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o TR N RRODT
Kmodom %oi""ryotne ctnsists of organisms with prokaryotic cells. In Greek the word
A p_1 0’ mca_n» “beiore” and * ‘karyon” means “nucleus”.

SOt shierobiologists place bacteria in two major categories:
) Eubacteria (Greek for “true bacteria”).

(i)  Archaeobacteria (Greek for” ancient bacteria”), that is a much smaller division.

6.2 DISCOVERY OF BACTERIA

It had long been suspected that small creatures exist which are too small to be seen with
naked eye. But their discovery was linked to the invention of microscope.

() Work of Antonie Van Leeuwenhoek
A Dutch Scientist “Antonie Van Leeuwenhoek” (1673) was the first to report the
microbes such as bacteria and protozoa.
He used a simple microscope to describe bacteria and protozoa with accurate drawings
and descriptions and called these small creatures as “animalcules”.

o Firstly he observed small creatures in rain water.
Then he confirmed these in saliva, vinegar, infusions and other substances.

(i)  Work of Louis Pasteur
The progress in understanding the nature and importance of these tiny organisms has
been slow. The existence of microbes was further confirmed by Louis Pasteur’s work.
Pasteur went on making many discoveries in the field of microbiology and medicine.

Achievements
His main achievements are;

o The development of vaccines for disease anthrax, fowl cholera and rabies.

o He also made significant contributions in development of pasteur'rmnn Nrocess i]d
development of fermentation industries. .
He proved that microorganisms cold cause dls age

(ili)  Work of Robert Koch

Achievements A \

i) Robert #nth | rifivla ed the | ‘ erns-ieory of disease’ he isolated typical rod-shaped
bacteria'with shjuarish ends \bacnll) form the blood of sheep that had died of anthrax.

K3, [ 1+] en ha, dissevered bacteria that caused tuberculosis and cholera.

ﬂ=i'|)'_ kocn and his colleagues invented many techniques concerning inoculation, isolation, and
media preparation, maintenance of pure cultures and preparation of specimens for
microscopic examinations.
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Postulates of the Germ Theory of Disease
He formulated four postulates, which are the main pillars of the germ theory of disease.
A specific organism can always be found in association with a given discase.
The organism can be isolated and grown in pure culture in the iabere tory ' P S
The pure culture will produce the disease when inoomiatzd fito slscepritiletanimel
It is possible to recover the u*ganiswis puie cliture front expirimeiptally infected animal.
These are used to find oug whe tre‘ i drganism feundlin diseas2-esions is the causal
agent Gt disease-or not M T A ™ By
@m& ¥ED TO ABOVE ARTICLE
Write nptes on., | | (Exercise Question v)
a %w ll’c_ ostulates

L

AZESN Sl

6.3 OCCURRENCE OF BACTERIA

Bacteria are wide spread in their occurrence. Their kind and number vary according to
locality and environmental conditions.
> They are found almost everywhere, in/ on;

e Air . Land . Oil deposits . Food
e Plants . Animals . Organic matter e Man
> Some bacteria are always present and contribute towards the natural flora. Others are
present in specific environments such as;
Hot springs

Alkaline/acidic soil
Saline environment
Polluted soils and waters
All Bacterial cells invariably have;
o Cell membrane
o Cytoplasm
o Ribosome
o Chromatin bodies etc
The majority have;
o Cell wall, which gives shape to the bacterial cell.
Specific structures which are not found in all bacteria are;
Capsule
Slime
Flagella
Pili
Fimbriae
Granules
4.1 SIZE
Bacteriaiainge: ‘n Size frém aboue.0-14t6 600 um over a single dimension. Bacteria vary in
size.a mucn'as|in shaoe, '~
. [zacnerichis, o1, a bacillus of about overage size, is 1.1 to 1.5 um in length.
oh | “Slaghyiococci and Streptococci are 0.75-1.25um in diameter.
=<~ The smallest (e.g., some members of the genus Mycoplasma) are about 100 to 200 nm in
diameter approximately the size of the largest viruses (poxviruses).

e O o6 o o o o o
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Recently a huge bacterium has been discovered in the intestine of the brown

L

um by 80 um, a little smaller than a printed hyphen. =l
It is now clear that a few bacteria are much Iarger than the Aveiage el-kal’ ,otln celt
64.2 SHAPEOFBACTERIA () et —- VIS =
On the basis of general Shc oe bac*t are L.ast fled ntc hrae reteg Jr.es These shapes are
known as, . W\ | M
. Cocci " | \ :, a\! x\
. Bacilli | 1\ {0
° . )-L‘"'J I 1 ',. | L1 \ LA
o |\'i i " Al-most of the bacteria species have fairly constant characteristic cell shape.

I)' .| 'Some cells are pleomorphic and they can exist in a variety of shapes.

Rod (Bacillus)

Spherical (cocci) Exceptions to the above shapes are:
1 i ~ Trichome

Sheathed Stalked

Square

Star-shaped

Spindle-Shaped

Lobed

Filamentous bacteria

Helical (Spirilla)

Fig. 6.1 Shapes of Bacteria
I. COCCI
The cocci are spherical or oval bacteria having one of several distinct arrangements based
on their planes of division.
Diplococcus & Streptococcus
If division is in one plane it will produce either a diplococcus or streptococcus

arrangement.

o When cocci occur in pairs then arrangement is diplococcus, T

o Whereas when cocci form long chain of cells then arrangement iS ca'!e st'eptoco,,. CR U

Examples —~ N N ] s '
Diplococcus pneumoniae and Stapiv rococ u; A re JS are so*nt exampl s aFeace.

