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Thisissuehasbeencarefullycuratedandhandcraftedwith amalgamationof monthsof

diligentandcommittedhardworkof theSukshmjeevSociety. Thetremendousefforts,the

wonderfullife formsaroundusandtheurgeto knowmorecumulativelyhasmadethis

magazineayetanothercaptivatingreasonto presentbeforeyoutheenthrallingentitiesof

theMicroCosmos.

Thetopichasbeenchosenkeepingin mindthatit isvirtuallyimpossibleto mentionevery

astoundingaspectof theworld of microbes,astheyneverfail to provethattheycanbe

beyondthereachof our wildestimaginations. We havetried our bestto reachthemost

extremeadaptations,observethe mostimportantrolestheyplay,to uncovermysteries,

studyproblemstheyposeandthesolutionstheyoffer. Whilereadingthearticles,thereader

wouldfind thatwehavetried to painta picturein aninvestigatorõsperspectiveandhave

triedto putsuggestionsforwardbasedondevelopmentsfromrecentresearchin thisfield.

Thearticleswill takeyouona journeyof fascinationandamazementwith topicsranging

frombattleof themicrobesto uniquesurvivalstrategiesto amajorapocalypticthreatto an

immunityboostingagentthatcanliterallystopperdeatheventhecurseof adeadPharaoh

livingbeyondthesandsof time. Yourreadingwill makeyouappreciatetheintricatenetwork

andbalanceof nature. Thismightseemlikealot to inculcatebut themagazineisspecially

designedto helpbuddingscientificinvestigatorsabsorbtheknowledge,inculcatecuriosity

andasknewquestionsaboutthemarvellouscreaturessurroundingus.

Thismagazineis an effort to studycreationsof the mostsuccessfulôsimulatedchain

reactionõthereeverwasandwehopethatyourreadingcontinuesevenafteryouaredone

withthisissue.

Wehopeyouallwill enjoyandappreciatethebeautyofômicrobiallifeõasmuchaswedid

whileputtingthistogetherfor you. Happyreading!!

Message from the Editorial Team
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Dr. SaurabhRaghuvanshi

Associate Professor 

Dept. of Plant Molecular Biology

University of Delhi South Campus

New Delhi-110021

MESSAGE

I am very pleasedto know that the Departmentof Microbiology is organisinga

seminar on óAdvancesin SequencingTechnologies: Accelerating Progressin

BiologicalSciencesôandtheAnnualMicrobiology FestivalóMicroquest2019ôon6

March, 2019. Phenomenaldevelopmentsin the field hasenabledthe scientiststo

embarkon effortsthataim to sequencethegenomeof everyorganismonourplanet

(EarthBioGenomeProject).

I alsocongratulatethe teamfor bringing out a magazineentitledóMicroCosmosô.

Researchon Microbiomes is essentialto better understandthe impact of these

microbeson humanhealthaswell asstabilizing the ecosystem. Insightsinto this

topic will surelyinspireyoungmindsto explorethemagnificenceof the microbial

world.

It is my pleasure to convey my best wishes to all.

Dr. SaurabhRaghuvanshi
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Prof. Swati Saha
Department of Microbiology
University of Delhi South Campus
New Delhi-110021

MESSAGE

I am pleased to learn that the SukshmjeevSociety of the Department of

Microbiology, BhaskaracharyaCollege of Applied Sciences,is organising a

seminar on óAdvancesin SequencingTechnologies: Accelerating Progressin

Biological Sciencesôas part of their Annual DepartmentalFestival,also bringing

out the 5th volume of their annual magazine óLifeUnder Lensôentitled

óMicroCosmosôon this occasion.

Microbeshold immensepotentialasresourcesandastools for discovery. Someof

the most exciting findings in biological scienceshave come from simple, yet

ingenious experimentscarried out using bacteria, viruses and yeasts. With

burgeoningresearchin microbiomesthechosenthemeis of immenseimportance. I

laudtheeffortsof thefaculty membersandstudentsin puttingtogethera magazine

carryingarticleswritten by students- this hasgiven thestudentsanopportunityto

explore sciencebeyond text books and gain new insights in various areasof

biology, simultaneouslyigniting their curiosity, andperhapsevenunearthingnew

interests!

It is my absolutepleasureto wish all thefaculty members,staff andstudentsof the

departmentthe very bestas they continuethis exhilaratingjourney in pursuit of

knowledgeandexcellence.

BestWishes,

Swati Saha
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| Human Gut ðAn Electric Power Plant 

Riya Bongirwar (II Year)

Thehumangutperformsmanyfunctionslike storage,transportation,digestionof foodandabsorptionof

nutrients,butcanit generateelectricityasaminiatureelectricpowerplant?Iselectricityconstantlybeing

producedinourgut?Theanswerto thisquestionissurprisinglyyes!!ResearchersinUniversityofCalifornia,

Berkleyhavefoundthatmanybacteriaresidein our gutandforma conspicuouspartof gut florawhich

generateelectriccurrent.

Gut bacteria-the workers of electric power plant:

Onecanimaginetheseelectrogenicgut bacteriaasworkersof the humangut- electricpowerplant. A

numberofelectrogenicbacteriathatresideinexoticenvironmentslikemines,bottomsof lakeetc. havebeen

known. Scientistshaveonlyrecentlyfoundmicroorganismsin humangutto dothesametoo. Manyof these

sparkingbacteriaarenaturalcomponentofgutfloraandotherspeciesofbacteriawhichinteractwithhuman

gut aseitherpathogensor probioticsarealsoelectrogenic. For example,a commondiarrhoeacausing

bacteriacalledListeriamonocytogeneshasbeenfoundby researchersat Universityof Californiato produce

electricity. The bacteriathat causegangrene(Clostridiumperfringens) and hospital-acquiredinfections

(Enterococcusfaecalis), andsomedisease-causingstreptococcialsoproduceelectricity. Otherelectrogenic

bacteria,likeLactobacilli,areimportantin fermentingyogurt,andmanyareprobiotics.

Why andhow gut bacteriagenerateelectricity?

Bacteriagenerateelectricitybyremovingtheelectronswhichareproduceddueto metabolismin orderto

producecellularenergy. Inanimalsandplantselectronsaregeneratedattheendof electrontransportchain

andaretransferredto oxygenin mitochondriaofeachcell. Theyalsorequireanelectronacceptormolecule,

butsincetheylivein oxygendeprivedenvironmentof thehumangut,theyuseelectronacceptormolecules

otherthanoxygen. In thecaseofgutmicrobes,theyliveinabundanceofoneveryeffectiveelectronacceptor

calledflavin. Thismoleculeismadeupof vitaminB12, whichisessentialfor thefunctionofourcellsandso

is usuallyabundantin thebody. Hence,thesegut bacteriaemploysa specialexternalelectrontransport

mechanismto transfertheelectronsfromcytoplasmtoextracellularelectronacceptor,theflavinmoleculeto

generateelectricity. Scientistshaveusedelectrodesto estimatetheamountof electricitystreamingfrom

theseelectrogenicgutbacteriaandwereamazedto findthateachbacteriumcangenerateapproximately500

milli amperesofcurrent.

Futureaspectsof electrogenicgut bacteria:

Scientistsbelievethatelectrogenesismightbeakeyto understandtheinteractionofdifferentbacteriain our

digestivesystem,andto understandif theyhavea role in gutõsinfluenceoverour emotionsanddecision

making. Microbiologistsbelievethatcoloniesof theseelectrogenicgutbacteriamightbeusedto generate

sustainableelectricitythroughmicrobialfuelcellorbacterialbatteries.
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| Fusobacteriumnucleatum:An Opportunist

Tanu Bansal (III Year)

Humanbeingsarethemostprecociousandsupremecreaturesonearth. Besidessharingtheearthwithother

organisms,wealsoshareourbodywiththemightymicroorganisms. Wehavemorenumberofmicrobialcells

livinginsideourbodythanourtotalnumberof cells. Thesemicroorganismsexhibitdifferentcharacteristics

andoccupydifferenthabitatsin our body. Theyexhibiteithercommensalisticor mutualisticrelationships

withthehumanhost(insomecases,beingpathogenictohumanstoo!). Thefriendlymicroorganismstoomay

becomeoutrageouslypathogenicandresultinadiseasein thehost.

Thegramnegative,anaerobicbacilliFusobacteriumnucleatumisasymbioticbacteriaandapartandparcelof

humanoral,gastrointestinalandplacentalmicrobiome. Thepresenceof thisbacteriumin themicrobiome

associatedwithcolorectalcancerwasthefirstindicationthatit maybepathogenictoo.

Fusobacteriumnucleatum: anopportunistic, symbiotic oncobacterium

Fusobacteriumin oral cavity: It hasbeenreportedthatF. nucleatumhasevolveditselfto live in close

associationwith the tissuesof oralcavityandtheoralmicrobiota. With othermicrobialspeciessuchas

Streptococcusspp., Porphyromonasgingivalis, Aggregatibacteractinomycetemcomitans, Candidaalbicansetc. it forms

multispeciesbiofilmswhicharebothbeneficialanddetrimental. Indentalplaquebiofilms,it actsasabridge

organismhelpingin co-aggregationofothermicrobialspeciesin oralcavityandhence,connectstheprimary

colonizersto secondarycolonizersandframethebiofilm. Besidesbuildingthedentalplaquebiofilms,F.

nucleatumalsocausesperiodontaldisease: asituationin whichinflammationaffectsthetissuesurroundingthe

teeththusleadingto swollenor bleedinggums,loosenteeth,badbreath. It hasbeenobservedthatF.

nucleatumis a genuinecolonizerof placentaltissueandis alsoa part of naturalandhealthyplacental

microbiome. At thesametime,it hasbeenshownto playanimportantrolein manyplacentalinfectionstoo.

