' Introduction

Microbiology is a branch of science that deals with microbes, the microscopic for,

oflife. :
Microbiology gives its focus on the occurrence and distribution of microorganisms in nats,

 their form, structure, physiology, reproduction, metabolism and classification; their helpful¢
°__ harmful relationships with other living things; their significance and usefulness in science, medicz
- and industry; their beneficial and harmful effects on human being and domestic animalso

.?:-_.:-._-cujjtivated plants.

e I e Bty AL e
" W‘W%ﬁh*wmﬁm R EH OB R R T

Microbes
Microbes are invisible creatures, too small to be seen with the naked eye. They canb
seen only by magnifying their image with a microscope. They are the micro-organisms. The

= include viruses, bacteria, algae, fungi and protozoa.
-+ 7#5 The science of viruses is called Virology; that of bacteria is called Bacteriology; thato
d that of protozoans is call«

. algae is called Phycology; that of fungi is called Mycology an
| e Profazaalogy .
: - Distribution |
"’ Microbes are widely distributed in the world. They are omnipresent. They are presc
everywhere in air, watef, soil, in living plants and animals, in dead matter, etc. They are al:
© distributed in Arctic regions, in hot tropical areas, forest, frosty atmosphere or even in whol
*“arid region. They are present on our body, in our body, on our clothings, in the air we breathe,
" the food we eat, in the water we drink, in our mouth and in our intestine. Actually one third,

the dry weight of human faeces is bacteria.
 Levels of Organization
.. Themicrobes are either 4n
* and bacteria are unicellular forms an
multiceltular forms where the organism is as

icellular or multicellular or non-cellular forms. Protoz
d are made up of single cells. The algae and fungi
sembled out of many cells. But viruses lack a celh
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- Anton Van Leeuwenhoek is the father of Microbiology. He was an amateur lens gri

- in Ho_lland. He assembled simple microscopes and in 1674, through his own n?'m e

i m“ght to light for the first time, the existence of'a new world of micro-organisml;ifi?opcs' 5
pod and: ter. He observed bacteria and named them as animalcules i

Wirsbery described the micro-organisms as inji;:gm-jm

T ———TT
i

Linnaeus classified the micro-organisms as chaos infusoria

1767
. 1773and I 788 Muller classified the bacteria and coined the terms vibrio
: and monas.
1798 - Edward Jenner ix?troduced vaccination for the prevention of
AL small pox through inoculation of cowpox virus.
1829 Ehrenberg established the genus Bacterium, meaning ‘staff’
; in Greek. He also discovered two more genera, namely
Spirillum and Spirochete. .
= 1835 Agostino Bassi showed that the silkworm disease, museardine :
\ - was caused by a fungus, Botrytis.
1836 Theodor Schwann demonstrated that yeast causes :
AL ferm entation. ‘
1857 Nagell coined the term Schizomycetes and he correlated |
e bacteria to fungi.
1822-1895 Louis Pasteur proposed_ the theory of spontaneous
ok generation of life. " -
1843-1910 Robert Koch discovered Bacilli- _
18271912 A e Lister employt’fd pract.ical ﬂpP]lCﬂthﬂS eo; bacfcnology
inthe field of surgery, For the first time, housed SWEFY - e
 Ance: . 11 dressings 10 88VE e surgica
appliances and antiseptic dressing -
ce of bacterid.

from the entran
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T T o Pastenr introduced the concept of pastenrization,

1866 . :

1885 Lonis Pastenr discovercd vaceine against rabics,

1875 Weigert stained bacteria with peethyl vielet dye. |

1879 Albert Neisser discovered the Gonococcins, the cinmilive
agent of generrhoca. ' y

1884 Gram introduced the Gram staining technique 1or h:u;!r.:n;;‘:;_j

1880 Karl Joseph Eberth isolated the Typhoid bacillus. -

1880 Charles Louis Alphonse Laveran discovered the parasite 2
of malaria, ]

1882 £ Robert Koch isolated the Tubercle bactlius and proved thét
was the causative agent ol tuberculosis,

1882 Carl Friedlander discovered the bacillus of Klebsiella pm:umw.riag.g

1888 Pastenr laid the foundation for Pasteur Institute in Paris, Wh{,"féf%
microbiology was extensively studied,

Elie Metchnikoff discovered that certain leucocytes cat %
bacteria and he established the theory of phagocytosis. i

1888 The science of Soll Microbiology was introduced.
Beljernick isolated and studied the root-nodule bacteria,

1888

1893, 1994 Winogradsky demonstrated that the acrobic bacterium
Clostridium fixes atmospheric N, in the soil.

Edward Buchner showed that extracts of yeast cells

could produce alcoholic fermentation,
1901 Beljernick isolated three acrobic nitrogen fixing
bacteria, namely Azotobacter chroococcum and A. agile.

Ivanowski discovered tobacco mosaic virus,

1897

1892

Emil Hansen began industrial fermentation with the

help of pure culture of bacteria and yeasts as starters.
1894 Shibasaburo Kitasato and Alexandre Yersin discovered

the Plague bacillus,
1898 Kiyoshi Shiga discovered the Dysentery bacillus.
1898 Ronald Ross, discovered malarial parasite in the salivary gla
i - ofthe Anopheles mosquito, 1

~ SirAlexander Fleming discovered penicillin, He was called

s the father of antibiotics,

Eﬂffﬂf-‘:’, Robbins and Weller cultured Poliomyelitis, the '
1950 polio causing virus, ,
1973 Sflk introd u'ced polio vaccine.

Waksman discovered streptomycin,

1. Robert Koch (1 843-1910)

- Koch, a German'py,
his rescarch in ﬂ-'bercu!aﬂ;“;mda" and pathologist was awarded the Nobel prize in 1905 fof
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e MICROBIOLOUY e r
S TORY OF ML - . amely the . L
Clmp_j.ﬂibl ¥ usative apent of ruberc r;l:u.sm. 1”.": | ly IdbrlubL;clu hilt_-ﬂ- il e
T ¢ O . lentified the proten derived lrom these i thedis
He identihies . ewd, [ealsoidentifice C5¢ bygy,
wrhit perdosis 1 [882. et e From

i fulx

Vhvehach : . . S
M b arrradin, _ < holera, the cholera bacillus and teripe
““I‘ICI>|rlub:;:ulia.lentil'u:nl he causative agent of chole Mg, |

o Ak i
- ST 188, _ g —— . virule
}: Ghotert s ::; 1:1' life cyeleof Anthrax bacillus and its causative ::ﬁ:;;n 1?63:59a§c o Ones
: L Q g Y 2
g HIL t"’“:::'lc;':.-lmzc:d staining techniques nd demonstrated the methods of obtainingbag, i
E = «llem ) . throu
i‘ i pureculture using solid media. ) g retair
.. l, ' ._" 3

Jenner (1749 182 . ‘ . e

-2 Edward an English physician who had suffered the pain of variolationyy,
§ o Edward Jé;mlf!l‘} { cientific and far safer method to smallpox immunisation. Higy He 11
L aeape, developed a scl g _ ~ heall
: }ﬁlg;';:i on his observations on milk maids. He found that those who ofigncontragy driec
g W — - lipox. :
: % were remarkably resistant to sma pox. . . . viru
5 gowpox®wer culated a boy with material got from the lesions of a milk maid, v

. In 1786, Jennerino
was nttacked by cowpox. A

AR

fter some weeks, the boy was again inoculated with in[:CCli(}us no

taken froma patient suffering from small pox, but thleboy d'id not get the discase. This madeh;

to conclude that this process of inoctlation leads toimmunity against small pox. |

. Later, it was Lowis Pasteur who coined the term vaccine for such process of praphyla.x;
he first vaccine from cowpox (Lt. Vacca-cow

in horout of Edward Jenner who prepared t :
e Thus the process of vaccination was introduced by Jenner. According to the Wor

‘Health Organisation (WHO), Jennerian vaccination has eliminated small pox tot
- from the human population.

3, Louls Pasteur (1822- 1895)

" & Loulis Pasteur is a French Chemist.

' & Heisthe Father of Immunology.
+ He worked on the common diseases such as pebrine (disease of the silk wor

~ anthrax ( disease of the cattle), chicken cholera (discase of the fowls) and rabies.
4 While inoculating chickens with an old culture of Bacillus, namely Pasteur:

* aviseptica, he happened to observe that the inoculated chickens failed to develop illness. Tt
Pasteur had a chance observation which made him to demonstrate that aged cull:urés k
m'uler;ce but retain the capacity to induce immunity against cholera. Thus started the proces:
qﬂepuqﬂnn * H:r.ld the aged cultures of chicken cholera became the first attenuated viccin&
f‘m;’ m\:f;m;}; ng on sheep, Pastfur observed that when sheep were inoculated with cult:
& e erin, namely Bamﬂus_ anrhmcis, cultivated at 42°C the sheep did not deve!

pen

o ﬂ%‘fﬂm‘#ﬂw;-#-@}i&b‘:--,g.;t-;;wémm'ﬁwmﬁmﬂrwim;r:mtw,v:a;d-:a.«.,s' N s

| Co_wéax* Itis a mild virgl X
- hands of the milk maids arefpﬂx of cattle, It is easily transmitted to dairy workers. |

bﬂ!r .ff’af'..'_-l_;f" requently infected by this pox in the process of milking !
Prophylaxis* - Prevention of a disease |

. Aftenuation* - T} w
P iy : = {he process o
" organisms voithe o : eakening or reducin he vi

Ee ms without losing the capacity to induce ir ;fu icf & the virulence of pathoge*

i

i
|
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lht‘(ll‘.t‘ 15¢. Hul at themn u-.lhll E luw{htunpu mm,nl 12”( !huu, bacteria wmpi;mh]yp ulu,m 7,
From this, he miterred that the pathogenic bacterna losi their virulence on cultivation at h,u,'

remperalure .
Following the work of Pasfernr many methaods bave been now used to atlenuai: ihe

KX i
virulence of pathogenic organisms so that they could be used for the purpose of vaccinatioy

One such method is passing the micro-organisms through ‘wunnatural fiosts’. For example, by
virus causing rabiey is passcd through rabbit and the smallpox virus of human being is pas: ,mﬁ
through cow many times. Thus the viruses lose their capacity to produce serious discases hm

retained the capacity to induce immunity.
+ The most interesting of Pasteur’s work was the produclion of a vaceine for rabie;

He injected the spinal cord extracts from rabid dogs (dogs attacked by rabics) into normal

healthy rabbits. From rabbits these extracts were prepared from the infected spinal cords and |
dried for several days at room temperature. From these extracts which contained the attenuated ¢
viruses, the rabies vaccine was prepared, %

4. Alexandre Fleming (1881-1955)
Fleming a British bacteriologist reccived Nobel prize in 1945 for his discovery of

penicillin.
He discovered the antibiotic lysozyme,

He discovered an antibacterial substance, namely penicillin from a fungus (mold).