Tetrad =\ \

o When the division of cell ig ir| 1wc) plavs it \.vm wrode' a'tetrad arrangement.

o A tetraft 158 eguiare of A CC" ‘| -

Sarcina \ \ ) =

o Tt Iy, when Z'tfe dl\}'!S‘.OII is in three planes, it will produce a sarcina arrangement.

¢ | [ 4\'sarcinatis @ cube of 8 cocci.

5] tax hy{ococcus

B When division occurs in random planes, it will produce a staphylococcus arrangement,

in which cocci are arranged in irregular, often grape-like clusters.
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Cocci, diplococci

Streptococci [ Ji_~y

L . ._-_ | "'\ N ._.-._.-"- 14"
! Hedrad, '-,;a-lrc._i na |
Staphylococci
) B .L.I |
[ J | -"ﬂ-_:l _' A
T Fig. 6.2 Cocci
BACILLI
Bacilli are rod-shaped bacteria. : JTT. .
[ - - - - s (1] iplobaciiius
. Bacilli all divide in one plane producing S Bacitus @ coccobacillus
a bacillus, streptobacillus, or ; By
. . “ Diplobacillus
diplobacillus. : &l

o Bacillus is a single cell of bacteria. m

Streptobacilli

e Streptobacilli is a chain of bacilli. it
Fig 6.3 Bacilli

Diplobacilli
o When rod shaped bacteria occur in pairs then
o arrangement of cells is known as diplobacilli.
Examples of rod shaped bacteria are:

Escherichia coli, Bacillus subtilis, Pseudomonas.
iii. SPIRAL

The spiral shaped bacteria are spirally coiled. Spirals come in one of three forms.
o A vibrio is curved or comma-shaped rod.
o Spirillum is a thick, rigid spiral.
o Spirochete is a thin, flexible spiral.

Examples of spiral shaped bacteria are Vibrio, Hyphomicrobium.

Fig 6.4 Spl i'“ ' “n

mamt .&1@!5
Write notzsion. - (Exercise Question v)

Shapet of hasteria,
6.4.3 BACTERIAL CLLL s rI-‘<UC‘TL}F<I:'
Flagella-ant thair Fabiions.—
“Tpese arbexiremely thin, hair like appendages. They come out through cell wall and

J I"' R\ "sa'igi'nate from basal body, structure just beneath the cell membrane in the cytoplasm.

They are made up of protein flagellin.
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Classification of Bacteria on the Bases of Flagella

=

6.4.4

On the basis of presence of flagella, pattern of attachment of flagella and the number of -
flagella present bacteria are classified into different taxonomic groups

Atrichous means bacteria are without any flagella. -‘ - |
When single polar flagellum is preset ther CUI““'—‘ICH Is' kra\. /nias, m o K_Il’lbh".lb )

If tuft of flagella is present! onlv 008 nole, b becterla {then, thuse are lophotrichous
flagella.

Amphi trn,no Is-iga uo*rht cn wh lUf.‘ ef_tlage:la at each of two poles IS present.

In perltrlchous fern Flogelra suirgund the whole cell. Most of bacilli and spiral shaped
bacteria'halvs tlagelle,

AL I"l-.(l}.n(;ci‘.'el‘y ‘arery have flagella.
wlRunctiarl G Flagella

Primary function of flagella is to help in motility.

With the help of flagella, flagellated bacteria can also detect and move in response to
chemical signals which is a type of behaviour called as Chemotaxis.

PILI AND THEIR FUNCTIONS

These are hollow, filamentous appendages.

o Pili are smaller than flagella and are not involved in motility.

o True pili are only present on gram-negative bacteria.

o They are made up of special protein called pilin.

o They are primarily involved in a mating process between cells called conjugation
process.

o Some pili function as a means of attachment of bacteria to various surfaces.
Write notes on. (Exercise Question v)
a) Flagella and Pili

6.4.5 THE CELL ENVELOPE: THE OUTER WRAPPING OF BACTERIA
Bacterial surface and walls are diverse.

o Collectively complexes of layer external to the cell protoplasm are called as cell
envelope and include capsule, slime and cell wall.

Capsule

o Bacteria produce capsule, which is made up of repeating polysaccharide units, and of
protein, or of both.

o Capsule is tightly bound to the cell.

o It has a thicker, gummy nature that gives sticky characters to colonies of eromculo*ed hect\ ra.

Slime

o Some bacteria are covered Wlth loozs, SO|L bi= shileid pf niag romnlecults Which s called
as slime capsule.

o Slime provides greater | oat Joge nicity | i« det’-‘I’H ana nroeteas them agalnst phagocytosis.

Cell Wall

o Beneath the, ex ra cellulcr uubsfanreu and external to cytoplasmic membrane cell wall is
present.

e It.Jz/ & rigid s, ructare.

ol it Getermnines the shape of bacterium.

. Cell walls also protect the cells from osmotic lysis.

> Cell wall is only absent in mycoplasmas.
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Work of Christen Gram
Christian Gram developed the technique of Gram staining.
Bacteria could be divided into two groups based on their response to gram staining p| needurg,

Kingdom Prokaryotae (Monera)

J By this staining technique Gram-positive kagteria are stainet pumde (rst? n 1hP iy
dye due to formation of CV-I comrne»() ! \ .
o Gram negative bacteria are stainet p! Nk (ietain se“onda.y 1yn\ in Losour.

There areme ny structaral Hiffare nces) Let\*\men tizo-groups, which are the primary basis
for diffesarice! n & or:nmg be i av, feur:.

