CHAPTER 8
MICROBES IN HUMAN WELFARE
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Bestdes macroscople plants and antmals, miterohes are
the major components ol Biological systems on Lhis earth.
You have studied about the diversity of living organisms
tn Class X1 Do you remember which Kingdoms among
the lving organisms conlain micro-organisms? Which are
the ones that are only microscopic? Microbes are present
sverywhere — in satl. waler. atr. instde our bhodies and thiat
of other antmals and plants, They are present evenul siles
where no other Ule-form could pessibly exisi—siles sucli
#s deep tnside the gevsers (thermat vents) where the
teniiperature may be as Iigh as 100°C, deep in the soll,
undder e layers of snow several metres tick. and in hilghly
arldic environments. Microbes are diverse—prolozoa.
bactlerla, fung and micmoscoplc antmal and plant vimses,
virolds and also prions that are prolemactous tniectlious
agents, Some of the microbes are shown In Fioures 8.1
and 8.2,

Micrabes ke hacleria and many fungt can he grown
on nutritive media (o form colontes (Figure 8.3), that can
he seen wilh Lthe naked eves. Such cullures are useful in
studies on micro-organisms.

) B



[E

Figure 8.1 Bactenn (n) Roc-shaped.
magnilicd  1HO0X: (b} Spherical
shaped, mEymnified 1500X; (o] A rod-
slinped boarteriiom showing (agells,
muigified 50,000K

[a)

Rod-stinpied
virglisa

Figure 8.2 Viroses: [s) A bucteriophage: (b)
MAdenovirus which causes respimatony
infections: (e Rod-shaped Tabawet
Maosale Vinus (TMV). Magmifled aboot
1,00,000-1.50.000X

Fumngal oolany

it

Figure 8.3 (n) Colonies of bacterin growing in p petn dish;
b} Fumgal colony growing in a petr dish
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MICRCEES IN HUMAN WELFARE

In chapler 7., you have read thal mlorahes cause a Brge number of
diseases in human betngs, They also cause diseases in antmals and planis,
But this shoiald nol make vou ink that all microbes are harmlul; several
microhes are useiul 10 man in diverse ways, Seme of the mos{ mportant
contributions of nicrebes o human wellare are diseussed o this chapier.

8.1 Microges 15 HovsEroLn Propucts

You would be surprised to know (hat we use microbes or products
derved from them everyday. A common example is the production of
curd from mik. Micro-organtsms such as Laciobactllys and olhers
commonly called lactic acid bacteria (LAB) grow in mtlk and convert it
to curd. During growth. the LAR produce aclds that coagulate and
partially digest the milk protems. A small amount of eurd added to the
fresh milk as inoculum or starter contain miflons of LAB, which al
sutlable tlemperatures mulitply. thos converttng milk to curd, which
also improves its nutritional quality by tnereasing vitamdn B, In our
stomach o, the LAR play very benelleial role tn chiecking disease-
cansing microbes,

The dough. which Is used {or making foods such as desaand «li 1s
also lermented by bacterta. The puffed-up appearanee of dough s due lo
the production of CO, gas. Can you tell which metabolic pathitay (s
laking place resulling n the formation of G027 Where do you think the
bacleria for these fermeniations come_fram? Stmilarty the dough, which
is used for making bread. ts fermenied using baker's yeasi
[Sacchammyees cerevisiae). A number of tradilonag] drink=s and (oods
are also made by fermentation by the microbes. Toddy', a traditional
drink of some parls ol sonthern India is made by fermenting sap from
palms. Microhes are also used (o ferment fish, soyabean and bamboo-
shools to make loods. Cheese. is one of the oldest food tiems tn which
microbes were used. Differenl vartelles ol chese are known by thelr
characierisiic iextore, lavour amd taste, the speciiicity coming from the
tnicrobes used. For examnple, the Large holes th "Swiss cheese” are due Lo
production of a large amount of CO, by a baclertum named
Proptontbacterium sharmanii. The "Roqueflort cheese’ are fpened by
growing a specilie ing on them, whilch gives themn a parttoular favour.