Thusit canbepresentinacommensalassociationbutcanerodethebarriersto causeinfectionstoo.

Fusobacteriumin colorectal cancer: It hasbeenobservedthatF. nucleatumlivesin verycloseassociation

withthecolorectalcrypts. Theoriginof thebacteriumbeingtheoralcavity,observationsconcludethatit can

infectmanysitesin our bodyleadingto devastatingdiseases. It is mostlyfoundintracellularlyin the

cancerouscells. In fact,in modelorganisms,thebacteriuminfluencestheformationof pro-inflammatory

tumorigenicenvironmentwhich leadsto increasein chancesof colorectalcancer. This tumorigenic

microenvironmentisthoughtto beachievedbyevadinganti-cancerimmuneresponses. Aninterestingstudy

revealsthatpresenceofF.nucleatumcellsincolorectalcancertissuepromotesresistancetochemotherapy.

ThusFusobacteriumnucleatumisanopportunisticbacterium. ThoughallstrainsofF.nucleatumarenotbona-fide

pathogens,caremustbetakenaspreventionisbetterthancure!
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| Peizophiles

Nandini Sabharwal(I Year)

Earthõsoceansareverysimilarto thosein theextraterrestrialoceanworlds,buttheclosestanalogisfoundin

thedeep-seahydrothermalvents. In there,microbescyclenutrientsandenergyacrossa widevarietyof

geochemicalstatesandconditions. Thistypeofecosystemhasaspecific,commonphysicalparameter,thatis,

highhydrostaticpressure,piezophily, whichis generallyfoundto bethecharacteristicof life in thedeep

oceanicspaces. Thishigh-pressureadaptationconfersacompetitiveadvantageto piezophiles, allowingthem

to accessadditionalenergysourcesandexpandhabitableniches. Peizophiles(formerlycalledbarophiles) are

knownto bea partof hadaltrenchesandoceaniclocationsdeeperthan6000m, whichconfersthemthe

distinctabilitiesfor highhydrostaticpressuretolerance. Thepressurerequiredfor their optimalgrowth

variesfrom< 10MPaforpiezotolerantsto> 50MPaforhyperpiezophiles.

Therearemanymechanismsthat help in enhancingpressure-resistanceof cellsi.e., alterationof the

membranelipid compositionto increasemembranefluidity,thepresenceof intracellularstabilizers(salts,

sugars)andthepresenceof anS-layeraroundthecellmembrane. Thegeneralpressuretoleranceof non-

piezophilicprokaryotescanalsobeenhancedbyutilizingvariousmeanssuchasadaptationto environmental

stresseslike hightemperature,highsaltconcentrationor decreasedwateractivity. Themajorityof the

marinepiezophilicmicroorganismsdescribedsofarareGram-negative,facultativelyanaerobicbacteriawith

Shewanellaspp. asmostfrequentlyisolated. Asperrecords,50piezophilicandpiezotolerantstrainsofBacteria

and Archaeahavebeenrecoveredfrom variousseahabitats. Archaeonpyrococcus, CH1 wasthe first

hyperthermophilicobligatepiezophileisolatedfromthedepthof4100min themid-Atlanticridge.

Samplingandcultivation methodsof piezophiles

Deep-seaanimals,waterandsedimentsarethesourcesof piezophiles. Piezophilescanbeisolatedutilizing

animaltrapsandothersamplers(multi-bottlewatersampler,sterilebagsamplerandmulticoringsediment

sampler). Afterobtainingsamples,thesecanbemaintainedandcultivatedin pressurizedvessels. Variouslabs

havedesignedspecificinstrumentsfor isolationandcultivationof piezophilicmicrobeswithoutperforming

anydecompression. Onesuchequipmentis a DeepBathsystemwhichconsistsof a pressureretaining

samplingdevice,a dilutiondevice,isolationdeviceandcultivationdeviceof maximum3L capacity. The

pressureandtemperatureof 0.1ð65MPaand0ð150ºC,respectively,ismaintainedin thesystem. Thehigh

pressurevesselisusedfor cultivationof sampleaftermixingit with liquidmedium. Moderatepiezophiles

andpiezotolerantscanbeisolatedbyplatingmethodsfromliquidculture. Obligatorypiezophilesareisolated

at low meltingpoint agarby pressurebagmethod,whereasdilution-to-extinctionmethodis usedfor

thermophilicpiezophiles.
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| A DigestiveEnhancement

L.S. Pranathi Ganti (II Year)

Rumenis a big pre-gastricanaerobicfermentationchamberin cattleharbouringthe complexrumen

microorganisms,thatcatalysestheanaerobicdegradationof ingestedplantbiomassinto biologicalenergy.

Rumenmicrobiomeiscomposedof all domainsof life, consistingof bacteria(nearly95%), fungi,archeae,

ciliateprotozoansandalsobacteriophages. Rumenisanidealmicrobialhabitatbecauseit is favourablefor

survivalandgrowthof microorganism. Waterandsalivaprovidesmoistenvironmentfor microbialgrowth.

Rumenmicrobiomeis a continuousculturesystemwhichoperatesasbiologicalfermentationunit like a

chemostatunderwell-definedconditions. Ruminalmicroorganismshaveimportantrolesin feeddigestion

and act synergisticallyto fermentplant structuraland non-structuralcarbohydratesand proteins.

Fermentationproductsof rumenmicrobialactivityaremainlyvolatilefattyacids(VFA)whichserveasa

majorsourceof energyfor animals. Endproductsof fermentationareremovedbyabsorptionintobloodor

eructation. Absorptioncoupledwith bufferingeffectprovidedby salivarysecretionregulateruminalpH.

Ruminalenvironmentis anaerobiccontainingcarbondioxide(65%), methane(35%) andsmallamountof

othergases. Thetypeof metabolismthatoccursin therumenis fermentationin whichterminalelectron

acceptorisorganicor inorganiccompoundotherthanoxygen.

Theruminalmicroorganismsbelongto threedomains: Eubacteria,ArchaeandEukarya. Majorityof ruminal

bacteriaareobligateanaerobes,althoughfacultativeanaerobicmayalsoexist. ThesearepredominantlyGram

negativebacteria(80-90%). Certainspeciesof ruminalbacteria(Butyrivibriofibrisolvens) havetypicalGram

positivecellwallbutstainGramnegative. Grampositivebacteriapopulationincreasesin grainfedanimals.

Mostruminalbacteriaarerodshaped,somearesphericalandsomearealsospiralshaped. Somecommon

generaof ruminalbacteriaareStreptococcus, Clostridium, Treponema, Lampropedia. Lipolyticbacteriafoundare

AnaerovibriolipolyticaandButyrivibriofibrisolven. Cellulosesaredigestedby Ruminococcusflavefaciens. Some

proteolyticbacterialike RuminobacteramylophilusandButyrivibriofibrisolvensarealsofound. Proteinsare

brokendowninto polypeptidestheninto shortpeptidesandfinallyinto aminoacids. Themethanogens

present in the rumen mainly belongs to Methanobacterium, Methanobrevibacter,

Methanosarcina, MethanomicrobiumandMethanoculleus. Methanogensusuallygrowusinghydrogenandformate

astheir energysourceandutiliseelectronderivedfrom hydrogen. Theyuseformateto reducecarbon

dioxideto methane. Somespeciescanusemethylgroupsfrom methanol,methylaminesor acetateto

producemethane. Protozoanswerethe first rumenmicroorganismsto be discoveredbecauseof their

perceptiblecellsizeandactivity. Ruminalprotozoaactivelyparticipatein ruminaldigestionandtheypossess

hydrolyticenzymeswhichareusedto fermentthe fibrousfeed. SomecommonprotozoansareIsotricha,

Charonina, Metadinium.

Anaerobicfungiasa memberof ruminalmicrobialpopulationwerediscoveredby ColinOrpin in 1975.

Thesefungiproducehydrolyticenzymeslike cellulases, hemicellulases, pectinases,lyases, amylasesand

proteasesrequiredto breakdownmajorcomponentsof plantbiomass,theenzymesinclude. Ruminalfungi

carryoutmixedacidfermentation. Theycanmetabolisehexosesor pentosesto produceacetate,formate,

lactate,carbondioxide,hydrogenetc.

Bacteriophages have also been found in the rumen microbiota. Polymers are major components of ruminant 

diets and include carbohydrates, nitrogenous substances, lipids and lignins. Except for lignins, the polymers 

are hydrolysedto monomers which are then metabolisedto various fermentation products chiefly acids and 

gases. Ligninsare polymers of phenolic compounds and are virtually indigestible.
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Ruminalmicroorganismspossessglycosylhydrolasesthat breakdownglycosidicbondsto produce

oligosaccharidesand then disaccharidesand monosaccharides. Commonexamplesof carbohydrate

fermentingbacteriaincludeStreptococcus, Lactobacillus, Bifidobacterium. Combiningmultidomainquantitative

metatranscriptomicswith thegasandVFAprofiling,activerumenmicrobiomewasobtainedduringfeed

degradation. Holisticassessmentof rumenmicrobiomedynamicsusingquantitativemetatranscriptomics

showedmultifunctionalredundancyduringanaerobicfeeddegradation. Methaneemissionsand VFA

concentrationincreaseddrasticallysometimeafterfeedintake. ThemRNAprofilingrevealeda dynamic

levelsof carbohydrateactivatingenzymesõtranscripts,transcriptsinvolvedin VFA productionand

methanogenesis.

