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nolecules scatter electror{s, and it is therefops
to examine the object in 3 vacuuim

only dead and dried objgcts can kfedexamme('i in the
electron microscope. This may lea tO‘CODSIder&
distortion in cell morpho]og.y. A method {ntrc{ducd‘b
overcome this disadvantage 1s frgeze-e'tcleg,

the deep-freezing of specimens in a hgmd gas anddg
subsequent formation of carbon-platinum re?llc_.d
the material. Since such frozen cells may remain viable,
it is claimed that freeze-etching enables the study of the
cellular ultrastructure as it appears in the living state,
The recent development of very high voltage electron
microscopes may eventually render the examination of
live objects possible. The scanning electron microscope
is a useful innovation that permits the study of cell sur-
faces with greater contrast and higher resolution than
with the shadow-casting technique.

Gas 1
necessary

STAINING TECHNIQUES

Live bacteria do not show much structural detail
under the light microscope due to lack of contrast
Hence it is customary to use staining techniques o
produce colour contrast. Bacteria may be stained in
the living state, but this type of staining is employed
only for special purposes. Routine methods of staining:
of bacteria involve drying and fixing smears—proce=
dures that kill them. Bacteria have an affinity to basic:
dyes due to the acidic nature of their protoplasm.

following are staining techniques commonly used i
bacteriology.

Simple stains

Methylene blue or basic fuchsin are used for simple
staining. They provide colour contrast, but impart
the same colour to all bacteria.

Negative staining

Indian ink or nigrosin are emulsified with ﬂ‘
sample or organism to provide a uniformly coloufes
background against which the unstained bacteries
stand out in contrast. This is particularly US€
in the demonstration of bacterial capsules g
do not take simple stains. Very slender ba

such as spirochetes that are not demonstrable
simple staining methods can be viewed by negati'®
staining. g



Morphology and Physiology of Bacteria

):fferential stains

mpart different colours to different
terial structures. The two most widely

~soc Cifferential stains are the Gram stain and the

Sram stain

e Qram stain was originally devised by the histolo-
1 Gram (1884) as a method of staining

Principle: The exact mechanism of the Gram reac-
not understood. Various theories that have been

e as follows:

ive cells have a more acidic protoplasm,

ich may account for their retaining the basic

« The peptidoglycan of Gram-positive bacteria is thick

and thus able to retain the dye-iodine complex.

s The high lipid content of Gram-negative bacteria
makes them permeable to secondary dye after
decolourisation with organic solvents like acetone.
Decolourisation is not an all-or-none phenom-

enon. Even Gram-positive cells may be decolourised

by prolonged treatment with the organic solvent.

Conversely, inadequate decolourisation may cause

2l cells to appear Gram positive. Gram-positive

bacteria become Gram negative when the cell wall is

damaged.

Procedure:

. Primary staining with a pararosaniline dye such as
crystal violet, methyl violet or gentian violet

2. Application of a dilute solution of iodine
Decolourisation with an organic solvent such as
ethanol, acetone or aniline
Counterstaining with a dye of contrasting colour,
such as carbol fuchsin, safranine or neutral red

The Gram stain differentiates bacteria into two
broad groups. Gram-positive bacteria are those

that resist decolourisation and retain the primary

stain, appearing violet. Gram-negative bacteria are

decolourised by organic solvents and, therefore,

take the counterstain, appearing red (Figs 2.3a
and 2.3b).

Application: Gram staining is an essential proce-
dure used in the identification of bacteria and is
frequently the only method required for studying
their morphology. Gram reactivity is of considerable
importance as Gram-positive and -negative bacteria
differ not merely in staining characteristics and in
structure but also in several other properties such
as growth requirements, susceptibility to antibiotics
and pathogenicity.

Acid fast stain

This was discovered by Ehrlich, who found that
after staining with aniline dyes, tubercle bacilli resist
decolourisation with acids. The method, as modi-
fied by Zichl and Neelsen, is in common use today
(Figs 2.3c and 2.3d).

Principle: Acid fastness has been ascribed to the high
content and variety of lipids, fatty acids and higher
alcohols found in tubercle bacilli.

