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Students Learning Outcomes

On completion of this unit students will be able to:

Outline taxonomic position of prokaryotes in terms of domains archaea and bacteria and in
terms of kingdom monera,

Explain the phylogenetic position of prokaryotes.

List the unifying archaeal features that distinguish them from bacteria.

Explain that most Archaea inhabit extreme environment.

Justify the occurrence of bacteria in the widest range of habitats.

List the diagnostic features of the major groups of bacteria.

Justify why cyanobacteria are considered as the most prominent of the photosynthetic
bacteria.

Dcscr_ibe detailed structure and chemical composition of bacterial cell wall and other
coverings.

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

Explain the great diversity of shapes and sizes found in bacteria.

Justify the endospore formation in bacteria to withstand unfavourable conditions.

Explain motility in bacteria,

Describe structure of bacterial flagellum.

Describe genomic organization of bacteria.

Classify bacteria on the basis of methods of obtaining energy and carbon.

Describe autotrophic and heterotrophic nutrition in bacteria.

Explain the pigment composition in cyanobacteria.

Differentiate between the photosynthesis mechanisms in cyanobacteria and other
photosynthetic bacteria.

List the phases in the growth of bacteria.

Describe different methods of reproduction in bacteria.

Explain how mutations and genetic recombinations lend variability to bacterial
reproduction.

Describe bacteria as recyclers of nature.

Outline the ecological and economic importance of bacteria.

Explain the use of bacteria in research and technology.

Describe important bacterial diseases in man, e.g. cholera, typhoid, tuberculosis, and
pneumonia; emphasizing their symptoms, causative bacteria, treatments, and preventive
measures.

Describe important bacterial diseases in plants in terms of spots, blights, soft rots, wilts
and galls; emphasizing their symptoms, causative bacteria, and preventive measures.
Define the term normal flora.

List the important bacteria that make the normal bacterial flora residing in the oral cavity,
respiratory and urinogenital tracts and large intestine of man,

Describe the benefits of the bacterial flora of humans.

Listthe chemical and physical methods used to control harmful bacteria.
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Introduction : i
\

A prokaryote ( Gk. Pro = before, Karyons = nucleus) is a unic
. ) » aryon. , ellular ' {
having simple structure th_at lacks a membrane-bound nucleus and other m:)nr%l‘;?a‘:\:‘ |
bound (_)rgancllcs. like mitochondria, Golgi complex etc. Prokaryotes have great
economic and environmental importance. They also greatly affect on human health and |

Jargely used in research and biotechnology.

6.1 Taxonomy of Prokaryotes

The A. V. Leeuwenhoek (Dutch scientist) first discovered bacteria in 1674 and
called them animalcules. Ehrenberg introduced the name bacterium in 1828 (Gk:
bacterion means small staff or rod). The taxonomic position of bacteria and other
prokaryotes have witnessed continuous changes since their discovery.

6.1.1 Taxonomic position of Prokaryotes as kingdom( Monera)

According to two kingdom system of classification all microorganisms were
included in kingdom Plantae. In 1861 John Hog proposed a separate kingdom Profista
for all microorganisms including bacteria. In 1866 Ernst Haeckel made a scparate
group the Monera for Prokaryotes within same kingdom Protista. In 1938 Herbert
Copeland separated group Monera from Protista and formed the kingdom Monera in
which he had placed only prokaryotic organisms. Robert H. Whittaker an Amenican
biologist in 1969 proposed five kingdom system of classification for living things. Lynn
Margulis and Karlene Shwartz in 1988 modified five kingdom classification. They
distinguished between kingdoms according to cellular organization and mode of
nutrition. They had placed all prokaryotes in kingdom monera, whereas eukaryotes were
classified into four kingdoms viz. Protista, Plantae, Fungi and Animalia.

6.1.2 Taxonomic position of prokaryotes as “Domain Bacteria™ and
“Domain Archaea”

Earlier the term bacteria was used for all microscopic unicellular prokaryotes but
later molecular systematics studies exhibit that prokaryotic life consists of two separate
domains. Thus, both these domains have superceded the kingdom as a broadest
taxonomic group. Bacteria and Archaca evolved independently from an ancient
common ancestor. These two domains, along with Eularya, are the basis of the three
domain system, which is currently the most widely used classification system in
bacteriology.

6.1.3 Phylogenic position of prokaryotes

Phylogeny is the evolutionary relationship among various groups of organisms
(e.g., Species or populations). The study of phylogenic evolutionary history of a species
or group of related species is called systematics. The bacterial phylogeny was |
reconstructed in 1977. The new phylogenetic taxonomy is based on the discovery of
genes encoding ribosomal RNA because there is little or no change in ribosomal RNA
generation after generation. Thus ribosomal RNA are commonly recommended as

|
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d; ided into two

k,,yowsa“’ a and
molecular clock for reconstructing phylogenies. Now pro Archaed En‘ﬁ”,:: eﬁ'r(:m the
evolutionary domains as part of the three domain ”lmwﬁa diverged
Eukaryotes. The genes sequence studies indicate that evolved from

archaeal/ eukaryotic lineage. probably
Most scientists hold view that bacteria and arehé™

hyperthermophile that lived about 2.5 to 3. Zbdhony"“ 2

Fig.6.1 Phylogenic Position of Prokaryotes

6.2 Archaea
The microorganisms belon to domain : :

previously knownasmbaeobtcte%'lt Archaea exhxbn smulﬂl‘iﬂes both with bacteria

as well as eukaryotes. T, :
They also differ from bacteria and possess unifying features thus placed in

separate domain. Theunifyingarchnell featuresare: | . .

