Microbes - An Introduction

Microbes = PICro scopic ofganf_fms only visible

under a microscope. Include

@ Bacteria (prov(aryof'es) :

@ Archaea  (thermo / halophiles)

) f:urigf (yeasts, moulds)

@ Protozoa (amoebae, paramecivm)
(&) Microscopic algae - (Chlamydomonas)
(&) Viruses  (not strictly cellolar)

@ Viroids + Prions  (sub-uiral)

Where do Microbes Live?

/-v'fr, water, soil, yuf, vcood, SKin, hot sprfnﬁs,

ice, deep sea, hospital surfaces - everywhere?

Beneficial vs Harmtul

45“% of microbes cause ‘disease.

Vast mqjon'fy help vs in pood, medfcine,

agricvlture, Sewage, fuel, environment.
. .

Indian Foods vusing Microbes

Curd, idli, dosa, dho«ia, «heer, *paneer, butter,
bread, pretes toddy, vinegar, soya sauvce, Wipchi.

Indian curd - - Lactobacillus acdophilus.
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Household Products (Curd, Bread, Cheese)

Curd == Fermented Milk
Lactic acd bacteria (LAS) - Lactobacillus

Ferment lactose (milk sugar) -7 LACTIC ACID
-7 coagulates milk profefns‘ (casein) -7 curd.

LAS also improves nutrition by produciny

Vit /2 = o Vi K penchicial for got Fora.

Zdli, Dosa, Dhoxla, Bhature, NMaan

Fermented baftter -  bacteria + yeast.

c02 produced'yd/es spongy 4 FloFEy  texture.

Bread

Yeast - Saccharomyce.s cerevisiae

Ferments svgar in douyh sz c02 o Ef'han?l
g2 = douyh rises ; ethanol evaporates in bav(iny.
g

Cheese

(a) Swiss cheese - Propfbmbad'eﬂbm Shermanii
produces €02 - large ‘eve’ holes.

) ﬁozue-porf' cheese - Penicilliovm rozueﬁorﬂ

* -7 blue veins, distinctive Havour.

Toddy + Alcoholic Beuerqqes'
Sap of palm fermented by veast -7 mild alcohol.
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Industrial Products - - Antibiotics

Antibiotics
Svbstances produced by some microbes that
«ill / retard 3rom"h of other (disease- causmy) microbes, 3’
First antioiotic -  Strptemgem PENICILLIN by Alexandera
from Penicillivm nrotatum on a Petri dish.
Mass produced by Ernst Chain + Howard Florey g
(NMobel 1995 with F!eminj).
N

e o : i
Common Antibiotics & Sovurces -
Antibiotic : Microbial  Source
Peniciitin Pentcitiven  nofatum 7 chrysoﬂenum
Sf‘re,of‘omyc{n Sf‘repfomyces jr:jeus
Tef'racyc-'ine S. avreotaciens
Chloramphenico! S. wvenezuelae o
Erythromycin S, erythreus £
Bacitracn Bacillvs subtilis
Cycdlosporin-A Trichoderma polysporum (immunosuppressant)
Statins Monascus purpureus (cholesterol)

1

Antibiotic Kesistance :

Ougruse / misuse -7 resistant strains evolve (MRSA, /VD/M—/)

i » :
Use antibiotics only as prescribed by doctor.
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Bio-active Drugs

. -

Other Fermentation Products

, Product Microbe Use .

3 Citric aud Asperﬂfﬁus ”{9" Food acidulant

g Acetic acid Acgfobacter aceti Vinggar

Bufyrf'c acid Clostridivm buf'\fif'cum Solvents, oils

Lactic acd Lactobacillus Freservative, plastics

" Ethanol Saccharomyces cerevisiae Biofuel, drinxs

= Crlycerc.l Yeast ¢ Cosmetics, explosives
Vit 372 Pseodomonas denitrificans Supplement
Vit 32 FEremothecum ashbyr'r' Supplement

> Sl'nﬁle Cell Protein Spirvlina, /Mei"hyiophﬂus Food / fodder

; Streptoina se Streptococcus Clot buster (rhrombofyh'c)

"\'

—\‘E

a

*

b

Statins -7 lower cholestero! (Monascus)

CYcIoSport'n—/-l -7 immunosuppressant for transplants

— Sfrepf‘ob(lhase -7 dissolues clots in heart attack

Enzymes from Microbes

Lipase (ol stains), Pectinase Gw’ce clarification),
Amylase + Protease (detergents), [enin (cheese),

Cellulase, Lipase, Pectinase - t'pdusf'rfal vses.
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Sewaye
Cannot be released dt}'ecf'ly into rivers.