(d)

Fig 23 Colour images of bacteria stained using dif

ferent stains; (3) Gram-positive cocci; (b) Gramw\{:\mw
bacilli; (c) Ziehl-Neelsen acid fast M.tuberculosis, (J\ Acid
fast M.leprae
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fast bacilli, a hig

< containing carboxy | groups
1 fast in the free state.
operty of lipids alone but

Hitv of the cell wall.

stained by a strong solution of carbol
iapplication of heat. ; .
: ‘decolourised with 20% sulphuric acid
and counterstained with a contrasting dye such as
methviene blue. ;
3. The acid fast bacteria retain the fuchsin (red) colour,
while the others take the counterstain.
\fycobacterium leprae resists decolourisation with

ulphuric acid.
\lbert’s stain

On staining with Albert’s stain the gran-
ebacterium diphtheriae take up a bluish
nd hence they are called metachromatic

th

Albert I stain, drained and

mear and drained.

liphtheria are slender
sembling the letters V or
ranules at the poles of
' polar bodies, volutin o
Ernst granules

\lbert’s Neisser’s

d P o 1
and Ponder’s stains dem-

<. bacil|ye
]

2

h molecular

Fig. 2.5 Ar

SHAPE OF BACTERIA

Depending on their shape, bacteria are classifi
several types (Fig. 2.4): ‘
» Cocci (from kokkos meaning berry) are sphericy
oval cells. :
Bacilli (from baculus meaning rod) are rod-g

@
cells. By

e Vibrios are comma-shaped, curved rods and dees
their name from their characteristic ﬁb’mi
motility.

Spirilla are rigid spiral forms. 4
Spirochetes (from speira meaning coil and chaite
meaning hair) are flexuous spiral forms (Fig, 2.5)
Actinomycetes are branching filamentous bacteria, o
called because of a fancied resemblance to the radiat.
ing rays of the sun when seen in tissue lesions (fr
actis meaning ray and mykes meaning fungus).
Mycoplasmas are bacteria that are cell wall deﬁciéﬁg
and hence do not possess stable morphology. The:
occur as round or oval bodies and as interlacing fila.
ments. When cell wall synthesis becomes defectivég
either spontaneously or as a result of drugs like penicil.
lin, bacteria lose their distinctive shape. Such cells a:e
called protoplasts, spheroplasts or L forms.Bacteria
sometimes show characteristic cellular arrangement
or grouping. Thus, cocci may be arranged in pairs
(diplococci), chains (streptococci), groups of four

(tetrads) or eight (sarcina), or as grape.li
’ e-likg
(staphylococci) . grape-like cluster:s

Some bacilli too ma
bacilli). Others are ar

y be arranged in chains (streptd-
ranged at angles to each other,

rangem
Spirilla: = '8 i
' 2- SPIrochetes

CUrved bacteria: 1. vibrio;
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prc.\u]lmg a cuneiform or Chinese letter patte

(wnnchclcrul). The type of cellular arrangexf:en:r'n‘
dcmmmvd by the plane through which binary fissi »
takes place and by the tendency of the daughtcz (_;Tlot?)

remain attached even after division

BACTERIAL ANATOMY

The structure of an idealised bacterial cell shows:
» The outer layer or cell envelope consists of two
componcma:
A rigid cell wall
_ A cytoplasmic or plasma membrane (beneath
the cell wall)
» Components of the cell interior

‘l he cell envelope encloses the protoplasm, compris-
ing the cytoplasm, cytoplasmic inclusions such as
ribosomes and mesosomes, granules, vacuoles and

the nuclear body.
o Additional structures

The cell may be enclosed in a viscid layer, which
may be aloose slime layer, or organised as a capsule.
Some bacteria carry filamentous appendages pro-
the flagella which are

organs of locomotion and the fimbriae which appear

truding from the cell surface
to be organs for adhesion (Fig. 2.6).

Cell wall
The cell wall accounts for the shape of t

and confers on it rigi
cannot be seen by direct light micro

stain with simple stains.

Cytoplasmic membrane
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.d by N-acetyl §
formed by s iy ,
. } alternating ’h’““ ? stices Ol
{ o ANC ; (Fig 2.7). ”r]v, mterstces
nain 5 #

varying in the
other chemicals, varying in

1ain ot
of Gram-positive bacteria héz"/(;
han those of Gram rw;;,{atl'/'c
cell wall carries bacterial anti-
: sirulence and immunity
positive bacteria:
ayer: | hicker (1580 nm)
(2-3 nm)

urface anti-

s ribitol or

ignificant

doglycan

acid

lipid A) 4 d

p
g amino acids

Thinner

Thicker i
;‘tf)‘f,pnt Present
Ab;f;nt or scant :Le;enntt
Present

cerye as diffusion channels for small mdecu}es,
I}( /' also serve as specific receptors for some
J’;f a5 yC
bacteriophages. : ;
l)ipoprotcin: Attaches the protein of peptidoglyean
to lipid of outer membrane. :
Peptidoglycan: Is thin (2-3 nm) and is bound
the lipoprotein and plasma membrane (Fig, 2.8h).

