food 

and become resting cells. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. Reproduction in Nostoc 
(a) Hormogonia (b) Akinetcs 
 



 

 

 
  

37. Binary fission: The division of prokaryotic cells into two identical daughter 
cells. 

38. Chemoautotroph: An organism deriving energy from the oxidation of 
inorganic compounds 

39. Eubacteria: Literally, "true bacteria"; by far the most abundant group of 
prokaryotes 

40. Gram negative bacteria: Bacteria, such as E. coli, whose cell walls are 
surrounded by a lipid bilayer and hence do not take up iodine dye (crystal 
violet) during staining. 

41. Gram positive bacteria: Bacteria having a peptidoglycan cell wall, which takes 
up crystal violet dye and hence appears to stain purple under the light 
microscope. 

42. Heterotroph: An organism that obtains energy for cellular processes by taking 
in food consisting of whole autotrophs or other heterotrophs, their parts, or 
their waste products 

43. Humus: One of four main constituents of soil, humus consists of decomposing 
organic, materials that release nutrients and prevent soil from compacting. 

44. Nitrogen fixation: The conversion in plants of atmosphere N2 to a usable form, 
NH4(ammonium ion) 

45. Nucleoid: A dense, unbounded area within a prokaryotic cell that 
encompasses the eel. single chromosome and serves much like a nucleus. 

46. Obligate aerobe: An organism, generally a bacterium, which must have 
oxygen form metabolic processes. 

47. Phycobilin: A pigment in red algae that gives the algae their color and enables 
them capture green and blue wavelength of light in, deep water. 

48. Obligate aerobe: An organism, generally a bacterium, which must have 
oxygen form metabolic processes. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 

 

Assessment 1 
 
 

 

  

Assessment 1 

1. First phase in the growth curve is:  
(a) Lag phase   (b) Log phase  
(c) Stationary phase  (d) Decline phase  

2. Which one of the following is the most resistant stage found in bacteria?  
(a) Cyst   (b) Fission stage  
(c) Endospore   (d) Capsulated stage  

3. In some bacteria, surface appendages to attach one another or to host organisms are:  
(a) Flagella   (b) Pili  
(c) Hapteron   (d) Fimbriae  

4. In bacteria, the enzymes for oxidation of metabolites are present in:  
(a) Pili   (b) Oxysomes 
(c) Thylakoids  (d) Mesosomes  

5. Accessory genes of bacteria are present in:  
(a) Plasmids   (b) Nucleoid 
(c) RNA   (d) Plasmids and nucleoids  

6. Bacterial flagella are made up of:  
(a) Flagellin   (b) Tubulin 
(c) Actin  (d) Myoglobin  

7. In bacteria, aerobic respiration is supported by:  
(a) Cell wall and capsule   (b) Cell wall and membrane  
(c) Cell membrane and mesosomes  (d) Cell wall and mesosome  

8. A plasmid integrated into bacterial DNA is called:  
(a) Episome   (b) Provirus  
(c) Prophage   (d) Induction  

9. In bacteria, cell membrane invaginates into the cytoplasm forming a structure called:  
(a) Mesosome   (b) Ribosome  
(c) Lysosome   (d) Glyoxysome  

10. If a bacterial cell divides in every 20 minutes, how much time it will take in the 
formation of bacteria? 
(a) 20 minutes  (b) 60 minutes  
(c) 80 minutes   (d) 40 minutes 

 

 

 

 



 

 

Assessment 2 

1. How does a t phage enters its DNA it’s the host?  
(a) tail piece has a TP   (b) injection like process  
(c) contraction of protein  (d) all of these  
 
2. Virus that infects Eschericia coli is called:   
(a) viroid    (b) prions  
(c) bacteriophage  (d) phycophage 
 
3. The virus responsible for aids is a kind of:   
(a) mosaic virus   (b) retrovirus   
(c) immuno virus  (d) viroid 
 
4. Capsomeres in TMV are made up of:   
(a) RNA only   (b) RNA and proteins   
(c) amino acids  (d) proteins and DNA 

5. A process absent in virus is:  
(a) mutation   (b) replication  
(c) energy production  (d) all of these  

6. Genetic transfer through virus is called:  
(a) transduction  (b) conjugation  
(c) transformation  (d) transposition  

7. The most appropriate character to substantiate living nature of virus is:  
(a) mutability   (b) infectivity  
(c) multiplicity   (d) transmissibility  

8. Bacteriophages were discovered first time in 1915 by:  
(a) Twart   (b) Ivanowsky  
(c) D. Herelle   (d) Stanley 

9. Smallest disease causing agent in plants:  
(a) virion   (b) prions  
(c) viroids   (d) mycoplasma  

10. Who made modification in five kingdom classification system?  
(a) Margulis and Schwartz  (b) Linnaeus  
(c) Robert Whittacker   (d) Ernst Hackel  

 
  

Assessment 2 
1. Which of the following is archaeobacteria?  
(a) Methanogenic  (b) Pseudomonas  
(c) Green sulfur  (d) Purple non-sulfur  

2. Bacteria differs from viruses in having: 
(a) Cytoplasm   (b) Protein  
(c) DNA   (d) Infectious nature  

3. An example of respiratory and digestive disease:  
(a) Tuberculosis  (b) Cholera  
(c) Jaundice   (d) Dysentery  

4. In which activity Robert Koch was not involved:  
(a) Preparation of specimen for microscopic examination  
(b) Discovery of bacteria that caused anthrax 
(c) Development of vaccine for anthrax and cholera 
(d) Formulation of germ theory of disease  

5. Where are bacteria present?  
(a) Oil deposits   (b) Highly saline environment like dead sea 
(c) Hot springs   (d) All of these  

6. Some members of genus mycoplasma have size range about:  
(a) 100 – 200 nm  (b) 1.1 – 1.5 nm  
(c) 2.0 – 6.0 nm  (d) 0.75 – 1.25 nm  

7. The simplest of the oxygen producing photosynthetic organisms are:  
(a) Bacteria   (b) Cyanobacteria  
(c) Algae   (d) Fungi  

8. Some bacteria that can exist in variety of shapes are called:  
(a) Pleomorphic  (b) Hetromorphic  
(c) Morphovariants  (d) Spirobacillus or coccobacillus  

9. Cocci bacteria are found in different arrangements, which are based on:  
(a) Plane of cell division  (b) No. of cells found in a particular arrangement 
(c) Shape of the cell  (d) Both a and b  

10. Which one is the example of cocci bacteria?  
(a) Pseudomonas  (c) Hyphomicrobium  
(b) Escherichia coli  (d) None of them  

 

 

 

 

 

 



 

 

Assessment 3 

1. Scientific name of potato is:  
(a) solanum tuberosum  (b) Solanum tuberosum  
(c) Solanum tubersum  (d) Solanum tuberosum  

2. Halbur and Coworker (2001) said that hepatitis ______ could be transmitted through pig.  
(a) E    (b) C  
(c) B    (d) D  

3. The filterable agents were first purified in 1935, when Stanley was successful in crystallizing 
the viruses of:  
(a) AIDS   (b) tobacco mosaic  
(c) polio   (d) hepatitis  

4. The major cell infected by HIV is the _____ lymphocyte 
(a) helper– T   (b) killer – T  
(c) B   (d) both T and B  

5. First of all the bacteriophage attaches to the bacterial cell at _________ site.  
(a) receptor   (b) landing  
(c) attacking   (d) inducing  

6. The enzyme which dissolves a portion of the bacterial cell wall and is released by the tail of 
bacteriophages is the:  
(a) arginase   (b) protease  
(c) lysozyme   (d) amylase  

7. The capsomeres in the capsid of herpes virus are:  
(a) 162    (b) 262  
(b) 362   (d) 462  

8. Transfer of lysogenic into lytic is: 
(a) isolation  (b) stimulation  
(c) induction  (d) coordination  

9. What type of heterotrophic organisms have absorptive mode of nutrition?  
(a) all fungi   (b) some fungi  
(c) protozoans  (d) all protists  

10. Who discovered in 1796 an effective method for the prevention of a viral diseasesmall pox? 
(a) Ivanowski   (b) Edward Jenner  
(c) Chamberland  (d) Louis Pasteur 

  

Assessment 3 

1. Cocci bacteria are generally:  
(a) Peritrichous   (b) Lophotrichous 
(c) Amphitrichous  (d) Atrichous   

2. Function of bacterial endospore is:  
(a) Reproduction  (b) Survival  
(c) Protein synthesis  (d) Storage 

3. A bacterium with tuft of flagella at two poles is:  
(a) Atrichous   (b) Amphitrichous  
(c) Monotrichous  (d) Lophotrichous  