Bovinerumenhasacomplexmicrobiotawhichishelpfulin cattle'sabilityto convertindigestibleplantmass

intoenergy. Thequalityandquantityof themicroorganismsin therumencaninfluenceananimalõsabilityto

harvestenergy,andindirectlyaffectmankindastheseanimalsareusedasasourceof productsfor human

consumption.

| Community Lifestyleof Microbes

Anirban Adhikary (III Year)

We microbiologistsaregenerouspeople. We providerich andabundantnutrientsourcesandoptimum

growthconditionswhileculturingmicrobesin our labs. Outsideour labs,thescenariohappensto bevery

contrasting. Microbesneedto constantlybattlefor survivalwith bothotherorganismsaswell aswith the

transientconditionsof theirownhabitat. In theirquestforsurvivaltheydealwithscarcenutrientavailability,

low wateravailability,toxic environments,invaders,andadversetemperatureandpressureconditions.

Evolutiononlyallowssurvivalof thefittest. In orderto surviveandreproduce,theyneedto find novel

strategiesto handlevarietyof challenges. Somethingthatwefindsoastonishingabouttheseverysimplelife

formsis theirremarkableflexibilityandabilityto regulatetheirwaysof interactionwith their immediate

surroundingsdown to the molecularlevel. One suchremarkableexampleof survivalstrategyof

microorganismsis livingtogetherasacommunityin theformof Biofilms. Theyarefoundonalmostevery

non-sterilesurfaceirrespectiveof environmentalparameters. Presenceof anaqueousenvironmentenhances

biofilmformation. Free-floatingmat-likebiofilmsarefoundonstagnantwaterbodies. Theycangrowin the

mostextremeofenvironmentsrangingfromextremehottemperatures,acidicandalkalineenvironmentsto

frozenglaciers. Stromatolites, theoldestrecordsfor lifeonearthareactuallybiofilmsofcyanobacteria.

IUPACdefinesBiofilmsas,òAggregateofmicroorganismsinwhichcellsthatarefrequentlyembeddedwithin

a self-producedmatrixof extracellularpolymericsubstances(EPSs)adhereto eachotherand/or to a

surfaceó. Inhabitantsof a biofilm canadjustinternallyto externalenvironmentalconditions. Biofilm

formationcanbe triggeredby certainfactorslike: recognitionof a solidadheringsurface,presenceof

nutritionsource,detectionofsub-inhibitorylevelsofanti-microbialsubstancesbyplanktonicor free-floating

cells. Ondetectionofanysuchfactor,acellswitchesfromaplanktonicto abiofilmmodeof life. Thisisdue

to activationanddifferentialregulationof certaingroupof genes. Cellsforminga biofilmshowrapid

geneticallyregulatedmorphogenesis. Microscopicstudyof a biofilmshowsmorphologicallydistinctcells

presentat differentlayersof the biofilm. Themorphologicaldistinctionis actuallya resultof different

degreesof metabolicactivity. Thismakesabiofilmnotonlyastructuralorganization,butalsoafunctional

livingentity. Biofilmformationinitiateswithadherenceofasinglecellto asolidsurface,whichthendivides

rapidly.
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Thereareevidencessuggestingthatadherenceisnotadecidingfactorforbiofilmformation. Certainbacteria

canproducebiopolymersthathelpthemadhereto eachother,thusproducingflocculants,whichthenadhere

to formafreefloatingstructures. Motilityfacilitatesbiofilmformationasstructuressuchaspili or fimbriae

enhancecapabilityof thecellsto adhereto asolidsurface. Bacterialbiofilmsareencasedin acapsuleofEPS.

It canbemadeup of a widerangeof componentssuchaspolysaccharides,nucleicacids,amyloidfibres,

lipids,bloodcellsetc. Duringbiofilmformation,cellscancommunicatewith eachotherthroughquorum

sensing. A completelymaturebiofilmconsistsofphysiologicallydormantcellsatthecenter. Thesecellsoften

containspores. Theperipheralregionsarerich in cellsthataremetabolicallymoreactive. Theyproduce

certainprimaryandsecondarymetabolitesthathelpthecommunitytosustain.

TheEPSof a biofilmis knownto containcertainextracellularenzymesthathelpin breakingdownof

complexsubstrate,followedbyits intake. Biofilmsareknownto containnetworksof waterchannelswhich

arenecessaryforcellviabilityaswellasnutrientintakeAt theendof itslife,abiofilmreleasesthesporesinto

thesurroundingenvironment.Thesporesgerminateonavailabilityof favourablegrowthconditions.

Biofilmformationprovidescertainadvantagesto themicrobes. Theyincreaseresistancetocertainantibiotics.

Thestructureandphysicalpropertiesof thecapsularmaterialof thebiofilmdoesnotlet theantibioticseep

into their siteof action,thusprotectingthecells. Higherdoseof antibioticsareoftenrequiredto treat

diseasescausebyorganismswiththecapabilityto formbiofilms. Thisoneadvantageprovidedbybiofilmsisa

majorproblemfacedbyhumansto treatinfectiousdiseases. Biofilmsprotectthecellsfrombeingrecognized

by immunecellsandantibodies,thustheyavoidhostimmuneresponseagainstthem. Modernmedical

scienceis lookingfor substanceswith potentialanti-biofilmactivityto treatmicrobialinfections. Bacterial

cellsin abiofilmtendto gainantibioticresistancemuchfasterthantheirplanktoniccounterpartsbecauseof

proximityofcellstoeachother.Thisisdueto lateralgenetransfer.

A studyin 2003showedthatthehumanbodyfacilitatesbiofilmformationbybeneficialgutmicrobiotain the

largeintestine. Thefindingsweresupportedbythedetectionof twomoleculesabundantlyproducedbythe

immunesystemthatsupportbiofilmformation. It ishypothesizedthattheappendixhelpsto re-inoculatethe

gutwithusefulmicroorganisms.

Biofilmsgroweasilyinhuman-madeenvironmentsthatprovidemoistandwarmconditions. Theyareamajor

causeof corrosionof sewagepipes. Theyreduceheattransferin waterheatingor coolingsystems. Biofilm

formationon boatsandshipsarea majorcauseof biofouling, whichcausesmajoreconomicaldamage.

Bacterialbiofilmsarereportedtogrowonoceanplasticdebris.

Biofilmsareubiquitousin natureandtheyareactuallyallowingmicrobesto betteradaptin nature. Plant

pathogensgrowin theformof biofilmsonleafsurfacesandalsoin theinteriorregionsof theplantõsbody.

Symbioticrelationshipsbetweenplantandmicro-organismsareactuallymediatedby biofilmsthat are

involvedin nitrogen-fixation. Biofilmsare found extensivelyin soil. Decompositionof deadand

biodegradationismediatedbymicrobesthatgrowasbiofilms. Extensiveformationof biofilmcanresultin

bio-cloggingwhichreducewaterseepageinto thesoilbecausetheporesof soilgetcloggedby cellsEPS

material,cellandotherby-products.

Thepropertiesof biofilmscanbeutilizedto benefithumans. It hasbeenobservedthattheefficiencyof

microbialextracellularenzymesishighlyenhancedwhenpresentwithinabiofilm.

Bio-leachingutilizesmicrobialbiofilmsthatcangrowonmetalores. Themicrobescausedegradationof the

oreseasingextraction. Biofilmsthatarecalledflocsareusedextensivelyin sewagetreatment. Biofilmscan

eliminatepetroleumoil fromcontaminatedoceanhabitats. Theoil isdegradedbyhydrocarbon-degradation

of microbialcommunities. Biofilmsareusedin MicrobialFuelCellsto generateelectricityfromcomplex

organicwastematerial. Biofilmformationisadesirabletrait in probioticbacteria. Thecolonizationofgutby

beneficialbacteriapreventscolonizationbyharmfulbacteria. It alsoprolongstheeffectofprobiotics. Tosum

upit wouldbesafetosay,if wearetalkingmicrobes,wearetalkingmicrobialbiofilms.
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| All about Plastisphere: Existence of Microbial 

Communities on the Marine Plastic Debris

TanuBansal(III Year)

òEverything is everywhere, but the environment selectsó- Sir LourensBaas Becking

Theecologicaldiversityof earthissovastthatonecanfindfloraandfaunain anypartof theworldranging

fromhotterdesertsto salinelakesandsnowymountains. Besidesnurturingour planet,we humanshave

madeeartha difficult placeto live. Fromaccumulatingplasticsin waterbodiesandon the landto

deteriorationofairandmanyothernaturalresources,ouractivitieshavedepletedourecologicaldiversityas

it hasraisedaquestiononitssurvivalinpresentconditions.

Microorganisms,thoughbeingthesmallestcreatureon earth,cansurvivein varyingenvironmentandon

differentnutritionalsubstrates. Thepresenceof microbeson theplasticmarinedebriscameinto picture

whensomeresearchersnoticednosuchsignificantincreasein theplasticaccumulationin openoceaneven

with an increasein the production,useanddisposeof plasticinto the oceanicbodies. Theyinitially

hypothesizedphoto-degradationandphysicalshearingaspossiblemechanismsby whichplastichadbeen

degraded,buthowcouldthesemechanismsdegradeplasticintosuchfinitepiecesthatit passedthroughthe

standardsamplingnet?

Thisled scientificcommunityto ponderoverthe probablemechanismof plasticdegradationin nature.

Further,with thehelpof scanningelectronmicroscopy(SEM)andnextgenerationsequencingtheyfound

microorganismsembeddedin thepitsofplasticsurfaceswhichareactuallyfacilitatingdegradationofplastic.

