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BIOLOGY NOTES FOR CLASS-11 (FOR PUNJAB)

BACTERIA AND
VIRUSES

Student Learning Outcomes (SLOs) N

After studying this chapter, the students will be able to:

¢ Draw an annotated diagram of a generalized bacterial cell

e Describe detailed structure and chemical composition of bacterial cell wall and other coverings:
o Justify the endospore formation in bacteria to withstand unfavourable conditions.
e Explain motility in bacteria.

Describe with diagram structure of bacterial flagellum.

e Describe bacteria as recyclers of nature

e Qutline the ecological and economic importance of bacteria

e Explain the use of bacteria in research and technology

o Define the term normal flora.

¢ Describe the benefits of the bacterial fiora of humans

e Describe the structure of a model bacteriophage, and H

. i

¢ We know that over the years many schemes have been preposed for classifying organisms into kingdoms

~  Reason of Recommendation of Robert H. Whittaker’s Classification in Biology:

o We have studied in chapter 1, the five kingdom ciassification Recalling

system, proposed by Robert H. Whittaker, is recommended in | « Robert H. Whittaker proposed the
biology. This system classified theorganisms in a comprehensive five-kingdoms of life i.e., Monera,

way that reflects evolutionary history of organisms frovaa,” Gungl,. Plancae, * and
Animalia. The first one includes

. ACCOrding to this classification system, all prOkBTVOtCS are prokaryotes and the other four
included in a separate kingdom i.e., the kingdom Monera. include eukaryotes.

»  Flaws in Five Kingdom System:
» In the last decade, molecular studies have highlighted serious flaws in the five kingdom classification
system.

e We have also studied in chapter 1, most biologists favour replacing it with a new system, called three-
domain system, which is more aligned with the data gained from molecular studies.

* We know that bacteria are the prokaryotes classified in the domain of their own, i.e., the domain Bacteria.

e In this chapter we will study detailed structure of bacterial cell. We will also study the importance
of bacteria.

STRUCTURE OF BACTERIA

¢ Diverse Group + Lack Membranous Organelles: Bacteria are a diverse group and all of them have
unicellular prokaryotic organization, which lack membrane bounded organelles, including a well
defined nucleus. They have the simplest cellular organization
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Cellmembrane
DNA

1

Pls - Gheckudersuinsing. <]

Nucleoid 1. Which feature best explains the

(contairing DNA) higher resistance of Gram-negative

Cytoplasm bacteria to antibiotics?

A} Presence of thick peptidoglycan

B) Absence of teichoic acid

C) Outer membrane with
lipopolysaccharides

D) Lack of nucleoid

Ribosome
Mesosome

Plasmid

Figure: Structure of a generalized bacterium

(1) Cell-Wali:
e Rigid in Nature: It is a rigid wall arcund the plasma membrane of bacterial cell.

* Have Peptidoglycan: The major component of bacterial cell wall is @ unique macromolecule, called
peptidoglycan or murein. Peptidoglycan is composed of long glycan (polysaccharide) chain, cross-iinked
with short peptide fragments (Figure). Its amount differs in différent bacteria.

¢ Have Lipids: Cell wall also contains lipids, which are linked to peptidoglycan.

Gram Staining Technique

o Sir Hans Christian Gram devised the
technigue of Gram's staining. Gram-
positive  bacteria  stain  purple
because they retain violet dye.

Glycan * Gram-negative hacteria do not retain

violet dve and so they appear in

\%b ><> R original colour.

acids

Figure: The molecular model of peptidoglycan

¢ Differences in Cell Wall Composition Between Gram Positive & Gram Negative Bacteria: The
composition of cell wall is quite different in Gram-positive and Gram-negative bacteria.

e Gram Positive Bacteria: Thick layer of peptidoglycan: The cell wall of Gram-positive bacteria contains
thick layer of peptidoglycan and has less lipid content.

e Gram Negative Bacteria: The celi wall of Gram-negative bacteria has an outer membrane made of
lipopolysaccharides and lipoproteins.

* The outer membrane makes Gram-negative bacteriaresistant to-many antibiotics. It contains a protain
called porin, which acts like a pore for specific malecules,

» Thin Layer of Peptidoglycan: While the cell wall of Gram-negative bacteria has a thin layer of
peptidoglycan

o The cell wall of Gram-negative bacteria has more periplasmic space (space between peptidoglycan layer
and cell membrane) than Gram-positive.
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—— Peptid ‘— Lipoprotein

‘ “eeqrece”

Protein

Cell membrane
Gram-Positive saliE

Figure : Ce!l wall composition of Gram-positive and Gram-negative bacteria
(2) Capsule:
¢ Some bacteria produce capsule outside their cell wal
¢ Use of Capsule: Itis a gelatinous layer and gives sticky characters to bacterial colonies.

{ 3) Cell Membrane:

Cell membrane or plasma membrane is present just beneath cell wall.
o It lies at the outermost in bacteria that lack cell wall (e.g.. Myg@plasmes and Sarcoplasma).

e Have No Sterols: The cell membrane of bacteria does netshave

sterols (e.g., cholesterol) in its chemical makeup Check Understanding!

2. How does the structure and
organization of the nucieoid reflect

s Form Mesosomes: At some points, cell membrane pvaginates

and forms vesicles, tubules or lamellae in gytap/asm. These the efficiency of bacterial genetic
structures are Known as mesosomes regulation compared to evkaryotes?

o Uses of Mesosomes: These are involvedin DNA replication and cell division and also serve as respiratory
centres

(4) Cytoplasm and Genetic Material.
e Lack membranous Organelles: Cytoplasm contalns dissolved

substances and large structUres Such as nucleoid, ribosomes, and | * Plasmids also serve as important
vectors, in genetic engineering.

s They are used to carry selected genes

organelles. to bacteria for cloning or for the

+ Freely Dispersed Ribosomes: Many ribosomes are freely synthesis of specific proteins.
dispersed in cytoplasmic matrix and some are loosely attached
to plasma mémbrane.

mesosomes. It lacks. cytoskeleton and membrane-bounded

e 705 Ribgsomes: Bacterial ribosomes are smaller than eukaryotic ribosomes. Each ribosome sediments
at 705 (larger subunit'at 505 and smaller subunit at 305).

e Nucleoid: Near the centre of cytoplasm, there is an irregular-shaped dense area i.e., nucleoid. It contains
DNA.

e Have DNA + No Histone: A bacterium possesses a single, circular, double stranded DNA, Bacterial DNA
does not have attached histones. it is sometimes called the chromosome of bacterium.

o Plasmids: Some bacteria have circular; double-stranded extra chromosomal DNA molecules, called
olasmids. They are self-replicating and can replicate before or after division

+ Use of Plasmids: They contain genes that enable bacteria for resistance against unfavourable conditions

(e.g..ant
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ENDOSPORE FORMATION IN BACTERIA

Q. State the formation of endospore in bacteria. (Exercise L.Q. 4)

» Endospore: Many bacteria can survive extended periods of harsh conditions by forming specialized
“resting"” cells, called endospores (Figure). Endospores are thick-walled and metabolically inactive
(dormant) form of spore.

» Sporulation: The process by which bacteria make endospores, is called sporulation. It happens in the
following way:

»  Mechanism of Sporulation In Bacteria:
* DNA Replicates: When a bacterium faces unfavourable conditions, it replicates its DNA.
* Formation of Septum: Cell membrane makes a septum to isolate the new DNA and a small portion of
cytoplasm.

e Cellmembrane again grows around the new DNA, cytoplasm, and

septum. In this way, the pew DNA is surrounded by two 3. What distinguishes sliding movement

membranes. from other bacterial motility forms

o Cell Loses Water: The DNA of vegetative cell disintegrates and e ‘?"""“"‘”""““"
A) Requires flagella

whole cell begins to dehydrate. B) Passive spreading powered by growth
* Formation of New Layer of Peptidoglycan: A new peptidoglycan g)) gﬁvef‘ by '?ITP hydrolysis
equires pi
layer forms between the membranes around separated DNA.and A ok

cytoplasm.

