Basis of bacterial classification




Basis of Bacterial Classification

Rigidity of cell and mode of cell division
Shape of bacteria Staining behavior

pH tolerance or requirement

Gaseous requirement

Influence of atmospheric pressure Possession of photosynthetic pigment

Salt tolerance Pigmentation

Relationship to their host




I Rigidity of cell and mode of cell division |

True bacteria:- Single binary fission

Mycoplasma:- Cellwall less bacteria

Rickettsia and chlamydia:- Obligate parasite
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Mycoplasma

NO CELL WALL
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| Flagellum

Granular inclusion

Cell
wall / outer
membrane (if se—p
present -

Cytoplasmic ¢, \cuie "~ Nucleoid
membrane Mesosome
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Budding of bacteria.

* Cell's genetic information is
duplicated, creating an identical copy or clone
of the original cell.

* As the new cell pinches off or buds from the
surface, a bud scar is produced.
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Shape of bacteria

* Spherical or oval shape:- Cocci COCC.I n . .
* Straight rod:- Bacillus ) z:ws.- Dslplococa
° ain:- Streptococci
* Rods that are helically curved:- Spirilla g
o * Group of four:- Tetrad

* Coma shaped:- Vibrio , _

. * Grapes like cluster:- Staphylococci
* Chinese letter or V-shaped pattern :

Cornahacteriam * Group of eight:- Sarcina



Shape of bacteria

Bacillus in
* Pairs:- Diplobacilli

* Coccobacilli:- length of individual organisms
approximately its width. Eg, Brucella spp.

* Streptobacillus:- arranged in chain. Eg,
Streptobacillus moniliformis .

* Branched aggregation type rod:- Mycobacterium
tuberculosis

* Long chain of rod:- Lactobacillus spp.



Cocci Bacilli Others

Coccus Diplococci

R Q Oo Coccobacillus Bacillus
Sarcina . -
Tetrad

88 % Diplobacilli

Spirilla

Corynebacterium

2

O™

Spirochete

Streptococci

Streptobacilli
Staphylococci

Palisades
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‘On the basis of motility‘

Motility test:- Hanging drop method, Dark
| ground microscopy.

WET MOUNT SLIDE TEST

= DROPPER
‘/

Hanging Drop method

essjon (well) Cover slip
slide Petroleum jelly (seal)

\D@(D’/

%— SALINE
INOCULATING
LoOOP
%— TEST ORGANISM
COVER SLIP

K/GMSS SLIDE
MICROSCOPIC
— OBSERVATION
e&—\,

)

Drop of liquid with specimen
(hanging upside down
from undersurface of cover slip)




(S badld Gaaaa 4 swimming (1

swarming (2

gliding (3 Swarming motilit
twitching (4

darting (5

sliding (6

\’ v Gliding motility.
Motile with flagella Motile without flagella Eg, Cytophage
spp.
. Swimming motility.
Eg, Spirochaete
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Swimming

Twitching

Gliding

Sliding




(e S S50 Glaidla
Flagellum D
(Propeller)

Hook N
Flexible joint)

—_—

R ———) "
OUter 2 8 8 8 8 B L ring B B B B B &
Basal body memorane B WA
(Motor) (LPS) L
ol sl (i dw g1yl 3G il '8
y R Peptidoglycan
Al b Il S — S-M ring
Hoseee e ; VOOOOS e
AL S LY, | ’ eesse
Cytoplasmic
membrane

Ao,y b coedls

Mot protein  Fli proteins (motor switch) Mot protein




monotrichous amphitrichous lophotrichous peritrichous

flagellar arrangement

* Monotrichous:- Single polar flagella. Eg,
Psedomonas aeruginosa, Vibrio cholerae.

* Lophotrichus:- Cluster of polar flagella. Eg,
Pseudomonas fluorescens.

* Amphitrichous:- flagella either single or clusters
at both poles. Eg, Aquaspirillum serpens.

* Peritrichous:- Surrounded by lateral flagella. Eg,
Salmonella typhi, Proteus spp, E. coli etc.



Gram negative bacteria

Ml.us.im_

|

Motile

Salmonella Spp

E coli

Proteus Spp.
Providencia Spp.
Pseudomonas Spp
Citrobacter Spp
Alclaigens Faecalis
Hafinia Spp

l

Non-motile

Shigella Spp
Klebsiella Spp
Brucella Spp.
Pasteurella Spp.
Haemophilus Spp

Gram positive bacteria —_

Motile
Bacillus anthracis
Clostridium Spp

Non motile
Corynebactenum Spp
Mycobactenum Spp
Lactobacillus Spp
Actinomycetes Spp
Clostndium perfingens

Listena monocytogens
( Only motile at 22

degree centigrade )




On the basis of staining behaviour

- Types of staining techniques —

g
4 N
Simple staining Differential staining
(use of a single stain) (use of two contrasting stains
separated by a decolorizing agent|
l Al
For visualization of r A
morphological Identification Visualization
shape & arrangement. —r of structure
Gramm Acidfast ' SN
stain stain Spore Capsuls
stain stain 1



On the basis of staining behaviour

* Gram staining

Gram +ve :- All cocci are Gram positive except
Neisseria and Branhamella.