1. Their plasma membrane contains different kinds of Bpﬁsthan bacteria which
allows them to function at high temperature.. |

2. The cell wall in bacteria is made up of carbohydrate-protei oomplexcalkd
peptidoglycan but the cell wall of archaca lacks this eomplex Their cell wall is
largely composed of polysaccharides or pure protein.

3. TherRNAofamhaeansumque,ne different from that of bacteria.

4. Lipid of bacteria contain glycerol with mty acgés while lipid of archaea contain
glycerol linked to branched chain of hyc

5.  Auniqueability of methanogenic ar on of methane

6. Archaeaare mostly autotrophs. TS e

6.2.1 Habitatof Archaea

Most live in extreme environments, There
(i) Methanogenicarchaea (i) Hﬂm SYPeR St
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(iii) Thermoacidophilies.
The meth.ane (.Biogas) producing archaea are known as methano -
! inhs i anaerobic 'cnvuonments‘like marshes, swamps, digestive tract of agnex:; \lw-hmh
- Thesearchaca produce biogas (methane) from hydrogen gas and CO coua T ”
xample of methanogen is Methanobacwriumformico;n). PR

!. the formation of ATP (e
: The halophiles, inhabit salty environment where other organisms can not live

~ suchassalty meat, example of halophiles is Halobacterium halobium.
| The thermoacidophiles inhabit extreme hot and acidic environments. Their

" exampleis Pyrolobus fumarii, recorded in hot springs, geysers, volcanoes etc.

6.3 Bacteria Ecology and Diversity
‘ Bacteria have a wide range of habitat. They exhibit diversity in their size, shape

and mode of nutrition.
6.3.1 Occurrence
Bacteria are found everywhere in this planet where life exists such as body of
living aqddead~organisrns, water, soil, milk, skin, humid forests etc.
6.3.2 Major Groups of Bacteria |
) has divided bacteria into two major groups by

Dr. Hans Christian Gram (1884
ini itive and Gram negative. His grouping depends

technique, i.e. Gram pos
permeability, metabolism, presence of endospores,

wthand nutrition in bacteria.
parison between Archaea and Bactenia
. L SR R 1
aoteria

Table 6.1 Com

e

Unusual environment like hot Everywhere like soil, water,
'-spﬁngS,oceandepth.saltbrine. living and non living
organisms.
Psuedopeptidoglycan, largely Peptidoglyean with muramic
COmpose of_polysacchande or acid or lipopolysaccharide.
pure protein. . -
‘Branched carbon chain. Unbranched carbon chain. il

quophilcs. Gram positive and Gram

QECH,

acidophiles hagetive.

nine in tRNA. Introns are Thymine in the tRNA. Introns
are absent. Some are
pathogens. RNA polymerase

e is complex similar 10 A
m ;mon-ophnc but simple andl small, it
i Mostly heterotrophic.
: Smreptococelis prieumonid,
E.coli. Ce ¥




0.4  Structure, Shape and Size of Bacteria

A typical bacterium consists of cell wall, cell
membrane, nuclear region, cytoplasm and also other
structures outside cell wall.

6.4.1 Structure and Chemical Composition of |
Bacterial Cell Wall .
All bacteria possess cell wall except Mycoplasma. The cell wall protects the cell
and also gives it a definite shape. It is made up of peptidoglycan (sugar-protein complex
found in Prokaryotes) and is rigid. ‘ ‘
6.4.2 The cell wall of Gram positive and Gram negative bacteria
Based on the variations in the chemical components of cell wall, Danjg}
physician, Hans Christian Gram, developed a staining technique m 1884 and divideq
bacteria into two groups i.e., Gram positive and Gram negative bacteria. .
Gram Positive: These bacteria are stained blue purple with crystal violet dye. They
have thick wall of peptidoglycan. They retain dye when the cells are washed with ap

organic solvent like alcohol. b | m
Gram negative: These bacteria have thinner layer of In many bacteria cel|

peptidoglycan. They lose the dye ea‘sil): whennnsedwx@ membrane invaginates into|
alcohol and stain pink. The thin peptidoglycan laygr 15 \evtoplasm to form folds
externally covered with a layer of lipopolysaccharides, |called mesosome which helps
lipoproteins and phospholipid. Thus they are more |in cell division and
resistant than gram-positive against antibiotics \replication of DNA.
(lipopolysaccharide impedes the entry of antibiotics).

'GRAM-NEGATIVE B GRAM-POSITIVE

murein, It has long chains o
sugars with short chains ofl

Peptidoglycan is also callccjj

UAARAANAAAAAARRARARARARRARRREA R R
OO BAONENINEANNAANAANAA
BRI

A\ AAAAARRRRRRET
! OOONANRRAAVRAAAAN
| IERRTINRY

&.Q‘Z'-ﬂlm?osiﬁve and Gram Negative Bacterial Cell Wall
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2. Differences between Gmm—wsilivc and (imm negative coll waygy

Gram Pos .---A:l;"f.;i»‘.i'];.:‘:»:i':;; i
20 to 80 nm 810 10 nm

One Two
_ | Absent in all Present in al|
ins
Pori{lﬂx p‘:’w More Less
i f”:dm | Less More |
Lipi . -~
Yuter membrane Absent in all o Pmt in all | |
Chemical composition Peptidoglycan, Teichoic Lipopolysisccharide, |
‘ acid, Lipoteichoic acids Lipoproteins and Peptidoglycan |
—y = _ ] 3 ey
~ Slimy Capsule:

Some bacteria contain additional protective outer envelope, secreted by the cell

known as slimy capsule. It is made of polysaccharide which helps in defence and
adhering to host tissues. The encapsulated bacteria cause disease while the same bacteria
without capsule do not cause disease, e.g., Diplococus prieumoniae causes pneumonia.