Thesemarinemicrobialcommunitieswererecognizedasplastisphere- whichrefersto theecosystemevolved

to live on man-madeplasticrich environment. Furtheranalysisalsorevealedthat microbesactively

participatein hydrolysisof the hydrocarbonpolymer. Thesemicroorganismsweresodifferentfrom the

surroundingenvironmentthat scientistscalledplasticasnovelecologicalhabitatin the oceanitself,

comprisinghydrocarbondegradingbacteria. Plasticservesas a good sourceof nutrition for the

microorganismsasit hasa longerhalf-life thanmostof thenaturallyoccurringsubstratesin thewater. Its

hydrophobicsurfacealsopromotesmicrobialcolonizationandbiofilmformation. Thismakesplasticperfect

for themicroorganismsto attach,growandactupon.

While combatingthe problemof gradualincreasein the plasticlevelson the earth, the use of

microorganismscanbeoneof themechanismtodegradethemandsolvemanyrelatedissues.
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| Marine Ecosystem Degradation and Solutions: A

Microbial Perspective

Arnab Kakati (I Year)

Whatreallycomesinourmindwhenwethinkofanocean?Thedeepbluecolour,tides,fishesandislandsand

manymore. It would be reallyabstractif we neglectthe tiniestmembersof the blue planet,the

microorganisms. Surprisingly,themarinemicrobiomeisconsideredto accountfor thelargestpopulationof

themicroorganismsonthisplanet. Thevastnessof theoceansandseashelpsin theachievementofsuchhuge

numberof microorganisms. Thesemicroorganismsarethetrueforcein maintainingthemarineecological

balance. Themajorquestionis thatwhyandhowarethesemicroorganismssoinfluentialfor otheraquatic

organisms?Areallmicroorganismsaboonfor theaquaticlife?

Thevarietyandvariabilityof themicroorganismsin marinehabitatmakesit difficultto studytheirprecise

functionsandmetabolicprocesses. Hence,metagenomicsequencingisusedto studythegeneticmaterialof

themicroorganisms,andfindouttheirpotentialto produceusefulproductswithouthavingthemto culture

them. Themicroorganismsfoundin thedeepestpartof theoceansarethoughtto consumemostof theCO2

foundin theatmosphereof theplanetandconverttheminto organicmatter. Thesemicrobeshavebeen

playingagreatroleinmaintainingtheecologicalbalanceforalongtime.

Themarinemicroorganismscanalsobe appliedto conservethecoralreefs. Theymakethecoralreefs

resistantto variousdiseasesandothersimilarproblemsarisingin ocean. Oneof thewaysto conservecoral

reefsbyinoculatingthemwithappropriatemicrobesandthentransplantingthesehealthycoralsintoaffected

reefs.

Marinemicrobesalsoplaya significantrole in tacklingpollutionproblemsin oceansandseas. Increasein

plasticpollutionin theoceanshasraisedseriousconcernsglobally. However,thenewlyevolvedmicrobes

serveasaremarkablesolutionto thisproblem. Bacteriathatgrowandfeedonplasticsareusedextensivelyin

theremovalof plasticsfromseasandoceansona largescale. Forexample,Ideonellasakaiensishelpsin the

degradationvariousplasticbottleswhicharedisposedbyhumansin aquaticbodies. Researchisunderwayto

utilizethesemicroorganismsinproductionofsustainablebio-plastics.

Apparently,marinemicroorganismsare of great importancein the field of biotechnology. Such

microorganismshavethe capabilityof survivingin variousadverseenvironmentalconditions. The

biomoleculesthatallowthemto surviveundersuchconditionsareimportantresearchtoolswith important

potentialapplications. Forexample,scientistshaveisolatedaPseudomonassp. whichsecretsanaturalpolymer

calledpolyhydroxyalkanoateusedin theproductionofvariousbiodegradableplastics.

Varioushumanwastesinfluencethegrowthof E. coliin coastalwaterandif theyaresomehowingested,can

causeintestinalproblemsandothermajororgandamages. Diseasessuchasfin rot andfishdropsyarecaused

bybacteriumPseudomonasfluorescens. Somespeciesof bacteriabelongingto thegenusVibrioareinvolvedin

causingvibriosisin salmonandmanyother fishes. Manyfishesarealsoaffectedby the Mycobacterium

tuberculosis,thecausativeagentof tuberculosis. Furthermore,thevirusescausingHepatitisA, HepatitisE,

polioandprotozoanscausinggiardiasisandcryptosporidiosisarefoundmostlyincostalwaterandestuaries.

Climateis oneof themostinfluentialfactorsthataffectthemarinemicrobiomeandall otheraquaticlife

formssupportedbytheocean. Withanincreasein theamountofCO2 produceddueto humanactivities,the

temperatureof oceanshasbecomewarmerandalsoled to the rise in its acidicnature. A rise in the

temperatureof theoceansalsocausessevereharmfuleventssuchasformationof algalbloomsleadingto

depletionofmanynutrientsandreleaseof toxicsubstances.
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ThePseudo-nitzschiabloomin 2015hadagreatimpactin thefishindustryin USWestCoast. It affected

manymarineorganismsaswell asthe humanswhoconsumedit. Plasticpollutionis oneof the major

problemsin presentscenarioandaccumulationof the plasticdegradingbacteriain largenumberhasa

negativeimpactonthemarinemicrobiome. Also,thepollutionscausedbyoil fieldsanddepositionofvarious

sedimentsfrom miningactivitiesalsohavea negativeimpacton themarinemicroscopiclife. Thus,it is

evidentthatthoughmarinemicrobeshaveasignificantrolein maintainingaquaticlife,butdueto countless

humanatrocities,theyhavebeenstrugglingfor theirownsurvival. Thereforepreservingandmaintainingthe

seasandoceansisveryimportanttosolvemultipleenvironmentalissues.

| Under the Sea,Acrossthe Sky!

ShreyaSharma(II Year)

Whywehumanstakesomuchtimeto analyzegoodnessbehindeverything?We,asa communityhaveto

broadenourthinkingandvisualisethevariousaspectsof nature. Theamountof pollutioncreatedbyusasa

wholeiscausinggravedamageto theenvironment. Dueto humanactivities,thelevelof greenhousegases

hasbeenincreasing,causingthedepletionofozonelayerwhichfurtherpossesthreatto humanhealthandthe

ecologicalbalance. Therefore,somenew,strongandbetterinventionsanddiscoverieshaveto takeplacefor

bettermentof mankindandenvironmentaswell. A discoverywasmadeto revealthegloriousanduseful

world burieddeepinsidethe sea,capableof bringingabouta revolutionarychangein the workingof

industries.

Researchers,fromUniversityof Florida,foundabacteriumnamedThiomicrospiracrunogenadeepinsidethe

ocean,producingcarbonicanhydrase,whilebeingableto withstandhightemperature(theenzymewhich

helpsto removecarbondioxidein organismsandis alsocapableof neutralizinglargeamountof industrial

carbondioxidein theearth'satmosphere). Oneof themajorgreenhousegasesis carbondioxidewhichis

mostlyproducedbythecombustionof fossilfuel(fuelgas),anditsuseis raisingconcerns. Thisgascanbe

sequesteredbyT.crunogena. Thisbacteriumisfoundnearhydrothermalvents,sotheenzymesthatit produces

bythemisaccustomedto hightemperatureandconvertscarbondioxideintoharmlesscompound.

Thislittle creaturehasevolvedto dealwith theextremetemperatureandpressure,thereforeit haswell

adaptedto theconditionsprevalentin industrialsettings. Theenzymecatalysesthechemicalreactionof

carbondioxidewithwater. Thisinteractionof theenzymewith theatmosphericcarbondioxideconvertsit

into bicarbonate,whichcanbefurtherusedin theproductionof bakingsodaandchalk. In anindustrial

setting,thecarbonicanhydrasewouldbeimmobilizedwith solventinsidea reactorvesselthatservesasa

largepurificationcolumn. Further,whenthe fuel gaswill passthroughthe solventit wouldeventually

convertthecarbondioxideintobicarbonateusingcarbonicanhydrase.

The industrialquantityof carbondioxidewould requirea largeamountof carbonicanhydrasefor

neutralisation. Researchershavefoundoutthewayto producethisenzymewithout havingto harvestfrom

theseabeds. TheyhavestartedproducingtheenzymesbygeneticallyengineeredE.coli. Theenzymeisnotso

efficientinconvertingcarbondioxidetocarbonateascomparedto thebacteriapresentin theseafloors.

At last,it is importantto designtoolsthatcanhelpusutilizethepotentialof microorganismsburieddeep

insidetheseatocombatincreasingcarbondioxideloadin theatmosphere.
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| A tete-a-tete betweenMicrobesé

Archana(III Year)

A teamof researchersledby theNetherlandsInstituteof Ecology(NIOO-KNAW)havedemonstratedfor

the first time that two differenttypesof micro-organismsi.e., bacteriaandfungiusevolatileorganic

compounds(VOCs)suchasterpenes, to holdconversationsin-between. "We actuallybelievethatterpenes

arethemostpopularchemicalmediumonourplanetto communicatethrough,"theysaid. Theresearchers

explainedhowasoilrhizosphericbacteriumSerratiaplymuthicacansmellthevolatileterpenesproducedbya

plantpathogenicfungusFusariumculmorum. It respondsbyshowingmotilityin thenon-motilecellsandby

producingmanyvolatilecompoundsof itsown.