STPs treat sewage -

Sewage Treatment Flant

-

-

municipal  waste water (o»:gam'c + paf'hoyens).

vse microbes to break down o»:gam'c'

Sewage Settling Aeration Activated Anaerobic EfAuvent
tank tanK slud’vqe dfgesref
| —
aw (17 (1) flocs grow % BI0GAS relea se
g
Pn'mary S?CDnJQr’Y

F{g. Activated .s!vo’ﬂe process

Two Sfanes
Primary - physical remowal of solids by settling
Secondary - biological breakdown via  :

(a) Aerobic Hocs (ipad'erfa -+ ﬁ)nﬁi)" consume 350D :
(b) Anaerobic d{gesfer - methanogens produce CHY +
BOD Decrease

Effluent released OMLY afrer BOD falls signiticantly.
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BOD & Activated S Iuc{lqe

BOD - Bi'olqvqical Ox‘;(vqen Demand

Amount of dissolved 02 consumed by microbes

o S days ar 20 dey C while breav(:'nﬁ down orﬂanfc matter.
Units - P19 02 / L of water ‘

H{gher BOD = ‘more organic pollution.

Sample 30D (mj/!.)

Pure stream /-2

Do@‘esﬁc sewage (raw) /00-900

Industrial waste 75000

Treated efHuent < 20 (safe to releasel

Activated Sluc{qe

Microbial Hocs that develop in aeration tan«.
Part of these Hocs (1O 9 is used as IAMOCULUM

for rext batch ok Sewaye.

[lest 9oe5 to anaerobic d{gesf'er.

Gouvt Action Plans

G'a'r':ﬂa Actiornn Plan (/985) - cdean G—anja river.
Yarmuna Action Plar),' rNMamami C:ranﬂe 20/4).
MoEFCC monitors STFs across India.
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Biogas Plant (Gobar Gas)

Blogas. - cHy (. 7¢9) + c02:#+ H2 + Hig
Produced by methanogens (anaerobic bacteria)
— Eg.  AMkthanobacterivm ; thrives on cow c/urmﬂ +
5ludﬁe from STP d{gesfers. *

e : S : To Litchen
e ‘
f'!oafmj gas holder . BIDﬂaS (cH7?

Sfurry tank

7 7

.Sfudﬁe out

Built by

BARE (Trdian Aﬂn’culi’ural [esearch Lnstitute)
KVEC (Khadi *F \/illaje Industries Commission)

Uses
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Biocontrol Agents

Use of biological methods (microbes / animals)
instead of toxic chemicals to control pests + weeds.

Eco-Friendly, no chemical residue.

Aﬁenf Tar:g'et

Bacillus rhurrh‘giensis (B+) Buffe;"ﬁ;}y caterpillar, cotfon pbollworm
Trichoderma  sp. Fungal pathogens in plant roots
Bacu!aw‘mses.(ﬁp\/) Lnsects arf'hro,ooo’.s = Leny] specr'-ﬁc
Lao’ybfrd’ beetle Aphids

Draﬁonﬁy Mosguito larvae

Gambusia +ish Mosquito larvae (anti- malarial
Cactus moth Prltv(.f7'r .Pear control

Bt - Spray Form

Dt spords. toxin crysf'als dried + powdered.
Sprayed on crops; Insects eatr -7 foxin acf';'uaf'es n
their alkaline 9uf’ -7 =zovroioes dies of yuf' pera’:orahbn.
Safe for humans + other animals (acidic stomach).

Orqam'c Farminq

® @ @ ¢ 0 o

Mo chemicals; uses biotertilisers 4+ biocontrol +
crop  rotation + composting.
Sikkirm - /st /OO% organic state .in India (20/6).
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Microbes that enrich soil nutrient content,

frnprow'nﬂ -Perh'lh‘y WZITHOUT chemicals.

