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Abstract 

The severe diarrheal disease cholera is caused by the bacterium Vibrio 

cholera.Toxigenic Vibrio cholerae strains belonging to O1 and O139 serogroups are 

thecausativeagentsofepidemicandpandemiccholera.TheVibriobacteriuminteractswithnu

merous phages in the aquatic ecosystem and in the intestine of cholera 

patients.Generally, two peaks of cholera outbreak are observed to coincide within the 

drysummerandmonsoonrain.Choleraepidemicisamajorpublichealthconcern.Severalfa

ctors control the seasonal epidemics. Bacteriophages are one of the vital 

triggerswhich have been reported to collapse the outbreaks. Hence, the predatory 

nature 

ofbacteriophagehasahugeimpactonthepopulationfortheircorrespondinghosts.Thisstud

ywasdesignedtoisolateVibriocholeraspecificbacteriophagesfromenvironmentalsample

s.Theisolatedbacteriophageswerecategorizednotonlyaccordingtotheirphysiologicalchara

cteristics(HostRange,pHstability,temperaturestabilityandorganic solvent sensitivity) 

but also on a molecular level using techniques like RFLPandPCR. 
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Chapter 

1Introductio

n 

Bacteriophage, ialso ireferred ito ias iphage, iis ia ivirus ithat iinfects iand ireplicates 

iinside ia ibacterium. i―Phage‖ iterminology ihas iits iorigin ifrom iGreek iword 

i―phagein‖ imeaning i―to idevour‖. iPhages iare iconsidered ithe imost iabundant 

iand igenetically idiverse ibiological ientities ion iEarth, iwith iglobal ipopulation 

inumber iestimated ito ibe iaround i1030 ito i1032 i(Hemmingaetal., i2010). 

iRecently iit ihas ibeen iacknowledged ithat iphages iplay ia icrucial irole iin 

irecycling iorganic imatter iin ithe ibiosphere iand ihence iplay ian iessential irole 

iin imaintaining ibacterial idiversity ias iwell ias imaintaining ioverall ibalance. 

i(Chibani-Chennoufi iet ial., i2004; iGuttman iet ial., i2004). iThe istudy iof iphages 

iand imore iresearches ion iits ipredation imechanism ican ibe iproved ivaluable ifor 

ifighting iagainst imulti idrug iresistant ibacteria ithrough iphage itherapy iand iin 

ilieu iof itraditional iantibiotics i(Keen, i2012). iTill i2017, imore ithan i25000 iphage 

inucleotide isequences ihave ibeen isubmitted iin iInternatio inal iNucleotide iSequence 

iDatabase iConsortium i(INSDC) i(Adriaenssens iand iBrister, i2017). iMore iover 

iresearchers iassume ithat ithere iare iso imany iof imore ito icome. 

Vibrio icholerae iare ihalophilic, ihighly imotile, icurved, iGram-negative irods. iV. 

icholerae iis ithe icausative iagent ifor icholera, ia iprofound isecretory idiarrhea. 

iWhile iV. icholerae iis ia inaturally ioccurring imember iof iaquatic ienvironments, 

ionly ia ismall iportion iof ienvironmental iV. icholerae iis icapable iof icausing 

icholera. iThe istructure iof iits icell isurface ilipopolysaccharide iO iantigen iis 

iused ito iclassify iV. icholerae iinto imore ithan i200 iserogroups, iof iwhich ionly 

itwo, iO1 iand iO139, ipossess ithe ipotentialto icause iepidemic ior ipandemic 

icholera. iThe iO1 iserogroup iis ifurther idivided iinto itwo ibiotypes, iclassical 

iand iEl iTor, iwhich ievolved ifrom iindependent ilineages iand ithey idisplay 

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/gram-negative-bacterium
https://www.sciencedirect.com/topics/medicine-and-dentistry/cholera
https://www.sciencedirect.com/topics/medicine-and-dentistry/cholera
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igenotypic iand iphenotypic idifferences. i(Pang iB iet ial, i2007). iStrains iof 

iV.icholerae ithat icause icholera iharbor ia ifilamentous ibacteriophage i(CTXΦ) ithat 

iencodes 

cholera itoxin, ithe icholera itoxin iis iencoded iby ictxA iand ictxB. iMost icommonly iknown 

https://www.sciencedirect.com/topics/medicine-and-dentistry/bacteriophage
https://www.sciencedirect.com/topics/medicine-and-dentistry/cholera-toxin
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as icholeragen iand iabbreviated ito iCTX, iCT ior iCTx i. iIt iis ia icoordinately 

iregulated ivirulence ifactor, ithe itoxin ico-regulated ipilus i(TCP), iwhich iis 

iessential ifor icolonization. iPandemic istrains iof iV. icholerae iserogroup iO1 

ihave ievolved irapidly ithrough ihorizontal iacquisition iof iclusters iof ivirulence 

igenes iincluding iCTXΦ. iIn ipatients iwith icholera, iV. icholerae iis ished iin 

iprodigious iquantities iin ithe istool iand ivomit. iHence ithe iamount iof iV. 

icholera iis iabundant iin ithe iwater ibodies iand igeneral iaquatic ienvironment. 

iDisease-causing istrains iof iV. icholerae iemploy ia ivariety iof imechanisms i to 

isurvive i both iin iaquatic i reservoirs i and iin ithe ihuman i host. 

Prevalence iof icholera isince ihistory ihas ibeen idetected iin iSouth iAsia, 

iespecially ithe iGanges idelta iregion. i(Siddique, i2014). iPhage ityping ihas 

ibeen iused ito iidentify icholerae istrains iand ihas icontributed igreatly ito 

iunderstanding icholera iepidemiology. iRecently, ithere ihas ibeen ia inew iinterest 

iin icholera iphage istudy iusing ithe imodern imolecular itechniques. 

 
V. iIn ia istudy, iDr. iKimberley iSeed iand iher iteam itested iclinical isamples 

ifor iphage ipresence iby iplaque iassay. iThree ivirulent iphages iwere ithen 

iidentified iand idesignated ias iICP1, iICP2, iand iICP3. iThe icategories idiffered 

iin ithe itype iof iv. icholera ithey iinfected, itheir iwhole igenome icontent ias 

iwell. iICP1 iwas iclassified ispecific ifor iO1 iserogroup i V. icholerae; ihowever, 

ithe ihost iranges ifor iICP2 iand iICP3 iare ibroader iand iinclude isome inon-O1 

iserogroup iV. icholerae istrains. iThe istudy ireflected ion ithe ifact, iwhile ithe 

ipresence iof iICP1 iis imore inaturally ioccurring, ithe ipresence iof iICP2 iand 

iICP3 iare iobserved iin iseparate iintervals. iWith ithe iradicle iemergence iof iV. 

icholerae iit ihas ideveloped idifferent istrategies itoo iin iorder ito ifight iphage 

iinvasion iin itheir isystem. 

https://www.sciencedirect.com/topics/medicine-and-dentistry/virulence-factor
https://www.sciencedirect.com/topics/medicine-and-dentistry/pilus
https://www.sciencedirect.com/topics/medicine-and-dentistry/pandemic
https://www.sciencedirect.com/topics/medicine-and-dentistry/serotype
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By iunderstanding iand icharacterizing ithe imolecular imechanisms iof ithese 

ipredator- iprey irelationships, iwe ican ienvision ia ifast iand ispecific itool ito 

ireduce ithe iburden iof ibacterial iinfect iions ion iglobal ihealth. 

 

 
 

Specific iaims: 

 

1. To iisolate iStrong ilytic ibacteriophage iagainst iVibirio iCholerae ifrom ithe 

idifferent iwater isample. 