. mramw._m

Nunjtie: o major layers

‘FChemical make up

1

2

Chemical make up

Peptidoglycan (50% of dry
weight in some bacterial cells)
Techoic acid

Lipotechoic acid

Lipids (1-4%)

Lipopolysaccharides
Lipoproteins
Peptidoglycan

10% dry weight of some
Bacterial cells

Lipids (11-12%)

Overall thickness 20-80nm 8-11nm
Outer membrane No YES
Periplasmic space Present in some Present in all

Permeability More permeable Less permeable
Features of Cell Wall
o The cell walls of most bacteria have a unique macromolecule called as Peptidoglycan.
o Its amount varies in different types of bacteria.
o It is composed of framework of long glycan chains cross-linked with peptide fragments.
o The intact cell wall also contains chemical constituents such as sugar molecules, teichoic

acid, lipoproteins and lipopolysaccharides, which are linked to Peptidoglycan.
Several bacteria groups lack the cell wall structure characteristic of gram positive or Gram
negative bacteria and some bacteria have no cell wall at all.

> Cell walls of archaeobacteria are different from eubacteria. They do not contain

Peptidoglycan. Their cell walls are composed of proteins, _alyCoproteins— atid
polysaccharides. = [~ \

6.46 CELL MEMBRANE '

. Just beneath the cell wall it the cellzienibrane'cr plasniaimentbrane. |

. It is very thim, flexible-and complete ly\suriotnds the.cyioplasm.

o Plasmamerbiene is very\delicatz-in‘netuse, &y damage to it results in death of the organism.

o Bacteriz| 1! erihranes Aiffer'-fiom eukaryotic membranes in lacking sterols such as
(hﬂle steiol), | _

- J I‘ =L tmrs of Bacterial Membrane
= — Cell membrane regulates the transport of proteins, nutrients, sugar and other metabolites.
o The plasma membranes of bacteria also contain enzymes for respiratory metabolism.
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6.4.7

CYTOPLASMIC MATRIX

The cytoplasmic matrix is the substance present between the plasma membrane and the v -

nucleoid. o

The cytoplasm of prokaryotic cell lacks membrane bound woan e.le 1r* c ftmk_c ter
(microtubules). o

It has gel like consistency . Sinall mzincule an'mhv'a tni‘OUgF i) ranic'ly

The plasma membrane nd\everyzhing! presedit w.thln i, is known as protoplast. Thus the

cytoplésriiy ratrix JS (ha mqo «naﬁ\{\nf Jeteplast.

Other lerga'disorewe s‘nuetu ‘és-5uch as chromatin/nuclear body, mesosomes and granules

—, &gl ruclrola ars r"’-‘Scnt in this matrix.

W LEGID

Bacterial cell unlike the cells of eukaryotic organisms lacks discrete chromosomes and
nuclear membrane.

The nuclear material or DNA in bacterial cells occupies a position near to the center of
cell.

This material is a single, circular and double stranded DNA molecule.

It aggregates as an irregular shaped dense area called the Nucleoid.

This chromatin body is actually an extremely long molecule of DNA that is tightly
folded so as to fit inside the cell component.

Since bacteria have a single chromosome, they are haploid.

Other names for nucleoid are nuclear body, chromatin body and nuclear region.
It is visible in the light microscope after staining with Feulgen stain.
Escherichia coli closed circle chromosome measure approximately 1, 4000 um.

PLASMID

Many bacteria contain plasmids in addition to chromosomes.

These are the circular, double stranded DNA molecules.

They are self-replicating and are not essential for bacterial growth and metabolism.
They often contain drug resistant, heavy metals, disease and insect resistant genes on
them.

Plasmids are important vectors, in modern genetic engineering techniques.
RIBOSOMES

Ribosomes are composed of RNA and proteins. pom
Some are freely dispersed and some may also be loosely attachad o plashia memoianas
They are protein factories. ' ' :

There are thousands of ribhstmes Jireachi healthy ¢rawirg Gell. |

They are smaaller than. e"kclryouc rihosmes (708)

6.4.11 MESCSGMES

The cel; memlirang invagin. ata<'inio the cytoplasm forming structure called mesosome.
Nigg sornes are, in.rcin of vesicles, tubules or lamellae.

MES0salries involved in DNA replication and cell division.

Whereas some mesosomes are also involved in export of exocellular enzyme.
Respiratory enzymes are also present on the mesosomes.
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6.4.12 GRANULES AND STORAGE BODIES

o Since bacteria exist in a very competitive environment where nutrlents are usually in
short supply. \

o They tend to store extra nutrients when pos3|ble These oY, be q ycoe h SJIonur far
and phosphate. At

o In addition, cells contain weste mw’nrmls Thatars futan e 1t|/ e<c1 eted For example,

common waste materials are clf ohcl lcCtI.C ucnl anu ‘acktic-acid.
6413SPORES _ by et
o Certain spa i ot boct=r ,)t-_oc-.uue s-p'ores, either external the vegetative cells (exospores)

or within the, vagetative ceiis (endospores).
o, [T\ eyl are imirtaioncally dormant bodies and are produced at a late stage of cell growth.

b | 'Spores are resistant to adverse physical environmental conditions such as light, high

temperature, desiccation, pH and chemical agents.

o Under favorable conditions they germinate and form vegetative cells.
6.4.14 CYSTS
o Cysts are dormant, thick-walled, desiccation resistant forms and develop during

differentiation of vegetative cells which can germinate under suitable condition.
o They are not heat resistant.

