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

Draw an annotated diagram of a generalized bacterial cell.

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

Describe with diagram structure of bacterial flagellum.

Describe bacteria as recyclers of nature.

Outline the ecological and economic importance of bacteria.

Explain the use of bacteria in research and technology.

Define the term normal flora.

Describe the benefits of the bacterial flora of humans.

Describe the structure of a model bacteriophage, and HIV.
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You know that over the years rpany schemesm
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have been proposed for classnfyrng /o(ga/ isms into| Whittaker proposed the
kingdoms. You have Stcded T chapfer . the fve reioions o I fe, Moner
kingdom CIaSSIfICt':\fon Sygt‘?m preposed by Robert animalia. The first one includes
H. WI’{IWNI\H ecommended in biology. This prokaryotes and the other four
systerr\&\assﬁled the organisms in a comprehensive include eukaryotes.
way that reflects evolutionary history of organisms. According to this classification
system, all prokaryotes are included in a separate kingdom i.e., the kingdom Monera.

In the last decade, molecular studies have highlighted serious flaws in the five-
kingdom classification system. You have also studied in chapter 1, most biologists
favour replacing it with a new system, called three-domain system It is more aligned
with the data gained from molecular studies.

You know that bacteria are the prokaryotes classified in the domain of their own,
i.e., the domain Bacteria. In this chapter we will study detailed structure of bacterial cell.

We will also study the importance of bacteria.

2.1- STRUCTURE OF BACTERIA
Bacterla are a diverse group and all of them have unlcellular prokaryotlc
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ACTERIA AND VIRUSES

Cell Wall

It is a rigid wall around
the plasma membrane of
bacterial  cell. The maJor
component of bacterial cell wa , 7
is a unique mac ‘ | ' - Ghyean
called i ) :

Amino
acids

cross-linked with short peptide Figure 2.2: The molecular model of peptidoglycan

fragments  (Figure 2.2). |Its Sir Hans Christian Gram devised the technique of
amount differs in different Gram's staining. Gram-positive bacteria stain
bacteria. Cell wall also contains purple because they retain violet dye. Gram-

negative bacteria do not retain violet dye and so

lipids, which are linked to they appear in original colour.

peptidoglycan.

The composition of cell wall is quite different in Gram-positive and Gram-
negative bacteria. The cell wall of Gram-positive bacteria contains thick layer of
peptidoglycan and has less lipid content. While the cell wall of Gram-negative bacteria
has a thin layer of peptidoglycan.

The cell wall of Gram-negative bacteria has an outer membrane made of
lipopolysaccharides and lipoproteins. The outer membra e -mak gative

bacteria resistant to many antibiotics. It contains a . \ a ich acts like
a pore for specific molecules.

ative bacteria has more




rembranes
— feptidoglycan

e [Periprlnsmiic space

e Cell membrana

TR R A EA e
Gram-Positive Gram-Negative
Figure 2.3: Cell wall composition of Gram-positive and Gram-negative bacteria

Some bacteria produce capsuleoutside their cell walls. It is a gelatinous layer
and gives sticky characters to bacterial colonies.

Cell Membrane

Cell membrane or plasma membrane is present just beneath ceII wall. It lies at
the outermost in bacteria that lack cell wall (e.g., Mycopl }: The
cell membrane of bacteria does not have ter n its chemical
makeup. At some pomts cell m @% d/forms veS|cIes tubules or
lamellae in cytoplasm_Th wn as mesosomes These are involved
in DNA replication nd also serve as respiratory centres.
Cyto etic Materlal
oplasm contains dissolved substances and large structures such as nucleoid,
ribosomes, and mesosomes. It lacks cytoskeleton and membrane-bounded organelles.
Many ribosomes are freely dispersed in cytoplasmic matrix and some are loosely
attached to plasma membrane. Bacterial ribosomes are smaller than eukaryotic
ribosomes. Each ribosome sediments at 70S (larger subunit at 50S and smaller subunit
at 30S). Near the centre of cytoplasm, there is an irregular-shaped dense area i.e.,
nucleoid. It contains DNA. A bacterium possesses a single, circular, double stranded
DNA. Bacterial DNA does not have attached histones. It is sometimes called the
chromosome of bacterium.