 

 
 

Objectives: 

 

The imain iaim iof ithis iproject iwas ito iisolate ibacteriophage iagainst iVibirio icholera 

and ito iidentify iits ivarious icharacteristic ito idetermine ithe itherapeutic 

ipotential ias ia itherapeutic iagent.
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Chapter i2 

iLiterature 

iReview 

 

2.1 Bacteriophage 

Bacteriophages ior i‗phages‘ ifor ishort iare inaturally ioccurring ibacterial iviruses 

iwhich iinfect ibacterial icells i(Abedon, i2012). iThey iare ihighly ihost ispecific 

iand iinclude ithe iability ito iproliferate iinside ibacterial icell i(Clark iand iMarch, 

i2006; iHagens iand iLoessner, i2007; iHanlon, i2007; iNishikawa iet ial., i2008; 

iViazis iet ial., i2011). iSince iits idiscovery, ibacteriophages ihave ibeen iused ito 

itreat ibacterial iinfection iin ihuman i(Sulakvelidze iand iKutter, i2004). iPhages 

iisolated iso ifar iwere isuccessfully iused iin ithe ifields iof idifferent iagricultural 

isetups ifor itreating iplant ibacterial idisease. iMoreover, iit ilaid ia ipromising 

ifoundation iin imaintaining ilivestock iand iaquaculture i(Sulakvelid ize iand 

iBarrow, i2004). iFurthermore, ithe iuse iof iphages iwas ialso iimplemented iin 

ithe identistry idepartment i to iclear i bacterial i contamination. 

Recently, iresearchers iare itrying ito iimplement iphage ias imolecular itool iin 

ivaccine idelivery, igene itherapy i(Clark iand iMarch, i2006) iand ias ia ispecific 

idiagnostic i marker ito idetect ibacterial ispecies iin ithe iclinical iand ienvironmental 

isamples i(Funatsu iet ial., i2002). iHowever, iout iof iall ithese iusages iof iphage, ithe 

iability ito ilyse ispecific ibacterial icell iespecially ithose ithat iare iantibiotic 

iresistant iand iprevent ior icure ibacterial iinfections imakes iphages ian 

iinteresting ialternative iantimicrobial iagent iwhere ichemically isynthesized 

iantibiotics imay ifail. iAdditionally, ibacteriophages iare iestimated ito ikill 

ibetween i20-40 i% iof ioceanic ibacteria ievery iday, iplay ia ikey irole iin 

inutrient iand ienergy icycle iof ian iecosystem iand iforms ithe ipool iof imost 

igenetically idiverse i‗life iform‘ ion iearth i(Suttle, i2005). 
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2.2 Early ihistory iof iBacteriophage 

According ito ihistory, iin i1896 ia idiscovery iwas imade iby iErnest iHanbury 

iHankin. iHe iidentified ithe iexistence iof ia imicroscopic iindividual iin ithe iGanges 

iand iYamuna irivers iin iIndia, iwhich ivery iclearly ihad ibeen imarked ito ihave 

ian iantibacterial iaction iagainst icholera. iAdditionally, ihaving ithe icharacteristic 

ito ipass ithrough ia ifine iporcelain ifilter i(Hankin, i1896). iLater ion, iBritish 

ibacteriologist iFrederick iTwort iconfirmed ia ismall iagent ithat iinfected i and 

ikilled i bacteria. i(Twort, i1915). 

Sadly, ienough, iTwort‘s iwork iwas iinterrupted ifor ithe iWorld iWar iand ilack iof 

ifunding. iHis iunfinished iwork iwas isomehow igained iits ipath iof idiscovery ito 

idetection iby iFrench-Canadian imicrobiologist iFélix id'Hérelle, iwho idiscovered 

ian iinvisible, iantagonistic imicrobe iof ithe idysentery ibacillus. iFor id‘Hére ie, 

ithere iwas ino iquestion ias ito ithe inature iof ihis idiscovery iwhich isaid i"In ia 

iflash iI ihad iunderstood: iwhat icaused imy iclear ispots iwas iin ifact ian iinvisible 

imicrobe i… ia ivirus iparasitic ion ibacteria‖ i(Félix id'Hére ies, i1917). id'Hérelle 

inamed ithe ivirus ia ibacteriophage ior ibacteria-eater i(Félix id'Hére ies, i1917). 

iKeeping iD‘ itheory ior iresearch ian iintroduction iand iimplementation iof inew 

istudies iand inew ilevels iof istudies iregarding iphage ihas ibeen idone iby iresearches 

iall iover ithe iglobe. 

An iintroduction iof iphage itherapy iwhich ican ibe ia iground ibreaking iresearch 

iin ithis icentury iare ion iits iway ifor iformulation iand iimplementation ion ithe 

ibasis iof iD'Hére ie‘s istudy. 

Furthermore, ifor ithe idiscovery iof ithe ireplication iof iviruses iand itheir igenetic 

istructure, iMax iDelbrück, iAlfred iHershey iand iSalvador iLuria iwere iawarded 

ithe iNobel iPrize iin iPhysiology ior iMedicine, iin i1969. 
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2.2.1 Bacteriophage iclassification 

Phages iare ienormously idiverse iand ivary ibased ion istructure, iphysicochemical 

iand ibiologica il iproperties. iIn i1933, iBurnet iobserved iheterogeneity iamong 

idifferent iphages iand iin i1943, iRuska iobserved ithree imorphological itypes iof 

ibacteriophage iwhich ievoked ithe inecessity iof iproper iclassification iof iphages. 

iHolmes iproposed ia iclassification isystem iof iphages ibased ion iplaque 

imorphology iand iparticle isize, ihost irange, iand iresistance i to iurea iand iheat 

iwhich iwas inot iaccepted iby iscientific icommunity. iLater ion, ithe iInternational 

iCommittee ion iTaxonomy iof iViruses i(ICTV) iclassified iphages ibased ion 

inucleic iacid iand igross imorphology iand igrouped ithem iinto isix igenera 

i(Ackermann, i2004). 

 
2.2.2 Bacteriophage iinfection 

 

Bacteriophage irequires ia ihost ifor ireplicating iand ienumeration. iWithout ia 

ihost ithe iphage icannotgrow ior imultiply. iThere iare ito imain itypes iof 

iinfection iof iphage. iThese iare ivery ibriefly i given ibelow, 

 
 

 Lytic iCycle 
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Fig-2.2.2 iLytic icycle iof iBacteriophage 
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 Lysogenic icycle 
 

 

 

Fig-2.2.2 iLysogenic icycle iof iBacteriophage 

 

 
The istudy iwas idesigned ito iisolate ilytic ibacteriophages ias ithey igave ia iclear 

ilytic i zone ion ithe iagar iplate iand iwere ieasier ito iisolate. iWhereas, ithe 

ilysogenic iphages iare ihard ito iidentify iand iharder ito iisolate. 

 
 

2.3 Cholera 

Cholera iis ian i infectious idisease icaused iby ia ibacterium icalled iVibrio 

icholerae. iThe ibacteria itypically ilive iin iaquatic ienvironments iwith iwarm iand isalty 

isetup isuch ias iestuaries iand iwaters ialong icoastal iareas. iPeople iare iaffected iwith 

icholera iafter icoming iin icontact iwith i V. icholerae iafter idrinking iliquids 
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iorieating ifoods icontaminated iwith ithe 
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bacteria, isuch ias iraw ior iundercooked ishellfish. iThe icausative iagent ifor 

icholera, iV. icholerae iis ia iGram-negative, icomma-shaped ibacterium. iThe 

ibacterium's inatural ihabitat iis ibrackish ior isaltwater iand iattach ithemselves 

ieasily ito ithe ichitin- icontaining ishells iof icrabs, ishrimps, iand iother ishellfish. 

iSome istrains iof iV. icholerae icause ithe idisease icholera, iwhich ican ibe iderived 

ifrom ithe iconsumption iof iundercooked ior iraw imarine ilife ispecies. iV. icholerae 

iis ia ifacultative ianaerobe iand ihas ia iflagellum iat ione icell ipole ias iwell ias ipili. iV. 

icholerae ican iundergo irespiratory iand ifermentative imetabolism. iWhen iingested, 

iV. icholerae ican icause idiarrhea iand ivomiting iin ia ihost iwithin iseveral ihours 

i to i2–3 idays iof iingestion. 