8.2 Microres IN InpusTRIAL PRODUCTS

Even In Industny, microbes are used Lo svnthestse a number of products
valabie to human beings. Beverages and aniibiotics are some examples.
Production on an lndustrial scale, requires growing micimbes in very large
veessels called fermentors (Flgnre 8.4), '
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B8.2.1 Fermented Beverages

Microbes espectally veasls have been used from
tme immemortal for the prmoductiom of bevernges
ltke wine, beer, whisky, brandy or rum: For this
purpose the same veaslt Saccharomyces
cerevisine used for bread-making and
commonly called brewer's yeast, I1s used for
lermentng malled cereals and froll julces, (o
produce ethanol. De you recollect the metabolic
reactions, uilch result tn the production of
ethanal by yeast? Depending on the iype of ihe
raw material used for fermentation and the type
of processing (with or without distllation)
differeni types of aleoholic drinkis are obigined.
Wine and beer are produced without distiiation
whereas whisky, brandy and rum are produced
by distillatton of the fermented broth. The
photograph of a fermentation plant 1s shown in
Flgiire 8.5,

B.2.2 Antibloties

Anthiptics produced by microbes are regarded
as one of (he mosl signtficant discoveries of the
twenteth century and have greatly contributed
towards Lhe welfiare of the hnman socletly. Antlis
a Greek wornd Lhat means ‘agatnst’, and blo means
‘Wie'. together they mean ‘against ltfe (in the
conlext of disease causing organisms); whersas with reference W haman
belngs, they are ‘mo UWe' and nol against. Antibiolles are chemical
substances, which are produced by some microbes and can ktl or redarmd
thie gtowlh of other (disease-cansing) microbes.

Yourare familtar with the ctmmonty usied antiblotc Penictllin, Do you
know that Penteillin was the first antbiotie 1o be discovered, and (L was a
chance discovery? Alexander Fleming while working on Staphjiococct
bactena. once observed a mould growing tnone ol hils unwashed culture
plates around which Staphylococef could nol grow, He lfound onl that il
was due to a chemical produced by the mould and he named it Penicillin
afier the mould Peniciltiion notatzrm. However, 1is [l potential as an
clleclive anliblolle was establishéd much laler by Ernesi Chaln and
Howard Florey. This antihiotc was extenstvely used Lo treal American
soldlers wounderd tn Warld War (1 Fleming: Chatm and Florey were awarded
the Nobel Prize tn 1945, for this discovery,
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MICRCEES IN HUMAN WELFARE

Alter Penledllin, other aniiblolics weis also purdfied from other
mitcrobes. Can you name some other anlibtotics and find ot thetr
sources? Anitbiotics have greaily tmproved our capacity to treal deadly
diseases stich as plague, whooping cotigh (kall Khansil, diphitherta (gal
ghoiti) and leprosy (kushi rog). which used (o kill mitllions all over the
globe. Today, we cannol magine & world withoul antiblotics.

8.2.3 Chemicals, Enzymes and other Bioactive Molecules

Microhes are also used for commercial and indostnal production of
certain chemicals like organic acids, alcohols and enpymes. Examples of
acid producers are Aspergilius niger (a lungus) of citrie actd, Acetfobacler
aceti {a bactenium) of aceltc actd; Clostridtum bufylicum la bactertinm) of
butyTic actd and Lactobacillus (s baclertum) of laclc acid.

Yeast |Savcharompees cerepisioe] 1s nsed for commervia production
al etharol Microbes are also used [or production of erezymes, Lipases are
used in detergent formulations and are helplul in removing olly statns
[rom the lammdry. You miust tiave noticed that botted fraolt julces bonght
lrom the markel are clearer as compared lo those made al home. This s
becatse the bottled pces are clarified by the use of pectinases and
proleases. Sireplokinase produced by the bacledum Sireptooscius and
modtfied by genelic engineering 1s used as a “¢lot busler lor removing:
clots from (he blood vessels of pattents who liave undergone myoceardial
tnfarction leading to heart attack.

Another bioactive molecule. cyclosporin Al that 1s used as an
Immunesuppressive agenl in organ-transplant patients, Is produced by
the fungus Trichoderma poiysporum, Statins produced by the yeaslt
Monascus purptreus have been commercialised as blood-chaolesierol
jowering agenls. I acts by competitively mbibiting the enzyme responsthle
[or synithests of cholesteral.