/VZ-Fixir?q Bacteria

@ Symbioh'c - ﬁ"h[zoban (in le\gwne root wnodules)
@ Free—hi/:by - Azof'ob_acfe'r, /-izos;m'n'iIUm, Be\ljerl'ncb(l'a
@ Cyanobacteria - Anabaena, Mostoc, Oscllatoria

' Eﬁ rice paddfe_f become enriched naturally.

@ Frankia (achhomycef'e, in non-legume Casvarina roots)

@ Azolla-Anabaena (waf'er forn + .Symbtbnf'/‘ rice/

Mycorrhiza - F ungal Partrers

Sy_mbfoﬁ'c association between Q}n\gi (Glomus) and
pla:;#' roots.  Two types :

ECTO-mycorrhiza - outside the root cells

ENDO- mycorrhiza .( VAM) - inside * root cells

Fungi Hhelp plant absorb P, N, water, resist drought.
Plant supplies sugars to pur)yi.

Other B :';)»L‘erfthkerS

Bacillus polymyxa - K solvbiliser
Psevdomonas - P&PR (planf’ ﬁrom"h promoting rhizobacteria)

Composf from earthworms + microbes (uermfwmposf').
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Foot MNodule + Mycorrhi‘za Dc'af)ram

; o

o)

==

i ®

Ahscorrhizal oot + hyphae

1

Legume root .

O O Modules (FRhizobium)

Module Formation .
f Fhizobium enters root wvia infection thread.

Forms nodule -7 bacteria turrn into BACTEROIDS.
Bacteroids f+ix atmospheric ~2 -7  AMHZ -7 AHY+.
Leyhaemojlobfn - pink  protein, scavenges gz

/V:'hroyenase ghey mie. ¢ aero e sfﬂ'cf-ly. ariaerobic. .

Benetits
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Sir;éle Cell Prof;etb (SCP)

Edivle PROTEIN biomass proc/uced from microbes.
Used as food / animal feed supplement.

Alternative prof‘ein source armid food Shorf'ajes.

Producfrgq Organisms

Spirviina (cyanobacf'erwm) Easy growth on waste H20
Chlorella (a{gae) i Used since /95 0s
Saccharomyces cerevisiae t Brewer's yeast
Mgf‘hy!ophr}'us merhylcrrophu.s /Merhylorrophr'( bacteria
Fusariven ﬁr&m:hearum : /Mycoprofer'n - Quorn
Candida outilis Torula yeast
Advantages

(a) H:ﬁh protein content ( 60-50Y, dry we{'ghf') .
(b) Grows Zu:‘cv(ly (dou‘bh]ny /-3 hrs)

() Uses cheap substrates (C02, methanol, waste)
(d) FRich in essential aa + vitamins

( e) Small land poof'prfnf'

Computation . ! .

Methylophilus - high proc/uchi/h‘y ) 9
produces Z=O=wgF 25 tonnes proten in 29 hrs vs cow 200
from 2£0O “g body wefghf'.'
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Microbes in Manvfacturing

Bevera ges

Wine, beer, whisky, rum -  Saccharomyces cerevisiae
*
Distillation gives high-alcohol drinks (whisky, vod«a).

Brewinﬁ - cereals Permenfed; barley:  hops: - Z Ebeed

Vlheiar : ’

Acetobacter aceti converts ethano! -7 aceti acd (CH3COO0H).

Pickles + Savces

Lactobacillus + other LA? fermentation.

Ey. Kimchi, sauerkravt, soya sauce, 3ondhorqj pic«le. ;

~

Enzymes from Microbes

Lipase Def’er:?fnf’S‘ oil stains

Pectinase Juice <larfication, Hore

Prof'ease Def-erjents, meat tenderiser, cheese
/-]myfa.s'e Bread,” starch dﬂgesh’on

Cellulase Paper + textile

Sf’repi‘o_b(rha.se Ahfr'—c.'ofh'ny agent ( Streprococcus)
Renin Cheese mav(r'n\g (replaces calf renretl

Microbial /Mfm'r!q
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Bioremediation

Use of microbes / plants to cdean pollutants +From

soil , water, air.

01l Spills

,
'

Psewdomonas putida - superbug to degrade hydrocarbons..ﬁ

Aranda Chaxrapbarty (Indian American) - /st patented

G0 ; used to clkan Exxon Valdez oil spill (/9589).