4. Cells of the trichome break at the point next to heterocyst and each piece is:  
(a) Fragment   (b) Hormogonium  
(c) Segment   (d) Peritoneum  

5. In gram negative bacteria, lipids are:  
(a) 10    (b) 12  
(c) 11   (d) 11 – 12  

6. The bacterium E.coli is:  
(a) Microaerophilic   (b) Facultative anaerobic 
(c) Aerobic   (d) Anaerobic  

7. Which one is the phase of rapid growth in bacteria?  
(a) Log    (b) Lag 
(c) Stationary   (d) Decline  

8. In bacteria, main waste materials are:  
(a) Alcohol   (b) Acetic acid  
(c) Lactic acid  (d) Alcohol, lactic acid and acetic acid  

9. In bacteria the dormant, thick-walled, non-heat resistant forms and develop during 
differentiation of vegetative cells which can germinate under suitable condition are:  
(a) Exospores   (b) Cysts  
(c) Endospores   (d) Zoospores  

10. The process in which we use physical agents to control bacteria/microorganism is 
known as: 
(a) Sterilization   (b) Immunization  
(c) Vaccination   (d) Pasteurization  

 

 

 



 

 

Assessment 4 

1. Foot and mouth disease and yellow fever is caused by:  
(a) fungus   (b) bacteria  
(c) virus   (d) protozoan  

2. Most commonly herpes simplex occurs in the mouth, on the lips and at other _____ sites.  
(a) receptor   (b) binding  
(c) active   (d) skin  

3. Scientific name has advantages of:  
(a) same name applied to different organism 
(b) same organism have different name in different areas  
(c) has no scientific basis 
(d) has scientific basis and universally accepted  

4. In 1866 Ernst Hocckel proposed a third kingdom called:  
(a) monera   (b) plantae 
(c) fungi   (d) protoctista (protista)  

5. The five kingdom system of c1assification was proposed by:  
(a) E-Chatton   (b) Robert Whittaker  
(c) Linnaeus   (d) Margulis and Schwarts  

6. In the scientific name of onion, allium cepa, the allium belongs to its: 
(a) family   (b) species  
(b) genus   (d) order 

7. Virus kinds are about:  
(a) 1000   (b) 3000  
(b) 2000   (d) 4000  

8. Virus tail has:  
(a) ATP   (b) tail sheath and tail core  
(c) tail fibers  (d) all of these  

9. Which hepatitis is by RNA virus which is enveloped?  
(a) E    (b) B  
(b) C    (d) D  

10. Icosahedral means:  
(a) less than 10 faces   (b) 5 faces  
(c) 20 faces   (d) more than 20 face  

 

Assessment 4 

1. Bacteria fully dependent on their host:  
(a) Parasitic   (b) Chemosynthetic  
(c) Photosynthetic  (d) Heterotrophic  

2. Gram positive bacteria contain less of ___________ as compared to gram negative.  
(a) Peptidoglycan  (b) Lipoid materials  
(c) Permeability  (d) Techoic acid  

3. Slime provides greater pathogenicity to bacteria by:  
(a) Attaching them at target site 
(b) Protecting them from the effect of antibiotics  
(c) Protecting them against phagocytosis 
(d) All of the above  

4. Bacterial cell membrane differs from eukaryotic cell membrane by:  
(a) Lacking cholesterol 
(b) Containing enzyme for respiratory metabolism  
(c) Forming infolding like mesosome  
(d) All of the above  

5. Rod shaped bacteria are:  
(a) Cocci   (b) Bacilli  
(c) Spirilla   (d) Vibrius  

6. Which of the following is present in both gram positive and gram negative walls?  
(a) An outer membrane  (b) Peptidoglycan  
(c) Teichoic acid  (d) Lipopolysaccharides  

7. Asexual reproduction in bacteria occur by:  
(a) Conjugation   (b) Binary fission  
(c) Multiple fission  (d) Transformation  

8. In bacteria chlorophyll is present in:  
(a) Ribosomes   (b) Mesosomes  
(c) Plasmids   (d) Cytoplasm  

9. In gram positive bacteria, overall thickness of cell wall is:  
(a) 20 – 80 nm   (b) 20 – 60 nm  
(c) 8 – 11 nm   (d) 1 – 4 nm  

10. The bacteria which exist in grape like cluster are called:  
(a) Staphylococci  (b) Coccobacillus  
(c) Streptobacillus  (d) Pleomorphic  

 

 

 



 

 

Key 

Assessment 1 

1.       a 
2. c 
3. b 
4. d 
5. a 
6. a 
7. c 
8. a 
9. a 
10. a 

 

Assessment 2 

11. a 
12. a 
13. a 
14. c 
15. d 
16. a 
17. b 
18. a 
19. b 
20. d 

 

 

 

 

 



 

 

 

Assessment 3 

21. d 
22. b 
23. b 
24. b 
25. d 
26. a 
27. a 
28. d 
29. b 
30. a 

 

Assessment 4 

31. a 
32. a 
33. d 
34. a 
35. b 
36. b 
37. b 
38. d 
39. a 
40. a 
 



 

 

 

Learning Objectives: 

Male reproductive system  

Female reproductive system (including menstrual cycle)  

Sexually transmitted disease 

 

 

 

 

 

Reproduction 



 

 

Reproduction 

Reproduction is a process through which organisms produce young ones of their own kind to 
maintain their species. Reproduction is of two types, asexual reproduction and sexual 
reproduction.  

Asexual reproduction:  
It is a kind of reproduction in which a single organism gives rise to offspring by mitotic cell 
division, during which the total number of chromosomes is exactly replicated and passed on to 
the daughter cells, so that the offspring are genetically identical to the parent.  

Advantages:  
(i)  The offspring are genetically identical to the parent.  
(ii)  Increase in number is very rapid.  
(iii) Tissue culturing in plants and cloning in animals are very easy.  

Disadvantages:  
(i)  It is not good for survival of a species.  
(ii)  In the cloning there is rapid aging and low resistance to environmental stress and 

diseases. Similarly cloning is still not being accepted socially and morally in general.  

Sexual Reproduction:  
It is a kind of reproduction in which usually two parents are involved and a fertilized egg is 
produced through the union of meiotically produced specialized sex cells (egg and sperm) from 
each parents. 

Advantage: 
Meiosis or reduction division gives rise to spores (sporogenesis) or gametes (gametogenesis). As 
a result, the chromosome number is halved (haploid). Similarly reshuffling of genes also occur 
which lead to new recombination of genes.  
This not only maintains the chromosome number in a species but also produce genetic 
variations. It is an important factor in the survival of a species or a population. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 
 
Asexual Reproduction Sexual Reproduction (Omitting Bacteria) 

One parent only Usually two parents 

Offspring produced by mitotic cell division. A fertilized egg is produced by the union of 
meiotically produced specialized sex cells (egg 
and sperm) from each parents. From this 
fertilized egg.an organisms is produced by the 
process of mitosis 

No gametes are produced Gametes are produced. These are haploid and 
nuclei of two gametes fuse (fertilization) to 
form a diploid zygote 

Meiosis absent and the complete number of 
chromosomes is exactly replicated and passed 
on to the next generation 
 

 

  

Meiosis present at some stage in life cycle. 
Meiosis or reduction division gives rise to 
gametes (gametogenesis) III which not only the 
chromosome number is halved (haploid). In 
this way the chromosome doubling in every 
generation is prevented 

Offspring genetically identical to the parent Offspring show genetic variation which is an) 
important factor in the survival and adaptation 
of species or a population 

Commonly occurs In plants, less differentiated 
animals and micro-organisms Absent In more 
differentiated animals 

Occurs in the majority of plant and animal 
species 

Often results in rapid production of large 
numbersof offspring 

Less rapid increase in numbers. 