6.4.3 Shape and Size of bacteria

There are three main shapes of bacteria: Spherical, Straight and Spiral shape.

Spherical or Coeel (Singular Coccus): Cocei are s
non-motile because they lack flagella, may be single or co
diplococei (group of two cells) tetrad (group of four cells), octet (packet of eight cells),
Streptococci (long chain of cells), Staphylococei (bunch of cells like grapes). Examples
of Cocci are Streptococceus pneumoniae, Neisseria meningitidis etc.

Straight Shape or Bacilli (Singular Bacillus): Bacil
bacteria. They posses flagella and are motile. Most of them occur either singly or
colonial. They are found in pairs (diplobacillus), very short and oval shaped
(coccobacilli), curved and coma shaped (Vibrio), stack (.P'al'lisade). Examples of bacilli
are Bacillus subtilis, Escherichia colietc,

Spiral Shaped or Spirochetes: These are corkscrew shaped bacteria, flexible,
motile and flagellated. Th

ey usually occur singly and seldom form colonies 6.8,
Hé”WbGCIe'rponﬁ and Treponema pallidum.

Most bacteria range insize about 0.1 to 600 micrometer over a single dimension.

i

pherical in shape. They are
lonial. The colonial may be

li are straight or rod shaped
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Fig. 6.3 Types of bacteria on the basis of shapes

6.4.4 Endospores ‘
Some Gram-positive bacteria produce highly resistant structure known as

endospore which during unfaverable conditions serves for the survival of the bacteria. It
develops within vegetative cell, so named endospore. The original cell forms a copy of its
chromosome and covers it with hard wall, water is removed and metabolism stops.

Outeggont Outer membrane
T “)
Pili are small hollow appendages

mostly preseat all around the
body. Their role is attachment o]
bacteria to host tisswe, mating

Core Cell Wall G iom) and e
{contains the (conjugation) and chemotaxis. )
bacterial DNA) Inner membrane

Fig. 6.4 Endospore in Bacteria
Endospores remain dormant but viable for centuries. The parent body disintegrates. Al
the return of favorable conditions endospores are reactivated to normal form and restart
division cycle.
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motion in Bacteria

i teria pOSSEss flagella as locomotary appendages, which

Most ba‘i’ty or change of buoyancy. The spirochetes haye helic

¢ gbout as they move. During twitching motility pili

them 10 t“"mmmonly found in‘bacilli and spirilla while most cocc

Flagew:llaaiﬂ; richous. There are two types of arrangement of flag
kno

ritrichous. . 452
polar flagella are situated at one end or both ends of bacteria and divided into following
olar f

help i glid'\ng.
al body which help
help in anchoring
are without flagella

ella, ie., polar and

Mom..u-ichous: single flagellum atone end, e.g., vibrio.
Lopuotrichous: acluster of flagellaatone, end e.g., spirillum.
Amphitrichous: flagella at both poles.

Amphilophotrichous: tuftof flagella at both ends.

peritrichous: flagellaare arranged all around the body e.g ., Salmonella typhi.

Chromosomal
DNA

Polar / Moootrichous -
W Single Mlagellum a1 one-pole

Lophotrichous -
Tult of flagella at one pole

Amphitrichous -
Flagella at both poles

Amphilopbotnchous
Tuft of flagella at both ends

Pertnichous -
Flagellas all over the surface

Fig. 6.5 Generalized structure of bacterium and types
of Magellar arrangement

6.4.6 Structure of Flagella

A flagellum is made of three parts, i.¢., basal body, a short curved .hook anlq a
helical filament, consists of several protein chains. Protein of flagella is flagellin.
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Fig. 6.6 Structure of flagellum
6.4.7 Genomic Organization of Bacteria o -
The genome of most bacteria consists of a single circular chromosome, containing
1,60,000 to 1,22,00,000 base pairs. It is located in a specific region of cytoplasm called
nucleoid or nuclear region (no membrane bounded nucleus). In addition to its single
chromosome, the bacteria also possess extra chromosomal DNA rings of small size

known as plasmids, The plasmids are self-replicating, contain genes for drug resistance,
heavy metals and insect resistant genes.

6.5 Nutrition in Bacteria

Bacteria like other organisms, need nutrients for their growth, reproduction and
other vital activities. They are divided into two groups that is autotrophic and
heterotrophic bacteria.
6.5.1 Autotrophicbacteria

These bacteria synthesize their own food from simple inorganic substances.
They obtain all the carbon from inorganic carbon compounds such as carbon dioxide.
The autotrophic bacteria are further divided into two groups namely photoautotrophic
and chemoautotrophic.

Photoautotrophic or Photosynthetic Bacteria:
ot SR by Possess Fhlotophyll, located cither in the membrane of their
esosomes or freely dispersed in cytoplasm. Bacteria have unique type of chlorophyll



—

] eand fare known as bactcriochlorophylls. Ph

that 18 chlorophy otoautouoph-lc bac

of sun light, H.,S as “H" source (instead of i

10) and libergge wam - 2Cteria
use th,-:::: carbohydrate (organic food) from CO,, crate s Nstead of
0,10 . Sunlight .

2H,S + CO, Chilorophyll éfg;f!jﬁg?{,: lL() + 28
thetic bacteria are ;
Exampllezoolf-glll‘l(;;l?:rygacteria. Purple sulphur bacteria, greep Sulphur
bacteria, purpi€

hic or Chemosynthetic Bacteria:
Cmmg;ml:eﬁa do not have thoroghyll thps do not use sunlight as source of
energy. They derive energy by oxidation of inorganic substances such as H.S,NH, NoO.,
NO, and iron compounds. The energy of above inorganic substances is used to synthesize
carbohydrates.