QUESTION RELATED TO ABOVE ARTICL

Explain the structure of bacteria in detail.
Different between Gram positive and Gram-negative bacteria.
Write down the different taxonomic groups of bacteria on the basis of pattern of

flagella. (GRW 2018)
Describe different shapes of bacteria. (FSD 2019)
Describe flagella and their functions. (GRW 2021)

Describe in detail the structure of bacterial cell wall, emphasizing on Gram positive

and Gram negative properties. (Exercise Question i)
6.5 NUTRITION OF BACTERIA

Like other organism’s bacteria need energy for their growth, maintenance and
reproduction.

A) Heterotrophic Bacteria
Most bacteria are heterotrophic i.e, they cannot syntheses their organic compounds form
simple inorganic substances.
They live either as saprophytes or as parasites.

)} Saprophytic Bacteria
Saprophytic bacteria get their food from deag, organic matter.

o Soil is full of organic compounds in‘the form g humus Humus s the mn*endl resultlng
from the partial decay of plarits andrarinals: )

o Many snil-ihabiting basteria hayve \verls extengive etizyme system that breaks down the
complex.stbstances of fwrays te simple cempounds.

o The bacteiiz cai then absoro'ard utilize these simpler substances as a source of energy.

i) Parasitic Eiectriia
. Paracitiv bacteria for their nutrition are fully dependent on their host.
). | ‘Autotrophic Bacteria
Some kinds of bacteria are autotrophic i.e, they can synthesize organic compounds which
are necessary for their survival from inorganic substances.
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i)

i) |

Photosynthetic Bacteria
Photosynthetic bacteria possess chlorophyll which differs from the chlorophyll of green

plants. Unlike most green plants, which have their chlorophyll in C.u ﬁrO"'as*s hacier, al’ \!

chlorophyll is dispersed in the cytoplasm. Suring photgsynthesis tnh ot pi i acteria
utilize hydrogen sulphide_(H.S) (inétead of wa1°r ada hydmgen >OUn,c ‘and liberate
sulphur mstead of oxygen Nif rr.y g hé ct =rn are cmm(svr*hcuc

J3! . | Lhght Vs '
A\ _:._o.,, T DR A LT (CHL0) + HO + 28
AR\E ~ Chlorophyll

A Breen csulznur bacterla purple sulphur bacteria and purple non-sulphur bacteria are

'pnofosynthetlc bacteria.

Chemosynthetic Bacteria

Chemosynthetic bacteria oxidize inorganic compounds like ammonia, nitrate, nitrite,
sulphur or ferrous iron and trap the energy thus released for their synthetic reactions. The
overall reaction of photosynthesis in photosynthetic bacteria can be written as:

QUESTION RELATED TO ABOVE ARTICL

Classify the bacteria according to their mode of nutrition.
Discuss the mode of nutrition in bacteria.
Discus nutrition in bacteria.
(LHR 2017, 2018, 2019, 2021, SWL 2021, BWP 2021, MTN 2021)
How bacteria are classified on the basis of nutrients and energy trapping methods?

(LHR 2022)
For growth, maintenance and reproduction nutrients are necessary. How bacteria
get them? (RWP 2018, GRW 2022)

6.6 RESPIRATION IN BACTERIA

Respiration in bacteria may be aerobic (requiring free oxygen) or anaerobic not requiring
free oxygen. Various mode of respiration is used by bacteria are;

Bacteria, which are able to grow in the presence of oxygen, are called aerobic bacteria.
e.g; Pseudosomonas is an aerobic bacterium.

While those which can grow in the absence of oxygen are known as eriaerotic baskria,
e.g; Spirochete is an anaerobic bacterium. - |

Some bacteria are neither aerobic ior anaerabic, butifaculteétive.| Fecu tative bacteria
grow either in the presence ol aksserice cf ( xw'ger .0 E co'i i3a fecultative anaerobic
bacteriuris.

Some lr@acteria re1ure ¢ Inw iccocentration of oxygen for growth and are known as
rr‘lcmaefophlhc eg; f‘ampylobacter is a microaerophilic bacterium.

SMOUESTION RELATED TO ABOVE ARTICL

Explain the Respiration in bacteria.
Classify the bacteria according to respiration.
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6.7 GROWTH AND REPRODUCTION

Bacterial growth refers commonly to increase in number of bacterial cells. Bacterla o

increase in number by an asexual means of reproductlon called blnar" ﬁsSIOl

Procedure : W [

1)
2)
3)

4)

In binary fission parent cell enlarces, its ciardmesoime dupll.‘al% anc [.labm:-* .1.cmbrane
pinches inward at the cznier of-*9e Cel, Yhon', nyclear' nater icl has been evenly
distributed. the cell wall grows | nwera 13 teparm cc:*l inte-swo.

This quuenm i eew?tﬂd f |nte 1a's n; eaci-rew daughter cell which in turn increases
the popuiatior! uf ‘e’ls \

Onc” the division is ¢ om},.ble bacterla grow and develop their unique features.

* el interval oftime until the completion of next division is known as generation time.

Ebui distinct phases are recognized in bacterial growth curve.

Chromosome r ‘

N
P ks >} <

Parent v

bacterial cell

Two
daughter
cells

\
O ”)

Fig. 6.6 Binary Fission in Bacteria

Lag phase: It is phase of no growth. Bacteria prepare themselves for
division.

Log phase: It is phase of rapid growth. Bacteria divide at exponential
rate.

Stationary phase: Bacterial death rate is equal to bacterial rate of reproduction
and multiplication.