Methods of asexual reproduction are fission, 
sporulation, budding, vegetative propagation, 
artificial propagation, parthenogenesis and 
apomixes etc. The layering, grafting, budding 
etcare the artificial asexual methods of 
reproduction in plants 

 

 

Evolution of Sexual Reproduction:  
Asexual method of reproduction is a primitive form of reproduction. Later on a mechanism was 
evolved leading to the production and union of gametes. First isogamy & then Heterogamy was 
evolved.  
Evolution of sexual reproduction also leads to the differentiation of sexes (male or female). 
Fertilization is the process which leads to union of gametes. Fertilization may occur outside the 
body (external fertilization) or inside the body of the female (internal fertilization). In terrestrial 



 

 

conditions fertilization is internal. Sperms are lodged in the female body where fertilization 
occurs.  
After internal fertilization sometimes there is external development as in reptiles and birds. They 
lay shelled eggs to protect the developing embryo from harsh terrestrial conditions. Such 
animals are called oviparous, 
In mammals, internal fertilization leads to internal development and development of embryo 
occurs inside the female body, which give birth to young one such animals are called viviparous.  
In some mammals like Duckbill platypus (Echidna), internal fertilization leads to internal 
development of the young one in a shelled egg and when development is completed shelled egg 
is laid which hatches the offspring. This is called ovoviviparous condition. Viviparous and 
ovoviviparous animals provide more protection to their young one during development.  
 

Reproduction in Man:  
Male and female have separate reproductive systems.  

Male Reproductive System:  
Male reproductive system consists of external genitalia which consist of:  
(i)        A pair of testes. 
(ii)  Male reproductive organ which IS used to transfer the sperms into the female 

reproductive tract.  
(iii) Various accessory glands 
Testes:  
Location:  
Testes lie outside the body in the sac like scrotum.  
Seminiferous Tubules:  
Each testis consists of a highly complex duct system called seminiferous tubules. 
Sperm Production:  
In the seminiferous tubules repeated division by the cells of the germinal epithelium produce 
spermatogonia. These increase in size and differentiate into primary spermatocytes. Meiosis 
occurs in the primary spermatocytes to form secondary spermatocytes and spermatids. Finally, 
the spermatids differentiate into mature sperms. 
Hormone Production:  
Between the seminiferous tubules are interstitial cells which secrete testosterone. This hormone 
is essential for the successful production of sperms and also controls the development of male 
secondary sexual characteristics during puberty. 
Sperm Storage:  
Fluid secreted by sertoli cells provides liquid medium, protection and nourishment to sperms 
while they are in the tubules. The sperms are then transferred to the main duct of the male 
reproductive tract, the vas deferens which forms highly convoluted epididymis. The sperms then 
pass through the urinogenital duct and are discharged out.  
 



 

 

 
 
 
The male reproductive system cosmists of two testes that produce sperms, 
ducts that carry the sperms, and various glands. 
 
 
 
 
 
 
 

Sperm formation by meiosis 
 
 
  



 

 

Female Reproductive System:  
The female reproductive system consists of 

(i) Pair of ovaries   (ii) Pair of oviducts 
(iii) Uterus    (iv) External genitalia 

 
Ovaries:   
A pair of ovaries lies within the body cavity of the female 
Egg Production:  
Germ cells in the ovary produce many oogonia which divide by mitosis to from primary oocytes. 
These are enclosed in groups of follicle cells. The primary oocyte divides meiotically into the 
haploid secondary oocyte and first polar body. Second meiotic division in the ooccyte proceeds 
as far as metaphase but is no completed until the oocyte is fertilized by the sperm. 
Ovulation:  
Discharge of ovum from the ovary is called ovulation. In human only on, ovum is usually 
discharged from the ovary at one time. 
(ii) Oviduct / Fallopian Tube: The ovum is then transferred to the oviduct generally called 

fallopian tube or uterine tube. The fertilization of the ovum takes place in the proximal 
part of the oviduct. 

(iii) Uterus: The uterine tube opens into the uterus. The fertilized ovum (zygote) enters the 
uterus where it is implanted (conceived) and undergoes further development. A placenta 
is established between the uterine and foetal tissues for the exchange oxygen, carbon 
dioxide, waste, nutrients and other materials. 

(iv) External Genetalia: Uterus opens into the vagina through cervix. Urethera and vagina 
has independent openings to the exterior. 

 

 
 
                                       Fig. The human female reproductive system 



 

 

 
                  
 



 

 

Female Reproductive Cycle:  
• In female, production of egg is a cyclic activity. However, in males, the gamete production 

and release is a continuous process beginning at puberty and lasting throughout life. 
• The 28 days periodic reproductive cycle in which structural and physiological changes 

occur in the whole reproductive system of the female is called menstrual cycle. 
The cycle is divided into four phases. The events of the menstrual cycle involve the ovaries cycle 
and the uterus (uterine cycle) and these are regulated by pituitary gonadotropin hormone. 
 
Stages of female reproductive cycles are: 

1. Role of FSH:  
The pituitary gland on the start of puberty, releases follicle stimulating hormone 
(FSH). This hormone stimulates the development of several primary follicles. Only 
one of these follicles continues to grow with its primary oocytes while the rest break 
down by a degenerative process known as follicle atresia. 

2. Role of Estrogen:  
The ovary under the stimulus of FSH, also produce estrogen hormone. It has following 
functions: 

(i) It stimulates the endometrium (internal lining of the uterus wall) and vascularize 
it. 

(ii) It inhabits the secretion of FSH from pituitary gland. 
3. Role of LH:  

Decrease of FSH and increase of estrogen, causes the pituitary gland to secrete 
luteinizing hormone (LH) which induces ovulation. The release ovum from the follicle 
is called ovulation if release of a secondary oocyte (ovulation) is coincided with the 
thickening of the uterus. 

4. Role of Progesterone:  
The following cells after release of the egg are modified to form a special structure 
called corpus luteum. The yellowish glandular structure starts secreting a hormone 
called progesterone. It has following functions. 

This hormone develops the endometrium and makes it receptive for the implantation of 
the zygote (placenta formation).  
The uterine cycle in humans involves the preparation of the uterine wall to receive the 
embryo if fertilization occurs. Knowing how these two cycles are correlated, it is possible 
to determine when pregnancy is most likely to occur. 
If fertilization does not occur, the corpus luteum starts degenerating. The progesterone 
secretion reduces and its effect on the spongy endometrium is reduced, which suffers a 
breakdown, this cause the discharge of blood and cell debris known as menstruation. 
This stage usually lasts for 3 – 7 days. The cycle is thus completed and the uterus is ready 
to enter into the next cycle



 

 

Period of Menstrual Cycle:  
The human menstrual cycle generally repeats every 28 days although there is variation in 
different individuals or even within the same individual at different times of her age. 
The end or complete stop of the menstrual cycle is called menopause after which the female 
stops producing the ova. Malnourishment and emotional stresses, effect the female reproductive 
cycle, which may be disturbed. The cycle is not completed in its normal 28 days. 
 
 

 
The ovarian and uterine cycles in human female 

 

Oestrous Cycle 
Introduction:  
Oestrous cycle is a reproductive cycle found in all female mammals except human being 
Definition:  
The cyclic structural and physiological changes which occur in the female  
reproductive tract from one period of estrous to the next is called oestrous cycle.  
Explanation:  
In this cycle, the estrogen production prepares the uterus for conception partly and also follicle 
develops ova. At this stage, female needs a physical stimulus of mating for ovulation. She exhibits 
the desire for mating or is said to be on "beat".  
 



 

 

Birth:  
Gestation Period:  
The total gestation period (pregnancy) is usually about 280 days.  
Secretion of Progesterone:  
Once the placenta is established, it starts secreting the progesterone hormone which maintains 
the pregnancy.  
Premature Births or Miscarriage:  
Any disturbance in the secretion of progesterone may lead to premature births or miscarriage. 
Human embryo is enclosed in amniotic sac filled with amniotic fluid (protective and shock 
absorptive).  
Placenta:  
It is a structure which develops between the developing child and the uterus. It develops partly 
from tissue of the uterus and partly from the extra embryonic membrane of the developing child. 
The embryonic blood vessels that supply nutrients to the developing child and remove metabolic 
wastes are separated from the blood vessels of the mother. Because of this separation, the 
placenta can selectively filter different materials and micro-organisms. 
Secretion of LTH and Placental Lactogen:  
During this period pituitary gland produce luteotropic hormone (LTH). Placenta also secretes 
human placental lactogen .Both these hormones stimulate mammary development in 
preparation for lactation. 
Fetus Formation:  
From beginning of the 3rd month of pregnancy the human embryo is referred to as the fetus. 
Most of the major organs are formed by the 12thweek of pregnancy and the remainder of the 
gestation period is taken up by growth. 
Onset of Birth:  
It was thought that hormonal activities within the mother i.e., decrease in progesterone level 
onset the birth. But recent evidence suggests that there is a high degree of fetal involvement in 
the timing of birth. 
The initial stage of birth is the result of the stimuli from the fetal pituitary. The ACTH released 
from fetal pituitary stimulates the fetal adrenal gland to release corticosteroids which cross the 
placental barrier and enter the maternal blood circulation causing a decrease in progesterone 
production.  