Inhibition of cell wall synthesi§: Lysoz?'me, an
enzyme normally present in many tissue fluids, Jyse
susceptible bacteria by splitting the cell wall mucopep-
tide links.

Protoplasts and spheroplasts:

Protoplasts: When lysozyme acts on a Gram-posi-
tive bacterium in a hypertonic solution, a protoplast js
formed, consisting of the cytoplasmic membrane and
its contents,

Spheroplast: When lysozyme acts on Gram-negative
bacteria, the result is a spheroplast which differs from
the protoplast in that some cell wall material is retained.
Protoplasts and spheroplasts are spherical, regardless

{ ¢1
|

I'the original shape of the bacterium.

Cell wall-deficient forms of bacteria may have a role

th

persistence of certain chronic infections such as
mephritis

Cytoplasmic membrane

I'he Cytoplasmic

(plasma)
(5-10 nm) |

membrane is a thin
ayer lining the inner surface of the cell
Cparating it from the cytoplasm. It acts as

CIM ¢ i > X .
- }. Jl; rmeable membrane controlling the flow of
IClanolites

wall and

i 1o and from the protoplasm. Passage
"8 the membrane Not solely a function of the
molecylay 1ze of

case 1€ particles byt depends, in many
: ‘Sence in the membrane of specifie
> AP ases ] s

PCrmeases) Electron microscopy shows the

CNCE of three 1. AE ~
iree layers “onstituting a unit membrane
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5 NZVmie

pre

ructure ( I
1C .
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; b mall an i
are abgeng ounts of carbohydrates, Sterol$
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f endoplasmic reticulum Or
s uniformly with
mes increasingly
ains ribosomes,

watery solution. I
not exhibiting inte
ing) and in the absence O
mitochondria. The cytoplasm stain
basic dyes in young cultures but beco
granular with age. The cytoplasm cont
ns and vacuoles.

mesosomes, inclusio

|

Ribosomes
These are centres of protein s
smaller than the ribosomes

mentation constant 70 S) and are
linear strands of mRNA to form polysomes.

ynthesis. They are slightly
of eukaryotic cells (sedi-
seen integrated in

Mesosomes (chondroids)

convoluted or multilaminated
ns of the plasma mem-
more prominent

These are vesicular,
structures formed as invaginatio

brane into the cytoplasm. They are
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he culture. Volutin granules

(metachromatic or Babes—Ernst granules) are highly
ofractive, strongly basophilic bodies consisting of
appear reddish when stained
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Intracytop
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isidered to represent a reserve of energy
r cell metabolism but they are most

ls grown under conditions of nutritional
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1strated by staining with
th fat soluble dyes such
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rated from the cytoplasm

significance are

Nucleus
: onstrated by acid or ribonu-
S S 1 1 ne fi
Stamning for nuclear
Y €lectron microscopy
. odies, generally one

€s due to asynchronv h W0 Or more nuclear
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membrane oF
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10me consists

DNA arran

Y Open un
Pen under

anded

Bouncs o
oe

ey “\Ld

certain
Mm In length
d replicates by

ddout |

simple fission instead of by mitosis as in othey ~
The differences between the nuclei of bacteria a5 dce e
that

of other organisms form the main basis for clagg
them as prokaryotes and eukaryotes (Table 2.1)
Bacteria may pOSS€sS extranuclear genetic elém
consisting of DNA. These cytoplasmic Carrie,ems _
genetic information are termed plasmids or ePisos of
Besides being transmitted to daughter cells dm. ;
binary fission, they may be transferred from One“;mg
terium to another either through conjugation 0r‘ ac
agency of bacteriophages. They are not essenti:-ll‘;’he e
the life of the cell they inhabit but may confer onor
certain properties like toxigenicity and drug resiStanz:
which may constitute a survival advantage. =