Researchersworkingon organiccompoundssuchasterpenesfoundthattheyareby no meanstheonly

volatileorganiccompoundswhichare essentialfor a goodchat. Theyhavealsofoundothervolatile

compounds,but becauseof the efficiencyandubiquitousappearanceof terpenes, theywerechosenas

universalcommunicatingmoleculebetweenmicroorganisms. Plantshavealsobeenknownto communicate

viavolatileorganiccompounds. TheseVOCsareeitheremittedin theairasvolatilecompoundsor theyare

secretedin thesoilwheretheysolubilizeandtravelthroughtheporesandairpocketsin thesoil. Moreover,

somestudieshavealsoindicatedthatplantscommunicatewitheachotherviarhizosphericfungus. Thefungus

presentin theformofnetworkin thesoil,carriesthemolecularmessengersbetweenplants.

A studywasconductedbyobservingarangeof fragrantor volatilecompoundssynthesizedbythefungusF.

culmorum. TheyobservedthatthebacteriumS. plymuthicarespondsto theVOCsbyswitchingtheexpression

ofgenes. TheVOCsaffectthebacterialcellmotilitywithoutdisturbingthebacterialcellnumbers. With the

helpof transcriptomicandproteomicdata,theysuccessfullyidentifiedthe proteinswith alteredgene

expression. TheproteinssuchasFlis- a flagellinspecificchaperone,FimbriaA andchemotaxisproteinIV

showedenhancedexpression. Theseproteinswereinvolvedin the flagellaproduction,cell adhesionand

movementof bacteriumtowardsstimulusfor colonizationandgrowth. Besidestheexpressionof motility

factors,the bacteriumalso showedenhancedexpressionof genesand proteinsinvolvedin signal

transduction. Theseproteinswerefoundto regulatemotility,cellgrowth,cellenvelopebiogenesis,tolerance

to multipledrugsandnutrientuptake. Experimentshaveshownthat VOCsconsiderablyenhancethe

bacterialcell wall permeability. ThemetabolomicsstudyrevealedthatVOCsalsoactivatecertaingene

clustersinvolvedin secondarymetaboliteproduction. Thevolatileterpenesproducedby the fungusup-

regulatesthesynthesisof a terpenesynthasegenebyproducinganunusualanduniquevolatilecompound

ôSodorifenõby the bacterium. Thesemicroorganismsnot only exchangethe messageswith the helpof

terpenesbutalsosensethechangesin theirenvironmentcausedbythechangein theterpenelevelsandin

return adaptthemselvesto the changeaccordingly. Thus,the studiesconcludethat VOCswhichare

consideredto bethemetabolicwastesof microorganisms,arein-factverycrucialfor fungiandbacteriato

holdlongdistancecommunications.
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| Microbes:TheKingsof Restoration

SauravMalik (III Year) 

Ecologicalrestorationis a globallyimportantandwell-financedmanagementinterventionto combat

biodiversitydeclinesandlanddegradation. Ecosystemrestorationis increasinglyrelieduponto combat

globaldeclineinbiodiversity,ecosystemservices,andlandquality.

Thedegradationof ecosystemsdueto humanactivityhasincreasedin intensityin thelastcenturyor so.

Ecologicalrestorationis theonlysolutionto thisproblem; repairingand,indeed,in someplacesreplacing

thesedamagedsystemswithonesthatarehealthierandprovidemoreecosystem-derivedgoodsandservices.

Until now,successfulecologicalrestorationhasinvolvedrathercrudetechniques,suchassoilremoval,deep

ploughing, andbothherbicidalandmechanicalremovalof species. It iswellknownthatmicroorganismsare

essentialto the soil structureandsoil function,particularlyfor the degradationof organicmatterand

nutrientcycling,in regulatingplantproductivityandcommunitydynamics. Hence,the studyof soil

microorganismsisanextremelyimportantpartofanyprogramaimedatrestorationofanecosystem.

Recently,microbeshavebeeninvestigatedin two waysin relationto restoration. Theirrelativepresenceis

usedto indicatethestateof theecosystemin referenceto targetsitesõconditions,andmanipulationof the

soilmicrobiomeisalsobeingexploredsoasto enhancethespeedwithwhichthesystemcanbemovedalong

to thedesiredstate(by overcomingbioticbarriers,eithertheabsenceof desirablecomponents(suchas

mutualists) or thepresenceofundesirables(suchasinvasiveplants)).

Theuseof soilmicrobialcommunityto indicatetheconditionof soil-basedecosystemshaslongbeenin

practice. Thereisaclearevidencethatasintensiveuseof sitesisdeliberatelydecreasedto restoreamore

naturalstate,theratioof fungalto bacterialbiomassincreases,asmore-complexorganicmaterialentersthe

soilmatrixin thesesystemsandphysicaldisturbancesdecrease. Thisratioof fungalto bacterialbiomass

increasesfurtherwith forestdevelopmentassystemsmovefrom earlyto latersuccessionalstages. This

suggeststhatthemicrobialcommunityisgreatlyinfluencedby whatisgoingonabove-groundandcanbe

usedasanindicationof theimpactof restoration-managementpractices.

Mycorrhizae, the associationof plant roots with fungi, hasbeenknown to markedlyimprovethe

establishmentandthesuccessfulexistenceof thetargetplantspeciesandhavealsobeenlinkedto plant

diversityandproductivity. Thisassociationisawinsituationfor thefungusaswellastheplantasthefungal

partnergainsreadyaccessto photosynthates; theplantsgainaccessto mineralnutrientsandprotectionfrom

pathogensanddrought. In the restorationof extensivelydisturbedareas,suchas large-scalemining,

mycorrhizaeofferaneconomicalmeansofestablishingplantcommunities. Theinvestigationofsoilmicrobial

communitiesin systemsundergoingrestorationisprovidingimportantinsightsintohowpristineecosystems

work. Asecosystemsmature,thereisanincreasein theproportionof fungalbiomassin comparisonto the

bacterialbiomass,andaroundmidsuccessionastherootexudatespeak,thetotalmicrobialbiomassin soil

reachesitsmaximum. Withthepredominanceof fungalbiomassin therhizosphere,thereisadecreasein the

diffusionof plantexudates. Therestorationprogramsaimto cut shortthiscourseby establishingfungal

dominanceat an earlystage. The statusof differentsystemsunderrestorationcanbe determinedby

measuringthesize,compositionandactivityof themicrobialcommunityof thesoil. Giventheimportanceof

microorganismsin establishingof a pristinelandor restorationof anextensivelydisturbedland,theyare

indeedthekingsofrestoration!



Doodle by Trisha Bainiwal(III Year)

òObserving the changeó



Doodle by AreefKammugari(II Year)

òLet there be lightó
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| Interactions between Human Immune System and

Microbiota

LakshayKumar (I Year)

Thegeneralmisconceptionaboutthemicrobialworld is thatthepresenceof microbialspeciesinsidethe

humanbodycanonlybeanindicationof imminentdiseaseor physiologicaldisorder. Suchanideaisactually

completelyinaccurateandobliviousof theundeniablefactthatmostof themicrobialspeciesfoundin the

humanbodyareindeedbeneficial,if notnecessary,atleastfororderlymetabolism. Themicrobialspeciesthat

colonizethehumanbody,mainlythegastrointestinaltract(GIT)andskin,arecollectivelyreferredto asthe

humanmicrobiota. Throughthecourseof evolution,thehumanmicrobiotahasco-evolvedwith itshostto

exhibitsymbiosisorcommensalismin thehumanbody. Therefore,thesemicroorganismsarefundamentalfor

humanhealth. Anyunfavourablestimulimightresultin analterationof thegutmicrobiota, aprocesscalled

dysbiosis. Dysbiosishasbeencorrelatedwith manydisordersincludingIrritableBowelSyndrome(IBS),

InflammatoryBowelDisease(IBD),obesity,autoimmunedisordersandallergies. Thesignificanceof gut

microbiotais clearconsideringthewidescaleconsumptionof probiotics,or livenon-pathogenicmicrobes

withbeneficialeffectsonthehost. Prebioticsarenon-digestiblecarbohydrateswhichactasnutrientsources

forprobioticmicrobes.A combinationofprobioticsandprebioticsisreferredto assynbiotic.

Whenwetalkabouthumanmicrobiota, weneedto considerthepotentialpathogenicityof thesemicrobial

species. In thiscase,we needto understandthatpathogenicityis in factcontextuali.e., theabilityand

tendencyofanymicrobialspecieswhichispartof thehumanmicrobiotaisdependentonavarietyof factors,

includingstateofactivationof thehost,geneticpredispositionof thehost,andlocalisationof thatmicrobial

speciesin thebody. However,thepresenceof suchalargeamountof microbialspeciesin thehumanbody

doesposea considerablethreatof pathogenesis. Therefore,a largeamountof workdoneby theimmune

systemis aimedat the regulationof theactivitiesof themicrobiota. Thehostachievesthissecurityvia

limitingthecontactbetweenthemicrobesandepithelialtissuesurfaces,therebypreventinginflammation

andmicrobialtranslocation. In thegastrointestinaltract,thegutmicrobiotaarecontainedby themucosal

firewall- acollectionof immunecells,epithelialcells,IgAantibodies,antimicrobialpeptidesandmucus.

Mucusactsastheprimaryshieldbetweenthegutmicrobiotaandtheepithelialcell surface. Alongwith

mucus,intestinalepithelialcellsalsoproduceantimicrobialpeptides,whichinduceantimicrobialeffectsin

caseof failureof containmentviaenzymaticdigestionof thebacterialcellwallor disruptionof theinner

membrane. E.g. Reg3G or Reg3 gammacreatesaphysicalseparationbetweenthemicrobiotaandthehost

intestinereferredto astheôdemilitarizedzoneõ,havingadirectbactericidaleffectongram-positivebacteria.