 
 

Fig. Placentia structure 



 

 

The embryonic blood vessels that supply the developing child with nutrients and remove the 
metabolic wastes are separated from the blood vessels of the mother. Because of this separation, 
the placenta can selectively filter many types of incoming materials and micro-organisms.  
Oxytocin and Labour:  
The reduction of progesterone level stimulates the pituitary gland to produce oxytocin hormone. 
This induces labour pains i.e. contraction of the uterus walls.  
The release of oxytocin occurs in "waves" during labour and provides the force to expel the fetus 
from the uterus.  
Delivery:  
The cervix dilates and the uterine contractions spread down over the uterus and arc strongest 
from top to bottom, thus, pushing the baby downward leading to the delivery of the baby. The 
umbilical cord is ligated and baby is released from the mother.  
Release of After Birth:  
Within 10-45 minutes after birth the uterus contracts and separate the placenta form the wall of 
the uterus and placenta then passes out through the vagina. This is called after birth. 
Bleeding During Delivery:  
Bleeding, throughout this period, is controlled by the contraction of smooth muscle fibers which 
completely surround all uterine blood vessels supplying the placenta. Average loss of blood is 
about 350 cm.  
Test Tube Babies:  
If some physiological and physical abnormalities, in reproductive system in any of the two parents 
then test tube baby is possible.  
Parental sperm and ovum is fertilized in vitro outside the female body and then the zygote is 
implanted back into the mother uterus, placenta establishes and remaining development takes 
place in the body of the mother leading to normal birth.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

Sexually Transmitted Diseases (Std):  
Unhealthy Attitudes And Low Moral Values Sometime lead to serious complication. The carrier 
may transmit this disease to their healthy partners. 

1.  Gonorrhoea: 
Causal Organism:  
It is caused by a gram positive bacteria Neisseria gonorrhoeae. 
Effects:  
It mainly affects the mucous membrane of urinogenital tract. New born infants may acquire 
serious eye infections if they pass through the infected birth canal. 
Transmission:  
It is highly contagious through sexual contacts.  

2. Syphilis:  
Causal Organism:  
It is caused by a spirochete, Treponema pallidum. 
Symptoms:  
It damages the reproductive organs, eyes bones joints, central nervous system, heart and skin. 
Transmission:  
Sexual contact is the major source of its spreading. 

 3. Genital Herpes: 
Causal Organisms:  
It is caused by it herpes simplex type 2 virus (HSV-2) 
Symptoms:  
It produces genital soreness and ulcers in the infected areas 
Transmission:  
It is most frequently transmitted by sexual contact causing infection of the genitalia. In infected 
pregnant woman, virus can be transmitted to infant during birth, causing damage to eyes and 
CNS of the infant. 

4.  AIDS (Acquired Immune Deficiency Syndrome): 
Causal Organism:  
It is caused by HIV (Human Immunodeficiency) 
Symptoms:  
Patient loses his power of immunity. 
Transmission: Sexual contact is a major source of its spread. 
Control:  
It is by avoiding sexual contacts with. 

Control of Sexually Transmitted Diseases (STD): 
The above sexual diseases can be controlled and prevented by avoiding sexual contacts with 
carrier or diseased person and adopting the hygienic conditions.  
The treatment involves medication for a long period except AIDS. 

 



 

 

 

Learning Objectives: 

Cartilage  

Types of muscles  

Skeletal muscles  

Cardiac muscles  

Smooth muscles  

• Structure of skeletal muscles 

• Mechanism of skeletal muscle contraction 

• Types of joints  

• Gout and arthritis 
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Support and Movement 
Some Major Functions of The Skeletal System:  
(i) Support and Shape: 

Bones support soft tissues and serve as attachment sites for most muscles and provide 
shape to the body. 

(ii) Protection: 
Bones protect critical internal organs, such as brain, spinal cord, heart, lungs and 
reproductive organs. 

(iii) Movement: 
Skeletal muscles attached to the bones help move the body. 

(iv) Mineral Homeostasis: 
Bones serve as storehouse for calcium, phosphorus, sodium and potassium. Through 
negative feedback mechanisms, bones can release or take up minerals to maintain 
homeostasis. 

(v) Blood Cell Production: 
Red and white blood cells are produced in bone marrow. a connective tissue found within 
certain bones. 

Bones and Cartilages 
The endoskeleton is primarily made up of two types of tissues which are bones and 
cartilage. Both bones and cartilage are types of rigid connective tissue and consists of cells 
embedded in the matrix of protein called collagen. 

 
 

 
 

 



 

 

1.  Bone: 
Bone is the most rigid form of connective tissue in which the collagen fibers are hardened 
by deposit of calcium phosphate. 

Structure of a Bone: 
Bones of arms and legs consist of two parts: 
(i)  Compact Bones: 

It is an outer shell which is dense and strong and provides an attachment site for 
muscle 

(ii) Spongy Bones: 
Spongy bone is in the interior. It is light rich in blood vessels and highly porous. 
The cavities of spongy bone contain bone marrow where the blood cells are 
formed 

Cells Associated with Bone: 
There are three types of cells associated with the bone: 
(i)  Osteoblasts: These are bone- forming cells. 
(ii) Osteocytes: These are mature bone cell. 
(iii) Osteoclasts: These are bone dissolving cells. 

 
 

 
 

Fig. Cells of bone 
Development of a Bone from Cartilage: 

When a bone is replacing cartilage, the osteoclasts invade and dissolve the cartilage. Then 
osteoblasts replace it with bone. As bones grow, the matrix of the bone is hardened and 
the osteoblasts are gradually entrapped within it. 

2.  Cartilage: 
Development of Cartilage: 
Cartilage is formed of living cells called chondrocytes which secrete flexible elastic. Non-
living matrix called collagen that surrounds the chondrocytes. No blood vessels penetrate 
into the cartilage. Cartilage is much softer than a bone. It is a form of connective tissue. 
 
Location: 



 

 

Cartilage covers the ends of the bone at the joint. It also supports the flexible portion of 
nose and external ears. 

             Types of Cartilage: 
There are two main types of cartilage. 
(i) Hyaline Cartilage: It is the most abundant type in human body and is found at the 

moveable joints. 
(ii) Fibro Cartilage: It has matrix containing bundles of collagens fibers. It forms 

external pinnae of ears and in the epiglottis. 

Joints 
Joints occur where bones meet. 
Function: Joints not only hold our skeleton together but also give it the mobility. 

1.  Classification of Joints on the Basis of Movement: 
There are 3 types of joints on the basis of the amount of movement allowed by them: 
(i) Immovable Joints:  

Such joints are present in the skull. These joints allow no movement. 
(ii) Slightly Movable Joints:  

Hyaline cartilage forms joint between growing bone & allow little movement. 
(iii) Freely Movable Joints:  

The freely movable joints are of two types viz. hinge joint and ball and socket joint.  
2. Classification of Joints on the Basis of Structure: 

(i)  Fibrous Joints (Immovable Joints): 
These joints are held together by short fibers embedded in connective tissue. 
Example: Joints in the skull, and the joint which fix teeth into the jaws. 

(ii) Cartilaginous Joints (Slightly Movable Joints): 
These joints allow little or no movement. These are of two types: 
(i) Hyaline cartilage formed joint between growing bones 
(ii)  Fibrous cartilage joints are found between vertebrae at the point where 

coxal bones meet in front of the pelvis. 
(iii) Synovial Joints (Freely' Movable Joints): These joints contain a cavity filled 

with fluid. This fluid reduces the friction between the moving joints. 
The joint is surrounded by a layer of connective tissue called fibrous capsule and their 
inner layer the synovial membrane. Some parts of capsule are modified to form distinct 
ligament holding the hones together. Based on structure and movements allowed the 
synovial joints can be classified further into following major types.  

1. Hinge Joint: 
It is the joint that allows the movements in two directions. 

 Examples: These are at elbow, knee and fingers. 
Arrangements of Muscles: At these joints, pair of muscles arc arranged in the same plane 
as that of joints, One end of each muscle (the origin) is fixed to the immovable bone on 
one side of joint and the other end of muscles (the insertion) is attached to the far (distal) 
side of the joint. 
2.  Ball and Socket Joint: 
It is the joint that allows the movement in several directions. 
Examples: Hip joint and shoulder joint. 