FOBOE)
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- Concepts of
3 ~ Microbiology

. Theory of Spontaneous Generation ‘

The formation of BE® from noa-living substances is callad ypanneneens generanon of
£ s, Aristotle (38322 BOY suggestad that maggoss and grubs develop spontaneonsiy
e mmm Epicurns (X227 BO) wroe thatwones and many otheranimals onginad
‘= e it and manure by the actionof sunand rain.
etbeory of spontaneous seneration was disproved by Redf (1630), SpaBanzani (1763)
s Pastenr. They experimenally proved that ECTe-OMURREIS Cnn0t Srise SpontRously
ea Secaying meat and flesh. Worms, raggoss and micro-organisms develop from decaying
Sechoaly from the eges and spores already deposid by the fnsecss air, e, Whenthe decaying
- fachis sealed from external agent, IR cannol appar spontanacusty from the fish,

- Thus, Lowss Pastezr and others disprovad the thaory af spontanaos grnration and they

oedthar life originated from pre-existing fifk anky This conoept is callad MNegveask

3. Germ Theory of Fermentation

- TBe ancerobic eRTVINGHC CONVErsion oF Oritic ComnOundl, eetialy CRrioiNTaR,

Simpler compounds, especially o ethw alcokol, progcing evengy Iv she Rorm of TP

- Lewis Paseenr dofined formentationas ‘Sfe withour air " He provad that DROTO-ONERNGSITS

iavelvedin fermentation.

Thedor Scfmvares i 1836 Gomonsrand S st Couss R and prodaces alxahal.

Edward Buchner in 1897 showad that extraets of yeast celis could prode alooholie

ey el 2L B
 Pastewr cbserved the formation of lactic acid from sugar dy severs! difforont Xinds of

tia Hedemonstrated thar spocific mECTOOMSRINSTE Were Ry e Ror alooholic, lacti, dare

ns. This is called germ theory of frrmenssion:
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gnificance. This has been partly dy5. I
nee of microorganisms and partly

©  Microorganisms have gained tremendous si
microorganisms are the basic gThe

; 'i:i_én:asing recognition of the economic importa
techniques of investigation. Today,

+ T development of new

& genetic engineering and biotechnology. :te.

X1 Blogeochemical Cycles s
ey ing and non-living things is called biogeochend-'

" Theflowof chemicals behween Iy
ple chemical nutrients thatey

eycles. Microbes decompose dead plants and animals into sim
yeles: M "
sh

used by plants and photosynthetic organisms.
 Theplantsuse these simple chemical nutrients and incorporate them into complex org ;
a
mpose the complex o’

ompmm«is which are the ultimate source of food for all animals.
. le chemical nutrients. These nutrients are again availabl

© When these plants and animals die, the microorganisms deco

. compounds of dead bodies into simp

.- theuseal plants. This reoycling process allows the earth, with ts limited supply of nutrien®

% sustina continuumoflife. e 8

7= 2. Cellulose Digestion
= umninants cannot digest cellulose present inplants b

__cellulase. The stomach of ruminants contains microbes w

the ruminants are deprived of these microbes, the rumina

Food Production
. Same of our foods are actually the by-products of microbial growth. Cheese s produ
Leuconostoc citrovorum and Streptococcils la

by the growth of microorganisms such as
_Thetypeand flavour of the cheese is largely determined by the microorganism used for proces!
rovides both the flavour and colour to Roquefort ch

h of bacteria such as Lactobacillus bulgarici

o’!

ecausethey donot contain the e’
hich help in the digestion of cellus

nts will starve and die.

f
;
d

e mold Penicillium roqueforti p

hurt* results from the growt

coccus thermophilus in milk.
¢ leavening of bread is accomplished by Saccharomyces cerevisiae (baker’s)

oduces CO, as a waste product, This gas is trapped as tiny bubbles that cau
ugh®. torise. _

ffg&urr : Fermented liguor made from milk.
_p@gﬂgh > Mixture containing flour, water, etc. in the form o f a paste for making!

S | St
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[he baker 's yeast s also responsibile for the production of al oholic beverage

{ Crian Byt Wes ferent caboage satterkraur®. Sl ey e !

cogaa hean priorion

11‘\.'#_.’1\ UIH)L.’U!E“C s the Hlfi”“ ol ”]L" neliop « ;I'}"{__f;_{r;{ oM !hi,’ COR

5 "{r “'H'Hl.f.?u
are now extensively used as food, Agartcus canpesiris i

Mushromns
cdible mushroom,

4. Energy Production
Microbial methane gencrators are used to conve

. manure 1o combustible fuel for powering 2

1

vehicles and heaters.
ble energy to supply power 10 resi dential

Biological fuel generators convert our waslcs into usa
communities and industry. -
5. Industrial Products 3

Microorganisms are extensively used in industries to produce products us ’
These products include fermented foods, alcohol, alcoholic beverages suchas wine, beer, whiskeys, i
etc.. antibiotics, pharmaceuticals, steroids, vaccines, vitamins, organic acids, amino acids, enzymes, j
proteins, organic solvents, synthetic fuels, etc.
6. Microbes in Medicine

eful to mankind. =

.
-]

Microbes and their products are of enormous significance in medicine. Some imponam’.':-
biotics such as penicillin, streptomycin,

drugs synthesized by microorganisms are anti
chloramphenicol, tetracyclines, neomycin, actinomycin, etc., ergotin®, ephedrine, vitamins, §

glycerin, steroids, etc.
7. Microbes In Pesticides
Certain microbes like bacteria, fungi,
and kill them, They may be called mic robia
8. Microbes in Improvement of Soll
Most of the bacteria and fungi live saprop
decompose complex organic matter into simple
their various digestive and respiratory proccsses.
an important constituent of soil.
Blue green algae such as Nostoc,
alkalineuserlands, G e P -
Certain microbes increase the fertility of soil by converting atmospheric nitrogen in _
ammonia, nitrites and nitrates. This is brought about by microbes like Nitrosomonas, Nitrobacter
Rhizobium, etc, |

9. Microbes to Better Sanitation
Microbes like bactéria, algae, fungi and protozoa are used in improvement of sanitary

They act on the solids and'aemisolids of sewage and decompose them.

viruses, protozoa and even nematodes infect 1
| pesticides and are used as biopesticides.

hytically ondead organic matters of soil.
- substances. In fact, they bring about decay by
The simple substances form a part of humus,

Anabaena, etc. are often employed in the reclamation ;_

B,

Trind amd allawed to get sour in the German way.

Scanned with CamScanner



Chap A4 soort O NI ROEOT 0

o :
10. Microbes In Retting of Fibres
Retting is (he provess i v It plant becs sl cocomt sk e 1,
by e activity of microonzanisns. Fhe itk are figies ) mam;t:: ’!i.l-“ D At
v this period, they absorhwater andswell The winey m-.--thurnlwr:-dI-h!r e,
haeterium ( Jostridivem bunveict which hydiolyses the pectic sulys e —

fibres gt separated andare then used inpreparing ropes, sk, o
11. Microbes and Genetle Engineering

Genelic c“l:‘-"‘_‘“-""“tall‘L‘i’hl]l.tll"‘é "WG‘i!VUH the use ol micro-orgnnisms, 14 ¥ EENeNC enginesrin
technique, recombinant I.J:N A s ]‘nudlll.l..tl. @
Applying thig technique nitrogen fixing genes (Nif genes) ure tranaferred from nitrogen
fixing bactenato cultivated plants, :
Insulin synthesizing genes are transferred from vertebrates o microbes and insulbin is
synthesizedona large scale.
12. Blomining

Microbes arc now used in extracting valuable metals like uranivum from rocks, Pseudomonas
baker's yeast are used to absorb or adsorb heavy metals,

_ﬂu'abuciih:.s'_ﬁn-nm.ridmr.s' unlocks energy from inorganic compounds fike iron sulphide,
uring this process, it produces sulphuric acid and iron sulphate, Due to this activity, Thiobacillus
s used in mining operations.

Use of microbes in mining reduces the production cost.

.wp.-tm!ni

I}L'l ;0;’_ [ yurmnm
ity

.‘ f5 L_'j]ip'hih ’.'E.

ind

Scanned with CamScanner



e ————— ————
T

S T R R,

‘.f !
i
1% Bacterig
Bacteria are m Icroscopic, unicellula, pProkaryotie organisms. The stud yof h:lc:ten'a'i
called Bacteriology, Ehrenberg (| 829) establisheq the genus Bacrer; !
everywhere, in the water, in the so

Titim, Bacterin are progg

il, in the air, on our body and in our body. Eg. E.c:a

Lacrobacillus, Srncprococcus, cle,

| Major Features of Bacteria
The following are the major features of bacteria;

1. They exist everywhere.
2. They are unicellular, Some exist as colonjes.
3. They are Prokaryotic,

4. They range in size from 0.5 micron to 3 micron,
5. They arein the form of rods, spheres, spirals or filaments, '4

6. The cell is enclosed in a cell envelope made up of a capsule,
membrane.

7. Nuclear material ig represented by a mucleoid with
8. An extra chromosomal DNA ca lled plasmid is usu

ol AN i b

acell wall and a plasm;

outnuclear membrane.

mitochondria, lysosomes, Golgi body, endoplasmic reticulum, centrioles, etc. are absent,
10. Appendages like flagella, pili are present.
L1. They are either Gram positive or Gram negative,
12. They show absorptive mode of nutrition,
13. They multiply by binary fission.
14. Some produce endospores.
Structure of Bacterla
Bacteria are unicellular, microscopic, prokaryotic organisms lacking chlorophyll,
Bucteria were omnipresent, They range in size from 0.5mm to 600mm,
The bacteria are either spherical or rod shaped or spiral or curved,
The spherical bacterium is called coccus. Coceus means a berry,

L RER e A N
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| Coccus Bacillus Vibrio

Bl

é Vi Spirillum Spirochacte

: Fig.11.1: Shapes of bacteria.