The energy released is utilized to make carbohydrates,

» (CH,0), + H.O 428
fying bacteria, sulphur bacteria.

2H,S + CO, + energy from oxidation
The example of chemosynthetic bacteria are denitri

Heterotrophic Bacteria:

Many bacteria are heterotrophic, these
bacteria cannot prepare their own food. They
depend on organic compounds prepared by other
organisms. There are two types of heterotrophic
bacteria that is saprotrophic and parasitic bacteria.
Saprotrophic Bacteria or Saprobs (Gk. Sapro = rotten)

These bacteria get their food from dead and decaying organic matter (Humus).
They have a powerful enzyme system which helps in the breakdown of complex organic

compounds into simple substances and use the energy released in the process. Examples:
Pseudomonas, Azobacter.

(Note: The chemicals released during break down of organic substances become
available to other organisms, therefore, saprobes are called recyclers of nature. They
clean the earth by their action, thus also called the scavengers of the earth).
Parasitic Bacteria: These bacteria get their food from the host and depend on host
enzymes to make food. Parasitic bacteria include pathogenic bacteria (disease causing)
examples are Mycobacterium, Streptococcus pneumoniae.
Respiration in Bacteria:
Respiration in bacteria may be aerobic and anaerobic.

Aerobic bacteria need oxygen to breakdown food , e.g., Pseudomonas.

bacteria breakdown food without oxygen, e.g., Spirochetes.

»149a

Heterotrophs dirvectly or mdir{'('d. y
depend on photosynthetic arganisms.




Facultative bacteria grow either in the presence OF absence of oxygen, ¢
E.coli.

Microaerophilic bacteria need a low concentration of oxygen for their growty,
¢.g., Campylobacter.

6.6 Growth and Reproduction in Bacteria

Growth in bacteria means the increase in the total population r.atlll;r lthan ncrease
in the size of organism. Their growth is very fast and depcnd on suita :avi:_’;)‘:lrm”“"
availability of nutrients, pH and ionic concentration; If cgndmops are e e then
most bacteria divide after every 20 minutes, ¢.8.. E.coli. The interva veen two

successive divisions is known as generation time. Itis different in different species.
6.6.1 The Growth Phases of Bacteria ‘
There are following four phases of growth in bacteria.

- i for coming division i.c
Lag phase (no growth):; Bacteria prepare themselves fc ! '
adapting tg i‘t)s new environment and growth has not yet achieved its maximum rate.

T

Fig. 6.7 Growth Curve of Bacterial Population

Log phase (rapid growth period): Fast growth occurs at this phase. In human the

disease symptoms develop during the log phase because the bacterial production atluin:
such a high level which damage the tissues.

Stationary phase (equal birth and death rate): After log phase, the growth slows
down because of shortage of nutrients. Thus rate of reproduction and death of bacteria
becomes equal.

Death phase (decline phase): In this

g phase death rate increases and duction
rate decreases. Itis due to exhaustion of nutrients and accumulation of toxic \ms -
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A roduction in Bacteria
6.6.2 Rep duce both asexually and sexually. 1

“ Bacteria repro ; :
iﬁexﬂﬂ' Reproduction (Binary fission): All bacteria reproduce asexually 1,
xually by

s of binary fission. There is a single chromosome, having a circular DN A molecule
First DNA is replicated and attached to the plasma membrane. After duplication the 1y,
chromosomes move towards their respective sndes.. The plasma membrane pushes
inward at the center of the cell. The cell wall grows inwards to separate both daughter
cells from each other thus two daughter bacteria are formed. In most bacteria, it takes 20

minutes, if conditions are favourable.

mean

Cell wall

1. Cell elongates DNA is
replicated

2. CC“ Wllll and P‘asm l)‘\ .‘\ | ‘\ 1)\."*.‘17[(1 )

membrane begin to constrict

-

3. Cross-wall falls comletely
separating the two DNA

copies

' A

Fig. 6.8 Binary Fission in Bacteria

Sexual Reproduction in Bacteria:

_ Bacteria lack traditional sexual reproduction (gametogenesis). However, bacteria
exhibit genetic recombination that is cells do not fuse, only piece of DNA or plasmid of
donor cell is inserted in the recipient cell. This process occurs by conjugation,
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transduction a nd transformation.
Congagstine

tis the process by which one bacterium transfers
genetic material to another bacterium through a tube

oS possess F plasm;

formcfl by pili Cifllcd conjugating tube or bridge. The ‘[‘Ffea ale)can::gnt:econft:;;:zz
bacter!um that gives the DNA is called donor and ﬁ!e bridge to cell lacking the
bacterium that receives DNA is called the recipient. This |plasmid (F-, Female) througy,
process was. first studied experimentally by Lederberg and | which genetic material may pas,

‘ : : g . It ther. N !
Tatum in 1946 in £ coli, | ater studies made with the help |rer one ce 0 ?‘::tmg plg:nij

?;::;c&‘;“ l}licrqsco;)e Conflrmed the close contact.and the land itbecomesan F+ cell

otconjugatory bridge between the bacterial cells.
The: process of conjugation may be explained in following steps.

Sap &Thie donor cell produces the pilus, which is a structure that projects out of the c¢||

and begir.s contact with an recipient cell.

Sep 21 he pilus enables direct contact between the donor and recipient cell.

W 3 The donor plasmid consists of a double stranded DNA molecule forming 5

circular structure, it is attached at the both ends, an enzyme picks one of the two DN A

strands; of donor plasmid and this strand is transferred to the recipient cell.