Some bacteria have circular,
double-stranded extra chromosomal
DNA molecules, called plasmids They
are self-replicating and can replicate

Plasmids also serve as important vectors, in genetic
engineering. They are used to carry selected genes to
bacteria for cloning or for the synthesis of specific
proteins.
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before or after division. They contain genes ;hat enab,le~ te? f&r r\esjétarrce agalnst
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2.2- ENDOSPO

Many b a survive extended periods of harsh conditions by forming
speciw& s, called endospores(Figure 2.4). Endospores are thick-walled
and metabolically inactive (dormant). The process by which bacteria make endospores,
is called sporulation. It happens in the following way:

When a bacterium faces unfavourable conditions, it replicates its DNA. Cell
membrane makes a septum to isolate the new DNA and a small portion of cytoplasm.
Cell membrane again grows around the new DNA, cytoplasm, and septum. In this way,
the new DNA is surrounded by two membranes. The DNA of vegetative cell
disintegrates and whole cell begins to dehydrate. A new peptidoglycan layer forms
between the membranes around separated DNA and cytoplasm. A spore coat also
forms around it. The structure matures into endospore. 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. m
n SEptum |:r EZ@ @
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& Cell membrane
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2.3- MoTILITY N BAGTERIA\\
Bacteria-. \Lﬁse dfﬁerent motility
pattem}s ]y&lmléwéate and explore natural R

FIageIIar movements: Most bacilli and

SwiAmming

spirilla bacteria move by means of flagella.
They swim by using their flagella. When a
bacterial population moves together by
means of flagella, the movement is called
swarming. Flagellar movement allows
bacteria to travel in liquid media. Counter

Swarming —

Twvitching
clockwise rotation of flagellum pushes the o THR— ‘
cell forward with the flagellum trailing P Pilus retracts
bEhlnd GI’h‘E S
Twitching or crawling: It is used to move
over surfaces. It is mediated by pili, which /

N

bind to surrounding solid surfacemand i X C, 0\ \|
retract. Thus, bacterial cell is p}lled \fpmfvard .\5\3 ) "‘;'ZJ_;’

Gliding: It is similar th ’gwltqh ﬁg f\mg mg .g.-i
bacteria secretg\sltmy sqbstan%é Which help
them { \hdlng over solid surfaces.
Slldln\gwtS is due to the expansion created by the pushing force of dividing cells.

Brownian movement: Some bacteria (e.g., Streptococcus) that do not have
flagella or pili, move due to the random and
uncontrolled movements of the particles
present in fluid.

Movement by axial filament: Some
bacteria (e.g., spirochaetes), have a modified
flagellum. It is known as axial filament. It is i, Axial
anchored at one end and runs length-wise in ~ filament
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, creeping and splnnlng movements anurez 6 Akuarfdame;i% 1 splrochaete

Figure 2.5: Motility in bacteria
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2.5- FLAGELLAOQO

Many kinds-0 teria ‘have
flagel i l&’them to move.
The se ary function of flagellais to

detect and respond to chemical
signals. The bacteria which do not

possess flagella are called atrichous.
The bacteria with single polar
flagellum are called monotrichous.
The bacteria with a tuft of flagella at
one pole are called lophotrichous. The
bacteria with flagella at each of two
poles are called amphitrichous. The
bacteria with flagella surrounding the

whole cell are called peritrichous
(Figure 2.7).

Structure

The flagellum of
eukaryotes. They are
flagellin  protei
flagel
hook a
present just beneath cell membrane. It
consists of rotating rings (one pair in
Gram-positive bacteria and two pairs in Gram-negative bacteria). The rings anchor the
flagellum in cell membrane and cell wall. The hook is a curved structure that connects
basal body with the filament. '

Some bacteria have pili (singular; pilus). These are
foa basal body, non-helical, filamentous appendages and are smaller
a filament. The basal body is  and thinner than flagella. Pili are used for attachment
of bacteria to various surfaces. They are also involved
in the mating process (conjugation) between cells.