 

 

Arrangements of Muscles: Such joints have at least two pairs of muscles present 
perpendicular to each other. They provide maximum flexibility. 

 
 

 
 

Deformities of Skeleton 
Some major causes of deformation are as follows: 

(i)  Genetic Deformities:  
(a)  Cleft Palate: It is a condition in which palatine processes of maxilla and palatine 

fail to fuse. The persistent (constant) opening between the oral and nasal cavity 
interferes with sucking. 
It can lead to inhalation of food into the lungs causing aspiration pneumonia: 

(b) Microcephaly: This is the condition in which the individuals have small sized skull. 
This is caused by some genetic defect. 

(c) Arthritis: It covers over 100 different types of inflammatory or degenerative 
diseases that damage the joints. Osteoarthritis (O, A) is the most common chronic 
arthritis. It is a degenerative joint disease also caused by genetic defect. 

(ii) Hormonal Deformities: 
There are some hormonal deformities: 
Osteoporosis: It is a group of diseases in which bone releases some depositions. As a 
result, the bone mass is reduced but the chemical composition of the matrix remains 
normal, factors Causing Osteoporosis: Osteoporosis mostly occurs in aged women having 
decreased estrogen level. 



 

 

Other factors include insufficient exercise, smoking and diet poor in calcium and protein 
etc. Protection: Estrogen replacement therapy (ERT). 

(iii) Nutritional Deformities:  
Following are two major Nutritional deformities:  
(a)  Osteomalacia (Soft Bones): It includes a number of disorders in which the bones 

receive insufficient minerals. 
Causes: In this disease, calcium salts are not deposited and hence bones soften 
and weaken. 
Symptoms/Effects: The main symptom is the pain when weight is put on affected 
bones. Weight bearing bones of legs and pelvis bend and deform. 

(b)  Rickets: 
It is another disease in children with bowed (curved) legs and deformed pelvis. 
Causes: It is caused by deficiency of calcium in diet or vitamin ‘D’ deficiency. 
Treatment: Vitamin 'D' fortified milk and exposing skin to sunlight to cure disorder. 

(iv) Deformities Due to Physical Trauma:  
 Following are three major deformities due to physical trauma: 

(a)  Disc-Slip: 
Disc: Each intervertebral disc is a cushion - like pad composed of two parts. 

(i) Nucleus Pulposus: It is an inner semi fluid material which acts as rubber ball to 
give a disc its elasticity and compressibility.  

(ii) Annulus Fibrosus: It is a strong outer ring of fibrocartilage. The annulus fibrosus 
holds together successive vertebrae. 
Functions of the Disc: 
The discs act as shock absorber during walking, jumping running and to lesser 
extent to bend laterally. 
Herniation: 
Severe or sudden physical trauma (shock) to spines may result in herniation of one 
or more discs (commonly known as slipped disc). 
There is rupture of annulus fibrosus followed by protrusion of the spongy nucleus 
pulposus. If the protrusion (projection) presses on spinal cord or on spinal nerves 
(arising from cord) then severe pain is generated or even there is destruction of 
the nervous structure. 
Treatment: 
Bed rest traction and painkiller. If this fails disc may be removed surgically. 
 

(b)  Spondylosis: 
It is the disease, which causes immobility and fusion of vertebral joint. 

(c)  Sciatica: 
It is the acute pain radiating over the course of sciatic nerve. 
Causes: 
It is due to:  

•  Injury of proximal sciatic nerve which might follow a fall.  
•  A herniated disc or  



 

 

•  Improper administration of an injection into the buttock.  
Symptoms/Effects: 
The effect on lower limb depends upon the course of the sciatic nerve injured. When 
sciatic nerve is completely transected, the legs become nearly useless. They cannot be 
flexed and all foot-ankle movement is lost.  
Recovery: 
Slow and incomplete.  
 
 

(v) Arthritis: 
Arthritis is inflammatory or degenerative disease that damage joints. Symptoms: Main 
symptoms are pain, stiffness and swelling of the joint.  
(a)  Acute Arthritis: 

It is due to bacterial invasion and arc treated with antibiotics. 
Symptoms: 
The membrane, lining the joint thickens, fluid production is decreased. As a result, 
friction is increased. 
Treatment:  
It is treated with antibiotics.  

(b) Chronic Arthritis: 
These are osteoarthritis, rheumatoid arthritis, and gouty arthritis.  

(vi)   Gout: 
Gout is a very painful form of arthritis caused by uric acid crystals that form in and 

around the joints.  It's the most common type of inflammatory arthritis. 
 

Muscles 
The bundles of cells or fibers that can be contracted and expanded to produce physical 
movements.  
These cells contain numerous filaments of special protein called actin and myosin. Many multi-
cellular animals have evolved these specialized cells for movement.  

Kinds of Muscles:  
The vertebrates have three kinds of muscles which are smooth muscles. skeletal muscles 
and cardiac muscles.  

1.  Smooth Muscles:  
(i)  Muscle Shape: The muscle is unstriped i.e. it has no striations.  
(ii) Cell Shape: The cells an; long and spindle shaped with each containing a single 

nucleus,  
(iii) Control: It is not under the voluntary control. 
(iv) Speed of Contraction: Slow  
(v) Cause of Contraction: Spontaneous, stretch, nervous system and hormones. 

Examples: These muscles are found in the blood vessels, digestive tract and man) 
other organs.  



 

 

(vi) Earliest Form: Smooth muscles were the earliest form of muscle to evolve and it 
is found throughout animal kingdom.  

(vii) Summary: Smooth muscle tissue is visceral, non-striated and involuntary  

   
(i) Muscle Shape: Irregular stripes  
(ii) Cell Shape: Heart muscle is composed of chains of single cell, each with its own 

nucleus. The cells are branched, interconnected and organized into fibers.  
(iii) Control: It is not under the voluntary control.  
(iv) Speed of Contraction: Immediate  
(v) Cause of Contraction: Spontaneous  

Examples: These are muscles of the heart. They constitute most of the mass of 
the heart walls. 

 
 

3.  Skeletal Muscles:  
(i) Definition: The muscles that are attached with the skeleton and associated with 

the movement of bones arc called skeletal muscles.  
(ii) Muscle Shape: Skeletal muscles arc also called striped or striated muscle because 

they show alternate light and dark bands.  
(iii) Cell Shape: Spindle or cylindrical.  
(iv) Tendons: Generally, each end of entire muscle is attached to bone b: a bundle of 

collagen, non-elastic fibers known as tendons.  
(v) Control: The skeletal muscles arc consciously controlled and therefore are called 

voluntary, muscles.  
(vi) Speed of Contraction: Slow to rapid 
(vii) Cause of Contraction: Nervous system 
Examples: Triceps and biceps. 
 
CARDIAC MUSCLES  SMOOTH MUSCLES  SKELETAL MUSCLES  

Muscles which make the 
structure of heart  

Muscles which make the 
structure of hollow, tubular 
organs  

Muscles which are attached to 
skeleton 

Involuntary Involuntary Voluntary 

Branched Unbranched Unbranched 

Barrel-shaped cells  Spindle shaped cells Barrel-shaped cells  

Uninucleated  Uninucleated  Multinucleated 

Have irregular striation  No striations Have regular striation  

Speed of contraction is 
intermediate  

Speed of contraction is slow  Speed of contraction is Slow to 
rapid  

Pumps blood  Control movement of substance 
through hollow organs  

Moves the skeleton  

 
 
 



 

 

Structure of A Skeletal Muscle Fiber 
Muscle: 
 Each muscle consists of muscle bundles which arc further composed of muscle fiber or 
cells. 
Muscle Fiber:  
Skeletal muscle fibers arc huge cells. Each muscle fiber is long cylindrical cell; each cell has 
many oval nuclei arranged just beneath its sarcolemma. Their diameter is 10 – 100 µm.  
Sarcoplasm of muscle fiber is similar to the cytoplasm of other cell but it contains usually 
large amount of stored glycogen and a unique oxygen bonding protein called myoglobin. 
Myoglobin is a red pigment that stores oxygen.  

             Structure of a Muscle Fibre in High Magnification: 
Myofibrils: Each muscle fibre contains a large number of myofibrils. Each myofibril is 
1 – 2 µm in diameter. 
These myofibrils run in parallel way and extend the entire length of the cell. Bundles of 
these fibrils arc enclosed by the muscle cell membrane or sarcolemma. The myofibril 
contains myofilaments. 
 

Ultra Structure of Myofilament: 
Myofilament is made up of thick and thin filament. 