 

 
 

 

Fig-2.2.3 iVibrio iCholera 

https://en.wikipedia.org/wiki/Gram-negative
https://en.wikipedia.org/wiki/Bacterium
https://en.wikipedia.org/wiki/Brackish_water
https://en.wikipedia.org/wiki/Cholera
https://en.wikipedia.org/wiki/Facultative_anaerobe
https://en.wikipedia.org/wiki/Flagellum
https://en.wikipedia.org/wiki/Pilus
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V. icholerae iis ia iheterogeneous ispecies iwith i206 iserotypes iidentified ito idate 

ibased ion ithe iheat- istable isomatic iO iantigen. iAmong iall iof ithem, ionly itwo 

iserotypes, iO1and iO139, ihave ibeen icharacterized ias itoxigenic iand ihave 

icaused iepidemics iof icholerae i(Rivera iet ial.,2003). i V. icholerae inon iO1 ior 

iO139 iis iisolated iin iabundance ifrom iaquatic ienvironments iwhereas iV. icholerae 

iO1 iis iseldom irecovered ifrom ithe iecosystems iin ithe iinter-epidemic iperiods iof 

ithe idisease ior iit imay ibe ifound iin ithe inon-toxigenic iform, i―viable ibut inon-

culturable‖ iform ior iin ithe iform iof ibiofilms i(Leal iet ial., i2008). iV. icholerae 

iO1 iagain, iis idivided iinto itwo ibiotypes, iclassical iand iEl iTor, iwhich iare 

idistinguished iby ia ivariety i of iphenotypic imarkers i(Kaper iet ial., i1995). 

iHowever, ithree ivariants iof ithe iEl iTor ibiotype iwere irecently idescribed iin 

iBangladesh, iMozambique iand iother iregions iof iAsia iand iAfrica i(Taneja iet ial., 

i2009). iThe iability iof iV. icholerae ito icause idisease iis idependent ion imultiple 

ifactors ithat iallow ithe ipathogen ito icolonize ion ithe iepithelium iof ithe ismall 

iintestine iand iproduce ithe irespective ienterotoxins ithat idisrupts iion itransport. 

iAdditionally, ithe iexpression iof itwo ivirulence ifactors, ithe icholerae itoxin i(CT) iwhich 

iis ia ipotent ienterotoxin iand ia ipilus-colonization ifactor iknown ias ithe itoxin- 

icoregulated ipilus i(TCP) iare ialso iimportant ifor ipathogenicity i(Faruque iand 

iMekalanos, i2003). iBoth ivirulence ifactors iare iencoded iby igenes ithat iform 

ipart iof ilarger igenetic ielements inamely ithe ictxAB igene iwhich iencodes ifor 

iCT iand ithe iTCP-ACF ielement iencoding ifor iTCP, ialternatively ireferred ito ias 

ithe iVibrio ipathogenicity iisland i(Faruque iand iMekalanos, i2003). 

 
 

Huge i number i of i research i is i being i done i to i understand i the i trigger 

i that i starts i the iepidemic iof icholerae iduring ispecific iseasons 
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2.4 Early ihistory iof iCholera 

 

It iis ihard ito ipoint iout ithe iinitiation iof icholera ibut iearly itexts ifrom iIndia i(by 

iSushruta iSamhita iin ithe i5th icentury iB.C.) iand iGreece i(Hippocrates iin ithe 

i4th icentury iB.C. iand iAretaeus iof iCappadocia iin ithe i1st icentury iA.D.) 

idescribe iisolated icases iof icholera-like iillnesses. 

 

Among iall, ione iof ithe ifirst idetailed iaccounts iof ia icholera iepidemic 

ioriginated ifrom iGaspar iCorrea i(Portuguese ihistorian iand iauthor iof iLegendary 

iIndia) iwho idescribed ian ioutbreak iin ithe ispring iof i1543 iof ia idisease iin ithe 

iGanges iDelta, iwhich iis ilocated iin ithe isouth iAsia iarea iof iBangladesh iand iIndia. 

iThe ilocal ipeople icalled ithe idisease i―moryxy,‖ iand iit ireportedly ikilled ivictims 

iwithin i8 ihours iof ideveloping isymptoms. iAdditionally, ithe imortality irate iof ithe 

idisease iwas iso ihigh ithat ithe ilocals ifaced idifficulty i in iburying ithe ibodies. 

 

Since ithen, inumerous ireports iof icholera imanifestations ialong ithe iWest icoast 

iof iIndia iby iPortuguese, iDutch, iFrench iand iBritish iobservers ifollowed 

ithroughout ithe inext ifew icenturies. 

 

2.4.1 Cholera iPandemics 

 

Reportedly, i in i1817 ithe ifirst icholera iepidemic i emerged iout iof ithe iGanges 

iDelta iwith ian ioutbreak iin iJessore iand iIndia, istemming ifrom icontaminated 

irice. iThe idisease iquickly ispread ithroughout imost iof iIndia, imodern-day 

iMyanmar, iand imodern-day iSri iLanka iby itraveling ialong itrade iroutes 

iestablished iby iEuropeans. 

By ithe itime iof i1820, icholera iwas iwidely ispread iin ithe icountries iof 

iThailand, iIndonesia iand ithe iPhilippines. iThe ideath itoll iwas iincreased iby 

i100,000 ipeople ion ithe iisland iof iJava ialone ifrom icholera. 

The idisease imade iits iway ito iChina iand iJapan isurpassing iThailand iand iIndonesiaiby 
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infecting ipeople iwho iwere inear ithe icoastal iregions. iThe iwrath iof icholera 

ispread ifurther ithan iAsia iand imade iits iway ito iEngland iin i1821. iThe 

iBritish itroops itraveling ifrom iIndia ito iOman ibrought icholera ito ithe iPersian 

iGulf. iThe idisease ieventually imade iits iway ito iEuropean iterritory, ireaching 

imodern-day iTurkey, iSyria iand iSouthern iRussia. iSadly, ithe ipandemic idied 

iout i6 iyears iafter iit ibegan. iSeven icholera ipandemics ihave ioccurred iin ithe 

ipast i200 iyears, iwith ithe iseventh ipandemic ioriginating iin iIndonesia iin i1961. 

iMore irecently, ithe iYemen icholera ioutbreak iis ithe ilastly ireported icholera 

ipandemic. 

 

Fig- i2.4.1 i Cholera i endemic i regions 

 
 

2.5 Vibrio icholerae iand ivibriophages 

 

Recently, ia icorrelation iwas itheorized ito ihave ia iwith ithe iexistence iof 

ibacteriophages iavailable iin ithe ienvironment iand ithe icholerae iepidemics. 

iAfter ievery iseasonal iepidemic ithe icausative iagent ivibrio icholera iwould 

idisappear iand ithen iresurface iwith islight imutations. iThere iare imany iselection 

ipressures ifor iwhich ithese imutations ican ioccur iand iamong ithem ithe 

ioccurrence iof ibacteriophage iis iconsidered ia isalient ireason ifor ithe ievolution iof 

itheir ihost ibacteria iin ia ivariety iof iways. iThis i phage- ihost iinteraction igive iriseito 

https://www.history.com/topics/the-history-of-syria
https://en.wikipedia.org/wiki/Cholera
https://en.wikipedia.org/wiki/Pandemic
https://en.wikipedia.org/wiki/Indonesia
https://en.wikipedia.org/wiki/2016%E2%80%9319_Yemen_cholera_outbreak
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imany imechanisms ifor ithe ihost ito ifled ifrom iphage iinfectivity ior ivice iversa. 

iThese imechanisms iinvolve, iblocking iof iadsorption, iabortive iinfection isystem, 

irestriction 
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modification isystem, iand ithe iCRISPR-Cas i(clustered iregularly iinterspersed 

ishort ipalindromic irepeats-CRISPR-associated iproteins) isystem. iOvertime, 

imany ibacteriophages iwere iisolated ifrom iclinical isamples ias iwell ias 

ienvironmental isources iin iorder ito iunderstand ithe inature iof ithe ibacteriophage. 