Pans of Mageilusn in
Gradm-finaitlve Gacrars

Figure 2.8:
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2.6- BACTERIA} EEGLOGY AND DIVERSITY

The fossil- cord shdws ‘that prokaryotes i.e., archaea and bacteria were
abundan‘q 35 blf[kbﬁ years ago. They evolved and remained all alone on Earth for the
next 2 bilhon years. Today, prokaryotes (archaea and bacteria) are found wherever there
is life. Bacteria are found in water, air, soil, food and in the bodies of animals and plants.
They outnumber all eukaryotes. They can survive in extreme habitats.

Diversity in Bacteriaand their Ecology

Margulis and Schwartz Perhaps most interesting of all is the recent
proposed a useful classification system  discovery that the bulk of our modern petroleum
for all prokaryotes. They classified them deposits were formed by masses of decayed
s . . . cyanobacteria.
into 16 phyla. The following discussion
deals with the important groups of the domain bacteria (Figure 2.9).

1- Omnibacteria: These are rigid, rod-shaped, heterotrophic, Gram-negative bacteria.
Many important pathogens are included in this group. Most of these bacteria have
flagella. They do not produce spores. They are usually aeroblc Escherichfa":colns an
example of such bacteria. This group also includes vibrios.. 3

2. Cyanobacteria: These ) @w cgeeﬁ‘rjln poIIuted water as a
photosynthetic bacterla, They played r@u %‘ rowth of cyanobacteria. The
most important role ln”the hgstory ch“th 3 & such  blooms result from the
. photosynthetlc pigments of cyanobacteria.
Earth for mcraa&lpg free \oxygen in
atmogphqre\l ,THéy' contain chlorophyll-a and accessory pigments like carotenoids, and
blue ahél red phycobilins. Many cyanobacteria fix atmospheric nitrogen 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.
3. Mycoplasmasand Spiroplasmas 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. Some mycoplasmas cause diseases
in mammals e.g., certain types of pneumonia in humans. Spiroplasmas cause significant
plant diseases e.g., the lethal yellowing disease of coconuts.
4. Spirochaetes These are long spirilla with Gram-negative cell walls. They may have 2
to more than 100 flagella. Treponemaare important spirochaetes. They cause syphilis
(a fatal sexually transmitted disease).
5. 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. Some of them are autotraphlc but many are plant,pathogens Some of

them play role in denltrlflcatlon PseudomOnas aeruglnosa accurs in soil, water and raw
OV~ \\39,.)




people. \ \ )

L ﬁ&és - These have
fllame\qlﬂbmrowth forms. They produce
spores that are resistant to unfavourable
conditions. Some actinomycetes are
nitrogen fixers and are found in the root
nodules of many flowering plants. Some
actinomycetes are responsible for dental
plaque, in which the enamel of teeth is
destroyed. A member of this group i.e.,
Mycobacterium leprae causes leprosy.
Another member i.e., Mycobacterium
tuberculosisis the cause of tuberculosis.
Many antibiotics e.g., tetracycline,
chloramphenicol, erythromycin, and
neomycin were derived originally from

actinomycetes. ‘
7. Nitrogen-fixing W
This  group oEi

incl
importan A\ WJ are Gram-

negat most are flagellated.
Azotobacterls a member of this group. It
is found in soil and water and converts
atmospheric nitrogen into nitrates.

8. Chemosynthetic bacteria: These
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Azotobacter Nitrosomonas
Figure 2.9: Major groups of bacteria

About 150 new antibiotics from actinomycetes

are

being discovered each year.

bacteria derive energy from the oxidation of inorganic compounds of nitrogen, sulphur
and iron. They use this energy for the synthesis of their food. Nitrosomonas and
Nitrobacter are included in this group. They oxidize nitrogen compounds (NHs) to gain
energy. The NHzs is in turn converted to nitrite and nitrate. Thus, they play vital role in

nitrogen cycle.