Sugp4d: In t‘he last step the donor cell and the recipient cell both containing single stranded

DNA, replicate this DNA and thus end of forming a double stranded DNA..

F* Transformed

F* (Female)




. _page. The process of transduction was discovered
pacteriop a%in der and Joshua Lederberg in 1952 while
by NQﬂO&e pst etic recombination in Salmonella.

studying ral transduction, any of the genes from the

ne : : :
oelfl g:my be involved in the process, in special |fresp 4
t

ically 4() Million

hos duction, however, only a few specific genes are \bacteriaon earth,
tran
Muc“'
) bll.lc'
Host bcter
cell (donor el \
Bacterisl . l
: ° Phage injects
its DNA Transducing
phage
Recipient \
host cell ]
Phage DN ‘ ° Transducing
o Phage enzymus phage injects
~ degrade host dopor DNA
DNA
gj&‘
Transduced cell l
Phage with donor Donor DNA ix
DNA (transducing phage) e ncorporited
° Cell synthesizes into recipient’s
new phages that chramosome by
l incorporale recombination
phage DNA, und,
mistakenly, some
I ’ host DNA
Fig. 6.10 Transduction in Bacteria
Transformation:

Itis the absorption of DNA from a solution into a bacterium (cell). These cells are
called transformed cells. The fragments of DNA are released after the death of a donor
bacterium to its surrounding environment. Now if one of the relcased DNA fragment
contacts a species of bacterium that is capable of transformation, The DNA fragment may
bebound to recipient and is taken inside.

Griffith (1928) proved the process of transformation while experimenting on

mococcus, the bacteria which causes pneumonia.

Receptivity for transmission is present for a brief period when the cell have
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reached the end period
the wall. Normally E. coli does notp
calcium chloride.

(a) Transformation with D

——— _—

me they develop specific receptor site in
so in the presence of

of active growth. At this ti
DNA but it can do

ickup foreign

(b) Transformation with a plasmid

NA fragments
DNA plasmid

, \ , DNA fragments
ey \ Racterial

& O

Uptake
of plasmid

Uptake
of DNA

o

nonreciprocal
reoomha!wion

@ ©

Integration by / oR \I ”

Stable transformation Unsuccessful transformation
Fig. 6.11 Transformation in Bacteria
/
6.7 Importance of Bacteria
have ability to survive in all conditions.

Bacteria live everywhere because they
ing to environment, thus exhibit great

They can adjust themselves accordi
ecological and economic importance, they are useful as recyelers of nature.

Many bacteria involve in the steps of nutrient cycles e.g., carbon cycle are
controlled by bacteria because of decomposition of remains of dead organisms.

Denitrifying bacteria play role in denitrification .
The genus Rhizobium, live in root nodules of legume plants converts nitrogen gas

into nitrates.
If bacteria were not present in universe, the CO, from the atmosphere would have

diminished. Thus there would have been no photosynthesis and no possibility of

life on earth.
1540



ance of Bacteria

7.1 Ecological !‘?;,?:;;ead organisms and wastes is carried out mostly by bacteriy
a1 danmpos"cn organic matter into humus. It contains nutrients and increases
nd fungi whic CO“‘:O wth of plants. Humus also retains water, thus increases water
and S ity for the tﬁc coil, The leguminous plants have mutualistic association with
holding @P‘?c"y,h odules) which transform nitrogen into nitrates.

pacteria (ROO

the of Bacteria:
.‘por(lm
Ecol";;:ﬁa are both beneficial and harmful to human.
gacﬂd'lorlhefll Bacteria: o Bioremediition i R s

ediation and DecompoSers: Bioremediation is removal of environmental
B by using living organisms. Most bacteria act as decomposing agents,
P""‘mmts the wastes of animals to be reused by the plants and

dead organisms and .
wmposga inia sg;gmpose sewage, garbage, dungs, stool and during this process

md"ocmcthanegasorbiogas, which is used as tfuf.:l. .
. Some intestinal bacteria help to divide fats into small droplets in cattle,

m produce cellulase, (in the gut of termites and cattle) which digest cellulose and

starch. 2 R o a
Synthesis of Vitamins: Many intestinal bacteria produce vitamins, B and K. Bacteria
are cultured to produce vitamin B,, on commercial scale.
Bacteria and Biogeochemical Cycles: Bacteria help in cycles of carbon, nitrogen,
sulphur, phosphorus and other nutrients through the biosphere.
Bacteria in industry: Bacteria are used in the synthesis of vinegar (acetic acid),
m l?cmxd,a::tan;l:glc:hol). several vitamins and flavoring tobacco. They are
alsoused in leather and coffee industries.
!l;::::d industry: Used in the production of dairy products such as yogurt, cheese and
Bacteria as Food: Provide most amino acids and vitamins to ani i

; | v : animals wh |
slineniary canal through partially digested plant material i
obtained from the large scale growth of mi o S. A single cell protein is
Astibioties: Soverat st ofmicroorganisms suchagbacteria.

: eral antibiotics are obtained from actinomycet
Mmycm,mmycmmdmmycm | ycetes group, e.g.,
Harmful fmusedforstudymgme principles of genetics, such as £. coli.
Bacterial Diseages |
M”""gwﬁmmigh?in?h;m dpml!l_c bacteria infect plants and cause various
g'ﬂ;erhl in app ;an pear, mzdlseflsem potato and crown galls.

b““‘{losis..diphmeﬁ ‘Man: Many human diseases are caused by bacteria; like
Whooping 4, tetanus, cholera, | : i
VOPIng cough ey eprosy, typhoid fever, meningitis, sore throat,

»
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6.7.3 Role of Bacteria in Research and Technology

- Nowadays bacteria are greatly used by human beings, for their beneficial role in
research and technology. Bacteria play important role in biological research, medicines,
mining, production of biodegradable plastic . food processing, sewage treatments etc.