Gram —ve:- All rods are gm-ve except
Corynebacterium, Mycobacterium, Bacillus,
Clostridium, Actinomyces, Listeria,
Erysiopelothrix are gm-ve.



GRAM-POSITIVE GRAM-NEGATIVE

% Fixation %
= i .~ GRAM-NEGATIVE GRAM-POSITIVE
%‘ Crystal Violet %\
= ﬁ = L L L L LT LR outer membrane

) —— | P

%‘ Decolorisation %%
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* Acid fast staining:- Ziehl Neelson staining
method.

* Acid fast bacteria:- Mycobacterium tuberculosis,

Mycobaterium leprae, Nocardia Spp.

- 7\1" g . \ ‘," " S / . \
—— s — 4 ; 2
Non Acid Fast
Acid Fast
Application of Application A ication of
¢ pplication of Application o
Ca‘rbolfuchs'ln of heat Acid Alcohol Methylene Blue
(primary stain) (mordant) (decolorizer) (counter stain)




* Capsulated bacteria:- Streptococcus
pneumoniae, Bacillus anthracis, Klebsiella
pneumoniae, Streptococcus mutans,
Haemophilus influenza, Clostridium perfringes.

* Spore former:- Bacillus Spp., Clostridium Spp.,
Thermoactinomyces vulgaris, Coxiella burnetti,
Desulfotomaculum Spp., Sporolactobacillus,

Sporomusa Spp.




background

apsule

bacterium

Background Capsules Bacteria 1- Mix a drop of the sample / ' /
with a drop of the stain.

2- Spread the mixture with a clean slide

[~y

3-Dry in air J
Do not heat-fix C :

4- Examine under microscope

Negative staining




* Albert staining:- Corynebacterium Spp

eAnother characteristic is the presence of metachromatic granules
(RNA and polymetaphosphate) in bacterial cells. The granules are
bluish-purple with methylene blue, and dark purple by Albert
staining method.
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Albert stain methylene blue stain

metachromatic granules

How the C.diptheria appear

» To demonstrate
metachromatic
granules in
C.diphtheriae. These
granules appear
bluish black whereas
the body of bacilli
appear green or
bluish green.




* Bipolar staining :- Yersinia pestis, Burkholderia
pseudomallei, Pasturella multocida,

Francisella tularensis, Klebsiella granulomatis

Pasturella

* Bipolar staining




1 On the basis of GASEQOUS
REQUIREMENTS

Aerobic:- Bacillus Spp., Pseudomonas Spp

Anaerobic:- Clostridium Spp., Bacteroides Spp.,
Fusobacterium Spp., Peptostreptococcus.,
Peptococcus., Ruminococcus

Facultative anaerobes:- members of family of
enterobcateriaceae.

Microaerophilic:- Mycobacterium tuberculosis.,
Camplylobacter Spp., Helicobacter pylori
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Aerotolerant anaerobes

s Microaerophiles

Obligate anaerobes Facultative anerobes




On the basis of temperature

« Psychrophiles:- grow well at 0°C or below 7 °C and S
have optimum temperature of 15-25 °C.

Eg:- Pseudomonas, Alcaligens, Lactobacillus,
Achromobacter, Flavobacterium, Psychromobacter

» Mesophiles:- grow at 20-45°C and optimum

temperature at 37 °C. eg:- all member of
enterobacteriaceae etc.

* Thermophiles:- Grow well above 45 °C and optimum at
55-60 °C. Eg:- Bacillus stereothermophilus, Clostridium
Spp.

* Hyperthermophilus:- grow well at 70 °C and optimum

at 80-90 °C. eg:- Thermus aquaticus, Thermococcus
~ Spp., Pyrococcus Spp., Pyrodictium Spp.

—
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Thermophiles

Mesophiles Hyperthermophiles

Growth rate

Psychrophiles
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On the basis of pH requirement

* Acidophiles:- These bacteria which require low pH and
unable to grow at high pH i.e, pH> 5. eg. Thiobacillus
ferroxidans can tolerate up to pH 1. Flavobacterium
acidurans, Sulfolobus Spp., Thermoplasma Spp.

Some acid tolerant bacteria are lactobacillus,
Acetobacter.