¢ Formation of Coat: A spore coat also forms around it. The structure matures into endospore.

e Breakage of Vegetative Cell: The vegetative cell breaks and endospore is released.

¢ Endospore remains dormant unless favourable conditions return. Under favourable conditions,
endospore germinates to give rise to a new vegetative cell.

o Septum separates
new DNA

Septum DNA (Chromosome)

Cell
wall —

@ Cell membrane
3 surrounds new DNA,

4 cytoplasm and isolated
membrane B \ membrane
New DNA i
@ endospore "€ Double
released membrane
forms around
new DNA.

and cytoplasm

NAF e AR N SN
S

O spore coat forms i~ = N O cellwall forms
around spore @ d between two

~

membranes

Figure: Process of endospore formation (sporulation) in bacteria
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MOTILITY IN BACTERIA

Q. Explain different methods of movement in bacteria. [Exercise 1..Q.2)
Bacteria use different motility patterns to navigate and explore natural habitats.

i Flagellar Movements:

* Most bacilli and spirilla bacteria move by means of flagella. | 4. How does the structure of the

They swim by using their flagella. bacterial flagellum facilitate its
rotary movement and enable

* Swarming: When a bacterial population moves together by cHambtagis?
means of flagella, the movement is called swarming. —
Flagellar movement allows bacteria to travel in liquid media. s""""‘"“““ b
* Counter clockwise rotation of flagellum pushes the cell W“ 1
forward with the flagellum trailing behind.
ii. Twitching or crawling; S'h‘-'(ﬁ& .

|
bind to surrounding solid surface and retract. Thus, bacterial |
cell is pulled forward. ;
iii. Gliding: Téiciihg

* It is similar to twitching. In gliding, bacteria secrete slimy /W
substance, which help them for smooth gliding over solid Pilus retracts
surfaces. Gliding :

w Shding: 7 “~ Slimy substance /

* It is due to the expansion created by the pushing farce of =

dividing cells. Sliding '

v. Brownian movement: / v aems v o /

* Some bacteria (e.g., Streptococcus) that'do not Have flagella 2

or pili, move due to the random and uncontrolled
movements of the particles present in fluid.

*  Itis used to move over surfaces. It is mediated by pili, which i y
|

Figure: Motility in bacteria

vi. Movement by Axial Filament;:

* Some bacteria (e.g., spirochaetes), have a modified
flagellum. It is known as axial filament. It is anchored at one
end and runs length-wise in periplasmic space (between cell
membrane and outer membrane).

* It consists of two sets of flagella-like fibrils anchored at the
two poles of cell. It helps spirochaetes for flexing, swimming, Figure: Axial filament in
creeping and spinning movements. Rapioginate

Atrichous
FLAGELLA

¢ The structures which enable bacteria to move are called Flagella.
*  Secondary Function of Flagella: The secondary function of flagella is
to detect and respond to chemical signals. /‘\,\)’
»  Types of Bacteria on the Basis of Flagella:
i.  Atrichous: The bacteria which do not possess flagella are Peritrichous

calied atrichous.
ii. Monotrichous: The bacteria with single polar flagellum are Pigire: The Gilorsrk aranpataants 6
called monotrichous. bacterial flagella
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iii. Lophotrichous: The bacteria with a tuft of flagella at one pole are calied lophotrichous.
iv. Amphitrichous: The bacteria with flagella at each of two palesare called amphitrichous.
v. Peritrichous: The bacteria with flagella surrounding the who'e cell are called peritrichous (Figure).

Q.3 Explain the structure of bacterium flagellum.

o Structure of Flagellum: [ m

o The flagellum of bacteria is entirely different in structure from | « Some batteria have pili isingular;

the flagelium of eukaryotes. pilus). ' These - are . non-helical,

: . filamentous ages and are
e They are not built on 9 + 2 pattern of microtubules, but are larpeotaus.; sppancages; and
smaller and thinner than flagelia

composed of flagellin protein. o Uses of Pili: Pili are used for

attachment of bacteria to various
O | surfaces. They are also involved in
¢ The bacterial flagellum consists of: the mating process . (conjugation)

(a) Basal body (b) Hook (c) Filament between celis

(a) Basal Body of Flagellum: The basal body is present just
beneath cell membrane. It consists of rotating rings (one pair
in Gram-positive bacteria and two pairs in Gram-negative | 5. Which type of bacteria has flageila
bacteria). The rings anchor the flagellum in cell membrane all over its body?

A) Monotrichous B} Atrichous

and cell wall, C) Peritrichous D) Amphitrichous

(b) Hook of Flageilum: The hook is a curved structure that
connects basal body with the filament.

(c) Filament of Flagellum: The filament of a bacterial flagellum is a fong, helical structure composed
primarily of the protein flagellum. It extends from the cell surface and functions as a propeller,
enabling bacterial motility by rotating like a corkscrew.

»  Parts of Flagellum:

Basal
Outer body
membrane

Filament
Hook

membrane
Parts of flagellum in Parts of flagellum in
Gram-positive bacteria - Gram-negative bacteria

Figure : The structure of bacterial flagella

BACTERIA; ECOLOGY AND DIVERSITY

o  The fossil record shows that prokaryotes i.e., archaea and bacteria were abundant 3.5 billion years ago.
e They evolved and remained all alone on Earth for the next 2 billion years.
¢ Today, prokaryotes (archaea and bacteria) are found wherever there is life.

»  Habitat of Bacteria: Do You Know
o Bacteria are found in water, air, soil, food and in the bodies of | ¢ Perhaps most interesting of all is the

animals and plénts. recent discovery that the bulk of our

20 modern. petroleum deposits were
e They out number all eukaryotes. They can survive in extreme formed by masses of decayed

habitats. cyanobacteria.
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< Diversity in Bacteria and Their Ecology:

o Margulis and Schwartz proposed a useful classification system | €heck Understanding?: *
for all prokaryotes. They classified them into 16 phyla | & Why is Mycoplasma considered
! unique among bacteria?

~  Important Groups of Domain of Bacteria: ‘
The following discussion deals with the important groups of the Domain Bacteria (Figure).
(i) Omnibacteria:

* These are rigid, rod-shaped, heterotrophic, Gram-negative bacteria.

* Pathogenic: Many important pathogens are included in this group.

* Most of these bacteria have flage!la. They do not produce spaores.

* Aerobic: They are usually aerobic. Escherichia coli is an example of such bacteria. This group also
includes vibrios.

(ii) Cyanobacteria: '

* Photosynthetic: These are photosynthetic bacteria. They
played most important role in the history of the Earth for | * Colourful blooms may™=occur in
increasing free oxygen in atmosphere. Rakuted \water, A3 JORIt 0T the

i ) ! rampant growth of eyanabacteria

* They contain chlorophyll-a and accessory pigments like | | he ottt R ms result
carotenoids, and blue and red phycobilins. from the/photogynthetic pigments of

» _ Fix Nitrogen: Many cyanobacteria fix atmospheric nitrogen cyanobacteria,
in their special cells called heterocysts.

* They are common in soil in the form of mats. Cyanobacteria containing lichens are found on rock
surfaces.

* The mats on the sediments in the sea are dominated by cyanobacteria.

(iii) Mycoplasmas and Spiroplasmas:

* Lack Cell Walls + Resistant Against Antibiotics: These groups differ from all other bacteria in that
they lack cell walls. As they lack cell walls, they are resistant to penicillin and other antibiotics that
work by inhibiting cell wall growth.

* (Cause Diseases: Some mycoplasmas cause diseases in
mammals e.g., certain types of pneumonia in humans.

* Plant Diseases: Spiroplasmas cause significant plant diseases
e.g., the lethal yellowing disease of caconuts.

(iv) Spirochaetes:

* These are long spirilla with Gram-negative cell walls.

= They may have 2 to more than 100 flagella.

* Treponema are important spirochaetes.

*  They cause syphilis (a fatal sexually transmitted disease).

(v) Pseudomonads:

* These are straight or curved Gram-negative rods with one or
many flagella at one end.