B.3 Microses iy SERAGE TREATMENT

We know thal large quantities of wasie water are generaled everyday In
citles and towns. Amajor component of Tuswaste waler is human excreta
This mumicipal waste waler s ilso called sewage. L contalns large
amonmts of organic matler and microbes: Marny ol which are pathopenie.
Have you ever wondered where this huge quantily of sewage ar urban
wasie waler 1s disposed oll datly? This eanmol be discharged tnlo natural
waler bodies ke rivers and streams directly — yvou can understand why.
Before disposal, hence, sewage 1s treated in sewnge ireatment planis (STPs)
lo make 1l less polluting. Treatment of wasle waler ts done by the
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BIOLOGY

heterotrophic mierdbes naturally present th
the sewage. This treatment 1s carmied oul In
twi stages:

Primary treatment : These treastment
sieps bastcally involve physical removal of
particles — large and small — [rom the sewage
through [Htration and sedimeniation. These
are retnoved In-slacess: mitially, Doating debris
is removed by seguential Mirton, Then the
gril {soll and small pebbles) are removed by
sedimentation. All selids that settle form the
., primary sludge, and the supermalant forms

the efffuent. The effluent from ihe primary
seliling Enk 1s aken [or secaidary eatmiesl

Secondary treatment or Blologleal treatment : The primary
effluent 1s passed Into large aeration tanks (Figure 8.6) where 1t is
constanily agitaled mechanically and air s pumped o 1L, This allows
vigorous growih of useful acrobic microbes tnto floes (masses of
bacieria associaled with funesal Mlamenis (o form mesh [ike
structures). While growing, Lhese miterobes consunie the major part
of the organte maiter in the efﬂu:‘ntf-Thls signiftcantly reduces the
BOD [blochemical oxygen demand) of the effluent. BOD refers to
the amounl of the oxygen thal would be consumed I all the organic
miller tn one Mer of waler were oxidised by baclerta. The sewage
water is treated (1] the BOD 1s reduced. The BOD test measures the
rale of uptake of oxygen by micro-arganlsns fin'a sample of waler
and thus, indirecily, BOD 1s a measure of the organic maller present
in Lhe water. The greater the BOD of wasie water. maore 1s iis polluting
polential.

Onee the BOD of sewage or waste water is teduced significantly, the
cllluent 1sthen passed mto a settling tank where the bactenal "flocs” are
allowed 1o sediment. This sediment 1s called activated sludge, A small
part of the activated shidoe 1s pumped back Into the aeration (ank to
serve as Lhe inoculun. The remmaming major part of the sludge 1s pumped
inio large tanks called anaeroble sludge digesters. Here, other kinds
of bactena, which grow anaerobically, digest the baclerta and the fung
i the sludge. Dunng this digesiion. bacleria produce a mixture of gases
such as methane, hydrogen sulphide and carbon dicxade. These gases
lorm blogas and can be used as source of energy as Ut 1s inflammable.

The éMuent from the secondary treatmend plant Is generally released
into natural water bodies like rivers and streams, An aerial view of such

-a plant ts shown in Figure 8.7,
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MICRCEES IN HUMAN WELFARE

You can apprectate how milcrobes play a major
role in treating milllons of gallons of wasle waler
everyday actoss the globe, This methodelogy has
been practiced [or more than a century now, in
almost all paris of the world. Till date, no man-
misde technology has been able to rival the
microblal treatment ol sewage.

You are aware Lthal due o Increasing
urbardsation. sewage s being produced inmuoch
larger quantites than ever before. However the
numbicr of sewage iréalment planls hias nol
imereased enough to treal such large quantities.
S0 the untreated sewage 1s often discharged directly Into rivers leading o
Lheir pollutioriand Increase in waler-borne diseases.