& individual spherical bacterium is called Micrococcus. Some spherical bacteria are
e mrangcd in pairs and they are called Diplococei (8. Diplococcus). When the cocci are arranged
"~ {n fours, they arc called Tetracocei, When the cocci are arranged in chains, they are called
a0 SI!‘.?P?‘.’“"""" When the coccei are arranged in clusters like a bunch of grapes, they are called

- Staphylococci.
i . a5 ‘n\ 5
° «ax00 98 o, TR
Diplococeus  etracoccus Streptoco:cus
Monococcus Staphylococcus
: Fig,11,2; Cocci (Spherical).
The rod shaped bacteria are called bacilli (s1.Bacillus). The bacillus may be found
ividually or in pairs or in the form of chains or in the form of a bunch of grapes.

ind
“ The individual rod-like bacteria are simply called bacilli. The bacilli arranged in pairs are

cg_lled Diplobacilli. A chain of bacilli is called Streptobacillus. A bunch of bacilli is called
Staphylobacillus. - -
Bacilli Diplobacillus  g¢reptobacillus  Staphylobacillus
Fig.11.3; Bacilli (Rods).
The spiral bacteria are spirally curved. They may be slightly curved |

Vibrio or spirally coiled, Eg. Spirillum.
In addition there are filamentous bacteria and

TR A SR ;

ike acomma Eg.

fungus like bacteria. They are multicellular.
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Ul E.l-‘t»*-"'“’ﬂjlﬂ;l;criul chiromosome
,; Plasmig
, C:llil‘l:{.ult
J.“Qr lh‘:l“ 3
b Cellwy) Tang
Fig11.7: A bacterium showing cep :;T’mrm
_ _ pocket-like structures formed by the inyggs :futpe,
MesosO i contains & bacterial chromosome inthe ¢y ) Mofy,
. ﬂ‘ccfjfsurm““dcd by n nuclear membrane. Hence Mucley rma::h#
i Jtis "My, 4
- pNA. [eoi teig
e ,-_-'\.'-h' A "uc ' L) q
- called?® mRNA _ Respiratory chyj, :
% _..L_:_- ijgsom \ £ I J f --]hﬁ_ I__ \ {/ ) Olynbomtm
: b . - -, J o .ﬁ: e _-_'\’f' Pihﬁ ind
Mesosome

s Fig.11.8: Structure of a typical bacterium. E, o)
@ bacteria contain an extra chromosomal circular DNA calledplgy

*_ pased on nutrition, the bacteria are classified into two types, numely g

2 ".fi?_f:"‘e'fa"ﬁoﬁhs.
©  Theautotrophs

" asthesource of carbon. - | |
e aerobic or anaerobic or facultative anaerobic

-~ The bacteria may b j . . -
. - Aerobic bacteria use O, for respiration. Anaerobic bacteriause CO, Fials,

S when O. is available and use CO when O, is not available,
5 Oﬁa.sl;;non :emperature tolerance, the bacteria are classified into tre g0
121, Mesophilic bacteria. 3. Psychrophilic bactrt !
- i=-2:Thermophilic bacteria v
* * TheMesophilic bacteria grow well in temperature betwecnu?-ii? mdmg
bacteria grow well above 40°C, Psychrophilic bacteria BOWYE oy o
<-Bacteria reproduce by binary fission, bu dding, /18
'egnidiospores,

use the CO, as the source of carbon. The heterotrophs s

N B TSy B U S e
” L] Py L 1 ¥ 1)
& # vt oL 3
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Yeast (Saccharomyces)

Amastigomycota (Yeast)

Division

Sub-division Ascomycoting

Class : Ascomycetes

Sub-class : Hemiascomyeetes

Order s Endomycetales

Family Saccharomycetacead
Saccharomyces (Yeast)

Genus y
Saccharomyces arc popularly known as’ Yeassy'. Levwovenhoek first described yeast in 1659

. Yeastisan unicellular fungus. 1t grows in sugary substances, fruit juices and on the

lfwe of fruits. They are commonly called 'sugar fungus’. They are saprophytes. Few
;pcm are parasitic. A few of them live as symbionts in insects.
1 Yeast is used in baking industry. Hence yeast{s commenty called daker’s yeask

Yeasts are haploid. But a few are diploid. ‘
i 2 meL‘mMm.vMNermm-

Yeast is unicellular and mferos
: Cell wall
A fieochondrion

Fig.2l L Cell M q{%&*wfﬁ{ﬁwrf
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24 " Viruses

Viruses are defined as ‘sub-microscopic, self reproducing particles capable of being
Introduced into living cells and reproducing inside such cells only’.

Virus means poison in Latin, Viruses are certainly not cells (acellular microorgan
do possess some properties of cells. _

They are intermediate between living and non-living things. They are neither prokaryotes
10 eukaryotes. They are the simplest forms of life. They are parasitic.
They live inside the cells. When they live inside cells they are active and they feed, respire,
duice, grow and move. When they live outside the cells they remain inactive and they do not
‘respire, reproduce, grow and move. Thus, the viruses resemble the living organisms in the
ellular state and the non-living chemicals in the extracellular state, Hence they are called

isms), But

11 that they even pass through filters. Hence viruses are called filterable

: Discovery
. The existence of virus was first proved by Ivanows
vanowski in 1899.

kiin 1892. The first virus was discovered

~ Characteristics of Viruses |
Viruses are defined as ‘sub-microscopic, self reproducing partic
wced into living cells and reproducing inside such cells only’.

1. Viruses are extremely smallerin size. They are smaller than bacteria. They are invisible
the light microscope. They are only slightly larger than a larger proteinand a nucleic acid.

range in size from 100A%102,500A%.
re active and they feed,

) They live inside living cells. When they live inside cell, they a
' ~rain inactive and behave as

ispire, reproduce, grow and move. When they live out side, they remain
on-living things. So they are called as living chemicals.
3, They are potentially infectious. |

- 4, Theyhave a sipglg 'nuc_(gic _add either DNA or RNA (except

les capable of being

RN A-DNA viruses).
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Influenza virus Tobacco mosaic virus Bacterlophage

Fig.24.1: Different types of viruses.
growthand division, A full

7. Viruses do not have the power for
increase in size by the addition of new mol
mueleic acids DNA or RNA, divide.

8. They do not contain info

and bactena,

Structure of Viruses
infective molecules
are briefly called I
The viruses living on

Firuses are submicroscopic
are potentially pathogenic, T}, ey
Viruses are omnipresent,
viruses that live on plants are called plant
bacterial viruses or bacreriophages,
| - They are witram icroscop
are smaller than bacteria. The g
virus is about 250nm*,

ecules. Similarly a virus

le. They can b
mallest vinyg jg

Tubiication®
Biimcteavie B bk fr, 'P"I“'l:

=
M

e e —

ures such as, plasma membrane, mmtache

Enmvelope —- -

Capsid

Herpes virus

y formed virus does nmﬁj
itself cannot divide. Only i

that multiply only
ving molecules,

ani-mals are called animaf viruses. The
he viruses that live on bacteria are called

fmmceﬂu!arly and

viruses, T

lc secrl gnly by an electron microscope, Viruses
Onm* i diameter, (Eg. Parvo Virus) The largest

shaped,
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26+ T, Bacteriophage

' ' (IR S o ] i L , D8 1w
3acteriophage is o bacterial virus. [tis a virus living inside bacterial cells. Bacteri;
C

i Twortin 1915.
= {ing agent. It was first described by 11 |
ﬁg: ;::-:;Se:e:f nuilbercd as per the sequence of discovery such as Type I(T )Ty

| T:u-nd T,are structurally similar and are called ?lwen ;?}.mges. ‘

he common bacteriophage isT, bacterlophage. It is parasitic on human colon bact
-hia coli. 1t is also known as coliphage. -

~ The T, phageis tadpole-shaped. It consists of 3 parts, namely a head, a neck flnfiaa

" The head is polyhedral. Itis covered by a protein coat called capsid. The capsidist
fabout 2,000 protein sub units called capsomeres.

A Jouble stranded DNA is present inside the head. The DNA is highly coiled and t

ed. It contains more than 75 genes.

“The neck is very short and it contains collar. It connects the head with the tail.

Fig.26.1: A sectional view of 7, bacteriophagz;
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L hout 197 , e up
E [he trev erd of the core tube has o hrexamono? crel pl i
X '3 ' n';'.". i : " :
) . i atiy ;. ., i - A 1 i 1 . . f ok | .|._I "‘-’_‘f. -:” - gl i
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; erd 5 Y 1Ty, 1 he b ahediral dHOR Ol feoy
sl pelical symmetry he !lLﬂ‘ld > ivosabiedral nsynimetry and the i is hel " ONahedyg
o et T 1 - o 3 3 sl :
The bacteriophage hias 2144 capsomeres. Of these, 2000 chivatmsy mmetry -
_ _ . S€. £ CAPSOMCres are pre .
44 capsomeres are in the tail. The 2 e : AIC Present i the.
head and | | ' The 2000 capsomeres ol the head are arranged lhg
ikl i the

P a1 MY tris P .
formofan & osahedron having 20 triangular sides called facers and 12 corners ¢ alled
p— sree. naralv = S cilied verticey
There are two Lypes of capsomeres, namely pentons and hexons. Pentons are 12 in mr%
lncated an the head. The hexons are located on the facers = 10 Nuimbeg

and are¢
The 144 capsids of the tail are helically arranged to form the core tube
Highlights
:

il Bacteriophage

|. Bucteriophage is a bacterial virus,
2. It means bacteria eating agent.
3. The common bacteriophage is T, bacteriophage.
4. It is parasitic on human colon bacteria, Escherichia coli.
5. Itis also known as coliphage.
6. The T4 phage is radpole-shaped.
7. It consists of head, neck and rail.
8. The head is polyhedral. It has double stranded DNA.
9. The neck is very short and it contains collar.