Table: Characteristics of some Groups of Bacteria

Name of Group Form Motility = Nutrition

Ecological role

Omnibacteria R N, F H
Cyanobacteria RCM GN B

Mycoplasmas Nowall N H Pathoge
and Spiroplasmas
Spirochaetes S F “ ﬂ nd pathogens

\40\

Pathogens and decomposers
Carbon and nitrogen flxers




Actinomycetes Pathogens and nitrogen fixers
N- ﬁxmg ae Free-living and mutualistic nitrogen fixers
Che Oxidize nitrogen and sulphur compounds,
play role in nitrogen cycle

Form:R, rods (bacilli); C, cocci; S, spirilla; M, regular chains or aggregations
Motility: F, flagellated; N, nonmotile; G, gliding
Nutrition: H, heterotrophic; C, chemosynthetic; P, photosynthetic
2.7- IMPORTANCE OF BACTERIA

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.
Recyclers of nature

Bacteria are involved in almost all biogeochemical cycles in which different
essential elements move to and fro between organisms and environment. l\htrlfymg
bacteria (Nitrosomonas, Nitrobacter and Azotobacte/) and - denf’fri&hg ‘bacteria
(Pseudomona} play significant role in Ihe compleﬂorr of #rbgen é:yde Decomposer

Pseudomonads %{E\Q\\\%\/\\&\D&%mpowrs and plant pathogens

vvvvvv

bacteria decompose dead organic ma;tter anﬂpla\ykéy role'in carbon-hydrogen-oxygen
cycle. The activities b_} pho”;osynthetst\baetena e.g., cyanobacteria play role in the
increase of free ox;ﬂ en \m Ear‘ch’s atmosphere
Maker;s\cﬁ\u S¢hipreducts
\N>lany bacteria e.g., Lactobacillusin combination with yeasts and molds, have

been used for thousands of years in the preparation of fermented foods such as cheese,
pickles, soy sauce, vinegar, wine and yogurt. In pharmaceutical and agrochemical
industry, bacteria are most important in the production of important chemicals. Some
bacteria are used for the production of antibiotics. Commercial preparation of animals’
skin for making leather goods, involves the use of bacteria.
Environmental cleaners

Many bacteria can degrade organic compounds very easily. Such bacteria have
been used for the removal or degradation of pollutants (bioremediation) from
environment. For example, bacteria are used to decompose city sewage into harmless
products. 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.
Biopesticides 1o\ (C Juv

Bacteria are used in the place-of pestICldes m blologfe,al pést control This
commonly involves Baallus thurlnglens a Gram posltwe, 'soil dwelling bacterium.
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These biopesticides are envrronmentaﬂ;(frrend y aﬂd have little or no effect on hu mans,
wildlife, pollinators and! most other beneficial insects.

Research anq ta Hnology tools
Bretctt fia 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. Scientists also insert human genes in bacteria and produce
therapeutic proteins e.g., insulin, growth hormones, or antibodies.
2.8- 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. The mixture of organisms regularly found at any anatomlcal
site is referred to as the normal flora. - 0 fv \

The normal flora of humans consists_of bacteria;, q\few,fgngr armLprotlsts and
some methanogenic archaea. Bacterra‘are/the most numerous -and obvious microbial
components of normal flora, - ~\ SR\l
Benefits of Bacterlal Ffdra of Hﬁmans

The anOQI tpons between humans and their normal flora are mutualistic. In
human\r Q;thd&t\ normal flora gets nutrients, a stable environment and constant
temperature protection, and transport. Similarly, body also gets many benefits from
normal bacteria; for example;
1. Synthesis of vitamins:Bacteria in alimentary canal produce vitamins. They excrete
vitamins which are in excess of their needs. From alimentary canal, these vitamins are
absorbed and distributed in body. For example, enteric bacteria secrete Vitamin K and
Vitamin B12, and lactic acid bacteria produce certain B-vitamins.
2. Prevent colonization by pathogens: The bacteria of normal flora compete with
pathogens for attachment sites and nutrients. So, pathogens have less chance of
entering body tissues.
3. Inhibit or kill pathogens: The intestinal bacteria produce a variety of substances,
which inhibit or kill pathogen bacteria.
4. Stimulates the production of cross-reactive antibodies: Since the normal flora
behaves as antigens, they induce immunological response.-Low Jevets ’o, ‘anﬂbodles
produced against the normal flora are knowh o5 cross reaét With €ertain pathogens,
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You are fa J)Q;a( Wlth ihe five klngdoms of living organisms. You also know that
there are Wq ¢\ fures that do not possess cellular organization yet show some
charaétg\nstlcs of livings. Viruses are the representatives of such organisms.