The Mintstry of Environmeni and Forests has inliaed Ganga Action
Plan and Yamuna Action Plan (o save these major rivers of our coumiry
[rom pollution. Under these plans. 1L 1s proposed (o butld a large number

of sevaue Lreatment plants so Uat anly treated sewage may be discharped.

n the rvers, A visit (o a sewage treatment plant situated i any place
near you would be a very Interesting and educaling experience.,

8.4 Microres INn Probuction oF Biocas

Riogas 15 a mixture of gases fconfatning predomimanily methane) produced
by the microhtal activity and witch may be used as fuel. You have learni

that mucrobes produce different lypes of gascous end-products durtng
gowih and melahollsm. The ype of the gas produced dipends upom Lhe
microbes and the organic subsimaies they ultlise. In the examples clled in
relation to fermentation of dough, checse making and production of
lwes=rages, the maln shns produced wis CD:'_ However. corlalin bacleria.
which grow anaciobleally on cellilosic material, produce large anmount
of methane along with CO, and H,, These bacteria are collectively called
methanogens, and one such common bacteriuni Is Methanobacterium
These bacterta are commonly found in the anacrobic sludge during
seveige treatment. These bacterta are also present in the Tumen (& part of
stomach) ol cattle. Aot of cellulostc matenial present tn Lhe food of cattle
Is alko present o the rumen. ITn mimen., these bacteria help i the
breakdown of cellulose and play an mportant role in the numton of
calile. Do you think we, human beings, are able (o digest the celluose
present n our foods?Thus, the exereta (dung) of caille. commonly called
gobar, s rich In these bactenta. Dung can be used for generation of Blogas,
cammonly called gobar gas.

The blogas planl consists of a concrete tank (10-16 feet dieep) in which
hlo-wasles are collected and a slurmy of dung s fed. A (oaling cover 1s

et By
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BIOLOGY

{ ) Gas  placed over the shrry, which
=  Keeps on rising as the gas 1s
produced o the tank due 1o the
microblal actvity. The blogas
plant has an outled, which 1s
- Bis-tolder connecterd (o & pipe (o supply
' biogas (o nearby houses. The
spent shurmy is removed Lhirough
another outiet and may be used
as fertiliser. Caltle dung is
avatlable i farge quantiies th
ritral arvas whiere callle are used
for & vanely of purpeses. So
biogas planis are more oficn
Bl in rural areas. The blogas
thus protuced 1s tised for
cooking and lghting. The
picture of a biogas plant is
shhown In Figure B 8. The
Figure 8.8 A typieal biogas plal Lechnology of hlogas produciion
was developed in Indla mamly
due to the efforts of Inditan Agricultuml Research Instttute (IARI) and
Khadi and Village lndustries Commuisston (KVIC). [T vour schicol Is sttualed
in a village or near a village, 1L would be very interesting to enguire if there
are any tjiugns plants nearby, Vistt the Biogas plant and leam more about

il from the people who are actuatly managing it

8.5 MicroBes A8 BiocoNTROL AGENTS

Biocontrol refers (o the use of biological methods for controlling plant
diseases and pests. In modemn soglety, these problems have been tackled
increasingly by the use of chemicals— by use of insecticidesand pesiicides.
These chemicals are toxic and extremely harmibul, (o himan betines and
antmals allke, and have been polluting our environmment (soll, ground
water), fnults, vegelables and crop plants. Our soll s also palluted through
our use of weedicldes to remove weeds,

Biological control of pests and diseases: [n agriculture. tiere is a
method of controlling pesis (hai relles on nalumal predatlon rather than
mtroduced chemleals, A key helief of the organic fanner s thal blodiversity
furthers health. The more varlely s landscape has, the more sustamable
it is. The organie farmer. therelore, works to creale a sysiem where the
Insects thal are somelimes called pests are nol eradicated. but mstead
are kepl al manageable levels by a compliex system of checks and balances
within a ving and vibrant ecosystem. Contrary to the ‘conventional’
{anming practices which ofien use chemical methods (o kill both useful
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MICRCEES IN HUMAN WELFARE

and harmiul Ue lorms indiseriminalely. s is a holtstic approach that
seeks Lo develop an understanding ol the webs of inleraction between the
mvriad of organtsms thal constitule the fetd Buna and fore The organic
farmer holds the view that the eradication of the creatures that are ofien
described as pests Is nol only possible. but also tindesirable, forwithont
them the beneficial predatory and parasitie mseots which depend upon
them as food or hosts would not be able o survive. Thus, the use of
Biocontrol measures will greatly reduce our dependence on toxic chemicals
and pesticides. An imporiant parl of the blological [arming approaci 1s
o became famtliar with the vanous UWle forms that inhabil the Aeld,
predalors as well as pests, and also thedr We cyeles, pattemns of fevding
and the hahitais that they prefer. This will help develop appropriate means
ol blocontrol.