* They are found in soil and water.

= They can easily break down organic compounds.

= Autotrophic + Parasitic: Some of them are autotrophic but
many are plant pathogens. Some of them play role in
denitrification. Pseudomonas aeruginosa occurs in soil,

ek ; Azotobacter Nitrosomonos
water and raw vegetables. Although it is usually harmless, it Figure: Major groups of bacteria

can form serious infections in weak people,
(vi) Actinomycetes:
= These have filamentous growth forms.
* They produce spores that are resistant to unfavourable conditions.
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* Some actinomycetes are nitrogen fixers and are found in the root nodules of many flowering plants.
* Cause Diseases: Some actinomycetes are responsible for dental plaque, in which the ename! of
teeth is destroyed. A member of this group i.e., Mycobacterium leprae causes leprosy.
* Cause T.B.: Another member i.e., Mycobacterium tuberculosisis the cause of tuberculosis.
» Source of Antibiotics: Many antibiotics e.g., tetracycline, chloramphenicol, erythromycin, and
neomycin were derived originally from actinomycetes.
(vii) Nitrogen-Fixing Aerobic Bacteria:
* This group includes economically important bacteria.
* They are Gram negative and most are flagellated.
= Azotobacteris a member of this group. A oeinv 0" s ntitiatics “Fod
= |t is found in soil and water and converts atmospheric actinomycetes are being discovered
nitrogen-into nitrates. each year.
(viii) Chemosynthetic Bacteria:

* These bacteria derive energy from the oxidation of inorganic Check Understanding!

compounds of nitrogen, sulphur and iron. 7. Which type of bacteria is responsible
* They use this energy for the synthesis of their food. for producing natural antibiotics?
. : : . .. | A)Cyanobacteria, B)Acti te
* Examples: Nitrosomonas and Nitrobacter are included in this ) Cyanchaglg Ty §) Actinomycetes

C) Spirochetes D) Mycoplasma

group.
* |nvolve in N; Cycle: They oxidize nitrogen compounds (NH:) to gain energy. The NH; is in turn
converted to nitrite and nitrate. Thus, they play vital role in nitrogen cycle.
Table: Characteristics of some Groups of Bacteria

1141 o AT A0 » CATT g =,

' NameofGroup | Form | Motility | Nu calrole. . |

i. Omnibacteria R N, F H e Pathogens and decomposers

ii. Cyanobacteria R, C, M G,N P e Carbon and nitrogen fixers

iii. Mycoplasmas and No wall N H e Pathogens

Spiroplasmas

iv. Spirochaetes S F H e Decomposers and pathogens

v. Pseudomonads R F H,C e Decomposers and plant pathogens

vi. Actinomycetes M, R N ¥ H e Pathogens and nitrogen fixers

vii. N -fixing aerobes R N, F H e Free-living and mutualistic nitrogen
fixers

viii. Chemosynthetic R,C N, F C ¢  Oxidize nitrogen and sulphur
compounds, play role in nitrogen cycle

e Form: R, rods (bacilli); C, cocci; S, spirilla; M, regular chains or aggregations

¢ Motility: F, flagellated; N , non-motile; G, gliding

¢ Nutrition: H, heterotrophic; C, chemosynthetic; P, photesynthetic

IMPORTANCE OF BACTERIA

Q.  Briefly describe the ecological and economic impdrtance of bacteria. [Exercise L.Q 5]

e Bacteria are very important organisms not only for environment but also for all other organisms. They
have beneficial as well as harmful effects on life on Earth.
< Beneficial Bacteria:
Among the great diversity of bacteria, many bacteria are beneficial ecologically as well as economically.
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(1) Recyclers of Nature:

* Bacteria are involved in almost all biogeochemical cycles in which different essential elements move

to and fro between organisms and environment.
4 * Nitrifying Bacteria (Nitrosomonas, Nitrobacter and Azotobacter) and denitrifying bacteria
(Pseudomona) play significant role in the completion of nitrogen cycle.
* Decomposer Bacteria decompose dead organic matter and play key role in carbon-hydrogen-
"~ oxygen cycle. ,

* The activities of photosynthetic bacteria e.g., cyanobacteria play role in the increase of free oxygen

in Earth's atmosphere.
(i) Makers of Useful Products:

* Making in Wine + Yogurt + Cheese etc, Many bacteria e.g,,
Lactobacillus in combination with yeasts and molds, have | 8 How do bacteria contribute to the
been used for thousands of years in the preparation of food industry through fermentation,
fermented foods such as cheese pickles, soy,sauce, vinegar P TesctogPNias *this

’ ' ' ' ’ have for food preservation and
wine and yogurt. flavor?

* Use in Industries: In pharmaceutical and agrochemical
industry, bacteria are most important in the production of important chemicals.

* Antibiotic Production: Some bacteria are used for the production of antibiotics.

* Commercial preparation of animals' skin for making leather goods, involves the use of bacteria.

(iii) Environmental Cleaners:

* Many bacteria can degrade organic compounds very easily. Such bacteria have been used for the
Jremoval or degradation of pollutants (bioremediation) from environment. For example, bacteria are
used to decompose city sewage into harmless products.

* Digest Hydrocarhons: Some bacteria can digest the hydrocarbons present in petroleum. These
bacteria are used to clean up oil spills.

* Bacteria are also used for the bioremediation of industrial toxic wastes,

(iv) Biopesticides:

* Bacteria are used in the place of pesticides in biological pest control. This commonly involves Bacillus
thuringiensis, a Gram-positive, soil dwelling bacterium. i

* These biopesticides are environmentally friendly and have little or no effect on humans, wildlife,
pollinators and most other beneficial insects.

Q.  Explain the use of bacteria in research and technology. M

(v) Research and Technology Tools:

* Bacteria can grow quickly and scientists can manipulate with them very easily. Due to these reasons,
bacteria are used in the fields of molecular biology, genetics and biochemistry.

* Scientists make mutations in bacterial DNA and examine the changes in characteristics. In this way,
they determine the function of genes and enzymes in bacteria. This knowledge is then applied to
study the same genes and enzymes in more complex organisms.

* Proteins Synthesis: Scientists also insert human genes in bacteria and produce therapeutic proteins
e.g., insulin, growth hormones, or antibodies.

NORMAL FLORA

Q.  Define the term normal flora. State the benefits which we get from normal bacterial ﬂoram

*  Definition: The mixture of organisms regularly found at any anatomical site is referred to as the normal flora.

® In a healthy animal, the internal tissues, e.g., blood, brain, muscle, etc., are normally free of
microorganisms. On the other hand, the surface tissues, e.g., skin and mucous membranes, are
constantly in contact with environment and are colonized by certain microbial species.
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» .Components of Normal Flora:
¢ The normal flora of humans consists of:

(a) Bacteria (b) A few fungi {c) Protists (d) Some meghahogenlc archaea 4
e Bacteria are the most numerous and obvious microbial components of normal fiora; ..y« 4
9 Benefits of Bacterial Flora of Humans: 4
¢ Mutualistic For Human: The associations between humans and | i Chack Understanding!
their normal flora are mutualistic. 9. Which of the following is a key |
benefit of human gut microbiota?

e Bacteria Get Protection From Human: In human body, normal 1) Ty cousd eortiontold,
flora gets nutrients, a stable environment and constant | g) They synthesize vitamin K- '/
— ature; tesmand transport. Similarly, body also gets .| €} They invede red blood cells. ,
fof srt‘:::::lall::eneﬁtspfrr‘:!m narma! bacteria; for example: D) They digest proteinsino amino acds.-
i." Synthesis of Vitamins for Human Body:
= _Bacteria.in alirrientary canal produce vitamins.
. They excrete wtamms which are in excess of their needs.
*  From allmentary canal these vitamins are absorbed and dustnbuted ln body
» Example: Enteric bacteria secrete VItamln K and Vitamin B12, and lactlc acid, bactena produce
certain B-vntamms
ii. Prevent Colonization by Pathogens: )
= The bacteria of norma! flora compete with pathogens for attachment sites and nutrients.
. .m. - So, pathogens have ess chance of-éntering body tissues. |
ili. Inhibit or Kill Pathogens: ' !
= ' The'intestinal bacteria procuct a variéty of sl..,snn'ces whlch mhlblt or kill pathogen bacteria.
iv. Stimulates the Production of Cross-reactive Antibodlas
= Since the normal florz Lenaves as anngens, they mauce immunological response,
*»  Low levels of antibodies producad against the normal flora.are known 1o cross-react wnh certain
pathogens, and thereby prevent infection or invasion.