Phage ityping ihas ibeen iused ito iidentify iV. icholerae istrains iand ihas 

icontributed igreatly ito iunderstanding i cholera iepidemiology. 

In ithe irecent istudies, ithe imodern imolecular itechniques iwere iused iin ia istudy 

iat ithe iinternational iCentre ifor iDiarrheal iDisease iResearch, iBangladesh 

i(ICDDRB), iFaruque iet ial. ihave iisolated iat ileast i36 idifferent icholera iphages, 

iknown ias ithe iJSF iseries idepending ion itheir iRFLP ianalysis. iAdditionally, ithree 

ikinds iof iphages iwere iisolated ifrom i31 iBangladeshi iclinical istool isamples 

ithat ispan ia i10-year iperiod ifrom i2001 ito i2010 iand ireferred ito ias iICP 

iPhages. iThe ivirulent iphages iwere idesignated ias iICP1, iICP2 iand iICP3. iThey 

iare idivided i as ifollows, 

 
Table-2.5 iICP idifferentiation iof iVibriophages 

 

 

 
ICP1 iis ispecific ifor iO1 iserogroup iV. icholerae; ihowever, ithe ihost iranges 

ifor iICP2 iand iICP3 iare ibroader iand iinclude isome inon-O1 iserogroup iV. 

icholerae istrains. iThe iprevalence iof iICP1 iis imore iin ithe ienvironmental 

isamples iwhereas ithe ipresence iof iICP2 iand iICP3 iare isomewhat i sporadic 

i(Seed iK, i2010). 
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2.6 Bacteriophage iapplication 

 

For ithe iantibacterial icapacity iof ibacteriophage, ithey ihave ibeen igiven 

ienough iimportance ito ibe iused ias ia itherapeutic iagent. iHowever, ifor ithe ipoor 

iunderstanding iof ithe ibiological imechanism iof iphage iactivity iand isubsequent 

idiscovery iand igeneral iapplication iof ibroad-spectrum iantibiotics iin ithe ilate 

i1930s iand i1940s, iinterest iin ithe itherapeutic iuse iof ibacteriophage ideclined iand 

ifor imany iyears iwas ionly iconsidered i as ia iresearch itool iin imolecular i biology 

i (Clark iand iMarch, i2006). 

Recently, ibacteriophages iare iagain ireconsidered ias ian iantimicrobial itool idue 

ito ithe icurrent iupward itrend iof ibacterial iresistance iand iavailability iof 

inecessary imolecular itechniques iand itools ito iprecisely iassess ithe isafety iand 

iefficacy iof iusing iphage, ithanks ito ithe iadvancement iof imodern ibiotechnology. 

iThey iare ialso ibeing ievaluated ias ia idelivery ivehicle ifor igene itherapy, ias ia 

ibiocontrol iagent, iuses iin ithe idevelopment iof iphage-derived ivaccine i and iin 

iphage idisplay i technique. 

 
Phage iTherapy 

 

Using ibacteriophages ias itherapeutic iagents iover iantibiotics ican ibe iadvantageous, 

ibut iit icomes iwith isome iconcerns ias iwell. iPhages ihave ibeen iused iin ithe 

itreatment iof iplant, ianimal iand ihuman ibeings iwith ivarying idegree iof isuccess. 

iPhages ihost ispecificity iacts ias ian iadvantage ias iit iis iless ilikely ito iinterfere iwith 

ithe inatural iflora iof ihost. iIt ihas ibeen ireported ithat iafter iadministration, iphages 

idissipate iswiftly ithrough ithe ibody iand ireach imost iorgan i(Dabrowska iet ial., 

i2005). iHowever, ihaving iprotein iand/or ilipid istructure, iphages ican ielicit ian 

iimmune iresponse iwhich ican iresult iin iquick iremoval iof iphages ifrom icirculation. 

iMore iresearch ican ibe idone ito iovercome ithe idifficulty. iRecently, iphage 

itherapy iis ibeing iapplied iin identistry iand ifood iindustry. 
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Phage iDisplay 

 

In iphage idisplay imethod, ia iDNA iencoding idesired ipeptide ior iprotein iis 

iligated iwith iphage icoat iprotein igene iwhich iultimately iis iexpressed ion ithe 

isurface iof ibacteriophage i(Clark iand iMarch, i2006). iThis itechnique ican ibe 

iused ito igenerate ia ilibrary iand iscreened ito iisolate iproteins ior ipeptide iwith 

iparticular iapplication. iIt ican ibe iused ito iisolate iprotein iwith ihigh iaffinity 

ithat ican iact ias ia idiagnostic itool iin idetection iof ipathogen ior iagents iposing 

ia ibiological ithreat i(Petrenko iand iVodyanoy, i2003). iPhage-display ilibrary ican 

ialso ihelp iin iidentifying ithe iprotein iwith ienhanced ienzymatic iactivity iby 

iscreening ia ilibrary iof iproteins iwith ia irandomly ialtered iactive isite 

i(Fernandez-Gacio iet ial., i2003). 

 

Phages ias ivaccine idelivery ivehicle 

 

Bacteriophages ihave ibeen iused ias itransport ifor ivaccine idelivery iin itwo 

iways: i1) ivaccinating iwith iphages iexpressing ivaccine iantigens ion itheir 

isurface iand i2) iby iincorporating ia iDNA ivaccine iexpression icassette iinto 

iphage igenome iand iusing ithe iphage iparticle ito ideliver ithat iDNA icassette 

i(Clark iand iMarch, i2004). iIn iphage- idisplay ivaccination imethod, ithe itarget 

iantigen ican ieither ibe igenerated iby itranscriptional ifusion ito icoat iprotein ior 

iby iartificially iconjugating iantigen iprotein ito ithe iphage isurface iwhich ienables 

ibroad irange iantigen idisplay iability i(Molenaar iet ial, i2002). iIt ihas ibeen 

idemonstrated ithat iunmodified iphages ideliver iDNA ivaccine imore iefficiently 

icompared ito istandard iDNA ivaccine iprocedure ias iphage icoat iprotein iprotects ithe 

iDNA ivaccine imore iefficiently iand ishows igreater iantibody iresponse i(Clark 

iand iMarch, i2006). 
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Phage iTyping 

 

The ispecificity iof iphages ifor ibacterial icells ienables ithem ito ibe iused ias ia 

idiagnostics itool ifor idetection iof ibacterial ispecies iand ityping iof ithe ibacterial 

icell. iFor ithis iprocess, iseveral imethods i can ibe iemployed isuch ias idelivery iof 

ireporter igene i(e.g. ilux ior igreen ifluorescent iprotein) iusing iphages ithat iwould ibe 

iexpressed iafter isuccessful iinfection iof itarget ibacteria i (Funatsu i et ial., i2002; 

iKodikaraet ial., i1991). 