IgAantibodiesareproducedwhenintestinaldendriticcellscarryingmicrobialcommensalsinteractwith B

cellsin thePeyerõspatches. TheseIgAimmunoglobulinsregulatehostcommensalinteractionby impacting

microbialgeneexpressionaswellaspreventingadhesionof bacteriato theepithelialsurface. Mostactivated

andmemoryT cellsresidein regionsof thebodythatarecolonizedbythemicrobiota, suchastheskinand

theGIT. Theantigenpresentingcells(APCs)of thebodyhaveco-evolvedwiththegutmicrobiotaandhence

exhibittheabilityto phagocytoseantigenswhilemaintainingimmunetoleranceto themicrobialspecies

normallypresentin theGIT, in spiteof beingin closeproximityto them. TheAPCsexhibita unique

phenotypecalledinflammationanergyi.e. thenoninflammatoryprofileof intestinalmacrophagesevenwhen

theyencountermicrobialstimuliin homeostaticconditions. E.g. Intestinalmacrophagesdonotproducepro-

inflammatorycytokineswhentheyencountermicrobe-associatedmoleculessuchasToll-likereceptor(TLR)

ligands.
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Thesemicrobialspecies,playaverymajorrolein immunehomeostasis. However,dueto thecomplexityof

boththemicrobiotaandtheimmunesystem,theexactunderlyingmechanismof theirinteractionhasnot

beenyet elucidated. A lot of thesespecieshavea positiveeffecton the immunesystem. For example,

Akkermansiamuciniphilahasa protectiveeffectagainstobesityandtype2 diabetes. It alsolowersbodyfat

mass,improvesglucosehomeostasis,decreasesadiposetissueinflammationandincreasesgut integrity. A.

muciniphilaproducesa wide rangeof fermentativeproducts,includingshortchainfatty acids(SCFAs)

throughmucindegradation. ThemajorSCFAsproducedbyintestinalfermentativeanaerobicbacteriainclude

acetate(C2), propionate(C3) andbutyrate(C4), whicharefoundin differentconcentrationsin different

partsof thealimentarycanal; specifically,about13mMin theileum,130mMin thecaecumand80mMin

thedescendingcolon. Theyactassubstratesfor theintestinalcells,providing5-10% of thehumanbasal

energyrequirement. TheseSCFAsprovideprotectionagainstgutinflammationandregulateleucocytesvia

stimulationof endogenousfreefattyacidreceptors(FFAR)like FFAR2 andFFAR3 (therebystimulating

increasein theexpressionof polypeptideYYor thesatietyhormoneandincreasinggutmotility),aswellas

inhibitionof histonedeacetylase(HDAC). SCFAsalsoregulateproductionof cytokines(TNF-ɻ, IL-2, IL-6,

IL-10) andfacilitaterecruitmentofcirculatingleucocytesto inflammatorysites.

Severalstudieshaveshownthata lot of diseasesareaccompaniedby dysbiosis, indicatinga correlation

betweenthesediseasesandthegastrointestinalmicrobiota. ThenormalgutcontainsthephylaFirmicutes,

Actinobacteria, Verrucomicrobia, Bacteroidetesandthe speciesFaecalibacteriumprausnitzii. Thegut of a

patientsufferingfromobesityexhibitslowerlevelsof Bacteroidetes, VerrucomicrobiaandFaecalibacterium

prausnitziiandincreasedlevelsof ActinobacteriaandFirmicutes. GIT in caseof autismspectrumdisorder

showssignificantlyreducedlevelsofBacteroidetesandincreasein thebacterialgeneraClostridium, Collinsella,

Corynebacterium, DoreaandLactobacillus, aswell asincreasedproportionsof theyeastCandidaspp. Another

exampleis shownbyCrohnõsdisease(anIBD). PatientssufferingfromCrohnõsdiseasehaveshownan

increasein Ruminococcusgnavus, anddecreasein Faecalibacteriumprausnitzii, Bifidobacteriumadolescentisand

Dialisterinvisus, in theGIT,alongwithanunknownspeciesofClostridium.

Hence,it is clearthatthehumanmicrobiotaplaya significantrole in bothinnateandadaptiveimmune

homeostasis. It isalsoclearthatdysbiosiscanseverelyimpairphysiologicalfunctioningof thebody,andlead

to variousdiseasesandautoimmunedisorders. Therefore,it isnecessaryto understandandregulateall those

humanpracticesthatcanalterthegutmicrobioticcomposition,suchasantibiotictreatments,vaccination,

hygienepracticesanddietaryconditions.

In astudy,thegutmicrobialcompositionof thefaecalmatterof EuropeanandruralAfricanchildrenwas

compared. Thedietof Africanchildrenis richin fiber,starchandplantpolysaccharidesandlow in fatand

animalprotein,whereasthedietof Europeanchildrenis highin sugar,starchandfatandlow in fiber. As

comparedwith theEuropeancohort,themicrobiotaof theAfricancohortshowedasignificantdepletionin

Firmicutesandanincreasein Bacteroidetes. An interestingaspectof thisstudyshowedthatthebacterial

generaPrevotellaandXylanibacter, whichencodegenesfor metabolizingplantpolysaccharides,werepresent

in theAfricancohortbutabsentin theEuropeancohortcompletely. TheAfricancohortalsodisplayedmuch

higherlevelsofanti-inflammatorymoleculeslikeSCFAsprovingthehypothesis.
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| How do Microorganisms evadehost Immune System ?

SaumenSain(III Year)

Immunityis the ability to resista particulardiseaseespeciallythroughpreventingdevelopmentof a

pathogenicmicroorganismor bycounteractingtheeffectsof itsproductsbytheactionof specificantibodies

or sensitizedwhitebloodcells. Multicellularorganismspossessverysophisticateddefensemechanismsthat

aredevelopedto counterthecontinuousmicrobialattackof theenvironmentwithin thehost. However,

pathogenshaveachronicinfections. Therearenumerousvirulencestrategiesusedby pathogensto infect

humanswith fewgeneralmechanismsthatarebeingsharedamongthepathogensin orderto exploitthe

immunesystem. Theabilityof pathogento mountananti-immuneresponsein infectedhostorganismcan

ultimatelyresultinacutedisease,chronicinfection,orpathogenclearance. Theabilityofapathogento evade

hostimmunesystemistermedasòAnti-Immunityó.

Anorganismfailsto establishitselfandcouldnotcauseanydiseaseif it iseasilyrecognizedanddestroyedby

thehostimmunesystem. However,theimmunesystemdoesnotalwayssucceedin its task,astheinvading

organismsoftenevolvesstrategiesforevadingorsuppressingthehostõsimmuneresponseto thatorganism.

Therearedifferent strategiesevolvedin different organismsagainsthost immunity :

Variousstrategiesdirectedagainstadaptiveimmunity

ÅMolecular mimicry : Microorganismsmimicthechemicalor geneticbuildupof thehostsothattheycan

residein hostcellswithoutbeingattackedby the hostimmunesystem. ThebacteriumBacteroides, for

example,can avoid evokingan immuneresponsein mice. Mycobacteriumparatuberculosishas been

demonstratedtousethisstrategyinanimals.

ÅSuppressionof immune system: In thissystem,thepathogensspecificallytargetthoseimmunecells

thatreactagainstthem. Bydoingthis,theorganismspreventthebodyfrommountinganimmuneresponse

againstthem. Twonotablebacteriathatsuppressthebodyõsreactionagainstthemare; Mycobacteriumleprae,

thecausativeagentof thediseaseleprosy,andMycobacteriumtuberculosis, thecausativeagentof thedisease

tuberculosis. Inbothcases,theInterleukin-2 responseto thebacteriaisreduced.

Immunesuppressionis a generalmechanismfoundin manymicroorganisms. Forexample,Staphylococci

producetoxinslikeStaphylococcalenterotoxinsandtoxicshocksyndrometoxin-1 (ToxicShockSyndrome)

thatactassuperantigens. Superantigensareproteinsthatbindtheantigenreceptorsofverylargenumbersof

T cells,stimulatingthemto producecytokinesthatcausesignificantsuppressionof immuneresponses.

Extremecaseof immunesuppressionis AcquiredImmuneDeficiencyl soevolvedvariousmechanismsto

overcomeinnateandadaptiveimmunity,therebycausingdiseaseor Syndromewhichis causedby the

infectionofaviralpathogen(HIV).

Hiding inside cells: Variousbacterialpathogensavoidhostimmuneresponsesbyhidinginsidetheimmune

cells. Bydoingso,theypreventantigenpresentationwhichisresponsiblefor evokinganimmuneresponse.

Thesepathogensmultiplyinsidethesecells,andthenfurtherinvadethe hostbodyafterincreasingits

number. MicroorganismssuchasBrucellasp., Listeriasp., MycobacteriumlepraeandMycobacteriumtuberculosis

infectmacrophages,the phagocyticcellsthatarenormallyresponsiblefor destroyinginvadingbacteria.

Mycobacteriumlepraecanalsoinvadeandinhabitcellsthatarenotapartof theimmunesystem,e.g. skincells.

ÅBy altering antigen: Onewayin whichinfectiousagentsevadeimmuneresponseis by alteringits

antigens. Thisisparticularlyimportantforextracellularpathogens,againstwhosesurfaceantigensantibodies

areproduced. Themethodsbywhichapathogenaltersitsantigensincludeantigenicdrift, antigenicshiftand

programmedrearrangementsin theDNAofthepathogen.