10. The tail consists of a central hollow core tube. :

I'1. It has a complex symmetr)y.

—
£ B O :

:

i

]

i
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Bacteria nced enough suitable nutrients for its growth and reproduction, Enough moisty

ond temperature, suitable pH and enough nutrients such as a carbon source, a nitrogen soure
' electron donors and trace elements are necessary for the growing bacteria, Bacteria are extras
' ordinarily diverse in their specific nutrient requirements. The various nutritional types of bactery
. arediscussed below: [
_ On the basis of nutrition, bacteria are divided basically into two groups. They are aumrmp :
and heterotrophs. The bacteria which utilize carbon dioxide as the source of carbon are calledt
autotrophs. The bacteria which use organic compounds as the source of carbon are known st
heterotrophs.
Theautotrophic bacteria which use sunlight as the energy source are called p ——

or photosynthetic bacteria. :
| Green sulphur bacteria contain a pigment bacterioviridin. They use sunlight as the source!
~ ofenergy to prepare food from CO, and H,S. :
Light

6CO,+12HS —— CH, 0,+6H,0 + 125,
The autotrophic bacteria which derive energy by oxidizing certain inorganic compounds aref
known as chemoautotrophs or chemolitho-trophs or chemosynthetic bacteria. Nitrifying
~ bacteria, sulphur bacteria, iron bacteria, etc. are examples of chemosynthetic bacteria.
The nitrifying bacteria oxidize ammonium salts into nitrites to draw energy to make food

from CO,,
NH, +30,— 2HNO, + 2H,0 + Energy (70K cal).

The sulphur bacteria oxidize hydrogen sulphide to get energy for chemosynthesis.

HS +20,— HSO, + Energy. |

’ The iron bacteria oxidize ferrous iron compounds into ferric hydroxides to get energy for
- chemosynthesis.
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Chap.13 : NUTRITIONAL TYPES OF BACTERIA

Fe'+H' + % 0, — Fe'* + % H O+ Energy.

- * The carbon bacteria in the damp coal oxidizes carbon monoxide into carbon dioxide to get
& energy for doing chemosynthesis.
_ CO+'% 0, — CO, + Energy (74 K cal).

o2 'I“he hctcrotrophtc bacteria make use of organic compounds such as simplc sugars and
};__'ammo acids as the source of carbon. The bacteria which lives in the cells of other organisms by
", fcedirigpn their cellular components are called parasitic bacteria. Those living on dead organic
matter to draw energy and carbon source are called sapraphyﬂc bacteria or organotrophs.
The bacteria which live in association with other organisms are known as symbiotic bacteria.
- Eg. Rhizobium in the root nodules of legumes.

Some heterotrophic bacteria use sunlight as the energy source and organic compounds as
the source of carbon. Such bacteria are known as photoheterotrophs or photo-organotrophs.
Eg. Non-sulphur purple bacteria.

- Some heterotrophic bacteria use organic compounds as the source of carbon as well as
energy- Such bacteria arec known as chemoheterotrophs or chem o-organotrophs.

BORO®D
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Bacterial growth referstothe increase in cell nyp, ber or cg uri
'ght about by cell multiplication. €ll pop, I%

Methods of Bacterial Growtp ;
Bacteria grow by the following methods of reproductigp. The
1. Binary fission 3. Filamentation edg
2 Budding 4. Sporulation riel
Binary Fisslon :1:
nary fission refers to the division of the parent cell iny, W0 dagyop. 3i0
y fission both cytoplasm and nuclei divide. Eg. Bacillys, Smpmc““x:azm

C Y e L L > —)

O
th
G

B O*—?CD —-)m i

Fig.34.1: Binary fission in A. Bacillus, B. Prosthecobae ®
ding :
In budding, a bacterial cell produces a small projection oniits surface. iﬂ’
s in size and separates into a daughter cell. Eg. Rhodopseudomons.

O— O — O
Fig.34.2: Budding in Rhodopseudomonds:

hrgmmlon
lamentous bacteria, the filaments break into fragments &% ,,.w
 filament, Th!spamofgwh ismlluiﬁhmmnﬂo““ﬁ"gmd

sl

- rdid.
Fig.34.3: Filamentation in Nocd

—
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gpﬂrum”q'? i erow by prodocimg spores. The hur h
P qn bacteria grow by prodileing spores Fhe hiypha dUIES TP produces many ..
&»;L\ separate and develop into new colonies. Eg, Streptoniyees, R
. e Bt S g Grem s g

v
—_—— EE—" S

Fig. 34.4; Sporulation in Streptomyces, :
Growth Rate

During growth, a cell divides into two and _t.he two then divide into four and the four into§
#‘150 on. Inthis way the cells grow by geometfic progression, i

(32— DB —pl6 32

The time required by a cell to divide or the time required for the population to double
called generation time. The generation time varies from species to species and it is affected
' nutrients, temperature, etc. The generation time for E.co/i in milk at 37°C is 12 minutes,

Number of cells (N) derived froma single cell afler n generations will be : E
N=2" £

~ Similarly after n generations, the number of cel_ls derived froman initial cell population of
Owill be
- N=2"NO :
Rate of Growth of a Culture i

Different parameters are used to express the rate of growthin bacterial culture. They are (i), %

rowth rate constant denoted by ‘k’; and (ii). Mean doubling time or generation time denoted by °g’.
" Growth rate of a cell refers to how rapidly a cell increases in mass. The rate of ipcrease i'n
cteria at any particular time s proportional to the number or mass, The rate of increase in bactera
any particular time is proportional to the number or mass of bacteria present at that time.

. Rate of increase of cells = k (No. of cells or mass of cells). T
| Here ‘K’ is the proportionality constant and is an index of the rate of growth; k" 1sca cfth ‘:
Fowth rate constant. Since we assume growth to be balanced ‘K’ also to the amougto at s
Blular component, In mathematical terms,

ik

!

bl s

i

| AN=KN; dX =kX; and dZ = kZ
L dt dt dt : o
L Where N is the number of cells per ml, X is the mass of cells/ml, Z is the amount o any

#lular component/ml, t s the time and k is the growthrate CpstAn:

- Upon integration, the above equation yields

InZ - InZ, = k(t-t,) : the base 10
and in converting natural logarithm (In) to logarithms to fhe ’
T logZ-log.Z= k (tt) '

B 25k L O T e T T e e T T [ B S
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Chap.39: BACTTRIAL GROW T
iponent of the

then the

E T, “"‘L'“""“-‘ values of Zand Z, correspond to the amount ol any bacterial co
: culture at imes tand (respectively. 1fone considers the number at time tand t,
“equation becomes ;
Ik‘gh‘N i I“'gll.'N‘I ik —- _k....._ (I-‘l\-)
5 ‘ 2.303
: &+ By '“‘fi‘s“'fi“glhc value of Z and Z_or by knowing the number N and N,, one can compute
< the value of 'k, thegrowth rate constant. For example, ifa culture contains 10° cells/ ml at t,and
0% cells/ml 4 hours later, the specific growth rate of the culture is
k=(loglON - logl0ON,)2.303
. t-t,
iek=(12-4)2.303 =8x 2.303 =2x2.303
4 4

; =4.606 hours™'
Generation Time or Mean Doubling Time

- The generation time is defined as the time require
number or mass to increase by a factor of 2. It is denoted
s to the time that a bacterial cell takes to go through ts life cycle.
‘Generation time are usually shorter for prokaryotes than eukaryotes and shorter for smaller
or larger cells, since the growth rate is proportional to the energy metabolism of the cell.
ster the cell metabolizes nutrients, the shorter its generation time.
The growth rate constant ‘k’and the doubling time ‘g’ are related to one another.

‘The relationship is derived from the equation:

nZ - InZ, = k(t-t;) |

If the time interval (t-t;) considered is equal to ‘g’, then Z will be twice Z,. Making these
tion, one obtains

k=In, = 0.693

g 2
In the case of the example we have chosen, the mean doubling time g, of the culture is :

g=0.693=0. 15 hour or 9 minutes.

4,606
Thisisrelaﬁvclyavay}ﬂghgmwﬂlmtcforabactcﬂmn Since the rate of increase is proportional

wbers or mass, the doubling time ‘g’ is constant during a period of bacterial growth.

Using the parameters ‘k’ and ‘g’ one can also obtain the ‘n’ i.e the number of generations
«d to produce a particular number of bacteria or bacterial population. It is derived as follows:
~ N=N,x2"(or)

log] ON = log1 0™+ n log10?

_ Thereforen=loglON - loglON,

logl 0

If we now substitute the value of log10?, which is 0 i i

S ify the equation o oglus, . is 0,301, in the above equation, we can

d for cell components of the culture or the
by the symbol ‘g’ Generation time also
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:
, » bacteri: spulation
nerations to pass through to bring the bacterial populatioy -
(L] '/
159 minutes from 10* cells/mlto 10 cells/ml.