The very familiar beetle with red and black markings - the Ladybird,
and Dragonflies are aseful to get od of aphids and mosqultoes,
respectively. An example of microbial bioconiml agenis thal can be
titroduced i ovder W control bullerily caterpillars is the bacterta Bacillius
tharinglens s (alten wrillen as D). These are avatlable in sachels as dred
spares which are mixed with water and sprayed onito vuinerable plants
such as brassicas and fruil {rees. where these are eaten by the insect
larvae. In the put of the larvae. e loxin 15 released and the larvae pel
ldlleel. The bactertal disease will kill the caterplllars, but leave other insects
uniarmed. Hecause of ihe development ofmethods of genglic etisineening:
in Lhe last decade or so, the scientists have introduced B. thuringiensis
Loxin genes mio plants. Such planis are resistanl Lo dliaok by insecl pesis.
Bt-cotton Is one such example, which 15 betng cultivated in some states
of our country. You will learnmore about this in chapter 10,

A biolagical contiol being developed [or ose In the reatment ol plant
disease 15 the lungus Trichederma. Trichodersa species are free-iiving
fung thatl are very common In Uy rool ecosystems, They are effective
hocantrol agents of several plant pathogens.

Baculoviruses are palhogens that attack msects and olher arthropods.
The majority of baculovinises used as hlologteal conlrol agents are tn Lhe
genus Nucleopolyphedrovinis, These virses are excellent candidales (or
species-specific, narmow specinum inseciicidal applications. They have
bean shown to have no negative impacts on plants. mammals, birds, fish
ar even on non-fargel tnsecis. This ts espectally desirable when benefictal
msects are betng conserved to aid In an overall imtegraled pest
management (TPM) programme. or when an ecologically sensiifve area is
belng treated.

8.6 MicroBES AS BIOFERTILISERS

With our present day Wife styles emvironmental pollution ts a major cause
of concern. The use of the chemical ferttlisers tomes, the ever-increasing:
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demand of agricullural produce has contributed signlflcantly to
this pollution. Of course. we have now realised that Lthere are problems
assoclated with the overuse of chemieal fertilisers and there 1s a
large pressure to swiich to organic farming - the use of blofertilisers.
Bloferilisers are organisins that enrich the nutrient quality of the sofl.
The main sources of blolertillsers are bacleria, ungt and cyanobaclera.
You have studied about the nodules on the rools of leguiminous planis
lormed by the symblolic assoclalion of Rhizobiune These baclerza fix

-atmospheric nitrogen into organic forms, which 1s used by the plant as

mutrtent. Cither bacteria can fix atmospheric nltrogen while free-living in
the soll ([examples Azospirfilum and Azolobacter], (hus enriching the
altrogEn contenl of the sall,

Fung are also known to form symblotic assoclitions with planis
(mycorrhiza), Many members of the genus Glomuis . form myporrthiza
The fungal svmblont in these assoctations absarbs phosphorus from
spll and passes 1L Lo the planl. Planis having sach assoclalions show
ollier benefits also, such as restsiance (o root-home pathioeens, lolerance
to saltnity and drought, and an overall Increase in plani growth and
development. Can you tell what advantage the fimgus derives from
this gssociation?

Cyvanolatleria are autorophic microbeswidely distributed in aguatic
and terrestrial covironments many of which can fix atmoespherte nitrogen.
e Anabaena, Nostoo, Oscillatogria, etc. In padidy fields, cyanobactena
serve as an fmportant bioferitiiser. Blue green algae also add organic matier
to the sall and inerease 10s fepitlity. Carrently, b our countyy, & number
of blofertlisers are avadlable commercially o U market and larmers use
these regularly in thetr fields 1o replentsh soll nutrents and to reduce
dependence on chemical feriilisers.