 
Again, iit ican ibe iused ifor idetecting ispecific iabsorption iof iphage ithat ihad 

ifluorescent idye icovalently iattached ito iits isurface i(Goodridge iet ial., i1999; 

iHennes iet ial., i1995). iDetection iof ithe icellular icomponents ithat iare ireleased 

iafter ibacterial ilysis icaused iby iphages ispecific ito ithose ibacteria, isuch ias 

iadenylate ikinase iprovides ian ialternative iway ifor iidentifying ipathogenic ibacteria 

i(Corbitt i et ial., i2000). 
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Chapter i3 

iMethods iand 

imaterials 

 

3.1 Place iof istudy: 

The istudy iwas idone iin ithe iBiotechnology iand iMicrobiology ilaboratory iof ithe 

iDepartment iof iMathematics iand iNatural isciences, iBRAC iUniversity, iDhaka, 

iBangladesh. 

 

3.2 Standard ilaboratory ipractice: 

All ithe iglassware iwas iwashed ifirst itime iwith itap iwater ifollowed iby isecond itime 

iwash iwith idistilled iwater. iFor iexample: itest-tube, iconical iflask, ibeakers. iBefore 

iusing ithe iCulture imedia i(both iagar ibased iand ibroth), ipipette itips, icentrifuge itubes, 

iempty itest-tube ifor idouble- ilayer iager imethod iwere iautoclaved iat i121°C iat i15 ipsi 

ifor i15 iminutes. iAfter ithe iwork idone, iculture imedia istored iat i4°C iand iautoclaved 

iequipment‘s iare iin iaseptic icondition. iclean ilab icoat iwas iworn iwhile iexperiment iis 

iperforming. iHand igloves iwere ialso iused iand ithe iexperiments iwere idone iinside ia 

ivertical ilaminar iflow icabinet iwhich iwas icleaned iwith i70 i% iethanol ito iavoid 

icontamination. 

3.3 Preparation iof iculture imedia, ireagents iand isolution: 

 

3.3.1 Bacterial iCulture: 

 

The ibacterial icultures iwhich iwere iused iin ithis iproject icollected ifrom ithe istock iof 

ibiotechnology iand imicrobiology ilaboratory. iBacterial isamples iwere istreaked ion 

ifreshly imade iLA iplate iand iincubated ithem iovernight iat i37°C. iAfter ichecking 
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itheigrowth iof ithe ibacteria, ithe iplates iwere ikept iat i4°C ifor ifurther iuse. iBefore 

ievery iexperiment, ibacterial isamples iwere ifreshly isub icultured iand ithe icultures 

iwere iused ifor i24 ihours. iBy iregular isub- iCulturing iwe ican imaintain ithe iviability 

iand ipurity iof ithe iorganism. 
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3.3.2 Preparation iof iLB: 

 

The iLB iwas iprepared iby iweighing i20 igrams iof iLB ipowder iin i1000 iml iof idistilled 

iwater iand ithen imixed iwell iin ibeaker. iAfter ithat iwe iheated iit ifor ifew imin ion 

iBunsen iburner iand ilater iit iwas iautoclaved iat i121°c ifor i2 ihours. 

3.3.3 Preparation iof iLA: 

The iLB iwas iprepared iby iweighing i15 igrams iof iLA ipowder iin i1000 iml iof idistilled 

iwater iand ithen imixed iwell iin ia ibiker. iAfter ithat iwe iheated iit ifor ifew imin ion 

iBunsen iburner iand ilater iit iwas iautoclaved iat i121°c ifor i2 ihours. iFinally, iwe ipoured 

iit ion ipreviously iprepared iautoclaved iplate i(at i121°c ifor i15 imin). 

3.3.4 70% iethanol: 

To iprepare i70% iethanol, ideionized iwater iwas iadded ito ithe i737ml iof i90% iethanol 

ito imake ia ifinal ivolume iof i1000ml. 

3.4 Collection iof iwater isamples: 

 

Sewage iwater iis icollected ifrom ivarious ipoints iof ithe icity iby imaintaining icaution inot 

ito icome ito idirect icontact iwith ithe iwater ias ithey iwill imost idefinitely icontain ihuman 

ipathogens. 

3.4.1 Location: 

The iAreas ifrom iwhich ithe isamples iwere icollected iare iinside iDhaka icity iare; 

iHatirjheel, iRampura, iPolice iPlaza,Gulshan ilake, iKorail, iDhanmondi iLake, iBosila 

iand iBuriganga iriver. 

 
3.4.2 Processing iof iwater iin ithe ilaboratory i(including ienrichment): 

 

After icollection iof ithe iwater isamples, iworking ineed ito ibe istarted iwithin i3 ihours 

iotherwise ibacteriophage imay idie. ithen, ithe iwater iis ifirst ifiltered iusing iwatman ifilter 

ipaper 
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and ithen iagain ifilter iwith isyringe ifilter. 
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3.4.3 Cocktail ipreparation i(mixture iof iSalmonella ityphi iand iShigella idysenteriae): 

 
Luria ibroth i(LB) iwas iprepared iand ipour i3ml iin ia ivial ithen idifferent istrains iof ithe 

isame ibacterial ispecies iis iadded iin ithe ivial. i1 ior i2 ifreshly icultured icolonies iof ithe 

ibacterial ispecies iinoculated iin ithe iLB ibroth iand ikept ifor i2.5 ihours iin ithe ishaker 

iincubator ifor ilag iphase. 

 

3.5 Isolation iof iphage iplaques: 

 

After i2.5 ihours‘ iincubation ithen i1ml iof ithe isewage iwater isample iis iadded iwith 

ithe icocktail imixture iin ithe ivial iand iagain ikept ifor i4 ihours iin ithe ishaker 

iincubation. 

In ithe imeantime, iindividual iorganisms iare iinoculated iin ithe ibroth iand ikept i2 

ihours ifor ithe igrowth iof iorganisms. iAfter i4 ihours iof ishaker iincubation, icentrifuge 

ithem ifor i5 iminutes iat i13000 irpm iand ifiltered iusing isyringe ifiltration itechnique. 

Next, iwe idiluted ithe ifiltered icocktail iup ito i10-10. 

 
3.5.1 Preparation iof iplaque iassay: 

 

The iindividual ibacterial iculture i(0.5ml) iis imixed iwith i3ml iof isoft iagar iand ipoured 

iover ithe iLA iplate iand iquickly irotated ithe iplate ito ilet ithe isoft iagar ispread ievenly 

iover ithe iLA iand ikept ifor isometimes ito ilet iit idry. iNext, i10µm iof ithe idiluted 

isample iis iadded idropwise iincluding ithe idiluted icocktail iand ikept ifor iovernight 

iincubation. iThe idilution inumber i10-1, i10-3, i1-5, i10-6, i10-7 iand i10-8 iwas itaken 

irespectively. 

 

Storage iand iresuscitation iof iphages: iAfter i24-48h iincubation, iplaque iis 

icollected iusing isterile itips iand istored iby iadding i200 iml iof isaline iand i20µl 

iof ichloroform iand istored iat i4℃. 
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3.5.2 Phage istock ipreparation 

The inext iday iphage ilysate iis ienriched iin ithe isame iphage iisolation iprocess iand 

icentrifuged iat i13000 irpm ifor i15 iminutes. iThe iclear isupernatant iwas icollected iinto 

imultiple isterile ifalcon itubes iby ifiltering ithe isupernatant ithrough i0.22 iμm ilow iprotein 

ibinding iPES isyringe ifilter imembrane iand istored iat i4ºC. 