]

VI_RUS

BT
O Tno

N —

e Weare famullar with the ﬂve klngdoms of livmg organisms.

o' We also know that there are some creatures that do not possess cellular organization yet show some
characteristics of livings. Vlru5es are the representatwes of such orgamsms

< Structure gf !lggg :

. Extremely Smaller in Size: Viruses are extremely small infectious agents and can only be seen under
electron migroscope,

e Average Size Range: They range in size from 20 nm (parvovirus) to 250 nm (pox vnruses) They are 10 to
1000 times smaller-than.most bacteria. That is why, they-can pass through-the pores-of filter paper:~
o  Genome: The central core of a virus is its genome. It.is made up of nucleic acid (either DNA or RNA).
v o. .Capsud dTehfe core hus surrounded by a protein coat, called capsld ‘8 i o s
E: Itglves inite:'shape to virus. chlckenlpox etc) contains™ 162"
omeres: Capsid is made up of protein subunits called as capsomeres inits capsid. .
capsomeres . Adenovirus - (causes »common cold)
» Immnce of Capsomere : contains 252 capsomeres lnit;capsid.

¢ The number and klnd of capsomeres is characteristic of a partlcular virus.
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* Nucleocapsic: Central core and capsid are-collactively zalled as nucizge

* Envelop: In some animal viruses only, rucleocapsid < covered by
another membrane called envelope. it is.a lipid-rith membrane and ic
derived from host cell:

57y 5 Chedk Understanding?
10, 'What- “is' /ithe 9'sigaificance
capsormeres Jn wvical structure a

infection?
* Naked Virus: Non énveloped viruses are known as nakec-virisec Lol T SRR |

* There is a great diversity in the general appearance of viruses (Figure)
¢ _ Shape of Plant + Animal Virus: The animal and plant viruses may be polyhedron (having many sides) or hehca

* Shape of Bacteriai Virus: The bacterial viruses (bacteriophages) may be cubical, icosahedral (having.20
faces), helical, or complex (polyhedral head and rod-shapad t4il)

Figuu: Diversity in viruses' shapes

Q. Explain the stmcture of a modet! bacterlophage and HIV. M

»  Structure of Bacteric o Bacteriophage & its  Uses:
s  Most Complex* Bacteriophages are a diverse group of viruses Bacteriophages are used as carriersin
that attack bacteria. They are among the most complex viruses. : g?‘f n:":;m e
@ The 'best known phages of Escherichia coll are T-phages. There | e Oua of baceriophage, whih

are many varieties of T-phages. carries it to the target bacterial cell.
> uctu 5 . ¢ When virus incorporates its DNA into
i oe. ofT4 Phag 7 : bacterial chromosome, the gene of
A T4 phage consists of: (a) Head (b) Tail (Figure) interest  also. becomes 3 part of

(a) Head: bacterial DNA.

vrunldal (with, two_ triangles | ° Such transgenic bacteria (transgenic: |
m sided), prism-shaped whose genome has DNA of some
;bm six other organism) can be grown to get

The head. is an

“structare. copies of the gene of interest and to
* Its capsid is made of proteins while core contains a long get the required protein.
double stranded DNA.
(b) Vait: L. ot
»  Astraight tail is attached with head. 1. What s the function of the fofl
* The tail is also made of inner core and outer sheath, both of. sheath in T4 phage?
‘ A) Replicates DNA

which are made of different proteins. : 2
B) Injects viral DNA into host
*  Aneck attaches sheath with head and an end plate is present C) : Produces enzymes
" 0n the other ;lde of sheath. Six tail fibres are attached with | p) synthesizes capsomeres
5 end plate. - ’
' "They help the phage to attach with bacterial wall.
s __These structures.are.also made of proteins,

. » . Structure of HIV:

e Retrovirus: Human lmmunodeﬂciency Virus (HIV) belongs to the group called retroviruses. it is a special
- group of animal viruses.
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. Have RNA + Capsid: Retroviruses contain RNA and their capsids.
‘These structures.are surrounded by lipid rich envelops.

e Have Envelope: The envelope also comprising glycoproteins
spikes, which help the virus identify and bind to its target.

o Shape + Diameter: They are spherical in form and are about 100
nm-in diameter.

¢ Unique Character (Have Reverse Transcriptase Enzyme): The most ] ail
distinguishing character of retroviruses is the presence of a specific Taj fibres : Tail core
enzyme, reverse transcriptase. This enzyme catalyses the process
of reverse transcription in which a single stranded RNA is reversely
transcribed into a strand of DNA.

o The enzyme then uses DNA strand to complete a double helix of
DNA.

Neck

Glycoprotein Viral ‘ Figure: Structure of a bacteriophage (T4 phage)
- . envelope

o Experts have concluded that HIV
originated.in the jungles of Africa
among wild chimps.

» ‘Evidence suggests that a form of this

; virus entered human species and

5 ) bRk : became HIV by way of monkey bites

Figure: Structure of HIV or ingesting monkey meat and

e Cause AIDS: HIV is responsible for the disease AIDS (acquired. brains.

~“immunodeficiency syndrome).

s AIDS weakens the immune system of patient.

» The disease is fatal because no one can survive without immune | 12. What !Wc!ufll 'utmsmah HIV
system to defend against other viral and bacterial infections. Nighiy Wfectious?

o First Reports About AIDS: The disease was first reported in 1981 and the patients were found
homosexual. Later on, AIDS was discovered in non-homosexual patients too who had received blood er
blood products from other AIDS patients.

o Discovery of AIDS-Virus (HIV): In 1984, it was discovered that the agent causing AIDS was a virus. In

#1986, the AIDS causing virus was given the name Human Immunodeficiency Virus (HIV).
It is a host'sp ecific vir s.t can multiply in monkeys but do not cause AIDS in them.

Check Understanding (Solutions)

Sr. # | Option Explanation

The outer membrane of Gram-negative bacteria contains Ilpopolysacchandes that act as
a barner to many antibiotics, making them more resistant.

d s not membrane-bound and consists of a single circular DNA molecule
compacted with proteins.

s k.saod® This arrapgement allows rapid transcnptuon and translation as both processes occur
! simttiltaneously.

' It enables efficient genetic regulatlon and faster adaptat»on to environmental changes
compared to eukaryotic cells where DNA is separated in the nucleus.

——
3 B e Sliding is a passive movement driven by cell grow'?h and surface interactions without active
p . energy input or motor structures.
e The bacterial flagellum is anchored by a basal body functioning as a rotary motor.
4, S.Q | e Proton motive force drives its rotation, allowing directional movement.

Switching between clockwise and counter clockwise rotation enables chemotaxis.
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e Bacteria move toward or away from chemical gradients by adjusting flagellar rotation.

5, c ® Peritrichous bacteria have many flagella around the cell, allowing them to move in
different directions. . !
* Mycoplasma lacks a cell wall, making it resistant to antibiotics like penicillin.
- 6. 5.Q | e Ithasa flexible, pleomorphic shape and survives in osmotically protected environments.
: e This trait makes it one of the smallest and simplest self-r’eplicatinmanisms-.
7. B » Actinomycetes produce antibiotics like streptomycin and erythromycin.
Bacteria like Lactobacillus ferment sugars in dairy and vegetables, producing lactic acid.
8. $.Q | e This preserves food by lowering pH and enhancing taste (e.g., yogurt, cheese, slauerkréut).

e Fermentation also increases shelf life and may improve gut health. !