Structure of Virus

Viruses are extremely small infectious agents and can only be seen under
electron microscope. They range in size from 20 nm (parvovirus) to 250 nm (pox
viruses). They are 10 to 1000 times smaller than most bacteria. That is why, they can
pass through the pores of filter paper.

The central core of a virus is its genome. It is chickenpox _etc) contains 163
made up of nucleic acid (either DNA or RNA). The SICE T ité el
core is surrounded by a protein coat, called capsid It  Adenovirus (causes common cold)
gives definite shape to virus. Capsid is made up of contains 252 capsomeres in its
protein subunits called as capsomeres The number capic
and kind of capsomeres is characteristic of a particular virus. Central core capsid
are collectively called as nucleocapsid %D@\h

In some animal viruses only, Ie C @ﬁ@%er membrane
called envelope. It is a lipid-ri ed from host cell. Non
enveloped viruses ar here is a great diversity in the general
appearance of vir ). The anlmal and plant viruses may be polyhedron

Herpes virus (causes cold sores,

Figure 2.10: Diversity in viruses’ shapes

Structure of Bacteriophage Bacterloph are erein

ge ~ gene of

~ Qd into the DNA of

,/7 , hage which carries it to the
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Bacternophag@ are a/“‘\dl\(eﬁ%\ W target bacterial cell. When virus
viruses that attag a\c em\a U]éy are among the incorporates its DNA into bacterial
AR chromosome, the gene of interest
yest \K&\%‘: IM The beSt kniova: phages of also becomes a part of bacterial DNA.
Escherichia coli are T-phages. There are many Such transgenic bacteria (transgenic:
varieties of T-phages. A T4 phage consists of a head = whose genome has DNA of some
and a tail (Figure 2.11). The head is an elongated ©other organism) can be grown to get
idal (with two triangles having a common copies of the gene of interest and to
Fyramical 1wl _' g_ vl g_ get the required protein.
base), hexagonal (six sided), prism-shaped
structure. Its capsid is made of proteins while core contains a long double stranded
DNA. A straight tail is attached with head. The tail is also made of inner core and outer
sheath, both of which are made of different proteins. A neck attaches sheath with head
and an end plate is present on the other side of sheath. Six tail fibres are attached with
end plate. They help the phage to attach with bacterial wall. These structures are also
made of proteins.

.r@ col

Head

sheath |
Tall

[3il core

™ gnd plate

Figure 2.11: Structure of a bacteriophage (T4 phage)

Structure of HIV
Human Immunodeficiency Virus (HIV) belongs to the group called retroviruses

It is a special group of animal viruses. Retroviruses contain RNA and their capsids. These
structures are surrounded by lipid rich envelops. The envelope also rising
glycoproteins spikes, which help the virus ldentlfy and blmc[kié\;ts/fa@@fmy are
spherical in form and are about 100 nnUn dxamate?\\ \}»%s éﬂgm@wshmg character

of retroviruses is the presence Vo/f a\spe lﬂt é@%é)re\lm%e transcriptaseThis enzyme
il A \
\
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catalyses the process@‘reverse”tranx\m{tlon rnw\hlch a smgle stranded RNA is reversely
transcribed into a strand Qf DNA 'The enzyme then uses DNA strand to complete a

double h?%qf@l‘ﬂﬂ

Jl If'r#""'-l —

Experts have concluded that HIV
originated in the jungles of Africa
among wild chimps. Evidence
: ‘ suggests that a form of this virus
Lapsd = LA | entered human species and
: ; became HIV by way of monkey
bites or ingesting monkey meat
and brains.