Slime layer and capsule

Many bacteria secrete a viscid material around the cefj
surface. When this is organised into a sharply defineg
structure, as in S.pneumoniae, it is known as the
sule. When it is a loose undemarcated secretion :!’.
leuconostoc, it is called the slime layer. Capsul;s tm :
thin to be seen under the light microscope are can::
microcapsules. The slime is generally, but not invari
ably, polysaccharide (for example, S.pneumoniae‘;m-
polypeptide (for example, anthrax bacillus) in na .
Some bacteria may have both a capsule and e
layer (for example, Streptococcus salivari 5 Sﬁﬂ.ﬁ |
secreting large amounts i e
e - ! of slime produce mucoid
growth on agar, which is of a stringy consi |
touched with the loop. -

Demonstrati
ion of ¢ : Sl i
Wi aps.u‘le. Slime has little affinity for
SIC dyes and is not visible in Gram-staj ears.
Special capsule staining techni e
s echniques i
Vi : g q are available,
S 11{13 employing copper salts as mordants Call ul :
may be readily -
o 4 Ic?dlli\l demonstrated by negative stainiplfg:
ms with India j )
ink, wh /
- » When they are seen as
. ound the bacteria, against a b -
P gainst a black background
Capsular i
sular material is igeni |
o S antigenic . :
W . genic and may be demon-
: Cap\‘Ul‘(;[ejrgloglcal methods. When a sus ensioor:lf
— acterium is mixed with its sp:ciﬁc al:ﬂi
se Lngl and examined under the mi
0 e icrosco|
comes very promine pealpe’s
due to ap increé i e
C . ' S - s - - 7
apsule swelling o o . € In its refractivity. This
Noulh - ‘ellung reaction, described by
o - S J 4 g
Ok S onetimans. “ldel‘\ employed f .
Prneumoniae in the p ] — tvpwhenmg
re-sulph i :
Dne ] g '
Pheumonia ysed tq be P[ mlde.da_\s
reated with specifi€

the capsule
‘swollen’

lobar
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Capsule

W, S.pneum z
Fig. 2.9 yi oniae capsule seen by India ink staining

anticapsular sera. Capsules protect bacteria from del
Fig

They also contribute to the virulence of pathogenic

bacteria by inhibiting phagocytosis. Loss of lkla"a(;.p‘

sule by mutation may render the bacterium u\/lrulainl i

Flagelium

eterious agents such as lytic enzymes found in nature 2.10
g neg:

Outer nNngs

(
ener?

stive bacteriurr

Repeated sul?culturcs in vitro lead to loss of the capsule (Fig. 2
and also of virulence. 'I ;
and arranger

Flage“a of bacteria. Flag
Motile bacteria, except spirochetes, possess one or (peritrichous
more unbranched, long, sinuous filaments called flag both ends of t polar
ella, which are the organs of Jocomotion. Each flagel- ingle (monotrichous

; (lonhotrict

the =1 ek

Jum consists of three distinct parts, the filament
I

YOIC

amphitrichous) (}

hook and the basal body. The filament is external to the
Demonstration:

cell and connected to the hook at the cell surface.

Structure: The hook—basal body portion is embed- thickness and |
ded in the cell envelope. The hook and basal body arc the light microscope. 1
antigenically different. Mechanical detachment of the Scen undel dark‘gruund illumination
filament does not impair the viability of the cell. The el | by special staining technique
flagella are 3—20 pm long and are of uniform diameter ’}"j"“-'
(0.01-0.013 pm) and terminate in a squarc tip. The mMICroscopy
wavelength and thickness of the filament are character- Motility: Due
ella directly, their *SENCE

cteria exhibit biplicity

istic of each species but some ba
different wavelengths

that is, they have flagella of two
Flagella are made up of a protein (flagellin) similar 1o
keratin or myosin. Though flagella of different genera
of bacteria have the same chemical composition. they
are antigenically different. Flagellar antigens induce
specific antibodies in high titres. Flagellar antibod-

b r
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the cp

electron
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emagglutination provides am
}jit:if;grlst the presence 9f such ﬁmbna:bu"’d
hemagglutination  is s;?e.clﬁcally inhibiteq
D-mannose (mannose sgnsltnve).
Fimbriae are antigenic. As meimbersl of diff,
era may possess the same ﬁm})rxal antigen, jt ;¢
;r to :;n':urc that the bacterial antigens emPk’yeq
are

for serological tests and preparation of antiser,
devoid of fimbriae. : 4

d A special type of fimbria are the sex pilj, :

ser and fewer in number than other ﬁmbrme_

are '.:,und on ‘male’ bacteria ’and he]P in the.a
ment of those cells to ‘female bacFena,_ f(_mmng hol.
Jow conjugation tubes through which, it is assy
genetic material is transferrc.ad fro'm the_donOr fo g
fccipiem cell. Pili are classified mtc? fi_lfferent :
(for example, F, I) based on susceptibility to specific
bacteriophages.