3.5.3 Phage ititer idetermination 

Titer imeans ithe iconcentration ior inumber iof ibacteriophage ithat ican ibe iassumed. iThe 

iprocess iis idone iby idouble ilayer imethod. iThe iphage istock iwas idiluted iup ito i10^-8 

iand iin isome icase iit iwas i10^-16 ifor iinitial iconcentration. iEach idilution iwas itaken 

iinto iEppendorf itubes iand idiluted iaccordingly. iA isterile ivial iwas ifill iup iwith i3ml 

iof imolten i0.4% iagar iwith i5ul iof idiluted iphage istock. iThe icontents iwere imixed 

icarefully iand ipour ion ito ifresh iLuria iBertani iagar iplate. iWhile ipouring ion ithe iplate 

ibubble icould inot ibe iformed ibecause iit icould imisinterpret ithe iresult. iThen iwaited 

ito isolidified ithe iagar ilayer iand iincubated ithem iat i37ºC. iAfter iovernight iincubation, 

ithe iplates iwere ichecked ifor iplaque iformation. iThe iplates iwhich ihave iplaques iwere 

iselected ifor ititer idetermination. 

 

 
The iformula ifor ititer idetermination iis igiven ibelow: 

 

 

Titre i(PFU/ml) i= 
𝑁𝑢𝑚𝑏𝑒𝑟 i𝑜𝑓 i𝑝𝑙𝑎𝑞𝑢𝑒 i (𝑃𝐹𝑈 i) 

dilution ix ivolume iof iphage iadded i to iplate i(ml) 



26|Page  

3.6 Bacteriophage iDNA iIsolation 

Single iplaque iwas istored iin iSM ibuffer. iThey iwere iused ifor iforming ititer 

istocks. iPhage ienrichment iand iDNA iisolation iwas idone iusing ithis isolution. 

For idouble ilayer iplaque iassay iwe ineed i300ul ihost ibacteria iand i1 iml iof 

ibacteriophage ion iLuria-Bertani iagar iplates iand iincubate iit iovernight iat i37℃. 

The iupper ilayer iof ithe isoft iagar icontaining ithe ibacteria iand ithe iphage. iPhage iis 

icollected iby isterilized ispreader. iLuria ibroth iwas iadded ito ienhance ithe iprocess. iThe 

iculture iwas icollected iin ia isterilized ifalcon itube. iThe isuspension iwas icentrifuged iat 

i10,000 irpm ifor i10 iminutes iat iroom itemperature. iThen ithe isupernatant iwas 

icollected iand ifiltered ithrough i0.22um isyringe ifilter. iDnase iwas iadded iat 

i1unit/100ul iratio iof ithe isupernatant. iTo icreate ia iworking isolution iof iDnase i10x 

ibuffer iwas iadded iin ithe isolution iat i1:10 iratio. iThen ithe isolution iwas iincubated iat 

i37℃ iovernight. iLater, iProteinase-K iwas iadded iat i5mg/ml iratio. iThe isolution iis 

ithen iincubated iat i37℃ iovernight. 

 
Next, iPhenol-Chloroform iand iIso-amyl iAlcohol iwas iadded iin ithe iratio i25:24:1 iand 

igently imixed ifor i15 iminutes iby iinverting itubes. iThen icentrifuged ithe isolution iat 

i14000rpm ifor i15 iminutes iand ithen ithe iupper iaqueous ilayer iwas icollected iin isterile 

ifalcon itubes. iPhenol- iChloroform iand iiso-amyl ialcohol iwas iadded iagain iin isame 

iratio iand ivolume iand icentrifuged iunder ithe isame iconditions. 

Then, idouble ivolume iof iabsolute iethanol i(cold iat i-200℃) iwas iadded ito ithe 

isupernatant iand iincubated iovernight iat i-200℃. 

Next, ithe isolution iwas ithen icentrifuged iat i14,000 irpm ifor i15 iminutes iat i40℃. iThe 

isupernatant iwas iremoved iand ithe ipellet iwas iwashed iwith i70% icold iethanol. 

iFinally, ithe ipellet iis idissolved iin iTris-EDTA ibuffer ifor istorage. 
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3.7 Bacteriophage iIdentification 

3.7.1 Plaque iassay: 

Plaque iassay iis ia istandard imethod iwhich iis iused ito idetermine ithe iconcentration iof 

ivirus. iIn iis iprocess isuspension iof iphage iis ispread iover ithe isusceptible ibacterial 

icells. iThen ithe iphage iattaches ito ithe ibacterial icell iand ireplicate iinside iit ialso ikilled 

iit iduring ilytic irelease. iA iclear izone ior iplaque iformed iwhere ithe ilysis iof ithe 

ibacteriophage ioccurred iwithin ithe ilawn iof ibacteria. iOn ithe iother ihand, iif ithe 

iphage iis inot ia ilytic ibacteria irather ilysogenic ithen iit iwill inot igive ia iclear iplaque 

ias irequired. 

3.7.2 Gel ielectrophoresis 

 

Gel ielectrophoresis iis ia iprocess iwhich iis iused ito iseparate iDNA ifragments ibased ion 

itheir icharge iand isize. iDNA iis inegatively icharged iso ithe ielectric iforce imigrates iit 

iacross ithe igel ito ipositive ielectrode. iThe ismaller imolecules igo ifaster ithan ithe ilarge 

imolecules. iAgarose iis ia ipowder ithat iis iinsoluble iin iroom itemperature iwater i(or 

ibuffer) iat iroom itemperature ibut ibecomes iliquid iin iboiling iwater. iWhen iit icools iit 

iends iup ilike ia igel. iHigher iconcentration iof iagarose icreates ifirm igel iso, ismall 

imolecules iof iDNA ican ipass ithrough iit iand ithe ilarger iDNA imolecules icannot ieasily 

ipass ithrough igel. 

 

 
3% iagarose igel ipreparation iprocess: 

 

1. Measuring iwith ianalytical ibalance i.4 i(1%) igrams iof iagarose ipowder. 

2. Add ithe iagarose ipowder iwith i40ml iTAE ibuffer iand iheated iin imicrowave ifor 

i1 iminute ito idissolve ithe ipowder iand ithe ibuffer ito igive ia iclear isolution. 

3. The iheated imolten iagar iwas iallowed ito icool. iThen iit iwould ibe imade iinto ia 

igel iwhich iwas iproduced iby ipouring iinto icasting itrays iand ia icomb iwas isetiin 
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ithat itray, iso ithat iwells ican ibe iproduced ito iload isamples. 
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For iStaining ithe ibands, iethidium ibromide iwas iadded ito ithe igel iwhen iit ihad icooled 

idown ibefore ipouring iit iinto ithe icasting itray. iIt iis iused ibecause iupon ibinding iof ithe 

imolecule ito ithe iDNA iand iillumination iwith ia iUV ilight isource, ithe iDNA ibanding 

ipattern ican ibe ivisualized. iThe imode iof ibinding iof iEtBr iis iintercalation ibetween 

ibase ipairs. iEthidium ibromide- iDNA icomplexes idisplay iincreased ifluorescence 

icompared ito ithe idye iin isolution. iThis imeans ithat iillumination iof ia istained igel iunder 

iUV ilight iallows ibands iof iDNA ito ibe ivisualized iagainst ia ibackground iof iunbound 

idye. iGel iresults ican ieither iphotographed iwith ian iinstant icamera ior ivisualized iby 

imeans iof icommercially iavailable iimage ianalysis itools. 

 
 

The iprocedure ifor icarrying iout ielectrophoresis iconsisted iof ithe ifollowing isteps, 

 

 The iagarose igel iand iTAE ibuffer iwas iprepared iprior ito iloading isamples ionto ithe 

igel. 

 

 5 iμL iof ieach isample i(isolated iDNA/PCR iproduct/Digested iProduct) iwere idiluted 

iwith i6x iloading idyes iand iloaded iin ithe iwells. 

 Electricity iwas iapplied ito ithe iapparatus iand ilet irun ifor i50 iminutes-1 

ihour, ias iper irequirement iat i70 ivolts. 