(i)  Thick Filament: 
The thick filaments, which are about 16 nm in diameter, are composed (If myosin. 
structure of a thick (myosin) filament.  

 Each Myosia molecule has tail ending in two globular heads. The heads are sometimes 
called cross bridges because they link the thick and thin myofilaments together during 
contraction. 

 Myosin tail consists of two long polypepti chain coiled together. 
(ii) Thin Filament: 

Thin filaments are 7 - 8 nm thick and composed of chiefly actin molecule. 
Structure of Thin (Actin) Filament: 
The actin molecules are arranged in two chains which twist around each other like twisted 
double strand of pearls. 
There are two strands of another protein called tropomyosin which twist around the 
actinchains. 
Another major protein in thin filament is troponin.  
It is three polypeptide complex, one binds to actin another binds to tropomyosin while 
third binds calcium ions.  
Sarcomere: 
A sarcomere is the legion of a myofibril b tween two successive Z-lines and is the smallest 
contractile unit of muscle fibre. A myofibril has many sarcomeres. 
In each sarcomere a series of dark and light bands are evident along the length of each 
myofibril. 

 
 



 

 

Dark Bands: 
The dark bands are called A hand because they are anisotropic that is they can polarize 
visible light.  
Each A band has it lighter stripe in its midsection called H-zone (H stands for “hele” means 
bright). 
The H-zone is bisected by dark line called M-line.  

Light Bands: 
The light bands called I-band are isotropic or non-polarizing. The I-band, have mid line 
called |Z-line, (Z for zwish means between). 

Filaments of A and I-band: 
The filament extending the entire central thick length of the A-band are myosin filaments. 
The filaments extending across the I-band and partly into the A-band arc thin actin 
filaments. 
Each myosin filament is surrounded by six actin filaments on each end. 

Muscle Cell Appearance: 
The striped appearance of the skeletal muscle cell is due to it, light and dark bands. T-

Tubule, T-system and Triad: 
The sarcolemma of muscle fibre cell penetrates deep into the cell to form hollow 
elongated tube, the transverse tubule, T-tubule. The lumen or I-tubule is continuous with 
the extracellular fluid. 
The thousands of T-tubules of each muscle cell are collectively called T-system. It extends 
and encircles the myofibril at the level of Z-line or A and l-junction. 
The T-tubule and terminal portion of the adjacent envelope of sarcoplasmic reticulum, 
form triads at regular interval along the length of the fibril.  

 
 

 
 



 

 

 

Mechanism of Muscle Contraction: 
When muscle fibre contracts the thin and thick filaments undergo shining. The I-band 
reduces in length and I-line gets closer, to explain all these events in muscle contraction. 
H-Huxley, A. F. Huxley and their colleagues suggested a hypothesis in 1954. This is called 
“Sliding filament model” of muscle contraction.  

Sliding Filament Model of Muscle Contraction: 
According to this theory the thin filaments slide past the thick filaments so that actin and 
myosin filaments overlap to greater degree. 
Thus the Z-line is brought close together. I-band shortens the H-zone disappears. 
In this process of contraction, the cross bridges (If thick filament become attached to 
binding sites on the actin filament. The cross bridges then contract to pull the actin 
filament towards center of sarcomeres. 

 

Control of Cross Bridges:  
Muscle at Rest: 

When the muscle is at rest the tropomyosin covers the sites on the actin chain where the 
head of myosin becomes attached. 

Muscle Contraction: 
When the muscle is required to contract then following steps occur: 
(i) Calcium ions bind with the troponin molecule and cause them to move slightly. 
(ii) The tropomyosin is displaced and the sites on the actin chain where the head of 

myosin becomes attach are exposed. 
(iii) Once the myosin head has become attached to the actin filament. ATP is 

hydrolyzed and the bridge goes to its cycle. 
ATP is needed to break the link between the myosin bridge and the actin. This ATP 
is provided by the large number of mitochondria present in each muscle cell. 

Rigor Mortis 
We know that ATP is needed to break the link between the myosin bridge and the actin. 
After death the amount of ATP in the body falls. Under these conditions the bridges 
cannot be broken and so they remain firmly bound.  
As a result the body becomes stiff a condition known as rigor mortis. 

Controlling the Actin-Myosin Interaction by Ca++ Ions: 
1.  Initiation of Muscle Contraction  

Muscle contraction is initiated by nerve impulse arriving from the neuromuscular 
junction. All the fibres connected by a single motor neuron are a "Motor Unit" and 
contract simultaneously in response to the action potential tired by the motor neuron. 

2. T-tubule and Sarcoplasmic Reticulum: 
The nerve impulse is carried through the T-tubular to the adjacent sarcoplasmic reticulum 
(SR). 
Sarcoplasmic Reticulum (S.R.) i, continued system of the sarcoplasm around each 
myofibril. 



 

 

It is like endoplasmic reticulum but without ribosomes and shows a highly specialized 
repeating pattern.  

3. Role of Ca ++ Ions: 
The calcium gate of SR open the calcium is released into the cytosol. Next step is the 
binding of calcium ions to troponin molecules of the thin filament. 
The binding sites are exposed and cross bridges with myosin call form and contraction 
occurs. 
All or None Response: 
The contraction of each muscle is based on "all or none" principle i.e. all of its fibrils 
participate in contraction. The degree of contraction depends upon the number of fibers 
that participate in contraction (this is called varying degree response). 

 

Energy for Muscle Contraction 
Energy for muscle contraction comes from the ATP. There are different sources of ATP. 
1. Aerobic Respiration: 

Supply of ATP is maintained by the aerobic break down of glucose in muscle cell. This 
glucose comes from stored glycogen in the cell.  

2. Creatine Phosphate: 
When more energy is required due to high metabolism, it is provided by another energy 
storing substances called creatine phosphate. 

3. Anaerobic Respiration: 
Sometimes during oxygen deficiency or very high metabolism (prolong, or tough muscular 
activity), ATP difference is provided by anaerobic breakdown of glucose into lactic acid. 

Problem of Anaerobic Respiration: 
The major problem is lactic acid accumulation which causes muscle fatigue. At rest, 1/5 
lactic acid is broken aerobically and its energy is used to change remaining 4/5 lactic acid 
into glucose. 

Effect of Exercise on Muscle: 
Changes occur in the muscle according to the amount of its work. When muscles are used 
actively then followings changes occur:  
(i) They increase in size or strength  
(ii) They become more efficient and fatigue resistant.  
(iii) Capillaries surrounding the muscle fibres and the mitochondria within them 

increase in number. 
(iv) Muscle fibre synthesizes more Myoglobin.  
The result is more efficient muscle metabolism. Similarly, the muscles become resistance 
to fatigue. 
Examples: Aerobic exercise such as swimming, joggings and fast walking. 

When Muscles are not used: 
Complete immobilization of muscle leads to muscle weakness and severe atrophy 
(deterioration). 

 
 



 

 

Muscle Fatigue 
Muscle fatigue is a state of physiological inability to contract. 

Causes:  
(a)  Deficiency of ATP: 

Muscle fatigue results from relative deficit of ATP. When no ATP is available, contractures 
(or states of continuous contractions) result because the cross bridges arc unable to 
detach. 

(b)  Accumulation of Lactic Acid and Ionic Imbalances: 
Excess accumulation of lactic acid and ionic imbalances arc also the causes of muscle 
fatigue. Lactic acid is formed as a result of anaerobic breakdown of glucose. 
Lactic acid drops muscle pH. As a result, pain starts in the muscle, which causes extreme 
fatigue (tiredness). 

Tetany:  
Cause: 
Tetany is the disease caused by low calcium in the blood. 

Symptoms: 
(i) It increases the excitability of neurons and results in loss of sensations. 
(ii)  Muscle twitches (jerks) and convulsions occur. 
(iii)  If untreated the disease progresses to spasm of larynx, respiratory paralysis and 

ultimately death occurs.  
Cramp: 
It is also known as tetanic contraction of the entire muscle. 
Causes: 
It is due to low blood sugar level, electrolyte depletion, dehydration and irritability of 
spinal cord and neurons.  
Symptoms: 
It lasts for just few seconds or several hours, causing the muscles to become taut (stiff) 
and painful. It is most common in thigh and hip muscles it usually occurs at night or after 
exercise. 