* Neutrophiles:- growth on neutral pH 6.8. Most of

bacteria are neutrophils. Eg:- Alcaligens, Pseudomonas,
E. coli

 Alkalophiles:- Grow well above pH 8. i.e, basic pH

Eg:- Bacillus alcalophiles, Bacillus circulans,
Natranococcus Spp., Natranobacterium Spp.,
Ectothhiorhodo Spirillum Spp.
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On the basis of salt requirement

* Non halophiles:- Unable to grow in high salt
concentration. Eg: E. coli

* Halotolerant:- tolerate low level of salt
concentrationi.e 8% salt

* Halophiles:- grow in high salt concentration ie salt
loving

— Slightly:- Require 0.5to 3% Nacl
» Pseudomonas spp
» Vibrio
» Moraxella
» Acinetobater




* Moderately:- Require 3% to 15% Nacl
»Bacillus spp.

» Micrococcus spp.

* Extremely:- Require 15% to 30% salt
» Halobacterium spp
» Halococcus spp
» Natranobacterium spp
» Natranococcus spp
» Haloterax spp




On the basis of relationship with their
host

 Saprophytism :- Those bacteria that are free
living but depend on dead and decayed
organic matter for their growth.

® Parasites:- Those bacteria that can establish
themselves and multiply in host tissue
deriving nourishment from the host.

Use organic molecules as a food source




Saprophytic, Symbiotic and Parasitic Bacteria:
Importance to Environment, Biotechnological

Applications and Biocontrol

SAPROPHYTIC BACTERIA SYMBIOTIC BACTERIA Plant growth-promoting bacteria

The saprophytic bacteria are the major decomposers of organic matter , breaking
down complex mixtures such as cellulose, hemicelluloses, lignin and proteins into simple

soluble forms (catabolic reactions) and freeing their atomsto be re-used by other
bioprocesses (anabolic reactions)

Nitrogenin
atmosphere (N,)

Denitrifying

bacteria | Assimilation »

I Nitrates (NO;") l

1

Nitrogen-fixing bacteria
in root nodules of legumes

$

I Nitrifying bacteria I I Amonium NH;* I Hiropan-fingsol

bacteria

*

Animaland Plant decomposers
(aerobicand anaerobic
bacteria)

Importance of saprophytic and symbiotic bacteria to the nitrogen cycle



On the basis of influence of
atmospheric pressure

* Bacteria that can tolerate high pressure and
isolated from deep sea are called Barotolerant.
— 300 M depth ~  Barotolerant
— 4000-6000 M depth > Barophilic
— 10,000 M depth - extremely
Barophilic
Eg:
Shewenella, Photobacterium, Moritella japonica,
Methanococcus .




n the basis of pigmentation
Microbial pigments are secondary metabolites

Purple: Spirillum rubrum

Violet: Chromobacterium violacein

Indigo: Janthinobacternium lividum

Blue: Streptomyces coelicolor (actinorhodin edible)
Green: Chlorobium tepidum

Yellow: Xanthomonas campestris (xanthomonadins)

Orange: Sarcina aurentiaca

Red: Serratia marcescens (prodigiosin)
Brown: Rhizobium etli

Black: Prevotela melaninogenica




Serratia marcescens

Effect of pH, temperature and incubation time on prodigiosi




[ On the basis of pigmentation]
M

icrobial pigments are secondary metabolites

Golden: Staphylococcus aureus
Silver: Actinomyces sp.

White: Staphylococcus epidermidis
Cream: Proteus vulgaris

Pink: Micrococcus roseus
Maroon: Rugamonas rubra
Fluorescent blue/green: Pseudomonas aeruginosa (Pyocyanin)
Fluorescent yellow: Pseudomonas fluorescens (Pyoverdin/fluorescein)

Prevotella melaninogenica



Factors Influencing Pigment Production :

1. Temperature: Maximum
pigmentation at RT (20° to 25°C).
2. Oxygen: pigmentation

under aerobic condition.

3. Medium: Pigment is
produced on solid medium.

4. Light: pigmentation is g / '
\, \Golden pigment ofy

better in presence of light.
S.aureus

Nutrient agar

=




On the basis of mode of nutrition

* On the basis of energy source utilization-
Phototrophs and chemotrophs

* On the basis of carbon source utilization-
autotrophs and heterotrophs

Autotrophs use CO2 and heterotrophs require
organic carbon source.







On the basis of metabolism

* Heterotrophic bacteria are classified into two
types;
— Respiratory
— Fermentative

Respiratory mechanism may be aerobic or anerobic.
In aerobic respiration, oxygen serves as the terminal

electron acceptor whereas in anaerobic respiration
NO3 ", S047,C0Os3™ etc

Partial oxidation of organic compound in case of
fermentation.