wiral
envelope

Reimarse
transcriptase

Figure 2.12: Structure of HIV
HIV is responsible for the disease AIDS (acquired immunodeficiency
syndrome). AIDS weakens the immune system of patient. The disease is fatal because
no one can survive without immune system to defend against other viral and bacterial
infections. The disease was first reported in 1981 and the patients were found

homosexual. Later on, AIDS was discovered in non- homosexua(gxtlentttj(t{@o had

received blood or blood products from other AIDS pa
a*a virus. In 1986, the

at
‘m\(@@% nod iciency Virus (HIV). It is a
host specific virus. It ﬂ | eys but do not cause AIDS in them.
W\\N o\ EXERCISE |

SECTION 1: MULTIPLE CHOICE QUESTIONS
1. Which of the following component is not found in all kinds of bacteria?

AIDS causing virus w

(a) Ribosomes (b) Cell membrane
(c) Nucleoid (d) Capsule
2. The bacterial chromosome is typically:
(a) Linear, double-stranded DNA (b) Circular, single-stranded RNA
(c) Circular, double-stranded DNA (d) Linear, single-stranded DNA
3. In bacterial cells, respiration occurs at:
(@) Mitochondria (b) Cell membrane
(c) Ribosomes (d) Endoplasmic reticulum
4. Which group of bacteria is known as a good source of antibiotics?
(a) Omnibacteria (b) Spirochaetes 4-«,:\.
(c) Pseudomonads (d) Actlnqmyqetef‘ (:\
5. What is the primary function of ﬂa%lla m bacterﬁ'é/kcé \‘1’ Voo
(a) DNA replication \\ 75 ( (O \ \(b) Cell lelSlon
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(c) Motility o\ o - (d) Protein synthesis

6. Which type of motllqty in bacteﬂa |s\med|ated by pili?
(@) Brow W mﬁvemént (b) Gliding motility
(c)\TNILté ing 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 N 20 \\“@Q
(b) Single-stranded RNA and reverse trapﬁcrlptase/ \| - 5/) (&0\\’/ -
(c) Double-stranded DNA and: mteg%s/ef‘ \( ‘-. ; ) ,-‘

(d) Double-stranded RNA-and RNQPQ\{@grése
SECTION2: SHOR Qq\z\s\TmN‘@‘ 4

1. er e “structural components of a bacterial cell wall and their
ar}éﬁg ent

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

What are mesosomes? What are their functions?

How can plasmids be used in genetic engineering?

Define sporulation.

What is the function of the bacterial capsule?

Write the role of pili in bacterial cells. How do they differ from flagella?

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

@ Ne; kLN

9. Write about the role of endospores in bacterial survival.

10. What is the significance of lipopolysaccharides and lipoproteins in Gram-negative
bacteria?

11. How do spirochetes achieve motility? a0

12. Differentiate between twitching and glldlng movement\s, lh;bacte[mlqmoﬁtlhfty

13. How do bacteria without fIageHa adileye MOtillty'f‘ A

|_,'
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14. What is the dlﬁ’eﬁenCefbéTween\&wimrﬁlng motlllty and swarming motility in
bacteria? ( \J "
SEcnqmm ;Lb\slé QU ESTIONS
n4pare and contrast the cell wall of Gram-positive and Gram-negative bacteria.
Explam different methods of movement in bacteria.
Explain the structure of bacterium flagellum.
State the formation of endospore in bacteria.
Briefly describe the ecological and economic importance of bacteria.
Explain the use of bacteria in research and technology.
Define the term normal flora. State the benefits which we get from normal bacterial
flora.
8. Explain the structure of a model bacteriophage and HIV.
INQUISITIVE QUESTIONS
1. Why do bacteria have ribosomes even though they do not have membrane-bound
organelles?
2. If bacteria do not have mitochondria, how do thci/ger\rat {Qﬁ sXUvaal?
Why do certain bacteria exhibit twntc)hlng mﬂﬂy @g\l%pM ﬁsﬁé\a of flagella?

Nowvhswn =

e

4. Give reasons in favour of the ska‘gﬁ\%h(@r \@P\t\dn\ etter than cure” and present
your arguments |Q e;ﬂf Al \\
5. Correlate thg\sgpél @n cmfural values of a country with the prevalence of AIDS.
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