Tetanus: 
Causal Organism: 
It is an acute infectious disease caused by anaerobic bacterium Clostridium tetanic. 
Symptoms: 
Persistent painful spasms of some skeletal muscles. It begins gradually with stiffness of 
jaws and neck muscles. Then it progresses to fixed rigidity of jaws (lock jaw) and spasms 
of trunk and limb muscles. It is usually fatal due to respiratory failure.  
Mortality Rate: 
The tetanus is the major killer in developing countries where the mortality rate is 40 
percent. It is very rare in developed countries. 
Arrangement of Skeletal Muscle for Movement of Skeleton: 
The skeletal muscle moves with the help of skeleton.  
 
 



 

 

Parts of a Skeletal Muscle:  
Skeletal muscle has three parts:  
(i)  Origin: It is the end of muscle which remains fixed when contracts muscle.  
(ii)  Insertion: It is the end of muscle that moves the bone.  
(iii) Belly: It is thick part between origin and insertion, which contract.  
Bone to bone and muscle to bone attachment by connective tissue, a connective tissue 
binds other tissue and helps to maintain body form by holding the various organs 
together. Connective tissue fibrils have two specialized kinds. 
(i)  Ligaments: These connective tissue fibrils attach bone to bone and are slightly 

elastic.  
(ii)  Tendons: These connective tissue fibrils attach muscles to bones and are non-

elastic. 
 

Movement of Bones 
The majority of muscle tissue in our body is skeletal muscle. 
Movement of Skeletal Muscles: 
The skeletal muscles produce movements by pulling on tendons through cords of 
connective tissues that attach muscle to the bones. The tendons then pull on bones.  
Attachment of a Skeletal Muscle: 
Most muscles pass across a joint and are attached to the bones that form joints. When 
such muscle contracts it draws one bone towards or away from "the bone with which it 
articulates.  
Movement of Antagonistic Muscles: 
There are 650 muscles in human body, most of which occurs in pairs. At joint these 
muscles work against each other by contraction. This relationship is called antagonistic.  
Movement of Elbow Joint: 
The best example is the movement of elbow joint by biceps and triceps the biceps bend 
the arm at the elbow joint and triceps straightens it. 

(i)  Bending of Arm: 
It is by three muscles: 
(a) The biceps brachii muscle arises from the two heads of scapula and is inserted into 

the medial surface of the radius bone. 
The other two muscles (brachialis and brachioradilus) lie below the biceps brachii. 

(b) The brachialis arises from the anterior surface of the lower 3/5th of the humerus 
and inserted in to the ulna. 

(c) The brachioradilus arises from the lateral side of the lower end of the humerus 
and inserted in the radius. 

 When these muscles contract they lift radius and ulna and bend the arm at the 
elbow.  

(ii) Straightening of Arm: 
When triceps contracts it straightens arm at elbow. 
In the antagonistic pairs one muscle reverses the effect of the other but do not contract 
simultaneously. 
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Variation and Genetics 
 
 
 
 
 
 
 
 
 

Term Definition 
Gene A portion of a DNA molecule that serves as the basic unit of heredity is called 

gene. 

Allele Partner of a gene pair occupying the same gene locus is called allele. 

Locus The position of a gene on the chromosome is called its locus. 

Homozygous Condition in which the alleles of a gene pair in an organism are identical is called 
homozygous. 

Heterozygous Condition in which the alleles of a gene pair in an organism are not identical is 
called heterozygous. 

Dominant A trait which expresses itself in F1 generation is called dominant trait. 

Recessive A trait which hides over itself in F1 generation is called recessive trait. 

Phenotype The form of appearance of a trait is called phenotype. 

Genotype The genetic constitution underlaying a single trait or set of traits is called 
genotype.  

F1 generation The offspring resulting from a parental cross are referred to as the first filial 
generation (or F1 generation). 

F2 generation The  offspring resulting from the cross between two F1 individuals (from 
F1 generation) are referred to as the second filial generation (or F2 generation)  

Epistasis When a gene or gene pair at one locus interferes with or hides the effect caused 
by another gene or gene pair at another locus, such a phenomenon of gene 
interaction is called epistasis. E.g. Bombay phenotype. 

 

Dominance 
 

The physiological effect of an allele over its partner allele on the same gene locus is called     
dominance. 
Following are the types of dominance: 

i. Complete Dominance 
ii. Incomplete Dominance 

iii. Co-dominance 
iv. Over Dominance 

 

Complete Dominance 

Important Definitions 



 

 

The type of inheritance in which both heterozygotes and dominant homozygotes have the same 
phenotype is called complete dominance. E.g. both ‘RR’ and ‘Rr’ produce round pea seeds.  
 
 

Incomplete Dominance 
The dominance in which the phenotype of the heterozygote is intermediate between phenotypes 

of the two homozygotes is called incomplete dominance.  
 

Co-Dominance 
The type of inheritance in which heterozygotes fully express both alleles is called co-dominance. 

E.g. MN blood group system.  

Over Dominance 
The type of inheritance in which the phenotypic expression of the heterozygote is greater than 

that of either homozygote is called over dominance. 
E.g. in Drosophila, the heterozygote (w+/w) has more quantity of fluorescent pigments in eyes 

than wild (w+/w+) or white eye (w/w) homozygotes. 

Law of Segregation 
The two coexisting alleles for each trait in an individual segregate (separate) from each other at meiosis, 
so that each gamete receives only one of the two alleles. Alleles unite again at random fertilization of 
gametes when zygote is formed. 
 Test Cross 
The cross which is used to determine the genotype of an individual showing dominant phenotype is 
called test cross. 
Mendel devised test cross to test the genotype of an individual showing a dominant phenotype. 

Law of Independent Assortment 
When two contrasting pairs of traits are followed in the same cross, their alleles assort independently 
into gametes. 
 

• Dihybrid cross 
• Always start with true breeding 
• Once F1 is obtained, cross F1 generation with F1 (F1 x F1) 

Polygenic Inheritance 
 
The traits that are controlled or influenced by the alleles of two or more different gene pairs 

found at different gene loci in an additive way are called polygenic traits. 
 
E.g. three different gene pairs, i.e. Aa, Bb and Cc at three different loci contribute to the wheat grain 
colour.  

Linkage (Genes) 
 
The phenomenon of staying together of all the genes located on the same chromosome that are 

linked to each other is called gene linkage. E.g. genes for colour blindness, haemophilia, gout etc form one 
linkage group on human X - chromosome.  
 

o There are 23 linkage groups in humans. 
o Genes for colour blindness, haemophilia, gout etc form linkage group on human X-chromosome. 



 

 

o Genes for sickle cell anaemia, leukemia and albinism make linkage group on human 
chromosome 11. 

 
 

Multiple Alleles 
 
More than two alternate forms of a gene which arise by gene mutation are called multiple 

alleles. 
• E.g. IA, IB and i are the three multiple alleles for ABO blood group system. 
• Some genes may have as many as 300 alleles. 
• Any two of the multiple alleles can be present in the genome of a diploid organism, but a 

haploid organism can have just one of them in its genome.  
 

ABO Blood Group System 
 

Phenotype Genotype Antigen on 
RBC Surface 

Antibodies in 
Blood Plasma 

Can Donate 
Blood to 

Can Receive 
Blood From 

A IAIA, IAi A Anti-B antibodies A, AB A, O 

B IBIB, IBi B Anti-A antibodies B, AB B, O 

AB IAIB Both A & B None AB A, B, AB, O 

O Ii None Both Anti-A & 
anti-B antibodies 

A, B, AB, O O 

 

RH Factor 
 
Rhesus (Rh) factor is an inherited protein found on the surface of red blood cells. 

• If a person has this blood protein, his is Rh positive. 
• If a person lacks this blood protein, he is Rh negative.  

 

Rh Blood Group System 
 

Phenotype Genotype Antigen on RBC 
Surface 

Anti-Rh 
Antibodies 

Can Donate 
Blood to 

Can Receive 
Blood From 

Rh+ DD or Dd Present Absent Rh+ Rh+, Rh- 

Rh- dd Absent Present Rh-, Rh+ Rh- 

 

Sex Determination 
 

Sex Determination System  Example  

XY-XX Sex determination System  Humans, Drosophila  

XO-XX Sex determination System  Grasshopper, Protenor bug  

XX-XY/ZZ-ZW Sex Determination System  Birds, Butterfly, Moth  

 

Haemeophilia 
 

 



 

 

 
 
 
 
Color Blindness 
 

Cone Cells in Eyes 
Normal trichromatic colour vision is based on three different kinds of cone cells in the retina, each 

sensitive to only one of the three primary colours, red, green or blue. Each type of cone cell has specific 
light absorbing proteins called opsins. 