1) Bacteria are used in study of genetics and genetic engineering. These were used in
the discovery of DNA as hereditary material, semi conservative replication to
produce clone of DNA of different genes of organisms.

2) Bacteria are used in mining industry to extract metal from low grade to hi gh grade,
1.e., a bacterium Thiobacillus ferrooxidans . help in leaching of rock through the
metal sulphides (copper sulphate become soluble in water, i.e., to 2Cu++ and
SO; ™). This bacteria and Leptospirillum ferrooxidans also help in leaching of
gold and uranium .

3) Antibiotics, vitamins and many enzymes are commercially synthesized by
recombinant bacteria. Moreover many dairy products are also synthesized by
bacteria.

4) Biodegradable plastic. (Poly B hydroxybutyrate) are also produced by

transgenic bacteria. Thus prevent from pollution because ordinary plastic are
not decomposed by microorganisms.

5) Bacteria help in degrading harmful chemicals and pollutants (especially synthetic
chemicals).

6.7.4 Bacterial diseasesin Human
Several diseases are caused by bacteria. Some of these are as under:

Cholera:

Symptoms: Cholera is the classical example of severe watery diarrhea, Vomiting also
occurs in most people.

Causative agent: Itis caused by Vibrio cholerae. The fecally contaminated water, food.
vegetablesis the most common source of this disease.

Treatment of cholera: It depends on the rapid replacement of electrolytes, either orally
or intravenous. The vaccine is also available.

Prevention: It depends largely on adequate sanitation and the availability of safe, clean,
watersupplies. rat

‘Symptoms: Itis generally characterized by diarrhea, abdominal pain, nausea, vomiting,

insome cases intestinal rupture, internal bleeding, shock and even death.
Causative agents: It is caused by Salmonella typhi, can be contracted by animal

Treatment: Antibiotics can be used. Vaccine is also available, which is 50 to 70%

effective.
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Prevention: Adequate cooking effectively kills this bacterium.

Pulmonary Tuberculosis: _
Symptoms: It is lungs disease in which alveoli burst and replaced by inelastic
connective tissues. The patient has cough, fever, pale face and sweating at night. Chest
pain, breathlessness and weakness is also felt.

Causative agent: It is caused by bacillis BatrerteRmown as Mycobacteriunt
tuberculosis.

Treatment: Use of antibiotics and vaccination against the bacteria for long time (six to
nine months) or DOTS (Directly Observed Treatment Short Course) of only two months
duration.

Prevention: Itis contagious disease so patient should be kept in isolated environment.
Vaceine is available which helps in partial resistance to tuberculosis.

Pneumonia:

Symptoms: The typical symptoms of pneumonia are cough, fever, chest pain and
sputum isted brown or rusty color.

Causative agent: It is caused by Streptococcus pneumonia which is a Gram-positive
diplococcus.

Treatment: Usc of antibiotics, e.g., penicillin or erythromycin. Vaceine is also
available. -

6.7.5 Bacterial diseases in plants

Bacteria cause many diseases in plants;
Here we will discuss few of these. e.g., leaf spots,
blights, soft rots; wilts and galls.

Leafspots:

Symptoms: It is most destructive plant disease of
rice, tomato, potato, mustard and many other
plants. The leaf blades of these plants are infected § ..

by bacterial spots, spreading a type of leision which Fig. 612 Spots

turns brown and dry out.

Causative agent: The causative agent is the bacterium of the genus Xanthomonas in
tomato and pepper.

Prevention: Avoid working in fields when plants are wet. Pathogens can spread
mechanically through working hands and farms machinery, use disease free seeds.
Treatment: Spray the crops with copper fungicides at recommended rate.

Blights: ;
Symptoms: It is also known as bacterial blossom blight (pear), apical bud necrosis
(mango), bacterial canker (stone fruit) and bacterial brown spot (bean). It is mostly
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termed as blight in maize, rice and oat etc. e
Causative agent: Blights are caused by the !E" e
bacterium Xanthosomonas oryzae to rice, &9
Pseudomonas syringae and many other species to
pear, apple, mango, etc.

Prevention: Use disease free seeds and avoid
very susceptible varieties, remove the infected
plants.

Soft Rots:

Symptoms: It is very common disease in
vegetables and fruits that can occur in field but
more common during their storage and transport.
In most plants rot type symptoms appear, their
necrotized tissue become wet and soft  hence
termed soft rot. |

Causative agent: Erwinia group cause this
disease such as Amylovora to potato,
Corynebacterium earrot to wheat.

Prevention: Discard infected roots and damaged
fruit.

Wilting:

Symptoms: The young leaves may rapidly dry
and wiltand decline with severe leaf drop.
Causative agent: Pseudomonas solanacearum
and some other bacteria.

Prevention: Use disease free seeds, do not plant
in poorly drained sites. Ensure proper spacing TR
between the plants. - 2. 0. 13 Wilting
Make a list of human bacrerial diseases common in

our society and their causes. Share your irg?ormafion
with yawr class fellows and friends.