s

Spore

Some bacteria, particularly memb?r-s of the genera
Bacillus and Clostridium have the ability to form hlghly
resistant resting stages called spores. Each bacterium
forms one spore, which on germination forms a sip.
gle vegetative cell. Sporulation in bacteria, therefore,
":e ,'mca method of reproduction. As bacterial spores
are formed inside the parent cell, they are called

on -~

dospores
€ndospores.

i€ exact stimulus for sporulation is not
«nown, it occurs after a period of vegetative growth
and is presumed to be related to the depletion of
genous nutrients. Sporulation is initiated by the
rance of a clear area, usually near one end of the
vhich gradually becomes more Opaque to form
forespore’. The fully developed spore has at its
core the nuclear body, surrounded by the spore wall,
4 delicate membrane from which the cell wall of the
1C vegetative bacterium will develop. Outside this
the thick spore cortex, which in turn is enclosed by
4 multilayered tough spore coat. Some spores have an
additional oytey covering called €xosporium, which
hay ridges and grooves (Fig, 2.12).

ns appear on Sporulation.

e POres are seen attached to
I'he shape and position of
10 the parent cell

May be centra] (

¢ distinctive
ew ?JYJTJ;{-’;
Young

12 the parent cell.
the spore and its size relative
are species characteristics. Spores
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PLICATION OF BACTERIA

course. If bacterial counts are made at inge
inoculation and plotted in relation to time, é
curve is obtained (Fig. 2.14). The curve shoys thegq‘

lowing phases: : .
1. Lag phase: Immediately following the seedj

culture medium, there is no appreciable increggq ;
number, though there may be an increase in the%
of the cells. This initial period is the time requs
for adaptation to the new environment, during v
the necessary enzymes and metabolic intermegs
are built up in adequate quantities for muyjg 3
tion to proceed. The duration of the lag phasevw
with the species, size of the inoculum, natyre of the
culture medium and environmental factors such ag
temperature. Lo
Log (logarithmic) or exponential phase: Followin%
the lag phase, the cells start dividing and their
numbers increase exponentially or by geometyis
progression with time. If the logarithm of the viable
count is plotted against time, a straight line wil| be
obtained.
. Stationary phase: After a varying period of :
nential growth, cell division stops due to depletion
of nutrients and accumulation of toxic products, o
The number of progeny cells formed is just e J
to replace the number of cells that die. The viable
count remains stationary as an equilibrium exists
between the dying and the newly formed cells. :
- Phase of decline: This is the phase when the popula-
tion decreases due to cell death. Besides nutritional
exhaustion and toxic accumulation, cell death may
also be caused by autolytic enzymes.
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BACTERIAL NUTRITION
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growth and multiplication of bacteria, the minimum
| requirements are water, a source of car-

bon, a source of nitrogen and some inorganic salts.
Water is the vehicle for the entry of all nutrients into
the cell and for the elimination of all waste products

Bacteria can be classified nutritionally, based on their
energy requirements and on their ability to synthe-
sise essential metabolites. Bacteria which derive their
energy from sunlight are called phototrophs and those
that obtain energy from chemical reactions are called
chemotrophs. Bacteria that can synthesise all their
organic compounds are called autotrophs. Those
that are unable to synthesise their own metabolites
and depend on preformed organic compounds are
called heterotrophs. Autotrophs are able to utilise
atmospheric carbon dioxide and nitrogen. They are




L —

)

Y

. in water and soil

| s ; (SN

; OO -‘u‘ugh they are
the maintenance
unable to
»f carbon.

\acteria are

e source

‘;‘115 vary

s dioxidae &5 the s
rements ©
require only a st
- <och as glucose. while others may e o
‘ . ympounds such as amino ac ids.