"

e Gut bacteria, especially in the colon, help produce vitamin K which is essential for blood

9 B .
clottmg.
e (Capsomeres are protein subunits that make up the viral capsid. . £
10. $.Q | e They protect the viral genetic material from enzymatic degradation. ‘
o Some capsomeres aid in host cell recﬂon and attachment.
11 B » The sheath contracts to inject viral DNA into the bacterial cytoplasm.

HIV has glycoproteins (gp120, gp41) for CD4 receptor binding. i
12. 5.Q | e Contains two RNA molecules and reverse transcriptase.
¢ The capsid and matrix proteins aid in infectivity and stability.

> . X I

MULTIPLE CHOICE PUIO‘I'IONS (MCaQs)

1. Which of the following component is not found in all kinds of bacteria?

(a) Ribosomes (b) Cell membrane (¢) Nucleoid (d) Capsule =
2. The bacterial chromosome is typically: i 3
(a) Linear, double-stranded DNA 7 {b) Circular, single-stranded RNA R v
(c) Circular, double-stranded DNA (d) Linear, single-stranded DNA SR g
3.  In bacterial cells, respiration occurs at: 2% ::
(a) Mitochondria (b) Cell membrane (c) Ribosomes (d) Endoplasmic reticulum
4. Which group of bacteria is known as a good source of antibiotics? ig
(a) Omnibacteria (b) Spirochaetes (c) Pseudomonads (d) Actinomycete;
5.  What is the primary function of flagella in bacterial cells?
(a) DNA replication (b) Cell division (c) Motility (d) Protein synthesis .
' 6. Which type of motility in bacteria is mediated by pili?
(a) Brownian movement (b) Gliding motility ! (c) Twitching motility (d) Swarming motility
7. Which of the following bacterial structures is responsible for detecting and responding to chemicals?
(a) Capsule (b) Pili (b) Flagella (d) Ribosomes
8.  Which one of the following are not Nitrifying bacteria?
(a) Nitrosomonas (b) Nitrobacter (c) Azotobacter (d) Pseudomonas
9. The enzyme responsible for converting HIV RNA into DNA is:
(a) RNA polymerase (b) Reverse transcriptase (c) DNA helicase (d) Integrase

10. The HIV capsid contains:
(a) Single-stranded DNA and reverse transcriptase (b) Single-stranded RNA and reverse transcriptase
(c) Double-stranded DNA and integrase (d) Double-stranded RNA and RNA polymerase
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I 1 : “Capsule is an outer. covering present. in some baf*erTJ ﬂo? ali; it's l
{obnamabini . i ~opticnal, unlike ribosomes, membrane, or:ucleoid,

2, f ) ;TC irClan, doun'e: | e Most bacteria have'a single, circuiar; double-s t'anded DNA mo!ecule
! i | SUAnded ONA 1 as their genetic material, :
ST o ’ Celi membrdne | e Bacteria lack mitochandria, so respiratory enzymes are located in the
| l : g e .1 __infoidings of the cell membrane. -oi o2 :

4. | (d) | Actinomycetes | e  Actiiomycetes, like Streptomyces, produce many antibiotics used in

i i meditine. v -
51> 40) ? Motility ¢ Flagelia help bactena move toward or.away frorr. stumuh thwugh a
' ¢ ! process called chemotaxis.

6. | f{c) | Twitching e Pilihelp in a type of movement called twitching, wherqthe cell jerks
| . ' motility _forward using piius extension.and retraction, .
prefe-ireatb) Mg < » Pili are involved in sensing the. envfror-ment and “imtuatmg responses
e -~ sych as attachment and motifity - . e

P& | (d) Pseudomonas |s Pseudomonas are demtnfymg ba'tena, they convert npitrates to

: I | | hitrogen gas, not nitites t nitrates. -
b L () d Reverse - Reverse tran } Synt virat'R vy
| l t»rarjséﬁig!‘ljs& b vv.rs“ trar thﬁges DNA from:a 2I'RNA, 3 hay step in

10. | (b) | ssn‘gtektcé-med T

oy i FEVOISE & o 1l Bo veu
i transmprsqa _— Ko 24 S s Nt 5
dhetotasioind; A1md . e BRI
SHORT ANSWER QUE‘STIONS

Q.1 Write about the structural companents of 3 bacterial cell wall ah'ft"aei} 5riaﬂgement._

Ans. Structura! Components of a eactenal Ce!l Wall and Their Arrangement: ‘ :

o The bacteriai cell wall is ¢c mposed of several iayers, including the peptidog! lycan layer, outer membrane
{in Grarn-negative bacteria), and teichoic acids {in Gram-positive bacteria). : e

¢ The peptidoglycan layer provides structural suppert and maintains the ceil's shape.

e The outer membrarne contains lxpnpﬁtysarcharldes and porins, '.vh;ci" regu!ate the passage of mofecules

e The arrwgemewt of these components varies bctween Gram posmve a% Gram negatlve bacterla

{

Q.2 Write the composition of the peptidoglycan !ayer in bacterlal cell walis.

Ans. Composition of the Peptidogiyean Layer: .
».. . .The peptidoglycan layer is composed of glycan chains cross mked by peptide bonds.
o, The glycan chains are made up of N d(.tlwgluf'._\:‘.""i”u and N-acetylmuramic acid.
0 The peptide bonds are formed between the amine acids of adjacentiglycan chains.
¢ The peptidoglycan layer provides structural sunport-and maintains the call’ 5 $hape.

Q.2 Whatare'mesosomes? What are their functions?

Ans, Mesosomes:
¢  Mescsomesare invagina:ions oithe bactenal cell rrembrane
» They are thought to be invoived in cellular processes such as DNA replicationisng e&kgivicish
». +Mesosomes may also p’.ay a rolein theformationof septa dur rg gelbgivision.
o However, theirgxactfurfictionis stilbdehated
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Q.4 How can plasmids be used in genetic enginieering?

Ans. Use of Plasmid in Genetic Engineering:
e .| Plasmids are small, self-replicating circular DNA moletules that can be used as vectorsin genetic engineering.
" e They can be engineered to carry foreign genes, aliowing for the expression of new traits.
e Plasmids can beintroduced into bacterial celis through transformation.
" They are commonly used in bictechnology applications

Q.5 Define sporulation.
Ans. Sporulation:
e Sporulation is the process by which certain bacteria, such as Bacillus and Clostridium, form highly
resrstant spores. Bl ' o
* Spores are formed through a complex process involving the engulfment of the bacterial cell by a septum
. Spores are hlghly resistant to heat desiccation, and other environmentalistresses: i
. They can remain dormant for extended periods. 1 e it

Q.6 What is the function of the bacterial capsule?.

Ans. Function of the Bacterial Capsule.

, The bacterial capsule is a layer of polysaccharides or proteins that surrounds the cell.
It-provides protectionagainst desiccation, phagocytosis, and other envirqnmental stresses.
The capsule can also play a role in virulence and-adherence to surfaces. i -
it is a key virulence factor in many pathogenic bacteria.

. e

Q.7 Write the role of pili in bacterial cells. How do they differ from flagella?
Ans. Role of Pili in Bacterial Cells:
o Pili are hair-like appendages that protrude from the bacterial cell surface.
. They play a role in attachment to surfaces DNA transfer, and motility.
Differences From Flagella:
e Pili are distinct from ﬁage!la whichare dnvolved in motility.
. Plh are tvprcally shorter and more rlgaa than flagella.

Q.8 What are plasmids, and how do thev contnbute to enabling bacteria’ to resistance against unfavourable
conditions?

waa ]

Ans, Plasmids:
» _Plasmids are small, self-replrcatmg circular DNA molecules that can carry genes confe'rmg resistance to
~ antibiotics or other stresses.
o Theycan.be t,ransrerred between QQCL riat cells through conjugation.