Galls:

Symptoms: bacteria like Agrobacterium
tumefaciens and Pseudomonas savastanoi are
responsible for producing galls in plants. Also
commonly called crown galls, are local small Fig. 6. 16 Gall
abnormal out growth on infected plants, thus called
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alls.
gCausativc agent: Rhizobium leguminosarum CaUses galls in root nodules in legumes
and Agrobacterium tumefaciens inroot, twigs and branches of many shrubs.
Prevention: Remove galls in infected plants, practice crop rotation, or sterilize the soil
using chemical, heatetc,

6.8 TheBacterial floraof human

Flora: Itis the plantlife occurring ina particular region ata particular time.
The normal flora is the population of micro-organisms routinely found growing on the
body of healthy persons.

Resident flora: live for extended period in the body of infected person.
Transient flora: temporarily live.

Many microorganisms make up normal flora, which occur in large number. In

fact, there are more bacteria in just one person's mouth than there are people in the
world. |

Table 6.3 Some Members of Normal Bacterial Flora

" Membersof NormalFlora | Anatomic Location
Clostridium species Colon
Escherichia coli, Lactobacillus | Colon, vaginaj outer urethra
Lactobacillus species ' Mouth. colon, vagina, uterus

Staphylococcus aureus, Corynebacterium Nose, skin, respiratory tract, ton-gue
Enlemwccusfaecahs E. coli - Colon, (Predominantly intestinal bacteria)
Viridans streptococci Mouth, nasopharynx.

Benefits of normal bacterial flora to Human

(1) Normal floraprotectsus against potentially harmful microorganisms.

(2)  The normal flora also plays an important role in the development of immune
TesSponses.

(3) Produces some nutritional substances. Many intestinal bacteria produce vitamin
Band K.

6.9 Control of Harmful Bacteria
Microorganisms canbe controlled by physical or chemical methods.

Physical methods

Sterilization: This method is useful to kill all life forms, in which physical agents like

steam, dry heat, gas filtration and radiations are used. It is the destruction of all life

forms. Itis used to sterilize e surgical instruments. Itis also used to preserve milk and meat

onlarge scale.



High temperature: This method is used in microbiological laboratories in which by,
jon of proteins and kills (,

dry and moist heat are effective. Moist heat helps in coagulat
microbes. Dry heat causes oxidation of chemical constituents of microbes and kil them,
below 300 nm. Gammy

Radlation: Microbes are killed by electromagnetic radiation

rays are generally used for this purpose.

Membrane filter: Heat sensitive materials like antibiotics, serd, hormones, growtj

media, enzymes, vitamins can be sterilized by using membrane filters. In hospitals some
lower the number of air borne

Opcrau'on theaters and burn wards receive filtered air to
microbes,

y Louis Pasteurto kill non-spore forming

for 15 seconds and at 62 C for 32

Pasteurization: This process was developed b
171°C
bacteria in milk. Pasteurization does not

chteria, e.g., milk is pasteurized by heating a
minutes to destroy Tuberculosis and Typhoid
change the taste of milk.

temperature (10.15°C) can preserve food for several days,

Low temperature: Low
such as milk, egg, meat, cheese and vegetables.
ed from microbial destruction by

Freezing: Meat and some vegetables can be prevent
freezing at below 0°C (-10 to-18°C) for several weeks to several months.
Drying: In this method water is removed from food like meat, milk, vegetables etc, thus

bacteria can not grow because their enzymes need water for action.
op the growth of microbes, e.&., Acid lowers the

Preservatives: Many preservatives st
food, the reduced water checks the growth of

pH, salts and sugar decrease water in
phate stops bacterial growth when added

bacteria.
Certaln chemicals: Like potassium metabisul
in pickles, candies, jams, bread and biscuits.

Chemical methods to control bacteria:
ed to control microbes.

Following chemical methods are us
Antisepties: There are certain chemical substances (such as iodine, Dettol) that stop the
owth of microbes called antiseptics.
Disinfectants: Certain chemicals like halogens and phenols, H,0,, potassium
permanganate, alcohol and formaldehyde etc., are oxidizing and reducing agents that
inhibit the growth of vegetative cells and are used on non-living materials,
hemicals and antibiotics destroy and stop the

Chemotherapeutic agents: Certain ¢
growth of microbes incells, ¢.8., penicillin, tetracycline etc.

6.10 Cyanobacteria
idered as the most prominent of the

Why cyanobacteria are cons
photosynthetic bacteria?

Cyanobacteria played major role in the evolution of life. _
oxvgen producing organisms. Their photosynthetic activity gradually oxygenat

They were the first
ed the



bout two billion years ago. The level of oxygen Increased by

the oceans ‘:‘z 1%. The amount of 0zone also increased in the upper layerg
bou:)bactéria. Ozone acted as a screen to protect the nucleic acids
cye atmosp ym:ion by ultra violet radiations from the sun.
of meins from destruc ther autotrophs to appear and survive on earth. Many of
andp It encouraged Omird) are involved in the fixation of atmospheric nitrogen to

pacterid AR mbacna and Nostoc are purposely cultivated to increase the soil
P::d:;c:;::,i: :fg:;.itrogen fixation ability of these organisms.
fertilitys

banc(eristics of Cyanobacteria

e
am"”pmmia. je tod
osphere by ©

C t; These are found in damp places, salt water, fresh water, in moist soil. hot
itat:
sp;:SS (with temperature up to 85°C).
“@ s
u.
o
¥
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ia Vegetative
g cel
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|
' s Heterocyst
G
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Fig.6.17 Examples of Cyanobacteria
Mode of life: May be epiphytic and symbiotic. h , :
O VOU Know
Form of life: May be unicellular and solitary, exist as

colqniw of many shapes, or form filaments consisting
m of cells (trichomes) surrounded by mucilaginous

Bacterial cell membran
lacks cholesterol.