+ different
L Eoids. carbohydrates and co-enzymes.
- ~.::~m. of inorganic salts, par-
ohate and sulphate, and the
pesium, iron, man-
re normally present in
e bacteria live but will
re media. Some ions such

{ heterotic
gle organic sub-
ed a large

v, Some may

m, mag

trace amounts.
, organic compounds

e known as growth
Growth factors are
n

[ occur

ry v enhance
for it.
) the

as clostridia, grow in the g
obligate anaerobes maya:j:r?cgigf OXygen
oxygen. Microaerophilic bacterig areo:}:
best in the presence of low oxygen ten ;Jse
The reason for the apparent toxicitys -
anacrobic bacteria is not well understo(;:;{f )
suggested that in the presence of ox It hag
peroxide and other toxic peroxidg:lsg ..
l'l*hc enzyme catalase which splits hydro acCuny
is present in most aerobic bacteria butgiesnp.e
anaerobes. Another reason is that obligate *
possess essential enzymes that are actj ana_
reduced state. TeoE
The influence of free oxygen is related
abolic character of the bacterium, Aembt'o the‘
ob.tain their energy and intermediates o ;c b"’*W'
oxidation, involving oxygen as the ultima:1 );,
acceptor, while the anaerobes use hydroe Ydr:.p.
tors other than oxygen. Facultative anaegen :
act in both ways. In the case of aerobe o
ultimate electron acceptor is atmos hs' :Whe:e; e
(aerobic respiration), the carbon andpeni::;yo
e

DO

th

may be completely oxidised

; : to carbon dioxi

water. Energy is provided hvilia pr:;ztlgﬁgﬁ
on

cnel‘.q_\’-] iCh phosphate bond 8:6¢ YNV nﬁ

acceptors compoUnd
: s such as nit
instead of oxv 1trates or p
%L of oxygen (anaerobic respiration) b
more common pr 3 . 5o d
process in a .
may be a sericd et naerobic :

‘ del series of oxidoreductions in wh;n }(:t:: 9

< CnCl‘g\r source a C (] car-

; cts as both :
the elec - the electr :
krmema;LIYOn acceptor. This process is ko;domr -

ion 4 wnas
i and leads to the format: ownas
Organic end prodycts i rmation of several
well a5 of o S aci
c1as of gas (carbon dioxide ids and alcohols, as

bQH
d nd

[hi‘ p

€ss s

kllO\\‘n e
The en

a

Ll‘g\‘_ o Te

teonet readiness of all the
take up or part with




LU\ NN

\

oduction

photogy and Physiology of Bactena

s LRI uny ) L u 1) O\ .y‘ 1181} \«‘1
Mo wat notre lethal than dry heat
" wrature th Kills bacterium unde
CONK ons in piven Lnown as the
death point. Unde conditions mo
AN ONL ¢ bacle \ ¢ thermal de
CIOW L ALY 1 D \ \ | 3 LS
\
. O°C
AL lOow (¢ eratur N ecies die
. VIVE W DL <
5 Iy 0
< ¢s. Rapud (rec } with 8¢
Moisture and dreying: Wal ossent
\ \ las ence drving
< Cle ol (
colls. Howew ¢ elled dryvin
y S ! \ 8 \
x \ ve, while ¢
yhviococ \ dry ( <
> . VIR O UL (&1 .
)
< Vv state SO\ decades \
\ \ \ \
Hvdrogen ion concentration
\ ons yH. Bach species
or below whi C 0 \ X
) whic OWs DOS < (
enic bacte OW Des ¢ QT S
cachions (Pl 0). Some acwdop
SUR N ClOML STFOW  UNdC ClAIL
hY 3 \ 3
thers, sue s the cholke VIDTIC e\
\ LS AN \\ \ Ol .\“ o A L CeS O Ne