Death/Decline phase: Bacteria start dying. Here the death rate is more than reproduction
rate.

Conjugation

Bacteria lack traditional sexual reproduction and mitosis. However, some bacteria
transfer genetic material from a donor bacterium to a recipient during.a p'ocess salivd
conjugation. - A

Some conjugating bacteria use specialized el pili tp-tie ster gormtv metesial.
Conjugatlon produces new.genetic. combi: .Mtlun's ihat imaylallow the festiting bacteria to

survive under great variety o, coiiicng.
¥ esronR "ﬁaﬂﬁﬂkﬂ:&m

What 15-generation tima? Describat-the growth in bacteria.

Explairi the reg reducvicn ir-bacteria.

Describe growtn-ana reproduction in bacteria. (SGD 2019, FSD 2021)
How bacieria increase their numbers? Write in detail. (BWP 2022)
Write notes on. (Exercise Question v)
a) Growth in bacteria
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6.8 IMPORTANCE OF BACTERIA _

6.8.1 ECOLOGICAL IMPORTANCE _ \
Bacteria are ecologically very important. They are highly adaptable ;s d.grc-rup__é'pd are!
found nearly everywhere. They are ablé lo_decarafiose-oigenic mAtte!. as™ pigy a
significant role in the compiétion ofycés of hitrcgen, whospnotus) siilfur and carbon.

6.82 ECONOM:C IMPORTANCGE | “ L

. Bacterieare | @sée ir[ nuiniber Of. \iniustries, including food, drugs (production of
antibioticsj and 'in bintecnndisgy.
e _lls-éc,turia'are asoresponsible for spoilage of food and vegetables.

b Maiy plant pathogens adversely affect the agricultural industry.

6.8.3 MEDICAL IMPORTANCE
Bacteria are very common pathogens of humans. Approximately 200 species are known to
cause diseases in humans. Many bacteria normally inhabit the bodies of man and other
animals.
6.9 CONTROL OF BACTERIA
Control of microorganism is essential in home, industry as well as in medical fields.
Significance of Bacterial Control
o By controlling microorganisms, one can prevent and treat diseases.
o Spoilage of foods and other industrial products can be inhibited by controlling
microorganisms.
Microorganisms can be controlled by various methods;
i) Physical Control
i) Chemical Control
iii) Immunization/Vaccination
6.9.1 PHYSICAL METHODS
In this, steam, dry heat, gas, filtration and radiation are used to control bacteria.
Sterilization
The process in which we use physical agents to control bacteria/microorganism is knosii
as sterilization process. [
Sterilization is destruction of all life form.

> High temperature is usualiy'used i==microniolog:cal lans 'for dontro. of microbes. Both
dry heat anz;moist heat.are, esfectiva. | _ ; '
i) Dry heatcguses oxidalien nf cieniical tGrstituents of microbes and Kills them.
i) Moist hiat Gauses 0 agiatior-of proteins and kills the microbes.
> Ceridin \elattroragnetic radiations below 300 nm are effective in killing of
' r'r‘i(,roorgahisms. Gamma rays are in general used for sterilization process.
>  Heat sensitive compounds like antibiotics, sera’s, hormones etc. can be sterilized by

means of membrane filters.
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6.9.2

i)
iii)
(i)

(i)

(iii)

6.9.3

i)
i)
i)

iv)

CHEMICAL METHODS
Modes of action of different chemical and physical agents of control vary. Damage can .
result malfunctions in cell wall, cell membranes, cytoplasm enzymes or .uu”IC acia: '
For microbial control one can use: " 2y LA
Antiseptics N VL T N .:* o o~~~
Disinfectants \ | \ '
Chemotherapeutic agents '
Antisegtics | W IR R

Chemical duks’; ancas uis! =d an .iw\e\tis sues-that inhibit the growth of microorganism are
called antis¢ptics, | 0; Dettollets.

_ Bisirfectants | | _
el Impertaric chemical agents used for disinfection are oxidizing and reducing agents.

2/g; nalogens, hydrogen peroxide, potassium permanganate, alcohol and formaldehyde
etc.

They inhibit the growth of vegetative cells and are used on nonliving materials.
Chemotherapeutic Agents

Chemotherapeutic agents and antibiotics work with natural defense and stop the growth
of bacteria and other microbes. e.g; sulfonamides, tetracycline, penicillin etc.

They destroy or inhibit the growth of microorganisms in living tissues.

Microbicidal effect is one that kills the microbes immediately.

Microbistatic inhibits the reproductive capacities of the cells and maintains the microbial
population at constant size.

IMMUNIZATION AND VACCINATION

Methods of prevention and treatment that have been introduced to control microbial
diseases include;

Immunization (e.g. vaccination)

Antisepsis (procedures to eliminate or reduce the possibility of infection)

Chemotherapy (use of antibiotics)

Public health measures (e.g. water purification, sewage disposal, and food preservation).

Work of Louis Pasteur

Pasteur made many discoveries concerning the cause and prevention of infectious
diseases. In 1880’s he isolated the bacterium responsible for chicken cholera. He grew
it in a pure culture. To prove that he really had isolated the bacterium responsible for this
disease Pasteur made use of the fundamental techniques devised by Koch. He arranged
experiments for a public demonstration in which he repeated an experiment that had been
successful in many previous trials in his laboratory.