~ Cell wall is Gram negative type (contains lipopolysaccharides, lipoproteins,
Peptidoglycan),

Photosynthetic System closely resembles to eukaryotes because cyanobacteria
l;:ve °hl°f°P.h Il a and photosystem I, use water as an electron donor and generate
H;m d‘fm‘g photosynthesis. They have phycobilins as accessory pigments.
<%Yanin is their predominant pigment. The photosynthesis takes place in the

Vesystem of membrane, which isplaced in the periphery of the cytoplasm.
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6.10.1 Pigment Composition in Cyanobacteria

Cyanobacteria possess two accessory pigments, i.e., phycocyanin (blue pigment)
and phycoerythrin (red pigment). In some species the mixture of chlorophyll and blue
pigment, produces the blue green color, thus sometime known as blue green algae. But
the other species contain red pigments, appear red, purple brown or even black.

6.10.2 Difference between the photosynthetic mechanisms in
cyanobacteria and photosynthetic bacteria.

The photosynthetic bacteria release sulphur whereas cyanobacteria release
oxygen during photosynthesis. The source of hydrogen in bacteria is hydrogen sulphide
whereas cyanobacteria like plants obtain hydrogen from water.

The photosynthetic bacteria have photosystem I but lack photosystem 11, thus
only eyclic electrons flow is the sole means of generating ATP while cyanobacteria have
chlorophyll @ and photosystem I1.

In cyanobacteria, the photosynthetic pigment and electron transport chain
components are placed in thylakoid membrane linked with particles called
phycobilisomes. Phycocyanin is their predominant phycobilins (Pigments) and CO, in
them is assimilated through Calvin cycle.

Make a list of characteristics of Cyanobacteria and write some advantages of Cvanobacteria
withrespect to soil fertility.

1. Life is not possible without bacteria. Why? Give arguments to support this statement.
2. Why bacteria are widely used in biotechnological processes?

e Bacteria are the oldest and simplest organisms, but they are metabolically much more
diverse than all other life-forms combined.

~ » Bacteria differ from eukaryotes in many ways, the most important of which is the
degree of internal organization within the cell.

e Most bacteria have cell walls that consist of a network of polysaccharide molecules
connected by polypeptide cross-links.

® A bacterial cell does not possess specialized compartments or a membrane bounded

nucleus, but it may exhibit a nucleoid region where the bacterial DNA is located.

The two bacterial kingdoms, Archaebacteria and Eubacteria, are made up of

prokaryotes, with about 30,000 species have formally been named so far.
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The Archaebacteria differ markedly from Eubacteria and from eukaryotes in their
ribosomal sequences and in other respects.

Mutation and genetic recombination are important sources of variability in bacteria.

Many bacteria are autotrophic and make major contributions to the world in
maintaining carbon balance. Others are heterotrophic and play a key role in
ecosystem by breaking down organic compounds.

Some heterotrophic bacteria cause major diseases in plants and animals.

Human diseases caused by pathogenic bacteria include many fatal diseases that have
had major impacts on human history, including tuberculosis, cholera, plague, and

typhus.

Multiple Choice Questions
- Choose the best correct answer.

1. Which of the following term describes most of the bacteria?
(a) Anaerobic (¢) Many-celled
(b) Pathogens (d) Beneficial

2. What is the name for spherical-shaped bacteria?
(a) Bacilli (c) Spirilla
(b) Cocci (d) Colonies

3. What structure allows bacteria to stick to surfaces?
(a) Pili (¢) Chromosome
(b) Flagella (d) Cellwall

4. Which of these organisms are recyclers in the environment?
(a) Producers (c) Saprophytes
(b) Camnivores (d) Pathogens

5. Which of the following is caused by a pathogenic bacterium?
(a) AIDS (c) Nitrogen fixation
(b) Cheese (d) Tetanus

6. Which of the following cannot be found in a bacterial cell?
(a) Ribosomes (¢c) Chromosome
(b) Nucleus (d) Cytoplasm

7. Which organism of the following can grow as blooms inponds?
(a) Archaebacteria (¢) Cocci
(b) Cyanobacteria (d) Viruses
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5 A bacterium with a tuft of flagella at one side of the body.

(2) Lophotrichous (¢) Peritrichous

(b) Amphiptrichous (d) Nonoftheabove
9. Asexual reproduction in bacteria is called.

(a) Budding (¢) Multiple fission

(b) Binary fission (d) BothAandB

Fillin the blanks.
I, Piliare made of protein called

2 Flagella are made of a protein called

3. The cell wall of bacteria is made of

3 are straight or rod shape bacteria.

2. Bacterium having single flagellum is called as

0. The bacterium that gives the DNA during conjugation is called
1 Typhoid is caused by

8. Tuberculosis is caused by

1.
2.
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How chemosynthetic bacteria differ from photosynthetic bacteria.
Explain one difference between photosynthesis of bacteria and cynobacteria with
the help of equation.
Name any three bacteria which cause diseases in plants.
Differences between Bacteria and Archaea.
Write short note on peptidoglycan and slimy capsule.
How Gram positive bacteria differ from Gram negative bacteria.
Write harmful and useful effects of bacteria (three for each).
Write a brief note on cholera.
Describe briefly physical methods of control of bacteria.
Differentiate between following terms.
Lytic and lysogenic cycle, lysosome and mesosome, autotrophic and
heterotrophic, plasmid and bacterial DNA, spherical and spiral bacteria, lag phase
and log phase.

What characteristics can be used in naming eubacteria?

Most of the dairy products that you buy are pasteurized. What is pasteurization?
How is it different from sterilization?

Describe mode of nutrition in bacteria.

Describe transduction and transformation in bacteria.

*ng an essay on control of bacteria.