Heavy Metal Removal

Some microbes (T%fbbacﬂlu.s, Sulﬁafe—reducfnj bacteria)

remoue arsem'c, mercury, Iead from po/lufed water.

P hyforemedfahbn

Plants absorb pollotants +rom soil -7  ATP / biomass.

: Brassica: - Cd, £

Ey. Sunflower removes uranium -

Composting

Aerobic’ decomposition of organic waste by
#bnjf + bacteria -7 nutrient-rich compost.

\/érm{composf'iny (Eisenia  fetida) - earthworm based.

-Bcb-dqqradaflbn of Plastic

Ideorella -sakaiensis -  bBacteriom thar wat=s d{gesfs PET

Wax moth larvae - d{gesf polyethylene.
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Microbes in  Energy

Bioethanol

Sacch. cerevisiae 'per'menf'.s' sugar / starch -> B
ethano! (C2HsOH).

Used as biofuel (E/O, ESS blends).

India -  sugar industry + Mission Bioethanol 20%.

Biogas Kecap

/l//efhanoyens - €.9. MUethanobacterium
Anaerobic {geshon of Cow dunj / Sludye -7 CH’?’
Used For cooKing, ~If9hffnﬂ, electricity  in wllajes.

Biodiesel
Made From vegetable oils Gafropha, Soybean)

OR microbial oils - Yarrowia lt}oo/yﬁ'cq, mfcroa{gae.

Microbial Fuel Cells

Bacteria oxfdfse o::gam'c matter -7 electrons

'capf'ured as electricity. Used in remote Ssensors.

Hydrq'qen from A{vqae

Ch/amydom0na5 reinhardtii produces H2 in low S.
Potential clean +uel.

fenewable energy f'hrouyh microbes - br{ghf’ foture?
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Drinking Water Treatment

Steps

@ Screenlhy(remt)t’/e large deoris)

@) Sedf'menfah’on(karﬂcles settle)
@-Coaﬁulaflbn + roculaﬁ:on(amm)

@ Filtration(sand + ;ach'uaf'ed charcoal)
@' Disintfection(chlorination, UV, ozone)

" Chlorination \
*
Cl2_reacts —with—H20 = HOCI + CI-

Hypochlorous aud «ills bacteria + virvses.
Effective + cheap, but wearm can Fform THM by -products.
% :

—

ndicator 0(qam’.$m.s

L
E. coli (coliform) -7 presence indicates +ecal contamination.

MPr (Most Probaple Mumber) test for E. colr

WHO Standards
Zero colitsrm ) 100 il - C{ﬂ'n((fnﬂ water sat-e.
Tu»rbidify < [/ ATU, pH 6.5~ 5,

80%9 at H'Ome

/00 deg C Ffor 7= / min «ills post pafho:gens.

Zodine + Chlorine Tablets
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Microbial Diversity

Where Microbes Live (Extremes) .

Halophiles - high  salt (Dead Sea, Sambhar)
Thermophiles - hot springs (60-7/0 deﬂ ¢
Psychrophiles - arctic / antarctic ice (-/$ deg C)
Acdophiles - pH < 3 (sulfuric acd pools)

Alkaliphiles - pH > 7 (=oda léo(e.s)
Barophiles - ocean depths (h{g-h pressure)

Radioresistant - Deinococcus oy KC:ry jamma?)

Indian Examples

Tattapani (HP), Manikarar (HP)  hot Springs
Lornar lake (Maharashtra) - alkaline :

Sambhar laxe (Rgyasthan) - hypersaline

Microbes in Space

Some bacteria Survive in Space vacwum +  coSmic rays.

Used in panspermia hypof’hesis research.

Microbiome

Trillions of microbes lfufny. LN us (mosf'ly ﬂuf’).
[oles - d{geshbn, fmmunffy, mood, witamins.

Lmbalance (dvspiosis) -7 obesr colitis, auvtism. .
74 i [

Probiotics
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Microbial Pollution

Air Pollution

Spore—vc‘ormfnﬁ bacteria 1+ ﬁunﬂf 5u5pend€d in air.
Cavse [esp. infections, allergies, .s:'cv(-buf/dfnﬂ 57mdrome.
Ho_(pl?'gls HAL) = ot h{gh microbial load -7 Psevdomona

Water Pollution

Fecal contamination - E: ctol, Vibrio, Salmonrella.