~Antibiotic Resistance Genes‘
o . Plasmids often carry genes that-produce anzymes or proteins capabie-of broakmg down antibiotics or
. pumping them out of the cell.
“e" "This enables bacteria to survive in environments with high antibiotic concentrations.
Toxin Production:
. Sdme plasmids encode genes for tokins that damage hostitissues or inhibit competing migroorganisms,
increasing the bacterium's chance of survival under hastiie conditions.
Heavy Metal Resistance:
. Plasmvds can carry genes that allow bacteria to resist toxic metals like mercury or arsenic by converting
them into less harmful forms or actively expeliing them from the cell
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Q.9 Write about the role of endospores in bacterial survival.

Ans. Role of Endospores In Bacterial Survival; ;
* Endospores are highly resistant structures formed by certain bacteria,
* They provide protection against extreme temperatures, desiccation, and other environmental stresses.
¢ Endospores can remain dormant for extended periods, allowing bacteria to survive in hostile environments.
* They are a key factor in the survival of bacteria such as Bacillus and Clostridium.

Q.10 What is the significance of lipopolysaccharides and lipoproteins in Gram-negative bacteria?
Ans. Significance of Lipopolysaccharides and Lipoproteins in Gram-negative Bacteria:
* Lipopolysaccharides and lipoproteins are components of the outer membrane of Gram-negative bacteria.
* They play a role in the structural integrity of the outer membrane.
* Lipopolysaccharides can also act as endotoxins, eliciting a strong immune response in hosts.
* They are a key virulence factor in many Gram-negative pathogens.
'

Q.11 How do spirochetes achieve motility?
Ans. Mobility of Spirochetes Achieve Motility:
* Spirochetes achieve motility through the rotation of their axial filaments.
* Axial filaments are internal flagella that run along the length of the cell,
* The rotation of the axial filaments causes the cell to move in a corkscrew-like motion.
* This unique form of motility allows spirochetes to move through viscous environments.

Q.12 Differentiate between twitching and gliding movements in bacterial motility.

Ans.

Twitching .

Glidlng_

Relies on “type IV pili”, which extend,
attach to surfaces, and retract to pull the
bacterium forward in a jerky motion.
Short, jerky, and intermittent movements
over solid surfaces (e.g., “Pseudomonas
aeruginosa”).

Involves “secreted slime”, motor proteins, or
specialized adhesion complexes that enable
smooth, continuous movement along surfaces
without flagella or pili.

Smooth, wave-like, and directional movement,
often used for spreading colonies or_hunting prey
(e.g., Myxococcus xanthus or Cytophaga species).

Q.13 How do bacteria without flagella achieve motility?

Ans. Bacterial Motility without Flagella:
Some bacteria without flagella achieve motility through gliding or twitching movements.

Gliding Motility: it involves the movement of the cell along a surface without the use of flagella.
Twitching motility: It involves the use of type IV pili to pull the cell forward.

Other mechanisms, such as the use of appendages or changes in cell shape, can also contribute to

motility in bacteria without flagella.

Q.14 What is the difference between swimming motility and swarming motility in bacteria?

Ans.

Swimming Motility

Swarming Motility

Swimming motility refers to the
movement of individual bacterial cells
through a liquid environment.

The distinction between swimming and
swarming motility lies in the behavior of
the cells and the environment in which
they are moving.

Swarming motility, on the other hand, involves the
coordinated movement of a group of bacterial cells
across a surface. 3

Swarming motility is often associated with the
formation of a complex community or biofilm.
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Q.1 Compare and contrast the cell wall of Gram-positive and Gram-negative bacteria.
Ans. Gram-Positive vs. Gram-Negative Bacteria: -
Similarities in Cell Walls Differences in Cell Walls

i. Peptidoglycan Presence: Both have | i. .Peptidoglycan Thickness: Gram-positive bacteria
peptidoglycan as -the main structural have a thick peptidoglycan layer. Gram-negative
component of the cell wall. bacteria have a much thinner peptidoglycan layer.

ii. Protective Function: In both, the cell wall | ii. Outer Membrane: Present only in Gram-negative
provides  protection against osmotic bacteria, absent in Gram-positive.
pressuré and mechanical damage. ili. Teichoic Acids: Present in Gram-positive cell walls.

iii. Shape Maintenance: The cell walls of both Absent in Gram-negative cell walls.
types help maintain the characteristic | iv. Lipopolysaccharide (LPS): Found in the outer
shape of the bacterium. membrane of Gram-negative bacteria. Absent in

iv. Anchoring Site: Both cell walls serve assites |~ Gram-positive bacteria.
for anchoring important surface molecules
or appendages like pili or flagella.

Q.2 Explain different methods of movement in bacteria.
Ans. See Page No. (44,45)

Q.3 Explain the structure of bacterium flagellum.
Ans. See Page No. (46)

Q.4 State the formation of endospore in bacteria.
Ans. See Page No. (43) - p i

Q.5 Briefly describe the ecological and economic importance of bacteria.
Ans. See Page No. (49)

Q.6 Explain the use of bacteria in research and technology.
Ans. See Page No. (50)

Q.7 Define the term normal flora. State the benefits which we get from normal bacterial flora.
Ans. See Page No. (50)

Q.8 Explain the structure of a model bacteriophage and HIV.
Ans. See Page No. (52)

inauisiTive answer auestions | D

Q.1 Why do bacteria have ribosomes even though they do not have membrane-bound organelles?
Ans. Presence of Ribosomes in Bacteria: :
*  Although bacteria are prokaryotic and lack membrane-bound organelles like mitochondria or endoplasmic
reticulum, they still contain ribosomes because protein synthesis is essential for their survival.
Function and Structure:
¢ Bacterial ribosomes are 70S in size, smaller than eukaryotic 80S ribosomes, and are not enclosed by
membranes.
* They float freely in the cytoplasm and translate mRNA into proteins required for growth, replication,
and metabolic functions.
Logical Reason:
* Ribosomes are not membrane-bound and therefore can exist in both prokaryotic and eukaryotic cells.
¢ Since proteins are vital for all cellular processes, even simple cells like bacteria must have ribosomes.
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.,:.._v_.»Bacterla possess nbosomes desoi*ﬂ lackma other organelles because ribcsomes are ‘es
" membranous structures needed to produce proteins necessary for lite.

Q.2 If bacteria do not have mitochondria, how do they generate energy for survwal?
Ans. Energy Production in Bacteria: :
* _Although bacteria fack’ mitochondria, they still produce energy efﬁcnently through cellular respxration
and fermentation processes that occur in their cytoplasm and cell membrane. ‘
Site of Energy Generation:
e ' In'bacteria, the plasma membrare functions like the inner mitochondrial membrane of eukaryotes. It
' contains efectron transport chains (E7C) and enzymes that help generate ATP through chemlosmosus
Reason:
e Bacteria have evolved to carry ‘out aerobjc or anaerobic respsratnon using enzymes embedded in the
plasma rnembrane These mechanisms allow them to produce ATP. wnthout mltochondna, ;

Q.3 - Why do certain bacteria exhibit twitching motility using pili instead of ﬂagelh?
Ans. Role of Pili in Bacterial Motility: i Ol s

* Some bacteria use p:h—-short hair-like projections—for a Speclal type of mo\Iement called twitching
motility, which helps them move across surfaces.in response to envlronmdntal’ chahges

Reason for Uslng pili: | i o dorshoA3st 3 i6 by
» Pili allow bacteria to attach to surfaces and then pull themselves forward by extendmg and retractmg
the pili. - ‘ o A

. This enables movement in moist-environments, especually where hagella may be meffectwe
__Environmental Advantage: o~ b
* Using pili for motility helps bacteua colonize host tussues ?orm bloﬁlms or move toward nutr:ewts in
’ solid or semi-solid environments, giving them a survuval advantage : 369 o
Conclusion:
o Bacteria use piti-for motility in certain condltxons befause they provldE surf.ace basgd movement
__enabling them to adapt, survive, and thrive.in diverse environments.