Genes for Opsin 
The genes for red and green opsins are on X chromosome, while the gene for blue opsin is present 

on autosome 7. Mutations in opsin genes cause three types of colour-blindness. 
 
 

Dichromacy 
A dichromat can perceive two primary colours but is unable to perceive the one whose opsins are 

missing due to mutation. 
 

1. Protanopia is red blindness. 
2. Deuteranopia is green blindness 
3. Tritanopia is blue blindness 

 

Protanomalous and Deuteranomalous 
Some people can detect red and green but with altered perception of the relative shades of these 

colours. They have abnormal but still partially functional opsins. They are protanomalous and 
deuteranomalous for red and green weakness respectively. 
 

Monochromacy 
A monochromat can perceive one colour. Monochromacy is true colour-blindness. Blue cone 

monochromacy is an X-linked recessive trait in which both red and green cone cells are absent. That is 
why it is also called red-green colour-blindness. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Assessment 1 

 

1. The basic unit of biological information is:  
(a) Gene     (b) Locus 
(c) Chromosome    (d) Allele 

2. Locus is a: 
(a) Part of DNA    (b) Position of a gene 
(c) Partner of a gene   (d) Complement of a gene 

3. The _____ are like beans in a beanbag: 
(a) Allele     (b) Genes 
(c) Traits     (d) Characters 

4. Phenotype is the form of appearance of: 
(a) A gene     (b) A character 
(c) A trait     (d) All the above 

5. When two contrasting pairs of _____ are followed in the same cross, their alleles assort independently 
into gametes: 
(a) Traits     (b) Allele 
(c) Genes     (d) Characters 

6. Which of the following best expresses the concept of the word “allele”? 
(a) Genes for wrinkled & yellow  (b) Genes for wrinkled & round 
(c) Phenotypes    (d) Mutations 

7. All of the following statements are correct regarding alleles except:  
(a) A gene can have more than one allele 
(b) Two identical alleles are said to be heterozygous with respect to that gene 
(c) Alleles are found on corresponding loci of homologous chromosomes 
(d) Alleles are alternative forms of the same gene 

8. Based on the pedigree shown below, the characteristic indicated by the blackened figures is probably: 
(a) Dominant 
(b) Recessive 
(c) Non-dominant 
(d) Sex-linked recessive 

9. Phenotype of an organism is the result of 

(a) Genotype and environment interactions  
(b) Mutations and linkages 
(c) Cytoplasmic effects and nutrition 
(d) Environmental changes and sexual dimorphism 

10. The allele which is unable to express its effect in the presence of another is called: 
(a) Codominant    (b) Dominant 
(c) Complementary   (d) Recessive 

 

 

 

 



 

 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Assessment 2 

 

1.   Based on the pedigree shown below, what are the genotypes of the parents? 
(a) Both are homozygous dominant 
(b) Both are heterozygous dominant 
(c) Both are homozygous recessive 
(d) The male is homozygous dominant; the female is homozygous recessive 

2. An organism with two identical alleles is 
(a) Dominant    (b) Hybrid 
(c) Heterozygous    (d) Homozygous 
 

3. An allele is dominant if it is expressed in: 
(a) Both homozygous and heterozygous states 
(b) Second generation 
(c) Heterozygous combination 
(d) Homozygous combination 

4. Lack of independent assortment of two genes A and B in fruit fly Drosophila is due to 
(a) Repulsion    (b) Recombination 
(c) Linkage     (d) Crossing over 

5. A and B genes are linked. What shall be genotype of progeny in a cross between AB/ab and ab/ab: 
(a) AAbb and aabb    (b) AaBb and aabb 
(c) AABB and aabb    (d) none of the above 

6. Which of the following is suitable for experiment on linkage? 
(a) aaBB x aaBB    (b) AABB x aabb 
(c) AaBb x AaBb    (d) AAbb x AaBB 

7. A gene pair hides the effect of another. The phenomenon is 
(a) Epistasis    (b) Dominance 
(c) Mutation    (d) Pleiotropy 

8. A man of A-blood group marries women of AB blood group. Which type of progeny would indicate that 
man is heterozygous A? 
(a) AB     (b) A 
(c) O     (d) B 

9. A child of O-group has B-group father. The genotype of father will be 
(a) I°I°     (b) IBIB 
(c) IAIB     (d) IBI° 

10. Which blood type can be transfused to an individual whose blood type is unknown? 
(a) AB+     (b) AB- 
(c) O+     (d) O- 

 

 

   
 

 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Assessment 3 

 

1. A couple expecting their second child is worried about Rh incompatibility. Their first child was Rh+. They 
have their blood typed. Which result would be cause for alarm? 
(a) Both parents Rh-   (b) Both parents Rh+ 
(c) Man Rh - and woman Rh+  (d) Man Rh+ and woman Rh- 

2. Red Antirrhinum (RR) is crossed with white (WW) one. Offspring RW are pink. This is an example of: 
(a) Complete dominance 
(b) Incomplete dominance 
(c) Codominance 
(d) Over dominance 

3. A polygenic inheritance in human beings is 
(a) Skin colour    (b) Phenylketonuria 
(c) Colour blindness   (d) Sickle cell anaemia 

4. All such altered alternative forms of a gene, whose number is more than two, are called: 
(a) Alleles     (b) Genes 
(c) Multiple alleles     (d) Genotype 

5. The type of inheritance in which the phenotype of the heterozygote is intermediate between 
phenotypes of the two homozygotes is called: 
(a) Co-dominance    (b) Complete dominance 
(c) Over dominance   (d) Incomplete dominance 

6. When dominant and recessive alleles express themselves together it is called: 
(a) Codominance    (b) Complete dominance 
(c) Incomplete dominance   (d) Over dominance 

7. Different alleles of a gene that are both expressed in a heterozygous condition are called: 
(a) Codominance    (b) Complete dominance 
(c) Over dominance   (d) Dominance 

8. A man with blood group ‘N’ has a genotype: 
(a)  LMLM     (b)  LNLN 

(c)  LMLN     (d)  Both LNLN and LMLN 
9. Based on the pedigree shown below, if one parent has type A blood and the other parent has type B 

blood, what blood type will the offspring denoted by the white square and circle have? 
(a) Type A 
(b) Type B 
(c) Type AB 
(d) Type O 

10. Genotype IoIo is a homozygous: 
(a) Dominant    (b) Recessive 

   (c) Co dominant    (d) Over dominant 

 

 

 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Assessment 4 

 

1. 64 zygotes are produced by self crossing the wheat grain of genotype AaBbCc, how many red colour 
kernels will be produced? 
(a) 6     (b) 15 
(c) 20     (d) 1 

2. When two independent events are occurring simultaneously like in dihybrid cross, the ratio of each joint 
phenotypic combination can be obtained by multiplying the probabilities of individual phenotypes. It is 
called: 
(a) Probability rule    (b) Product rule 
(c) Law of segregation   (d) Law of independent assortment 

3. Monohybrid test cross ratio of F2 is: 
(a) 3:1     (b) 2:1 
(c) 1:1     (d) 9:3:3:1 

4. The cross in which parents differ in two pairs of contrasting characters is called: 
(a) Monohybrid cross   (b) Dihybrid cross 
(c) Test cross    (d) Back cross 

5. In Mendel’s dihybrid cross, the phenotypic ratio of F2 for a single character is: 
(a) 1:2:1     (b) 9:3:2:2 
(c) 3:1     (d) 9:3:3:1 

6. Which of the following statements is true regarding the law of independent assortment? 
(a) Factors assort independent of each other when more than one pair of characters are present 

together 
(b) Independent assortment leads to variation 
(c) Independent assortment leads to formation of new combinations of characters 
(d) All of these 

7. Each gametes carry: 
(a) Only recessive allele   (b) Only dominant allele 
(c) Only one of the alleles   (d) All of these  

8. All of this obeys Mendel's laws except: 
(a) Linkage     (b) Independent assortment 
(c) Dominance    (d) Purity of gametes 

9. The geometrical device that helps to find out all the possible combinations of male and female 
gametes is called: 
(a) Punnett square    (b) Bateson square 
(c) Mendel square    (d) Morgan square 

140. Which of the following genetic crosses would be predicted to give a phenotypic ratio of 9:3:3:1? 
(a) SSYY x ssyy    (b) SsYY x SSYy 
(c) SsYy x SsYy    (d) SSyy x ssYY 

 
 

 

 



 

 

 
31. When 64 zygotes are produced by self crossing the wheat grain of genotype AaBbCc, how  
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