He inoculated healthy chicken with his pure cultures and waited for-ineri to cevs i(ip
chicken cholera and die. But to his dismay, the chickenrs.faifed to uet'sick arid e
Reviewing each step of the experiment Pastaur_fouiid (that-he! fadvadc! de“tali} yseu the
cultures several weeks old-insteac.oi fresii one growr, sspeciadly “for the demonstration.
He soon discovered that'scmgiiafv bicteria icould Idse theédi virulence, or ability to
produce-disease, after-siendirg 2na growm old--Bit these attenuated, or less virulent,
bacteric=_culd ‘stifi-stimuléta tie 1ot Yin-this case the chicken) to produce antibodies,
substanves 'thet, protect 'the Lhost™(in this case the chicken) against infection due to
suhsgquent exposuse to the virulent organism.

Pustaun mext applied this principle of inoculation with attenuated cultures to the
pievention of anthrax, and again it worked. He called the attenuated cultures of bacterial
vaccine (a term derived from the Latin Vacca “cow”) and immunization with attenuated
cultures of bacteria, vaccination.
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o Pasteur honoured Edward Jenner (1749-1823), who had successfully vaccinated a boy
against small pox in 1796. Jenner had learned that milkmaids who contracted COWpOX

from the cows, they milked, never subsequently contracted the much mate Vi iruleniz= iy | | '

pox. Accordingly, he tested this hypothesis by inoculating yeurqg 2ame s P'npps flrbt aitin
cowpox causing material and laterwith snwal pox aLsmc nawer -ai ‘hP uo" 42! riot get
small pox. - \ VL
o The Pasteur also made a va“(ma ‘for hydr)pn )bm or h.mles A disease transmitted to
people by nites freirdabia Cogs, ¢ t., and otber-animals.
fobE £110N i
Howvare taé nmicraocroarisms controlled? Explain the different method.
— .\IM te varivtis-methods to control bacteria. (GRW 2017, MTN 2019)
L iseuss control of bacteria by physical and chemical methods. (GRW 2021)
~  Describe various physical and chemical method to control bacteria.
(DGK 2019 LHR 2021, MTN 2021, DGK 2021)
Why control of bacteria is necessary in home, industry and medical field? (MTN 2022)
How physical methods does differs from chemical methods to contral bacteria?
(FSD 2022)

Write an account on different methods used for controlling microbes.
Exercise Question ii

6.10 USE AND MISUSE OF ANTIVBIOTICS

Introduction

Antibiotics is a Greek word (Anti: against and Bios: life). U
e se
Definition
Antibiotics are the chemotherapeutic chemical substances
which are used in treatment of infectious diseases.
Natural Source of Antibiotics
Antibiotics are synthesized and secreted by certain bacteria,
e.g; actinomycetes and fungi.

antibiotics  as
prescribed by  the
physicians. Take dose at
regular intervals and
complete the treatment
as advised by the doctor.

Artificial Source of Antibiotics
Today, some antibiotics are synthesized in the laboratory. However, their origins are
living cells.

Precaution
To determine drug of choice, one must know its mode of action, possible adverse side
effects in the human beings.

Hazards
Massive quantities of antibiotics are being prepared and usad, swhich & re followed hv ihe
widespread problems of drug resistance in m icrenrganizms. THis.results i &n Iricreasing
resistance against disease eatmentz:

Misuse of Antibiotics
Misus¢d antibiotics Can inleract with' the hemian metabollsm and in severe cases can
cause de=athi o7 huinegn newng_s. :
Misuse of antibintic such'as penicillin can cause allergic reactions.
Sirgfifarly. stragicinycin can affect auditory nerve thus causing deafness.

o | ety acycllne and its related compounds caused permanent discoloration of teeth in

" young children.
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QUESTION RELATED TO ABOVE ARTICLE

Explain the antibiotics and their misuse.

What do you know about miscues of antibiotics? "
What are the use and misuse of anUbIOtll ST\ A0 ' (lJGK 2021)
Why antibiotics are consilered m ncf cifl as i 'el' s i'c rr 1fu| f01l human? (DGK 2022)

Dlscu<s rre reie CHtIl’.I')tI".S }3{1\1 i mn.nzatlon in controlling bacterial diseases.
What proa erp' can ar’ 'S dua ‘o misuse of antibiotics? (Exercise Question iii)
m §, 1@ ARACTERISTICS OF CYANOBACTERIA

yheroduction

The cyanobacteria are the largest and most diverse group of photosynthetic bacteria
which was previously known as blue green algae.

Features

Cyanobacteria are true prokaryotes. They vary greatly in shape and appearance.

The range in diameter from about 1-10 um and may be unicellular, exist as colonies of
many shapes, or form filaments consisting of trichomes (chains of cells) surrounded by
mucilaginous sheath.

They have normal Gram-negative type cell wall.

They lack flagella and often use gas vesicles to move in the water, and many filamentous
species have gliding motility.

Similarity with Photosynthetic Eukaryotes

Their photosynthetic system closely resembles that of eukaryotes because they have
chlorophyll and photosystem 1.

They carry out oxygenic photosynthesis. i.e, they use water as an electron donor and
generate oxygen during photosynthesis.

Cyanobacteria use phycobilins as accessory pigments. Photosyntaptic bigmewx:— and
electron transport chain components are fiorated in-thyiakoid mambrangs linkse—witn
particles called phycobilisziTies. _ _

Phycocvarir pigment—hle). fis/ their pler}on'inant-'pny’cobiiins and CO: in them is
assimilzica througimthe Gaivin Cycle

Raszyve [fondl ragteial in Cyanobacteria is glycogen.