.Q.4__Give reasons in favour of the statement "Prevention is better than cure" and pfesent your arguments ln
the CIass .- SIS - aguiiiscnense: PEOON VU
Ans. Why "Preventing Sickness is Better than Curing o 1 9163¢ FI01 IBEnYON 13T o
i, Saves money: Vaccines/check-ups cost less than treatmg serious :llnesses
~ii.—Less pain:-Avoid getting sick {e.g;, eating: healthy stops diabetes).” R as Al s
iii.._Stops spread: Vaccines protect many peapie {like stopping flu outbreaks). e
iv. Helps hospitals: Fewer patients means better care for emergencies. s iy
problems early: Tests catch diseases sooner (like: cancer).” ; '
ches good habitst Exercise, clean habits keép you healthy, 1 | =1L AL
'Wger‘commumty Heaithy-people work, study, and helpothers better
viii. Fixes causes; Prevents problems instead of of just treating them fater,

“Q.5 " Correlate the social and cultural values of a country with the prevalancg (snread) of MDS s2a19, .onA

Ans. Relation of Social and Cultural Values of a Country with the Prevalence {Spread) of AIDS: '/«
i.Fearand Shame: In some cultures; people feel ashemed of AIDS; so they avoid gettmg testedor treate"
which spreads the disease. 6 N
. - il Traditions and Habits: Certain cultural practices, like having many partners or r~ot usmg protec’von can
increase the risk of AIDS.
iii,, Lack of Knowledge: If people are not taught .about AIDS and how it spreads; they may uhknowingly
engage in risky behaviors.
iv. Religious Believes: Some religions may limit open talks about sex and AIDS, which makes itharger to
spread awareness and prevention methods, ) 10200 ;
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ADDITIONAL MCQs 7"} 1-

Q.1 Which of the following best justifies the recommendatlon of Robert H. Whittakers classification in
modern biology?
A. 1t included cellular and acellular organisms together
B. it grouped organisms based on physical similarities only.
C. It reflected evolutionary relationships using molecular data,
* D, It classified organisms to represent evolut:onarv history.

Q.2 Which feature made the five-kingdom classification less favored in modern taxonomy?
AL sepafated plants-and-fungi clearly: — 8.1t grouped-altprokaryotes under one: kmgpo Y
&Wdced theé concept'of domains, - " D. It used both molecular and' marphoim cal trait

Q.? “Why is the three-domain system considered superior to the five-kmgdom system?
A It does not fely,on moleculardata " arsty 15 nedsi
B it merges all prokarvotes into a single group. BT W g
C. It includes viruses as a separate domain.
D. it reflects molecular-level differences among prokaryotes.

Q.4 Which of the following is NOT a component of the generalized bacterial cell wall’

_A. Peptidoglycan _ 8, I upopolysacchande $

C. Cellulcse D Teichoic acid ™

Q.5 What is the most logical reason bacteria can endure harsh conditions through endospore formation?

A They replicate quickly; B. They reduce their metabolic activity.

C. They increase nutrient uptake. 0. They become genetically modified.

0.6 “What distinguishes bacterfal flagelium from thz£ of eukaryatic cells? : .
A Itis composed-of microtubules. i it rotates-like-a pmpe"f"‘ -
C. It uses ATP directly. L & D. It is involved in DNA raplication.

Q.7 Which function best supports the role of bactena as “recyclers” in nature? St .
A. Causing diseasés in humans = B. Nitrogen fixation and decomposition .
C. Producing antibiotics %arn@izfz noil D. Enhancing photosynthesus n plants

'Q.8 Which role of bacteria contnbutes most to the balance of natural ecosystems?
A.Causing infections . ., Wt B. Producing toxins
C Decomposing organic matter O Infecting viruses

Q. 9 ‘Which feature ofba‘cteﬂa ‘has made them highly useful in genetic englneering? :
A. Their slow reproduction 8. Their small size
C. Presence of plasmids D. Absence of DNA .

Q.10 Which of the following is TRUE about the term “normal flora"? £
A. It only includes pathogenic hacteria. B. 't refers to bacteria that harm the host.
C. it refers to bacteria beneficial to the host. D. It refers to algae in the gut.

Q.11 How does the bacterlal flora beneﬁt the human digestive system? i
A. By causmg mﬂammatnon B. By aiding hutrient absorption and vitamin synthesis
C.By blockms aosorptlon of nutrients D. By converting sugar.into alcohel

Q.12 Which of the following best differentiates a bacteriophage from HIV?
. A, Bothinfect human cells. ,
B. Bacteriophage has RNA as genetic material.
C. Bacteriophage infects bacteria; HIV infects human T-cells.
D H!Vis a non-infectious virus.
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Q.13 Which of the following correctly identifies the domain to which prokaryotic bacteria belong, according
to modern classification systems?
A. Kingdom Monera B. Domain Archaea C. Domain Bacteria D. Kingdom Protista

Q.14 The major criticism of the five-kingdom classification system arose due to:
A. Lack of morphological data
B. Inability to classify plants accurately £ .o
C. Molecular studies highlighting evolutionary differences
D. Too much dependence on fossil records

ANSWER KEY

[4.0]2.3]3.0[4.c15.s]s.s[7.nls.cls.cl1o.c]u.nln.c[13..c]14.c1

- ADDITIONAL SHORT ANSWER QUESTIONS -

Q.1 Why did Whittaker classify organisms into five kingdoms instead of using older systems?
Ans. Classification Whittaker:

* Whittaker classified organisms into five kingdoms to reflect fundamental differences in cell structure,
mode of nutrition, and body organization,

® This system provided a more natural and evolutionary-based grouping.

Q.2 What was a major limitation of Whittakers five-kingdom classification?
Ans. Limitation of Whittakers five-kingdom Classification:

® The five-kingdom system grouped all prokaryotes into one kingdom, Monera, w»thout recogmzing the
major genetic and biochemical differences between Archaea and Bacteria. 2

Q.3 Why is the three-domain system considered superior to the five-kingdom system?
Ans. Three-domain System Superior than Five-kingdom System:

® The three-domain system, based on molecular data like rRNA sequencing, separates organisms into
Bacteria, Archaea, and Eukarya, offering a more accurate representation of evolutionary relationshlps

Q.4 How did molecular studies influence modern classification systems?
Ans. Molecular Studies Influence Modern Classification Systems:

* Molecular studies revealed significant genetic differences between groups previously thought to be
similar, leading to a shift from morphology-based to gene-based classification systems.

Q.5 How does the structural composition of Gram-positive and Gram-negative bacterlal cell walls influence
their susceptibility to antibiotics?
Ans. Effect of Bacterlal Cell Walls on Susceptibility of antibiotics:
* Gram-positive bacteria have a thick peptidoglycan layer that retains crystal violet stain and is more
susceptible to antibiotics like penicillin.
* Gram-negative bacteria have a thin peptidoglycan layer and an outer membrane containing
lipopolysaccharides, which provide extra protection and reduce antibiotic entry.

Q.6 Why is the bacterial ceil membrane considered functionally equivalent to eukaryotic organelles?
Ans. Bacterial Cell Membrane Equivalent to Eukaryotic Organelles:
e The bacterial pell membrane is involved in vital processes such as respiration, transport, and biosynthesis.

® It contains enzymes and protein complexes that perform functions similar to mitochondria and
endoplasmic reticulum in eukaryotic cells
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Q.7 Compare twitching and gliding motility in terms of surface interaction and molecular machinery.

Ans. e Twitching involves type IV pili that extend, adhere, and retract to pull the cell.
¢ Gliding uses focal adhesion sites or secreted slime for smooth surface movement.
¢ Both need surface contact but differ in motility mechanisms and protein complexes.
® Twitching is more abrupt; gliding is continuous and energy-dependent.

Q.8  What is the function of the hook in the bacterial flagellum?
Ans. Function Of The Hook In The Bacterial Flagellum:
* The hook connects the filament to the basal body.
® |tacts as a flexible joint, helping to transfer rotation from the motor to the filament.
* This allows the flagellum to move in a curved motion for swimming.

Q.9 How do monotrichous and peritrichous bacteria differ in their movement?

Ans. & Monotrichous Bacteria: Which have one flagellum and usually move in a straight line,
e Peritrichous Bacteria: Which have many flagella all around and can tumble and change direction.
o This helps them move better in complex environments.