Nutritional Requirements

Nutrients are substances required for biosynthesis of

macromolecules, energy production and growth

macroelements (macronutrients)

* required in relatively large amounts

* C,H,N,O,P, Sand K, Mg, Fe and Ca
micronutrients (trace elements)

* Mn, Zn, Co, Mo, Ni, and Cu

* required in trace amounts, used as cofactors by

enzymes

« often supplied in water or in media components




Carbon

Macroelements/
Macronutrients

Potassium Sulphur

J The first six (C, O, H, N, S and P) : components of carbohydrates, lipids and proteins
. K* : enzyme -protein synthesis
1 Ca? : heat resistance of bacterial endospores

. Mg?* : cofactors, stabilise the cell membrane and ribosomes

. Fe?* and Fe®*: part of cytochrome and cofactors for enzymes and ECP



» Micronutrients/ Trace elements : Several nutrients which are required in small
amounts

Ubiquitous and normally part of enzymes and cofactors
Aid in catalysis of reaction and maintenance of protein structure
Mn2*: transfer of phosphate groups

Manganese
Mo?* : nitrogen fixation

Co?* : component of vitamin B12 Copper .

Y/
vy

Yy v v v ¥

¥

Molybdenum




Table 111  Sources of Carbon, Energy, and Electrons

Carbon Sources
Autotrophs CO, sole or principal biosynthetic carbon source
Heterotrophs Reduced, preformed, organic molecules from
other organisms
Energy Sources
Phototrophs Light
Chemotrophs Oxidation of organic or inorganic compounds
Electron Sources
Lithotrophs Reduced inorganic molecules
Organotrophs Organic molecules
5 o



Table 11.2  Major Nutritional Types of Microorganisms

Nutritional Type Carbon Source  Energy Source Electron Source Representative Microorganisms |

Photolithoautotroph CcO, Light Inorganic e donor Purple and green sulfur bacteria,
cyanobacteria, diatoms

Photoorganoheterotroph Organic carbon  Light Organic e donor Purple nonsulfur bacteria, green nonsulfur
bacteria |
Chemolithoautotroph CO, Inorganic chemicals Inorganic e donor Sulfur-oxidizing bacteria, hydrogen-

oxidizing bacteria, methanogens, nitrifying
bacteria, iron-oxidizing bacteria

Chemolithoheterotroph Organic carbon  Inorganic chemicals Inorganic e donor Some sulfur-oxidizing bacteria i
(e.qg., Beggiatoa spp.) i

Chemoorganoheterotroph  Organic carbon  Organic chemicals, Organic e donor, Most nonphotosynthetic microbes,
often same as often same as including most pathogens, fungi, and
C source C source many protists and archaea




ATP

Pmumnm

4 metabolites 3> and other —— Macromolecules —»
building blocks

Reducing power (electrons)

The Fueling Reactions Convert an Organism’s Carbon, Energy, and Electron

Sources into Precursor Metabolites, ATP, and Reducing Power. In autotrophs, the precursor
metabolites arise from CO,-fixation and related pathways, which are discussed in chapter 12. In
heterotrophs, the precursor metabolites arise from reactions of the central metabolic pathways
(see figure 12.2). ATP and reducing power are used in anabolic reactions that convert precursor
metabolites into monomers and other building blocks. Monomers are used to generate
macromolecules such as proteins, which are assembled into various cell structures.



Chemoorganotrophic Fueling Processes

Respiration

Electron transport chain O Aerobic

respiration

(]

- ox phos

Organic denengy PMF —== > ATP
an

electron source

Electron transport chain S04, Anaerobic
NOL7 CO., respiration
CO, fumarate,
etc.
Biosynthesis
ADP ATP
Fermentation
ADP ATP
Biosynthesis
LSLFJ v Cosymnes
Organic energy C atoms
and Fermentation
electron source products
(e.g., ethanol, H,,
e— lactic acid)
Endogenous /
electron
acceptors

(e.g., pyruvate)

Chemoorganotrophic Fueling Processes.
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ATP = ADH
MADH FADH,
NH,
Pyruvate
- NADH

Oxaloacetate Citrate
— ATP

MNADH
. FADH,

Tricarboxylic acid cycle lsocitrate

coO,
o -Ketoglutarate
Succinyl-CoA ‘(c:;j

Pathways Used by Chemoorganotrophs to Catabolize Organic Energy
Sources. Motice that these pathways funnel metabolites into the glycolytic pathways
and the tricarboxylic acid cycle, thus increasing metabolic efficiency and flexibility.




Glucose Glycolytic
reactions

Hexokinase | | Glucose 6-phosphatase
l Gluconeogenic
Glucose 6-phosphate reactions
Freely reversibl
reactions

Fructose 6-phosphate

Phospho-

fustbbihase Fructose 1,6-bisphosphatase

Fructose 1,6-bisphosphate

< G 4P P 4>

Phosphoenolpyruvate (PEP)

Pyruvate PEP carboxykinase

kinase
I Pyruvate carboxylase

Pyruvate

The Embden-Meyerhof Pathway Is an Example
of an Amphibolic Pathway. o '