B
Using mcuhmcrclutiun.«ahip we can caleulate generation time, *g” and the growth rate 'R :
as follows:
B=1l= t -
" I 3(logioN- loglON,) andl
R = 3.3(log 10N - log 10N )
(
where t denotes time interval,
Growth Curve

Growth ¢

urve is a graph obtained b vy plotting the numbey of cells against ti me factor, ;
A typical growth curve js obtained, when a known conce

ntration of bacteria is inoculated into g
suitable culiyre medium (batch culture). The bacteria grow by dividing binary fission, The .
bacterial ce)ls are counted at regular intervalg ofone hour, The number of bacteria are plotted 'E
against time, g

A typical bacteriql growth curve sh

Stationary phase and decline

terms of'increase in cell numb

repairing cel] damagecand synth

ows four distinct phases v z, lag phase, log Phase, |

s aninitial period of no growthin :

metabolically active, capable of -

o

Log

No. of cells

AR e AR T el
0 i s i B e il b S

- Fig.34.5: 4 8rowth cuprve,
Log phase is a period of rapid growth, In this phase, he bacteriq] Population incregges |
exponentially and is also called growth phase,
Log phase is followed by a stationary phase during ONOW growth ocyrs,
Lastly, there is decline in the viable population in Whichall micropia cellsdie, Tl'lhl?s phaseis |
called decline phase or death phase.

8 which py
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Measurement of '
Bacterial Growth
) icellular organisms is hese b
inbacteriaand other unicev 2% YRR SIS measureghy,, NS
Gﬂw-’l!1 mbacwr':n numbers in relation to fime. A “it‘mi-?il;
ass or increases 1. Measurement of Cell Masg ome

. fare s
indirectmah‘}d of measurement of bacterial growth, Thecy,, msing
tisan

Q'}ucrec

f f culture is removed from the me:
nthi od, a known volume 0 ove |
- tzlnsﬁd weighed accurately. Such determinations are t; mndm‘%

time c“‘mﬂﬁizg».

| Volume Method |
. method involves placing a standard volume, say 10ml, of theliqgog,
ted centrifuge tube called a Hopkin’s tube. 1t is centrifuged atasty,
measured in volume. From a knowledge of the average volume of i
ion of numbers is possible. _ b ‘oun
mical Method mic
Chemical estimates of cell masses are made by measuring theamomids2?"
ent, say protein, DNA, RNA, free amino acid, phosphorus, etc..thatan*-i" g
gly constant amounts in living cells. Such methods are hardly applical®y o
1used in measuring heavy growth of filamentous microorganisms.  nu
urbidimetric Method e w!.:z
This is a widely used technique, In this, we measure turbidity ?‘aue e
d culture due to evenly dispersed cells suspended in it. This lﬁ_‘:hm&w@ th
small particles scatter light proportionally, to their c:onc:t:ntrat;tl{ll;-m Wﬁ e
through a suspension of bacteria, the reductionin the amount of o e
present the bacterial mass. Such measurements are usually ™
rimeter or Spectrophotometer. :

»
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. Fig.34.7: Readin g the absqrhr{ncc' of a culture in a turpi, ——
t These instruments arc convenient Fnr.cstmmlmg cell concenra '
L . ial suspension of known concentration, they provide an accu
: dr\ weight of bacteria perunit \:olumc of culture.

‘ fore sensitive instrument for measu{'fn g scattering is called ne P
s sensing device kept at right angles to the incident beam of Ij ghtand hen

helometer. It has a
ce directly measures

g

g

Fig.34.8: A nephelometer flask and a Klett-Summerson colorimeter:

2. Measurement of Cell Number

. Counting the bacterial cells using a microscope is direct count. Tofal count is made directly
thamicroscope. This is a direct method and not precise as culture methods. However, it is less
2 consuming and easy to perform.

¢ Generally specimens that contain large numbers of bacteria (more than 10* cells perml) are
gted from 1:10 to 1:10° or more depending on sample and counting method, to make the
; "" ﬂuﬁgﬂmgeﬂble and simplify the counting. The following methods are used to measure
Celln .

#sing Counting Chamber -

. Anumber of counting chambers are available for counting the number of cells under the
Ope. They are Petroff-Hausser slide, Haemocytometer or special counting chamber.
iy this method, a measured volume of a sample is spread over a measured area of the slide
- <¢lls therein are counted under a microscope, The counted number is multiplied by an
e factor to calculate the actual number of cells in the whole volume of culture/sample.
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Chap.34: BACTERIALGROWTII 147
" Thecounting chambers available have depressions ol the known depthand yohnt' “mrkut.
1 00 squarcs) and the

“into s cd areas. The : : .
off INtQ ¢ 'i]llﬂﬂ-ft: arcas. Tln. Organisms in an arca arc counted (say 50 or
;at{il nun; mdr ofbacteria in the sample can be calculated from the proportion ©
ﬂ_].m method is applicable to count upto 1 x 107 cells/ml of suspension.

fthe (otal volume.

Ridges to support the cover slip

[ )

Microscopic view of grid

Fig.34.9: Diagram of a Petroff - Hausser bacterial counting chamber:

Spread Method or Smear Count

In this method, a known volume of sample is smeared over an exact

square centimetre), dried, fixed and stained with methylene blue or wit

ortion of the total area. Knowing the diameter

arca on a slide (say 1
h any other dye. The
of the microscopic

cllsare counted ina knownp
gﬂdﬁ from previous measurements (by means of stage micrometer), one can calculate the number
organism per ml of culture. -

¢. Membrane Filter Count :
In this method, a measured sample of fluid may be passed through sterile, porous membranc

fiters and the microorganisms on the filter are then counted directly. The organisms must not be

to0 numerous and must be uniformly distributed. They are stained in situ on the membranc and
de transparent by saturating it

then counted in calibrated fields. Before counting, the filter is ma

with immersion oil. This gives a total count.

Electronic Colony Counter

This method gives an accurate counting of thousands of cells, alive or dead (total count) in

1 few seconds. This instrument works on the principle of electronic gating or electronic eye.
Basically, it depends on interruptions of an electronic beam that traverses a space between two
i t electrodes. Each particle, as it passes between the electrodes, causes an
h the electron beam due to different conductivities of cells and fluid, The

interruptions are taken up by instruments and recorded electronically.
~ The petriplatein which bacteria to be counted is placed on the machine and each distinct
olony that is separated fromits neighbours is counted as if it were a single cell. This operation is

- performed automatically and records the total plate count on the display panel.

e. Plate or Colony Count
The enumeration of unicellular organisms can alsobe made by plate count, because single
The theoretical

viable cells separated from one another in space give rise to separate colonies.
assumption in this is thatone bacterial cell or clump of cells gives i se to one,colony. By counting
t develop on the agar plate one can know the

the number of macroscopically visible colonies tha
bacterial count. '
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Fig.34.10: An electronic colony counter. (Cou

New Brunswich Scientific company)

Colony counter —

Culture plate ——
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35 - Culture Medium 5_.

. 4 - ure medium is any solid or liquid material that suppop, the et 1
- \rure medium is composcd of beef extract, peptone, yeq,, , e <
i Tb““[ addition, it also contains bovine rumen fluid, blooy se g
7 A :;picnl culture lncdi_"mfl is prepared t?y‘mixing beef extr . m!:'rﬁ“;‘
b ater, This medium is liquid in nature and it is called nutrientppyy, 5t
.~ Beefextract i 38 s

- Peptone - 8 v

. sodiumchloride - 58 o

¥ e . 1000m! - tue

‘When agar (15g) is added to the above components, the mediip . V1

¥ nutrient agar. -

~ Itis acomplex medium for the growth of heterotrophic bacteria, : ‘
The culture media are classified variously, Based on consistency, ;.:I.::
lassified into the following three types :

A¥

1. Liquid medium or broth nt
- 2. Semi solid medium =
3. Solid medium 2
~ Based on composition, the culture medium is classified into five 0% 1y,
1. Natural or Empirical medium 4. Complex medium bl

. 2. Living medium . 5. Minimal medium
_ 3. Synthetic medium ' "
Based on the uses, the culture medium is classified into the followitg:
2 : %elecrive medium 6, Transport medium

4 Differential medium 7. Maintenance medium

- Enrichmeny medium 8, Enumeration mediun

s Enriched mediym 9. Characterisation mediu™
- Assay mediym

¢

NP G A
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Brothis & Jigueid cudrere medivm 10w also called brogh | T prepamtion ol

;_ﬂ-\,u

gl
I ﬂ.'lhin!t

o agent s notadded Hhs medium s composed o the following OMpONenLy-

Hye st )“lhi.\' HIE

Beci extract i

Peptone %

Sodium chloride 50

Water 2 L000m! | |
- Thebrothmedium isusedtostudy the growth rate and \he sedimentation rate ol bacteral )y |
\ gemi - Solid Medium i?
" The semi-solid medium remains in thg semi-solid condition and it is prepared by adding |

mall aniount of agar (3.75gms) to the broth. 1t is used to study bacterial motility.

_Solid Medium !
The solid medium'is sofid in consistency, It is also called agar medium. It is prepared by

iding large amount ofagar (15gms). Itis composed of the following components ;

. Beefextract " 3g |

Peptone . 58
Sodium chloride - 5g
Agar - 15gms
Water - 1000ml

It is used for colony characterization, colony identification, isolation of bacterial cells and
monstration of antibiotic sensitivity.
Natural or Empirical Medium

When a natural product is used as such for growing bacteria, the medium is called natural
edium. Eg. Milk, wine, blood, vegetable juices, yeast extract, coagulated cgg, meat
tract, etc, This medium is used on the basis of experience and observation and hence the

B R 1 o i iR i — 5 3

= e

me empirical medium. f
Living Medium
Living medium consists of living cells which are used for the growth of bacteria,
Synthetic Medium
Syntheticmedium is synthesized by adding inorganic and organic compounds in definite proportions, |
1ce the chemical composition of this medium is well known, Broth is a synthetic medium, |

somplex Medium

This medium contains many ingredients of unknown composition. This medium contains, sources
snergy, vitamins, nitrogen and carbon, It is composed of sugar, yeast, beefextract, vitamins,
h peptone, efc. It is easy to prepare. It is used for the culture of a wide variety of microorganisms,
Agar medium, broth, ;
linimal Medium

Minimal medium lacks certain growth factor. This medium is used in genetic experiments.
elective Medium

Selective medium is a cudture medium which allows the growth of a particular variety of
eria. Other bacteria cannot érow. :

T T ke e
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- 38 Culture Techniques

- A microorganism can be cultured ina culture mag;
m1d & =%
25, They are ; €dium. The culture techniques are of differer
- 1, Batch culture 3. Synchronous cultire and
2. Continuous culture 4. Fed-batch culyye
| ‘ 1. Batch Culture
Growth of’ fmcmﬂf?é.’ﬂ"f-f{'w tha limited volume of liguid mediym is called bateh ey
j)_l‘lly one batch‘of bacteria is cultured in the medium, it s called batch culture, Thig; i
alest method of culture of microorganisms, ~ il
_ ]
l"::-_'l‘:"u
In petri dish
In Test
tube
Fig.38.1: Batch culture.
i1 . . y . .
%In.tlus me!hqd, the microorganismis grown on a limited amount of medium contai ning all
atrients at optimum environmental conditions.