Q.10 What makes cyanobacteria unique among prokaryotes in terms of their role in ecosystems?
Ans. Uniqueness of Cyanobacteria:

* Cyanobacteria perform oxygenic photosynthesis using chlorophyll-a.

* They contribute significantly to oxygen production and nitrogen fixation.

e They are important primary producers in aquatic ecosystems.

Q.11 How do actinomycetes contribute to both medicine and soil health?
Ans. Importance of Actinomycetes:
* They decompose organic matter, enhancing soil fertility.
* Actinomycetes produce antibiotics like streptomycin.
¢ Their structure helps them colonize soil and maintain ecological balance.

Q.12 Why are nitrogen-fixing bacteria essential in agriculture?

Ans. Importance of Nitrogen-fixing Bactria in Agriculture:
® They convert atmospheric nitrogen into ammonia.

* These bacteria form symbiotic associations with legumes.
¢ Their role reduces dependence on chemical fertilizers.

. Q.13 What distiriguisbes chemosynthetic bacteria from photosynthetic bacteria?
Ans. Chemosynthetic Bacteria vs Photosynthetic Bacteria:
. » Chemosynthetic bacteria gain energy by oxidizing inorganic compounds.

- e+ They do not require sunlight, unlike photosynthetic organisms.
"o Found in extreme habitats like deep-sea hydrothermal vents.

, Q.lmue.céthin.bactgdaconsldered essential tools in sgientific research and biotechnology?

Ans. Bacteria as Essential Tools in Scientific Research and Bistechnology:

¥ e Escherichia coli is used as a model organism for genetic engineering due to its rapid growth and well-
known genome.

* Bacteria can be engineered to produce insulin, vaccines, and enzymes.
e  Their simple structure makes them ideal for controlled lab studies.
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Q.15 How does the normal flora of the human body prevent colonization by pathogens?. -
Ans. Importance of Normal Flora in HumanBody: . - ..~ . v
e Competes with pathogens for nutrients.and space. «

e Produces antimicrobial substances like bacteriocing |
¢ Maintains pH and immune system balance, limiting pathogen growth.

Q.16 In what way do intestinal bacteria contribute to.vitamin production in humans?
Ans. Importance of Intestinal Bacteria: i e SO '

e Intestinal flora synthesize vitamins like vitamin K and some B-complex vitamins.
» These are absorbed by the host and essential for metabolic functions.
¢ Antibiotic use may disrupt this process, leading to deticiencies.
Q.17 How does the head and tail structure of a T4 bacteriophage help in infection?
Ans. Importance of Head and Tail of T4 in Infection: ' f 1191064 iponoh
¢ The head stores viral DNA. A it 15 Bepanatiil
e The tail attaches to the bacterial surface using tail fibers.
e ~The contractife sheath-injects DNA into the host like a syringe.

000 ®
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y il Chapter # 02 §

Total Mark: 30

Q.1 Encircle the correct option. ‘  (1x63=06)
i. Whicﬁ of the following component is not found in ail kinds of bacteria?
(a) Ribosomes {b) Cell membrane (c) Nucleoid (d) Capsule
ii.  Inbacterial cells, respiration occurs at: : A
(a) Mitochondria (b) Celi membrane (c) Ribosomes : - (d) Endoplasmic reticulum
iii. Whatis the primary function of flagella in bacterial ceils? i
(a) DNA replication (b} Cell division {c) Motility (d) Protein synthésis
iv.  Which type of motility in bacteria is mediated by pili? _ ;
(a) Brownian movement (b) Gliding motility (¢) Twitching motility _  (d) Swarming metility
v. - Which of the following bacterial structures is responsible for detecting and responding to.chemicals?
(a) Capsule . . . - (b).Pili. . (b) Flagella J {d) Ribosomes
vi. The enzyme responsible for converting HIV RNA into DNA is:
(a) RNA polymerase (b) Reverse transcriptase (¢) DNA helicase {d) Integrase
Q.2 Write short answers of the following questions. 1 [SORGUITFa o (2x8=16)

i.  Write the composition of the peptidoglycan layer in bacterial cell walls,

ii. How can plasmids be used inf genetic engmeermg?

iii. What is the function of the bacterial capsule? _

iv.  What are plasmids, and how do they contribute to enabling bacteria to resistance against unfavourable
conditions?

v.  What is the significance of lipopolysaccharides and lipopféteins in Gram-negative bacteria?

vi. Differentiate between twitching and gliding movements in bacterial motility.

vii. How do monotrichous and peritrichous bacteria differin their movement?

viii. Why are nitrogen-fixing bacteria essential in agriculture?

Q.3 Extensive Questions. : “(4x2=8)

(a) Briefly describe the ecological and economrcimportance of bacteria.
(b) Explain the structure of @ model bacteriophage and HIV.

SHEALEG
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' ENTRANCE TEST

1. HIVis classified as:

A. Bacteriophage B. Retrovirus C. Oncovirus D. Icosahedrel virus
2. Allviruses can reproduce within living organisms only, so they are known as: '
A. Ectoparasites B. Obligate intracellular parasites
C. Endoparasites : D. Facultative intracellular parasites
3.  The viruses can reproduce:
A. Without invading any cell B, By mitosis C. In bacterial cell D. By meiosis
4.  The life cycle in which phage kills the bacteria is known as:
A. Transduction B. Lytic cycle C. Temperate phage cycle D. Lysogenic phage cycle
5. Inviruses, a combined structure formed by core (Nucleic ACID. and capsid is:
A. Nucleocapsid B. Envelope C. Prion D. Capsomeres
6.  Lysogenic viruses are also known as:
A. Enveloped phage B. Prophase C. Virulent phage D. Bacteriophage
7. Capsid, the protective coat of a virus is made up of subunits known as capsomeres:
A. Lipid B. RNA C. Protein D. DNA
8. Among followings, enzyme is naturally found in human immunodeficiency virus (HIV):
A. DNA polymerase B. Reverse transcriptase  C. RNA polymerase D. Ligase
9.  Capsid, the protective coat of a virus is made up of subunits known as capsomeres:
A. Lipid B. RNA C. Protein D.DNA
10. Among followings, enzyme is naturally found in human immunodeficiency virus (HIV):
A. DNA polymerase B. Reverse transcriptase  C. RNA polymerase D. Ligase
11. Rod-shaped bacteria are known as bt
A. Spirilla ¢ B. Spirochete C. Bacilli D. Cocci
12.  During unfavorable conditions certain bacteria produce: §
A. Ribosomes B. Mitochondria B. Plasmids D. spores
13. Many bacteria are motile due to presence of:
A. Flagella B. Cilia C. Pili D. Microtubules
14. is an invagination of cell membrane which helps in cell division:
A. Fimbriae B. Mesosome C. Nucleoid D. Endospore
15.  Chemical used for destroying agricultural competitors are known as:
A. Antibiotics B. Disinfectants C. Pesticides D. Chemotherapeutic agents

16. “DNA molecule in prokaryotes is;
A. Single, circular, double stranded molecule, not bounded by membrane
B. Double, circular molecule : ;
C. Linear, double stranded molecule
D. Single, circular, double stranded molecule membrane bound
17. Nucleoid is a structure NOT found in:
A. Campylobacter B. Spirochete C. Cyanobacteria D. Goblet cells
18. Students were asked to give a guess about a unicellular organism with darkly stained nucleus. Which
one of the following can be straight away excluded from the list?

A. Paramecium B. Plasmodium C. Amoeba D. Lactobacillus’
19.. Binary fission is a characteristic cell division NOT found in:

A. Pseudomonas B. Euglena C. Campylobacter D. E. coli
20. ' In which one of the following shapes, gut living symbiont Escherichia coli is found?

A. Round B. Spiral C. Oval D. Rod

ANSWERS KEY

1.B 2.B 3.C 4.B 5.A 6.B 7.C 8.B 9.C 10.B 11.C 12.0
13.A 14.B 15.C 16. A 17.D 18.D 19.B 20.D :
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