charrmy
lowest

andard

thermal

\ ) C
1Y Al C
IC DACK

nroducthion } ') \ MO DT Jha >  yoag——

ATUOIUEL L LR AN k\‘\“\\\l“\“ \A‘u\ “‘\\\ \\.A\‘\A ol \ |
MO Y ' AW Y T v} not |

a piament only on exposure to light ¢ ot wi

Vi TN s ha oA
cubated n the dark

Osmotic effect: Bacteria are mo

Q1 RN

Ar1at 1T han 1 { the oll
variation than most other cetls due o

strength of their cell walls. Sudde

Cd

hypertonic solutions may cause osmotic withdrawal

L Pt

of water and shrinkage of protoplasm

1N 1O OSMOLIC
the mecham

1 exposure o




/ 7/ ’/
oy g/ ¢ 0] L
Mﬁbl"’ i
g A 1 avin Ay
and Tpine s
”W

W

Ay '/,,/
srowy, Tz
wnd yom

. wred by 1t
L by shass
. wnih oM, they ”m/‘/ﬂl.'/wﬂn shakimg VW) 2

. v 4
5 gImiImg & CHRAAE 1O
14 wh » t/;{«':/r e '}mrﬁ'/t""/, by %9
Yoy ey
buads, They H4)
" il X ikatidd
AL rEmIOCING ‘\
Aaction A 4 Wighly
rved Ihe PIOSIGAIOR
929 o driin A ol
by omie MM A
/ adiad 4
Aher stram A Ihe same
e ¢ ) SR ICES
Wt & ) $4C ;
bers O YAy
at ORI
AN V7
/ G VN
K SIS
,/’l v r’:

L p .
Z
"z
s
z Z

fern phrages and bacteriocns, Undey e v
AR, sne bacteriocing specially N
¢ the 140 Articiires of ;;fmf&% Fhev « y
p I Wy b
: ,
‘ WS, e
by Son parts A phage particles,
f

verdd pertisets A defective phiage geme
The t']rﬂh%h A bacteriocing s deter

eweserics i bateria oA cHhiCinogenic fmjn &‘
tors). CoA fackors are episomes and can be

from cell o el by conjugation or traneduct: ol
physical and chemical agems (UV rays, nitrogen
tard) mduce cohicm production by the celly
Col factors. ;
A ¢l producing a bacteriocin is W“"M
may be sensitive 10 other bacteriocins, w
have very specific activity on bacteria, beng :
oA killing some bt nos all strains of 2 mlk& |
specificity 1s made use of i typing certain species sqegy
ws §.somnei, Proveus sp, Ps.aeruginosa. w

wsceptivhe cefls without lysing them. il
While phage typing schemes are generally basedan
SENSHIvity of the test strains fo the b"‘ m‘
hzzes, hacteriocin typing schemes depend on fhe
stility of bacteriocins produced by the test m.

nethod of bacteriocn typing ‘:ﬂ',’pk,?“; the plate diffe.

: hnicue > lest Dacterium 8 inoculated 283
‘0 ak on the centre of 2 culture medim S
Z 28 & 7 CTrac i T

wure 1o chioroform vapour. Standastt
of bacte 7e then streaked at right
igimal moculum. After incubation

sirains represents




S ——
S ——— A v
————— Morphology and Physiology of Bactena
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. q eC study of bacter "
> ethylene blue. t i § 3
\ Quue, Das fuchsin), where all bacteria are o
N @ Staine all bacteria are stained the same colour
Q e QQs
N o
. ere ST3INS, where stains impart different colours t 1 FE b
art € t colours to different bacteria or bacterial structures

:
are classified into cocci (spherical or oval) bacilli (rod-shaped)
spirilla (rigid spiral forms), spirochetes (flexuous spiral forms) and

4 ous bacternia)

a phospholipid cytoplasmic) membrane, flagella fimbriae and pili.
idoglycan and Gram-negative cell wall is composed of lipopolysac-
a toxic substance that imparts the pathogenic virulence associated
.
he time interval between two cell divisions is the generation of popu-
v from 20 minutes (coliform bacilli) to 20 hours (tubercle bacilli) to
4 of a lag phase (no appreciable increase In number), a log phase (an
mber), a stationary phase (no increase or decrease in number) and a
n due to cell death)
7 growth. Mesophilic bactena grow best at tempera-
ures below 20°C and thermophilic bactena at high
¢ specific antibiotic-like substances produced by certain strains of bac-

0
£ the same or different species. Bacteriocins are given specific names
, for example colicins from E.coli, pyocins from Ps.pyocyanea

X
aterium and diphthericins from C diphtheriae.

il SHORT ANSWERS

1. Principles of Gram staining
Draw a labelled diagram of the structure of a bacterial cell.

WN -

forms of bactera

)

S

Bacterial cell wall (Gram-positive, Gram-negative)

SHORT NOTES

Structure of flagella
2. Arrangment of flagella with diagram

3. a) Spores
b) Arrangement of spores
4. Bacterial growth curve
Bacterocins
C
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