Renycalictine

Cyanobacteria reproduce by binary fission, fragmentation. In cyanobacteria hormogonia,
akinetes and heterocysts are present.
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Fig. 6.8 Cyanobacterium Anabaena

ECONOMIC IMPORTANCE Super Blue green algae are

They help in reclamation of alkaline soils. basically expensive  pond
Cyanobacteria have heterocysts, which are helpful in | scum, in which
the fixation of atmospheric nitrogen. cyanobacterium a  singled
They release Oz in the environment due to their | celled organism is that
photosynthetic activity. produces its own food through

photosynthesis. It serves as a
“complete whole food “which
contain 60% protein with all
essential amino acids in
perfect balance.

Oscillatoria and few other cyanobacteria can be used
as pollution indicator.

They have symbiotic relationship with protozoa,
fungi, and nitrogen fixing species form associations
with angiosperms. They are photosynthetic partner in
most of lichen association.

Many species of cyanobacteria form water blooms
where they often impart unpleasant smell and due to
large amount of suspended organic matter water
becomes unfit for consumption.

Some species produce toxins that kill livestock and
other animals that drink the water.

QUESTION RELATED TO ABOVE ARTICL:8

Write down the characteristic of Cyanohagteria and its-€corion:iL imgortance;

Describe characteristics of cyanqoecteria, (LHR 2019)
Write down the characteristits angieconormic 1 pdrtante of cvanokacteria. (SWL 2019)
Give ecarwraic importanc: cf Cyanobacteria: Sl (GRW 2019, MTN 2019)
Discusz-acteria saderthe gitianheadings. (LHR 2021, MTN 2021)

(i) Ecolpgical'impoitante {i-=conomic importance.

(=ive gerieral chérzcter of cyanobacteria with special reference to Nostoc.  (RWP 2021)
Odrpase photosynthesis in eubacteria and cyanobacteria with special reference to
oxygen photosynthesis in cyanobacteria. (SGD 2022)
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6.11.2 NOSTOC

6.11.2. | HABITAT AND OCCURRENCE ! ’.
o Nostoc is common as terrestrial and subaerial cyanobacterium. Jr 131

o It is widely distributed in alkaline soils &ic, on moist-i&Ctks ﬂd r'Il‘-f° hmstvf oS a
jelly like mass in which numerous ﬁhmenh aie, emhﬂod=d e

6.11.2. 11 STRUCTURE ! \ |

. Trichomeg, aie unhraricrag and < paei:;-bec-_deq:; I.*;di\/i'dual cells are mostly spherical but

sometirr¢s haiel Nap?G on eyliridrieal.
. All cells in'trichome are.micstly similar in structure but at intervals are found slightly

i Jarae rounal fighiyellowish thick-walled cells called as heterocysts.
ook | Siichome mostly breads near heterocyst and forms hormogonia and thus help in
~ fragmentation.

6.11.2. 11l REPRODUCTION
There is no sexual reproduction but it reproduces asexually by:

) Formation of Hormogonia.
Hormogonia are formed when filament break at different points into smaller pieces. This
is due to death and decay of an ordinary cell or the heterocyst may server as a breaking
point.

i) Formation of Akinetes
Reproduction can also be due to akinetes formation. Akinetes are thick walled, enlarged
vegetative cells which accumulate food and become resting cells. On arrival of favorable

conditions, they form normal vegetative cell.
QUESTION RELATED TO ABOVE ARTICLE

Describe habitat and reproduction in Nostoc.

Explain the general characteristics of cyanobacteria with special reference of

Nostoc.

Describe structure and reproduction in Nostoc. (LHR 2018)

Describe general characteristics of Cyanobacteria with special reference to Nostoc.
(Exercise Question iv)
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KEY POINTS _

Gram positive and Gram negative bacteria:
It is a method of staining bacteria. There are two stains_for-the | swmng of I'cctem
Primary stain is purple or violet dye. It is ako vlll’d (wram S 13, T is, SGC’S‘ldaIy is red
dye eosin. Following methad is s 5ol sranlrtg ISR\RR=N Y
1. Bacterwa dle steined w'”\ pJ ple dy\ Tn(-,'r cc.ear becomes purple.
2. Now th=se ba> ier a are 'tréated with alcohol. The gram positive bacteria retain purple
h (I( Jaur ar d le-iiot change their colour. On the other hand gram negative bacteria lose the
VN purple colour and become colourless. So the gram positive bacteria retain the primary
stain.

3. The gram negative bacteria disappear and cannot be seen. So they are treated with
secondary dye eosin. They become pink or red and reappear. So gram negative lose
primary satin but are stained with secondary strain.

Chemosynthetic bacteria:

These bacteria oxidize (remove electron) the inorganic compounds like ammonia, ferric
Fe® ———>Fe?+e”
These electrons are used for obtaining energy.

Lichens:
It is symbiotic association between algae and fungi. Cyanobacteria or blue green algae

can also develop this association with fungi.

Water Bloom:
Sometimes, cyanobacteria grow on standing water of ponds and completely cover its

water, it is called water bloom.
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EXERCISE

Q.1.

Fill in the blanks

i)

i)
i)

[\¥A)
a

Vi)
vii)

viii)

Ans:

Q.2.

A bacterial arrangement in packets of

eight cells is described as ¢

shape .and
L\ 15 dinjotocei.

Pili are tuduiar ‘haft‘ in )aLtPr:a

serve 25 ameans|(f | | :

' are-untisual type of bacterla

The

WY

b tl}'ﬁilt I\ it extreme habitats.

is a bacterium that is
photosynthetic.

is a cyanobacterium.
are called as bloom
forming organism.