Causes - cholera, f\/phoid, cJ(f}m'rhoeaJ \jaUndfce.

Food Spoilage Microbes

ASPerﬂr'Hu.S Havus Alatoxin in maize / nuts
Clostridium botulinum Botulism (canred +ood)
Salmonrella Food poisoning

Listeria Cheese, deli meats

E. cofi 0i57:H7 Severe diarrhoea, v(r'a'ney

Food Preservation

ﬁeﬁr{gerah'on, dryfny, S;Ih'nﬁ, pfcv(hby,._smob(lhﬂ,
cannl'ny (heaf'), pastevrisation (G< deﬂ B ) mind
or 72 dey C, /S"’_Sec) - milL Savcef'y.

Uit - /25 c/eﬂ €. /-2 xec
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Genetic Moditication of Microbes

Microbes enyfneered for varfous vses.

Examples

E. cwoli 4+ human insulin gene Homutin (Bl Lﬁfy)
E. coli + somatostatin Grrowth hormone
Yeast + Hep-g surface gene Hepaﬁﬂ's—s vaccing
E. coli + dof'ﬁ'nﬂ Lactors ; Haemophfhb!‘f'reafmenr
Pseudomonas + o:l"o’evgrad:hﬂ geres Cleanup of spills
Bacitivs thuringiensis + <y gene Bt cotton, brigjal

P atenting & Bio- piracy

Charabarty's Pseudomonas - /st patented life Form (/98/).

Paf'enf's on basmati, turmeric, neem - contested by Ind

Cas9 + CRLSPR in Microbes
/Vaf'urai!y found in bacteria as defence aﬂainsf' viruses.

NMow used for precise gene edfﬂnj in all o}ﬂam'_fms.

(a) Escape of G microbes into environment
(o) Unforeseen ecoloyfcal efFects
() Patent / ownership concerﬁs

(d) Bioterrorism potential
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Microbe
Proxa ryof‘e
}/ea_n“
Mould
Spore
Mefhanojen
LAB
Sporopollenin
3500

coD

Floc
Lnoculum
Sterile
Parhoﬂen
Probiotic
Preioti.
Symbtgnf
Antibiotic
Hybﬂ'a’oma

Bioremediation

~

Microbe G'lo.s.sar:/

MICroscopic organisem

no  nrudlevs (baci'em'&, archaeal
unicellular Am\gus

£lamentous ﬁ)nﬁus

reproductive / resting cell
produces CHY  aragrobically

lactic aud bacteria (Lactobacillus)
fnugh exinge material

bidlogical oxygen demand (mﬁ/l_)
chemical oxygen dermand
microbial dump  in .Sfudige

starter culture

Lree of microbes

disease causer

benehiaal lve microbe

food +or probiotics

partner in Symbrb.si.s

Lills bacteria

fused anh'bod'y—producr}:ﬂ cell
microbial  deanup
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Kecap

& Ke'y Microbes

Lactobacullus

Sacch. cerevisiae
Propionipacterivm shermanii
Pericilliom roguetort
Penicilliom norafum/chrysojenum
Sffepfomyce_f ‘gn'.seus
Aspe»:gﬂlus niger
Acetobacter acets
Clostridivm butylicum
Trichoderma  polysporum
Monascus purpureus
Methanobacterivm
fthizobium

Azotobacter

Arabaena, NMostoc

Glomus (mycorrhiza)
Bacullus fhur{nﬁ:'ens{s (3+)
Trichoderma

Bacvlovirus (APV)
Sprh:hha

Curd, idli, -/Bﬁhurt'
Bread, alwhol, biofuel
Swiss cheese
ﬁczueforf' cheese
Penicillin

Streptomycin

Citric acud

\/flneﬂaf

Sufyrfc acd
Cyclosporin

Statins

Babﬁa.k

N2 Lxation in Iermes
Free-.'r'w'n‘g A2 fixer
Cyano A2 Fixer

P uptade

Bollworm biocontrol
Anﬁ-ﬁ)nﬁai biocontrol

. Lnsect biocontrol

SCP (Food)
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