Life Under Lens | Vol. 5 | March 2019

15

Normally, theantigenof aninvadingorganismor apathogenthatisrecognizedbythehostimmunesystem

existson thecellwall or theoutermembraneof thatorganism. Someorganisms,however,releasethese

antigensfrom their cell wallsto float freelyin the bloodstream,wheretheywill eventuallymeettheir

antibody,andwill bindto them,thusrenderingthoseantibodiesineffectiveanduselessagainsttheinvading

organism.

Strategiesdirected againstPhagocyticcells

Phagocytes,i.e. theMacrophagesandNeutrophils,arethecellsresponsiblefor engulfinganddestroying

invadingpathogens. Manymicrobialstrategiesforsurvivalagainstphagocytesinclude:

ÅInhibiting Chemotaxis: Chemotaxisisthechemicalphenomenonbywhichthephagocytesareguidedto

thesiteof infection,sothattheycanbegintheirtask. Somebacteria,suchasStaphylococcusaureusproduce

toxinsor factorslike macrophagemigrationinhibitionfactorwhichinhibitthemovementof phagocytes,

preventingtheiraccumulationatthesiteof infection.

ÅInhibiting Phagocytosis: In order to phagocytoseinfectiousagents,phagocytesmust interact,

internalizeandexpressthem. Somebacteriaevadephagocytosisbypreventingpeptidepresentation.

ÅKilling the Phagocyte: Somebacteriaarecapableof releasingtoxinsthatarelethalto phagocytes. Thus,

the invadingorganismssuccessfullydestroythe phagocytes. E.g. Mycobacteriumtuberculosis, Streptococcus

pyogenes, StaphylococciandBacillusanthracis(thebacteriumthatcausesAnthrax).

Virusesmustreplicateandproduceviral proteinsto causeinfection. However,viruseswhichreplicate

rapidlycanbe readilydetectedby T lymphocytes,whichcontrolthemin normalcases. Someviruses,

however,canenterastateknownaslatency. In thelatentstate,thevirusdoesnotreplicateandthusdoesnot

causeanydiseaseandbecausetherearenoviralpeptidespresentin thehostsystemto getrecognized,the

virusescannotbeeliminated. Suchlatentinfectionscanbereactivatedin laterpartof life andresultin

recurrentillness. Herpessimplexvirusesoftenenterlatency.

VirusessuchasVaricellazoster(chickenpox)andHerpesviridae(Herpessimplexviruses,VaricellaZoster

virus,Cytomegalovirusetc.) evadetheimmunesystembyhidingin neuronalandnon-neuronalcells,where

theymaypersistformanyyears. Theyemergeasin pathogenicformswhenthehostresistanceislow. Thisis

the casealsofor bacteriai.e., BorreliaburgdorferiandBurkholderiapseudomallei(causativeagentsof Lyme

diseaseandmelioidosis, respectively)wherereportssuggestedthatsymptomsof infectionhavere-emerged

afterfewmonthstoyears(B.burgdorferi), andevenupto60years(B.pseudomallei) aftertheinitialinfection.

Viralpathogensdoneedto invadeahostcellto completetheirreplicationcycles. Oneof themostdangerous

pathogensto emergein recentyearsisthehumanimmunodeficiencyvirus(HIV)whichhijackstheCD4+ T-

lymphocytestodegradethehostõsabilitytocountertheinfectionwithastrongcell-mediatedimmune(CMI)

response. TheimmuneevasionmethodsusedbyHIVaresofar-reaching,thattheyhaveobstructedprogress

towardstheadvancementof developinganeffectivevaccine. Firstly,HIV gainsaccessto anaivesubjectin

immune-privilegedsites,suchasthevaginaor rectum,theseareasarenot well suppliedby thelymphatic

tissues; subsequentlythevirusutilizesco-receptors(CCR5/CXCr4) to gainaccessto CD4+ hostcells. The

outcomeisagraduallossofCD4+ T lymphocyteswithgradualreductionofCMIfunctionin thehostandan

increasedsusceptibilityof thehostto otherinfections(bacterialpneumonia)or to tumors(e.g. Kaposiõs

sarcoma). Thehostisalsosusceptibleto theopportunisticpathogeninfection. HIV casesarecontrolledby

anti-retroviraldrugs,whilesuccessfulvaccinesarestillbeingidentifiedandevaluated.

Hence,pathogenicityandimmunitygrowanddevelopasa resultof co-evolution. Themorecomplexand

sophisticatedour immunesystembecomes,morewouldbe the probabilityfor microbesto find some

breakthroughfor it. Itõsgreatlyremarkablethathowthesemicroscopicorganismshavebeenableto detect

theloopholesanddeceiveourimmunesystem. Whoknowsbythesemethodofco-evolution,wewill beable

to resistanddevelopimmunitytosomeof themostfatalinfectiousdiseasesthatclaimslivestoday.
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| How our Microbiome changeswith seasons?

Himanshi Upadhyay(I Year)

Our microbiomehasbeenshownto beinfluencedbychangein seasons. Thehumanmicrobiomeincludes

microbesfoundonor in thehumanbody. Thebacterialcommunityin ourgutisnotastaticentity. In fact,

justaswe go aboutour dailyliveswithin anevolving,dynamic,andinterrelatedenvironment,our gut

bacteriadotoo. It isnowbeingrecognizedthatbeyondtheorgansandsystemsin thebody,externalfactors

includingseasonalvariations,whatweeat,theanimalsthatwegetexposedto, oursocialinteractions,the

weatherexperienced,our work-life balance,andevenchangesin the seasonscanhaveaneffecton the

microbiome.

A longitudinalstudyonthegutmicrobiomeof Hadzapeopleof Tanzania,a tribeof huntergatherers,has

reportedthatthenaturalseasonalvariationsmuchinfluencedtheirgut microbialpopulation. TheHadza

activitieslargelyrevolvearoundfoodacquisitionandaresubjectedto twodistinctseasons: wetanddry. The

microbiomeof theHadzapeopleshowedacyclicvariation.

Thegutmicrobialpopulationfoundto bepresentin thedryseasonswasindistinguishablein thesubsequent

dryseasonstoo,with theintermittentwetseasonscharacterizedbyadifferentmicroflora. In anotherstudy

conductedto look at theseasonalvariationsin themicroflora,Actinobacterialpopulation,themicrobes

associatedwithprocessingfatincreasedin winters,becauseof theintakeofhighfat,lowfiberfoodwhilethe

Bacteroidetespopulationbecamemoreabundantin the summerwith the latter knownto bringabout

digestionofcomplexcarbohydratespresentin freshfruitsandvegetables.

Theideathatsomebacteriaareonlypresentduringaseasonsubstantiatesthebeliefsthatourbodynaturally

changesandadaptswithweatherandtemperaturefluctuations. Toseasonallysupportourgut,it isimportant

to spendtimedoingoutdooractivities,andeatseasonalfood. Thiswill exposeourgutto seasonalmicrobes,

boostimmunity,andhelpreducestresslevels.

Finally,includingprebioticandprobiotic-richfoodsaswellasfrequentboostthroughaprobioticsupplement

helpsupportourmicrobiomethroughouttheseasons. Ourgutisoneof themostimportantyetoneofmost

easilyoverlookedcomponentsof our overallwell-beingandjust like we seechangesin our ownmood,

energylevels,appetitedueto thechangingof theseasons,ourmicrobiomeundergoesseasonalfluctuations

too!



Life Under Lens | Vol. 5 | March 2019

17

| FecalMicrobiota Transplant-food that goesout comes

in!!

SiddharthTrigunayat (I Year)

The numberof studiesconductedon the humanmicrobiomead gut microbiomein particularhave

precipitated. Thestudieshavehelpedusin understandingtheroleof gutmicrobiometo comprehendthe

therapeuticpotentialof itsmanipulation. Fecalmicrobiotatransplant(FMT)isonesuchtherapywhichaims

tochangethemicrobialcompositionof therecipientandconferhealthbenefits. It involvestheadministration

ofasolutionof thefecalmatterfromadonorintotheintestinaltractofarecipient. Asgrossasit maysound,

butit isbeingrecognizedasaveryessentialtherapyincasesofvariouschronicdiseases.

It hasbecomewellestablishedthatthegutmicrobiomeisvitalto us. Thereareapproximately1014microbial

cellsin theentiregastrointestinaltract,andallareinvolvedin essentialprocesseslikeenhancingtheimmune

responseof thehost,metabolism,protectingagainstpathogensandmaintaininghomeostasis. Therearecases

whentherearealterationsin thegutmicrobiome,aconditioncalledasôdysbiosisõ,whichleadsto distortions

of theseimportantfunctions. Eventhoughthegutmicrobiomeshowsresilience,continuousperturbations

dueto environmentalfactorsetc. maycauseit to loseits resilience. Fecalmicrobiotatransplantseeksto

restorethisbalanceof thegutmicrobiomebyintroducingthefecalsamplefromahealthydonor. Thefirst

descriptionof theuseof fecesasa therapywasgivenbyGeHongin thefourthcenturyin Chinato treat

varietyof conditionslikediarrhoea. In 1958, Eisemanandcolleaguesalsodescribedtheuseof fecalenemas

for the treatmentof pseudomembranouscolitis, markingthe introductionof FMT into mainstream

medicine. Theprocessusuallyinvolvesselectingadonorwithoutafamilyhistoryof autoimmune,metabolic

andmalignantdiseasesand,screeningfor anypotentialpathogens. Thefecesarethenpreparedby mixing

withwaterornormalsaline,followedbyafiltrationstepto removeanyparticulatematter.