Use of antibiotics is one of the means
of controlling diseases.

i) Sarcina

i) Two cocci

iii) Attachment

iv) Endospore forming

v) Green sulphur bacteria

vi) Nostoc

vii) Nostoc

viii) Infectious

Each question has four options.

Encircle correct answer.

i)

Which of the following is not found
in all bacterial cells?

(@) Cell membrane  (b) Ribosomes
(c) A nucleoid (d) Capsule
The major locomotory structure in
bacteria are:

(a) Flagella (b) Fimbriae

(c) Pilli (d) Cilia,

Which of the following 'is

primary.—. wecterial _~cell' wwall

function:- {

(a) Transgort ‘b) Suppest
(&) Adhesion

() Aotility

arrangement | of |

h};{t'-

Iv)

vi)

Ans:

Which of the feflgwing, is et e1t L

in hots-Grain positive end' Gréem-
nbgative celiwali?, -

\ (a),An' outey mnmbrane

h) 1:"Htlologly gan

~ (c) Techoic acid

(d) Lipopolysaccharides
Mesosome are internal extensions
of the:

(@) Cell wall

(b) Cell membrane

(c) Chromatin body

(d) Capsule

Bacterial endospore function in:
(a) Reproduction

(b) Protein synthesis

(c) Survival

(d) Storaﬂe

Vi B

|

Short Questions

(a) Name general characteristics
that could be used to define
prokaryotes.

(b) Do any other microbial group
besides bacteria have prokaryotic
cells?

(c) In what habitats are bacteria
found? Give some general means
by which bacteria derive nutrients.

(a) No-definite| nucieds, absmcn ot
merbraine “bouhced. higaneiles,
cell well “made “si Murein and
small'sized rivosomes.

(55 Yes, Cyanobacteria

(c) Bacteria usually occur in all habitats

ranging from extreme hot conditions to

cold glaciers. There are two common

general means of nutrition in bacteria i.e

heterotrophic and autotrophic.
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i) (a) List functions that the cell vii)  You observe a culture of
membrane performs in bacteria. predominantly round (presumably -~
(b) What are mesosomes and some of spherical) bacteria~iiiat  theu . AR
their pOSSible functions? apparenflv |y dh]iup .nef/en_ ]\_\|eg ! b
Ans: T\ haeieiledte seplana‘e s "Kmtrﬁg

(a) Regulates transport of material 4nG

contains enzymes for ek plram'“ WaiR! in' Ylorig | chais | ot clls. What,
_gerefai y, -aightt. -you call such an

metabolism BERY
AR _-ditangement?
(b) 1t is) an| 'mmgmaiglm of cel I_ i—\ns Streptogcocci
memlt:r:mw T bo_LFe. ie aw |‘ Jnvof\'i\J i) Match the following description with
in cell divisicr, 1Y ¢ the best answer.
i), J'~v' n*‘] IS Lnique about the structure 8) (@ Bacillus Diplococcus
« J I."'-J" 1 lof haslerial ribosomes? 'V'S"I’” in
4 And: ' Bacterial ribosomes are of small sized gceqpane
W with 70S. arranged
iv) Draw the three bacterial shapes. In pairs ) Srent
eptocaccus
Ans g)lvision in greptobacillus
one plane;
- oocc
arranged
Cocci Bacilli inchains
_ g (c) Spirochete | Tetrad
Ivision in
two
planes;
Spirochete aC?Craﬂged
V) Name a bacterium that has no cell in  square
wall. of four
Ans:  Mycoplasma bacteria are without cell EMSIon in () Spirilium | Bacillus
wall. o one plane;
vi) A gram stain discharge from an rods
abscess shows cocci in irregular completely
grape-like clusters. What is the most separate
) . . after
likely genus of this bacterium? division
Ans:  Genus of this bacterium will be E () Vibrio Streptobacillus
staphylococci. Ivision in
vii)  Draw an outline and label one plare;
. - rods e
(i) Streptobacilli armanged ] I N
(i) Diplococci - |(rf1\ch§|n_sp._ 'f)_;_-.__-_-'_ Al iy
(iii) Staphylococci SRR mja \ (“lre,oto:ocrus -
. § -."'_ _.' — LA C I.
Ans : ) AN ! bagritni-
m \ 'Yy A thin, Spirillium
et G 4 _ eX|bIe hylococcus
Streptobacidfi |1 S'-"arh'o'coéc.i S%ral ATH Spirochete
(Tl ' VU ' ick, rigid E)lplococcus
- (A | - spiral
Ju A ‘ (i) Tetrad
’ Diplococci (1) Sarcina
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Q.4. Extensive Questions.

1) Describe in detail the structure of
bacterial cell wall, emphasizing on
Gram positive and Gram negative
properties.

Ans: (See article 6.4.5) \ —t

i) Write an account on dn‘ferert me [ans _
used for copirofling.-ic fobes) -

Ans: (See artic’z5.9)' ) '

iii) Discuss the, r0re af antn'ﬂulu,s and
umm lmzatwor in' cantrolling bacterial

| ~_| Gisqaaes'-Wnat problem can arise due
“~'to misuse of antibiotics?

Ans: (See article 6.9.3 & 6.10)

iv) Describe general characteristics of
Cyanobacteria with special reference
to Nostoc.

Ans:  (See article 6.11)

V) Write notes on:

@ Koch’s postulates

Ans:  (See article 6.2)

(b) Shape of bacteria

Ans: (See article 6.4.2)

() Flagella and pilli

Ans: (See article 6.4.3)

(d) Growth in bacteria

Ans: (See article 6.7)

™ \\
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