 Once ithe ielectrophoresis iwas iover, ithe igel iwas ivisualized iunder iUV ilight iand 

ithe iresults iare iinterrupted iaccordingly. 
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Chapter i4 

iResults 

 
4.1 Isolation iand ipurification iof ibacteriophage: 

4.1.1 Plaque iAssay: 

 

20 iwater isamples iwere icollected iand ienriched ifor iisolation iof iVibrio icholerae 

ispecific ibacteriophage. iThe i6 istrains iused ifor iscreening ivibrio iphages iwere iWT-

1774, iWT-006, iWT- i333, iWT-324, iWT-1667, iWT-1532. ivibrio icholerae ispecific 

ibacteriophage iwere iobtained iin ithe iprocess iof iisolation. 

Among iall iof ithe iisolated iresults i there i were i4 iof ithem ithat igave iclear ilytic i zone. 

iThe ianalysis iof ithe ienriched isample iwater ias icarried iout iby idouble ilayer iassay, 

iconcluded iby ithe iconformation iof ifinding iindividual iplaque iin idifferent idilutions. iThe 

iisolated iplaques ithat igave ithe iclearest iand iisolated iindividual ibacteriophage, ithese 

iwere iselectedfor icharacterization, iidentification iand ifurther istudy. iThe iprocess iof 

isampling icommenced ifromJanuary i2019- iAugust i 2019. 



31|Page  

Table-4.1.1 iBacteriophage iisolation ifrom ienvironmental isamples 

Date ifor iWater 

Collection 

Location Bacteriophages iisolated ifrom ithe 

specific istrains iof iVibrio icholerae 

28th iJanuary‘19 Gulshan iLake WT-1774 

05th ifebruary‘19 Bosila - 

10th 

iFebruary‘19 

Dhanmondi 

iLake 

WT-1774, iWT-1532 

16th ifebruary‘19 Turag - 

10th i march‘19 Gulshan iLake WT-1774 

12th i march‘19  

Bosila 

 

WT-1774, iWT-006, WT-324, iWT-1667 

13th i March‘19 Dhanmondi 

Lake 

- 

17th i March‘19 Turag iriver - 

2nd iApril‘19 Gulshan iLake WT-1774 

20th iMay‘19 Gulshan iLake - 

21st iMay‘19 Turag iRiver - 

17th iJune‘19 Bosila 

River 

- 

18th iJune‘19 Dhanmondi 

iLake 

- 

9th iJuly‘19 Gulshan iLake - 

10th iJuly‘19 Dhanmondi 

iLake 

- 

20th iJuly‘19 Turag iRiver - 

1st iAugust‘19 Bosila iRiver - 

2nd iAugust‘19 Gulshan iLake - 
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The iisolated iphages iwere inamed iwith ismaller iinitials iin iorder ithey iwere 

ieasier ito iidentify iorrefer ito iin ithe irest iof ithe iresults, iBacteriophage 

iisolated ifrom iWT324, iWT1667, iWT1774 iand iWT006 iwere inamed ias 

iP1_324,P2_1667, iP3_1774 iand iP4_006 irespectively. 
 

Fig-4.1.1 iPlaque iAssay ifrom iinitially icollected iwater isample 

 
 

4.1.2 Plaque iMorphology: 

The iisolated iphages ias iP1_324, iP2_1667 iand iP4_006 igave icircular 

iindividual iplaques iagainst ihost ibacteria iin ideterminant iprocess iof idouble 

ilayer iassay. iThe iplaques iwere iroughly i3mm iin idiameter. iWhereas, ithe 

iplaque iisolated ifrom iP4_1774 ihad itwo icircular ilayers iwith ian iinner, 

itranslucent ilayer iof i3 imillimeters iwidth iand ia icompletely iclear icenter iof i2 

imm iwidth. 
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4.1.3 Bacteriophage iTiter idetermination: 

After ithe iinitial ipurification, ithe iisolated iage iwas ienriched iand iphage ititer iwas 

idetermined iby iDLA imethod iand igave iup ito i106, i108, i1015 iand i103 ipfu/ml ifor 

iphages iP1_324, iP2_1667, iP3_1774 iand iP4_006 irespectively. 

 

4.2 Bacteriophage iDNA iIsolation iand iDetection: 

 

4.2.1 Gel iElectrophoresis: 

After iperforming ithe iprocess iof iDNA iisolation iin iorder ito ifurther icategorize ithe 

iisolated iphages, igel ielectrophoresis iwas idone ito iensure ithe ipresence iof iDNA. iBy 

iensuring ithe ipresence iof iDNA iwe iwere iable ito icarry iout ithe imolecular ibio 

itechniques ias iRFL iand iPCR ias ifor ito iget ithe ivalidity iand iproper ijustification ithat ithe 

iphage iisolated iwas ihence, ia iVibro iphage. iThe igel ielectrophoresisheld i the iresult, 

 

Fig-4.2.1 iGel iElectrophoresis ifor idetecting iisolated iDNA 
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Chapter i5 

iDiscussio

n 

 
The iaim iof ithe istudy iwas ito iisolate ibacteriophage ithat ihad iVibrio icholerae 

ias itheir ispecific ihost iand icharacterize ithem ispecifically iin iorder ito itreat 

ithem ias ian iideal iphage ifor ifurther i research. 

 

5.1 Bacteriophage iIsolation: 

Bacteriophage iisolation iwas ithe imost icrucial ipart iof ithe istudy ias ithe iaim 

iof ithe iexperiment iwas ito iisolate iphage ithat igave iclear ilytic izones. iOut iof 

ithe isix iphages iisolated, ionly ifive iof ithem igave iVibrio icholerae iinfective 

ibacteriophage iin iplaque iassay iwhile ianother ione iisolated iphage ifailed ito 

iproduce iany ilytic izone. iInitially iwhile iisolation, isomewhat ihazy ilytic izones 

iwere iobserved iin ithe inegative iisolated iphage, iwhich iwere ilater iextracted 

iand iused ifor ifurther ienrichment ibut ifollow iing ithe ienrichment iprocess idid 

inot isum ito iany iresults iand ithe ireason imight ibe ithe iisolation iof ilysogenic 

iphages. iAs ifor ithe icategorization iof ithe ireplication iof ithe iphages ithe 

iisolated inegative iphages imight ibe iof ilysogenic iphages iwhich ihardly igives iany 

iclear ilytic izones. iOn ianother ihand, ithe iroutine ienrichment iof iphage iis 

inecessary iin iorder ito ikeep ithe iphage icount ito ia iminimum. iBacteriophages 

ipredate ibacteria iand ithey ineed ia ihost iin iorder ito ikeep ithem iviable. iWith ia 

iroutine ienrichment ithe iphage igets isufficient inumber iof ihost ito ipredate iand 

ihence, iincrease itheir inumber. iTherefore, ianother ipossibility iof ithe inegative 

iphages imight ibe ithe ilack iof iproper ienrichment ihence ihindering ithe iproper 

ienumeration iof ithe iphages. iIn iother iwords, islowly iproliferating iphage, 
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ioneiwhich iyields ia ilow inumber iof iprogeny iphage, iwill imore ilikely ito 

iproduce ia ismaller iplaque icompared ito iquickly iproliferating iphage i(Irving iet 

ial., i1990). iAdditionally, i phages i as i a i virus i can i be i rendered i non-

infective i in i aquatic 
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environment ivia iseveral ifactors. iThe ivirucidal iorganism, imainly isome 

iheterotrophic ibacteria ithat ican idegrade iviruses iconsidering ithem ias ianother 

inutrient isource iand isome iprotist ithat ialso idestroy ilarge iviruses i(Weinbauer, 

i2004; iFujioka iet ial. i1980). iAgain, iheavy imetals ican ialso irender iphages 

inon- iinfective iby ibinding iwith ithem imostly iin ipolluted iwater i(Bitton, 

i1980). iHigh ienergy iphoton ican ialso idisrupt iphages i(Murray iand iJackson, 

i1993). iHowever, ithe imost iimportant ifactor ifor iviral idecay iin ian iaquatic 

ienvironment iis isunlight, ispecifically iultraviolet i(UV) ilight ithat idamages 

iViral igenomic imaterial ito ian iextent iwhich icannot ibe irepaired i(Kirchman 

i2012). iUV- iB iin ithe isunlight ihas ithe igreatest ieffect iat iabout i300 inm 

iwavelength i(Caldwell, i1971; iSetlow, i1974) iand iaccounting ifor i50-90 i% iof 

iinactivation irate iof ivirus icaused iby ifull i sunlight i(Suttle i & iChen, i1992). 