The vessel used in the culture is known as
81 tube or a petri dish or a conical flask.

Phase, stationary phase and decline phase.

by-products accumulate to inhibit growth,

he lag phase, there i no increase in the number of cells. However, the cells increase
olume. There is no division at this stage. The cells prepare for division. The cells are
Ve physiologically, But the population remains stationary.
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Sfermentor or bioreactor. The vessels used may 1
94 baich system, the microorganism will pass through four stages, of growth suchas, lag |

© 8rowth of microorganism continues until either one of the essential nutrients is exhausted
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Stationary
shase

Decline
phase

Cell number
el
A=
Saih S

2 Time
Fig.38.2: Typical bacterial growth curve in batch culture. -
- Inthe log phase, the cells divide mpidly at a constant rate. The cells divide in a geometric
jgression.
The time required by a cell to divide is called generation time. The generation time
Wgﬁnm species to species. For E.coli, itis 12 minutes in milk at 37
‘In the stationary phase, the growth slows down, The cells begin to die. Thercis a
nce between dead and newly formed cells.
i the decline phase, the cells die continuously. The death is due to the exhaustion of
 putrients and the accumulation of toxic by products.
= The growth stages of batch culture can be represented in the form of a curve called
h curve.
2. Continuous Culture
“ontinuous culture refers to the growth of the microorganismin a medium at a constant
ontinuousiy.
Santinuous culture is possible when the nutrient is supplied continuously and the toxic by

ts and dead cells are removed regularly.

|
Air filter )
Reservorir

Flow regulator A

O = ir filter
W/—— Inoculation port

Air filter -
— Culture vessel
.1 | @—-Snn‘er N
oo Magnetic stirring
apparatus
| . Sampling outlet
; | Collection vessel

- Fig.38.3: Working principle of continuous culture of microorganisms.
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Methods of

; = - _

Culturing Bacteria

Racteria cun be culturad in the following methods inthe laboratony: g
£ . Bromk culare 4. Agar stab culture
£ . dgur plave culture 3. Rell rube culture §
F 3 Agersiert culture 8. Deep media culture
jroth Culture

 Qusvesion of bacteria in @ Bguid medium is called broth cultere. Broth is a liquid -
Bum Thebroth contams deef extract, peptone, yeast extruact, sodium chloride and water,
| Beefaxmact connains carbohydrates, organic nitrogen compounds, vitamins and salts.
o2 coniains profein. Yeast extract supplies Vitamin B, growth factors, organic nitro gen =
;W‘i\’ﬁ compovmdas. =

p-if

o

Fig. 39.1: Broth culture.

?éﬁ;&m@hem.inapeﬁdkhwinamm&minamml flask.

: _‘!ﬁﬁmis poured into a test tube or petridish in an aseptic condition. Inocularion

Fiacing the bacterium into the medium) s done with a wire-loop after flaming. '
The culture tube is incubated at 37°C in anincubator for 24 to 48 hours. .

i the broth is an indication of bacterial growth. In broth culture, the bacteria
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.2, Agar Plate Culture
"~ Culrivation of bacteriain u solid medium in a petri dish is called agar plute culture.,
1tis also called plate culture.
- In agar plate culture, agar medium is used. Itis a solid medium. Agar medium is nothing but
 proth plus agar. Broth isa liquid medium containing beel extract, peptone, yeast extract, sodium
chloride and water. Agar is added as a solidifying agent.

Fig.39.2: Agar plate culture.

About 12 to 15 ml of melted agar medium s poured into a petridish. Itis allowed to solidify.
~ Thenthe bacterium is inoculated and the agar plate is incubated at 37°C for 24 to 48 hours.
. Agarplateis used for the cultivation of aerobic bacteria, In plate culture, the bacteria grow
¢ spot where they were inoculated. |
gar Slant Culture
. Cultivation of bacteriaon a solid agar medium in a test tube kept in a slanting position
“iscalled slant culture.
" Inslant culture, agar medium is used. It is a solid medium, It contains broth plus agar.
About 12 to 15 ml of melted agar medium is poured into a sterilized test tube. The mouth of
tube is plugged with cotton and it is kept ina slanting position. The medium is allowed to

solidify in this position. The medium hardens witha slope.

S T R ST

-

——

""-_“

L T L R B el ittt

- _ Fig.39.3: Agarslant culture. |
After solidifying, the medium s inoculated with the bacterium. It is incubated at 37°C for

048 hours,
- Agar slant is used for culturing aerobic bacteria.

-Agar Stab Culture
Cultivation of bacteria in a solids agar medium in a test tube kept in a vertical
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and Purification Techy,;
jation of pure culture) Qug
soil. water, air and humg be

lations. The isolatiop %:cgm_. ¥ e

s
4

|so|ﬂﬁ0n

(IsO

as

: nts such as,
: Lqvironime i

: atl.ll'alcnl .« They arc mixed POPHEL . el Mot
. .cobeSs on and purification techniqy, o5 ’ut ;;

"r .".v; Lo

1crovs> colati
wsol'ﬂ .. called iS04 ‘
45 ined byany apeoLie following methods; "t g /.
g n technique 5. Enrichment culture ise. u
I \ olate culture 6. Se.lecnve .medmm_cwmre “dib
2, StreakP 7. Differential medium.g,, ltur rom
: P

] Pouf}f:;; ;Zﬁeurtg;;if que 8. Single cell isolation tmm
4. f;rg;luﬁon Technique _ _ arp
:ﬂéﬁs;;;e dilution of samp lein 'successrve SIages 1s ca.l led serig) dily s
. ,.f,f«%e mixture of microorgams.m (natural sample or }mxed culturg) &Stﬁ f:(
B has of sterile medium until the last tube contains only g sinol,,

y 3 . ngle mech
que, the dilution factor increases imna regular fashion. Eg, | 10, g et

= - gerial dilution technique is used to isolate a single bacterium froma miy,, he F
1n this method, 1ml of sample is mixed to 9 ml of sterile water in atestniy)

‘lution and this dilution factor is represented as 1/10 or 10,

Now from this 10 fold dilution, 1ml of sample is taken and is addedto9n:

ina second test tube. Now the second tube contains a 100 fold iluiuz

actor is represented as 1/100 or 107, ‘?ﬂg
e m - iml | lml Iml e

é VY- YdD- =

r = S =) = 2 39

: Agar plates
Fig.39.5. Serial dilution technique
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\T\L irom tbe two, Frod ob swmple s taken and is added Iu')!l’l]llf'!lll'l!h-".*.';rh'l I"lf.
qube Now the thted tube contams u 1000 o) bl ang e ‘l,“ i aken
__; jed s (/1008 or 107, ]

@kewise. tesl tubes 4 and i prepared, Testtube 4 provides 10 Ydilution and test (nbe s

« 10 dilution. A6thtubeis prepared asa control containingg lf)nllnl'stcriluV»’uim'tuﬂv“
e from cach wbe. Imboldiluted sample 15 taken and is added (o an ﬁlﬁiu" l}lailc‘(.' 3
th containing 10 t0 15 mlof melted agar medium). The 6 agar plates are incubated af 30"5 '

S

BLc

i Ui st %

he agar plate containing 20to 200 colonics are taken as pure culture of that organism f:
aak Plate culture p
itreak plate culture is culturing the bacterial sample on an agarplate in the form of
Segular long lines. ST g
{is atechnique of isolating bacteria from a mixed cullure. It isa pure culture method, |
is method, the agar medium is taken in a petridish. The medium is uniformly distributed
fing the petridish. ' i
b7

" Iﬂ
! 1
3

1ig.39.6. Streaking an agar plate,

§
=
4

Fig. 39.7: Streak plate method,

i€ sample is taken on an inoculation needle. 1t is streaked on the agar plate. The
may be a continuous streak or quadrant streak or radiant streak or T-streak

€ successive streaks thin out the culture, Streaking isolates the individual cells and are
d in different regions of the agar medium.

€ streaked plates are kept upside down in the incubator for 24-48 hours

solated cells will grow into colonies on'dit‘f‘erent.rcgibns of the agar medium,
Plate Culture | I | &
isolation and purification technique,

urplate method, the sample is serially diluted in an agar tube and the contents are
© petridishes and incubated,
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Four tubes A LC ad DY e el Ly snnged,

Attt b porred fnto nil tnbe,

One looptal ol mplu iu nomterred to tuba A, 1 s vigoronsty sluiker,
One looptul

Phates sifer icnbation

Swple

k« ) [ loop Maly

—— ‘T_...wm‘.‘n@hy

,"n’.‘}h

A "’r’ A o

@ﬂ-f.& -
fpf e

B Bacterial
E}a’t colony
v/ 11oop fuly :
VI,
: i
c —l -“’ L-_“. 3
D r
No colonies
Control ,
Pouring on the plate

Fig.39.8: Steps in pour plate method.