SUMMARY

Micnilres are 4 vory important component of life on earth. Not all
amicrobes ame pathogenic. Many miopobes nre very usofal (o baman
bemggs. W use micrbaes mid mivrobindly decived products almost overy
duy. Bocteria called lactie acid bocteri (LAB) grow in milk 6 convert iU
o curdh 'The dough, which i wused 1o make broead, s fermented by
yenst cnlied Soochaommmjoes cerenisiae, Certnin dishes such s fdlt and
dosa, are made from dongh fermented by microbes. Hoctern and fung
e visbe] Loy Empiie]) parfieolar textore, s and Moece Weheese. Microlios
are used (o produce indusirinl products e actic acld, acetie acld
sl aleohold, which wre nsed In @ varely of processes i U industry,
-Antibiolies like pemicillins produced by uselul microbes: nre- wsed io-ddll
disense:consing mmfol micmobes: Antibiofics tove ploved 0 mjor mile
in coritrollisgs mfections dizenses like diphilivein. whiooping cotigh aniid
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MICRCEES IN HUMAN WELFARE

1. Bocterfs cofifiol be seon with the miked eyes, Bl these can be secn
with the help of a misroscopee. | yon have to carmy s Sample from your
honie to your biolopy bosatony 1o demonstnite Lhe presence of microles
with the belp of & microscape, which sample would you cirry dnd why?

2. Give pxampies (o prove that mictobes releaso gnses during metsbolism,

3, In which {Hod would you find lacic acid ‘bacterin? Mentlon some of
Lhicir useful applicalions

4. Name spme traditional indian foods. made of wheat, tice and Bengal
gram f(or ther products] which mvolve use of mictobes

5. In which way havwe microbes played o majoraole in controlling dismsos
eansed by lhormiul el eria?

6. Name any two speokes of fomges, q:hh:!i are usid In the production of
the antibiotics,

7. Wit i srwnpe? In which wiay ean dewape be mrmiul o us?

B, What s the key differmee between primary and secondary sewage
trestment?

8. Doyou think mcrobes can ilse be used as soumee of eoergy? H yes, how?

100 Micribiss 6 bed vsed g deerease the Gse ol chomienl ferilUsers nd
pesticldes. Explain low this ean be acommplished
11, Three water samples namely river waler, wmirealod sewnge woler and

procumartis. For miore Lthim o hundred yenss, microlwes ane befng ised
e Ll sewage fwasie waler) by Dhe process sl acthaied slodgs famation
and this helps In recyeling of water in e, Mellinnogons prodiuce
methane (biogas) while degrading plant waste. Hiogas produced by
mcrobes B ousod 08 o Yource of energy in midwl aress. Micmolbes ooy ilss
bie uscd Lo Kill hormful pésts, o process called as bloconirol. The
Bilpcontrol measires help us to avald heavy e of toxte pesticides for
contmlling posts, There is 0 nectd these days to push for use of
biofertisers moplace of chomicnd feritisers. 1 s clooy frony the diverse
uses | lnamn | bedfigs hove pul mierobes t that hey play on important
role in the welire of human soclely.

EXERCISES

secondary effluent discharged lrom a scwage treatment plant were
subjected fo BOD tesi. The samples-were lobelted A B and ©; bt the
bomtory niteniant did oot pole which wos whick: The BOD values
of the three =amples A, B ond O waore rocorded) os 20m/ 1. Smg/ L ond
A00me L reapectively. Whiich somple of LWe woler Bsimest pollufed ?
Cim you sssign (he correel lnbel (0 el sssuming Lhe river water s

relatively clean?
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Find ol the nume of the mlorobes [fom which Cyelosporin A [an
Immunpsuppressive drg) and Sutins (Wood cholesterol lowering
ngents) ore. obioined.

Firiil it (b veibe of microlss i e folowi o diseiss 1 owith yoilar eseher

fal Stogle ecll protein {5C17

{b) Sedl

Armumgte the fallowing i the decrensing order (mos| imponnn). fimst) of
their mportanice. for the welfare of human sockely. Give reasoris {or
YOUT answor:

Bimgas, Circ peid, Maicillin aml Cadd
How do’ hinfertilisers engich the fertlliiy of (he soil?
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