Furthermore, ithe isampling ifor iisolation iof ibacteriophage iwas icarried iout 

ifrom iJanuary i2019- iAugust i2019. iAmong ithis itime iframe, iwe iobserved ia 

itotal iof ithree iseasons- iSpring, iSummer iand iMonsoon. iFrom ithe idetailed itable 

iwe iobserved ithat ithe iideal itime ifor iisolation iof ibacteriophage iwas isomewhere 

ibetween iFebruary ito iMarch, iwhich iwas ithe ispring iseason iwhereas iafter ithe 

istaring iof ithe irainy iseason ino ibacteriophage iwas iisolated iat iall. iAlthough 

ithe iideal itiming ifor iisolation iof ibacteriophage iis isummer ibut iduring 

isummer iof ithe istudy, idispersed irainfall iwas iobserved. iThe iepidemic icaused 

iby icholera iis ioccurred iwith ia iseasonal ivariation iin ia iregular ipattern iwithin 

ithe igeographical ilocation isurrounding ithe iGanges idelta iregion iof iBangladesh 

iand ineighboring iIndia iThe iepidemic iis icaused iwithin ithe iregular iinterval 

iof itwo itime iperiods inamely, ijust iafter ithe imonsoon iduring iSeptember ito 

iDecember. iAgain ithere iis ia ismall ipeak iof icholera ipandemic iwithin ispring iwithin 

iMarch ito iMay. iThough iV. icholerae iis ihuman ipathogen iyet iit iconstitutes ian 

iessential ipart iwithin ithe inormal iflora iin iaquatic ienvironment iwhere iwateriis 
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ione iof ithe iprominent ivehicles iof icholerae itransmission. iAs ithe ibacteriophage 

ifollows ia isymbiotic irelationship iwith i its ivirulent ihost ihence iits ioccurrence 

iwithin ithe ienvironment iis isomehow irelated 
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to ithe iduration iof ithe iepidemics. iHence, ithe iobserved iphage iisolation icycle 

imight igive ius ia itheory iregarding ithe imysterious inature iof iseasonal 

iepidemic iof iendemic icholera. 

 
 

5.2 Host irange ispecificity: 

The iisolated iphages iportrayed isome ipromising iresults ifor ithe ihost ispecificity 

irange. iThe ihost ispecificity irange iof ibacteriophage ican ibe ihelpful ito 

iunderstand ithe ispectrum iof ithe ipredatory inature iof ithe ibacteriophage. 

iAccording ito ithe iresults iaccumulated, iwe iobserved ithe iphages iP1_324, 

iP3_1774 iand iP4_006 ishowed ia ivaried iarray iof ihost ithat iis inot ionly ilimited 

ito ione ispecies irather iit ihad ia ihost irange iof itwo ispecies, iwhich iincludes 

isome istrains iof iE.coli ialong iwith isome istrains iof iV.cholerae. iAdditionally, ito 

iunderstand iif ithe ihost ispecificity iof ithe iisolated iphages iwere ilimited iwithin 

ispecific istrains iof iV. icholerae, ithe iisolated iphages iwere ichecked iif ithey 

iform ilytic izones iin iother istrains iof iV. icholerae ior inot iand ithey idid. iSome 

iof ithe iisolated iphages idisplayed ia isimilar ipattern iof iforming ilytic izone iin 

iboth iE. icoli ispecies ialong iwith i the iV. icholerae. 

Hence, ifrom ithe istudy iit iwas iobserved ithat ithe iisolated ibacteriophages 

idisplayed ia ipotential ito ihave ia ibroad ihost irange iwhich inot ionly ivaries 

ifrom ispecies ibut ishow ipromising iresults ifor idifferent istrains itoo. 

iNevertheless, ithe iresult iseems ito iindicate ia ibroad ihost irange icontained 

iwhich iis inot ilimited ionly ito ione ispecies iand ithis icorrelates iwith ithe iidea 

ithat isome iphages ihave istrain ilevel ispecificity iwhile iothers ihave ibroader 

ihost irange iinfecting ionly imultiple istrains iof ia isingle ispecies ito iclosely 

irelated iseveral ispecies i(Donlan, i2009). iThese iphages icould ibe ipotential 

icandidates ifor idesigning iapproaches ilike iphage itherapy. 
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Limitations 

 

Tall ibacterial idefilement ihappened iwithin ithe idouble-layer iassay iplates iwas 

ithe iforemost ipredominant iissue iexperienced iin ithis iinvestigate. iIn ispite iof 

ithe ifact ithat ithe iaseptic icondition iwas ikept iup ias ilong ias iconceivable 

iamid idifferent itests, idistinctive ibacterial icolonies iwould iin isome icases 

ishow iup ion ithe imeasure iplate isurface, iregularly icovering ia ipotential iplaque 

icoming iabout iin ia iwrong iplaque icheck ithat imay iinfluence ithe iunwavering 

iquality iand iprecision iof ithe iresult. iThe isource iof ithese icontaminations iwas 

ifollowed iback ito ithe imicropipettes iutilized iwithin ithe iexplore ithat iwere inot 

iexternally icleaned iutilizing iethanol isome itime irecently ithe itry iwas ibegun 

iand iregularly isullied iwithin ithe iphage istock iarrangement. 

The irisk iof ibacterial idebasement iwas ilit iup iby icleaning ithe imicropipette 

iby iimplies iof iethanol iand iousting ibacterial icells ifrom ithe iphage istock iby 

icentrifugation, itaken iafter iby ifiltration iby iimplies iof ia i0.22 iμm isyringe 

ichannel. iIn idevelopment, ito iexpect ibacterial idebasement, ichloroform ican ibe 

iincluded ito ithe iphage istock icourse iof iaction i(Cotton iand iLockingen, i1963). 

iDifferent iplaques iwould iin ia ifew icases icover ieach iother iin ithe imidst iof 

ithe itwofold ilayer itest iand ioutline ia icluster ithat iwould imake iit 

iuncommonly itroublesome ito irecognize iindividual iplaques. iSince ithe itypical 

iplaque idegree iwas idecently igigantic, imore ivital idebilitating iwould idecrease 

ithe ifull inumber iof iplaques ithat iwould ireduce ithe icredibility iof iplaque icover. 
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Future iPerspectives 

 
The iacquired iresults iwere ijust ispecific ifor iVibrio icholerae i01 iand isame iexperiments ican 

ibe iused ifor ifind iVibrio iCholerae iNon i01 iphages iand iapply ithe isame itechniques ito 

imake ia ireference iframe ifor iit. iThe iisolated iphages ican ibe iused ito iobserve ithey ican ibe 

iused ito ifor ibiofilm idegradation. 

The istudy iof ithe iisolated iphages ican ibe iused ito idraw iup ia iphylogenetic itree iin iorder ito 

iunderstand ithe iorigin iof ithe iphage. iThe iisolated iphages ican igive ia ipromising iedge ifor 

iphage itherapy iresearch igiven ithe imulti idrug iresistant ibacteria iis ion ia ihigh iemergence. 
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