Themixturecanbeadministeredthroughanasogastrictube,nasojejunaltube,esophagogastroduodenoscopy,

colonoscopy,or retentionenema. Fecalmicrobiotatransplantisusedin thetreatmentof diseasescausingor

causedby dysbiosis, like inflammatoryboweldisease,obesityandClostridiumdifficileinfection(CDI),

especiallyrecurrentCDI (rCDI). Theconventionaltreatmentof CDI involvesthe useof the antibiotic

vancomycin, abroadspectrumantibioticthatkillsanumberofmicrobesleadingto dysbiosisandistherefore

notveryeffectivein treatingrCDI.

Alternately,fidaxomicinwhichhasa narrowspectrumandselectivelytargetsC. difficileis usedfor the

treatment. But,FMTis farmoreeffectivewith a curerateof 81% ascomparedto a low cureof 31% of

vancomycinandfidaxomicin.

FMTis alsoquiteeffectivein treatingobesityamongsthumans. It hasbeenfoundthatthereis a marked

differencein themicrobiotaofanobeseindividualandaleanindividual. A studyconductedbyTurnbaughand

colleaguesreportedthatcolonizationof a germfreemicewith the obesemicrobiotaleadto increased

adiposityascomparedto themicecolonizedwith leanmicrobiota. Moreover,whentheobese-transplanted

micewereco-housedwith the lean-transplantedmice,theobese-transplantedmicewereprotectedfrom

developingtheincreasedadiposityandbodymass. Thiswasfoundto occurthroughcoprophagy(feedingon

dung)andwasassociatedwith transferof the leanmicrobiota(andBacteroidetes, in particular)into the

obese-transplantedmouse.

FMThashardlyanyadverseaffects,asstatedin theexperimentsconductedin thepast. Theonlyfewadverse

effectsarediarrhoea, constipation,post-FMT whichlastednot morethan2 days. In the entiresetof

experimentsconducted(totalnumberofsubjectusedisnotgiven),therehasbeenonlyonecaseofdeathand
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2casesofnorovirusinfectionduringcolonoscopy. ThismakesFMTanefficientandsafetreatment. However,

it isnotwidelyrecognizedbymedicalpractitioners. IncertaincountrieslikeUSAandCanadathetreatment

canonlybeperformedwiththepatientsconsentandthedonorshouldeitherbeknownto thepractitioneror

therecipient. TheUSfoodanddrugadministrationalsorequiresthepractitionerto obtainaninvestigational

newdrugapplicationto administerFMT. FMTclearlyhighlightshowimportanteventhehumanexcretacan

be for thepurposeof treatingour ownproblems. Eventhoughcurrentlythe treatmentis not muchin

practice,butwith advancementof technology,onecancertainlyhopethatthiswouldcomeupasaviable

treatmentstrategy.

| TheCurseof the Pharaoh

Ashmit Mittal (II Year)

AncientEgyptis a landof mysteries. Archaeologicalsurveyshaveuncoveredremnantsof arguablythe

greatestancientcivilizations. AncientEgyptwasalandof beliefs,strangepractices,rituals,godsandspooky

curses. It wouldbesafeto say,therewasneveranothercivilizationwhichlivedsofocusedontheafterlife.

Egyptiansbelievedthatapersondepartingto theafterliferequiresall thebasicnecessitiesthatheneedsin

thelivingworld. Thesepossessionsaccordingto theirbeliefsarenecessaryfor himto surviveandreachthe

heavensto finallyreunitewiththegods,or sufferin hellfor eternity. Thiswasnosimpleprocess. Theburial

chamberofPharaohSetiI revealsintricatedetailsof thejourneyto theafterlife.

Pharaohswerethekingsof Egypt. Theybuilt hugemonumentsknownasPyramidsto housetheirmortal

remainsandpossessions. Theburialchamberswerestashedwith unimaginableamountsof goldandsemi-

preciousstoneswhichmadethesechambersveryattractiveto TombRaidersduringtherecessionera. Most

of thetombswerelootedthousandsof yearsago,beforearchaeologistseverfoundthem. It seemedlikethe

fearof cursesandgodswerenotenoughto reasonwith theurgefor survival. Mostof thetombsuncovered

to thisdayhadverylittle wealththanrecordedin ancientscriptures. However,thetombof a boyking,

PharaohTutankhamunis the only exception. Thetombwasunusualbecauseit wasleft untouchedfor

thousandsof yearsandperhapstheonlyonetombwithanancientsealintact. Thediscoveryof thistombby

HowardCarterunderthesponsorshipof theGeorgeEdwardStanhopeMolyneuxHerbert,the5th Earlof

CarnarvonsparkedarenewedinterestinEgyptology. However,thefateof theteam

involvedwasnotsogood. Manyof themmetmysteriousdeathsbeginningwithLordCarnarvon,whodiedof

amosquitobiteonthecheekandhisdogwhodiedat theexacttimethousandsof milesaway. It waslater

foundthatthePharaohhadasimilarlesionatexactlythesamespot. Remainsof DNAof malarialparasites

werefoundonthemummysuggestingmalarialparasiteinfections. Thesedeaths,furtherfuelledbyauthors

andmediacreatedôTheCurseof thePharaohõ.

ButthequestionisôWasthisacurseor afatefulaccidentõ?Accountsofsuchcursesarerareandtherewasno

suchcurseinscribedanywherein relationto Tutankhamun. Curseshavebeenfoundin thetombsof theold

kingdomera. SomesuchexamplesarethatofAnkhtifiandKhentikaIkhekhi.

Whatwasthiscursethatthehighpriestshadput to protecttheintegrityof thetomb?Wasit something

elementalor somethingsupernatural?

Toanalyzethematterlogicallywemusttakeintoconsiderationthepossibleconditionsinsideastoneroom

that hasbeendevoidof freshair for thousandsof years. One featurethat wouldattracteyesof any

microbiologistwouldbethelargeamountoforganicmatterpresentwithin. Thetombsdidnotonlyholdthe

mummifiedbodies,butalsootherfoodstuffslikemeat,fruitsandvegetables.All thesefoodstuffsare-
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reportedlyspoiledin themodernworldbybacteriaandfungi. Alsothestonebuildandthedarkinteriors

wouldhaveonlyprovidedadarkandmoistchamberin thefaceof adesert. A heavenfor microbialgrowth.

Right??

In1922, LordCarnarvon,BritishsponsorofarchaeologydiedaftervisitingthekingTutankhamunõstomb. It

waslaterfoundthatsometombscarrymoldsincludingtwodangerousspeciesAspergillusnigerandAspergillus

flavus. SometombsmayalsohavesomespeciesofPsuedomonasandStaphylococcus. Scientistsalsohavedetected

ammoniagases,formaldehyde,andhydrogensulfideinsidethesarcophagiindicatingmicrobialactivity. The

droppingsof the bat inhabitingthe tombsalsocontainedfungalspores,whichmighthavehelpedin

inoculation.

Thecurseof thepharaohmighthavebeenaninstrumentofkeepingawaytheraiders. Thecursemighthavea

verysimpleexplanation,butnomatterwhat,theideaof acursewill neverfailto attractpublicimagination

andwill thusalwaysliveonprotectingthekingineverlastingsleep.

| Human Skin Microbiome

PreethaGoswami(I Year)

Theskinis thelargestorganof thehumanbodyanddespitebeingpoorin nutrientsandbeingacidic,it is

hometo a varietyof microorganismslike bacteria,fungiandviruseswhichconstitutesthe humanskin

microbiota. Skinmicroorganismshaveadaptedto utilizethelimitingnutrientsavailableon theskin. In a

healthyadult,the skinmicrobiotaremainsstableover time, despiteenvironmentalperturbations. The

primarytaxonomicgroupsof skinmicrobialcommunityincludeActinobacteria, Firmicutes, Proteobacteria,

andBacteroides. Themicroorganismspresentontheskinserveasaphysicalbarrierto preventtheinvasionby

pathogens. Whentheskinbarriergetsbrokenor whenthebalancebetweencommensalsandpathogensis

disturbed,skindiseaseorevensystemicdiseasecanresult.

Humanskin sitescanbe categorizedassebaceous(oily), moistor dry basedon their physiological

characteristics. Differentareasof theskinarecolonizedbydifferenttypesofmicrobesdependingupontheir

adaptabilityto a certainregion. Sebaceousareas,suchastheback,face,areabehindtheears,tendto be

colonizedbythelipophilicbacteria,Propionibacterium. Themoistskinareastendto becolonizedbybacteria

suchas StaphylococcusandCorynebacterium, the organismswhichare knownto be presentin humid

environments. Althoughdryareasof theskinhavealowerbacterialload, thediversityofbacteriaharboredis

muchhigherthansebaceousandmoistsites.

Drier areascontaingreateramountsof ProteobacteriaandBacteroidetes, in comparisonto moistand

sebaceoussites. Certainspeciesofbacteriaareresponsiblefor bodyodour. It iscausedbybacteriawhichcan

breakdownsweatandislargelylinkedto theapocrineglands. Inourday-to-dayliveswetendto usecertain

cosmeticsonourskinin theformsof lotions,creamsorasmeanstoenhancebeauty. Thesecosmeticscontain

chemicalsthatinteractwith theskinmicrobiome. Manyof thesecosmeticscontainagentsthaterodethe

microfloraof theskin,andcancausediseasesin thelongrun. Theexposureof skinto twenty-firstcentury

cosmetics,soaps,antibiotics,steroidsandshowers,

doesappearto havealteredthenaturalmicrofloraof humansin themodernworld. Thisalterationin a

numberofcases,hasbeenacauseof increasedsusceptibilitytodiseasesandinfections.
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