Aloopful of sample is taken from tube A and transferred to tube B. It is vigorously shaken.
Now a loopful is taken from tube B and is transferred to tube C and shaken well.
Tube D serves as control, 1t is ndded with agar medium alone,
Now the contents of tubes A,B,C and D are poured into petridishes A,B,C
~and D.
After solidifying, the petridishes are incubated at 25°C for 24-48 hours.
~ The plates are observed for colonies,
4, Spread Plate Technique _ '

It is an isolatlon technique. 1t is a modification of pour plate technique. In this method,
the mixed culture is serially diluted in sterile distilled water. A small amount of the diluted mixture
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5. Enrichment Cuiture ¢ i Taons ,

Fiz 35 G- £ Glass spreuder and z.
Tt i an iscdagion techniqee. bs s methid. 3 %ﬁ;‘j‘“ 5 E,;:mw i R TR EES
the dasired becteriurn, is 2dded 1o the mediam. When lemapres =i -
mredivm, the desired bocteriurs wil grow dormranly. s 5 it iCED. Aot
The sail bacterium Nitrobacter oxidizes niwates o AR ) PR
Aitrobacter is obtained by adding sodium mitrite i e medinr nocaianes with
6. Selective Medium - Cufture ) o
ltis an isolation teckriqne. A selecsive medions containis 3 chemical WHICH ST ﬁmngg_
hﬂsmmdspmemﬁzmafm"aﬁowsézmm;mtmﬂfﬂ : :,zf - 'm
erystal violet inkibits gram pesitive bacieria. When crysal vicler s added 5 e ruedineTy.
medium will selecr the gram negative bacteria
7. Differential Medium - Culture
The differential medaum gives cifferent appearances o different species. For sxenpie. .«
sheen and Acrobacter cerogenes will prodioce pimic colordes with Zarfe camires.
8. Single Cell Isolation
Irismiso!aﬁmm{m@x.lnzﬁsmaﬁ&&f:ﬁ%&miwkm;m
micromanipulaior and a micToscope.
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' Maintenance of
41 = Bacterial Culture

Storing bacterial culture alive for future use is called maintenance of bacterial
culture. It is the preservation of bacterial culture. The preserved culture is called stock culture
collection. Some cultures can be preserved for 80 years.

Different methods are employed for maintenance of bacterial cultures,
They are
1. Periodic transfer to fresh media
2. Maintaining with mineral oil
3. Maintenance in formaldehyde

4. Lyophilization

5. Preservation by liquid nitrogen at very low temperature

6. Soredelli's method of preservation

7. Storage in sterile soil

8. Storage in silica gel
1. Perlodic Transfer to Fresh Media .
The culture can be stored alive by transferring the culture to fresh medium at regular interval.
The transfer can be done once ina month. For better results, the medium should favour slow
rare of growth.

Fig.41.1: Agar slant.
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d for this method is called Mutrien;
use aCl, agar and distilled water,

abls i i - .
aintained in 484r slant. Agar slqp, o

jtion. .
ngP:j;th Mineral Oil .
e canbestoredalivefor2 yearsin - N7

r _ s ‘
1culi:ukcpt inagar slant. Mineral oil i poure, ﬂ.IOQ s
e

: anted surface. The oil cava. Moy “va
pof thesl Covergy Slan:l.l"ﬂgh i

155[,3‘ inse
v di
el
‘iﬂl;
net

i igh

Mineralgy i

PIT
Jai

Agursay 5

ag
Fig.41.2: Agar slant with minery ,; | s

‘Malntenance In Formaldehyde i
Agar plate cultures can be preserved by placing a drop off; 5
{/1tis stored in a refrigerator at 4°C. " m!&“\*-m;

—

BEROTMALRE, W VRS ATy B, & BT

e

ze1
Agarplate a )
ste
nt
ar!
Y|
. 1el
Fig.41.3: Agar Plate. tl

Lyophllization - in

lIl.gggl;(l:l?tmn or ﬁleeze- drying can be used to preservemany ki"‘d’ﬂﬁ:
0Zen at _Gmé?gg%?g. Inthis process a dense cell suspensionisp
The vials are thens
8¢ to delicate cely
The vials are then
~Can preserve g cul

Agar medium

1l
ubjected to rapid deydration under highvaoss s
Structures
sealed off under a vacuum and storedin® Eﬁ?ﬁ
t}ne for more than 30 years, This method nasthe &
Um storage space.
Yophilized cultures can be stored in a simall ¥

e e RGP 1
A T s

Scanned with CamScanner




b
e

42 ﬁ NlicrobialcNutrition

Nutrition refers to the nourishment of organisms. Itincludes the type of food and the

de of intake of food.
. Microbes are broadly classified into three types based on their nutrition. They arc
trophs, heterotrophs and mixotrophs.

1. Autotrophs

Autotrophs synthesize their food using inorganic substances Eg. Green plants, Eugiena,
yox, some bacteria, etc. =
Auto =sclf, trophe = nourish Autotrophs are self feeders. They are also called lithamrophs.
They depend on only inorganic substances and water for their energy.
“The autotrophs are of two types, namely photosynthetic autotrophs and chemeosyn-
ic autotrophs. '

i

1. Photosynthetic Autotrophs
sl Photosynthetic autotrophs use the energy of sunlight. Theyare also called Phosolithotrophs.
[hey use CO, for their carbon source. The process of synthesis is called photosynthesis. In
photosynthesis CO,, mineral salts, water, sunlight and chlorophyll are used. )
2. Chemosynthetic Autotrophs
The organisms which derive energy by oxidising certain inorganic compounds are
emoautotrophs or chemosynthetic bacteria. Nitrifying bacteria, sulphur bacteri ; ai];tdn
acteria, etc, are examples of chemosynthetic bacteria. T
The nitrifying bacteria oxidize ammonium salts into nitrites to draw energy to make food
om CO,,.
. NH, +30,—— 2HNO, + 2H,0 + Energy (70K cal),
The sulphur bacteria oxidize hydrogen sulphide to get energy for chemosynihesis.
Wi ; H,S +20,— H SO, + Energy. o
The iron bacteria oxidize ferrous iron compounds into ferric hydroxides 1o ge .
o ry
chemosynthesis. 8%t enargy for

Fe'* + H'+% 0, —— Fe* + WH,0 + Energy,
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48 Culture Techniques

ybe culiurad i caltie miechinm. Phe colture teehiigues are of itlerey %

'\mh'm'q'}:smtmu‘m‘

e o) ‘:C ;! - 1 Svachronous enltre ad
llh.' | i‘ '\l‘ z . g Y -
i f it uinae 4 Fed-barch cultir
e 1. Batch Culture

Lo m-fﬁrrf'mf'i"ﬂ"“f‘m“'m i a fimired voldume of Uipaid madivm s called barch Ciilture
bR . '

oty one bateh of bacteria s cultured i the medin, s called dareh culture, Thivisthe ©
iy & : b kg =, i

ﬂpim method of culture of MICTOOTEANISIS.

A0 In Flask :

_ A ' e ]

| In Test [
tube ’
:[ +|

Fig 38 1 Batch eulture ]

i

_. Iﬂ i A o " *

| Inthis mm__-.!. the mucroorganisim 18 grown on a mited amount of medium contaiming al
Butients at optimum environmental conditiona,

 The vossel
e used 1 the culture is known as fermentor or boreactor. The vessels used may ;
S apetn dish or a conteal Nask |

Elng hatch system i
B gk oo Croorganism will pass through four stages, of growth such as.
f" € Phase, Mationary phase and decline phase. . t -

i T Fv— | '
- o & “mﬁm contimies until etther one of the essential nutrients s exha
vumulate 1o ithihyt growth

Ih‘.h*:!u Phase, o

LRUT — : 15 DO incres: o
E 'him. ‘ntﬂ 1% 1y Toase in im dLFEaita s

s of eells. However, the cells increase
m’“”i‘f‘sﬂfnﬁ - on ot this stage The cells prepare for division, The cells are
¥ But the population TeMmAmS $tonary
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Fig.38 2: Typical bacterial growth curve is batch culnere.
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ITHE BACTERIAL GROWTH CURVE

4.2 BACITEBIAL BEPROGUE TGN AN GO WITH

13l Reproduction and Growth

onl bacteria reproduce by an asexual process called binary fission, In
=this sequence of events, the chromosome duplicates, the cel) elon-
gates, and the plasma membrane pinches inward at the center of the cell, When the
puclcar material has been evenly distributed, the cell wall thickens and cxpandy,
inward to separate the dividing cell. No itotic structures (e.q,, spindle, aster) are
present as in cukaryotic cells. However, in 1997, researchers demonstrated that two
different proteing appear 1o guide the two chromosomes 1o oppiosite poles of the cell,

ch.mdu“i”n by binary fission lends a certain immortality 1o bacteria because
there iy never a moment at which the first bacterium has died, Bacteria mature,
“““j‘-“'g" binary fission, and are youny again. 11 is conceivable that the original bac-
terium, though billions, of years old, is il Amnong, s,

Once ll'u.‘ division i complete, bacteria grow and develop the features that Venthe
each specics unique. The interval of time until the completion of the next division i
lftnmv’n as the generation time (or doubling time). In some bacteria, the geneeation
time 15 very short; for others, it iy quite long, For example, for Staphylococcus aurens,
the generation time i about 30 mi nutes; for Mycobacterium tubercilosis, the agent of
tuberculosis, it is approximately 18 hours; and for the syphilis spirochete, Treponema
;{aﬂfdum, itis a long 33 hours, The generation time helps determine the amount of
time that passes before discase symptoms appear in an infected individual,

One of the most remarkable generation times is the 20 minutes for Facherichia coli
growing under optimal conditions, If you were 1o begin with a single rod at #:00 £,
this morning, two would be present by 8:20, four by #:40, and cight by 9:00 4.4, You
would have sixty-four rods by 10:00 a.m, and 512 by 11:00 a.ra. By 6:00 tonight, the
culture would contain just over a billion rods. Indeed, one enterprising mathemati-
cian has calculated that if binary fission were to continue for 36 hours, or until 8:00
tomorrow night, there would be enough bacteria to cover the face of the Farth!

Fortunately, the reproductive potential of a bacterium is never realized because of
the limitations of the external environment. Thus, we need never worry about being
smothered with bacteria. Apparently bacteria are subject 1o the same controls as all
other organisms on Earth, as we shall sce next.

A typical growth curve for a population of bacterial cells (FiGure 4.14) illustrates
some of the dynamics that affect the population over the course of time. The pop-
ulation’s history may begin when several bacteria enter the human respiratory tract
or are transferred to a tube of growth medium in the laboratory. Four distinct
phases of the curve are recognized: the lag phase, the logarithmic phase, the sta-
tionary phase, and the decline phase.

The lag phase encompasses the first few hours of the curve. During this time, bac-
teria adapt to their new environment. In the respiratory tract, scavenging white
blood cells may engulf and destroy some bacteria; in growth media, some organisms
may die from the shock of transfer or the inability to adapt to the new environment.
However, the biochemical activity in the remaining bacteria is intense as they store
nutrients, synthesize enzymes, and prepare for binary ﬁs.sinn: The curve remains at
a plateau, balanced by reproduction in some cells and death in others.

1459
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Logarithimic phase:

the phase of a bacterial growth
curve at which reproduction and
growth are at their highest rates.

Stationary phase:
the phase of a bacterial growth

curve at which the reproduction
rate equals the death rate.

L (b) Exponontlal

MACTERIAL STHUCTURE AND GrOWTH

T T N e g e s E——— e —(— 3 .
/ (c) Staticnary phase i (50sa .
*,
cdis
reran
Yzt
: |
T S e e o e gt e g o —-._':
1 () o5 %5 e v
Tieries (Fiepara
Liveealls g4 Dead coliz
- _— R
FIGURE 4 14
The Growth Curve for a Bacterial Population
fa) During the lag phase, the population numbers pemain ctable as bacterna pregars for diviion.
(b)‘ Dun’ng the logarithimic (r:prrnf:ﬂb'érf gmufthj phase, the number: double with ezch genesiion
time. Environmental factars later lead to cell death, and (z) the stationsry phase showt 3 fabizeg
= susbetantial

population, fd) The decling phase is the period during which czll death become

The population then enters an active stage of growth called the logarithmic
phase (or log phase); the term exponential growth phase is zlso used. The mass of
cach cell increases rapidly, and reproduction follows. As each generation time passes.
the number of bacteria doubles, and the graph rises in a straight line if logarithms
(powers of 10) of the numbers are used for the curve. However, a J-shaped curve
develops if the actual numbers are used (FIGURE 4.15).

In humans, disease symptoms usually develop during the log phase because thz
bacteria and their toxins are causing tissue damage. Coughing or fever may occur,
and fluid may enter the lungs if the air sacs are damaged. If the bacteria produce tox-
ins, tissue destruction may become apparent. But vulnerability to antibiotics is also
highest at this stage. In the laboratory, the population growth may be so vigorous
that visible colonies appear on solid media, each colony consisting of millions of
organisms (FIGURE 4.16). Broth media may become cloudy with growth. Because
the population is at its biochemical optimum, research experiments are generally

performed during the log phase.

After some hours or days, the vigor of the population changes and, as theTepro-
ductive and death rates equalize, the population enters another plateau, the sta-
tionary phase. In the respiratory tract, antibodies from the immune system are
attacking the bacteria, and phagocytosis by white blood cells adds to their destruc-
tion, Perhaps the person was given an antibiotic to supplement the body’s defensive
measures. In the culture tube, nutrients have become scarce, waste products have
accumulated, and factors such as oxygen and water are in short supply.

If these conditions continue, the external environment will exert its limiting pow-
ers on the population and the decline phase (or exponential death phase} will

_—
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e takes place. fiGune
charge, the dye is attracted 1o the uylnplu.-un. where staining takes | 1
illustrates this principle,

The negative stuin technique works in the o]
teria are mixed on a slide with an acidic dye suc
Congo red (i red dye). The mixture is then smeared e g It el
allowed 1o air-dry, Because the acidic dye carries & llt‘l'-‘.‘"""“" lu.!ll‘w ) n‘licn)}.{
the eytoplasm, 'I'he stain gathers pround the ncualllVL‘IY kl"""l*‘*lt t;'nlu:' i Bechranrs
scopist observes clear or white cells on a colored backgrount 0 ; eled -Im Ile ':ll'm
avoids chemical reactions and heat fixing, the cells appear less shriveledandiess dis-
torted and are closer to their natural condition.
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posite m.mm.: (Fipure 1]‘ Bac-
I as nigrosin (a black stain) of
across the face of the slide ang

e o tained cells while learning some-
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Gram-negative,

Dye attracted Dyo repelled

Basic dye (+)  Bacterium () Cel staiad Acldic dye () Bacterium (=) Coll clear

Step 1 Step 2 Stop 3 Step 4
Crystal violet lodine Alcohol wash Safranin

0 0 0 0
- 1

Gram-positive w
bacterium
Blue-purple Remains Remains
) - _plu_e_a-_purp_la _ blue-purple
o o>
Gram-negative e
bacterium
Purple Blue-purple Loses stain Orange-red

(c) | Grar stain fechniqye |

FIGURE 3.13

Important Staining Reactions in Microbiology

(a) In the simple stain technique, the positive-charged stain is attracted to the negative-charged bacteria, and staining takes place.
(b) With the negative stain technique, negative-charged dye is repelled by the bacteria, and the cells remain clear on a dark background.
(c) The Gram stain technique is a differential procedure, All bacteria stain with the crystal violet and iodine, but only Gram-negative bacteria

lose the color when alcohol is applied. Subsequently, these bacteria stain with the safranin dye. Gram=positive bacteria remain blue- purple.
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"A.O. MEANS WHAT?"

2 modem becteriology abotate-
e, the oystal viclet solution

‘&:;::m Geamy staming & crepared by
A 3 P L j
NG SO Av partecles with ammo-

L Latie THik oy 3

Tram et Ths procedure has not
= 4 ~]

changed vinde 1329 when 2 sraduate

= ~a T N W g | -
shadest named Thomas Hucker intro-
s WL, G 6 v Piad i ~
SalS A How s "Hucker modifca-
——_

oM a0 abowt

i

[

s part of the folklone
of macrabiniany.,
5

Susker was shudying bacteriology at

T, T - i
o Unmvars®y, Eatly 0 1929 his advivor

supzectid

st3in technigue. Hucker was to report

his findings in 2 paper prasentation at an

fettery and leamned that the standard
procedures were being used at all labo-
ratories—all, that is, except Dartmouth's,
The reply from Dartmouth College
piqued his interest. At the time, the
wsual procedure was to dissolve crystal
vialet in aniline oil. But Dartmouth
bacteriologists apparently were using
ammonium oxalate. Hucker tried
ammenium oxalate and found that the
stain improved with age and gave clearer
results, He prepared his paper for the
Philadelphia meeting and sent a draft te
Dartmeuth's biology department with
3 note of thanks. Seen thereatter he
received 3 phene call frem Dartmouth—
they had never heard of ammonium

In the days that followed, Hucker
learned that a chemist had intercepted
his survey letter and sent the reply. In
writing out the method for crystal violet
preparation, the chemist had read
*A.Q." on the bottle of stain and
assumed that it meant the dye was dis-
solved in ammonium oxalate. Aniline oil
simply did nat ocdur to him. Moreover,
he had not bothered to check with the
biology department because it was
inventory time and other things were on
kis mind. Thus, a case of badly inter-
preted bacteriological shorthand led to
the Hucker modification. Hucker
became famous; the chemist remained
anonymous.

exalate for Gram staining. Hucker was
pemplexed.

phiz. He duBnally ent out a series of

=
-

ates bacteria into two groups depending on the results. Certain bacteria are called
sram-positive bacteria; others are Gram-negative.

The first two steps of the technique are straightforward. Air-dried heat-fixed smears
2re stained with crystal violet (MicroFocus 3.5), then with a special Gram's iodine solu-
Son. All hacteria become blue-purple. Next the smear is rinsed with a decolorizer such
2593 percent alcohol or an altohol-acetone mixture. At this point, certain bacteria lose
their color and become transparent. These are the Gram-negative bacteria. Other
hacteria retain the blue-purple stain. These are the Gram-positive bacteria. When
safranin, a red dye, is applied to the slide, only the Gram-negative organisms accept
the stain. Thus at the technigue’s conclusion, Gram-positive bacteria are blue-purple
while Gram-negative Organisms appear orange or red (Figure 3.13). By observing the
color of the cells at the conclusion of the process, one may decide the group to which
the bacteria belong.

It is not totally dear why bacteria respond differently to the Gram stain technique.
One theory suggests that crystal violet and iodine form a chemical complex in the
bacterial cvtoplasm. Since Gram-negative bacteria have a high lipid content in their
cell walls, some microbiologists maintain that the alcohol dissolves the lipid and
llows the crystal violet-iodine complex to leak out of the cytoplasm. Gram-positive
bacteria, with less cell wall lipid, are less susceptible to the alcohol’s effects. Another
theory points to the heavy concentration of peptidoglycan in the cell wall of Gram-
positive bacteria. Peptidoglycan, a complex carbohydrate, is thought to trap the crys-
tal violet-iodine complex in its many cross-linkages. Gram-negative bacteria have
considerably less peptidoglycan in their cell walls, hence they would trap less of the
complex. Note that the words “positive” and “negative” are nothing more than con-
venient expressions and that electrical charges play a minimal role in Gram staining.

Knowing whether an organism is Gram-positive or Gram-negative is important
for several reasons. For instance, microbiologists use results from the Gram stain

(o]

Safranin:

a basic dye with a red color, used
in Gram staining.

pep'ti-do-gli'kan
Peptidoglycan:

a complex carbohydrate present
in the cell walls of bacteria.
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