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ACRONYMS

µg� � :���microgram�[one�billionth�(1×10-9)�of�a�kilogram���

µl� � :��microliter�[one�millionth�(1×10-�)�of�a�liter���

���� � :���nti-�acterial��e�i�tance��� � � �

���� � :���ntimicrobial��e�i�tance��

����� � :���ntibiotic��en�itivit���e�t��

����� � :���merican����e���lt�re��ollection��

�����c�� :��Bagg�ALBin��g�n�����������

���� � :���acterio�hage���herence�to���c����

������ � :���acterio�hage��n��ce����tant����

������ � :���a�ic��ocal��lignment��earch��ool�

������� :���a�ic��ocal��lignment��earch��ool�����cleoti�e�

b�� � :��ba�e��air��

����� � :���entral��e�artment�of��iotechnolog��

���� � :���enter��for��i�ea�e��ontrol�an���revention�

���� � :���o�ing������e��ence�

��� � :�����ti���ibro�i��

���� � :���olon���orming��nit�

���� � :���entral��ervo������tem��

���� � :���a���lar��ol��acchari�e��

���� � :����arba�enem��e�i�tant��nterobacteriaceae��

�������� :���l��tere���eg�larl���nter��ace���hort��alin�romic�e�eat��

����� � :���arba�enem��e�i�tant�kleb�iella��ne�moniae�

����� � :���et�l�trimeth�lammoni�m�bromi�e�

���� � :���o�ble��a�er��gar��

����� � :���o�ble��a�er��gar����a���

���� � :���eo��ribon�cleic�aci���



�

v�
�

DNA�HT�library:��Deoxyribonucleic�Acid�High-Through�u��library��

d�DNA�� :��double���randed�Deoxyribonucleic�Acid�

�A��� � :���uro�ean�An�i�icrobial��e�i��ance��urveillance�������������������������������������������������������

��D�� � :���uro�ean��en�re��or�Di�ea�e��reven�ion�and��on�rol����������������

����A� � :���n�y�e�lin�ed�i��uno�orben��a��ay�

���� � :�����iciency�o���la�ing��

���� � :���xo��oly�accharide��

����� � :���x�ended���ec�ru���e�a��ac�a�a�e�� � �

�DA� � :���ood�and�Drug�Ad�ini��ra�ion��

��� � :���iga��y�e��

���con�en�� :���uanine����y�o�ine�con�en��

gDNA� � :��geno�ic�Deoxyribonucleic�Acid�

���� � :���lobal��o�i�ioning��ervice�

��A�� � :���enerally��ecogni�ed�A���a�e��

H�A�� � :��Heal�h��are�A��ocia�ed��n�ec�ion�

i��� � :��in�ra�eri�oneal�

��T�� � :���n�erna�ional��o��i��ee�on�Taxono�y�o���iru�e���

���� � :����i�ena��

���� � :���n��i�u�e�o���edicine�

�N�� � :���a�aharlal�Nehru��niver�i�y��

�b�� � :���ilo�ba�e��air��

�Da��������������������:���iloDal�on�

���� � :���arba�ene�a�e���roducing��leb�iella��neu�oniae��

��� � :���uria��er�ani�

�og� � :��logari�h��

���� � :���i�o�oly�accharide��

���� � :���e�allo��e�a��ac�a�a�e�

���� � :���a�or��oa���ro�ein�
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MDR� � :��Multidrug�Resistance��

MEGA� � :��Molecular�Evolutrionary�Genetic�Analaysis�

MHA� � :��Muller�Hington�Agar�

MHR� � :��Multiple�Host�Range�

ml� � :��milliliter��

M��� � :��Multiplicity�o���n�ection��

mR�A� � :��messenger�R�A�

MR�A� � :��Met�icillin�Resistant��tap�ylococcus�aureus�

M��� � :��Mycobac���������b��c�o����

M��� � :��Ma�or��ail��rotein�

M�� � :��Molecular��eig�t�

�A� � :���utrient�Agar��

����� � :���ational��enter��or��iotec�nology��n�ormation�

�DM� � :���e��Del�i�metallo��eta�lactamase�

�G�� � :���e�t�Generation��e�uencing�

��H� � :���ational��nstitute�o��Healt���

nm� � :��nanometer��one��illiont�����������o��a�meter��

��H�� � :���ational��u�lic�Healt���a�oratory�

�D� � :���ptical�Density�

�R�� � :���pen�Reading��rame�

��A� � :����acillinase��

���� � :���enicillin��inding��rotein�

����� � :����osp�ate��u��er��aline�������������

��R� � :���olymerase���ain�Reaction�

�DR� � :���an�Drug�Resistant�

�EG� � :���olyet�ylene�glycol�

��u� � :��pla�ue��orming�unit��

�HA��ER� :����age��earc���ool�En�anced�Release�
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PT� � :��Phage�Therapy�

RBP� � :��Receptor�Binding�Protein�

RNA� � :��Ribonuc�eic�acid��

rRNA� � :��ribo�o�a��Ribonuc�eic�Acid�

����PA��� :���odiu��dodecy���u��ate�po�yacry�a�ide�ge�e�ectrophore�i��

���bu��er� :���odiu���agne�iu��bu��er�

����NA�� :���ing�e��tranded��eo�yribonuc�eic�Acid�

TA�� � :��Tri��Acetate���TA�bu��er���

T�� � :��Tri���h�oride���TA�bu��er��

T��� � :��Tran��i��ion���ectron��icro�copy��

tRNA� � :��tran��er�Ribonuc�eic�Acid�

T�A� � :��Tryptic��oya�Agar�

T�B� � :��Tryptic��oya�Broth�

T�� � :��Tribhuvan��niver�ity�

��� � :����tra��i�tration��

�P��A� :���n�eighted�Pair��roup��ethod��ith�Airth�etic��ean�

��A� � :���nited��tate��o��A�erica��

�T�� � :���rinary�Tract��n�ection���

��� � :���travio�et��

�AP� � :���enti�ator�A��ociated�Pneu�onia��������������������

�R�� � :���anco�ycin�Re�i�tant��nterococci��

�R�A� � :��anco�ycin�Re�i�tant��taphy�ococcu��aureu��

���� � :��ho�e��eno�e��e�uencing�

���� � :���or�d��ea�th��rgani�ation�

��R� � :���ten�ive�y��rug�Re�i�tant��

���� � :���one�o���nhibition�

��� � :��icro�eter�
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A�STRACT

“Characterization,� Whole� Genome� �nal��i�� an�� ���lication� o�� �acterio�ha�e�� to�
Control� �io�ilm� �ro��ce�� ��� Car�a�enem� �e�i�tant� �acteria� �rioritize�� ��Worl��
�ealth��r�anization� �W�����Carbapenem�resistant�enterobacteriaceae�are�among� the�
most�prioriti�ed�critical�pathogens�according�to����.�Their�emergence�and�spread�have�
no�� become� a�ma�or� public� health� concern� creating� serious� problem� in� treatment� of�
infectious� diseases.� Carbapenem�resistant� enterobacteriaceae� includes� ��e�s�e��a�

�neumon�ae� producing� KPC�� type� carbapenemase�� �s��er����a� �o��� and� Pseudomonas�
aeru��nosa� producing� ����.� The� use� of� bacteriophages� for� killing� bacteria� has� dra�n�
recent� attention�� �hich� has� potential� as� alternative� to� antibiotics.� The� phages� are�
referred� as� bio�control� agent� as� they� can� kill� multi�drug� resistant� strains� in� the�
environment.��n�this�study���e�aimed�to�isolate�bacteriophage�against�carbapenemase��
producing� ��e�s�e��a� �neumon�ae� and� Pseudomonas� aeru��nosa� and� characteri�e� for�
potential�phage�therapy�as�an�alternative�to�antibiotics.�ight�different�strains�from�host�
bacteria������neumon�ae�and�P��aeru��nosa���ere�collected�and��olecular�identification�
of� bacterial� isolates� �as� confirmed� by� amplification� of� the� �6srR�A�� blaKPC�� bla����
genes.�ytic� phages��ere� isolated� against� those� host� strains� through� double�layer� agar�
assay� method.� Phages� �ere� purified� by� successively� sub�culturing� single� pla�ue� ��
standard� spot� assay.� Among� the� isolated� bacteriophages� one� potent� phage� �as�
characteri�ed� morphologically� and� physiochemically� .�ife� cycle�� biological� features��
multiple� host� range�� sensitivity� of� phage� to� temperature� and� p�� �as� determined.�
Transmission� electron� microscopy� �as� done� for� morphological� identification.�
�e�uencing�of�most�potent�lytic�phages��as�done�by�illumina�platform.The�phages��ere�
used�to�control�the�biofilm�formation�using�microtiter�dish�method.��ost�bacteria��ere�
confirmed�as���e�s�e��a��neumon�ae� from��6�rR�A�se�uencing�and�gene�se�uence��as�
submitted� to��C��.T�enty�one� lytic�phages�against� carbapenem� resistant�bacteria� and�
the�Bull’s�eyes�plaques�are�f�u�������le�s�ella�pha�e�a�������lear�lyt���plaques� in�case�of�
Pseudomonas� phage.Almost� all� phages� sho�ed� �ide� type� of� host� range� except�
PhageT��Kleb27��hich��as�found�to�be�of�host�specific.�Klebsiella�phage��ere�found�to�
interspecies� and� Pseudomonas� phages� �ere� limited� �ith� its� species� only.Klebsiella�

phage�cocktail� sho�ed� interspecies�host� range� �in����ne�o�a��er��aumann���.Among�all�
the� phages�� only� t�o� most� potent� phages� �as� characteri�ed� morphologically� and�
physiochemically�B�th�the�pha�es�sh��e��sta��l�ty�upt��������pt��al�te�perature��e����
����� a��� sta�le� ��� ���e� ra��e� �f� p��pt��al� �eing� at� p�� 7.T��� image� revealed� that�
PhageT��Kleb27��as� found� to�be�of�podoviridae��ith� short� tail� and�PhageT��P53��as�

found�to�be�of�siphoviridae��ith�long�tail.The�burst�si�e�of�PhageT��Kleb27��as�found�to�
be�20�phages�per�bacterium��ith�latent�period�20�minutes�and��60pfu�ml��as�found�to�
be� incase� of� PhageT��Kleb27� �ith� latent� period� of� 20� minutes.� �hole� genome�
se�uencing�revealed�that�there�is�no�nay�virulence�gene.The�phages�sho�ed�significant�
reduction� in� biofilm� formation� after� phage� treatment.�ur� result� sho�ed� that� phages�
sho�ed� effective� lytic� capability�� multiple� host� range� and� stability� in� �ide� range� of�
temperature� and�p���ith� no� any� toxic� gene� in� its� genome� and� ability� to� clear� biofilm�
�hich�can�possibly�be�used�in�therapeutics�and�as�professed�in�scientific��orld.�

�e��or��� �acteriophage�� T���� �iofilms� and� Phage� Therapy�� Carbapenem� resistant.
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C�A�TER�ONE

�NTROD�CT�ON

���� ����������

Antimicrobial� resistance� is� currently� a� global� threat� spreading� all� over� the� world.� As,�

latest� report� of� WHO� confirms� that� due� to� the� widespread� antibiotic� resistance,� the�

world� is� running� out� of� antibiotics� leading� us� to� the� post� antibiotic� era� �WHO�

,2����.Antimicrobial� resistance� also� �nown� as� drug� resistance� is� the� capability� of�

microorganisms�such�as�bacteria,�fungi,�virus�and�even�parasites�to�grow�and�multiply�in�

spite� of� the� e�posure� to� various� antimicrobial� agents� that� are� used� to� treat� them�

effectively.��ventually,�leading�to�persistent�infections�which�may�spread�to�others.�As�a�

matter�of� fact,�antimicrobial� resistance�could�lead�to�a� time� in�which�antibiotics�would�

no�longer�wor�.Also,�common�infections�and�minor�in�uries�that�are�easy�to�treat�at�the�

current� stage� could� again� become� fatal.� �owadays,� Antimicrobial� resistance� is� rising�

dangerously�at�high� level.��he�efficiency�of�antibiotics�against�pathogens�has�gradually�

decreased.� �ow,� the� simple� infections� have� become� hard� to� treat� with� available�

antibiotics.� �he� emergence� of� antibiotic�resistant� pathogenic� bacteria� is� an� increasing�

health�ha�ard.��he��uropean��entre�for��isease��revention�and��ontrol��������and�the�

�enters� for��isease��ontrol� and��revention� �����,� create� a� standardi�ed� international�

terminology�which�describes�different�pattern�of� ac�uired� resistance,� and�bacteria� are�

classified�as��ultidrug�resistant������,���tensively��rug���esistant�������and��andrug�

�esistant� �����.���� is� defined� as� ac�uired�non�susceptibility� to� at� least� one� agent� in�

three�or�more�antimicrobial�categories������ is�defined�as�non�susceptibility� to�at� least�

one� agent� in� all� but� two� or� fewer� antimicrobial� categories.� �nitially,� ����was� used� to�

describe� e�tensively� drug�resistant�My������������ ������������� ����� ����.� �imilarly,�

PDR:� ‘pan’�means� ‘all’;�pan�rug�resis�an��means�resis�an�����all�appr��e����mmer�iall��

a�aila�le�an�imi�r��ials� ��agi�ra��s�e��al��������������� ��e� �erm� ‘super�ugs’�are�use��

for� the� microbes� with� enhanced� morbidity� and� mortality� due� to� multiple� mutations�

endowing�high�levels�of�resistance�to�the�antibiotic�classes�recommended�for�treatment�

��avies,�2�����.��urrently,�the�most�notorious�superbug�is�the��ram�positive�organisms,�

�ethicillin�resistant� �����y��������� ������.�imilarly,� carbapenem�resistant�

�nterobacteriaceae� �����,� �����producing� �nterobacteriaceae� ������,� �ancomycin�

resistnat� �nterococcus� �����,� �ultidrug�resistant� P����������� ����������� and�

�ultidrug�resistant�A�������������are�referred�as�‘super�ugs�’�

�acterial� resistance� to�antibiotics� is�both�natural� and� inevitable� ��entola,�2����.� �here�

are�various� intrinsic� factors� inside�the�microbes�considered�as�biological� factor� such�as�

mutation,� hori�ontal� gene� transfer,� phenotypic� changes� etc� �Haw�ey,� ������ and�main�

mechanisms�confers�by�carbapenem�resistant�bacteria�are�efflu��pump��eta�lactamases,�

e��u��s�s�ems����anges�in��u�er�mem�rane�pr��eins��permea�ili����arriers��an����anges�
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in�penicillin-binding�proteins�(Codjoe�&�Donkor,�2017;�Tenover,�2006).�D�ring��icrobi�l�

reprod�ction���t�tions�c�n�occ�r.��n�t�e�co�rse�o��ti�e�t�is�c�n�le�d�to�t�e�ind�ction�o��

genes� t��t� ��ke� t�e� org�nis�� resist�nt� to� �nti�icrobi�l� �gent� �nder� e�pos�re.�

�oreover,� genes��it��dr�g� resist�nt����lit�� c�n�be� tr�ns�erred�bet�een� t�e��icrobes�

t��t�le�d�to�t�e���rt�er�incre�se�in�resist�nce�to�v�rio�s�ot�er��icroorg�nis�s.��ike�ise,�

�icroorg�nis�s� c�n� �lso� �lter� t�eir� co�ponents� to� beco�e� resist�nt� to� pre�erred�

�nti�icrobi�l� �gents.� ��t�tions� in� riboso��l� protein� genes� le�ding� to� �ntibiotics�

resist�nce� ��ve� �� n��ber� o�� e�tr�riboso��l� e��ects� (�istr�nsl�tion,� te�per�t�re�

sensitivit�,� p��ge� prop�g�tion,� etc)� t��t� in�l�ence� cell� ��nction.� Di��erent� selective�

press�res� ���� le�d� to� ��t�tions� t��t� coincident�ll�� con�er� �� level� o�� �ntibiotic�

resist�nce�(D�vies,�2010).��n��ntibiotic�resist�nce�p�enot�pe�does�not�necess�ril��occ�r�

solel�� in� response� to� �ntibiotic� selection.� T�e� �is�se� �nd� over�se� o�� bro�d� spectr���

�ntibiotics� �lso� �cceler�tes� t�e� resist�nce� o�� �nti�icrobi�ls� �gents� (��ir� &� Tor,� 201�).�

T�e� �ost� co��on� e���ple� o�� �nti�icrobi�l� resist�nce� is� �et�icillin� resist�nt�

S��������������������,� it� is���potenti�ll�� ��t�l�b�cteri�l� in�ection�prev�lent� in��ospit�ls�

�nd�C�rb�pene�-resist�nt�enterob�cteri�ce�e�(C��)�.T�e�resist�nce�developed�in�s�c����

��nner�t��t�even�c�rb�pene��gro�p�(bet��l�ct���se)�gro�p�c�nnot�in�ibit�t�e�b�cteri�l�

in�ections,� c�rb�pene�-resist�nt� �lebsiell�� pne��oni�� (C���)� r�tes� ��ve� � been�

dr���tic�ll�� incre�sing� �orld�ide� over� t�e� p�st� 10� �e�rs.� �rod�ction� o�� v�rio�s�

c�rb�pene��ses� is� �� ke�� �ec��nis�� �edi�ting� t�e� e�ergence� o�� C��� eg�� �����������

�����������c�rb�pene��se�(��C),�encoded�b��bl����C�gene,�bl���D�,�bl�����,�bl�����

�nd� bl����-��(�etik�l� &� �ir�tisin,� 201�).� �t� ��s� �dded� serio�s� c��llenge� to� c�rrent�

�ntibiotic� crisis� er�,� ��ile� t�e� resist�nce� to� colistin� (l�st� resort� tre�t�ent� �or� li�e-

t�re�tening� in�ections� c��sed� b�� �nterob�cteri�ce�e)� ��s� recentl�� been� detected� in�

sever�l�co�ntries��nd�regions,���king�in�ection��ntre�t�ble�(�r�n�t��&��etrosillo,�2017).�

�n��ebr��r��2017,�����p�blis�es�t�e�list�o���ntibiotic-resistant�‘�ri�rit���at���ens����r�

rese�rc�� �nd� develop�ent� o�� ne�� �ntibiotics,� in� ��ic�� C�rb�pene�-resist�nt�

enterob�cteri�ce�e�(C��)��re�c�tegori�ed��s��ost�critic�l�gro�p�(list��t��ppendi�).�T�ese�

b�cteri����ve�ind�ced��bilities�to��ind���ne������to�resist�tre�t�ent��nd�c�n�p�ss��long�

genetic���teri�l�t��t��llo�s�ot�er�b�cteri��to�beco�e�dr�g-resist�nt��s��ell.��ccording�

to����,�dr�g-resist�nt�b�cteri���re�esti��ted�to�c��se�700,000�de�t�s�e�c���e�r.����no�

�ction�is�t�ken,�t�e���re�e�pected�to�kill�10��illion�people��nn��ll��b��20�0��D����nei����

201�).� �ntibiotic� resist�nt� in�ections� �re� �lre�d���idespre�d� �cross� t�e� globe� �nd� t�e�

r�te� o�� �orbidit�� �nd� �ort�lit�� d�e� to� �ntibiotic� resist�nt� b�cteri�� in�ections� is�

incre�sing� in� bot�� developed� �nd�developing� co�ntr�.� ��c�� �e�r� in� t�e��.�.� �t� le�st� 2�

�illion�people� get� �n��ntibiotic-resist�nt� in�ection��nd��t� le�st� 23,000�people�die.� T�e�

conse��ence� o�� �ntibiotic� resist�nt� is� ��c�� �ore� �orsening� in� c�se� o�� developing�

co�ntries.� T�e� gross� �b�se�o�� �nti�icrobi�ls� ��cilit�tes� t�e� e�ergence�o�� resist�nce� in�

developing� co�ntries,� b�� t�eir� �v�il�bilit�� over� t�e� co�nter,� �it�o�t� prescription� �nd�

t�ro�g�� �nreg�l�ted� s�ppl�� c��ins.� �t� is� �ell� kno�n� t��t� �n�� �se� o�� �nti�icrobi�ls�

�o�ever� �ppropri�te� �nd� j�sti�ied,� contrib�tes� to� t�e� develop�ent� o�� resist�nce,� b�t�

�idespre�d� �nnecess�r�� �nd� e�cessive� �se� ��kes� t�e� sit��tion� �orse.� �� s�ste�ic�
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review� on� antibiotic� resistance� in� developing� countries� showed� that� mortality� was�

associated�with�resistant�bacteria,�statistical�significance�was�evident�with�an�odds�ratio�

(OR)�2.828�(95%���,�2.2����.584,�p��.���).�imilarly,��������pathogens�were�associated�

with� the� highest� ris�� of�mortality� and�with� high� statistical� significance� (OR��.2��,� 95%�

��s�� 2.�95�4.�2��p��.���)� in� developing� countries(�ounou� et� al.,� 2���).� �mong� all� the�

developing� countries,� �epal� is� not� the� e�ception� in� the� global� issue� of� antibiotic�

resistance.� �he� study� done� in� tertiary� care� university� hospital� in� �athmandu,� �epal,�

�early,�9�%�of�the��ram�negative�bacterial�isolates�causing�nosocomial�infections�were�

found�multidrug�resistant�(�ara�uli�et�al.,�2���).� �n�developing�countries,�another�cause�

of�antimicrobial� resistance� is�non�human�use�of�antimicrobials� that� is� they�are�used� to�

prevent�and�treat�disease�in�animals,�used�as�growth�promoters�in�animal�breeding�and�

as� additives� in� plant� agriculture.� �he� use� of� antibiotics� to� animals� has� great�

conse�uences�to�both�animal�and�human�health�resulting�the�transfer�of�resistance�gene�

from� animal� to� human� by� different�means� (consumption� of� food,� direct� contact� with�

food� producing� animals� or� environmental� spread).� �he� use� of� antimicrobials� drugs� in�

health�care,�agriculture�or�industrial�settings�e�erts�a�selection�pressure,�which�can�favor�

the� survival� of� resistant� bacteria� within� microbial� communities.� �t� is� clear� that� the�

situation� today� is� more� comple�,� antibiotic� resistance� seems� inevitable.� �o,� what�

strategy�should�be�ta�en�to�prevent�or�atleast�delay�this�process.��rom�past�years�many�

health�sectors�e�perts�have�been�proposed�solutions�to�control�strictly�on�consumption�

of�antibiotics�by�all�ma�or�international�health�groups�(eg����O,����).��here�is�an�urgent�

need�to�investigate�alterative�treatment�options�as�only�the�few�antibiotics�are�left�and�

new� antibiotics� have� not� yet� been� discovered.� �etween� �98�� and� �98�,� ��� new�

antibiotics�were�approved�by� the���� ���,� but� this� has�dropped� gradually,� until� 2��8�

2���,� when� si�� were� approved� (�lar�,� 2��5�� �.� �i� ���ebster,� 2��8).� �he� compounds�

which�were�easiest�to� identify,�purify�and�commerciali�e�have�already�been�discovered�

ma�ing�the�isolation�of�new�compounds�ris�ier�and�less�profitable.��here�is�a�challenge�

to�discover�new�drugs�due�to�lengthy,�comple�,�and�costly�process�and�problem�in�target�

identification�and�to�icity�of�the�lead�molecule.�

��here�is�an�urgent�need�for�investment�in�research�to�investigate�alternative�therapy�to�

tac�le� global�antibiotic�crisis.� �hus,� antibiotics� and� their� alternatives� are� prudence�

re�uired.��ith�the�failure�of�conventional�antibiotics�treatment�becoming�a�global�crisis,�

now�the�scientific�world� is� loo�ing� increasingly� to�novel�approaches,�either� reduce�the�

selection�for�antibiotic�resistance�or�to�replace�the�antibiotic�altogether.��hey�are�herbal�

remedies,� bacteriocins,� and� predatory� bacteria��dellovibrio� bacteriovorus� (���Os),�

�acteriophages,� antibiotic� peptides,� gene� editing� en�ymes� (clustered� regularly�

interspaced� short� palindromic� repeats� �� �R���R),� metals� (silver,� copper,� gold).� �ach�

approach�has�its�own�benefits�and�costs.��he�most�useful�replacement�for�antibiotics�is,�

li�e� antibiotic,� natural� agent� (virus)� that� inhibits�or� �ills�bacteria� that� is��acteriophage.�

�he�application�of� lytic�phages�to��ill� pathogenic�bacteria� is� called�phage� therapy.� �he�

emergence�of� antibiotics� resistance�pushes� scientists� to� go�bac�� to� the� long� forgotten�
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cure� i.e,�Bacteriophage� therapy� (Matsuzaki� et� al.,� 2005).�Bacteriophages�are�kno�n�as�

�acterial�parasites��hose�li�e�is�co�pletely�associate���ith��acteria�an���oun��a�un�ant�

in� nature.� �hey� in�a�e� �acterial� cells� an�� �isrupt� �acterial� �eta�olis�� an�� cause�

�acteriu��lysis.���s�natural�killers�o���acteria,�phages�are�no�a�ays�regaining�attention�

�ue� to� alar�ing� �i�esprea�� e�ergence� anti�icro�ial� resistant.� �hus,� in� this� present�

scenario�o��an�alar�ing�anti�iotic�crisis,�phages�can��e�use��as�an�e��ecti�e�alternati�e�to�

anti�iotics.� �hage� has� �een� �ocuse�� in� this� intensi�e� stu�y� to� esta�lish� their� in�ection�

process�against�car�apene��resistant�clinical�isolates�an���orphological�characteristics,�

as� it� �as� thought� that� they� �oul�� ha�e� �een� likely� can�i�ates� �or� �acterial� in�ection�

therapy�as�an�alternati�e�to�anti�iotics�an��it�coul���e�the�no�el�strategy��or�pre�enting�

or��elaying�the��io�il��gro�th�o��M����acteria.��l�ost��eca�e��e�ore�the��isco�ery�o��

penicillin,� the� practice� o�� phage� therapy� �as� �eing� �e�elope�,� they� are� use�� at� the�

treat�ent� against� pathogens� such� as� ��������� ������������ in� ����� (�in� et� al.,� 20��a)�

.�ro�� the� con�entional��etho��o��use� o��naturally�occurring� phage� to� in�ect� an�� lyse�

�acteria� has� �een� no�� �ell� �e�elope�� to� use� o�� �iotechnological� a��ance�� phage�

therapeutics� such� as� �hage��eri�e�� lytic� proteins,� �ioengineere�� phages.� �here� are�

se�eral� clinical� trials� are� ongoing� �or� phage� therapy� research� an�� one� ���� appro�e��

phage� therapy� pro�uct� is� on� the� �arket� �hich� is� use�� to� kill� �irulent� �oo���orne�

pathogens� (�in�et�al.,�20��a).��ro��this� research,��e�can�get�un�erstan�ing�on�phages�

an��their��acterial�host,��hich�coul��open�the��oor��or�phage�therapy.��

����� �������������

Bacteriophages� are� �iruses� that� kill� Bacteria� an�� �oun�� e�ery�here� in� the� nature.�

Bacteriophage� � �as� �isco�ere�� in�epen�ently� �y� �re�erick� ��ort� (���5)� an�� �eli��

D’Herelle� (1917)� (Duckw�rth�197�)���cter���h��e�� �r� ��h��e��� �re� ��ru�e�� ���

prokaryotes� (��en�on,200�)� .�iruses� are� a� group�o�� �iological� entities��ith� a� geno�e�

consisting�either�o������or�����an��encapsulate��in�a�protein�coat�(capsi�)�(�ein�auer,�

200�).Most� o�� the� �acteriophages� are� highly� host� speci�ic� � an�� ha�e� the� a�ility� to�

proli�erate� insi�e��acterial�cell� an�� it�a��ects� �ast�gro�ing�prokaryotic�phylotypes��ore�

than�slo��gro�ing�ones�(Bau�ou��etal.,�200�).��hages�ha�e�an�esti�ate��population�size�

o���0�0�or��ore� in�en�iron�ent� (�hi�ani�che���u���et��l�������)� �� ���th�����ew���e����

�h��e� re�e�rch�� (�h������chennou�i� et� al.,� 200�)� the� �ene�icial� part� is� that��

�acteriophages� are� a�un�ant� in� the� en�iron�ent� an�� they� in�luence� the� �iosphere�

e�tensi�ely� (�o�ar���arona� et� al.,� � 20��).� �hages� ha�e� �een� a� topic� o�� interest� to�

scientists�as�tools�to�un�erstan���un�a�ental��olecular��iology,�as��ectors�o��horizontal�

gene� trans�er� an�� �ri�ers� o�� �acterial� e�olution,� as� sources� o�� �iagnostic� an�� genetic�

tools�an��as�no�el�therapeutic�agents�(�lokie�et�al.,��20��).��

�hages��asically�consists�o��nucleic�aci���olecule�(geno�e)�surroun�e���y�coat�kno�n�

as�capsi��or�hea�.��he�genetic��aterial�o��phages�consists�o��single�stran�e��or��ou�le�

stran�e������or�����an��ranges��ro��the��.5�k��o��the�ss����phage�M�2�to�the�500�k��

o��the��s����Bacillus�phage��.��he�hea��or�capsi��is��a�e�up�o���orphological�su�units�
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called�protomers.�The�head�or�capsid�forms�the�protective�container�for�the�condensed�

bacteriophage�chromosome�and�the�formation�of�this�closed�shell�for�genome�packaging�

requires� the� recruitment� and� organization� of�multiple� copies� of� protein� subunits.� It� is�

estimated�that�the�pressure�within�the�capsid�is�as�much�as�20�atmospheres���ordova�et�

al.�� � 200��� the� size� of� the� phage� capsid� is� correlated� to� the� size� of� the� genome�being�

packaged.��ll�members�of� the��audovirales�have�capsids�with� icosahedral� �20� sides��2�

vertices��s�mmetr��or�prolate�derivatives�thereof��providing�a�characteristic�appearance�

under� the� electron�microscope.� Three� gene�products� are� critical� for� capsid� formation��

the� portal�� scaffold� and� ���� ��a�or� coat� protein�.� �everal� other� factors�� including�

accessor�� proteins�� chaperones� and� proteases� are� also� required� ��uang� et� al.�� 20���.�

�an��but�all�phages�do�not�have�tails��length�of�tail�varies�and�a�contractile�sheath�which�

contracts� during� infection� of� the� bacterium�� ma�� surrounds� tail.� The� tail� functions� to�

facilitate�adsorption�and�attachment�of�the�phage�to�the�host�cell�surface�and�provide�a�

conduit� for�genome�e�ection.�The� tail� is�based�upon� three�main�components�� the� tape�

measure� protein�� the� ma�or� tail� protein� ��T��� and� the� tail� terminator� protein� ��.� �.�

�iller� et� al.��200��.� In� some�phages� �T���� a� base� plate� and�one�or�more� tail� fibers� are�

attached�to�the�tail�end�as�shown�in�figure���.��.��ot�all�phages�have�base�plates�and�tail�

fibers.�The�detail�structure�of�T��bacteriophage�with�capsid��tail�and�tail�fibers�is�shown�

in�below�figure���igure��.��.��

��hages�are�specific� to�one�or�a� limited�number�of�bacterial�host�strains�thus�� the��are�

generall��named�after�the�bacteria�group��strain��or�species�the��infect.��or�e�ample��the�

phage�that�infect�the�bacterium�E����������������are�called�coliphage�in�general�named�as�

T�even��phages�T2��T��and�T6�etc.��ost�of�the�phages�are�tailed�bacteriophage���rder��

�audovirales��� accounting� for� �6�� of� all� phages� present� on� earth� and� are� the� oldest�

known�virus�group.����ckermann��200����ckermann��������

�

�igure��.�����etailed�structure�of�T��bacteriophage�
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It�contains�Capsid�head,�tail�and�long�tail�fibers.The�capsid�head�contains�linear�double-

stranded�DNA�and�two�non-essential�outer�capsid�proteins,�Hoc�and�Soc,�which�decorate�

the�capsid�surface.It�has���long�tail�fibers�attached�to�the�baseplates�which�help�for�the�

attach�ent�of�the�phage�on�to�the�surface�of�host�cell�during�the�process�of�adsorption�

��ao����lac�,�����a�.��igure�adapted�fro��www.�iral�one.e�pas�.org��

The�si�e�of��ost�phages�range�fro����n�������n��in�length.The�largest�bacteriophage�

�nown�as�T�� is�about�����n��long�and�about����������n��wide���ao����lac�,�����b�.�

Tailed�bacteriophages�with�geno�es�larger�than������bp�are�classified�as��u�bo�phages�

��uan���ao,����7�.�The�largest�phage�in�ter�s�of�capsid�si�e�and�DNA�content�is����������

����������,�phage���of���o�irus�fro���oland.�It�has�a�head�of�����n��in�dia�eter�and�

contains� a� DNA� of� ��7,���� bp� �Ac�er�ann� et� al.,� �����.� Single� stranded� �NA� phages�

�fa�il�� �e�i�iridae�� are� the� s�allest� phages� of� all� with� geno�e� si�e� of� �.��b� to�

��.��b.�hages� are� classified� b�� the� International� Co��ittee� on� Ta�ono��� of� �iruses�

�ICT���according�to��orpholog��and�nucleic�acid.�The��are�classified�into����order�based�

on�� Tailed� bacteriophages,� order� Caudo�irales� �lat.� Cauda� �eaning� tail�,� Non-tailed�

phages,� DNA-containing� bacteriophages� with� pol�hedral� capsids,� �NA-containing�

bacteriophages� with� pol�hedral� capsids,� �ila�entous� bacteriophages,� �leo�orphic�

bacteriophages.�The�caudo�irales�are�classified�into�three�fa�ilies��the���o�iridae��long�

contractile�tail,�eg���nterobacteria�phage�T��,�the�Sipho�iridae��long�non-�contractile�tail,�

eg�� �nterobacteria� phage� T��� and� the� �odo�iridae� �short� non-contractile� tail,� eg��

�nterobacteria� phage� T7�� �Hern� et� al.,� �����.The� diagra��atic� representation� of�

��o�iridae�is�shown�in�below�figure�.�

�

�igure��.����Classification�of�Tailed��hage��a�il���Caudo�irales�order�.�

The� Caudo�irales� order� of� bacteriophages� is� characteri�ed� b�� dsDNA� geno�es� and� b�� the�
co��on�o�erall�organi�ation�of�the��irus�particles�characteri�ed�b��a�capsid�and�a�tail.�

� �
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����� C�������������������������������

�

Figure� 1.� 3:� Classification� of� Bacteriophages:� Bacteriophage� families,� morphologies,� genome�
types�

In� figure,� Blue� coloration� indicates� capsids,� red� indicates� tails,� and� yellow� refers� to�

lipids.Figure�adapted�from���yman�����endon,���11�.�

�hages� are� enormously� di�erse� and� �ary� from� one� another� �ased� on� structural,�

physiochemical,� and� �iological� properties.� Classification� of� �iruses� is� �ased� on� se�eral�

factors� such� as� their� host� preference,� �iral� �orphology,� genome� type� and� au�iliary�

structures� such� as� tails� or� en�elopes.� In� 1�33,� Burnet� showed� that� entero�acterial�

phages� represent� a� heterogeneous� group� and� they� may� �e� differentiated� �y� the�

following� criteria:� particle� si�e� defined� during� filtration,� serological� properties,� host�

range� and� storage� sta�ility� �Burnet,� 1�33�.� �ater� �us�a�was� the� first� to� apply� electron�

microscopy� for� �iral� ta�onomic� studies.� �s� a� result,� he� proposed� classification� scheme�

comprising� three�morphological� phage� types.��nd� then� the� ta�onomic� classification�of�

�acteriophage� is� coordinated� �y� an� International� Committee� on� �a�onomy� of� �iruses�

�IC���� in� 1��3.� � In� 1��1,� the� IC��� issued� its� first� report� which� included� si�� phage�

“gener������e�en�phages,�l,�lipid�phage����,�the����group,��filamentous�phage�,�and�the�

�ri�ophage� group�.� �roups� were� listed� with� type� species� and� properties.� �he� IC���

ta�onomic� system� re�uires� �isuali�ation� of� the� phage� structure� using� electron�

microscopy.� �he� disco�ery� of� the� electron� microscope� in� the� 1���s� ena�led� the�

identification� of� different� phage� morphologies�� phages� can� �e� tailed,� polyhedral,� and�

filamentous� or� pleomorphic,� and� some� ha�e� lipid� or� lipoprotein� en�elopes.� �t� least�

�,3��� tailed� and� 1��� cu�ic,� filamentous,� and� pleomorphic� �acterial� �iruses� ha�e��een�

e�amined�in�the�electron�microscope�since�the�introduction�of�negati�e�staining�in�1����

��ans��c�ermann,� ��11�.� �p�to�date� classification� scheme� encompasses� 1� order,� 13�

families� and� 3�� genera� of� �acteriophages.� �he� families� are� distinguished� ta�ing� into�
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account�the�type�of�nucleic�acid�and�virion�morphology.�Over�40�criteria�are�engaged�for�

phage�differentiation� into�genera�and�species.�The�different�classes�of�tailed�phage�are�

Podoviridae,� Siphoviridae� and� Myoviridae� and� the� nontailed� virions� are� filamentous�

(family��noviridae�,�spherical�(family��ystoviridae�,�or�pleomorphic�family�Plasmaviridae�,�

�hile�the�rest�are�icosahedral,�in�many�cases�resem�ling�tailed�phage�heads��ut��ithout�

any�tail��hich�is�sho�n�in�a�ove�figure�(�igure�.���

����� ��������������A������������E����������

�acteriophages�occur�every�here� in� the��iosphere� that�play�ma�or�ecological� role�and�

considered�to��e�the�most�prominent��iological�entities�on�the�planet��ith�an�estimated�

population�si�e�of��0�0�or�more�(�hi�ani�chennoufi�et�al.,��004�.�Simply�the�phages�are�

found��here�their�host�aside.��hen�no�appropriate�hosts�are�present,�many�phages�can�

maintain�their�a�ility�to�infect�for�decades,�unless�damaged��y�e�ternal�agents.�Phages�

have�coloni�ed� in�all�environments�and�ecological�niches� including�different� for�idding�

ha�itat�such�as�island��aters,�volcanic�hot�springs,�salt��ater,�soil,�cold��ater�(�lo�ie�et�

al.,��0���.�

�stimated��0�0��0���phages�e�ist�in�the��iosphere��hich�is��0�fold�higher�than�the�total�

num�er�of��acterial�cells�(��endon�et�al,��0����and�an�estimated��0���phage�infections�

occur�per�second.��very�fourty�eight�hours,�phages�destroy�a�out�half�the��acteria�in�the�

�orld,�a�dynamic�process�that�occurs�in�all�ecosystems�(�lo�ie�et�al.,��0���.�

Their�population�densities�are�estimated�to��e��09�per�gram�of�soil� (�illiamson,��0�0�,�

�0��per�ml�of�sea�ater�(�ommac�����ol�ell,��000�,�and��0���in�planet�(�hitman�et�al.,�

�99��.There�are�appro�imately��0�times�as�many�viruses�as�the�com�ined�num�er�of�all�

cellular� organisms,� and� most� viruses� are� �acteriophages� (phages�,� viruses� that� infect�

�acteria�(��i��et�al.,��0���.�Marine��ater�is�one�of�the�ma�or�resources�of��acteriophage�

and� several� studies� indicate� a� greater� �ariance� in� overall� phage� prevalence� in� these�

ecosystems,�sea��ater� is�one�of�the�ma�or�reservoirs.�The�prevalence�of��acteriophage�

in�fresh�ater�is�higher�than�in�marine��ater.�The�a�undance�of�viruses�varies�strongly�in�

different� environments� and� is� related� to� �acterial� a�undance� or� activity.� Phages� are�

�idely�distri�uted�in�locations�populated��y��acterial�hosts,�such�as�soil�or�the�intestine�

of�animals.�They�are�also�an�inherent�element�of�the�human�micro�iome,�and�therefore�

they�are��ell�tolerated��hen�used�in�phage�therapy�(��eyes�et�al,��0����.The�human�gut�

is�estimated�to�contain��0���phages,�and�ma�ority�of�phages�are�found�to��e�temperate�

rather� than� o�ligatory� lytic� (�almasso,� �ill� �� �oss,�0�4�.� One� of� the� densest� natural�

sources�for�phages�and�other�viruses�is�sea��ater,��here�up�to�9��0��virions�per�milliliter�

have��een�found�in�micro�ial�mats�at�the�surface.��p�to��0��of�marine��acteria�may��e�

infected� �y� phages.� �t� is� estimated� that� there� are� �� to� �0� viruses� for� each� �acteria�

(�ein�auer,��004�.�

The� environment� is� a� uni�ue� source� of� all� types� of� phages,� offering� the� possi�ility� to�

isolate�them�for�therapeutic�purposes�(Shu�la�et�al.,��0�4�.The�isolation�of�phages�from�
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environmental� sources� is� more� often� possible� when� the� sample� contains� the� target�

bacteria�and�phages�against�human�bacterial�pathogens�that�are�found�most�probably�in�

sewage�sample�of�hospital�vicinity�area.�The�new�virulent�phages�can�be� isolated� from�

the�sewage�water�sources��stream�water�.�ow�it�is�suggested�that�the�richest�source�of�

the�most�effective�therapeutic�phages�is�the�material�from�patients�who�recovered�from�

an�infection�isolated�phages�from�sewage.�

����� ������������������������������������

�rom� the� literature� studies� on� marine� biodiversity� have� shown� that� bacteriophages�

influence� their�host�bacterial�organism� in�a�density�dependent�manner� ��entura�et�al.��

2011).�This� is� in�harm�n���i�h���i���the��inn�r��m������h�r���h���r��a�i�n�is��ir������

���ar�s� ��inn�r�� �a��n�an�)� �a���ria�� �����a�i�n� in� �ha�� �n�ir�nm�n�� ��odrigue��

�alera�et�al.���00��.��arr�et�al.���01���documented�that�phages�adhered�to�mucus�������

of� the� human� gut� can�provide� an� innate� protection� to� the� underlying� epithelial� tissue�

from� outside� pathogens� ��arr� et� al.�� �01��.� �oreover�� the� presence� of� prophage� in�

bacteria�residing�in�gut�flora�provides�a�competitive�advantage�to�the�host�which�ma�es�

the�pathogenic�organism�hard�to�out�compete�commensal�organism�hence�maintaining�

the� stability� of� human� gut� microbiome� ��entura� et� al.�� �011�.The� phages� in� gut� play�

active� role� in� human� gut� immunity� and� metabolism� by� forming� part� of� the� mucus�

associated�microbiome��where�they�may�serve�as�a�first�line�of�defense�against�invading�

bacteria.�

����� L���� ������ ��� �������������� ���� M��������� ��� L����� ���

�������������������������

�i�e�any�other�virus��phages�also�re�uire�the�help�of�specific�host�for�their�multiplication.�

�n�the�absence�of�a�host�they�remain�as�inert�particles�with�their�genetic�material�safely�

pac�ed� inside� the� protective� protein� covering.� �hages� carry� their� genetic� information�

either�in�the�form�of�����or����.��dsorption�of�phage�on�to�the�host�is�the�first�and�the�

most� important� step� in� phage� multiplication� and� it� is� via� their� tail� tips� so� that� they�

recogni�e� the� receptor� on� the� host� surface.� �ost� phages� are� highly� specific� for� their�

receptors� and� the� receptor�material� on� host� cell� can� either� be� carbohydrate�� protein��

lipopolysaccharides� ������ or� flagella.� �ome� phages� re�uire� a� cluster� of� one� specific�

receptor� for� proper� adsorption.� �hereas�� for� some� phage� adsorption� stage� re�uires�

different�stage�involving�the�different�set�of�receptors�such�as�T��li�e�phages���uttman�

et� al.�� �00��.This� attachment� is� wea�� and� reversible� and� is� followed� by� irreversible�

binding�to�a�bacterium��mediated�by�one�or�more�of�the�components�of�the�base�plate.�

The�phage�genome�is�introduced�into�the�bacterial�cytoplasm��called�penetration��either�

by� the� contraction� of� the� sheath� or� by� wea�ening� the� components� of� the� bacterial�

envelope�by�digestive�en�ymes.��ntrance�of�the�phage�genome�into�the�cell��starts��the�

infection� period� � and� the� productive� cycle� ends� either� with� phage�induced� bacterial�

destruction� �lysis��or�with�an�e�truding�or�budding�of� �maturing�phage�virions� �chronic�

release��across�the��bacterial�cell�envelope��in�a�manner�that�does�not�lead�to�immediate�
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bacterial� death)� (Fischetti� et� al.,� � 2006).� Infections� that� result� in��ha�e� release� can�be�

described� as� �roducti�e.� �lternati�el�,� �ha�e� infections� can� enter� a� latent� state�

(l�so�en�� or� �seudol�so�en�)� or� can� fail� to� infect� successfull�� (�ha�e� restriction� or�

aborti�e�infection).��he��ost�co��on�t��es�of�life�st�le�are�de�icted�in�the�Fi�ure�1.�.��

�

Fi�ure�1.������erall��rocess�in�ol�ed�in�l�tic�and�l�so�enic�life�c�cle�of��acterio�ha�es�

�acterio�ha�es��a��ha�e�a�l�tic�c�cle�or�a�l�so�enic�c�cle,�and�a�fe���iruses�are�ca�able�

of� carr�in�� out� both.� �he� bacterio�ha�e� reco�ni�es� the� rece�tors� on� the� host� cell�

�e�brane�surface�and�adsorbs�usin��its�tail�and�tail�fiber��roteins.��his�is�then�follo�ed�

b�� internali�ation� of� the� �ha�e� �eno�e� after� �hich� the� c�cle� �roceeds� to� either� the�

l�so�enic� or� l�tic� re�lication� c�cles.� �urin�� l�tic� c�cle,� �ha�es� infect� and� l�se� the� host�

cell,��hereas� l�so�enic,� is�characterised�b�� inte�ration�of�the��ha�e�����into�the�host�

cell� �eno�e.� �nder� certain� conditions� the� �ro�ha�e� e�cises� fro�� the� bacterial�

chro�oso�e�and�initiates�the�l�tic�c�cle.�

����� L����������

�he�l�tic�lifest�le��as�studied�and�characteri�ed�in�the�first�half�of�the�20th�centur�,��ust�

o�er� t�o�decades�after� the�disco�er��of�bacterio�ha�es.� It��as� found� that� there��ere�

distincti�e�ste�s�in�the�infection��rocess�of�a��ha�e��adsor�tion�of�the��ha�e�to�the�host�

cell,��ulti�lication�of�ne���ha�e��ro�en�,�and�finall��l�sis�of�the�bacterial�cell�to�release�

the� ne���ha�es.� �he� l�tic� lifec�cle� is� �er�� short� often� onl���inutes� lon�� (�c�er�ann,�

1���).��ntrance�of�the��ha�e��eno�e�into�the�cell�be�ins�the�infection��eriod.��he�first�

sta�e� is� ecli�se� �eriod�durin���hich� infectious� �ha�e��articles� cannot� be� found� either�

inside�or�outside� the�bacterial� cell.� �he� l�tic� life� c�cle� results� in� the�destruction�of� the�

host� cell� (�utt�an�et� al.,� 200�).� �e�eral� ste�s�occur� inside� the�host� cell��hich� include�

�ene� e��ression,� �eno�e� re�lication� and� �or�ho�enesis� �� i.e.� the� for�ation� of� the�

ca�sids�(and�tails)�and�the��ac�a�in��of�the��eno�es�into�the�ca�sids�.�he��ha�e�nucleic�

acid� ta�es�o�er� the�host�bios�nthetic��achiner�,��hereb���ha�e�s�ecified�����s�and�
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proteins� are� made.� There� is� an� orderly� expression� of� phage� directed� macromolecular�

synthesis.� Early� mRNA� codes� for� early� proteins� that� are� necessary� for� phage� DNA�

synthesis�and�for�shutting�off�host�DNA��RNA�and�protein��iosynthesis.��n�some�cases�the�

early� proteins� actually� degrade� the� host� chromosome.� The� late� proteins� are� the�

structural�proteins�that�comprise�the�phage�as��ell�as�the�proteins�needed�for� lyses�of�

the��acterial�cell.��ynthesis�of�late�mRNA�and�late�proteins�ta�es�place�only�after�phage�

DNA� synthesis.� �nce� this� is� o�er�� phage� nucleic� acid� and� structural� proteins� are�

assem�led� and� accumulated��ithin� the� cell� �hich� is� follo�ed� finally� �y� the� release� of�

hundreds�of�ne��phages��y��acterial�cell�lysis.��

����� L������������������

�ysogenic�cycle�is�another�phage�proliferation�techni�ue.��ere��ne��phage�particles�are�

not�immediately�produced�and�the�host�cell�is�not�destroyed.��n�the�lysogenic�cycle��the�

phage�genome� is� integrated� into� the��acterial�genome��y�transposition�or� site�specific�

recom�ination� or� resides� as� a� plasmid� �ithin� the� host� cell� cytoplasm� and� it� multiplies�

cooperati�ely��ith�the�host��acteria��ithout�destroying�it��and�conse�uently�the�phage�

genome� is� passed� to� all� �acterial� progeny� �y� cell� di�ision.� �acteria� that� integrate� the�

phage�genome�into�their�o�n�are��no�n�as�lysogens��they�are�resistant�to�infection��y�

phages� that�are�genetically� related�to�pre�iously� lysogeni�ed�phages� ��amp�ell��1����.�

�ome�lysogenic�phages�ha�e�toxic�genes�in�their�genome.��n�lysogenic�relationship�lytic�

genes� are� inhi�ited� �y� the� phage� gene� product� termed� a� repressor� �hich� �inds� to� a�

particular�operator�site�on�the�phage�DNA��shutting�off�transcription�of�almost�all�phage�

genes�except� that�of� the� repressor.�Due� to� lytic� inhi�ition��the�phage�gene��ill� remain�

integrated�into�the�host�chromosome��hich�is�called�a�prophage�and��ill�replicate�along�

�ith�the�host�replication�process���ittle��2����.��rophages�remain�dormant�until�the�lytic�

cycle� is� induced� �y� num�er� of� physical� or� chemical� agents�� such� as� mitomycin� ���

hydrogen� peroxide�� ��radiation�� temperature� and� pressure� ��aul� �� �iang�� 1�����

�ein�auer����uttle��1����.�This�process�is�called�induction.�

����� �������������������������

�seudolysogeny� is� a� form�of�phage�host� cell� interaction���here� the�nucleic� acid�of� the�

phage� resides� �ithin� the� �acterial� cell� in� an� unsta�le�� inacti�e� state.� �seudolysogeny�

occurs�mainly��hen�host�is�exposed�to�star�ation���illiamson�et�al.��2��1�.��hen�proper�

nutrients� are� added�� the� pseudolysogenic� state� is� resol�ed.� �seudolysogeny� pro�ides�

potential� to� enhance� �acteriophage� sur�i�al�� as� the� phage� genome� is� protected� from�

envir�nmental���n�iti�n��������elterin����it�in�t�e����t��ell������.��iller��2��1��so�that��

phage�can�maintain�themsel�es�in�the��large�num�ers�o�ser�ed�in��hat��ould�appear�to�

�e�hostile�ha�itats���ennes�et�al.��1������aul�et�al.��2��2�.��

����� C����������������

A� chronically� infecting� phage� can� release� progeny� into� the� extracellular� en�ironment�

�ithout� terminating� its� infection�� i.e.� phages� are� � slo�ly� and� continuously� shed� or�
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extruded�across�the�host�cell�envelope�without�destroying�either�the�infected�bacterium�

or�the�phage�multiplication�rather�than�being�released�as�a�single�burst�event�(Abedon,�

2008).��he�intracellular�chronic�cycle�has�been�best�described�for�filamentous�phages�of�

E�������(�aepe�etal.,��2010���ybvig�et�al.,��1�8�).��he�extrusion�process�driven�by�phage�

encoded� proteins� located� in� the� cell� envelope� preserves� the� integrity� of� the� cell�

membrane�of�the�host�(�nyder�and���hampness,�2003���ol�ova�et�al.,�201�).�

������ M�����������������

�

�

�

�

�

�

�

�igure�1.�����chematic�illustration�of�phage�induced�bacteriolysis�

(1)�Adsorption�and���A�in�ection�(2)���A�replication�(3)�production�of�head�and�tail�(�)�

synthesis� of� holin� and� lysin� (�)� ��A� pac�aging� (�)� completion� of� phage� particle� (�)�

disruption�of�the�cell�wall�and�release�of�the�progeny�(8)�circulari�ation�of�phage���A�(�)�

integration�of�the�phage���A�into�the�host�genome�(�igure�adapted�from�(�atsu�a�i�et�

al.,�200�))��ig�����ysis�of�bacteria�bacteria�forming�pla�ues�on�bacterial�lawn.�

�he� progeny� phage� production� re�uires� compromising� the� structural� integrity� of� the�

murein�sacculus,�which�forms�a� tough,�dynamic�meshwor�� that�surrounds�and�confers�

the�shape�on�the�cell�(��lt�e����launer,�1��0).�t�is�carried�out�by�the�coordinated�action�

of� two� proteins,� holin� and� endolysin� (lysin)� encoded� by� the� phage� genome.� �olin�

pr�teins� f�rm� a� ����e�� in� t�e� cell� membrane,� enabling� lysin� to� reach� the� outer�

peptidoglycan� layers� (�� �oung,� 1��2).� �ysin� is� a� peptidoglycan�degrading� en�yme�

(peptidoglycan�hydrolase).�At�least�four�different�muralytic�activities�are�found�in�phage�

endolysins��transglycosidases�and�lyso�ymes�that�attac��the�glycosidic�bonds�lin�ing�the�

amino�sugars� in� the�cell�wall,�amidases�and�endopeptidases� that�attac�� the�amide�and�

peptide� bonds� of� the� oligopeptide� cross�lin�ing� chains(�� �oung,� 1��2).� Although� the�

endolysins,� li�e� the� ��� �� lyso�yme,� the� ��� gp� 3.�� amidase� and� the� lamda� ��

transglycosylase�are�small�globular�proteins,��the��recently��identified��endolysins�possess�

m��tip�e�m�ra��ti��a�ti�ities�an����reater�m��e���ar�masses��0��a�(�avarre�et�al.,�1���).�

�he�mechanism�of�bacteriolysis�by�phage�is�depicted�in�figure�(�igure�1.��A).�

�ilamentous�phage�particles�do�not� form� in� the�cytoplasm�� rather� they�are� continually�

extruded�or� secreted� across� the� bacterial�membranes� as� they� are� assembled,�without�

A
A�

��
�
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causing�cell�lysis.�They�do�not�kill�their�host�and�the�infected�cells�continue�to�grow�and�

divide�indefinitely�while�producing�phage�(Rakonjac����1��.��

S�me�small�phages� such�as�ФX174�an��Q����h�ch�ha�e�s�ngle� � s��an�e������an�������

respectively��do�not�have�the�genes��for�holin�or�lysin�proteins�(�ernhardt�et�al.�������.��

They� acco�plish� lysis� �y� producing� a� protein� that� inhi�its� cell�wall� �iosynthesis.� Their�

�nh��������gene�p���uc�s�a�e��n��n�as��p���e�n�an�������cs����he�ФX174�gene�p���uc���

gp�� inhi�its��ra�.�Review�of� literature�which�cataly�es�the� for�ation�of� the� first� lipid�

linked��urein�precurs����h�le�Q��gp��� �nh����s��u����which�cataly�es� the� first�step� in�

the��urein��iosynthesis�pathway�(Tho�as�et�al.������1�.�

�ysis�of�the��acterial�cell�after�phage��aturation�occurs��y�several��ethods�depending�

on� the� type� of� phage� involved.� �ou�le� stranded� ���� containing� phages� produce�

endolysin�an�en�y�e�which�digests�peptidoglycan�in�the�cell�wall��it�reaches�the�cell�wall�

�y� the�action�of�a�second�protein�which�per�ea�ilises� the�cell��e��rane�called�holin.�

�o�e�phages�also�contain�genes�which�code�for�two�alternative�lysis�proteins�which�are�

thought� to� interfere�with� the� cell��e��rane� or�wall.� �ingle� stranded� ���� containing�

phages� possess� only� one� lysis� protein� which� is� thought� to� interrupt� peptidoglycan�

synthesis.��ila�entous�phages�(�noviridae��can�e�erge�fro��the�infected��acterial�cells�

through�phage�encoded�channels�in�the��acterial�cell�wall.�This��eans�lysis�does�not�take�

place� and� although� the� �acteriu�� survives� this� process� the� growth� rate� is� usually�

reduced�(�oung�et�al.�������.��

�atent�period�(the�ti�e�taken�fro��initial�infection�to�lysis��duration� can��e�affected��y�

host� density�with� lower� concentrations� of� �acteria� leading� to� a� longer� period� of� ti�e�

�efore�lysis.���co�pro�ise�has�to��e�achieved��ecause�a�shorter�latent�period�leads�to�a�

s�aller� �urst� si�e.� �hen� �acterial� hosts� are� plentiful� a� s�aller� �urst� si�e� is� less�

i�portant� as� there� are� �ore� hosts� to� infect�� therefore� plenty� �ore� progeny� can� �e�

produced.��hen�hosts�are�scarce�the�latent�period�gradually�evolves�to��eco�e�longer�

ena�ling� �any� �ore� progeny� to� �e� produced� increasing� the� possi�ility� that� �ore�

�acterial�cells�will��e�encountered�and�infected�(��edon�et�al.�����1�.�

�ytic�infection�or�the�lysis�of��acteria�is�indicated��y�the�for�ation�of�a��one�of�clearing�

called�pla�ue�(�igure�1.����.�la�ues�are�clear��ones�for�ed�in�a�lawn�of��acteria�due�to�

lysis��y�phage.��la�ues�which�are��ones�of��acterial� lysis�can��e�seen�in�figure�which�is�

caused� �y� phage� action� and� appear� as� circular� �ones� of� lysis� on� lawns� of� �acterial�

cells.The�period� enco�passing� phage� adsorption� to� geno�e� replication��production�of�

progeny�virions�and�lysis�of�the�host�cell�is�descri�ed�as�the�latent�period.�The�duration�

fro��adsorption�to�the�ti�e�of�for�ation�of�progeny�virions��when� intracellular�virions�

can��e�detected��y�pla�ue�assay�after�pre�aturely� lysing� the�host� cell�� is�descri�ed�as�

the�eclipse�phase�(�da�s���1������llis����el�r�ck��1�����.�

�
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Figure� 1.� 6:� Schematic� representation� of� the� possi��e� outcomes� of� infections� of� �acteria� ���
fi�amentous�an��tai�e���acteriophages.�

�he��iagram�sho�s�the�interactions��et�een�phage�an��host�an��the�sur�i�a��outcome�

for�each���sorption�to�an��re�ease�from��acteria��ce��s�are�sho�n�as�short��ashe���ines.�

�nfections� �ea�ing�to��eath�of�the��acteria��ce���are�sho�n�as� �ong��ashe���ines.��Figure�

source����e�on�et�a�.����1��.�

�n�infection�e�ent��hich�resu�ts�in�either�integration�or�rep�ication�of�the��irion�genome�

ma���e�terme��a�successfu��infection.���pro�ucti�e�infection�is�one��hich�resu�ts�in�the�

assem���� an�� re�ease� of� progen�� �irions� competent� for� su�se�uent� infection� of� host�

�acteria.� �an�� things� can� go� �rong� in� the� course� of� the� �ira�� �ife� c�c�e� such� that�

pro�ucti�e�infection�is�ne�er�achie�e��ie:��nfection��oes�not�a��a�s�resu�t�in�the��eath�of�

the�host�ce���an��sur�i�a��of�the��acteriophage��hich�is�sho�n�in�figure��Figure�1.6�.��he�

p�a�ue� formation� is�a� c�ear� in�ication�of�pro�ucti�e�phage� infection.��here�are� se�era��

�acteria�� mechanisms� of� phage� resistance� �hich� inc�u�e� a�sorption� resistance�� �hich�

resu�ts� in� re�uce�� interaction� �et�een� phage� an�� �acterium�� another� mechanism� is�

‘restricti�n,’� ��ere� ��cteri�� �i�e� ��t� ����es� �ie� �n�� ���rti�e� in�ecti�ns,� ��ere� ��t��

phage� an�� �acterium� �ie� ���e�on�et� a�.�� ��1��.� ��sorption� resistance� inc�u�es� �oss� of�

phage�receptor�mo�ecu�es�on�hosts�as��e���as�ph�sica���arriers�hi�ing�receptor�mo�ecu�es�

�e.g.�� capsu�es�.� �acteria� ha�e� e�o��e�� a� num�er� of� resistance� mechanisms� inc�u�ing�

pre�enting� upta�e� of� the� phage� genome�� superinfection� immunit��� c�ustere�� regu�ar���

inter�space��pa�in�romic� repeats� ����S����an�� restriction�mo�ification� s�stems� ��a�rie�

et� a��� ��1��� .� �hage�resistance� mechanisms� enco�e�� ��� �acteria� ��acteria�� resistance��

ser�e�to��imit�phage�host�range�of��acteriophage.�
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������ A�������������R���������� ��������������

Antimicrobial�resistance�is�an�ability�of�microbes�to�grow�in�the�presence�of�a�chemical�

(drug)� that�would�normally�kill� them�or� limit� their�growth.� It� can�affect� anyone�of� any�

age,� in� any�geographical� location.�Antibiotic� resistance� is�one�of� the�biggest� threats� to�

global� health,� food� security,� and� development.� According� to� CDC� (Central� for� Disease�

Control� and� �revention)� even� in� �.�.A,� each� year� at� least� �� million� people� get� an�

antibiotic�resistant�infection�and�at� least���,����people�die�and�this�rate�is�significantly�

higher� in�developing�country.��any�studies�have�demonstrated�that�a�large�proportion�

of� international� travelers� ac�uire� resistant� bacteria� during� visits� in� areas� with� a� high�

prevalence� of� resistant� bacteria� (�oerther� et� al.,� ��1�).�he� unusual� resistance� had�

spread�to�other�patients.��he�CDC�has�found�that�out�of����6�people�,�one�in�four�had�a�

gene�that�helped�spread�its�resistance,�while���1�contained�an�especially�rare�resistance�

gene� �nterobacteriaceae,� that� � could� produce� an� en�yme� capable� of� breaking� down�

common�antibiotics.��he�germs� that�had�begun�to�evolve� from����1�will�be�becoming�

more�resistant�to�carbapenems�and�other�antibiotic�drugs.��hese�carbapenem�resistant�

�nterobacteriaceae,�named�as��nightmare�bacteria��by�the�CDC�spread�rapidly�in�the����

and�around�the�globe� (CDC,���1�).�he� first� reported�antibiotic�used� in� livestock� led� to�

antibiotic�resistant� bacteria� was� in� 1��1�� here� �tarr� and� �eynolds� (1��1)� described�

streptomycin� resistance� in� generic� intestinal� bacteria� from� turkeys� that�were� fed�with�

antibiotic.��he�new�resistance�mechanisms�are�emerging�and� spreading�all� around� the�

globe� in� an� unprecedented� way,� threatening� our� ability� to� treat� common� infectious�

diseases.� Across� the� world,� third� and� fourth� generation� cephalosporin� resistant�

E�����������C����are�becoming�difficult�to�treat�due�to�their�ability�to�secrete�e�tended�

spectrum�β�lactamase�(����s).�In���1�,�1��out�of�����uropean�countries�reported�����to�

1���� of� ����� positive� �.� coli� isolates� (�uropean� Antimicrobial� �esistance� �urveillance�

�etwork,� �A����et,� ��1�).� In� ����� and� ��1�,� ���� of� the� E�� ����� families�

(�nterobacteriacae)� from�11�Asian� countries�were� reported� to�be������producers,� and�

their� resistance� to� third�� and� fourth�generation� cephalosporins� ranged� between� �6��

and� ���.� �ighting� this� threat� is� a� public� health� priority� that� re�uires� a� collaborative�

global� approach� across� sectors.� �imilarly� in� �epal,� as� in� many� countries,� antibiotic�

resistance�bacterial�infections�are�the�primary�concern�causing�increased�morbidity�and�

mortality� rate.� In� laboratory�based� study�among� the� patients� of� intensive� care� unit� of�

�ribhuvan� �niversity� �eaching� �ospital,� �athmandu,� �epal� � out� of� 1��� patients�

suspected� of� healthcare�associated� infection� (�CAI),� ��tremely� high� level� of� drug�

resistance� � was� found� to� be� ��.��� along� with� the� pr��uct���� ��� β�lactamases� (������

��.��,�AmpC����.��),��������.���and���C���.���(�ara�uli�et�al.,���1�).�

����rtu��te����the���t����t�cs��h�ch��re� �m�r�c�e��ru�s�����the���th�ce�tur�������e��t��

e�treme�crisis�of�antibiotic�resistance�threats�across�the�globe.��he�antibiotic�resistance�

genes,� now� being� abundantly� available� in� the� environment� and� that� are� highly�

encouraged�by�the�overuse�and�misuse�of�antibiotics�are�decreasing�the�effectiveness�of�

these� infection� fighters.� It� becomes� more� challenging� to� ��e�e�t�� m�cr��es� ��th�
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antibi�tics� (Spellberg� &� Gilbert,� 2014)�� ��ere� is� n�� �en�ga�e��� resistance� is� ine�itable�

(Spellberg,�2014)���n�2011,������eclare���c��bat��r�g�resistance��n��acti�n�t��a�,�n��

cure�tomorrow.�To�prescribe�a�powerful�new�antibiotic�is�easy,�to�protect�it�is�hard.�This�

problem� will� gradually� become� worse� unless� we� fundamentally� change� the� way� our�

society�deals�with� the�discovery,�development,�use,�and�protection�of� these� life�saving�

drugs� �antibiotics�.� �t� re�uires� the� collaboration� of� all� relevant� sectors,� especially� the�

government,� and� those� involved� in� both� human� and� animal� health,� public,� farmer,�

healthcare� personals� and� all� the� pharmaceutical� companies� to� tac�le� the� � antibiotic�

resistance� from� infection� to� prevention� with� the� �nowledge� of� how� to� use� and� stop�

misuse�of�antibiotics.��ecently,�antimicrobial��tewardship��rograms�encourage�rational�

prescribing� of� antibiotics� and� remind� healthcare�wor�ers� �� and� their� patients� �� about�

conse�uences� of� antibiotic� over�use� and� misuse� which� promote� �udicious� use� of�

antimicrobials�to�combat�antimicrobial�resistance���euthner����oernb,���1��.�

������ C����������R����������E�����������������

�arbapene�s� are� p�tent� �e�ber� ��� t�e� ��lactam� family� of� antimicrobials� that� are�

structurally� related� to� the� penicillins.� The� most� commonly� used� carbapenem�

antimicrobials� are� imipenem,� meropenem,� doripenem,� ertapenem,� panipenem� and�

biapenem.� �arbapenems� are� considered� as� one� of� the�most� reliable� drugs� � due� to� its�

�ni��e�str�ct�re�����a�carbapene��c��ple��t��a���lactam�ring�which�confers�protection�

against� ��st� �� lacta�ases� s�c�� as� �etall����lactamase� ������ as� well� as� e�tended�

spectr�����lactamases�.�n�recent�time��the�emergence�and�spread�of�resistance�even�to�

these� antibiotics� constitute� a� ma�or� public� health� concern.� �arbapenem�resistant�

�nterobacteriaceae� ������ is� �ram�negative� bacteria� that� are� resistant� to� the�

carbapenem� class� of� antibiotics.� They� are� resistant� because� they� produce� an� en�yme�

called�a�carbapenemase�that�disables�the�drug�molecule.�t�occurs�mainly�among��ram�

negative� pathogens� such� as� K���������� ����������,� P����������� ����������� and�

A������������� ���������,� E����������� ����� etc� .This� may� be� intrinsic� or� mediated� by�

transferable�carbapenemase�encoding�genes.�

The� molecular� classification� is� based� on� the� conserved� and� distinguishing� amino� acid�

��ti�s�an���i�i�es���lactamases� into�classes,��,��,��,�and��.�The�en�ymes��lasses��,��,�

and� �� include� en�ymes� that� hydroly�e� their� substrates� by� forming� an� acyl� en�yme�

t�r��g�� an� acti�e� site� serine,� ��ereas� class� �� ��lactamases� are� metalloen�ymes� that�

utili�e�at� least�one�active�site� �inc� i�n� t�� �acilitate���lactam�hydrolysis� ��ush��� �acoby,�

��1��� .�enes� enc��ing� ��r� ��lactamases� are� generally� termed� bla� genes� which� is�

followed� by� their� different� en�ymes� li�e� bla� ���,� bla���.� The� resistance� to�

carbapenems� in� some� species� is� intrinsic� and� in� some� bacteria� it� is� ac�uired� by�

mutational� events� or� gene� ac�uisition� via� hori�ontal� gene� transfer� ��eletis,� ��1��.�

�arbapenem�resistance�genes�are�mediated�via�one�of�two�distinct�genetic�mechanisms,�

a�mutation�in�the�bacterial�chromosome�or�by�a�transmissible�element��either�a�plasmid�

or�a�transposon���od�oe����on�or,���17�.�
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������ K��������������������

Kle���ell�� ��e������e� is� a� Gram-negative,� rod-shaped� non-motile� bacillus� from� the�

genus� Klebsiella� and� family� Enterobacteriaceae.� K�� ��e������e� is� facultatively�

anaerobic,� oxidase-negative,� and� produces� acid� and� gas� from� lactose� ie.lactose�

fermenter.� Klebsiella� pneumoniae,� is� a� member� of� the� group� of� ESK��E� pathogens�

�E��e��������� ��e����,� ������l�������� ���e��,� Kle���ell�� ��e������e,� A���e������e��

���������,� P�e��������� �e��������� and� E��e������e�� species�� that� are� capable� of�

escaping� the� bactericidal� action� of� antibiotics� and� are� more� prone� to� develop�

antimicrobial�resistance���������endleton��et�al.,���1��.��t�is�an�enteric�bacterium,�noted�

in�the�intestinal�tract�of����of�healthy�humans���su�et�al.,���1���.�t�can�cause�different�

types�of�healthcare-associated�infections,�including�pneumonia,�bloodstream�infections,�

�ound�or�surgical�site�infections�and�meningitis.�K.�pneumoniae�infections�are�typically�

�nosocomial��infections.��t�is�the�third�most�fre�uently�isolated�microorganism�in�blood�

cultures� from�sepsis�patients� that� can�cause� severe�epidemic�and�endemic�nosocomial�

infections���u�and��i,���1��.��irulent�K����e������e� is�encapsulated�and� it�appears�as�

�uite� opa�ue� and�mucoid� �hen� gro�ing� on� agar� and� avirulent� K���e������e� has� no�

capsules�appear�smaller�and�translucent�on�similar�agar�surfaces.K�P�e������e����l��e��

can�be�roughly�classified� into�t�o�pathotypes��opportunistic�K����e������e,��hich�are�

often�multidrug-resistant� �mdrKp�,� and� hypervirulent� K�� ��e������e� �hvKp���hich� are�

able� to� infect�healthy� individuals�and�cause� invasive� infections� including�pyogenic� liver�

abscess.�

�he� pathogenicity� of� K�� ��e������e� is� multifactorial� including� capsular� serotype,�

lipopolysaccharide,� iron-scavenging� systems,� and� fimbrial� and� nonfimbrial� adhesions�

urease,�adhesins,�outer-membrane�proteins�and�biofilms�� ��able�1.1�.�K����e������e� is�

an� important� �iofilm-forming� organism� responsible� for� a� �ide� range� of� infections.�

�ecause�of�the�collective�threat�of�several�virulence�factors,�K����e������e�has�attained�

superbug� status� and� is� one� of� the� most� common� antibiotic-resistant� bacteria� ��i,�

��1�b�.K�� ��e������e� is� found� to� be� developing� rapid� resistance� against� various�

antimicrobial� agents,� including� broad-spectrum� cep����sp�r��s� ���� �-lactams.� �hough�

there� are� several� mechanisms� that� lead� to� antibiotic� resistance,� the� emergence� of�

Klebsiella�pneumoniae�carbapenemase��K����and�the��e���elhi��etallo-beta-lactamase�

������Kumarasamy� et� al.,� ��1��� poses� some� serious� threat� especially� in� nosocomial�

infections� ��ai�os� and� �ar�ogianna�is,� ��11�.�ecent� global� surveillance� data� from�

Europe,� �orth� and� South� �merica,� and� �sia� revealed� that� the� fre�uency� of� ES��-

producing� K�� ��e������e� �as� �.�� to� ���� ��einert� et� al.,� �����.� �s� the� prevalence� of�

ES��-producing� isolates� increased,� carbapenems��ere� used� to� treat� serious� infections�

caused� by� ES��-producing� K.� pneumoniae.� �o�ever,� carbapenem-resistant� K��

��e������e� ���K��� rates� also� have� been� dramatically� increasing� �orld�ide� over� the�

past�1��years��Karumid�e�et�al.,���1��.�

�

Klebsiella pneumoniae
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Table�1.�1:�Virulence�Factor�of�����������������������

Name������������������������������������� Activity��in�Virulence��

Capsular�polysacc�ari�es������ �va�e��p�a�ocytosis��

�������������������������������������������� �va�e�serum��illin��factors��

A��erence�factors������������������ A��ere�to��ost�surface��

�i�erop�ores������������������������� Ac�uire�iron��

�rease����������������������������������� Allo�����ro�t��in�urinary�trac�

Antibiotic��resistance������������ Tolerate��antibiotics��

�uter�membrane�proteins������ �esist�antibiotics��

�iofilms�������������������������������� �urvive�in��ars���ost�
�

�

������ ����������������������

P����������� ����������� is� a� �ram� ne�ative� aerobic� ro��s�ape�� bacterium� t�at�

pro�uces�a��istinctive�blue��reen�pi�ment�an��an�e�opolysacc�ari�e��no�n�as�al�inate.�

�t� is� an� opportunistic� pat�o�en� of� animals� an�� �umans.� T�ere� is� little� �ata� on� t�e�

prevalence�of�P������������� in�t�e�environment�alt�ou���it�is��no�n�to�e�ist�in�soil�an��

various� cate�ories� of��ater�� an�� is� a��ell� �no�n� plant� pat�o�en.� T�e�ma�ority� of� t�e�

stu�ies�of�P�������������ave�concentrate��on�its�implication�in��uman��isease�as�it�can�

cause� infections� of� varyin�� severity� affectin��many� �ifferent� or�ans.� T�is� bacterium� is�

t�e�most�often�foun��pat�o�en�lea�in��to�t�e�respiratory�tract�of�cystic�fib����s��CF�.��t�is�

responsible� for�a��i�e�ran�e�of��uman��iseases�� suc��as�septicaemia��pneumonia��an��

several� ot�er� �in�s� of� infection.� Anot�er� important� aspect� of� P�� ����������� as� a�

pat�o�en�is�its�resistance�to�many�antibiotics�ma�in��it�very��ar��to�treat��To�ar�������.�

P�� ����������� possesses� all� of� t�e� ma�or� bacterial� resistance� mec�anisms�� al�inate�

re�uces� antibiotic� �iffusion�� efflu�� pumps� remove� antibiotics� from� t�e� bacterial� cell��

en�ymes�suc��as�beta�lactamases��e�ra�e�certain�antibiotics��an��mutations� in�various�

�enes�affect�antibiotic�tar�ets��lambert�������.�

A� �ell� �no�n� c�aracteristic� of� P����������� ����������� strains� is� t�eir� ability� to�

pro�uce� various� pi�ments�� in�ee�� t�is� use�� to� be� t�e�met�o�� of� i�entifyin�� �ifferent�

strains.� T�e� usual� blue��reen� pi�ment� �pyocyanine�� an�� yello���reen� fluorescent�

pi�ment� �pyover�ine�� can� be� replace�� by� a� bro�n� �pyomelanin�� or� re�� �pyorubin��

pi�ment�or� an�unpi�mente��variant.��nly�P������������� is� capable�of�pro�ucin���ater�

soluble� pi�ment�� pyocyanin� �blue��reen�� ��ic�� �istin�uis�� t�em� from� ot�er�

P�����������species.�Amon��all�t�e�pi�ments���erivatives�of�pyocyanin�an��pyoc�elin��

act� as� a� virulence� factor� ��ic�� is� a� si�erop�ore� t�at� is� pro�uce�� un�er� lo��iron�

con�ition� to� se�uester� iron� from� t�e� environment� for� �ro�t��of� t�e�pat�o�en� �Fi�ure�

1.��.� �t�coul��play�a�role� in� invasion� if� it�e�tracts� iron� from�t�e��ost�to�permit�bacterial�

Pseudomonas aeruginosa
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growth�in�a�relatively�iron-limited�environment.�They�have�distin�tive�gra�eli�e�odor�d�e�

to� �rod��tion� o�� amino� a�eto�henone� an�� have� abilit�� t�� ����� ��� t�� ������ �n�the��

�hara�teristi�� �eat�res� are� �ontaining� single� �olar� �lagell�m�� non� s�ore� �orming��

�a�s�lated� ��olysa��haride� �a�s�le��� aero�i��� o�idase� and� �atalase� �ositive.�

�olori�ation��odor�and��olonies�mor�hologies�hel��in� the��reliminary�identi�i�ation�o��P��

������������

�

�ig�re��.�����ir�len�e��a�tors�o��P����������������������

This��a�teri�m��ossesses�a��ndant�vir�len�e� �a�tors��a�sing�a�wide� range�o��diseases��

s��h�as��ne�monia���hroni��l�ng�in�e�tions��se�ti�aemia���rinary�tra�t�in�e�tions�et�.�The�

relative�lo�ation�in�the��a�terial��ell�is�indi�ated�in��ig�re.�t��ontains��lagell�m���il�s������

and��a�s�le�as�str��t�ral�vir�len�e��a�tor�.�imilarly�it��ontains�e�o�olysa��haride��io�ilm�

and� di��erent� �roteases�� to�ins�� haemolysins� and� sidero�hores��yo�yanin� �igment�� as�

e�tra�ell�lar��a�tor�and�vario�s�ty�es�o��e�oto�ins�and�e�oen�ymes�.�ig�re�ada�ted��rom�

��i��20��a��

�
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������ ��������������A����������

�

Figure�1.�8:�Application�of�Bacteriophages:�

Sh�wing�appli�a�i�n����phag��� in��a�i�����i�l���� in�����ial�appli�a�i�n���i�������i�n�appli�a�i�n��
Therapeutics�application,��eterinar��application,�Biocontrol�application.�

The�rise�of�anti�iotics�resistance�has�re�in�le��interest�in�the��e�elop�ent�of�alternati�e�

anti�icro�ial� agent� ��assi�� �� �i�oges,� 2�1��.� Bacteriophages� are� no�� again�

reconsi�ere��as�an�anti�icro�ial�tool�,one�of�the��est�possi�le�option�in�the�therapeutics�

use� of� specific� phage� particles� that� target� �acterial� pathogens.� �n� the� earl�� t�entieth�

centur�,� a� poor� un�erstan�ing� of� the� �iological� �echanis�� of� phage� acti�it�� an��

su�se�uent� �isco�er�� an�� general� application� of� �roa��spectru�� anti�iotics� �as�

acclai�e��� as� in� the� late� 1���s� an�� 1���s,� interest� in� the� therapeutic� use� of�

�acteriophage� �ecline�� an�� for��an�� �ears��as� onl�� consi�ere�� as� a� research� tool� in�

�olecular� �iolog�� ��lar�����arch,� 2����.� �o�,�Bacteriophage� has� �ra�n� attention� to�

scientific� co��unit�� to� re�isco�er� of� phage� therap�� in� �o�ern� �e�icine� in� this�

anti�iotic�crisis�situation.��ontinuous�research�on�phage�an��its�un�erstan�ing�e�plores�
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the� application� of� bacteriophage� in� diverse� field� such� as� food� safety,� agriculture,�

veterinary� applications,� environment� sanitation,� industry� and� clinical� diagnostic�

application� such� as� detection� and� typing� of� bacteria� in� human� infection� (Figure� 1.8).�

Phages� are�not�only� used� in� humans� to� treat� infections� ,� however� they� are�also�being�

developed�for�environmental�prophyla�is��for�e�ample�to�get�rid��of�the�pathogens�in�the�

environment�and�animals��that�could�contaminate�food�supplies,�to�control�infections�in�

poultry� production� (�ernic�i� et� al.,� 2�1�)� for� the� treatment� of� fish� pathogens� in�

a�uaculture� (�ichards,� 2�1�).� �onventionally,� phage� therapy� relies� on� the� use� of�

naturally�occurring�phages�to�infect�and�lyse�bacteria�at�the�site�of�infection.��ow,�with�

the� biotechnological� advances� and� availability� of� necessary� molecular� tools� and�

techni�ues,�Phages��are�also�used�as�a�delivery�vehicle�for�gene�therapy,�as�a�biocontrol�

agent,�uses�in�the�development�of�phage�derived�vaccine�and�in�phage�display�techni�ue�

and��use�of��bioengineered�phages�and�purified�phage�lytic�proteins�in�phage�therapy.�

������ ������T������

Phage� therapy� is� the� therapeutic� use� of� lytic� bacteriophages� to� treat� pathogenic�

bacterial� infections.� Phages� have� been� used� in� the� treatment� of� infections� in� plant,�

animal� and� human� beings� with� varying� degree� of� success� (�ula�velid�e� �� �lavid�e,�

2001).� After� the� �isc�very� �f� �h��e� i�� 1�1��� ���ere��e� ����his� c���e���es� i�� Paris� had�

begun� using� bacteriophages� in� a� ther��e�tic� ��y�� ����chi��� the� ��h��e� �her��y�� t��

treat�four�children�from�bacterial�dysentery�(�riscuolo,�et�al,�2�1�).��n�1�21,��ruynoghe�

������isi�� ����ishe�� the� �rst� ���er� �escri�i��� the� e�c�cy� �f� ��cteri��h��es� i�� the�

treatment�of�a�staphylococcal�s�in�infection��they�in�ected�the�phage�preparation�around�

surgically�opened� lesions�and� the� infection� regressed�within�2���8�hours� (�ula�velid�e�

��lavid�e,� 2��1).�ater� on� ,�acteriophage� therapy� rapidly� developed� globally� and�

attracted� the� attention� of� pharmaceutical� companies� and� independently,� the� �ussian�

and��erman�army�physicians,�who�started�using�phages�to�treat�soldiers�during�the�time�

of� second� world� war� (�inden� �� �ones,� 2�12).� �n� the� �nited� �tates� during� the� 1���s�

commerciali�ation�of�phage�therapy�was�underta�en�by��li��illy�and��ompany�(�ubey�et�

al.,�2�1�).��he�discovery�of�broad�range�antibiotics�played�the�ma�or�role�in�declining�the�

interest� of� producing� phage� commercially� at� that� time.� �owever,� phage� therapy� was�

continued� to� be� offered� in� the� �liava� �nstitute� and� later� by� others� also� such� as� the�

�irs�feld� �nstitute� of� �mmunology� and� ��perimental� �herapy� in� �roclaw,� Poland�

(�eresins�i,�2���)�and�in�those�early�days�e�tensive�research�and�development�on�phage�

therapy� was� done� in� �ussia,� �eorgia� and� Poland� .�here� are� various� success� stories�

available�about�potential�use�of�bacteriophage�and�its�effectiveness�in�human�patient�in�

�astern��urope.��uman�safety� trials�have�also�been�performed�successfully�which�was�

underta�en�on��taphage��ysate�by��elmont��aboratories�(���)�(�assim����imoges,�2�1�)�

.�ccording� to� the� �ational� �nsitutes� of� �ealth� (���,���),� Phages� are� innovative�

components�that�may�be�used�to�combat�with�microbial�resistance�(���,2�1�).�he�use�

of� bacteriophages� in� phage� therapy� is� based� on� their� ability� to� recogni�e,� adsorb� and�

multiply� only�within� the� bacterial� cell� and� causes� its� lysis� (�urrowes� et� al.,� � 2�11).For�
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therapeutic� uses,� obligatory� lytic� bacteriophages� are� highly� desirable,� because� they�

result� in� rapid� killing� of� their� target� host� cell,� bacteriophage� numbers� increase� rapidly�

and� transduction� is� rare� and� similarly,� well-described� and� characterized� phages� are�

preferred�one�for�phage�therapy.�Phages�host�specificity�acts�as�an�advantage�since�it�is�

less� likely� to� interfere� with� the� natural� flora� of� host.� Nowadays,� research� has� been�

performed� on� using� of� phage� lytic� enzymes� rather� than� using� whole� phage� ��ischetti,�

2����� or� using� genetically� modified� non-lytic� phage� to� deliver� bactericidal� protein-

encoding��N��to�pathogenic�bacteria���estwater�et�al.,�2��3�.� �nnovations�in�the�gene�

editing� tool� ����P���as�� have� created� novel� opportunities� for� phage� therapy.� �ne�

e�ample�of�which�is�the�use�of�bioengineered�phage�to�deliver�a�����P���as��system�to�

disrupt�antibiotic� resistance�genes�and�destroy�antibiotic� resistance�plasmid� ��in�et�al.,��

2���b�.� �hese� phages� may� be� applied� in� hospital� to� reduce� fre�uency� and� spread� of�

antibiotic�resistance�genes.�

A�������������������������������������������������

�ue�to�uni�ue�properties�of�phages,�there�are�various�advantages�of�phage�therapy�over�

the�use�of�chemical�antibiotics.�Phages�are�being�emphasized�these�days�due�to�its�ability�

to� kill� multidrug� resistant� bacteria� and� even� it� can� clear� biofilm� produced� by� bacteria�

,once� they� lysed� bacteria� they� cannot� regain� their� viability� ��oc-�arrillo� �� �bedon,�

2����.�ome�of�the�advantages�are�given�below�on�the�basis�of�phage�properties��

� �acteriophages� are� highly� specific,� thus� unlikely� to� disturb� normal� flora� in� the�

same�manner�as� current� antibiotics� ��kurnik��� �trauch,�2����.� Phages�are� �elf-

multiplying,� self-limiting�and� target� specifically�and�possess�no�any� serious� side�

effects.�

� �n� case� of� phage,� initial� dose� of� phage� can� be� low� because� the� viruses� self-

pr�pagate�c�mpare��t��anti�i�tic�����n�an����������t�i��terme��a��a�t������ing��

because�the�phages�themselves�contribute�to�establishing�the�phage�dose.�

� No� correlation� between� phage� and� antibiotics� resistance.� �he� development� of�

resistance� of� bacteria� to� antibiotics� does� not� parallel� to� the� development� of�

phage�resistance�in�bacteria���llen�et�al,�2����.�

� Phages�are�effective�against�most�resistant�bacteria�and�even�to�mature�form�of�

biofilm.� �any� studies� showed� that� biofilms� are� significantly� more� resistant� to�

chemical� antibiotics� than� planktonic� bacterial� cells� Phages� have� ability� to� clear�

biofilms���arper�et�al.,�2����.�

� �here�are�studies� that�suggest�phages�do�not� increase�the�antibody� level� in� the�

blood�stream���hhibber����umari,�2����.�

� Phages� mutate� at� a� higher� rate� than� bacteria� and� are� able� to� respond� fast� to�

possible�phage-resistant�bacteria���hardwa�,�2����.�

� �acteriophages�are�environmentally�friendly�and�are�based�on�natural�selection,�

isolating� and� identifying� bacteria� in� a� very� rapid� process� compared� to� new�
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antibiotic� development,� which� may� take� several� years,� may� cost� millions� of�

dollars�for�clinical�trials,�and�may�also�notbe�very�cost�effective.�

� Althou�h� resistance� to�pha�e�has� been� reported,� it� is� claimed� that� this� can�be�

av�i�e�� by� using� a� ‘phage� c�c��ai��� �����ynn� e�� a���� ������� �u��he����e� phages�

have� co�evoled� with� bacteria� and� thus� it� is� claimed� to� be� easier� to� overcome�

pha�e�resistance��Abedon,�2������Abedon,�2�������.�

D��������������������������������������������������

� Endotoxins�� �ha�e� multiplication� usin�� host� cell� is� a� primary� step� for� pha�e�

production.��urin��cell� lysis,�lipopolysaccharide,�a�component�of�the�cell�wall�of�

�ram�ne�ative�bacteria�is�released.��ipopolysaccharide�acts�as�an�endoto�in�and�

if� they� are� present� in� hi�h� concentration� then� they� can� tri��er� a� coa�ulation�

cascade,�modify�hemodynamics,�invoke�fever,�endoto�ic�shock,�and�hypotension�

��abrowska�et�al.,�2��4�.��urifyin��pha�e�preparation�usin��chromato�raphy�and�

ultrafiltration�can�produce�endoto�in���ee�p�epa�a�i�n�����a�y�s�i�e��a�����������

� Ph����s���i�i�it����he�specificity�of�pha�e�for�its�host,�althou�h�an�advanta�e,�it�

can� be� the� limitin�� factor� for� pha�e� therapy� and� biocontrol.� �here� are� several�

options�to�circumvent�this�problem��usin��pha�e�with�broad�host�ran�e���oss�et�

al.,�2����,�usin��host�ran�e�mutant�bacteriopha�e���laherty�et�al.,�2�����or�usin��

a�mi�ture�of�different�pha�es���han�et�al.,�2����.��

� Ph����in��ti��tion���ha�e�inactivation�by�human�serum�can�pose�a�limitation�in�

pha�e�therapy.�

� ���t��io�h���� ��sist�n���� �evelopment� of� pha�e�resistant�mutation� can�make�

the� pha�e� therapy� unproductive.� �ha�e�resistance� mechanisms� encoded� by�

bacteria��bacterial�resistance��serve�to�limit�pha�e�host�ran�e.�t�is�found�that�the�

rate�of�developin��resistance�to�pha�es�is�appro�imately����fold�lower�than�that�

to� antibiotics.� �owever,� usin�� pha�e� cocktail� �a� mi�ture� of� pha�es�� that� uses�

different�cell�receptors�can�restrain�rise�of�pha�e�resistance���abrie�et�al.,�2�����

�an�i�et�al.,�2��4�.�

� �ot� all� pha�es� can�be�used� for� therapeutic�propose.��nly� obli�ate� lytic�pha�es�

that� lyse�the�bacterial�cell�directly� instead�of� inte�ratin��its��enome�in�bacterial�

��A��temperate��are�usable�for�pha�e�therapy.��emperate�pha�es�play�a�ma�or�

role� in� the� e�chan�e� of� �enetic� material� between� different� bacterial� strains.�

�esided� obli�ate� lytic� property� fully� characteri�ed� pha�e� with� its� thermal�

stability,� efficacy� and� fully� se�uenced� pha�e� devoid� of� any� virulence� �ene� is�

needed�for�pha�e�therapy���oc��arrillo���Abedon,�2����.�

���� C�������S������

�ha�e� therapy,� the� use� of� pha�es� to� cure� bacterial� infections,� has� received� much�

attention� in� recent� years� due� to� the� emer�ence� and� rapid� spread� of� antibiotics�

resistance.� � Almost� decade� before� the� discovery� of� penicillin,� the� practice� of� pha�e�
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therapy�was�being�developed,�they�were�used�at�the�treatment�against�pathogens�su�h�

as����������������������in��������in�et�al�,��2���a����

�n� re�ent� years,� possibility� o�� phage� therapy� has� been� in�reased� due� to� the� s�ienti�i��

advan�ement� o�� biote�hnologi�al� tools� su�h� as� phage�derived� lyti�� proteins,�

bioengineered�phages�et����urrent�resear�h�on�the�use�o��phages�and�their�lyti��proteins�

spe�i�i�ally,�against�multidrug�resistant�ba�terial�in�e�tions,�suggests�that�phage�therapy�

has� the� potential� to� be� used� as� either� an� alternative� or� a� supplement� to� antibioti��

treatments�� �ith� advan�ements� in� �ioin�ormati�s� analysis,� phages� �hara�teri�ation� is�

done� by� e�amining� the� phage� genome� se�uen�ing� so� that� the� phage� biology� is� �ully�

understood���owadays,� its�appli�ation�has�been�broadening� � in�diversi�ied��ield� li�e� � in�

various� agri�ultural� settings� to� improve� the� sa�ety� o�� �ood� and� to� �ontrol� �ood� borne�

diseases�as�well�as�to�redu�e�the�use�o��antibioti�s� in� livesto���similarly�phage�therapy��

has� shown� su��ess� in� treating� in�e�tions� in� livesto��,� plants,� a�ua��ultured� �ish� and�

human� ��utter� �� �ula�velid�e,� 2������ �ow� the� resear�her� are� interested� in� various�

biote�hnologi�al� appli�ation� o�� phages� and� they� are� used� in� the� potential� o��

ba�teriophage� parti�les� in� human� in�e�tions� �ba�teriophage� therapy�,� nano�ages� �or�

gene� delivery,� �ood�biopreservation� and� sa�ety,� bio��ontrol� o�� plant� pathogens,� phage�

display,�ba�terial�biosensing�devi�es,�va��ines�and�va��ine��arriers,�bio�ilm�and�ba�terial�

growth��ontrol,�sur�a�e�disin�e�tion,��orrosion��ontrol��

�n� �onte�t� o�� �epal,� as� antibioti�� resistan�e� is� raising� tremendously� it� has� be�ome� a�

ma�or�publi��health��on�ern�however,�un�ortunately�no�any�produ�tive�wor��regarding�

the�alternative�to�antibioti�s�has�not�been�done�yet�and�very��ew�study�were�published�

about� �a�teriophages�� �n� this� study,� we� aimed� to� show� a� way� �or� the� possibility� o��

implementation�o��phage�therapy�in��epal���n�this�study�we��o�used�on�the�isolation�o��

ba�teriophages� against� �arbapenem� resistant� ba�teria� and� its� potential� appli�ation� as�

therapeuti��agents�via�understanding�the�phage�biology�o��this�parti�ular�phage�through�

whole�genome�se�uen�ing��
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���� O���������

����� G�������O���������

� Isolation,� characterization� and� whole� genome� anal�sis� o�� �otential� �hages�

and� asses� its� �se� to� control� �o�ilm� �rod�ced� ��� car�a�enem� resistant�

�acteria.

����� S��������O���������

� �o� screen,� isolate� and� ��ri��� l�tic� �acterio�hage� against� car�a�enem�

resistant��acteria��rom�hol��ri�ers�o���athmand���alle���

� �o� determine� �hage�host� range��sing� di��erent� t��es� o��m�ltidr�g�resistant�

�acteria�

� �o�st�d���rotein��ro�ile�o���hage��rotein�������������

� �o� � identi��� the� �hages� �mor�holog�� � ��� transmission� electron�microsco���

�������

� �o�determine�growth�characteristics�and��h�siochemical��ro�erties�o��most�

�otent��acterio�hage��

� �o� anal�ze� the� �hage� genome� thro�gh� �hole� genome� se��encing� �sing�

Ill�mina��lat�orm��

� �o�a��l�� the��acterio�hage�as� antimicro�ial�agent� �or� the�disr��tion�o�� the�

�o�lim��rod�ced����car�a�enem�resistant��acteria��

���� R������������������

In� the�age�o��m�ltidr�g�resistance,�co�ld��hage�thera����e� the�e��ecti�e�alternati�e� to�

anti�iotics�we�ha�e��een�searching��or��

N��������������

�here� are� no� �acterio�hages� in� the� water� o�� �athmand�� �alle�� which� can� l�se� the�

car�a�enem�resistant�h�man��athogenic��acteria�and�cannot��e�as��sed�to�control�the�

�io�ilm��rod�ced����them��

A���������������������

�he�l�tic��acterio�hages�are��o�nd�in�the�water�o���athmanad���alle��which�can�l�se�the�

car�a�enem�resistant�h�man��athogenic��acteria�as�well�as��sed�to�control�the��io�ilm�

�rod�ced����them��

�

�
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���� R��������

The� increasing� numbers� of�multidrug� resistant� bacteria� to� existing� antibiotics� add� the�

serious� challenge� to� the� human� health.� �iseases� that��ere� easil�� treatable� fe�� �ears�

bac��are�no��difficult�to�treat�or�e�en�some�are�untreatable��ith�the�similar�thera�eutic�

agent.� �acteria� are� e�ol�ing� more� ra�idl�� �ith� unusual� s�read� of� resistance� gene�

resulting� to� the�outbrea��of� su�erbugs.� The� fact� is� that� resistance�genes�of� last� resort�

antibiotics� ha�e� been� s�reading� �orld�ide.� The� emergence� of� carba�enem� resistant�

�athogens� ����������� ������������ P����������� ����������� and� A�������������

����������ha�e�created�massi�e��roblems�in�treating��atients�in�hos�itals�as�����also�

�riotri�ed�these��athogens�as�critical�grou��for��esearch�and��e�elo�ment�of�ne��drug.�

This� dra�s� a� s�ecial� attention� to� an� urgent� need� to� co�ordinate� a� global� effort� in� the�

search� of� alternati�e� im�ro�ed� treatment.� �ence�� to�mitigate� this� antibiotic� crisis� the�

strong�candidate�to�the�alternati�e�of�antibiotics�is��acterio�hage��a�li�ing�drug.��ecent�

findings�also�su��ort�the��otential�of��hages�as�alternati�es�to�antibiotics.��hages�are�an�

‘intelligent’� ���g���i�����lti�lie�� �t� t�e� �ite� ��� t�e� in�e�ti�n� �ntil� t�ere� are� no�more�

bacteria.� �n� �ast� histor��� due� to� lac�� of� �no�ledge� on� basic� �hage� biolog�� and� their�

molecular� organi�ation� has� led� to� some� clinical� failures� but� no�� huge� number� of�

research��ith� ad�ancements� of� biotechnological� tools�� �hage� characteri�ation� is� done�

through� se�uencing� �hich� hel�s� to� understand� the� �hage� biolog�� sho�ing� great�

�ossibilit��of��hage�thera���to�tac�le�against�antibiotic�crisis.�There�are��arious�success�

stories� of� �hage� thera��� to� treat� a� �atient� near� death� from� a� multidrug�resistant�

bacterium.�

��n� context� of� �e�al�� as� antibiotic� resistance� is� raising� tremendousl�� it� has� become� a�

ma�or��ublic�health�concern�ho�e�er��unfortunatel��no�an���roducti�e��or��regarding�

the�alternati�e�to�antibiotics�has�not�been�done��et�and��er��fe��stud���ere��ublished�

about��acterio�hages.�This�stud��aims�to�ex�lore��identif��and�characteri�e��arious�l�tic�

bacterio�hages� to� determine� their� thera�eutic� �otential� as� an� antimicrobial� agent.� �t�

first� �otential� bacterio�hages� �l�tic� �hages�� are� isolated�� screened� and� characteri�ed��

against�����carba�enem�resistant�P����������������������and�����������������������

from�se�age��ater���olluted��ater��of��athmandu��alle���here�the��are�most�li�el��to�

be� found.� Thus�� �e� �ant� to� ex�lore� the� �a�� for� the� �ossibilit�� of� �hage� mediated�

biocontrol�as��ell�as�im�lementation�of��hage�thera���b��characteri�ing�locall��a�ailable�

bacterio�hage�� �hen� all� a�ailable� antibiotics� are� failed.� �no�ledge� on� the� �hage�

structure�� understanding� of� their� infection� �rocess� and� l�sis� mechanism� through�

se�uencing��its�host�range���h�siochemical�stabilit��and��ossibilit��to�use�as�antibacterial�

agent�for�disru�tion�of�biofilm��ould�definitel��allo��the�design�of��otential��hages�that�

can�control�the�antibiotic�resistant�bacterial�infections.�



C�A�TER�TWO

L�TERAT�RE RE��EW

���� �������������������������D��������

Bacteriophages� are� thought� to� be� the� most� ancient� entities� on� earth� able� to� infect�

almost�all�Bacteria(Clokie�et�al.,�2011).For�the�first�time,�in�1896�Ernest�Hankin�(a�British�

bacteriologist)� reported� for� the� presence� of� antibacterial� acti�it�� (against� Vibrio�

cholerae)�in�the��aters�of�the��anges�and��amuna�ri�ers�in��ndia�(�ittebole�et�al.,�201��

).He� used� porcelain� filters� to� strain� the� ri�er� �ater,� remo�ing� bacteria� and� larger�

organisms� �hile� retaining� a� suspension� that� could� kill� Vibrio� cholera� for� limiting� the�

spread�of�cholera�epidemics�in�the�area.�He�summari�ed�that�this�might�in�some��a��be�

responsible� for� the� reduced� number� of� cases� of� gastrointestinal� infection,� particularl��

cholera,� in� those� �illages� close� to� the� ri�er� (�bendon� �� �a�ure,� 2011).� �n� 1898,�

�amale�a�(a��ussian�bacteriologist)�obser�ed�a�similar�phenomenon��hile��orking��ith�

Bacillus� subtilis.� ��o� decades� later,� in� 191�� another� British� bacteriologist,� Frederick�

��ort,� found� a� bacteria�killing� agent� “glassy� transf�rmati�n”� while� w�rking� with�

Micrococcus�cultures,�although�he�hesitated�to�h�pothesi�e�that�it��as�a��irus.���ort�did�

not�pursue�this�finding�due�to�financial�difficulties.��fter�t�o��ears,�bacteriophages��ere�

“�fficially”� �isc��ere�� �y� �eli�� ���erelle�� a� �rench�Canadian� microbiologist� at� the�

�nstitute� �asteur� in� �aris.� 1910s,� French��ana�ian� micr��i�l�gist� �eli�� ���erelle� was�

testing� fecal� filtrates� from� soldiers� infected� �ith� �higella� ,� he� sa�� kill� �ones� on� the�

culture�plates,�he�proposed�it�was�“�ltra�ir�s”�that�ca�se�� l�sis�of�bacterial�cell�in�li�uid�

media� and� � created� clear� patches� on� the� bacterial� la�n� �hich� he� primaril�� called� it�

taches�� then�taches��erges�an�� later��la��es�an��he�c�ine��the�term�“�acteri��hage�”�

fr�m� the��reek�w�r�� ��hagein��which�means� � “t�� eat�”� �r� �t���e���r�� t�� �escri�e� the�

disease�fighting� agents.� �an�� scientists� accepted� the� independent� disco�er�� of�

�acteri��hages�ma�e��y��w�rt�an�����erelle�an��referre��t�� it�as�the� ��w�rt����erelle�

phen�men�n���an��later�the���acteri��hage��hen�men�n���

���� ������� ���������T������

�lmost� a� decade�before� the� disco�er��of� penicillin,� the�practice�of� phage� therap���as�

being� de�eloped� as� a� treatment� for� bacterial� infection.� From� 1920� to� 19�0,� phage�

therap�� �as� e�tensi�el�� used� to� treat� �arious� infectious� diseases� (�ublanchet� ��

Fruciano,�2008).��o�,��hage� therap�� is��idel��being�reconsidered�as�an�alternati�e�to�

antibiotics� due� to� decrease� in� effecti�eness� of� a�ailable� antibiotics� along� �ith� the�

increase�in�antibiotic�resistance�pathogens.�Earl��attempt�to�use�phages�therapeuticall��

resulted��ith�the�number�of�successes.��otable�e�amples�are�the�use�of�phages�to�treat�

cholera,�d�senter��and�t�phoid�fe�er��although�man��other�studies��ere�performed�at�

the�same�time.�he�potential�of�phages�as�a�therapeutic�agent��as�first�identified�and�put�

int�� test� �y� �eli�� ���erelle�� ���n� after� ��li�� ���erelle� �isc��ere�� �acteri��hages� in�

association��ith�diarroheal�illnesses,�he�speculated�that�phages��ere�responsible�for�the�
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usual�reco�er��from�such�disease�through�their�antibacterial�action�in��i�o.�Furthermore,�

he� proposed� to� acti�el�� emplo�� laborator��produced�phages� as� both� proph�lactic� and�

therapeutic�agents�against�bacterial�infections.�From�its�first�field�trials�as�a�proph�lactic�

against�a�ian�t�phosis�(�al�o�ella��alli�aru�)�in�rural�France�in�1919�to�its��idespread�

use� in� humans� in� the� pre�antibiotic� 19�0s.He� used� phages� to� successfull�� treat� a� 12�

�ear�old�bo���ith�se�ere�d�senter�.�He�also�succeeded�in�treating�three� other�patients�

�ith� the� same� disease� (�ulak�elid�e����la�id�e,� 2001).� �imilarl�,� re�ie�� describes� the�

first�use�of� intra�enous�bacteriophage,��hich��as�used� in� the�treatment�of� cholera�b��

Ashesh�v�in�In�ia�(�Abe��n�et�al.,�2011).�D‘Herelle��pr��uce��the��irst�commercial�phage�

cocktails� products�Bact�Coli��hage,� Bact���ntesti��hage,� Bact����sent�rie��hage,�

Bact���o��hage�and�Bact���hino��hage�as�therap��for�infections�and���ere�marketed�b��

the��ociet��Francaise�de��eintures��noffensi�es�pour�Che�eu��(�afe�hair�d�e�compan��of�

�rance��n����‘�r�al)�(Abe��n�et�al.,�2011���ula�veli��e���Alavi��e,�2001).��ne�1��1�trial�

of� phage� therap�� as� a� treatment� for� cholera� in� the� �un�ab� region� of� �ndia� in�ol�ed� a�

cohort� of� 118� control� sub�ects� and� ��� e�perimental� sub�ects� that� recei�ed� phage�

treat�ent����Herelle��bserve��a��0��re�ucti�n� in���rtalit���ith����lethal��utc��es� in�

the�control�group�and�onl����in�the�e�perimental�group.��ang�et�al.�8�reported�the�use�

of� bacteriophage� in� se�en� patients� �ith� chronic� orthopedic� infections� �ith� resistant�

organisms.� �he�� �ere� able� to� cure� t�o� cases� of� hip� prostheses� infected� �ith� gram�

negati�e�bacteria�(after�remo�al�of�the�prostheses),�one�case�of�tibial�osteom�elitis�due�

to��roteus,��taph�lococcus�aureus,�and�one�case�of�septic�non�union�of�the�femur�due�to�

pan�resistant� �ro�idencia.� �a� ��dicine� in� 19�6� �as� de�oted� to� phage� therap�.� �ts�

indi�idual� re�ie�s�pro�ided�detail�data�on�the�treatment�of�such�conditions�as�t�phoid�

fe�er,�acute�colitis,�peritonitis,�prostate�and�urinar��tract�infections,�furunculosis,�sepsis�

and� otolar�ngolog�.� �ikelad�e� described� the� treatment� of� 21� patients� �ith� t�phoid�

fe�er��ith�bacteriophage,�using�10�m��of�l�sate�for�three�to�fi�e�consecuti�e�da�s.��here�

has�been�long�and�apparentl��successful�histor��of�phage�therap��in��eorgia�and�other�

parts� of� the� �o�iet� �nion� ho�e�er� onl�� fe�� primar�� publication� in� English�language�

�ournals.� �he�histor�� of��hage� therap���as�e�tensi�el�� re�ie�d� in�man�� literatures,� in�

�hich�phages��ere�used�to�treat�se�eral�bacterial�infections.��n,��eorgia�phage�therap��

center��as�founded�in�the�19�0s�b���eorge�Elia�a,� in�association��ith�F�li��d�H�relle�is�

no�� the� Elia�a� �nstitute� in� �bilisi.� �pecificall�� dedicated� to� phage� therap�� and� this�

institute� still� e�ist� toda�.� �hages� from� the� Elia�a� institute� ha�e� been� used� to� treat�

hundreds� of� thousands,� if� not� millions� of� people,� and� at� its� height� it� emplo�ed� 1200�

people� and� produced� 2� tons� of� phage� per� �eek� .�housands� of� patients� ha�e� been�

treated��ith�phages� in��oland,�particularl�� in�association��ith�the�Hirs�feld� �nstitute�of�

I��un�l����an����peri�ental��herap��in��r�c�a�,��hich��as���un�e��in�1���.��ince�

200�,�the�institute�itself�has�had�a�phage�therap��center�dedicated�especiall��to�treating�

antibiotic�resistance� infections.� �n,� ����ne� of� the� first� studies� of� subcutaneous� phage�

administration� �as� carried� out� at� the� �ichigan� �epartment� of� Health,� �here� � 208�

patients��ere�treated��hich��ere�infected���ith�chronic�furunculosis���8��of�them��ere�

found��ith�no�occurring�infections�for�at� least�6�months�after�treatment�ho�e�er,�onl��
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3%� showed� no� improvement� (Larkum,� 1929).� In� US� durin�� 1930s,� severa�� therapeuti��

pha�es� were� produ�ed� and� ��i� Li���� �ompan�� was� esta��ished� �or� �ommer�ia�� pha�e�

produ�tion,�whi�h� �produ�ed�steri�e��i�tered�pha�e���sates�(Staph��o���sate,��o�o���sate,�

�nto���sate,��eiso���sate)�and�the�same�preparations�in�a�water�so�u��e��e�����ase�(e.�.,�

Staph��o��e�)� �or� treatin�� a�s�esses,� puru�ent� wounds,� va�initis,� mastoiditis� and�

respirator�� in�e�tions.� Un�ortunate��,� the�� �ound� that� a��� o�� them� had� pro��ems� with�

�ua�it���ontro�,�sta�i�it��and�esta��ishment�o��e��i�a��.��he�ma�orit��o��studies�o��pha�e�

therap��on�humans��ame��rom�on���two�institutions��the��irs��e�d�Institute�in��ro��aw�

(��lan�)�an��the�liava�Institute�in���blisi�(�eor�ia).�

�ha�e�therap��has�a��on��histor�,�thou�h��or�most�o��that�histor��this�approa�h�has��een�

ne��e�ted� ��� the� �n��ish�speakin��western�wor�d.� In� the� ear��� da�s,� there�was� a� poor�

understandin��o��the��io�o�i�a��nature�o��pha�es�and��a�k�o��understandin���ed�to�a�poor�

e��i�a���o��pha�e�produ�ts.��espite�the� initia��su��esses��rie����des�ri�ed�a�ove,�pha�e�

therap�� �ai�ed� to� �e�ome� wide��� a��epted.� �s� a� resu�t,� pha�e� therap�� was� wide���

dismissed� ��� most� o�� western� medi�ine� a�ter� the� introdu�tion� o�� pharma�euti�a��

antibi�tics� in� the�1��0�s.� Initial�e�a��erate��clai�s,� the� lac����� c�ntr�lle��e�peri�ents�

and� �a�k� o�� do�umentation� a�so� p�a�ed� an� important� ro�e� in� the� a�andonment� o�� this�

method� (�hie�,� 200�).�he� e��eption� to� this� is� in� the� �ormer� Soviet� Union� and� �astern�

�urope� where� ��ini�a�� pha�e� therap�� has� �een� used� e�tensive��� to� treat� anti�ioti��

resistant� in�e�tions� �aused� ��� a� ran�e� o�� in�e�tious� �a�teria� su�h� as� St��������������

P����������,� ����������,� and� E�� ����.� �owada�s,� due� to� the� �oomin�� anti�ioti�� �risis�

there� is� now� a� renewed� interest� in� pha�es� so� a� num�er� o�� �ompanies� are� produ�in��

therapeuti��pha�e�produ�ts�usin��nove��and�advan�ed�te�hno�o��.�

���� R������������������������� T������

��ter� severa�� �ears� o�� a�andonment,� the� use� o�� �a�teriopha�es� (pha�es)� �or� ki��in��

�a�teria� has� now� �ained� a� re�ent� attention� and� appraisa�.� �his� has� �ed� to� a� vast�

innovation�in�pha�e�resear�h,�varied��ie�ds,�with�impressive�out�omes�in�revita�i�ation�o��

pha�e� therap�� with� advan�e� te�hno�o��.�ha�e� resear�h� �osts� have� de�reased�

si�ni�i�ant���due�to�advan�ements�in�te�hno�o��.���thou�h��ein���i�esavin��therapeuti�s,�

one�o�� the��i��est� �ha��en�es� re�ates� to�re�u�ations�and�po�i���surroundin����ini�a��use�

and�imp�ementation��e�ond��ompassionate��ases.Some�ma�or�pha�e�studies�durin��100�

�ears�o��pha�e�resear�h�are�depi�ited�in��e�ow��i�ure�(�i�ure�2.2).�

�ith�sa�et��trai�s��omp�eted�in�19�9,�Staph��o�o��a��pha�e���sate�(S�L)�was��i�ensed��or�

human� therapeuti�� usa�e� and� was� su��ess�u���� administered� usin�� di��erent� routes�

(intranasa�����aeroso�,� topi�a���,� ora���,� su��utaneous��� and�a�so� intravenous��)� (�o�kar�

et� a�.,� 201�).� �rom� �ate� 19�0s� to� ear��� 19�0s,� overa��� pha�e� therap�� e��i�a��� was�

demonstrated�in���ini�a��tria�.��mon���0��patients,�a���o��whom�had��ai�ed�to�respond�to�

�onventiona��treatment����anti�ioti�s,�were�treated����pha�e�therap�.��he�resu�ts�were�

reported����ood���0%�o��the�patients�re�overed,�1�%�improved,�and�on���2%�e�hi�ited�

no��han�es.��urthermore,�no�side�e��e�ts�were�a�so�reported(S�opek�et�a�.,19��).�here�is�
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productive�result�on�clinical�trials�in�which�Rhoads�and�colleagues�reported�on�safety�in�a�

small�phase�I�trial�in�patients�with�venous�leg�ulcers�and�reported�no�adverse�events�with�

the� administration� of� phages(Rhoads� et� al.,� 2�1��.�right� et� al.� demonstrated� efficacy�

and� safety� of� anti��seudomonal� phages� against� late� stage� recurrent� otitis� which� was�

dominated��y���R�P�����������.num�er�of�clinical�trials�have��een�registered��his�was�

summari�ed�in�given�figure�(�igure�2.1�.(www.glo�alclinicaltrialdata.com�.�

�

�igure�2.� 1�� �ummary�of�human�phage� therapy� trials� and� the� range�of� target� sites�� infections.�
�ource��www.clinical�trials.com��igure�adapted�from�(�urfaro,��ayne,����hang,�2�1���

�hen�inoculated�into�mice�simultaneously�with������������1���(1������mouse�,�phage�

(1�������� rescued�����of� the�mice��when�applied�to�nonlethal� (��1�������mouse��1��

day�infections,�the�phage�also�fully�cleared�the��acteria.��he�phage���a,�delivered�inside�

macrophages��y���� ������,� �ills� the� intracellular� staphylococci� in� vivo�and� in� vitro.��he�

phage�can�also�prevent�a�scess�formation�and�reduce�the��acterial� load�and�weight�of�

a�scesses.� �hese� results� suggest� a� potential� use� of� the� phage� for� the� control� of� �oth�

local�and�systemic�human�����������infections�(�alvatore�et�al.,�2����.��hage�interactions�

with� animals� in� general� and� human� �eings� in� particular� have� �een� comprehensively�

reviewed,�and�there�have��een�no�reports�of�significant�adverse�reactions�despite�their�

long�history�of�administration�to�humans.�
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Figure�2.�2:�Timeline�of�some�major�phage�studies.Some�major�phage�accomplishments�during�
the�first�100�years�of�phage�research.�I:�1915�1939���isco�ery�of�phage�and�some�crude�attempts�
are�phage�therapy��II:��19�0�19�0�����hage�physiology�and�molecular�genetics��anti�iotics�replace�
phage�therapy��III:��19�1�2000����hage�applications�and�earnest�efforts�at�phage�therapy�and�I�:��
2001�cur����Intense�phage�therapy�applications�and��ast�une�pected�applications.�

Studies� indicated� that� a� single� dose� of� the� P�� ����������� phage� coc�tail� significantly�

decrease� the� mortality� of� thermally� injured�� P�� �����������infected� mice� �from� ���

sur�i�al��ithout�treatment�to�22�to�����sur�i�al��ith�treatment��and�that�the�route�of�

administration��as�particularly�important�to�the�efficacy�of�the�treatment���ith�the�i.p.�

route� pro�iding� the� most� significant� ������ protection� ��c�ay� et� al.�� 200��.First�

randomi�ed�controlled�trial� ���T��pro�ided�e�idence�on�phage�therapy�in�patients��ith�

�������related�chronic�otitis���right�et�al.��2009��and��F��������is�a�typical�candidate�

for�phage�therapy�.�

�hages�induced�non�neutrali�ing�anti�odies�and��ere�acti�e�2��ee�s�after�e�perimental�

infection�of�mice��phage�resistant��acteria��ere�a�irulent�and�short� li�ed�in��i�o.��ore�

importantly��phage�resistant��acteria��ere�e�cellent��accines��protecting�against� lethal�

doses�of�heterologous�S.�enterica�sero�ars���apparelli�et�al.��2009�.�

�nly� a� �ery� fe�� studies� used� human� cell� lines� to� determine� the� safety� and� immune�

responses� of� phages.� The� immunogenicity� of� �� phages� of� �audo�irales� order�� �ere�

chec�ed�in������and�immortali�ed�cell�lines���T�2�and��aco�2�intestinal�epithelial�cells�.�

�hen� e�posed� to� high� phage� concentrations� �109� �F���ell��� cyto�ine� dri�en�

inflammatory�responses��ere�induced�from�all�cell�types.��lthough�phages�appeared�to�

inhi�it�the�gro�th�of�intestinal�epithelial�cell�lines��they�also�appear�to��e�non�cytoto�ic�

��ir�aei�et�al.��201���.The�cell�line�study�on�the�dynamics�of�phage��acteria�interactions�

re�ealed�no�el�facts�of�phage��iology��sho�ing�that�phage�can�reduce�C����������num�ers�

more�efecti�ely�in�the�presence�of��T�29�cells�than�in��itro��Shan�et�al.��201��.�The�safety�

and�efficacy�of�therapeutic�phage�treatment�of�C���������� infections�ha�e�also�pre�iously�

studied� using� hamster�� artifcial� gut�� and� more� recently� the� insect� ��������� �����������
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models,�suggested�that�phage�treatment�appeared�to�be�safe�and�efective;�hamster�data�

showed�that�they�responded�positively�to�phage�treatment,�and�artifcial�gut�model�data�

showed�that�C.�d�������numbers�and�toxin�levels�were�reduced�with�minimal�disruption�to�

commensal�bacteria�(Meader�et�al.,�2010).�

Miernikiewicz�et�al.�performed�an�extensive�study�of�the�immunological�efects�of�phage�

T�� and� its� head� surface� proteins.They� found� that� phage� T�� and� its� surface� proteins�

gp23�,�gp2��,��oc�and��oc�did�not�affect�production�of�the�inflammatory�cytokine�and�

���� production� (Miernikiewicz� et� al.,� 2013).� �ecently� Ma�ewska� et� al� followed� the�

antibody�production�(i.e.��gM,��g��and�secretory��g�)�afer�oral�application�of�phage�T��to�

mice.��owever,� the�orally�applied�phage�T�� induced�anti�phage�antibodies�only�after�a�

combination� of� long� exposure� times� (i.e.� �g�� day� 3�� and� �g�� day� ��)� and� high� doses�

(Matysiak�et�al.,�201�).�

�nother�case�report�showed�therapeutic�application�of�phage��M��1�to�treat�a�chronic�

P.������������infection�of�an�aortic��acron�graft�with�associated�aorto�cutaneous�fistula.�

�n� which� ��� years� old�man�with� recurrent� infection� as� treated�with� �M�01� phage,� it�

appears� t�� have� been� effe�t�ve� at� b������ re���t��n� �n� pr�sthet��� �raft� �ater�a���

contributing�to�eradicate�P.������������infection�(�han�et�al.,�201�).�

The�gene�expression�profile�of�peripheral�blood�monocytes�from�six�donors� for� twelve�

immunity�related� genes� (i.e.� ��1�,� ����1,� �����,� ��1�,� ��1�,� ��1��,� ���,� ��10,� ���,�

����3,� T����� and� T���)� was� studied� which� were� induced� by� ��������������� �������

phage� ���� and� four� P���d������� ����������� phages� (i.e.� ��M,� ���1�,� 1��1� and� ���

v���ae��akheti2�).� The� phages� were� able� to� induce� clear� and� reproducible� immune�

responses.� �mmune� response� was� shown� to� be� endotoxin�independent� and�

predominantly�anti�infammatory�(�elleghem�et�al.,�201�).�

�nother�study�proved�that�phages�can�aid�in�the�killing�of�phagocytosed��.�������.�The�

authors�showed�that�phage�particles�absorbed�to�the�bacterial�surface�have�an� impact�

on�the�killing�of�engulfed��.��������inside�phagocytic�cells�(e.g.�macrophages)�by�3�.��.�

�urthermore,�it�has�been�indicated�that�phages�are�able�to�interact�with�human�mucosal�

surfaces�and�form�a�non�host�derived�immune�barrier�(Matysiak�et�al.,�201�).�

The� understanding� of� phage� therapy� kinetics� is� essential� when� live� viruses� are� used�

therapeutically� to� control� bacterial� infections.� �harmacodynamics� describes� a� drug�s�

impact� on� the� body� while� pharmacokinetics� describes� the� body�s� impact� on� drugs.�

�nother�way�of� considering� these� terms� is� that� pharmacodynamics� is� a� description� of�

both�the�positive�and�negative�conse�uences�of�drugs�reaching�certain�densities� in�the�

body�while�pharmacokinetics�is�concerned�with�the�ability�of�drugs�to�reach�and�sustain�

th�se� �ens�t�es�� �har�a����net��s� a����nts� f�r� a� �r���s� ab���t�� t�� rea�h� s�ff���ent�

concentrations� in�the� locality�of� targeted�tissues,�as� it� is�very� important�to�bring�about�

the� pharmacodynamic� effects� of� the� drug.� This� pharmacokinetics� summarizes� into�

absorption,�distribution,�metabolism�and�excretion�(�adir�et�al.,�201�).�There�are�a�very�



CHAPTER�2:�LITERATURE�REVIEW�

�

34�
�

few� publications� that� emphasize� on� the� pharmacokinetics� of� phage� therapy.� The�

pharmacokinetic� study� of� the� ��������������� ������� specific� bacteriophage� in� healthy�

rabbit� first�time� in� Iraq�showed�that�phage�was�rapidly�absorbed�through�gut�wall�and�

highly�distributed.�Phage�reached�a�high�titer�in�blood�after�the�two�hour�following�oral�

administration.�In�contrast,�phage�reached�the�highest�titer�after�IV�injection�within�the�

few�minutes�(�arhan�et�al.,������.�

�imilar� study� emphasizes� the� use� of� bacteriophage� for� the� treatment� of� multidrug�

resistant�P������������.�P�������������was�used�to� induce�septicemia� in�streptozotocin�

(�T���induced�diabetic�and�nondiabetic�mice�by�intraperitoneal�(i.p.��injection�of�3�������

���,�resulting�in�a�fatal�bacteremia�within�4��hrs�(�hi�shetty�et�al.,����4�.�ur�i�al�rates�

of� nearly� ����� in� groups� gi�en� phage� therapy� concurrent� with� ������ at� different�

multiplicities�of�infection.�In�mice�that�recei�ed�phage�therapy�after�a���hour�delay,�the�

sur�i�al� rate�decreased� to� about����.� The�bacterial� load� in� the�blood�decreased� from�

����to����and���3�colony�forming�units�(�����m��in�the�concurrent�treatment�group.�In�

the�phage�therapy�group,�the�le�els�of�the�cytokines,�such�as�tumor�necrosis�factor�alpha�

(T���α)�an��interleukin���(I����,�were�low�at�3�hours�after�infection�(�hen�et�al.,������.�

�ischetti�and�coworkers�showed�the�new�aspect�of�phage�therapy�using�a�bacteriophage�

lytic� enzyme� to� pre�ent� bacterial� infection� and� they� coined� the� term� �enzybiotics�� for�

these� proteins� (lysine� proteins�,� describing� both� their� enzymatic� and� antibacterial�

properties� (�ischetti� et� al.,� �����.It� was� the� first� study� done� to� in�estigate� the�

prophylactic�use�of�a�phage�encoded�lysin�in�an�in��i�o�model�system�for�pre�ention�and�

elimination�of�upper�respiratory�colonization�of�mice�by�group���streptococci.��t�the�end�

of� a� bacteriophage� lytic� cycle� in� a� sensiti�e� bacterial� host,� all� double�stranded� ����

bacteriophages� produce� a� lytic� system� that� consists� of� a� holin� and� at� least� one�

pepti���l��an� ���r�la�e�� �r� ��l��in���� �apa�le� ��� �e�ra�in�� t�e� �a�terial� �ell� �all��

Typically,� the�holin� is�e�pressed� in�the� late�stages�of�phage� infection�forming�a�pore� in�

the� cell� membrane� allowing� the� lysin(s�� to� gain� access� to� the� cell� wall� peptidoglycan�

resulting�in�release�of�progeny�phage�(�oung,������.��ysin,�added�to�sensiti�e�organisms�

in�the�absence�of�bacteriophage,�lyses�the�cell�wall�producing�a�phenomenon�known�as�

��l��i���r����it��ut����at�ia��an���i��tea��re�ie�e��all�t�e��etail����en��l��in�in�lu�in��

lytic�acti�ity�and�potential�as�antimicrobials�highlights�bacteriophage�endolysin�as�no�el�

antimicrobials� (�chmelcher� et� al.,� �����.� �imilarly,� Tiwari� and� team� mentioned�

�nzybiotics�as�a�new�weapon�in�the��rmy�of�antimicrobials�(Tiwari�et�al.,����4�.��ow,�the�

researcher� approaches� the� construction� of� recombinant� endolysin� deri�ati�es� and� the�

de�elopment�of�no�el�deli�ery�strategies�for��arious�applications,�such�as�the�production�

of�endolysins�in�lactic�acid�bacteria�and�their�conjugation�to�nanoparticles�(�ashani�et�al.,�

�����.To�enhance�the�therapeutic�acti�ity�and�to�a�oid� the�de�elopment�of� resistance,�

multiple� endolysins� may� be� used� in� combination� with� antibiotics� to� treat� bacterial�

infections.� The� presence� of� endolysin� has� ad�antages� of� usage� related� to� bacterial�

resistance.� This� is� well� e�plained� in� the� theory� of� phage�bacteria� co�e�olution,� which�

postulates� that� to�ensure�phage�multiplication�and�sur�i�al� in� the�en�ironment,�phage�
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and� its� endolysins� were� naturally� selected,� which� difficult� bacterial� resistance� (Torres-

Barceló,�2018).Thus�due�to�presence�of�endolysin�it�ma�es�the�probability�of�the�bacteria�

ac�uirin��mechanisms�of�resistance�is�low.�Two�putati�e�pha�e�lysin��enes�(ply)�from�the�

clostridial�pha�es�phi��3���and�phi��2���were�cloned�and�e�pressed�in�Es���������������

and�were�capable�of�lysin��both�parental�pha�e�host�strains�of�C������������s�as�well�as�

other�strains�of�the�bacterium�in�spot�and�turbidity�reduction�assays�(�an��et�al.,�2011).�

�ne� study� showed� an� en�ineered� endolysin� en�yme� �ly18���-���3b� with� increased�

lytic� acti�ity,� a� fusion� of� the� endopeptidase� domain� of� the� staphylococcal� �ly18�� lysin�

(�ly18���)� with� the� ��3b� �B�� of� another� staphylococcal� pha�e� endolysin,� �ys�� and�

construct� displayed��10-fold-hi�her� staphylo� lytic� than� that� of� �ly18���� and� was� also�

more� acti�e� than� �ys�� in� multiple� acti�ity� assays� (�ao�et� al.,� 2013).� �n� another� study,�

pha�e��T���of���������������s�����������endolysin��ene� identified�as�peptidase��15��

was� cloned,� e�pressed,� purified� and� e�aluate� its� potential� to� lyse� patho�enic� bacteria�

which�showed�a�broad�spectrum�a�ainst��ram-ne�ati�e�bacteria����or,� in�combination�

with�an�antibiotic�the�same�way�as�combined�dru��methodolo�y�(�ha�hum�et�al.,�201�).�

�part� from� isolatin��naturally�occurrin��pha�es,�there� is�possibility�of�modified�pha�es�

which�is�de�oid�of�undesired�properties�with�impro�ed�therapeutic�potential.��ne�of�the�

findin�� is� that�pha�e�of�dual�acti�ity�antitumor�and�bactericidal�without�an�obser�able�

reduction� in� antimicrobial� acti�ity� (�abrows�a� et� al.,� 201�)� .�nother� modification� of�

pha�e� ,� ie�� ���ylated� pha�e� caused� a� decrease� in� the� le�el� of� cyto�ines� such� as� ���-

�amma� and� ��-�� in� both� the� non-immuni�ed� and� pha�e� immuni�ed� mice� (�im� et� al.,�

2008).The� modified� pha�es� particles� were� characteri�ed� by� a� lon�er� half-life� in� the�

or�anisms,� which� may� be� of� practical� importance� in� enhancin�� the� effecti�eness� of�

pha�e�therapy.�

�nli�e�classic�pha�e�therapy,�which�uses�one�or�more�types�of�pha�es�to�infect�and�lyse�

specific� bacterial� strains,� new� approach� is� usin�� these� speciali�ed� �iruses� to� supply�

��������as� to� rid� bacteria� of� antibiotic-resistance� plasmids� in� the� en�ironment�before�

the� microbes� are� able� to� infect� a� host.� The� clustered� re�ularly� interspaced� short�

palindromic� repeats� (������)� and� ������-associated� (�as)� proteins� ha�e� e�ol�ed� in�

pro�aryotes� to� protect� a�ainst� pha�e� attac�� and� undesired� plasmid� replication� by�

tar�etin�� forei�n� ���� or� ���� the� �iruses� e�ol�e� di�erse� anti-������� proteins� to� fi�ht�

bac�.� �n� recent� days,� scientists� are� interested� to� use� pha�es� for� deli�erin�� a�

pro�rammable�����nuclease,�clustered�re�ularly� interspaced�short�palindromic�repeats�

(������)�������-associated� (�as),� to� re�erse� antibiotic� resistance� and� eliminate� the�

transfer� of� resistance� between� strains.� The� ������� system� is� now� used� to� attac��

resistance� �enes� usin�� pha�e� as� a� �ehicle.� �n� Tel� ��i�� �ni�ersity,� �srael� �osef� and� his�

team� used� the� ������-�as� system� to� destroy� specific� ���s� that� confer� antibiotic�

resistance� and� to� concurrently� confer� a� selecti�e� ad�anta�e� to� antibiotic� sensiti�e�

bacteria� by� �irtue� of� resistance� to� lytic� pha�es� (�osef� et� al.,� 2015).The� anti-�������

operon� was� found� in� the� same� �enomic� position� in� a� �ariety� of� related� �seudomonas�

pha�es.� �� total� of� fi�e� distinct� anti-������� protein� families� that� inhibit� the� type� �-��
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system� and� four� protein� families� that� inhibit� the� type� I-E� system� were� identified�

(Maxwell,�20�6����he�dis�o�ery�of�anti-��I���s�pro�ides�a�lamp,�hi�hli�htin��the�way�to�

re�ulate�the��enome�editin��a�ti�ities�of���I���-�as����y�utili�in��the�anti-��I���s�from�

pha�es,� we� hope� to� de�elop� a� bra�in�� system� for� �ene� editin�,� to� ma�e� sure� that�

therapies�based�on��ene�editin���an�be�fully��ontrolled�(�hu�et�al�,��20�����

�he�re�ent�su��ess�story�of�pha�e�therapy�is�a�treatment�of��om��atterson,��h�,�a�6�-

year-old�professor�in�the��epartment�of��sy�hiatry�at�����an��ie�o���hool�of�Medi�ine,�

who�was� �omatose� and�near� death� due� to� superbu�� infe�tions� of�M��� A�������������

���������where� every� antibi�tic� ha�� �ai�e�� t�� treat������� wi�e�� �te��anie� �trath�ee��

�h�,� �hief� of� the��i�ision� of� �lobal� �ubli���ealth� in� the��epartment�of�Medi�ine� and�

other��hysi�ians�and�s�ientists�at�����an��ie�o��ealth,�with�many��ollaborators,�used�an�

experimental� ba�teriopha�e� therapy� �i�in�� intra�enous� sa�ed� by� a� �o��tail� of� pha�es�

purified�from�sewa�e�for�the�first�time�in����to�treat�systemi��infe�tions���his�mira�ulous�

re�o�ery�of�a�patient�mi�ht�be�the��atalyst�for�de�elopin��the�remedies�to�the��rowin��

�lobal�threat�of�antimi�robial�resistan�e�(�afee����ushman,�20�����

�i�otal� studies� on� �enomi�� te�hnolo�ies� theori�ed� that� �enomi�� en�ineered� pha�es,�

�eneti�ally� manipulated� to� modify� their� host� ran�e� and� indu�e� spe�ifi�� depolymerase�

biofilm-de�radin��en�ymes,�intera�t�better�than�their�naturally-o��urrin��spe�ies�to�lyse�

antibioti�-resistant�ba�teria�hosts� (Ed�ar�et� al�,�20�2�� �u����ollins,�200����ei��� �amas-

�amanamud,�20�����ires�et�al�,�20�6���almond����ineran,�20�����

�espite� the� fa�t� that� pha�e� therapy� is�not� yet� appro�ed�by� ���,� pha�es�ha�e� already�

been� used� to� sa�e� li�es� in� experimental� treatments�� Inspite� of� in�reasin�� atta��� of�

superbu�s,� pha�e� therapy� with� the� ad�an�ement� of� modern� �enomi�� te�hnolo�ies,�

establishment� of� pha�e� therapy� �enter� and� �arious� �lini�al� trials� has� been� �reatin�� a�

better� aspe�t� towards� modern� therapeuti�s� as� potential� alternati�e� to� antibioti�s�� If�

antibioti�� �risis� rose�e�en� lar�ely,�we�may�hear�more� su��ess� stories�of�pha�e� therapy�

li�e� abo�e� mentioned� in� near� future�� �s� su��ested,� personali�ed� pha�e� therapy� is�

probably� more� effe�ti�e� than� preporter� preparations,� as� it� is� based� on� tailored�

preparations� whi�h� �an� be� ad�usted� to� �han�in�� ba�terial� patho�ens� (Mattila� et� al�,�

20����� It� �an� be� said� that� with� different� types� of� modifi�ations� in� pha�es,� open� new�

possibilities�in�the�pha�e�therapy��

���� ������C��������T�����������������T������

�train�and�spe�ies�spe�ifi�ity�of�ba�teriopha�e�ha�e�se�eral�ad�anta�e�alon��with�some�

limitations���y�tar�etin��a�sin�le�patho�en,�pha�e�therapy��ould�be�less�effe�ti�e�a�ainst�

�ertain�infe�tions�whi�h�are��oloni�ed�by�more�than�one�type�of�ba�teria��In�re�ent�time�

in�esti�ation�is��oin��on�in�the�use�of�pha�e��o��tails�to�broaden�the�spe�trum�of�a�ti�ity�

of� therapeuti��pha�e� formulations��he�multiple�pha�es�with�a�di�ersity�of�host� ran�es�

are���ten�c��bine�� int���i�t�re��ca��e�� ��ha�e�c�c�tai����an��the�a���icati�n�����ha�e�

�o��tails,�in�pha�e�therapy�that�is,�therapy�in�ol�in��the�simultaneous�use�of�more�than�
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one�phage�type�is�called�polyphage�therapy�(Chan�&�Abedon,�2012)���he�narro�ness�o��

phage�host�ranges��ith�in�a��e��strain,no��can�be�broaden� its� lytic�spectr����ith�the�

�se�o��phage�coc�tail��e�eral�st�died��sho�n�that�t�o�phages�or��i�t�re�o��phages��ay�

collecti�ely� �ill� the� bacterial� pop�lation� �ore� rapidly� or� �ore� co�pletely� than� either�

phage�alone�(�ch�erer�et�al�,�201�)���he�phage�coc�tail�has�sho�n�ad�antageo�s�e��ect�

to� pre�ent� the� occ�rrence� o�� cross�resistance,� and,� based� on� this� pheno�enon,� a�

bacteri����hich�is�resistant�to�one�phage��ay�re�ain�sensiti�e�to�another,�and�coc�tails�

that� contain� phages� �sing� di��erent� receptors� �or� binding� to� bacteria��ay� be� a� better�

one��esides� the� phage� coc�tail� approach,� �odi�ying� isolation� proced�res� and� gro�th�

conditions�can�gi�e� the�phages��ith���ch�broader�host� ranges� (�oss�et�al�,�201�)���or�

e�a�ple,� phage� ��� is� poly�alent,� �hich� is� able� to� in�ect� species� o�� Esch���ch����

C������c����� �h�������� E�������c���,� and� E�������� �oreo�er,� o�er� 700� strains� o��

����h���c�cc�s� �����s� can� be� lysed� by� a� single� phage� (�oach� &� �ebarbie��,� 2017)��

�or��lations�o��phage��i�t�res�(coc�tails)��ay�also�pro�ide�a�sol�tion�to�achie�e��id�

spectr��� phage� therapies(�ali�� et� al�,� 2017)��he� phage� coc�tail� is� �sed� not� only� in�

treating� in�ections� b�t� it� is� also� �sed� in� pre�enting� in�ections� as� prophylactic�

treat�ent��n� one� st�dy,� three� �ir�lent� phage� coc�tail� (�C�� coc�tail)� �ere� �sed� in� t�o�

ani�al� �odel� o�� cholera� pathogenesis� (in�ant� �o�se� and� rabbit� �odels)� �hich��

s�ccess��lly� �ill� V�� ch������� in� �itro,� pre�ent� coloni�ation� o�� the� in�ant� �o�se� and�

precl�de� the� onset� o�� cholera�li�e� diarrhoea� in� the� in�ant� rabbit� (�en� et� al�,� � 2017)��

Atho�gh�there�is�di��ic�lty�in�reg�latory�proced�res�and�characteri�ation�o��each�phage�

�or�sa�ety�and�e��ecti�ely��sed�o��phage�coc�tail,� is�gaining�attention�to��ill�all�possible�

target�bacteria�by�de�eloping�phage�ban���

���� T�������������K����������������

��e�to�the�increasing�pro�inence�o����lti�dr�g�resistant�����s�����������������bacteria�

and�the�spread�o��resistant�genes,�bacteriophages�are�being�e�plored�as�an�alternati�e�

treat�ent� option�������������specific� vir��e��� p���es���c�eri�p���es� speci��� ��r�

�������������are�also�highly�ab�ndant�in�nat�ral�en�iron�ents���st�as��ell�as�its�host��

���ero�s�st�dies�highlighted�the�in�itro�and�in�i�o�potential�o��therape�tics��lebsiella�

phage��

Chhibber�et�al�deli�ered�phage��ia�an� intraperitoneal�ro�te�to�treat�e�peri�ental� lobar�

pne��onia� that� �as� ind�ced� by� ��� ����������� in� �ice� and� had� a� great� e��icacy�

(Chhibber� et� al�,� 200�)�� Cao� et� al� ad�inistrated� intranasal� phage� to� treat� ����s������

���������e� l�ng� in�ection� in��ice� res�lting� in� protection� against� lethal� in�ection� and�

lo�er� in�la��atory� cyto�ines� le�els� in� the� l�ng� (Cao�et� al�,� 201�)�� �i�ilarly,� in� a�b�rn�

�o�nd��o�se��odel�o���������������in�ection,�topical�phage�application�res�lted�in�a�

signi�icant�red�ction�in��ortality��n�this�case�treat�ent��as�sho�n�to�be�e��ecti�e�e�en�

�hen� phage� ad�inistration� �as� delayed� �or� �p� to� 1�� h� a�ter� bacterial� inoc�lation�

(���ari� et� al�,� 2011)��i�e�ise� liposop�e� loaded� phage� coc�tail� enhanced� bacterial�

clearance�and�rate�o��healing�(Chadha�et�al�,�2017)���i�ilarly,�in�another�st�dy��sing�an�
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intragastric�infection�model,�a�single���se��f�φNK5�(klebsiellaphage)�was�able�to�inhibit�

��� ����������-induced� liver� in�ur�,� bacteremia,� and� c�tokine� production� (�ung� et� al�,��

����)���n�latest�research,�ϕ�����phage�was�able�to�protect�larvae�from�death�following�

infection�with����-���strains�of�clade����of�����8�in��������������������� infection�model�

(D’An��ea�e�� al�����������An���e��emerging�aspect�of� klebsiella�phage� includes� for� the�

prevention� of� the� biofilm� formation��epol�merase� producing� �� ����������� phage� in�

combination�with�iron�antagoni�ing�agents,�showed�abilit��to�eradicate�earl��biofilm�of���

����������� a� promising� preventive� strateg�� (�hhibber� et� al�,� ���3)�� �ikewise,� ������

phage�against������������������of�foot�wound�of�a�diabetic�patient�showed�the�abilit��

to� reduce�bacte�ial� ���n�s�an���i��l���i��ass� (�a�a�e��al�����������an��s���ie���a�e�

addressed�the�efficac��of�phage�therap��in� invivo�and� invitro�model,�still� there� is�much�

further� work� re�uired� for� appl�ing� into� human�� �lthough� bacteriophage� therap�� has�

been�successfull��used�to�treat�various�diseases�in�both�animals�and�humans,�there�is�no�

report�associated�with�phage�therap��of��������������infections�in�human��his�positive�

result� with�efficac�� of�potential� agent� of�phage� therap�,�of� �ears�of� invitro� and� invivo�

studies� in�different� model� has� opened� the� door� to� human� clinical� trial� to� combat� this�

carbapenem�resistant�critical�pathogen���������������������e�infections��

���� A�����������������������������

�

�igure� ��� 3�� �pplication� of� bacteriophage� as� biocontrol,� biodetection� ,� biomarkers,� pathogen�
detection�and��decontamination�in�clinical�and�food�and�agriculture�sector��

�acteriophages� found� a� variet�� of� applications� in� biolog�� and� medicine� due� to� their�

intrinsic� properties� such� as� high� stabilit�� under� a� variet�� of� harsh� environmental�

conditions�(including�e�posure�to�nucleol�tic�and�proteol�tic�en��mes�desiccation,�high�

temperatures� and� wide� range� of� p�,� the� feasibilit�� of� large-scale� production� and�

manipulation���ther�important�advantages�of�bacteriophages�that�make�them�attractive�

are�as�follows��being�a�non-pathogenic�and�non-replicating�vehicle�in�eukar�otic�cells�do�



CHAPTER������TERAT�RE�RE��E��

�

39�
�

not� cause� recombination� events� because� of� the� nonexistence� of� eukaryote-related�

sequences� (or� homologous� sequences)� in� their� genome� ,� and� do� not� carry� antibiotic�

resistance�genes�(Clark�and�March,�����)��

���� �������������������������������

������ D��������n� �hage� dis�lay� method,� a� gene� encoding� a� �rotein� of�

interest� is� inserted� into�a� �hage� coat� �rotein� gene��hich�ultimately� ex�ressed�on� the�

surface�of�bacterio�hage�or�dis�lay�on�outside�containing�the�gene�for�the��rotein�inside�

�hich� �rovides� a� �hysical� linkage� bet�een� �e�tides� (i�e�,� the� �henoty�e),� �hich� are�

dis�layed�on�the�surface�of�a�bacterio�hage��article�and�the�encoding�����(genoty�e)�

(Clark�and�March,�����)���hage�dis�lay��as� first�described�by��eorge����mith� in��9��,�

introducing�a�method�to�identify�a�gene�as�a�medium�of��resenting��oly�e�tides�on�the�

surface�of�lysogenic�filamentous�bacterio�hages�against��hich�he�had�raised�antibodies��

�sing� this� technique� a� library� can� be� generated� u�� to� ����� different� variants� and�

screened� to� isolate� �roteins� or� �e�tide� �ith� �articular� a��lication�� �t� can� be� used� to�

isolate� �rotein� �ith� high� affinity� that� can� act� as� a� diagnostic� tool� in� detection� of�

�athogen�or� agents��osing�a� biological� threat� (�etrenko� and��odyanoy,� ���3)�� �hage-

dis�lay�library�can�also�hel��in�identifying�the��rotein��ith�enhanced�en�ymatic�activity�

by�screening�a�library�of��roteins��ith�a�randomly�altered�active�site�(�ernande�-�acio�et�

al�,����3)���hage�dis�lay�is�also�used�on�a��ide�range�of�a��lications�in�different�research�

area,� including� e�ito�e� ma��ing,� identification� of� ne�� rece�tors� �� ligands,� in� vitro�

�rotein�evolution,�drug�discovery,�invitro�diagnostic,�and�antibody��roduction�and�so�on��

�ence� it� has� no�� become� one� of� the� most� �o�erful� and� �idely� used� laboratory�

techniques� for� the� study� of� �rotein-�rotein,� �rotein-�e�tide� and� �rotein-����

interactions���nother��hage-dis�lay�technique�has�been�used�to�treat�cocaine�addiction�

in�a�rodent�model���ere,�antibody�fragments�are�ex�ressed�on�the��hage�surface�,��hen�

�hages� are� administrated� nasally� they� travel� to� the� central� nervous� system� (C��)� and�

bound��ith� the� cocaine� molecule� effectively� �reventing� the� action� of� cocaine� on� the�

brain�(�ickerson�et�al�,�����)���imilarly,�several�thera�eutic�antibodies�that�are�currently�

either� a��roved�or� in� clinical� trials�have�been�develo�ed�by��hage�dis�lay� technology��

�his��hage�dis�lay�is�no��being��idely�used�and�given�much�attention�as�the��obel��ri�e�

in� Chemistry� for� ������as� a�arded� to� �ir��regory� ����inter� from�M�C� �aboratory� of�

Molecular� �iology,� Cambridge,� ��� for� the� �hage� dis�lay� of� �e�tides� and� antibodies�

�hich�are�su��osed�to�comeback�against�autoimmune�disease�and�can�also�be�used�to�

cure�metastatic�cancer��

�����������������������������������

�acterio�hages� have� been� used� as� trans�ort� for� vaccine� delivery� in� t�o��ays�� one� is�

directly� vaccinating� �ith� �hages� ex�ressing� vaccine� antigens� on� their� surface� and�

another� is�by� incor�orating�a�����vaccine�ex�ression�cassette� into��hage�genome�and�

using�the��hage��article�to�deliver�that�����cassette�(Clark�and�March,�����)���n��hage-

dis�lay� vaccination� method,� the� target� antigen� can� either� be� generated� by�

2.7.1
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transcriptional�fusion�to�coat�protein�or�by�artificially�conjugating�antigen�protein�to�the�

phage�surface�which�enables�broad�range�antigen�display�ability�(Molenaar�et�al.,�2002).�

It�has�been�demonstrated�that�unmodified�phages�deliver�����vaccine�more�efficiently�

compared�to�standard�����vaccine�procedure�as�phage�coat�protein�protects�the�����

vaccine�more�efficiently�and�shows�greater�antibody�response�(�lar��and�March,�200�).��

������T������

�he�specificity�of�phages�for�bacterial�cells�enables�them�to�be�used�as�a�diagnostics�tool�

for� detection� of� bacterial� species� and� typing� of� the� bacterial� cell.� �or� these� purposes,�

several�methods�can�be�employed� such�as�delivery�of� reporter� gene� (e.g.� lu��or�green�

fluorescent�protein)�using�phages�that�would�be�e�pressed�after�successful� infection�of�

target� bacteria� (�unatsu� et� al.,� 2002�� �odi�ara� et� al.,� ����).� �nother�method� involves�

detecting� specific�absorption�of�phage� that�had� fluorescent�dye�covalently�attached�to�

its� surface� (�oodridge� et� al.,� ������ �ennes� et� al.,� ����).� �etection� of� the� cellular�

components� that� are� released� after� bacterial� lysis� caused� by� phages� specific� to� those�

bacteria,�such�as�adenylate��inase�provides�an�alternative�way�for�identifying�pathogenic�

bacteria� (�orbitt�et�al.,�2000).� �hage�amplification�assay� is�another� techni�ue� that�has�

been� e�tensively� used� to� detect� virulent� bacteria� such� as� �almonella,� �seudomonas,�

Mycobacterium� tuberculosis,� �.coli,� �ampylobacter� and� �isteria� species� (�arry� et� al.,�

����).���

���� W����� ������� ����������� � N���� ����������� �����������

�� �������������

�hole�genome�se�uencing�(���)�refers�to�the�construction�of�the�complete�nucleotide�

se�uence�of�a�genome.��fter�the�discovery�of�double�heli������by��atson�and��ric��in�

���0� � ,� understanding� of� comple�� structure� of� organism� se�uencing� technology� was�

established�.�he�first�ever�complete�genome�se�uenced�was�of�the�bacteriophage����4�

in������which�contains�only��,����base�pairs�genome��(�anger�et�al.,�����)�followed�by�

se�uencing�of� the�ds����phage� lambda���� in� the�early����0s.��fter� the�brea�through�

se�uence� of� the� respective� phage,� in� ���0� �uman� genome� project� was� launched� to�

se�uence�all���billion�letters�of�a�human�genome�and�was�completed�in�200��prior�to�its�

time.�

�ecently,�ne�t�generation�se�uencing�(���)�technology�has�allowed�a�massive� increase�

in� capacity� to� se�uence�genome�at� relatively� low� cost� and� in� a� short� time� frame�with�

high�throughput�in�form�of�short�reads.��e�t��eneration��e�uencing�(���)�technologies�

refer�to�the�shotgun�se�uencing�methods,�such�as�4�4,�Illumina,����i��and�Ion��orrent,�

which�have�replaced�the�first�generation,�single�molecule�se�uencing�technologies�such�

as��anger.��arly�genome�se�uencing�studies�mainly�focused�on�small�genomes.��ow�the�

novel� se�uencing� technologies� enable� description� of� an� increasing� number� of� phage�

genomes,� a� critical� piece� of� information� to� understand� their� life� cycle,� phage�host�

interactions,�and�evolution.��hages�have�smaller�genome�than�their�bacterial�hosts,�yet�

2.7.3
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there�are� currently� fewer� fully� sequenced�phages� than�bacterial� genomes� (Garneau�et�

al.,� ��1��.� �n� the� last� ten� years,� the� number� of� bacterial� and� phage� genomes� has�

increased�dramatically,�coinciding�with�the�decreasing�cost�per�base�of�sequencing.��ue�

to�unique�feature�of�bacteriophage�genome,�they�are�occasionally�hard�to�be�sequenced�

(�lumpp�et�al.,���1���which�are�listed�below.�

� �hages� are� not� self�replicating� and� they� do� rely� on� their� host�macromolecular�

machinery� for� their� replication� and� growth� hence� isolation� of� phage� genomic�

material� completely� de�oid� of� host� genetic� material� in�ol�es� e�tensi�e�

purification�steps.�

� �ometimes� phage� preparations� are� associated� with� host� debris� and� cellular�

membrane� fraction� that� contaminate� the� genomic� material� and� interfere� with�

subsequent�steps�of�����sequencing.�

� �ytic� phages� ha�e� notoriously� highly� methylated� genomes� because� bacteria�

possess� restriction�modification� systems� to� safeguard� the� integrity� of� their�

genomes�from�in�ading����s.�

� �ome�phage�genomes�are�notoriously�rich�in�e�treme�G��content�different�from�

that�of�their�host�that�may�possess�problem�for�����and�sequencing.�

� �hage�genomes�contain�e�tremely� long�direct�or� in�erted� repeats�and� terminal�

redundancies�that�are�problematic�for�assembly�of�the�whole�genome�sequence�

from�the�reads.�

� �egions� of� une�en� sequence� depth� along� the� length� of� the� genome,� when�

amplifying� or� generating� libraries� �ia� random�priming� method� may� cause�

problem� for�many� of� the� common� assembly� algorithm� as� the� program�assume�

that� the� une�en� co�erage� is� due� to� repeats� or� contamination,� resulting� in�

artificially�poor�assemblies.�

� �lmost�����of�the�genome�sequences�in�the�genome�online�database�(G�����are�

unfinished�draft�sequences.��or�bacteria�and�other�organisms,�complete�genome�

finishing� may� not� be� a� requisite� for� many� applications,� but� for� small� genomes�

such�as�bacteriophages,�finishing�the�genome�sequencing�is�essential�to�obtain�a��

complete� understanding� of� their� biology� ,�hereas� in� bacterial� and� human�

genomics,�mapping�of� reads�to�a� finished� reference�genome�can�be�a�powerful�

analytical�tool�not�only�for�genome�assembly,�howe�er�also�for�the�disco�ery�of�

genetic� �ariations� such� as� insertions�deletions� (indels�� and� single� nucleotide�

polymorphisms� (���s�,� in�phage�genomics� this� is�commonly�not�feasible�due�to�

the�absence�of�a�reference�genome�for�any�gi�en�phage.�

�ne�of�the�most�important�features�of�bacteriophage�genomes�is�their�apparent�mosaic�

structure��each�genome�can�be�considered�as�a�unique�combination�of�modules�that�are�

e�changeable� among� the� population.� �ue� to� the� mosaic� nature,� e�en� closely� related�

phages�are�highly�di�ergent,�enabling�reference�mapping�a�useless�effort.��he�si�e�of�the�

modules,� their� rates�of�e�change,�and�the�phage�genomes�carrying�them�all��ary� �with�

phages�of�different��irion�morphology,�si�e,�and�host�range�all�participants�in�an�orgy�of�
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recombination� (Hatfull,�2009;�Roger�et�al.,�1999).�This�mosaicism� is�not�onl��uni�ue�to�

the��hage��o�ulation�ho�e�er,� is�also��re�alent� in�bacteria,��here�genes�are�ac�uire��

b�� hori�ontal� genetic� e�change� (�re�ominantl�� trans�uction,� transformation� an��

con�ugation).�

�es�ite�all�the�challenges�mentione��abo�e,�ne�t�generation�se�uencing��latforms�offer�

the� best� o��ortunit�� for� �hole�genome� se�uencing� of� �hages� �hich� hel�s� to�

un�erstan���hage�bacteria� interactions��uring��hage� infection�c�cle.The� se�uencing� is�

also� use�� to� ta�onomicall�� classif�� �hages� in� or�ers,families,subfamilies� ,genus� an��

s�ecies.�urther,� �hage� genome� anal�sis� � allo�� eas�� i�entification� of� �hages� lac�ing�

integration�machiner�,��irulence�gene�,to�ic�gene��hich��ill�facilitate�safe�an��effecti�e�

use�of��hages�as�biocontrol�agents.�

To��ate,� a��ro�imatel���,�00� com�lete�bacterio�hage�genomes�ha�e�been� se�uence��

(Ha����en�er,�201�).��hole�genome�se�uencing�has�become�man�ator��for�regulator��

a��ro�al� of� an�� healthcare� or� foo��in�ustr�� a��lication� of� �hage� or� �hage� �ro�ucts�

ho�e�er� researchers�ha�e� to� face��iificult�� in� se�uencing��latforms,� assembl��o�tions�

an��the�massi�e�amounts�of��ata�the���ro�uce.�Researchers��eal��ith�large�amounts�of�

ra�� �ata� �ith� limite�� bioinformatics� s�ill.� �ean�hile,� the� results� of� ���� se�uencing�

runs� can� easil�� a��� u�� to� se�eral� hun�re�� gigabases� of� ra�� se�uence� an�� large�

assemblies� files� �hich� are� also� har�� to� �eal� �ith.� �� reliable,� re�un�ant� �ata� storage�

o�tion� is� man�ator�� to� ensure� �ata� safet�� an�� consistenc�.� �lso,� �o�erful� com�uter�

�or�stations� an�� com�uting� gri�s� are� nee�e�� for� �ata� �rocessing� an�� result�

�isuali�ation.�

�������������������

�llumina� is� no�� becomes� the� �ominant� �en�or� of� high�through�ut� ���� se�uencing�

machine.Illumina� use�� �se�uencin��b��s�nthesis�� �echn�l���.�he� Illumina� � ����

�or�flo�s� inclu�e� four� basic� ste�s� librar�� �re�aration,� cluster� generation,� se�uencing�

an�� �ata� anal�sis.The� �llumina� technolog�� �eli�ers� �arious� amounts� of� �ata,� �hich� is�

generall�� bul��� for� the� t��ical� laborator�� �or�station� com�uter� to� assemble;�

necessitating�the�use�of�high�through�ut�com�uting�gri�s�or�clou��ser�ices.��t�generates�

number�of�short�se�uencing�rea�s�(i.e.,�u��to���billion��aire��en��rea�s,�e�ualing��00��b�

of� se�uence� information� in� one� ten� �a�� run� using� 2� flo�� cells).� �llumina� se�uencing�

generates�a�large�amount�of��ata�but��ith��er��short�rea��lengths�(���100b�)�an��it�ma��

be� sometime��roblematic��hen��hage�genomes�contain�re�etiti�e� se�uence� stretches�

(�lum���et�al.,�2012).�

���� ������������������

�iofilms� �ere� first� obser�e�� after� the� microsco�e� �ere� �isco�ere�� in� �hich� �utch�

researcher��ntoine��an��eu�enhoe�� (1��2�1�2�)�obser�e���ofilm��hen�e�amining� the�

�scu�������m�his��ee�h�usin��a�sel��c�ns��uc�e��mic��sc��e�ca�a�le����enla��emen�s����u��

to�fi�e�hun�re��times(�osterton�et�al.,�1999).��n�nature,�man��s�ecies�of�bacteria,�fungi,�

2.8.1
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protozoa� and� algae� form� biofilms.� Biofilm� is� a� multicellular� community� composed� of�

prokaryotic�and/or�eukaryotic�cells�embedded�in�a�matrix�composed,�at�least�partially,�of�

material�synt�esized�by�t�e�sessile�cells�in�t�e�community.�Bacterial�biofilms�are�formed�

by�communities�t�at�are�embedded�in�a�self�produced�matrix�of�extracellular�polymeric�

substances������.��e�����enable�bacteria�to�defend�against�t�eir�ad�erse�en�ironment,�

t�us� assuming� increased�microbial� resistance� to�antimicrobials��lemming� et� al.,� �����.��

�mportantly,� bacteria� in� biofilms� ex�ibit� a� set� of� �emergent� properties�� t�at� differ�

substantially� from� free�li�ing� bacterial� cells.� �ommon� biofilm� producing� bacteria� are�

including� gram�positi�e� �e.g.�Ba������� spp,� L������a��������������,� ��a������������ spp,�

and� lactic� acid� bacteria,� including� La����a������� ��a��a���� and� La���������� �a������ and�

gram�negati�e� species� �e.g.� E���������a����,� or� P��������a�� a��������a,� ���������a�

��������a�.Biofilms� can� be� of�monolayer� or�multilayer� depending� on� t�e� interaction�

bet�een�t�e�surface�and�constituent�cells� ��aratan����atnick,������.���e�structure�of�

t�e� biofilm� is� dependent� on� many� factors�� t�e� component� microrganisms,� t�eir�

p�ysiological�state,�t�e�p�ysical�en�ironment�including�turbulent�or�linear�lo��conditions�

and�t�e�surface�to���ic��t�e�cells�are�attac�ed.�

Stages����������������at����

�

�igure��.�4��Biofilm�formation�steps,� from�attac�ment�of�single�cells,�maturation�of�t�e�biofilm�

and�release�t�roug��cluster�detac�ment�and�seeding�dispersal.�tages�of�biofilm�de�elopment���

���� �nitial�attac�ment� � ���� irre�ersible�attac�ment��3��replication��4��maturation�and�����

dispersion���igure�adapted�from���bedon,������.�

��e� stages� of� bacterial� biofilm� formation� are� s�o�n� in� abo�e� figure� �.3,� from�

attac�ment� to� biofilm� formation� in� motile� organism� of� P��������a�� a��������a.�

�o�e�er� non�motile� organism� �.� aureus� also� formed� biofilm.� Bacterial� biofilms� are�

regularly�obser�ed�at�t�e�site�of�persistent�infections���yllymaa�et�al.,����3��ad�ered�to�

tissue� surfaces� suggesting� t�at� biofilms� are� associated� �it�� �irulence� and� c�ronic�

infection.��t�is�found�t�at�formation�of�bacterial�biofilms�is�crucial�in�t�e�pat�ogenesis�of�

many� clinically� important� infections� and� is� difficult� to� eradicate� because� t�ey� ex�ibit�

resistance�to�antimicrobial� treatments.�Biofilms�tolerate�����to������fold��ig�er� le�els�

of� antimicrobial� agents� t�an� planktonic� cultures� and,� alt�oug�� se�eral� strategies� are�

adopted� to�pre�ent�biofilm� formation�and� t�eir� remo�al,� biofilms�do�persist� in� a��ide�

range� of� industrial� surfaces� ��lemming,� �����.� ��e�mec�anism� of� biofilm� formation� is�
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not�completely�understood�but�biofilm�formation�is�important�for�the�pathogenesis�of�K.�

pneumoniae,�especially�for�antibiotic�resistant�plasmids�caring�strains�(Hennequin�et�al.,��

�����.��ype���fimbria��as�characteri�ed�as�an�accessory�for�enabling�biofilm�formation�

on�biotic�and�abiotic� surfaces� (�urphy�et�al.,� ������.��he� impact��f�bi�films��n�he�l�h�

and� the� economic� consequences� on� �ndustry� has� promoted� the� de�elopment� of�

�iffe�en���������hes������n���l�����em��e�bi�film�f��m��i�n��

����� �������������� ��������������������������������������

������������������

�t�has�often�been�assumed�that�biofilms�confer�resistance�to�bacteriophages,�due�to�the�

impermeability� of� the� biofilm� matri�.� Ho�e�er,� although� they� are� far� larger� than�

chemical�antibiotics,�bacteriophages�are� still� far� smaller� than� their�bacterial�hosts,�and�

many�bacteriophages�can�not�infect�bacteria��ithin�biofilms.��he�first�and�crucial�step�in�

phage�infection�is�the�adsorption�of�phages�to�the�receptors�of�the�target�bacteria.��he�

����matri�,�in��hich�bacteria�are�embedded�in,�can�constitute�a�problem�for�phages,�as�

it�needs�to�be�penetrated�so�that�phages�can�reach�and�adsorb�to�the�specific�receptors�

l����e���n��he�����e��h�s��s�s��f��e�����e�e���i��h�s�been��e����e���h����h��es���e��ell�

capable�of� penetrating� through� the� ����matri��by� diffusion�or� due� to� the� presence�of�

phage�associated�en�ymes.��hese�en�ymes�ha�e�the�role�of�destroying�the�matri��so�that�

the� phages� can� get� in� contact� �ith� lipopolysaccharides,� outer� membrane� proteins� or�

other� receptors� necessary� for� the� start� of� the� host� infection� (�bedon,� �����.�

�acteriophages�act�differently�on�bacteria�contained��ithin�biofilms�than�any�chemical�

antibiotics.��here�are�at�least�four�mechanisms��hich�are�gi�en�in�belo���igure��.4.�

�tudies�ha�e�been�carried�out�of�phage�interactions��ith�biofilms�in�ol�ing�such�bacteria�

as�Pse�������s��e������s�,�E������,�L�s�e�������������e�es,�E��e������e��������e���s,�

and��������������s����e�s���oolittle�et�al.�(������������demonstrated�lytic� infection�of�

E�� ����� biofilms� by� bacteriophage� �4� and� used� fluorescent� probes� to� trac�� the�

interactions� of� the� phage��ith� the� biofilms.� Hughes� (�����,� e�ploring� biofilm� bacteria�

from� a� food� processing� factory,� sho�ed� that� E�� ������e���s� phage� �����b� has� a�

polysaccharide�depolymerase�that�can�disrupt�biofilms�through�e�opolysaccharide�(�����

degradation�e�en��hen�a�phage�mutation�bloc�s�cell� infection�and�lysis�(Hughes�et�al.,��

�����.� �espite� the� ability� phages� ha�e� in� reducing� the� host� cells� present� in� biofilms,�

there�are�se�eral�factors��hich�can�influence�the�lytic�performance�of�phages�(e�ample��

a�change�in�temperature,�gro�th�media,�flo�,�the�����matri�,�among�other�parameters��

and�lead�to�a�decreased�phage��illing�of�their�target�hosts�in�biofilms.��lso,�the�metabolic�

state� of� the� hosts� in� biofilms� poses� a� problem� for� phage� treatment� as� e�ponentially�

gro�ing� cells� are� faster� attac�ed� than� cells� at� the� later� gro�th� phases.� �long� �ith�

natural�bacteriophages�phage�deri�ed� lytic�proteisn�are�used�as�antimicrobial�agent� to�

control�biofilm�formation.��rom��arious�literature�re�ie��it�is�seen�that�phages�are�able�

to� clear� or� control� the� �arious� stage� of� biofilm� and� the� use� of� phage� as� antimicrobial�

agent� are� still� e�ol�ing� although� phages� are� non�to�ic� and� en�ironment� friendly� still�
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more�research�should��e�do�e�o���ur���ca��o����ro�a�a��o��a�d�a��l�ca��o��o���ha�e�a�d�

�ha�e��ro�e��s� a�d� re�ula�or�� �rame�or�� o�� �ha�e� a��l�ca��o�� should� �e� es�a�l�shed�

�h�ch��our�shed��he��ro�����s�a�e�o���ha�e��hera����

�

���ure����5���echa��sm�o��des�ruc��o��o��a���o��lm�����ac�er�o�ha�es�

�



C�A�TER�T�REE

MATER�ALS�AND�MET�ODS

���� ���������������M���������S��������

For� the� growth� of� bacteria� Luria-Bertani� broth� was� used.� For� Antibiotic� susceptibility�

test,� Muller� Hinton� Agar� �hi�edia�� was� used.� Li�ewise,� �ryptic� soya� broth� -� ��B�

�HiMedia,� �ndia��was�used� for�phage� isolation,�purification�and�a�plification.�Agar�was�

separately� added� to� ��B� in� appropriate� concentration� whene�er� re�uired.� �M� buffer�

��odiu��chloride�and�Magnesiu��sulfate��M��Buffer��were�used�as�phage�buffer.��

���� ����������S����������������������������

All� the� �ultidrug� resistance� bacterial� strain� used� in� the� research�wor��were� collected�

fro�� �nstitute� of� Medicine� ���M�,� Mahara�gun�� and� �epal� �ublic� Health� Laboratory�

���HL�,�e�u.� Bacteria� sa�ples� were� strea�ed� on� sterile� �utrient� agar� plate� and�

Macconc�y� agar� plate� an�� incubate�� at� 37˚c� f�r� 2�� ��ur�� �ef�re� eac�� e�peri�ent��

bacterial�sa�ples�were�freshly�subcultured�and��-hour�cultures��acti�e-log�phase��were�

used.�For�the�preser�ation�of�bacteria�glycerol�stoc��were�prepared�and�were�stored�at�-

��˚c�����in�le�c�l�n���a���r��n�in��uria��ertani�����br�t��at�37˚c�f�r���erni��t���an�t�er�

day�pellet�was�collected�and�����l�of�autocla�ed�����glycerol�and�����l�of�autocla�ed�

���br�t���a��a��e��an���ept�in�37˚c�f�r���erni��t�an��ne�t��a���t�re��at��˚c�an��t�en�at�

-��˚c���acteria�inclu�e�Klebsiella���e����iae�and��se������as�ae���i��sa.�

�able��.����Bacteria�used�and�their�code�na�e�

�

���� A����������S��������������T���

All� of� the� collected� bacterial� sa�ples� were� �ultidrug� resistant� bacteria� confir�ed� by�

hospital�and�it�was�further�reconfir�ed�in�our�laboratory�by�using�widely�accepted��irby-

Bauer� disc� diffusion� techni�ue� for� antibiotic� susceptibility� test.� �he� antiobiotics� used�

were� ����dia�eter� and� results�were� interpreted� as� sensiti�e���,� inter�ediate� ���� and�

resistant����according�to��anufactures�guideline�of�antibiotics.�

SN Bacter�a� ���e��a�e

� Kl�����ll����������� ���

� Kl�����ll����������� N�

� Kl�����ll����������� ���

� Kl�����ll����������� ���

� Kl�����ll����������� ���

� ���������������������� ���

� ���������������������� ���

� ���������������������� ���
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In�this�study,�different�classes�of�antibiotics�were�used�such�as:�beta�lactam,�carbapenem�

groups,� aminoglycosides,� fluoroquinolones� etc.� For� AST,� single� colony� of� bacteria� was�

picked� and�o�ernight� grown� then� it�was� diluted� upto�optical� density� compared� to� �.��

�acFarland� standards.� Then,� lawn� of� bacterial� was� prepared� by� using� sterile� cotton�

swab�and�plates�were�left�for�few�minutes�to�air�dry.��ow,�selected�antibiotics�were�kept�

properly� abo�e� the� lawn� culture�maintaining� the� distance�with�each�other.� The�plates�

were�then�incubate��in�37�c���r����h�ur�an��a�ter�incubati�n��c�ear���ne���r�inhibiti�n����

bacterial�growth�was�obser�ed�and�this�was�referred�as��one�of�inhibition.�The��one�of�

inhibition� was� measured� using� scale� and� �acterial� strains� were� then� classified� �as�

�en�iti�e�� inter�e�iate�� re�i�tant��acc�r�in��t�� the�c���an�����ui�e�ine�����antibi�tic����

AT���strain�of�P����������������������was�used�as�reference�strain�for�AST�test.�

���� M��������� D��������� ��� ��������� ��� ��S�RNA� G����

A���������������������������

�linical� isolates� of� ����������� ����������� and� P����������� ����������� were� further�

confirmed�by�sequencing�the���S�r��A�gene.�

���� G�������DNA�������������������������������

At� first,� �ml� of� bacterial� culture�was� centrifuged� at� �����rpm� for� �minutes� and� then�

pellets�were�collected�and�e�cess�of�media�was�remo�ed.�Then,����7����of�T��buffer�was�

added� to� the� pelleted� cells� and� � the� pellets� �were� resuspended�by� repeated�pipetting�

.Furthermore,��������of�����S�S�and������of�a����mg�m��solution�of�proteinase���were�

added�then,�it�was�mi�ed�and�incubated�for���hour�at��7��.��After�incubation,��������of���

���a�l�was�added�and�mi�ed.��oreo�er,� ������of�a��TA���a�l� solution� ��.7����a�l,�

���� �TA��� was� added.� The� solution� was� then� incubated� at� ����� for� ��� mins.� After�

incubation,�an�equal��olume�of�chloroform:�isoamyl�alcohol���4:���was�added�and�mi�ed�

then� it� was� centrifuged� for� �� min� for� �����rpm� and� the� aqueous� solution� was�

transferred� to� a� new� tube.� Again,� it� was� centrifuged� at� �4,���� rpm� for� �� min� and�

supernatant�was�transferred�to�a�new�tube.��ell,�the�first�e�traction�was�repeated�again�

�chloroform:� isoamyl� alcohol� alone�.� Then,� �.�� �olume� of� isopropanol� was� added� and�

was�mi�ed� gently� till� the� ��A� got� precipitated.� Further,� �entrifugation�was� done� and�

isopropanol�was�remo�ed���ml�of�7���ethanol�was� then�added�to�wash� the� salt�away�

from�the���A.���entrifugation�was�done�one�more�time,�and�the�ethanol�was�discarded.�

The� pellet� was� resuspended� in� ������� ��� of� T�� buffer� and� was� kept� at� 4��.Finally,�

agarose� gel� electrophoresis� was� done� in� �.��� agarose� and� genomic� ��A� bands� were�

�isuali�ed.�

���� �CR��������������������S�RNA�����

�olecular�identification�of�the�host�bacteria�was�done�by�����using�a�primer�pair�for���S�

r��A.�A�portion�of�the���S�r��A�gene���.�kb��was�amplified�from�the�genomic���A.The�

primers�details�and�����conditions�were�gi�en�in�below�table��Table��.��and��.��.�
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Aliquots� (5µl)� of� the� amplified� products� were� analyzed� by� electrophoresis� on� 1� %�

agarose�gels� in�Tris�Acetate���TA�(TA�)�buffer���el�was�stained�with�ethidium�bromide�

(��5�mg�ml)� for� ���minutes� and� �iewed�on� a���� transilluminator� and� image� captured�

with�the�help�of��el��oc�system��

Then�� �roducts� after� ���� amplification� were� sub�ected� to� �celeris� �aboratory� for�

sequencing���ucleotide�sequences�of�the�����amplicon�of�1���r��A�gene�were�done�by�

�anger�sequencing��The�forward�and�re�erse�sequences�obtained�after�sequencing�were�

aligned� and� the� contig� was� prepared� using� �io�dit� programme� �The� identity� was�

determined�by�comparing�the�sequences�obtained�with�the�gene�sequences�a�ailable�in�

the��enban��database�using��asic��ocal�Alignment��earch�Tool�(��A�T)�software�at������

site�(http���blast�ncbi�� nlm�nih�go�)�The� sequence� was� deposited� in� the� �enban��

database� and� accession� number�was� recei�ed�confirmed� by� sequencing� the� 1��� r��A�

gene��

Table��������rimers�used�to�amplify�1��r��A�gene�

�rimer�name� Tm�� �equence� Amplicon�length(bp)�

���� 5��4� A�A�TTT�AT��T���T�A�� 15���

14���� 5��4� ���TTA��TT�TTA��A�TT� �
�

Table�����������condition�of�1��r��A�gene�amplification�

Steps� Temper�t�re������ T�me� ����e�

1 �����e��ct��at��� �� ������te�

��

2 ���t�a���e�at�rat��� �� ����ec����

3 ���ea���� �� ����ec����

4 ��te����� �� �.������te�

5 ���a��e�te����� �� ������te�

6 ���a������ � �

�

���� M��������� �������������� ��� ����������� ����� ���������

�����������

����of�bla����gene�(fulllength�8��)�was�done�in�following�programme�(Table���5)�using�

following�set�of�primer�(Table���4)��
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Table�3.�4:�Primers�used�to�amplify�blaNDM�gene�

Forward�primer�sequen�e� ��T��T���T�����������T�� �Tm���4�.�����

�e�erse�primer�sequen�e� ������TT�����T���� �Tm�����.�����

P���produ�t�lengt�� ��9�bp�

�

Table�3.��:�P����ondition�of�amplifi�ation�of�blaNDM�gene.�
�

S.N.� Steps� Temperature�(���� T�me�

�� �n�yme���ti�ation� 9�� ��minutes�

�� �nitial�Denaturation� 9�� 3��se�onds�

�� �nnealing� ��.��de�rease��.��per��y�le� 3��se�onds�

�� ��tension� ��� 9��se�onds�

�� step����4���4��y�le�

�� Denaturation� 9�� 3��se�onds�

�� ��tension� ��� 9��se�onds�

�� step��������9��y�le�

��� Final���tension� ��� ��minutes�

��� Final��old� 4� ∞�

�

���� W����������������������

�ater�samples�were��olle�ted�from�different�ri�er�of��at�mandu��alley.���amples�were�

ta�en� from� �alan�i� �i�er�� �al��u� �i�er�� Te�u� �i�er�� �asund�ara� sample� and� �ali� nadi.�

��ile��olle�ting�t�e�sample�sta��ed�water�was�preferred�rat�er�t�an�t�e�running�water.�

During� water� sample� �olle�tion� t�e� sample� water� at� t�e� site� was� mi�ed� t�oroug�ly�

before��olle�tion.�����ml�water�was��olle�ted� in�sterile�tubes�and�t�e�tubes�were�t�en�

�entrifuged�to�4����rpm�for�3��minutes�inorder�to�remo�e�unwanted��ontaminants�and�

ot�er�ba�terial��ell�debris.�T�en��wit�� t�e��elp�of�membrane�filter�of�si�e��.���m��P���

Filter�Me�ia,�W�at�a������ri��e��ilter��a�����e�t��re���e��t�er����a�te���aterial����

T�e�filtrate�was��olle�ted�in�sterile�fal�on�tubes.�Now��t�is�pro�essed�filtrate�was�used�as�

p�age�sour�e�in�e�periment.�

�
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Figure�3.�1:�Sample�collection�site�

Fig�A:� Sample�collection� site�at�Balkhu�near�Bayo�ha�hospital.�Fig�B:� Sample�collection�

site�o��Balkhu�

���� �����������������������

Bacteriophage� isolation��as� �one� �y� stan�ar�� techni�ue� o�� �ou�le� �ayer� Agar� Assay�

����A��metho�� �A�ams��1�51�.��ne�ml�o��processe���ater� sample��as� taken� is� sterile�

tu�e�an��100�l��1����rops��o��log�phase��acterial�gro�th���hich��as�gro�n�in�l���roth��

�as�a��e��on�it�an��allo�e��to�remain��or�attachment.��he�mi�ture��as�le�t�atleast��or�5�

minutes��ithout�any��istur�ance��or�attachment�o��phage�an��host��acteria.��hen��3ml�

o��semisoli��Tryptic�s�ya�br�th�(0.���a�ar�at��0�c���as�a�����t��t�b�s�a�����ith����t�y�

shaking� then� �urther� poure�� into� the� alrea�y� prepare�� � tryptic� soya� agar�

plate�1�agar�.A�ter� soli�i�ication� o�� the� me�ia� then� plates� �ere� incu�ate�� in� the�

i�c�bat�r�at����c���r����hour.�

�e�t��ay��a�ter�incu�ation�presence�a�sence�o��pla�ue��as�o�ser�e�.��hose�plate��hich�

ha�� clear�� roun�� pla�ue� those� are� selecte�� �or� �urther� processing.� For� the� negati�e�

control�� only� the��acterial� culture��as�a��e�� to� semisoli��me�ia� an��poure�� into� �SA�

plate� an�� incu�ate�.�late� �ith� positi�e� result�� �hich� sho�e�� lytic� acti�ity�� �ere�

o�ser�e���or�pla�ue�morphology��si�e��colour��tur�iti�ity�.�

Double�La�e����a�����a���DLL���e��o���

�ou�le� �ayer� Agar� Assay� ���AA�� is� the� stan�ar��metho�� �or� isolation� o�� phages� �rom�

en�ironmental� sources� like� se�age� �ater�� �airy� �aste�� animal� �aste�� soil� etc.� �he�

�ou�le�layer� assay� pro�i�es� signi�icantly� greater� counts� than� other� metho�s� o�� �irus�

�uanti�ication� gi�en� �y� A�amas� �A�ams� �� 1�5��� A�ams�� 1�51�.� A� thin� layer� har�� agar�

plate� o�� �ryptic� soya� agar� plate� �1��� �as� prepare�� an�� mean�hile� so�t� agar� o�� �SB�

�0.5����as�prepare�.��n�the�mi�ture�o��1ml�processe���iltrate�an��100�l�o��host��acteria��

3ml� o�� semisoli�� �as� a��e�� an�� poure�� into� the� �SA� �1�� agar�� plate.� �he� har�� agar�

ser�es�as�a��ase�layer��to��orm�gel���an��a�mi�ture�o���e��phage�particles���ilute��stock��

an��a��ery�large�num�er�o��host�cells�in�a�so�t�agar��orms�the�upper�o�erlay.��hen�the�

plates�are� incu�ate���suscepti�le��acterial�cells�multiply� rapi�ly�an��pro�uce�a� la�n�o��

con�luent�gro�th�on�the�me�ium.��hen�one�phage�particle�a�sor�s�to�a�suscepti�le�cell��

penetrates� the� cell�� replicates� an�� release� ne�� phage� particles� �hich� in�ect� other�
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bacteria�in�the�vicinity�of�the�initial�host�cell.�The�growth�or�spread�of�the�new�viruses�is�

then�restricted�or�limited�to�the�neighboring�cells�by�the�gel.�This�cycle�is�repeated�until�

large� numbers� of� bacteria� have� been� destroyed.� The� destroyed� cells� produce� single�

circular��non�turbid�areas�called�pla�ues�in�the�bacterial� lawn��where�there�is�no�growth�

of� bacteria� because� the� phage� progeny� originating� from� single� virus� particles� have�

multiplied� sufficiently� to� �ill� bacteria� over� an� easily� visible� area.� Thus� phage� infection�

results� clear� or� translucent� �one�� termed� a� pla�ue� through� double� layer� agar� assay.�

�ventually�the�pla�ue�becomes�too� large�to�be�visible�to�our�na�ed�eye.�The� infectious�

phage� unit� is� thus� termed� a� pla�ue�forming� unit� �pfu�.The� visuali�ation� of� individual�

pla�ues� permits� far� more� than� mere� enumeration.� �t� is� the� basis� for� the� isolation� of�

phages�� their� characteri�ation� by� pla�ue�morphology� �clear� versus� turbid� lysis�� si�e� of�

pla�ue��presence�absence�of�a�halo���and�the�isolation�of�phage�mutants.�

����� �����������������������������S��������������

There� might� be� more� than� one� type� of� phage� in� initial� isolated� plates� so� for� further�

processing�and�characteri�ation�the�phage�should�be�pure.��nalogous�to�bacteria��each�

phage� pla�ue� is� presumed� to� be� clonal�� having� originated� from� a� single� virion.� The�

pic�ing�and�subculturing�of�pla�ues�ensures�that�a�phage�population�is�descended�from�

a�single�viri�n�an��is�theref�re�cl�nal,��r����re����trea�ing�the��hage��n��acterial�la�ns�

is� an� efficient� way� of� isolating� single� pla�ues� from� sample� putatively� heterogeneous�

populations��hase� �� �radley�� ��11�.� �or� strea�ing�� at� first� the� clear� pla�ues� ware�

selected�and� labeled� in�the�petridish.�The�sterile�wooden�stic��was�ta�en�and� touched�

the�center�of�the�putative�phage�and�gently�strea�ed�bac��and�forth�across�the�top�third�

of�the�agar�plate�without�lifting�the�stic��from�the�agar.�The�starting�line�and�ending�line�

of� strea�ing�was�mar�ed.� �ow� after� strea�ing�� �ml� of� T��� ��.5���was� ta�en� in� sterile�

tubes�and�1���l�of�active�log�phase�host�bacteria�was�added.�The�mi�ture�was�carefully�

poured�to�T���plate�slowly�onto�the�most�dilute��mar�ed�end�line��of�the�strea�ed�plate.�

�t� was� allowed� to� spread� across� the� plate� from� the� most� dilute� point� to� the� more�

concentrated�area�by�gently�tilting�or�tapping�the�plate.�Then��the�plates�were�allowed�to�

s�li�if��an��inc��ate��at������f�r����h��r���he��a��after,�the��la��es��ere���serve���n�

the� strea�ed� line.� Three� round� of� strea�ing� was� done� from� single� pla�ue� inorder� to�

obtain� pure� isolated� single� pla�ue� morphology.� The� negative� control� plates� were�

prepared�by�ma�ing�phage�strea��line�and�overlay�by�only�T�����.5���agar�without�host�

bacteria.�

����� ���������������������L�����

�hage�amplification�was�done�in�T���plates�through�strea�ing�of�single�pla�ue�in�several�

plates� and� phage� stoc�s� were� prepared� by� e�traction� of� phage� solution� from� those�

strea�ed�plates.��rom�the�pure�isolated�pla�ue��strea�ing�was�done�in�several�plates�and�

after� overnight� incubation.� The� pla�ues�were� observed� in� strea�ing� line� and� then� the�

upper�layer�of�top�agar�where�pla�ue�remains�were�collected�by�scarping�use�of�buds�in�

falcon�tubes.�Then�����buffer�was�added�in�the�ration�of�5ml�per�plate.��ow�the�solution�
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was� mixed� with� vigorous� vortexing� and� then� centrifugation� was� done� for� 20� to� 30�

minutes�at�4000rpm.Now�the�supernatant�was�collected�and�syringe�filter�was�done�to�

avoid� any��acterial� de�ris.� �inally� the�pure�phage� stoc��was� prepared� and�phage� titer�

was�determined��y�serial�dilution�of�phage�and������method�as�mentioned�a�ove.��t��a�

single� time� normally� 50ml� phage� solutions�were� collected�with� average� concentration�

upto��0�0� to��0�2� pfu�ml.� �n� some�cases�� stoc��was�prepared�with������plate� in�which�

selected�pla�ue�was�carefully�cut�out�using�pipette�tip�and�immediately�dissolved�in�5m��

of�����uffer.��he�tu�e�was��ept�in�minimum�2�hour�of�sha�ing��y�chloroform��50�l�ml��

extraction.� �fter� centrifugation� at� 4000� rpm�� supernatant� was� filtered� through� 0.22�

syringe�filter.��

����� ����������������������������������DLLA�������

�his�is�the��asis�for�determining�the�concentration�of�phage�particles�in�a�given�solution�

and� conducting� successive� rounds� of� purification� of� an� individual� phage.� �nly� one��

completely� isolated� pla�ue� per� plate� was� selected� for� further� study� .�he� filtrate� was�

serially�diluted�up�to��0�0�using�sterile�tips�and�changing�the�tips�in�each�dilution.�Now��

for�spot�assay��the�grid�was�drawn�onto�the��ottom�of�the�agar�plate�and�was� la�elled�

with�designations�for�phage�dilutions�from��0��to��0�0�and�a�negative�control�was�ta�en�

as�����uffer�only.��t��first��acterial� lawn�was�prepared��3ml�of�semisolid�and��00��l�of�

active�log�phase�host��acteria�were�mixed�and�the�mixture�was�spread�uniformly�to�the�

la�eled� plate.� �hen�� the� plate� was� allowed� to� complete� dry.� Now�� 5� �l� of� all� phages�

dilutions� prepared�were� transferred� aseptically� onto� the� corresponding� �loc�s� on� the�

grid.��he�droplets�were�allowed�to�soa��into�the�agar�until�no�apparent�li�uid�remains�on�

the�agar.��he�plates�were�inverted�and�placed�into�the�3����incu�ator�for�24�hour.��fter�

incu�ation��pla�ues�or�clear��one�was�o�served.�

����� T�����������������

�fter�spot�assay��the�highest�titre�was�selected�which�showed�clear�lysis�and������was�

performed�for�all�dilutions�using�same��acteria�as�host�from�which�phage�were�initially�

isolated.� �or� ������ �ml� of� serially� diluted� phage� sample� and� �00�l� host� �acteria� was�

mixed�and��ept�for�attachment�for�5mins�and������was�done��fter�a�series�of�dilutions�

and�plating���the�num�er�of�pla�ues�were�counted�on�each�plate�and�num�er�of�pla�ue�

forming� units� per� milliliter� of� original� phage� sample� was� calculate.� �fter� overnight�

incu�ation��the�plates�were�chec�ed�for�pla�ue�formation�and�plate�with�an�individually�

distinguisha�le� pla�ue� was� selected� for� phage� titre� determination.� �ounted� pla�ue�

num�er�was�used�to�determine�the�titre�of�stoc��solution�using�this�formula���

�itre������ml���Num�er�of��la�ues�������

��ilution���volume�of�phage�added�to�plate�in�ml��

�
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����� ��������������������

The�m�st�imp�rtant�rule��f�ba�teri�pha�e�namin��is�����n�t�use�an�e�istin��name���The�

current� approach� to� bacteriophage� naming� is� a� tripartite� construct� consisting� of� the�

ba�terial� h�st� �enus� name�� the� ��r�� �pha�e��� an�� a� uni�ue� i�entifier�� f�r� e�ample�

��s�heri�hia�pha�e�T�����in�e�the�first�t�����mp�nents��f�this�namin����nstru�t�are�n�t�

unique,�the�third�component� is�critical�to� the�usability�of� the�name.� Its�seems�easy� for�

Providing�an�appropriate�name�for�a�bacteriophage�but�the�effects�might�be�long-lasting�

in� databases� and� in� official� taxon� names� so� we� must� follow� bacteriophage� naming�

guidelines(�driaenssens� �� �rister,� �����.� �e� had� followed� conventional� naming�

appr�a�h��here��ha�e�is�name��su�h�that�a���r���pha�e��r�a�s�mb�l����an��is�f�ll��e��

by� �ribhuvan� �niversity� (���,� where� the� research� was� carried� out� and� bacterial� code�

(two�uppercase�letters� if�genus�and�species�are��nown�and�three�sentence�case� letters�

code� if�only�genus� is� �nown��along�with�numerical�serial� code�assigned�to�each�strains�

and�finally�ending�with�an�uppercase� letter�code�that�represents�water�sewage�sample�

collection� site.��e�used�underscores� to� separate� parts� of� the� designation� (e.g.,� Phage�

��-�leb���,�but�these�underscores�cannot�be�carried�over�into�official�taxon�names.�

�xample���

�

����� �����R�����A�������������������

����� �������������������������

�ost� range�analysis�was�done�by�spot�assay.��ifferent�strains�of�����������������������

were�ta�en�from������and�I���which�were�reported�as�carbapenem�resistant�bacteria.�

�t�first�all�the�bacteria�were�grown�aseptically�to�the�active�log�phase.�hree�milliliters�of�

�.5���warm�(5�����top�agar�was�mixed�with���-���l�of�each�bacterial�culture�in�different�

sterile� test-tube�and�poured�on� separate� fresh�solid��ryptic� soya�agar�plate� (�����with�

proper� labeling� (�erma� et� al.,� �����.� �here� is� five� different� type� of� �lebsiella� phage�

named�as�Phage���-��leb����,Phage���-�leb���,Phage���-�leb5�,�Phage��-�leb5��and�

one�is�coc�tail�of��lebsiella�phage�another�one�is����buffer�ta�en�as�negative�control�for�

the�experiment�and�the�grid�were�mar�ed�in�plate�for�each�phage.�fter�solidification�of�

�

Institution�code���ribhuvan��niversitry�where�research�carried�out�

�

�ost�bacterial�code���leb-�����������������������

�

�acterial�numerical�code�

�

�ample�collection�site�code����e�u�

�

Phage��-�leb����

�
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the� top� agar� layer,� 5� µl� of� the� high� titre� phage� stock� (108-1010)� was� spotted� o�� the�

correspo�di�g��arked�li�e�a�d�allowed�to�dry��he�plates�were�i�c��ated�for��4�ho�rs�at�

37˚C� an�� checke�� f�r� the� presence� �f� bacterial� lysis�� �i�ilarly�� h�st� ran�e� �f�

pse�do�o�as�phage�also�tested�with��0�differe�t��acteria�a�d��y���differe�t�phages��

����� ��������������������������������

�hage� cocktails� were� prepared� �y� �i�i�g� the� selected� phages� of� each� host� gro�p� i��

e��al� �ol��e� ha�i�g� phage� lysate� titre� �10�� pf���l�� �or� selected� phages,� �le�siella�

phage�cocktail�was�prepared��y��i�i�g�5�differe�t�selected�phages�(�hage���-��le����,�

�hage� ��-�le���,� �hage��-�le�41,� �hage� ��-�le�5�� a�d� �hage��-�le�5�)�� �ikewise�

�se�do�o�as� phage� cocktail� was� the� �i�t�re� of� �� differe�t� pse�do�o�as� phages�

(�hage��-�1�,� �hage��-�4�� a�d� �hage��-�5�)�� 88� �iffere�t� strai�� of� P�����������

�A�������������� ����������� a�d� S���������� spp� were� collected� for� ��lti� host� ra�ge�

a�alysis�� �ll� the� si�gle� phages� a�d� �i�ed� cocktail� of� all� phages� were� tested� o�� each�

�acteri���as� i��a�o�e��e�tio���ethod��he�positi�e� res�lts� tests�were� repeated�three�

ti�es�for�the�reprod�ci�ility�of�the�res�lt��

����� S�������������������������� �����������������������������

������������ ��������

�hage� sol�tio�� for� lo�g� ter�� storage� was� �ai�tai�ed� as� glycerol� stock�� �he� worki�g�

sol�tio�s�of�phage�were�kept�i��-4˚c�an��it���rks�f�r�ab��t�����nth��r���re��ith��t�any�

fl�ct�atio��i��co�ce�tratio��of�phage���or�lo�g�ter��storage�there�is�pro�le��i��re�i�i�g�

of� �oth� phage� a�d� hosts�� �herefore,� we� desig�ed� the� storage� protocol� for� �oth� host�

�acteria�a�d�phage�si��lta�eo�sly���t,�first��acteria�was�grow��i��log�phase�i��5�l�fresh�

����e�ia�� �hen����l��f�pha�e� s�l�ti�n��f�hi�h� titre��as�a��e��an�� inc�bate��at�37˚C�

prior�to�the��acterial�ge�eratio��ti�e���or�ally�we��se��0�i��for������������ i��order�to�

trap� the� phage�particle�while� adsor�i�g� o�� the� host� s�rface� a�d� to� stop� the� i�fectio��

process���fter�i�c��atio�,�it�was�ce�trif�ged�at�4000rp��for�10��i��tes�a�d�s�per�ata�t�

was�discarded�a�d�pellet�was�collected���he�pellet�was�dissol�ed�with�1�l������ffer�a�d�

serial�dil�tio��a�d������was�do�e�for�checki�g�the�i�fectio��of�phage���or�storage,�1�l��

�f�����a�t�cla�e���lycer�l��ere��i�e���ith�that����l��iss�l�e��pellet�an��st�re��in��˚c�

i�� first�day�a�d� the�� -��˚c� ��he� re�i�ility� an�� infecti�n��f�pha�e� � an��h�st� � in� e�ery���

�o�th� i�ter�al��o� reco�er� the�phage� fro��the� i�fected� cells� the�whole�co�te�t�of� the�

�ial(1�l)�was��elted� at� roo�� te�perat�re� a�d� ali��ots� or� dil�tio�s�were��i�ed�with��

��l�fresh�enrich�ent��e�ia������an��it��as�inc�bate��in�shakin��inc�bat�r�at�37˚c�f�r�3�

ho�rs��he�� the� co�te�ts� were� ce�trif�ged� to� �000rp�� for� 5�i�� top� collect�

s�per�ata�t��he��the������was�do�e�do�e�for�pla��e�o�ser�atio���

�



CHAPTER�3:�MATERIALS�AN��METH���

55�
�

����� C������������������������

����������� ����������� specific� lytic� phage� (PhageTU-Kleb27)� and� P�����������

����������� specific� lytic� phage� (PhageTU-P53)� which� poses� excellent� and� consistent�

bacterial�cell�lysis�capacity�were�chosen�for�further�characterization.��

����� �������� ���������� ��� S������ D������� S�������

���������������G���E����������������SDS� �AGE�

S�S� of� protein� was� done� by� �cetone� precipitation� �ethod� and� direct� heating�

�ethod.�nalysis�of�phage�proteins�by�S�S-P����were�done�fro��entire�phage�particles.�

Sodiu��dodecyl�sulfate�polyacryla�ide�gel�electrophoresis�wasperfor�ed�as�described�

by��ae��li�(����li����7�)�

����� A���������������������������

5���l� purified� phage� solution� was� precipitated� with� �� �olu�es� of� ice-cold� acetone�

for�hr3���ins��supernatant�was�decanted�and�pellet�was�air�dried��resuspended�in����l�

P�S�buffer�(��g�l-���a�l���.2�g�l-��K�l���.2�g�l-��K�2P�����.���g�l-���a2�P�����2�2���p�7.5).��

����� SDS

The� concentrated� phage� particles� were� collected� fro�� acetone� precipitation� �ethod.�

�ow� �5� �l� of� each� concentrated� and� high� titer� phage(����� pfu��l)� of� different� 5�

�lebsiella� �phage�sa�ple�were� ���ixed�with�the�25��l�sa�ple�buffer�(�2.5����Tris���l��

2�� (w��)� S�S�� ���� (w��)� glycerol�� 5�� (���)� 2-�ercaptoethanol�� �.����� (w��)�

bro�ophenol� blue)� and�heated� in� a� boiling�water� bath� for� ����in.�Polyacryla�ide� gel�

electrophoresis�was�perfor�ed�as�described�by��ae��li� (��7�).��iscontinuous� sodiu��

dodecyl�sulphate� (S�S)�gel�electrophoresis�was�carried�out�on�slabs�of��2��acryla�ide�

and� electrophoresed� with� Tris-glycine� buffer.� �fter� electrophoresis�� the� gels� were�

stained� with� �io-Safe� �oo�assie� Stain� and� �isualized� the� band� after� treating� with�

destaining� solution.� The� �ar�er� of� �enii� was� used� as� standard� protein� and� used� to�

�easure�the�size�of�proteins�of�phage.��
�

����� M������������� ��������� ��� T������������ E��������

M�����������TEM�

The��ost� potent� lytic� phage� was� selected� for� Trans�ission� �lectron��icroscopy.� The�

phage�titres�were��aintained�abo�e�����to�����pfu��l.�Phage�lysates�were�transported�

to��d�anced��nstru�entation��esearch��acility����awaharlal��ehru�Uni�ersity�(����-��U)��

�ew� �elhi�� �ndia� in� cold� chain.� Trans�ission� electron� �icroscopy� � (T��)� � of�

bacteriophages� � was� perfor�ed� � using� � the� �ethod� described� � by� �c�er�ann�

(�c�er�ann�� 2���).Phage� lysates� were� fixed� with� fixati�e� (2.5�gluteraldehyde� and�

2�parafor�aldehyde��prepared�in��.7��sodiu��phosphate�buffer�(p��7.2).��or�fixation��

e�ual��olu�e�of�phage� lysate�and� fixati�e�were�added���ixed�and� left�o�ernight.� �ext�
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day,� the� fixed� phages� were� subjected� to� high-speed� centrifugation� (35,000g)� for� 3�

hours.Pellets�of�phages�was�deposited�on�separate�300�mesh�carbon-coated�copper�grid�

and�then�flooded�with���(w��)�uranyl�acetate�(p���.5)�and�after���min�excess�stain�was�

soa�ed-off�with�blotting�paper.��he�copper�grid�was�dried�and�examined�in��ransmission�

electron� microscope.� Phage� morphology� was� obser�ed� from� the� micrographs.� �he�

�icrograph� obtained� from� ���� was� analy�ed� through� �mage�� �.5�a�

(https���imagej.nih.go��ij)�for�determining�tail�si�e�(width�and�length)�and�si�e�of�phage�

capsid� �� head.� �hree� readings� of� head� and� tail� (width� and� length)� were� recorded� and�

mean��alue�was�ta�en.��he�bacteriophage�isolate�was�assigned�to�a�respecti�e�family�in�

accordance� with� the� recommended� guidelines� of� the� �nternational� �ommittee� on�

�axonomy�of��iruses�(����),�based�upon�examination�of��irion�particle�morphology.�

����� D�������������������������������������������������

�ultiplicity� of� infection� (���)� is� the� ratio� of� phage� particles� to� host� bacteria.� �t� is�

calculated� by� di�iding� the� number� of� phage� added� (�olume� in� ml� x� P���ml)� by� the�

number�of�bacteria�added� (�olume� in�ml�x�colony�forming�units�ml).��ptimal�����was�

determined� according� to� �u� et� al.� (�003).� � � �riefly,� bacteria� were� infected� at�different�

MOI�(0.01,�0.1,�0.5,�1,�5�an��10�PFU/ml)�an��were�in���a�e��a����������r��ne����r.������e�

end�of�the�incubation�period,�the�mixture�was�centrifuged�at��000�g�for��0�minutes�and�

supernatant�was�passed�through�0.����m�membrane� filter� (�illipore,����).��he� lysate�

was� then� assayed� to� determine� the� phage� titre� employing� the� double� agar� o�erlay�

method�described�pre�iously.� �Phage-free�cultures� (containing�only�bacterial�host)�and�

host-free� cultures� (containing� only� phage)� were� used� as� controls.�he� ���� gi�ing�

maximum�yield�was�considered�as�optimal������

����� ���������������������������������������������������

Physical�parameters�ha�e�a�critical�role� in�maintaining�phage��iability.��ence�the�effect�

of�different�physical�parameters�li�e�p��and�temperature�on�phage��iability�was�studied.�

����� E���������������������������������������

�tability� of� Phage��-�leb��� and� Phage��-P53� at� different� temperatures� was�

determined�by�diluting�phage�particles�to�a�final�concentration�of��0��P���ml� in�a�final�

�olume�of���ml�of����buffer.��he�ali�uots�were�incubated�at��5���(control),�3����,��0���,�

50����,�0���,��0���an���0�����r�10,��0,��0�an���0�min��e��re��e��i�el�� (���n�rea�et�al.,�

�0��).� �fter� incubation� at� higher� temperature,� these� phage� containing� tubes� were�

immediately� placed� in� ice.� �he� samples� were� assayed� using� double� layer� agar� method�

with�log�phase�bacteria�to�determine�the�number�of�sur�i�ing�pla�ue�P��.��he�counts�of�

sur�i�ing�phage�were�expressed�as�P����ml�and�plotted�against�temperature��alues.�
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����� E������������������������������

pH�stability�test�was�done�according�to�(Han�et�al.,�2014)�with�a�slight�modification.�A�pH�

range�of�pH�2�to�pH�12�was�prepared�by�adjusting�the�pH�of�fresh��uria�bertanni�broth.�

1��H�l�was�added�drop�by�drop�to�achie�e�desired�acidic�pH�and�1���a�H�was�used�to�

achie�e� desired� basic� pH.� � �00�l� of� phage� suspension� of� high� titre� (10�pfu�ml� for�

�hage����5��and�105pfu�ml�for��hage����leb27)�was�mi�ed�with�700�l�of�pH�adjusted�

me�ium�final�s�luti�n�making�1ml�an��incubate��f�������u�s�at���������age�suspension�

ha�ing� pH� 7� was� used� as� a� control.� After� the� incubation� period,� phage� titer� was�

determined� by� double� layer� agar� method� against� host� bacteria� ����������� ����������

(�27).� �imilar� process�was� done� in� �hage� ����5�� and� phage� titer�was� determined� by�

double� layer� agar� method� against� host� bacteria� P����������� ����������� (�5�).� �he�

counts�of�sur�i�ing�phage�were�e�pressed�as������ml�and�plotted�against�pH��alues.�

����� O��������������������������������������

�ne�step�growth�cur�es�were�studied�to�determine�the�infection�potential�of�each�phage�

.�t� generally� ta�es� 1� hour� to� complete� the� cycle� of� phage� infection.� Host� bacteria,�

����������������������(�27)�and�P����������������������(�5�)�was�grown�on�nutrient�

broth�and�optical�density�of�the�culture�was�adjusted�(���0.��at��00�nm)�to�reach�acti�e�

logarithmic�phase�to�gi�e�a�10��cfu�ml� .�ne�step�growth�cur�e�analysis�was�performed�

by� mi�ing� 1000� microliter� of� bacterial� culture� with� 100� microliter� phage� stoc�� (105�

pfu�ml�of��27�phage�and�1010�pfu�ml�of�phage��5�)�and�incubating�the�eppendorf�tubes�

at��������ne����en���f�tubes��as��it���a�n�afte��eac��1��minutes�f���a�t�tal��u�ati�n�

of� �0� min� and� the� phage� particles� were� counted� by� ��AA� method.� �acterial� �iable�

counts� were� determined� before� the� bacteria� were� mi�ed� with� the� phage� and� were�

assessed�periodically.��he�burst�si�e�was�calculated�using�formula��

� � � � (�iang�et�al.,��1���)�

�here,� �� is� the� burst� si�e�� ��� �e��esents� c�anges� in� t�e� �i�al� numbe��� ��� �e��esents�

changes�in�the�bacterial�number,��e�is�the��iral�number�at�the�end�of�the�e�periment,��0�

is�the��iral�number�at�the�beginning�of�the�e�periment,��e�is�the�bacterial�number�at�the�

end� of� the� e�periment,� and� �0� is� the� bacterial� number� at� the� beginning� of� the�

e�periment.�

�he� graph� was� plotted�with� ����ml� against� time.� �he� latent� period�was� identified� as�

time�in�between�after�phage�absorption�and�the�initial�rise�in�pla�ue�number.��he�burst�

si�e�was�identified�by�di�iding�the�a�erage�of�pfu�infected�cell�in�the�post�rise�period�of�

growth� cur�e� by� the� a�erage� of� pfu�infected�cell� in� the� pre�rise� period� of� the� growth�

cur�e�(�llis����elbr�c�,�1���).�
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����� �����������������W������������������������WGS�

PhageTU-Kleb27�sample�was�exported�to�Xcelris�Genomics�(Ahmedabad���ndia��in�dr��ice�

�or��ext�Generation��e��encing���hole�genome�se��encing�o��phage�was�per�ormed�on�

�ll�mina��i�e��2����25���plat�orm��nder�Pro�ect������G�-�����

�

�

�ig�re� ��� 2�� �or�� �low� o�� �hole� Genome� �e��encing� (�G��� wor��low� at� Xcelris� Genomics��
Ahmedabad���ndia��o�rce��http���www�xcelrisgenomics�com�

����� �����������������������������������������������������DNA

Genomic� ��A� was� isolated� �rom� PhageTU-Kleb27� sample� �sing� �orgen� Phage� ��A�

Is�lati�n�kit.�Quality��f�gDNA�sam�l���as�����k����n����aga��s��g�l� �l�a�������l�� f���

t���singl��inta�t��an�.�����g�l��as��un�at������f������mins.����l��f��a���sam�l���as�us���

�or�determining�concentration��sing���bit��2����l�orometer��

����� ����������������������

The� paired-end� se��encing� librar�� was� prepared� �sing� Tr�se�� �ano� ��A� �ibrar��

preparation��it��The�librar��preparation�process�was�initiated�with�2���ng�g-��A��The�g-

��A�was�mechanicall��sheared�into�smaller��ragments�b��co�aris��ollowed�b��contin�o�s�

step�o��end-���ai��������an��A��is�a�����t��t�������n�s�making�t���DNA�f�agm�nts���a�y�

�or�adapter� ligation���ollowing� this� step��plat�orm-speci�ic� adapters� are� ligated�to�both�

ends� o�� the� ��A� �ragments�� These� adapters� contain� se��ences� essential� �or� binding�

d�al-barcoded� libraries� to� a� �low�cell� �or� se��encing��allowing� �or�P���ampli�ication�o��

adapter-ligated��ragments��and�binding�standard��ll�mina�se��encing�primers��To�ens�re�

maxim�m��ields��rom�limited�amo�nts�o��starting�material��a�high-�idelit��ampli�ication�

step�was�per�ormed��sing��i�i�P����aster��ix��

����� ��������� ���� �������� ������ ��C�� ��� �������� ���

�����������

The�ampli�ied�librar��was�anal��ed�in��ioanal��er�2����(Agilent�Technologies���sing��igh�

�ensiti�it��(������A�chip�as�per�man��act�rer�s�instr�ctions��

����� C�������G��������������S�����������

A�ter� obtaining� the� ��bit� concentration� �or� the� librar�� and� the� mean� pea�� si�e� �rom�

�ioanal�ser�pro�ile�� librar��will�be� loaded�onto� ill�mina�plat�orm� �or� cl�ster�generation�

and�se��encing��Paired-�nd�se��encing�allows�the�template��ragments�to�be�se��enced�
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in� both� the� forward� and� reverse� directions.� The� library� molecules� will� bind� to�

complementary� adapter� oligos� on� paired-end� flow� cell.� The� adapters� are� designed� to�

allow�selective�cleavage�of�the�forward�strands�after�re-synthesis�of�the�reverse�strand�

during� sequencing.� The� copied� reverse� strand� is� then� used� to� sequence� from� the�

opposite�end�of�the�fragment.�

����� G�������������������������������������

The� whole� genome� sequence� (W���� data� was� curated� and� delivered� to� us� by� �celris�

�enomics�in�fasta�format�(.fa�files�.�The�genome�files�were�primarily�processed�using�an�

online�tool�����T��������ge��earch�Tool�-��nhanced��elease��http���phaster.ca���(�rndt�

et�al.���������hou�et�al.���������Throughout�the�pro�ect�������database�was�used�as�the�

sole� source� for� reference� genome� for� bacterial� and� phage� genomes.� �lso� �last�� was�

used� for� species� distribution.� ����T��� tool� was� also� used� for� prediction� of� putative�

genes��and����T�was�used�for�gene�annotation.�

�

�igure��.�����ioinformatics�analysis�wor�flow�

����� ������������������������������

The�phylogenetic� analysis� of��hageT�-�leb��� capsid�protein� and� tail� fiber� protein�was�

done�with�closely�related�species�of��lebsiela�phages�present�in������data�base�through�

�hylogeny.fr�an�online�server.�

�
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����� A���������������������������������������������������

����� D������������� ��� �������� ���������� ��������� T������

��������������������

This� quantitative� test� described� by� Christensen� et� al.� is� considered� the� gold-standard�

method�for�biofilm�detection�(O’T��le,�2011).�Differe����trains�of�Klebsiella�broths�were�

i������e����������f�r�2���.�T�e���l��re���ere���e���il��e��1�100��i���fre����e�i������

meet� upto� optical� density� 0.5� to� 0.8.Individual� wells� of� sterile� 96� well-flat� bottom�

polystyrene� tissue� culture� treated�plates� (Tarson,� India��were� filled�with��00����of� the�

diluted�cultures.�The�control�organisms�were�also�incubated,�diluted�and�added�to�tissue�

culture�plate.��egative�control�wells�contained�inoculated�sterile�broth.�The�plates�were�

incubated� at� ���C� for� ��� h.� �fter� incubation,� contents� of� each�well�were� removed�by�

gentle�tapping.�The�wells�were�washed�with�0.��m��of�phosphate�buffer�saline�(p���.���

four�times.�This�removed�free�floating�bacteria.��iofilm�formed�by�bacteria�adherent�to�

the�wells�were� fi�ed�by����sodium�acetate�and�stained�by�crystal�violet�(0.���.���cess�

stain�was�removed�by�using�deioni�ed�water�and�plates�were��ept�for�drying�at�last�95��

ethanol�was�addedin�each�well�and��ptical�density�(����of�stained�adherent�biofilm�was�

obtained�by�using���I���reader�at�wavelength�6�0nm.�The�e�periment�was�performed�in�

triplicate�and�repeated�three�times.�The� interpretation�of�biofilm�production�was�done�

according�to�the�criteria�of��tepanovic�et�al�(�tepanovic�et�al.,��00��.��ptical�density�cut-

off�(��c��was�determined.�It�is�defined�as�average����of�negative�control�������tandard�

deviation�(����of�negative�control.�

Table��.�6��Classification�of�biofilm�formation�abilities�by��icro-titre��late�method�
�

�

����� ��������D���������������������������������

�hage� treatment� to� biofilm� disruption� was� done� according� to� �orti� et� al� with� slight�

modifications� (�orti� et� al.,� �0�8�.�or� biofilm� evaluation� by� crystal� violet� staining,� an�

overnight�culture�of�eight�strong�biofilm�producing�organism�(K��,�K5�,�K,K�,�K6,���5,�

�6�and��5���were�diluted� ����00�and��00�l�of�each�bacteria� (0�600�standard�with�0.5�

macfarland�� inoculated� into� 96-well� polystyrene� microtiter� plates.� The� plates� were�

incubated�at����C�for����h�to�allow�biofilm�formation.��roths�containing�plan�tonic�cells�

were�gently�removed,�and�the�wells�were�washed�with��00�l�of����broth�for�two�times.�

Then,��00�l�of�phage�lysate�at��05�����ml�was�added,�and�incubation�was�continued�for�

� �iofilm�formation�abilities�

���������c� �trong��

2�OD����OD����OD�� �oderate��

OD���OD���2�OD�� �ea���
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4�h.The�bacteria�and�bacteriophages�were�selected�on�the�basis�of�biofilm�formation�of�

bacteria�and�host�range�of�phage�to�lyse�those�bacteria.�After�incubation,�the�wells�were�

carefully�emptied�and�gently�washed�with�PB�� for� two�times.�The�bacteria�adhering� to�

the�walls�of�the�plate�were�it�was�fi�ed�with�����l�sodium�acetate�for���minutes�at������

and�the�content�was�again�discarded.��inally�the�adhered�cells�were�stained�with������l�

of��.1��crystal��iolet�solution�for�1��min�.��cess�stain�were�remo�ed�by�using�deioni�ed�

water�and�plates�were��ept�for�drying�and�at� last�����ethanol�was�added� in�each�well�

and�adherent�biofilm�was��uantified�by�measuring� the�optical�density�at�6���nm.��ach�

treatment�was� repeated� in���wells,� and� the�median� �alue�and� standard�de�iation� �����

were�calculated.�PA�1��train�was�used�as�Positi�e�control�and�only��b�broth�was�used�as�

negati�e�control.�

�

Table��.����Biofilm�producer�bacteria�and�Bacteriophage�used�for�disruption�of�biofilm�

��� Bacteria�strain�code�name� Phage�used�

1� ��� PhageT���leb����

�� �6� PhageT���leb���

�� ��� PhageT���leb���

4� ���� PhageT���leb���

�� ���� PhageT���leb���

6� P6� PhageT��P1��

�� P��� PhageT��P1��

�� P��� PhageT��P���
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���� A����������S�����������T�����AST���A�����������A����

From� the� antibiotic� susceptibility� test� (AST)� using� Kirby� Bauer� Disk� di��usion� method��

both�the�bacteria�K���and�����sho�ed�resistance�to�more�than���antibiotics� thus� they�

�ere��ound�to�be�multi�drug�resistant�and�both�the�bacteria�e�en�sho�ed�resistance�to�

imipenem�and�meropenem�drugs��hich�con�ers�the�carbapenem�resistant��
�

Table�������Antibiotic�susceptibility�pattern�o��K���and�����bacteria�

Antibiotics� ��ct��i�����b���� ��ct��i������

Amo�icilline�(Am�)� �esistant� ��

�e�tibuten(�B)� �� �esistant�

�e�tria�one(�T�)� �esistant� �esistant�

�e�ota�ime(�T�)� �� �esistant�

�entamycin(��)� �� �esistant�

�e�o�lo�acin(��)� �� Sensiti�e�

�itro�urantoin(��T)� Sensiti�e� ��

�or�lo�acin(��)� �esistant� ��

��la�acin(�F)� �esistant� �esistant�

�e�i�e(�F�)� �esistant� �esistant�

�mipenem� �esistant� �esistant�

�eropenem� �esistant� �esistant�

�

���� M��������� ��������������� ��� ��������� ��� ����RNA� �����

����������������������������

The� genomic� D�A� �as� e�tracted� �rom� �TAB� (�etyl� Trimethyl� Ammonium� Bromide)�

method��Distinct�band�o��D�A��as�obser�ed�o����di��erent�putati�e� strain�o��Klebsiella�

pneumoniae��Similarly,� Intense�an���istinct�ban�s�were��bser�e�� in�case�������i��erent�

��tati�e� strain� ����se�����nas�aer��in�sa�� ��e� c�ncentrati�n���� �en��ic����� �were�

���n��t��be�a��r��i�ately������n��by�nan��eter�rea�er�an���were��se��as�te��late���r�

���(polymerase�chain�reaction)��Then�����products�sho�ed��isible�distinct�band�o��si�e�

����bp�in�u��transilluminator�and�then�products��ere�sub�ected��to�Sanger�se�uencing��

The� di��erent� strain� o�� host� bacteria� �as� characteri�ed� by� ��S� r��A� gene� se�uence�

analysis��
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Figure� 4.� 1:� Gel� electrophoresis� in� 0.8%�agar�of� Bacterial� genomic�DNA�e�traction�using� ��AB�
metho��

�1:�������3:�41���4:������6:�������:�N����8:��1����1�:�43���13:��3�

�

�������������� �

Figure� 4.� �:� Gel� electrophoresis� of��olecular� amplification� of� 16sr�NA� gene� of� �acterial� DNA�
using�uni�ersal�primer�1�00�p��in�1%�agarose�gel.��1:��a��er��1����soli���io��ne���:�������3:�41��
�4:�������:������6:�1����8:�43�an����:��3�

�

�

�1�������������������3��������4������������������6�����������������8�����������������10������11�������1������13�
           L1    L2    L3  L4   L5   L6   L7   L8   L9   L10 L11 L12  L13
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Figure�4.�3:��hromatogram�file�of�Bacteria��le���of�16sr�NA�gene�using�chromas�soft�are.�

�he�e�enl��space��pea�s��each��ith�onl��one�colour��etermines�the��ualit��of�clean�se�uence.��

�he� se�uences��ere� su�mitte�� to�N�B��an��are�a�aila�le� for�pu�lic�un�er� follo�ing�accession�
num�er.�

���:���B41��63���le���� ��48��40�

���:���B4811�����le���� ��1��0�0�

�emaining� �acteria� samples� ��41�� ����� N��� �43�� ��3� an�� �1��� �ere� un�er�

processing� to� get� accession� num�er.�he� chromatogram� files� of� all� remaining�

strains�of�K����������������������ere�gi�en�in�Appen�i��3.�

�

���� M��������� �������������� ��� ����������� ����������� �����

��������������������

K���������� ����������� strain� �i�:� �41�� ���� an�� ���� �ere� alrea��� confirme�� B�aND��

gene� positi�e� strain� from� the� pre�ious� thesis� �or�� �hereas���� strain� �as� further�

processe�� for� �etection� of� �ar�apoenem� resistance� gene.� �he� full� length� metallo�

�etalactamase� gene�� �la� �ND��1�� an�� ���� gene� �ere� amplifie�� in� ���.As�� sho�n� in�

figure� the� �esire��pro�uct� si�e��as� 8�0�of�ND��an���40�of� internal� Bla�pc.� �imilarl���

among�P���������������������strain���43�is�alrea���confirme��as��la�ND��positi�e�in�

pre�ious� thesis��or�.� �ar�apenem� resistant� gene� �laND���as� foun�� to� �e� positi�e� n�

�oth�strain�P�������������i�:��1��an����3.�
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Figure� 4.� 4:� Gel� electrophoresis� in� 1%� agarose� gel� showing� kpc� positi�e�� �lan��� positi�e� an��
16�r����positi�e�result�in�kle�����

�

Figure�4.�5:�Gel�electrophoresis�in�1%�agar�showing��olecular�a�pli�ication�o���la����internal�
gene��5���p��
�

�1:�1����:�5��an����:�la��er�1���p���������o�research�la��er��
�

�

�

�

�

�
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���� �����������������������������DLAA�������

Alltogether�21�bacteriophages�isolated�from�water�samples�of�nine�different� sizes�were�

found�to� lyse�carbapenem�resistant�5�strains�of�����������������������and���strains�of�

�seudomonas�aeruginosa���he�result�showed�that�all�the�water�samples�contained�huge�

number�of�bacteriophage�populations���orphology�of�phages�obser�ed� from�small�pin�

headed� clear� pla�ue� to� large� clear� pla�ue�� some� are� halos� forming� and� the� most�

��minant��ne�is�Bull’s�eyes�plaque(�i�u�e�����an����������e��etails����p�a�e�num�e��in�

different�water�samples�along�with�it’s�morphology�are�listed�in�below�table���able���2���

�he�high�abundance�of�phage�number�was�found�in��e�u�sewage�sample�near�slaughter�

house��

�able����2���acteriophage��solation��able�
�

Sn� Locat�on� o��

�a�����

co���ct�on�

�o�t��act���a�

E��

�����

�2�� ��1� �52� �5�� ��� �5�� ���� �1��

1� �al�hu�1� �� ��� �� �� �� ��� ��� �� ��

2� �alinadi�

sample�

�� ��� �� �� �� ��� ��� �� ��

�� �al�hu�2� �� ��� �� �� �� ��� ��� �� ��

�� �ishnumati��

sample�

�� ��� �� �� �� ��� �� �� ��

5� �ahede�i�

�hola�

�� �� �� �� �� ��� ��� �� ��

6� �e�u1� �� �� �� �� �� �� �� �� ��

�� �e�u2� �� ��� ��� ��� ��� �� ��� ��� ���

�� �asundhara� �� �� �� �� � �� �� �� �

�� �irtipur� ��� ��� ��� ��� ��� ��� ��� ��� ��
�

��te����’��en�tes�t�e�p�esen�e����lyti��p�a�es������en�tes�t�e�a�sen�e����lyti��p�a�es�an��

����denotes�not�tested�in�those�sample���

�

�

�igure����6���nitial��acterophage�isolaton�in�P�����������strain��y���AA�method�ig�A��clear�lysis�
pla�ue�formed�in��5��bacteria�sample�in��al�hu�sample�and��ig����clear�pla�ue�formed�in��e�u�
sample�in�����bacteria���ig�����lear�pla�ue�formed�in��1��bacteria�
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Figure�4.�7:�Initial�Bacterophage�isolaton�in������������strain�By�DL����etho��

Bull’s�eye�plaque�f�rme��in�Te�u�se�a�e�sample�a�ains���a��eria����������an����7�respecti�ely��

in� fi�� ��B� an�� ��� �i�� ��numer�us� small� an�� lar�e� si�e� Bull’s� eyes�� �laque� f�rme�� in� �e�� �le��

�a��eria� � fr�m� Basun��ara� sample�� �i���� Bull’s� eyes� plaque� �or�e�� in� Basun�hara� sa�ple� in�

�actera���7.Fig��.negati�e�control��here�only��acteria��ere�incu�ate�.�

�a�le�4.��:�Isolation�o���acteriophage�an��their��orphology�

SN� Host�

Bacteria�

Sa���e�site� ��itia��

����er� o��

��a��es�

��a��e�

�or��o�o���

��sis��atter�� �ia�eter� o��

��a��e�

�� ��7� Basun�hara� ��� Bulls�eye� �lear� center�

�halo�� surroun�e��

�y�tur�i��ring.�

�.�c��

�� �4�� �e�u� ��� Bulls�eye� �lear� center�

�halo�� surroun�e��

�y�tur�i��ring.�

�.6�c��

�� ���� �e�u� 4� ��all� Bulls�

eye�

�lear� center�

�halo�� surroun�e��

�y�tur�i��ring.�

�.��c��

4� ��7� �e�u� ��� Large� Bulls�

eye�

�lear� center�

�halo�� surroun�e��

�y�tur�i��ring.�

�.�4c��

�� ��� Basun�hara� ����� Bulls�eye� �lear� center�

�halo�� surroun�e��

�y�tur�i��ring.�

Large:�.6c��

��all:�.�c��

6� ���� �irtipur� ��� �lear�pla�ue� �o�plete�lysis� �.�c��

7� �4�� Bal�hu� ��� �lear�pla�ue� �o�plete�lysis� �.4�c��

�� ���� Bal�hu� ����� �lear�pla�ue� �o�plete�lysis� �.�6c��

�

�
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���� ������������������������������

�

���������������Figure�4.�8:�Purification�of�phage�by�continuous�strea�ing��etho��

Bull’s�eye�plaque�f�rme��in�Teku�se�a�e�sample�a�ains���a��eria���������an��k���respe��i�ely��
in� fi�� ��B� an�� ��� �i�� ��numer�us� small� an�� lar�e� si�e� Bull’s� eyes�� �laque� for�e�� in��e�� ��eb�
bacteria� fr�m� Basun��ara� sample�� �i���� Bull’s� eyes� plaque� for�e�� in� �asun�hara� sa�p�e� in�
bactera����.Fig��.negati�e�contro���here�on�y�bacteria��ere�incubate�.�

Phage�strea��resu�ts�the�unifor��p�a�ue�an��as�in�abo�e�figure��Figure4.��.�fter���roun��

of� strea�ing� fro�� sig�e� iso�ate�� p�ate�� it� gi�es� the� pure� p�a�ue� of� unifor�� si�e.�he�

p�a�ues��ere�for�e��in�high�nu�ber�in�starting��ine�an���ecrease��in�en�ing��ine.�

���� S������������������������������������������

�

Figure�4.��:��pot�assay�of�bacteriophage��stoc���to��eter�ine�the�phage�titre.��ach�b�oc��in�p�ate�
has��ifferent��i�utions.���ear��ysis��as�obser�e��o�er�bacteria���a�n�in�each��i�ution.�



CHAPTER�4:�RES��TS�

�

69�
�

Fig�A:�spot�assay�of�PhageTU-Kleb27�showing�lysis�upto���7�Fig��:�spot�assay�of��K�phage�

showing�lysis�upto���-9��ilutions��Fig��:�spot�assay�of�K�7�phage�showing�lysis�upto���-7�

�lutions�� Fig� �:� spot� assay� of� P��� phage� showing� lysis� upto� ��-��� �ilutions�� Fig� �:� spot�

assay�of�P���phage�showing�lysis�upto���-����ilutions������enotes�negati�e��ont�ol�whe�e�

only����buffe��was�use���

�

Figu�e������:�Tit�e��ete��ination�of�Phages��

��AA�plates�showing��ountable�pla�ues�in�highe��tit�e��alue��Fig�A:�pla�ues�fo��e��in��a�i�u��
�ilution�of���9�in�PhageTU-Kleb27�Fig���an��Fig��:�Pla�ues�fo��e��in��ilution�of�����an������� in�
PhageTU-Kleb�2��espe�ti�ely��Fig��:�Pla�ues�fo��e��in��ilution�����in�PhageTU-P���Fig�:�Pla�ues�
fo��e��in��ilution�of����9�in�PhageTU-P����PhageTU-�P���has�highe��phage��on�ent�ation���

Table�����:�Pla�ue��ount�upon�se�ial��ilutions�an��Phage�tit�e��ete��ination��pfu��l��
�

�

���� ���������� ������ ��������� ��� K���������� ������ ����

�����������������

The� ability� to� infe�t� an�� p�o�u�e� lyti�� �one� by� the� PhageTU-�leb27�� PhageTU-

Kleb�7�PhageTU-Kleb�2�� PhageTU-�Kphage� an�� PhageTU-Kleb��� phage� against� 2��

�iffe�ent�ba�te�ia�we�e�teste��by� spot� test��A�ong� the��PhageTU-Kleb�7�was�able� to�

infe�t� 6� st�ain� of� ��� ������������i�ila�ly�� Phagetu-Kleb�2� showe�� lyti�� a�ti�ity� in� ��

st�ains�of���������������PhageTU-�leb���showe��lyti��a�ti�ity�in���st�ains��PhageTU-�K�

Kleb�showe��lyti��a�ti�ity�in�2�st�ains�while�PhageTU-Kleb27�showe��no�any�lyti��a�ti�ity�

to�othe��st�ains�of����������������

Phage�� ��� ��
�
� ��

2
� ��

�
� ��

�
� ��

�
� ��

6
� ��

7
� ��

�
� ��

9
� ��

��
� ��

��
� ��

�2
�

K27� �lea�� �lea�� T�T�� T�T�� 6��� �2� ��� 9� ��� �� 2� �� �

K�2� �lea�� �lea�� �lea�� �lea�� T�T�� T�T�� ���� 7�� �9� �6� �6� �� 2�

K�7� �lea�� �lea�� T�T�� T�T�� �6�� 7�� �� no� no� no� no� � �

��� �lea�� �lea�� T�T�� T�T�� �9� �2� �2� � � � � � �

P��� �lea�� �lea�� �lea�� �lea�� �lea�� �lea�� T�T�� ��� 7�� �9� � � �

P��� �lea�� �lea�� �lea�� �lea�� �lea�� �lea�� T�T�� T�T�� T�T�� 96� ��� �9� 6�

P�9� �lea�� �lea�� �lea�� T�T�� 6�� 2�� �� � � � � � �
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Similarly,� host� range� activity� in� Pseudomonas� phage� was� done� among� ��� di��erent�

strains�o��P����������������������and�Phage���P���showed�lytic�a�ility� in���strain�o��

Pseudomonas,� Phage���P��� showed� lytic� a�ility� in� �� strains� o�� P����������� and�

Phage���P���showed�lytic�a�ility�in���strain�o��Pseudomonas�and�the�mi�ture�o��phage�

coc�tail�has�signi�icant�e��iciency�to�lyse����strains���he�result�o��host�range�activity�o����

di��erent�types�o���le�siella�phages�and���di��erent�types�o��Pseudomonas�phages�were�

listed� �elow� in� pie� chart� ������ and� ������ and� the� detailed� result� o�� host� range� were�

showed�in�appendi���

�

�igure���������ost�range�activity�o���le�siella�phage�among��0��le�siella�strain��
�

�mong�individual,�Phage�����le��7�showed�wide�host�range�activity��

�

�igure���������raphical�representation�o��host�range�o��Pseudomonas�phage�in����di��erent�types�
o��P�����������strain�Phage����P���showed�higher�lytic�capa�ility�

���� ����������������M�����������������������
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Figure�4.�13:��Multihost�range�analysis�of�klebsiella�phage�

Fig� �:� in�i�i�ual� phage� of� klbsiella� ���7�� k41�� k���� k�7� an�� �k�� �i�� not� lyse� the� ���

ba�teria�Fig��:��o�ktail�of�klebsiella�phage����7��k41��k����k�7�an���k��lyse�the����strain�

of�A������������������������

�able�4.��:��ositi�e�result�of��ultihost�range�analysis�

�

�a�teria� �leb� �o�ktail��i�ture� of� � phage� k�7��

k41��k����k�7�an������

�seu�o� phage� �o�ktail��i�ture� of�

�1���43�an����3�phage��

��� ���� ���

�17� ���� ���

�7�� ���� ���
�

N�te:�‘+’��en�tes�t�e���s�t��e��es��t��n��‘+++’��en�tes�t��t��t����es���s�t��e��es��t��n���

t��es� �e�e�te�� test�’�‘� �es��t� s���e�� t��t� ne��t��e� �es��t� ���� ��st� ��n�e� �n�� ‘���‘�

in�i�ates�negati�e�result�in�3�ti�e�repetition.�

�he� phages� �ere� teste�� against� se�eral� other� gra��negati�e��i�roorganis�s� su�h� as�

�arbapene�� resistant� �seu�o�onas� aeruginosa�� �lebsiella� pneu�oniae�� ��inetoba�ter�

bau�anni�� an�� �olistin� resistant� �al�onella� spp.� �ighty� eight� �ifferent� �ulti�rug�

resistant� ba�teria� �ere� use�� as� � host� .�ase�� on� spot� testing� results�� �seu�o�onas�

phages���i��not�sho��any�inter�host�range�property�but��lebsiella�phage��an���its��o�ktail�

sho�e��uni�ue�property�of��host�range�.��ong�the���only�positi�e�results�are��sho�n�in�

abo�e�table��able�4.��.��hose�phages��ere�able�to�infe�t��arious�ba�terial�hosts�that��an�

easily�en�ounter�a�sus�eptible�prey�an��repli�ate�in�it.��ere�the��ost�interesting�fin�ing�

�as� that� only� the� �o�ktail� of� �lebsiella� phage� lyse�� three� �arbapene�� resistant�

��inetoba�ter� bau�anni� strains� ����� �17� an�� �7��� ho�e�er� in�i�i�ual� phage� of�

klebsiella��i��not�lyse�those�ba�teria�as�sho�n�in�figure��Fig.4.14�.�

�

�

�

�� ��

4.8. Interspecies or Multihost range analysis
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Table�4.�6:�Storage�efficacy�of�Phage�:�Phage�titer�enumerations�after�six�months�inter�als��hen�
store��insi�e�the�h�st�bacterial�cells�at�−80�°C��������la��e���r�i�����it�

Phage�

name�

���������������������������������������������������������Phage�Titer�

�

Initia�� �hage�

titer�

Phage� titer�

a�ter��m�th�

Phage� titer� in�

���m�nth�

��g���hage�

titer�

re���ti�n� in�

��t���m�nth�

�

��g��� �hage�

titer�

re���ti�n� in�

���th�m�nth�

PhageT��

�leb27�

�.����7�fu�ml� 6.2����7�fu�ml� 2.����7�fu�ml� �.��7� �.62�7�

PhageT��

�leb�2�

�.7������fu�ml� �������fu�ml� �.6���7�fu�ml� �.2��4� �.�����

PhageT��

�leb�7�

�.�����4�fu�ml� �.62���4�fu�ml� �.����4�fu�ml� �.�7��� �.�7��

PhageT��

�leb���

�.�������fu�ml� ������fu�ml� 6.4�����fu�ml� �.�2���� �.��77�

PhageT��

P���

2.��������fu�ml� �.�������fu�ml� �.�����fu�ml� �.2�2�� �.�7��

�

Phage� �reser�ation� is� �ery�much� crucial� ste�s� in� �hage� research.� The� titer� �ecrease��

stea�y�state�o�er�a�year.The�higher�titer�re�uction��as�seen�in�PhageT���leb�7�after��2�

month� among� all� �hages.from� the� abo�e� table� it��as� foun�� that� the� re�uctions� �ere�

al�ays� belo�� �� log� unit� after� �2� months� for� all� the� �hages.� This� �hage�host� storage�

metho�� is� a��antageous��ue� to� reco�ery�of�both� host� bacteria� an���hage� .The�Phage�

titer� of� bacterio�hages� �i�� not� change� significantly� after� �2� months� of� storage� �hen�

st�re�� i�si�e� the� h�st� bacterial� cells� at� −80� °C��hile� rec��er�� ��� �ha�e� �r��� st�ra�e�

con�ition� after� 6month� an�� �2� months�� titre� �alue� �as� foun�� to� be� less� than� initial�

titre.The�statistical�significance�of�the�changes�in��hage�titer��as�assesse��b���t��e�t�s�t�

test�at�����.���.So�storage�of��hage�infecte���ith�its�host�coul��be�the�best�metho��for�

�reser�ation�for��hage�an��host�itself.��

����� C������������������������

����� SDS

The��rotein��rofiling�of�bacterio�hage��as�analyse��by�so�ium��o�ecyl�sulfate��olyacrylami�e�

gel�electro�horesis��S�S�P����.��ulti�le�ban�s��ere�obser�e��in�both��hage��roteins.�PhageT��

P���an��sho�e��t�o�ban�s�of��roteins��ith�a��arent� si�e�of�����a�an��4���a�an��PhageT��

�leb27��as� �foun��to�be�ma�or�ban��of�����a�an��minor�ban��of�44��a��hich��as�com�are��

�ith� 2��� ��a� la��er� ��.�� ��a� �2��� ��a�.� � The� �roteins� �hich� �ere� �reci�itate�� by� acetone�

sho�e��intense�ban��than�by��irect�heating�metho�.�
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Figure� 4.� 14:� Sodium� Dodecyl� Sulfa�e� �olyacrylamide� �el� �lec�ro��ore�i�� of� �ac�erio��age�
�ro�ei�.�
�

����� T�������������������������������

��e�����microgra���of���age� i���ery�muc��e��e��ial� for�c�arac�eri�a�io��of���age��a�� i��gi�e��

��e� �a�i�� for� cla��ifica�io�� of� ��age.��e� �ad� do�e� ���� of� ��o� ��age�� o�e� of� ��eudomo�a��

��age���age�����3�a�d�a�o��er�from��le��iella���age���age����le��7.��

������������������������� �

Figure� 4.� 1�:� �ra��mi��io�� �lec�ro�� �icrogra��� image� of� ��age����le��7� �ega�i�ely� ��ai�ed�
�i���1�ura�yl�ace�a�e.�

��������������������

�

�a��id�

�ai

l�
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Figure�4.� 16:� Transmission�Electron�micrograph� image�of�PhageTU-P���negati�el�� staine���ith�
1��uran�l�acetate.�

Fig� �:� �riginal� image� of� PhageTU-P��.� �cale� �ar� in� image� �enotes� the� �istance.� Fig�:�

magnif�ing�image�of�Fig�.�The�phage��as�foun��to��e�cau�o�irales.�

Ta�le� 4.� 7:� �lassification� of� phages� accor�ing� to� ��T�� gui�elines� ��th� report�� �ase�� on�
transmission�electron�micrograph.�

������

����

������

��������

���� ����� ����� ���������

���������t� �e��t�

��a�e���

��e���

��� �� �� �c��a�e�ra� �a������ra�� ������r��ae

��a�e���

���

�� �� �� �c��a�e�ra� �a�����ra�e� S������r��ae

�nm���anometer�

The� micrograph� re�eale�� that� the� PhageTU-�le��7� has� icosahe�ral� capsi�� �ith� an�

e�tremel�� short� tail� �hich� resem�le�� �ith� the� phages� �elonging� to� the� Po�o�iri�ae�

famil��� �au�o�irales� or�er� �Fig� 4.1��.�imilarl��� incase� of� PhageTU-P��� it� has� an�

icosahe�ral� capsi�� �ith� long� non-contractile� tail� �hich� are� t�pical� morphological�

features�of��ipho�iri�ae�famil���cau�o�irales�or�er��Fig�4.16�.This�classification��as��one�

�ase��on�the���T��gui�elines��th�report��hich��as�sho�n�in�appen�i����ppen�i���.�

����� E���������������������������������������

The� thermal� sta�ilit���as� carrie��out� to�measure� the�heat� resistance�of�phage.� �n� this�

stu���� t�o� phages� PhageTU-�le��7� an�� PhageTU-P��� �ere� selecte�� for� thermal�

tolerance.�Temperature�sta�ilit��of�Phages��as��etermine��at��ifferent�temperature�in�

�ifferent�time��f�incub�ti�n�������e���ere�f�un��t��be��t�b�e�e�en��t����c�u�t����min���

This�result�sho�e��that��ia�ilit��of�phage��ecreases�as�the�temperature�increases�an��as�

the�temperature�increases�pla�ue�morpholog��also�change��to�small�si�e.�

�

�apsi��

Tai

l�
Tail�Fi�er��� ��



CHAPTE������E���T��

�

75�
�

���������������������� �

Figure�4.�17:�Graphical�representation�o��sta�ilit��o���hage�u��le��7�at��i��erent�te�perature.�
�

�hage���Kleb27� sh�we�� stable� ��t�� 7�����his� graph� sho�e�� that� phage� �hage���

�le��7�is�heat�stable���t��7�����he��ha�e�t�t�e��e��ease��a�te���������tes�����bat����at�

�����a���s�������a�t��e��ease����7�����

�

�

Figure� 4.1�:� Graphical� representation� o�� sta�ilit�� o�� phage� �5�� at� �i��erent� te�perature� .�t�

sho�e��sta�ilit��u�t��7�����

����� E������������������������������

p��sta�ilit��test��as�carrie��out�in�or�er�to��eter�ine�the�opti�al�p��o���le��7�phage�an���5��

phage��at��i��erent�p���or�1�hour�at�roo��te�perature.��he�titers�o��phage��roppe��at�lo�er�p��

an��lost�its�acti�it��at�p���an����an��then�the�phage�titer�continue��to�increase��ra�aticall��in�

higher�ph�also�sho�ing�its�e��ecti�e�l�sis�upto�p��1�.��s�sho�n�in�graph��phage��le��7�sho�e��

its�l�tic�acti�it��e�en�at�p��1���here�it��as�inacti�ate��at�p����an����an��its�opti�al�p���as�in�

range�o����to�1�.��he��hage����5��phage�sho�e�� l�tic�acti�it��e�en� in�aci�ic�con�ition�at�p���

an�� it� co�pletel�� lost� its� acti�it�� at� p�� 1�� an�� opti�al� p�� �or� this� is� �� to� 1�� �here� no� an��

signi�icant��ecrease�in�phage�titre.��
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Figure�4.�19:�Graphical�representation�of�p���ersus��fu��l�of��hage�����le��7�to�chec��sta�ilit��
in��ifferent�p�.��

Phage�was� incubate��un�er� �ifferent� p���a�ues� f�r�����in� in� p�� a��uste�� ���br�th�at�

r����te�perature�����c����t�sh�we��wi�e�range��f�p��acti�it���an��nu��er�in�each�point�

in�icates�the�total�nu��er�of�pla�ues�for�e��in�each�plate�after�����.�

�

Figure�4.���:�Graphical�representation�of�p���ersus��fu��l�of��hage�������to�chec��sta�ilit��in�
�ifferent�p�.�

�hage�was� incubate��un�er� �ifferent� p���a�ues� f�r�����in� in� p�� a��uste�� ���br�th� at�

r����te�perature�����c���t�sh�we��wi�e�range��f�p��acti�it��an��it�sh�ws���tic�acti�it��

e�en� in� lo�est� p���� an��nu��er� in� each�point� in�icates� the� total� nu��er�of� pla�ues�

for�e��in�each�plate�after�����.�

����� O���S���������������������������

�ne�step�gro�th�cur�e��as�perfor�e��to��eter�ine��atent�perio��an���urst�si�e�of�the�phage�

infection.� �he� change� in� the� nu��er� of� phages� �uring� one� replicati�e� c�cle� �as� calculate�.�
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Following� the� initial� steady� period,� the� rise� in� phage� titer� was� observed� after� 20� �in�tes��

�herefore,� the� latent�period� for�both�phage��27�and�����phage�was� identified�as�20��in�tes��

����phage�was�fo�nd�to�be�the�latent�period�of�20�in,�b�rst�ti�e�was�fo�nd�to�be��0�in� and�

b�rst� si�e�was��o�p�ted� to�be���0�phage�parti�les�per� infe�ted� �ell�� �i�ilarly,�phage��27�was�

fo�nd� to�be� the� latent�period�of�20�in,�b�rst� ti�e�was� fo�nd� to�be��0�in�and�b�rst� si�e�was�

�o�p�ted� to� be� 20� phage� parti�les� per� infe�ted� �ells�� �he� latent� period� and� b�rst� si�e� were�

deter�ined�a��ording�to��y�an�and��bedon,��200�����he�latent�period�was�identified�a��ording�

to�ti�e�in�between�after�phage�absorption�and�the�initial�rise�in�pla��e�n��ber���he�b�rst�si�e�

was�identified�by�dividing�the�average�of�pf��infe�ted��ell�in�the�post�rise�period�of�growth���rve�

by�the�average�of�pf��infe�ted��ell�in�the�pre�rise�period�of�the�growth���rve��

�

Fig�re����2�����ne�step�growth���rve�of��hage����leb27�

�

Fig�re����22���ne�step�growth���rve�of��hage��������
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�

Figure�4.�23:��Gel�electrophoresis�of�phage�DNA�on�1%�agarose�gel�Lane�M:��in�������ar�er�Lane�
1:��hage�����le�27�

A� co��on� prere�uisite� to� all� DNA� se�uencing� technologies� is� the� necessit�� for� high�

�ualit�� nucleic� aci�� preparations�� free� fro�� conta�inating� �NA�� proteins� or� sol�ents.�

Geno�ic�DNA��as�e�tracte�����crac�ing�the�phage�capsi���ith�heat�an��proteinase������

using�Norgen��hage�DNA��solation��it�an��purifie�.��he�DNA�of��hage�����le�27�sho�e��

A28��2��� �alues� of� �1.8�� an�� for�e�� a� clear�� sharp� �an�� on� agarose� gel�

electrophoresis.� After� gel� electrophoresis�� co�pare���ith� la��er� the� geno�ic� DNA� of�

the�phage��as�foun��to��e�2313��p.�

�a�le�4.�8:��uantification�using��u�it�Fluoro�eter�

�N� �hage�na�e� �oncentration�

�ng��

Yiel������� A2���28��

1� �27phage� 1�2� 4.�� 1.8��
�

����� ������������������������������������������A�������DNA��S������

�

Figure�4.�24:��ioanal��er�profile�of��hage�����le�27�
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The� library� was� prepared� from� the� samples� Phage� TU-Kleb27� by� Truseq� Nano� DNA� Library�
preparation� kit.� The� a�erage� si�e� of� library� of� this� phage� is� ��9� bp.� The� library� of� Phage� TU-
Kleb27�was� then� sequen�ed�on� �llumina�platform� �2� �� ����bp� �hemistry�� to� generate� ��.�����
data.�
�

����� D��������������

The�paired�end�data�was�generated�on��llumina�platform��2��������hemistry��

Table��.�9��Data�generation�on�illumine�platform�

�ile�Name� Total��eads� Total��ases� Data�in����

K27�Phage��to�k���.fastq.g��

��������
�

����������
�

�.���

K27�Phage��to�k��2.fastq.g��

�

����� D������A�������

Assembly�is�the�pro�ess�of�merging�reads�together�to�re�onstru�t�original�sequen�es.�The�most�

popular�de�no�o�assemblers�are�based�on�the�De��rui�n�graph��2���to�merge�o�erlapping�reads�

into� �ontigs.� De� no�o� assembly� from� all� the� high-quality� reads� was� �arried� out� using� �L��

genomi�s�workben�h���.��whi�h�is�a�powerful�de-brui�n�graph-based�assembler.�The�statisti�al�

elements� of� the� assembled� genome� were� �al�ulated� using� in-house� P��L� and� they� are� gi�en�

below� �Table�.� A� s�affold� is� a� portion� of� the� genome� sequen�e� re�onstru�ted� from� end-

sequen�ed�whole-genome�shotgun��lones.���affolds�are��omposed�of��ontigs�and�gaps.�Deno�o�

assembly� found�7����s�afolds�platforms� in�PhageTU-Kleb27.��ost�of� the�phage�s�affolds�were�

��-���kbp� long� in� si�e.����ept�some�s�affold� �������2���were�quite� large� ����-���bp�.�t�may�be�

due�to�host�genome��ontamination.�

Table��.������tatisti�al�elements�of�genome�assembly�

Des�ription� Phage�TU-Kleb27�

No.�of�s�affolds� 7����

No.�of��ontigs� ��27�

Total�genome�length�in�luding�gaps��in�bps� ��7�����

Total�genome�length�without�gaps��in�bps� ��2�����

A�erage�s�affold�si�e��in�bps�� �����

��affold�N��� 9�9�7�

�a�imum�s�affold�si�e� �������
�

����� G������A���������

�lastn�analysis�was��arried�out�taking�the�s�affold�sequen�es�as�query�sequen�es.�The�assembled�

s�affold�sequen�es�were�sear�hed�for�similarity�against�N����s�NT�database.The����alue�of���-��

was�used�as�filter�to�retain�signifi�ant�blast�hits�and�remo�e�short�ambiguousalignments.���affold�

sequen�es� homologous� to� phage� s�affolds� were� identified� based� on� the� blastN� hit�

des�ription.�urther��last��was�done�for�fun�tional�annotation.��n�PhageTU-�Kleb27�����s�affolds�

were� found� to� share� homology� with� phage.� �t� was� found� that� ma�ority� of� the� hits� were�

�orrespond�to�Pseudomonas�phage�followed�by�Klebsiella�phage�in�PhageTU-Kleb27�as�shown�in�
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below�figure�of�spe�ies�distribution�of�phage.�The�Top�hit�spe�ies�distribution�was�plotted�based�

on� �ount� of� hits� obtained� from�blast�� fun�tional� annotations� in�whi�h� �t� showed� that� the� top�

most�hit�was�found�to�homologous�with�pseudomonas�phage�PA���with�����LA�T�top�hits.�last�

was� done� in� s�affold� representing� different� phages� and� other� organisms� also.� �rom�� �astn� of�

s�affolds� it� was� found� that� it� was� similar� with� Pseudomonas� phage� and� Klebsiella� phage.� As�

spe�ies� distribution� did� not� pre�isely� predi�t� the� relatedness� of� phage� genome� to� their�

respe�ti�e�phages��we�ha�e�relied�on�the�results�of�P�A�T���whi�h�is�a��urated�phage�database.�

�or�the�identifi�ation�of�phage�further�annotation�and�gene�predi�tion�was�done.�

�

�igure��.�2���Top�hit�spe�ies�distribution�for�PhageTU-�Kleb27�

The��-a�is�represents�the��ount�of�hits�obtained�from�blast��fun�tional�annotations.�

The�putati�e�genes� that� is� the� s�affold�homologus� to�phage�were� identified�with�Prodigal� tool�

�.2.�.��whi�h� is� highly� a��urate� gene� finding� programme.�n� total� �7�� genes�were�predi�ted� in�

Phage� TU-Kleb27� with� a� a�erage� gene� si�e� of� �92bp� and� ma�imum� si�e� was� found� to� be�

�9��bp.All� the� predi�ted� genes� were� annotated� e�aluating� the� homology� by� blast�� sear�h�

against�N��database� �Non-�edundant� database�.The� snapshots� of� the�blast�� analysis�of� phage�

was� gi�en� in� table.��afold� ���of� PhageTU-Kleb27� 9��� similar�with� klebsiella� phage� �� KP�� and�

Kp���� and� the� gene� of� DNA� polymerase�� e�onu�lease�head-to-tail� �oining�� �apsid�

s�affolding�ma�or��apsid�and�tail�fiber�are�present�in�this�s�affold.��t��an�be�said�that�our�phage�is�

tailed�phage��ontaining�tail�fiber�protein.�

�

�

�

�

�
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Figure� 4.� 26:� Snapshot� of� blastx� functional� annotation� for� sample� K27.It� showe�� that� genes�
present�at�scaffol�����represent��ifferent�functions�����pol�merase��exonuclease��an���ea��to�
tail��oining��capsi��an��tail�fiber�protein.�

����� G���������������������������ASTER�����������

���S���� ����ge� Search� �ool� �nhance�� �elease�� is� an� upgra�e� web� ser�er� for� the� rapi��

i�entification�an��annotation�of�the�phage�se�uence.�It�is�faster��better��easier�to�use�an��robust�

techni�ue�for�phage�genome�anal�sis.����S����generate��circular�genome�of�se�uence��phages�

which� gi�es� the� information� about� the� genome� si�e�� number� of� ��S� region�� ��� content� an��

pre�icte�� the� location� �start� an�� en��� of� the� prophage� genome� on� the� host� genome.�ircular�

genome�map�of� �hage���Kleb27�was� create��b��phaster�with� approximate� genome� si�e� is� of�

8�21.86��bp.� It� showe�� that� total� 14�prophages� in�which� 7� regions�were� intact�� 6� regions� are�

incomplete�an��1�region�are��uestionable.�8�prophages�regions�ha�e�i�entifie��from�scaffol��4��

1���22�24���2��4�����an��144.From�the�phaster���it�is�foun��that�some��of�the�scaffol�s�ha�e��er��

goo��homolog��with�some��nown�phages�as�gi�en�in�below��snapshot.��

Further��we�anal�se��two�scaffol�s�24�an�����which�showe��Klebsiella�phage�from�phaster.��he�

scaffol��24�seems�to�be�a�plasmi��an��scaffol�����seems�be�a�phage�from����S��output�which�

was�shown�in��ppen�ix.�

�
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Figure� 4.� 27:� �ircular� genome�map� of� �hage� ���� Kleb27� generate�� b�� �hastrer� .It� showe�� 7�
intact�regions�along�with�6�were�incomplete�an��1�is�foun���uestionable.�

�

Figure�4.� 28:� �ineari�e��genome�annotation�of��hage����Kleb27� �region�4�� in�which�����was�
foun��to�be���.���.�

Length:��85��8���

����

�h�ge�:����
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The�upper�arrow�represents� forward�direction�of�ORF�whereas� lower�arrow�represents�

the�backward�direction/strands�of�ORF.�The�region�position�value�predicts�the�location�of�

prophage�genome�on�host�genome.�

�

Figure�4.�29����ircular�genome�of��cafold�3��prophage�region���which�contains��3.��������and�
4������region.�

�

�

�

Figure�4.� 3��� �ineari�ed�genome�annotation�of��cafold�3��of��hageTu��leb2��which� resembles�
with�klebsiella�phage.�

����� G����������������RAST�A���������

R��T��Rapid��nnotation�using��ubs�stem�Technolog���is�a�full��automated�service�for�annotating�

complete�or�nearl��complete�bacterial�and�archaeal�genomes.� �t�provides�high��ualit��genome�

annotations� for� these� genomes� across� the� whole� ph�logenetic� tree.� The� R��T� annotation�

showed�that�the�total������of�the��hageT��kleb2��was�found�to�be��9.8�.�The�se�uence�si�e�

uploaded� for� annotation� was� ���829� and� after� soplitting� into� scaffold� it� was� of� ��998�bp�

si�e.T�pical� features� that� can� be� found� in� a� phage� genome� include� protein�encoding� genes��

noncoding�R���genes��insertion�elements�and�transposons��direct�and�indirect�repeats��origins�of�

replication�� and� attachment� or� integration� sites.The� R��T� annotated� the� genes� and� gives�
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information� about� �nee� identification�� t� R��� identification�� r� R��� identification� �functional�

annotation�and�subs�stem�assignment.�uring�subs�stem�assignment��onl���3��are�in�subs�stem�

distribution�with�total�2��proteins�as�shown�in�above�figure.The�subs�stems�cover�all�modules�of�

cellular�machiner��and�not��ust�the�metabolic�pathwa�s.The�important�features�was�found�to�be�

there�are�no�an��transposable�elements��virulence�and�to�ic�genes�and�there�are�no�an��genes�

that�are�transferable�from�host�to�phage.This�is�desired�features�of�the�phages�to�used�as�phage�

therap�.�imilarl�� �phage� proteins�were� annotated�with� different� features�� tail� proteins�� capsid�

protein��assembl���l�sis�and�holing�gene�etc.��ubs�stems�based�technologies�were�developed�in�

the������with�the�view�that�the�interpretation�of�one�genome�can�be�made�more�efficient�and�

c�nsistent�if�h�n��e�s��f��en��es���e�si���t�ne��s����nn�t�te��in��ne�s��s�ste���t���ti�e���

�

Figure�4.�3���R��T�annotation�of��hageT���leb2��in�subs�stem�statistics.�

�enes�connected�to�subs�stems�and�their�distribution�in�different�categories.The�entire�cellular�
metabolism�is�given�in�figure.�The�highlighted�green�bo��showed�that�there�is�no�an��virulence�
gene� and� transposons� and� gene� transfer� elements.�lue� colour� letter� showed� that� there� is�
presence�of�phage�tail�protein��l�sis�and�holin�gene.�
�

����� ������������������������������

�h�logenetic� anal�sis� of� �hage� T���leb2�� was� also� carried� out� to� elucidate� the� evolutionar��

histor��of�the�phage.�s�our�phage�genome�was�not�completel��anotated�so�we�onl��anal�sed�tail�

protein� and� capsid� protein� for� ph�logen�.To� reveal� the� relationship� between� �hageT���leb2��

and� other� member� classified�� the� ph�logenetic� anal�sis� of� ma�or� capsid� protein� of� �hageT��

�leb2��and�tail�fiber�protein�of�same�klebsiella�phage�with�various�related�species�were�anal�sed�

separatel�� b�� using� ph�logen�� .fr� with� character� based� approach� of� ph�logenetic� anal�sis�

��a�imum�likelihood�method�.�t�showed�that�ma�or�capsid�protein�of��hageT���leb2��is�closel��

Not�in�subsyste��

������

Total���4���

�on�h�pothetical�

�28��

�n�subsyste��������

Total��2���

�on�h�pothetical��

�2���

��pothetical�����
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related�with� klebsiella� virus� Kp32isolate� 192�and� klebsiella� phage�VBkpnpkpv763�which� are� all�

the� clades� with� most� common� ancestor� .While,other� di��erent� klbsiella� phages� are� closel��

related�but�are�not�the�clades�in�which��nterobacter�phagephi�ap�1�is�also�closel��related�apart�

�rom� klebsiella� species.��owever,� �nterobacter� phage��,� Bacteriophagephi�e�3�12� �scherichia�

�hage���2,� klebsiella� phage� �ci� are� distantl�� related� with� �hage���Kleb27� however,� the�

distantl�� related� species� are� clades� o�� each� other� �urther,� �sedomonas� phage� �����W�� is�

distantl��related�to��hage���Kleb27�capsid�protein�as�displa�ed�in�the�tree�with��ree��n.�

�rom�the�tree�diagram�o��tail�protein�o���hage���Kleb27�with�di��erent�species�it�showed�that�it�

is� closel�� related� with� eight� di��erent� klesiella� phages� as� well� as� salmonella� phage� ���162.�

�owever,�it�is�distantl��related�with��nterobacter�phage���3.�

�

�igure� �.� 32�� �h�logenetic� tree� construction� o�� �hage�u�kleb27� ma�or� capsid� protein� b��
ph�logen����.online�server�

�apsid�protein�o��gene�1��sca�old�35��hage���Kleb27�.�he��enBank�accession�numbers�

are� �also�provided�be�ore�phage�name.�his� tree� � showed� the� relationship�o���apsid�o��

�hage���Kleb27�with�closel��and�distant�bacteriophage.�

�

�igure� �.� 33�� �h�logenetic� tree� construction� o�� �hage�u�kleb27� tail� protein� b�� ph�logen�� �r�
online�server.�

�ail� �iber� protein� o�� gene� 17� sca�old� 35� �hage���Kleb27� .�he� �enBank� accession�

numbers� are� � also� provided� be�ore� phage� name.�his� tree� � showed� the� relationship� o��

�apsid�o���hage���Kleb27�with�closel��and�distant�bacteriophage.�

�

�
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����� �����������������������������

�

�igure��.�3���Bio�ilm�detection�in�������plate�reader�using�1��cr�stal�violet.�nl���B�broth�is�used�
as�control�and��ositive�control�is�used�as����1.��ntense�blue�colour�indicates�the�strong�bio�ilm�
producer�group.��K57�and��25�bacterium�were��ound�to�be�strong�bio�ilm�producer.�

Bio�ilm�detection�is�done�b��tissue�culture�method�using�cr�stal�violet���.1���stain.�ll�the�

strains� were� categori�ed� into� the� �ollowing� categories�� non�adherent� ���,� weakl�� ���,�

moderatel�� ����� �,�or� strongl�� ������ ��adherent,�based�upon� the���s�o��bacterial� �ilms.�

We� de�ined� the� cut�o��� ��� ���c�� �or� the� microtiter�plate� test� as� three� standard�

deviations�above�the�mean����o��the�negative�control.��trains�were�classi�ied�as�shown�

in�table.��ll�tests�were�carried�out�three�times�and�the�test�results�were�averaged.�

�able��.�11���alculation�o��cuto���value��able�

�

�able��.�12���e�erence�value�calculated�

�

�ean����o����� �.1�35�

���o����� �.��6795�

3�����o����� �.�2�385�

�ut�o���value� �.123885�

Od�value.� �����l�����du������

≤�0.1������ �egative�

�.123885����.2�777� Weak�

�.2�777��.�955�� �oderate�

���.�955�� �trong�
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Table�4.�13:�Classification�of�biofilm�producer�based�on�optical�density�

�

The�Tissue�culture�plate�assay� is�an� important� tool� for� the� study�of� the�early� sta�es� in�biofilm�

formation�and�has�been�applied�primarily�for�the�study�of�bacterial�biofilms.�The�biofilm�mode�of�

bacterial� sur�i�al� and� �ro�th� is� no�� bein�� seen� as� a� serious� threat� to� public� health� and�

a�areness� about� such� cases� dra�s� importance� amon�� the� scientific� as� �ell� as� social�

communities.�The�bacteria�residin��in�biofilms�ha�e�enhanced�e�tent�of��irulence�patho�enicity�

as��ell�as�antibiotic�resistance.�

�

����� A����������� ��� ��������������� �������� D���������� ���

��������������

The� biofilm� formation� in� 8� different� clinical� isolates� and� pha�e� treatment� in� biofilm�

disruption��ere�tested�usin��the�microtitre�dish�biofilm�assay.�bsorbance�readin�s�from�

the� crystal� �iolet� biofilm� assays� of� al� isolates� at� 48h� after� pha�e� treatments� �ere�

displayed� in� �i�ure.�n� this� study�� measurement� of� biofilm� density� made� usin�� crystal�

�iolet�������o�er��4h�sho�ed�a�clear�reduction�follo�in��pha�e�inoculation�compared�

�ith� non�treated� controls.� Thus�� it� sho�ed� promisin�� result� in� disruption� of� bacterial�

��� �acteria� �ean����at����nm� �nference�

1� �1�� �.1��� �ea��

�� �3� �.14�7�� �ea��

3� ��7� 1.343�� �tron��

4� �1�� �.��7� �tron��

�� ���� �.1����� �one�

�� ���� �.118� �one�

7� �3� �.17��� �ea��

8� ��� �.1�17�� �one�

�� ���� �.1���� �one�

1�� �13� �.13�� �ea��

11� ���� �.1�4� �one�

1�� ��� 1.�3�� �tron��

13� �13� 1.14�� �tron��

14� �7�� �.1���� �one�

1�� �3�� �.1���� �ea��

1�� ��� �.3���� �oderate�

17� ��� �.4�8��� �oderate�

18� ����� �.������ �oderate�

1�� ���� �.������ �tron��

��� �38� �.134�� �ea��

�1� ��3� �.�44��� �ea��
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biofilm.� Decrease� in� OD� after� addition� of� phage� was� assumed� to� be� distrupted� of�

bacterial�growth�by�phage.�The�biofilm�reduction�by�the�PhageTU-Kleb���was���.����for�

K�� bacteria�� ��.���� for� K�� bacteria� and� �8.���� for� K��� bacteria� for� its� own�

host.�imilarly��PhageTU-Kleb���showed���.����reduction�for�K���bacteria�and�PhageTU-

Kleb�K�showed���.����reduction�for�its�own�host��K�bacteria.��ncase�of�Pseudomonas�

phage��the�biofilm�reduction�by�PhageTU-�P���is��8.8���for�P��bacteria�and���.����for�

P���bacteria�and�reduction�by�PhageTU-P���was�found�to�be���.8���for�P���bacteria.�

�tatistically�significant�reduction�in�biofilm�biomass�were�seen�in�all�phages�at���p��.����

was�assesse��by�Stu�ent’s� t�test.��a�es����������an������s��we��������esu�t�e�en� �n�

control�of�biofilm�produced�by�other�host�strain.��rom�abo�e�graph��it�is�found�that�there�

is�significant�decrease�in�reducing�the�biofilm�produced�by�bacteria�.�n�this�study��phages�

showed�significant�reduction�in�other�host�bacteria�compared�to�it�sown�host.�t�showed�

that� phages� are� capable� to� clear� the� biofilm� of� other� host� showing� wider� host�

range.PhageTU-P���phage� is� capable� of�disruption�of�biofilm�produced�by�P��� and�P��

bacteria� and� PhageTU-P��� phage� disrupts� the� biofilm� of� P��� bacteria.� �imilarly��

PhageTU-Kleb����PhageTU-�leb����PhageTU-Kleb�K�phage�along�with�its�host��PhageTU-

Kleb���disrupts�the�biofilm�produced�by�K��and�K��bacteria.�

�

�igure��.� �����icrotittre�plate�showing� formation�of�biofilm�as�well�as�disruption�of�biofilm�by�
bacteriophage.�

���denotes�negati�e�control�where�only����broth�was�used.�P��control�indicates�positi�e�

control� in� which� P�O�� strain� was� used.�ach� sample� was� tested� in� �� well�� �� indicates�

bacteria�and�P�denotes�the�bacteria�infected�with�phage.�



CHAPTER�4:�RESU�TS�

�

89�
�

�

Figure�4.�36:�Graphical�representation�of�biofilm�disruption�b���lebsiella�phage.�

��ent�� four�hour�biofilms�of� the� indicated���different�strains�of�����������������������

�ere� e�posed� for� 4� h� to� the� different� �lebsiella� phages.�he� reduction� of� the� biofilm�

biomass� follo�ing� treatment� �ith� the� phage� �as� compared� �ith� that� follo�ing� no�

treatment�b��measuring�the���6���after�cr�stal��iolet�staining.�he�blue�colour�indicates�

that� biofilm� producing� bacteria� not� treated� �ith� phage� and� red� colour� sho�ed� the�

treatment��ith� phage��hich� indicates� disruption� of�biofilm.� �t� sho�ed� that� significant�

decrease� in� biofilm� after� addition� of� bacteriophage.� �he� biofilm� reduction� b�� the�

�hage����leb����as�64.9���for��3�bacteria����.����for��6�bacteria�and��8.����for�����

bacteria� for� its� o�n� host.�imilarl��� �hage����leb��� sho�ed� ��.46�� reduction� for� ����

bacteria� and��hage����leb��� sho�ed�4�.49�� reduction� for� its�o�n�host����bacteria.�

�he� errorbars� indicate� standard� error�� and� the� statistical� significance� of� the� biofilm�

reduction��at������.�����as�assessed�by�St����t���t�t��t��

�

Figure�4.�3�:�Graphical�representation�of�biofilm�disruption�b���seudomonas�phage.�
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Twenty�four�hour�biofilms�of�the�indicated�3�different�strains�of�Ps�������s���������s��

were� exposed� for� 4� h� to� the� different� klebsiella� phages.The� reduction� of� the� biofilm�

biomass� following� treatment� with� the� phage� was� compared� with� that� following� no�

treatment�by�measuring�the�OD6�0�after�crystal��iolet�staining.The�blue�colour�indicates�

that� biofilm� producing� bacteria� not� treated� with� phage� and� red� colour� showed� the�

treatment�with� phage�which� indicates� disruption�of� biofilm.� �t� showed� that� significant�

decrease�in�biofilm�after�addition�of�bacteriophage.�The�biofilm�reduction�by��hageT���

��9� is�6�.����for��6�bacteria�and�6�.�4�� for���6�bacteria�and� reduction�by��hageT��

��3�was�found�to�be���.����for���3�bacteria.�The�errorbars�indicate�standard�error��and�

the� statistical� significance� of� the� biofilm� reduction� �at� ��� 0.00��� was� assessed� by�

Stu�e�t���t�te�t��

�

.�



C�A�TER����E

D�SC�SS�ON

�ultidrug�resistance�bacteria�are�emerging�across�the�globe�and�this�resistance�is�being�

a� critical� problem� e�en� in� carbapenem� drugs.� �s�� ��O� has� priotri�ed� carbapenem�

resistant�enterobactericiae�as�crtical�group��resistance�de�eloped�e�en�in�last�resort�drug�

has�become�serious�threat�causing��arious�infections�which�is�increasing�the��number�of�

morbidity� and� mortality� of� patients.� �long� with� se�eral� intrinsic� and� extrinsic�

mechanisms�� misuse� and� o�eruse� of� antibiotics� with� inade�uate� and� improper� use�

results� the� resistance� to� antibiotics.� �n�� �epal� increasing� carbapenem� resistant� gram�

negati�e� bacteria� seems� to� create� the� ma�or� public� health� problem.� Disco�ery� of�

potential�alternati�e�therapeutic�agent�has�regained�much�attention.��

The� prospects� of� lytic� phages� as� potential� antimicrobial� agents� gainst� pathogenic�

multidrug�resistant�bacteria�are�being�reconsidered�worldwide���ulak�elid�e����la�id�e��

�00��.��ecent�re�iew�also�hints�the�potential�of�phages�as�alternati�es�to�antibiotics�and�

for� phage� therapy.�hages� are� natural� �iral� pathogens� of� bacteria.� They� are� the� most�

abundant�entities� in�the�biosphere��with�total�estimated�numbers�ranging�from��030�to�

�03�� ��utter� et� al.�� �004�.�d�antages� of� bacteriophages� and� their� components� include�

acti�ity�against�antibiotic�resistant�bacteria�and�targeting�of�a��ery�narrow�spectrum�of�

infecting�pathogens��with�minimal�impact�on�the�resident�microbiota.��

The� emergence� and� dissemination� of� carbapenem� resistance� among�

�nterobacteriaceae�� especially� ����s������ ����������� and� Ps��������s� ��������s��

constitute� a� serious� threat� to� public� health�� since� carbapenems� are� the� agents� of� last�

resort� in� the� treatment� of� life�threatening� infections� caused� by� drug�resistant�

�nterobacteriaceae.� One� particular� group� of� transmissible� plasmid�encoded�

carbapenemase� en�ymes�� designated� ��� P���������� carbapenemase� ������� confers�

carbapenem�resistance�to�enterobacterioceae�is�rapidly�spreading�worldwide��Tabassum�

et�al.���0���.�

���� is� the�most� common� class��� carbapenemase� and� is� encoded�by� the� bla����gene.�

�long� with� its� �ariants� ������ to� �����3�� which� differ� only� in� terms� of� amino� acid�

mutations�� it� has� spread� globally.� The� bla���� gene� is� plasmid�mediated� and� is�

transported� in� a� Tn3�based� transposon�� Tn440��� which� makes� it� readily� transferable�

between�bacterial�isolates.��ndeed��although�most�often�found�in����������������bla����

genes�ha�e�also�spread�to�other�enterobacteria�and�to�Ps��������s���������s�� ��aas�

et�al.���00��.�

�D����producing���������������are�an�emerging�group�of�highly�resistant�bacteria�that�

ha�e�spread�from�the��ndian�subcontinent�across�the�globe.��ncoded�by�the�bla�D����

gene���D����is�encoded�on�a�readily�transferable�plasmid.��D��producing�bacteria�are�

resistant�to�many�groups�of�antibiotics��including�fluoro�uinolones��aminoglycosides�and�

��lactams��especially�carbapenems�.��any��D����producers�remain�susceptible�only�to�
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tigecycline,�colistin�and,�to�a�lesser�extent,�fosfomycin�.NDM-1�is�mostly�associated�with�

travel�to�the�Indian�subcontinent,�where�it�appears�to�be�endemic.��owever,�it�has�also�

been�reported� in�other�countries,� including��hina,��ustralia,�the��nited��tates,��anada�

and�many�parts�of��urope,�most�recently�the��al�an�region��Dortet�et�al.,��2�1��.�

In�this�study,�we�screen,�isolate�and�characteri�e�the�lytic�bacteriophage�that�is�potential�

to�use�as�biocontrol�and�therapeutic�agent�against��arbapenem-resistant��������������

������� and� P����������� ����������� both� can� cause� several� types� of� healthcare-

associated� infections,� including� pneumonia,�bloodstream� infections,�wound�or� surgical�

site� infections,� urinary� tract� infections� and� meningitis,� which� are� associated�with� high�

mortality�rates.�

�otal���strains�of�����������������������and���strains�of�P�������������were�used�as�host�

in�the�isolation�of�lytic�phages�from�river�water�of��athmandu�valley.��ll�of�the�bacteria�

except�one�strain�vi���New��leb�were�recovered�from�clinical�specimens.New��leb�strain�

was�isolated�from�the�environment��water�.��hese�bacteria�were�confirmed�by�1��r�N��

se�uence�analysis�as����������������������.��he�use�of�1���r�N��gene�se�uencing�is�one�

of�the�easiest�methods�for�identifying�bacteria���anda����bbott,�2����.�

�mong� all� �lebsiella� strains,� �p�1,� �p�2,��p���were� already� identified�as� carbapenem�

resistant� by� amplification� and� se�uencing� of� bla� NDM� gene.� �� ����������� �2��

,P����������� ����������� �19� and� ���� were� confirmed� as� carbapenem� resistant� by�

amplifying� bla� NDM� gene� and� further� �pc� gene� was� found� to� be� positive� in� �2��

bacteria.�esistance�to�carbapenems�in�some�species�is�intrinsic�or�in�some�case�ac�uired�

by�mutational�events�or�gene�ac�uisition�via�hori�ontal�gene�transfer�and�certain�species�

are�able�to�prevent�carbapenems�reaching�their����s�by�diminishing�the�permeability�of�

their�outer�membrane.��prD�for�example,�is�an�outer�membrane�porin�of�P�����������

����������� through� which� carbapenems� enter� its� periplasmic� space� where� ���s� are�

located.��ll�beta-lactamases�are�categori�ed�into�four�molecular�classes�according�to�the�

�mbler� classification� ��mbler,� 19���.��mong� them,� the� class���en�ymes����,����I��� ,�

IMI�NM�-��,����-1,�the�class���M��s� IM�,�IM,�NDM�,��M�,��IM,��IM,��IM�,�DIM,��IM,�

��M,�and�several�class�D�����-type��en�ymes,�possess�the�ability�to�hydroly�e�at� least�

partially� a� carbapenem� antibiotic� ��ush� �� �acoby,� 2�1��.� �he� most� effective�

carbapenemases,� in� terms�of�carbapenem�hydrolysis�and�geographical�spread�are����,�

�IM,� IM�,�NDM�and����-��� types.� ���s� inactivate� all� beta-lactam� antibiotics� and� are�

only�partially�inhibited�by�beta-lactamase�inhibitors�li�e�clavulanic�acid,�ta�obactam�and�

boronic�acid.�

Isolation�o���a�t��io��a���

In� this� study,� total�of�21�phages�were� isolated� from���different�water� samples,�against�

carbapenem� resistant� bacteria.� �hages� were� isolated� employing� double� agar� overlay�

method� of� �dams,�19�9�.� It� helps� to� form� greater� uniformity� of� pla�ue� and� formed�

greater�si�e�pla�ue�due�to�greater�rates�of�phage�diffusion�in�soft�agar.��hus,�soft�agar�
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permits�diffusion�of�phage�to�nearby�infected�cells�but�does�not�permit�new�phages�to�

move� to� remote� parts� of� plate.� For� the� phage� extraction/storage,� we� used� SM�

�sodiumchloride�and�magnesium�sulphate��buffer.��he�gelatin�used�in�SM�buffer�helps�to�

stabili�e� the� phage�particle�while� storage.� �hloroform�maintains� the� sterility� of� phage�

stoc�� by� hindering� bacterial� growth� without� causing� any� harm� to� phage.� �he�

visuali�ation�of� visible� pla�ues� denotes� the�positive� result� for� phage� isolation.� �la�ues�

are�clear��ones�formed�in�a�lawn�of�cells�due�to�lysis�by�phage�.�he�phages�were�isolated�

in� higher� titre� without� enrichment.� �t� shows� that� the� rivers� of� �athmandu� valley� are�

heavily� polluted�with�human/animal� excreta�as�well� as�waste� produced�by� the�nearby�

hospitals,� industries� and� household� without� treatment� and� another� ma�or� concern� is�

that� there� is� presence� of� pathogenic� bacteria� which� may� results� serious� outbrea�� of�

disease�.�he�high�abundance�of�phages�in��athmandu�valley�river�water�is�also�supports�

by� ��hetwal� et� al.,� ������ from� �epal,� in� which� total� ��� phages� were� isolated� from� ��

samples.Similarly�wor��done�by�our� Senior��oshan��epal� also� found� �huge�abundance�

with�divergence�of�phages�ie�3��lytic�phages�against�all�M���clinical�isolates�����phages�

of�E������,��3�phages�of�S���������,���phages�of�S�������,���phages�of���������������phage�

of�C�������������from�water�samples�of���holy�rivers�of��athmandu�valley���epal��,������.�

�n�our�study,�the�high�phage�titre�was�found�to�be� in��hage�����3�from��al�hu�and� in�

��� from� �asundhara� sample� at� initial� isolation.�he� difference� in� abundance� rate� of�

bacetriophages� is�due�to�difference� in�abundance�of�host�bacteria� in�sample�collection�

sites� as� bacteriophages� grow�only�where� its�host� grow.�f� the� host� bacteria� and�phage�

infection� and� consecutively� phage� proliferation� may� not� occur� as� for� most� phage� a�

successful�multiplication�re�uires�at�least���3������cfu/ml�bacteria.�

�e�faced�lots�of�problem�in�initial�days�during�isolation�of�the�bacteriophages,�we�tried�

in�various�samples�but�it�was�hard�to�find�the�phage.��hat�might�be�due�to�either�there�is�

absence�of�phage�in�those�particular�host�or�there�might�be�some�error�in�our�wor�.��e�

�eep�on�trying�on�different�new�sewage�sample�until�we�isolate�the�new�bacteriophage.�

Finally,� we� isolated� the� phage� on� E����������� ����� bacteria� which� found� easily� in� river�

water,�which� gave� an� idea� to�wor�� in� rest� of� the� bacteria.�t� gave� the� clear� pla�ues� as�

shown� in� �ppendix.� �arious� factor� determines� the� pla�ue� formation�� host� culture,�

attachment�time,�sewage�sample�etc.��n�some�water�sample,�there�was�absence�of�lytic�

phages�that�might�be�due�to�absence�of�host�or�error�in�water�sample�collection,�which�

is�collecting�water�without�sediment.��s�phage�particle�tends�to�attach�to�sediment�and�

over� time� these�phage�attached� sediment� aggregate� in� the�bottom�of� the�water� body�

and�with�gentle�sha�ing�the�ground�floor�phages�are�released�into�the�water�so�it�can�be�

said�that�phages�are�generally�more�abundant�in�the�sediment�than�overlying�water.�

Surprisingly�we�even�isolated�bacteriophages�against�extensively�drug�resistant�bacteria�

from�a�holy� river�of� fresh�water� source� li�e� that�of�Sali��adi,��ha�tapur,�a�well��nown�

holy� river� for� �indu� people� and� their� impact� was� found� to� be� significant� as�well.� �he�

phages�were�isolated�against���bacteria�from�Sali�nadi�sample�but�unfortunately�it�could�
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not� be� amplified� and� later� phages�were� isolated� against� these�bacteria� from� different�

water�sample.�Similarly,�vario�s�phages�isolated�were�not�amplified�so�that�it�too��long�

time� to� isolate�phage�and� f�rther�processing.��lltogether����different�p�tative�phages�

were�isolated,�only�the�lytic�clear�phage�and�which�can�be�amplified�easily�were�selected�

for�f�rther�processing.�

Plaque�mor��olo����Pur����a��o��o����a�e��a������er��e�erm��a��o��

�ario�s� types� of� pla��es� were� observed� from� small� pin� headed� clear� pla��e� to� large�

clear� plaque� an�� the� m�st� ��minant� �ne� is� Bull’s� eyes� plaque.� �nly� the� �lea�� lyti��

pla��es� were� selected� for� f�rther� processing.� �n� one� plate� there� were� different� si�e�

pla��es�which�denoted�the�presence�of�more�than�one�phage�type�in�the�water�sample.�

�he�si�e�of�the�pla��e� is�proportional�to�the�efficiency�of�adsorption,�the� length�of�the�

latent�period,�and�the�b�rst�si�e�of�the�phage���allet�et�al.,������.���diversity�of�pla��e�

si�es�can�res�lt� if� the�phage� infects�cells�at�different�times�d�ring�the�bacterial�growth�

phase�that�is�phage�that�adsorb�early�ma�e�larger�pla��es�than�those�that�adsorb�later.�

�nd� another� fact� is� that� the� physical� si�e� of� phage� also� infl�ences� the� overall� si�e� of�

pla��e�it�prod�ces.��s�smaller�phage�has�less�physical�si�e�and�it�diff�ses�more�easily�and�

��ic�ly�thro�gh�semi�solid�agar�in�pla��e�assay�plate�in�order�to�prod�ce�a��one�of�lysis.�

�hereas,�larger�phages�face�diffic�lty�in�diff�sion�and�hence�formed�small�si�e�pla��es.�

�nd�another�fact�is�that�the�slowly�proliferating�phage,�one�which�yields�a�low�n�mber�of�

progeny� phage,� will� more� li�ely� to� prod�ce� a� smaller� pla��e� compared� to� ��ic�ly�

proliferating�phage.�

�� clear� pla��e� refers� that� the� host� is� completely� s�sceptible� to� the� phage� which� is�

formed� in� pse�domonas� phage� ���9,� �4�� and� ����.� ��ll�s� eye� pla��e� form�

predominantly�beca�se�phage�ind�ced�bacterial� lysis� is� less�efficient�or� complete� later�

on� d�ring� pla��e� development� than� it� is� early� on� d�ring� pla��e� development.�

�ecreasing� lytic� efficiency� can� be� a� conse��ence� of� aging� of� the� bacterial� lawn,�

associated� increases� in� the� si�e� of� microcolonies� ma�ing� �p� the� bacterial� lawn,� or�

beca�se�of� less�general�phenomena�s�ch�as�the�lysis�inhibition�phenotype�seen�with���

even�phages��www.phage.org�.�he�halo�aro�nd�the�pla��e�indicates�that�decaps�lation�

of�the�bacterial�host�cell�by�phage�prod�ced�sol�ble�en�yme�s�ch�as�depolymerase.��he�

ha�y�ring�s�ggests� that�phage�prod�ced�a�depolymerase�en�yme�that�def�sed�thro�gh�

the� agar� layer� and�degraded� the� bacterial� caps�lar� polysaccharide� ���S�� into� different�

oligosaccharide� components.� �arly� st�dies� showed� that� certain� ����������� �����������

bacteriophages� prod�ced� depolymerase� d�ring� phage� proliferation� and� released� the�

en�yme� from� infected� bacteria� that� targete�� �the�� �a�te�ia’s� ���� ���ams� �� ���

�����.�he� Bull’s� eyes� plaque� m��ph�l��y� ��� �le�siella� pha�es� �e�e� simila�� �ith� the�

phage� prod�ced� by� ��mari� et� al� against� ��� ����������� ������ where� pla��es� were�

s�rro�nded�by�a�large�halo,�indicating�the�prod�ction�of�large�amo�nts�of�depolymerase�

en�yme� ���mari� et� al.,� ������ .Similarly,� same� type�of� pla��e�morphology�was� seen� in�

bacteriophage� ������ against� ��� ����������� ��aha� et� al.,� �����.�he� formation� of�
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halozones� is� an� indicator� for� the� presence� of� phage� tail-associated� exopolysaccharide�

(EPS)� depolymerase� (�ornelissen� et� al��� ����)�� �h�s� from�halo� forming�morphology�� it�

can��e�ass�med�that�the�isolated�halo�phages�are�of�tailed�phage��

�he� concentration� and� p�rification� of� �ir�s� particles� are� essentials� for� str�ct�ral� and�

f�nctional� characterization� of� phages� ��ll� phages� �ere� p�rified� and� concentrated� and�

titer��as�determined��efore�f�rther�characterization���hree�ro�nd�of�strea�ing�method�

is� applied� to� o�tain� single� p�re� pla��es� and� the� phage� sol�tion� �as� f�rther� filtered�

thro�gh� syringe� filter��n� this� st�dy� �e� did� not� �se� PE�� precipitation�� �or� the�

characterization�of�phage�and��E��and�se��encing�higher�titer��al�e�is�preferred�so��e�

made�the�phage�stoc��of�higher�titer���ring�titer�determination��in�serial�dil�tions�plate�

�e�� lysis� pattern� �ere� o�ser�ed� from� initial� lo�er� titer� plates� (�e�� lysis� pattern� in�

�ppendix�)��he�threadli�e�pattern�on�the�s�rface�of�an�agar�plate��ere�o�ser�ed�called�

�e��pattern�or��e��lysis�d�e�to�complete�lysis�of��acterial�la�n��y�phage��� �

Host�r����������s�s�

�ost�range�is�the��ey�characteristics�of��acteriophage�for��se�in�therape�tics��Spot�assay�

is� a� ��ic���ay� to� chec���hether� a� phage� sample� can� infect� a� �acteri�m� �y� placing� a�

small��r�p��r�“sp�������p�a��������a�pla��������la��������������acteri�m���ll�spot�tests�

�ere� repeated� in� triplicate� to� confirm� res�lts� of� phage� lysis� rather� than� �acteriocin�

ind�ced�lysis���rom�this�st�dy���e�fo�nd�that��each�phage�had�a�distinct�host�range���ith�

no� indi�id�al� phage� �eing� a�le� to� lyse� all� strains�� Phage��-�le�� 5�� and� Phage��-P5��

�ere�fo�nd�to��e�effecti�e��ith��road�host�range�in�lysis�of�different��acteria�Phage��-

�le������as�fo�nd�to��e�of�naaro��host�range��he�Phage��-�le�����eing�narro��host�

range�represents�the�specificity�of��acteriophage��hich� lyse�only�the�targeted��acterial�

pop�latios��rom�the�res�lt�it��as�fo�nd�that�the�phage�coc�tail��as�a�le�to�lyse�a�range�

of��acterial�strains��roader�than�the�range�that�any�of�the�indi�id�al�phages�that�made�

�p�the�coc�tail�co�ld� lyse���s�expected��the�coc�tail�phage�coc�tail�had�a��roader�host�

spectr�m� for� all����� strains� and� coc�tails� of� phage��ere� fo�nd� to� �e� typically�more�

effecti�e���fter�triplicate�spot�test��of�positi�e�res�lt�it��as�confirmed�that�lysis��as�done�

�y�phage�rather�than�any��acterial�toxins��Spot�test�is�the�most�common��ay�of�testing�

host� range�� in��hich�a�small��ol�me�of�phage� is�placed�on�a�gro�ing� la�n�of��acteria��

�his�is�simple�and�rapid��this�techni��e�can�sometimes�ca�se�false�positi�es��eca�se�of�

lysis�of��acterial�cells��itho�t�phage�infection���rther�it�can�econfirmed��y��illing�assay�

�hich� is� not� done� in� o�r� st�dy��o� explore� the� host� range� intercations� and� lysing�

capa�ility� �e� can� analyze� thro�gh� �illing� assay��ider� host� range� may� �e� d�e� to�

prod�ction�of��epolymerase�enzyme���pez-��e�as�et� al�� (����)�hypothesised� that� the�

differences� of� host� range�might� �e� d�e� to� en�ironmental� origin� of� �acteria� tested� in�

�hich�a�loss�of��acteriophage�receptors�may�ha�e�happened�as�a�res�lt�of�antagonistic�

co-e�ol�tion� �et�een� �acteri�m� and� �acteriophage� (��pez-c�e�as� et� al��� ����)��

Similarly��it�co�ld��e�associated��ith�the�pre�ention�of�adsorption��y��acterial�receptor�
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mutations� or� with� degradation� due� to� restriction� or� modification� of� the� resistance�

bacterial�system�(Abedon�et�al.,�2010).�

Interestingly,�the�cocktail�of�klebsiella��hage�lysed���carba�enem�resistant�A�������������

����������strains�(A�,�A1��and�A�0)�but�when�tested�with�single��lebsiella��hage,�they�

did�not�show�any�lytic�effect.��his�means�there�is�synergistic�effect�between�the��hages�

during� infection��rocess.��esearch�conducted�by��chmerer�et�al.� (201�),�obser�ed�that�

the�si�e�of��la�ues�formed�by�two��hages������6��and����is�larger�than�the��la�ue�formed�

by� single� one� (�chmerer� et� al.,� 201�).� �he� result� of�our� study� is� different� than�others.�

�nly�cocktail�was�able�to�lyse�the�bacteria�not�by�indi�idual��hage�alone.��y�this�result�it�

can�be��redicted�that�such�synergy�effect�might�be�due�to�the�one��hage�facilitate�the�

infection�to�the�same�bacterium�by��ro�iding�certain�mechanism�so�that�another��hage�

easily�cause�infection.��his�might�be�also�due�to�that��ahages�ha�ing�the�different�ty�es�

of� rece�tors.�ynergy� offers� a� �otential� tool� for� im�ro�ing� �hage� thera�y� howe�er�

pr�cess� �f� ‘syner�y�� �e��een� p���es� �s� re�����e�y� �ne�p��red.� In� latest� research,� the�

synergistic�action�of��hage�cocktail�was�seen�in�lowering�the�burden�of�the�wound�and�

�re�enting� the� s�read� of� infections� in� case� of� A������������� ���������� infections� in�

mouse� model� e��eriment�imilar� with� our� result,� in� this� study� also� the� cocktail� is�

com�osed�of�four��hages�that�do�not�kill�the��arent�strain�of�the�infection�(�egeimbal�et�

al.,� 2016).�urther� killing� efficacy� of� �hage� cocktail� in�i�o� and� in�itro� e��eriment� was�

remaining� to� study�this�synergistic�action�of�klebsieela�cocktail��hage.��hile�often�the�

killing��otential�of�a�cocktail� is�greater�than�the�combined�killing��otential�of�the�single�

�hage���referred�to�as�synergy,�it�is�im�ortant�to�note�that��hages�in�a�cocktail�may�also�

interfere�with�each�other�and�this�was�obser�ed�in�food�trials�using��.�coli��hages����1�

and����2,�whereby����1��re�ented����2�re�roduction�in�E�������cells.�In�this�regard,�it�is�

critical�that��hages�within�a�cocktail�are�com�atible.�Indeed,��ill�and��yman�ad�ise�using�

�hages� which� adsorb� to� inde�endent� bacterial� rece�tors� (���e��cue�as� et� al.,�

2011).�hus,��hage�cocktail� re�resents� the�new�class�of� thera�eutics,�which� is�effecti�e�

than�antibiotics�on�the�basis�of�mechanism�of�action�and��roduction�.�he��re�aration�of�

�hage�library�of�di�erse��hages�of�well�characteri�ed�with�se�uenced��hages�could�gi�e�

the�ra�id�action�of��hage�cocktail�in�thera�eutics.�

Storage�of���age��o��t�o�����fe�t�o��of��o�t���t����age��

�ow�tem�erature� �reser�ation� techni�ues� ha�e� been� widely� used� to� maintain� �hage�

stocksduring� long�term� �eriod.�e� stored� working� �hage� at� �� ��� in� ��� buffer� which�

showed�minimal� reduction� in� titer� for� short�term� storage.It� is� im�ortant� to�determine�

the� o�timalstorage� conditions� to� ensure� long�term� �hage� stability.� It� is� said�

thatbacterio�hage� susce�tibility� to� storage� and� �rocessing� conditions� differs� among�

�hages.��herefore,�a�one�uni�ersal�method�of��irion��reser�ation�does�not�e�ist.��here�

were��arious�method�a��lied�for��hage��reser�ation�and�storage�� ie��storage�of�lysates�

at� ���,� free�ing� and� storage� at� ��0��� or� in� li�uidnitrogen,� and� storage� of� dried� or�

lyo�hili�ed��hages,�are�used�most�commonly.in�this�study�,�hage�storage�with�infection�
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with� host� was� done� where� titer� was� decreased� at� a� steady� state� .the� resukt� were�

different�from�Golec�et�all�where�it�was�sshowed�that�there�is�no�any�titer�reduction�in�

12� month� in� E� coli� phage� and� staphylocuus� phage� while� stored� with� infecting� the�

host(Gonzalez-�enendez� et� al.�� 2�1��.�he� result�may� �e� different� in� this� case� due� to�

different� phages� and� due� to� the� phage� storage� condition� and� �uffer� in� which� phage�

stored� .�he� cryopreser�ation� of� �acteria� in� appropriate� growth� media� supplemented�

with�glycerol�is�a�standard�storagemethod�in�the�ma�ority�of�strain�collections�.�t�can��e�

said� that� the� storage� of� phage� infected� with� host� will� �e� the� �est� method� for�

preser�ation�as�it�would��e�a�con�enient�techni�ue�for�preser�ation�of�master�stocks�for�

industrial�productionof�phages.�

Protein�profiling�of����teriop��ge��

�nalysis�of�phage�proteins�was�done��y����-��GE�through�entire�phage�particles.��oth�

ma�or�structural�proteins�and�minor�proteins�were�found�to��e�in��oth�isolated�phages.�

�imilar�types�of�distict��ands�were�o�ser�ed�in��oth�types�of�phages��thus.��t�can��e�said�

that� the�ma�or��ands�were�capsid�protein�and�minor��ands�were�of� tail�protein�which�

resem�les� with� the� size� of� capsid� and� tail� protein� of� other� phage.� �urther�� it� was�

confirmed� �y� �E�� analysis.�hus� this� is� the� presumpti�e� test� for� the� structura� protein�

analysis� of� phage� from�crude�whole� phage� solution.� �t�was� said� that� e�en� though� the�

phage��elongs�to�the�same�family��the�structural�proteins�are�uni�ue�to�each�phage�and�

depends�on�their�morphotypes�(�oon�et�al.��2��2�.��

�r�n��i��ion��le�tron��i�ro��op��

�he� �E�� of� �acteriopahge� contri�utes� for� the� characterization� and� classification� of�

phage.�E��anlaysis�is�relati�ely�faster�than�genome�analysis�and�according�to�shape�and�

size�of�phage� it�can��e�classified� in�a��ery�short�time.�n�this�study�kle�siella�phage�was�

found� to� �e� of� podo�iridae� family� ha�ing� short� tail� and�pseudomonas� phage�has� long�

non-contractile�tail�which��elongs�to�sipho�iridae�family.��hages�with�contractile�tail�like�

ɸ�1���present�a�higher�genetic�comple�ity�and�different�mechanisms�of�����in�ection�

during� infection�when� compared�with� phages� ha�ing� non-contractile� tails� (e.g.�ɸ�pr-1�

and�ɸ�����-1�.��mong�the�tailed��phages�of�the�genus���seudomonas��there�are�a�out�

����from�the�family���yo�iridae��the�same�percentage�from�the�family��ipho�iridae�and�

2��� �elonging� �odo�iridae.�hus�� �E�� was� a� ma�or� tool� used� in� analysis� of� phage�

morphology�and�initiated�a�process�of�classification�of��iruses.�

�ffe�t�of�p��on�p��ge��i��ilit��

�cidity�or� alkalinity�of� the�en�ironment� is� another� crucial� factor� in�phage� sur�i�a�ility.�

p�� sta�ility� showed� that� no� reduction�of� phage.�he� �ia�ility�of� � �hage��-�le��27�and�

�hage���-����were�o�ser�ed�when�incu�ation�at�p��������7�����9�and�1�.��herefore���oth�

of� the� phages� were� sta�le� o�er� a� wide� p�� range� (�� to� 1��.� �ur� �hage��-�le�27� has�

higher� sta�ility� e�en� in� higher� alkaline� condition� compared� to�ϕ��1E� in�which� phage�

acti�ity�is�completely�reduced�at�p��12�(D’An�rea�et�al.,�2�����.�����larl�,���r���a�e��-
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P53� sh�ws� stability� even� at� pH3� c�ntra�ict�ry�with� result� sh�wn� by� phage�φPA-HF17�

stability� from� pH� 4� to� 10� (Han� et� al.,� 2014�.� �t� �as� s�o�n� t�at� �y�ro�en� ion�

�on�entration� infl�en�es� p�a�e� a��re�ation.� For� e�ample,� ��2� p�a�es� s�o�e��

si�nifi�ant� ability� to� a��re�ate� ��en� t�e� pH� �as� less� t�an� or� e��al� to� t�e� p�a�e�

is�electric�p�int�(pI�=�3����(�anglet�et�al������������heir�aggregates�c�ul��be�up�t�������in�

�iameter.� ��is� may� �a�se� a� �e�line� in� p�a�e� �o�nt� an�� an� easier� elimination� of�

a��re�ates� t�ro���� t�eir� a�sorption�on�membranes� t�an� sin�le� �irions� (���c�y�� et�al���

2011�.� �t� t�e� �i��er� an�� lo�er� pH,� t�e� pla��e�morp�olo�y��as� ��an�e�� an�� t�ere� is�

�iffi��lty�in�set�of�a�ar�at�lo�er�pH�as�a�ar��y�rolysis�o���rs�so�it�also�affe�ts�t�e�pla��e�

morp�olo�y.�

Effect�of�temperature�on�phage�v�a����t��of��hage�����e����an���hage�������

�esponse�of�p�a�es�on�e�pos�re�to��aryin��temperat�res�is��onsi�ere��as�a��ey�mo�el�

for� �n�erstan�in�� t�e� ability� of� t�e� or�anism� �n�er� ��estion� to� a�apt� to� no�el�

en�ironments.� �emperat�re� plays� a� f�n�amental� role� in� atta��ment,� penetration,�

m�ltipli�ation,� an�� t�e� len�t�� of� t�e� latent� perio��of� p�a�es� (in� t�e� �ase� of� lyso�eni��

p�a�es�.� �t� �etermines� t�e� o���rren�e,� �iability,� an�� stora�e� of� ba�teriop�a�es.� ��e�

infl�en�e� of� temperat�re� �ariation� on� ��a�e��-�leb27� an�� ��a�e��-���� �iability�

reveale�� that� this� phage� was� able� t�� withstan�� e�p�sure� t�� te�perature� upt�� ������

�it�o�t� affe�tin�� p�a�e� �iability.� �n� t�is� e�periment��e��se���ry��eat.From� t�e� st��y�

an�� from�o�r� e�periment� it� is� fo�n�� t�at� t�e� p�a�es��ere� stable�more� in�moist� �eat�

c��pare��t���ry�heat��H�wever�its�activity�l�st�at����c�Phage��-�����res�lts�similar��it��

the�result����phage�φPA-HF17���i���s�o�s�stability��pto����c���r�����inutes�(Han�et�al.,�

2014�� .��a�e��-� �leb27� is�more� stable� to� temperat�re� t�an� p�a�e����1�� in���i��� it�

stable� upt�� ���c� �nly� (��An�rea� et� al��� ����b��� An�� an�ther� interestin�� res�lt� is� t�at�

there� is� n�� signi�icant� l�ss� ��� phage� nu�ber� at� 3��c� e�en� after� 24� �o�rs� an�� 48�

h�urs��he�phage�plates�a�ter����h�ur�incubati�n�at�3��c�was�sh�wn�in��igure�(appen�i����

�o�t�e�stability�of�p�a�es�at���man�bo�y�temperat�re��an�be��onsi�ere��as�t�erape�ti��

a�ent.� �e� fo�n�� t�at� as� t�e� temperat�re� in�reases,� t�e� pla��e� morp�olo�y� also�

��an�es.�

�ne��tep�gro�th�curve�e�per�ment�

�ne�step��ro�t��e�periment�allo�s�one�to�i�entify�t�e�effe�t�of���an�es�in�t�e�yiel��of�

�ir�s�per�infe�te���ost��ell�an��in���emi�al�an��p�ysi�al�properties�on�t�e�perio��of�an�

infe�tio�s� �y�le� (��ams,� 19�9�.� ��e� �ro�t�� ��r�e� for� p�a�e� is� similar� li�e� of� ba�teria�

e��ept� in� t�e� last� sta�e.���e�p�a�e��ro�t����r�e�starts��it��a� latent�or�e�lipse�perio��

(similar� to� t�e�ba�terial� la��p�ase�.� ��e�ne�t�p�ase� is� �alle�� t�e�mat�ration�or� release�

sta�e�(similar�to�t�e�lo��p�ase�in�ba�teria����en�ne��p�a�e�parti�les�are�assemble��an��

release�.���e��y�le�t�en�start�o�er��it��t�e�infe�tion�of�ne���ells.��e���r�e�seeme��to�

be�of�step�ise�pro�ess�an��t��s�it�is��alle��as��one-step�p�a�e��ro�t����r�e�.���ro����

one-step��ro�t��e�periment,�latent�perio��an��b�rst�si�e��ere�meas�re��for���a�e��-

�leb27�an����a�e��-����p�a�e.���ese�t�o�parameters�are� infl�en�e��by��ost���lt�re,�
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the�temperature�of�incubation,�medium�on�which�the�experiment�was�done,�and�specific�

growth�rate�(Keogh�&�Shimmin,�1974)���n�this�stud�,��hage�������showed�a�short��atent�

period�of����minutes�and�a�high�burst�si�e� of�around�1���pfu�infected�ce��s�� �his�short�

�atent� period� and� high� burst� si�e� are� of� an� ob�ious� ad�antage� since� its� resu�ts� in� the�

production�of�more�infecti�e�phages�in�a�short�period�of�time�which�in�turn�increases�the�

probabi�it�� of� host� bacteria� to� interact� and� consecuti�e��� ��sis� of� host� organism��nd�

sma��� burst� si�e�depends�on� the� host� cu�ture�densit�,� and�attachment� time�� �urst� si�e�

�a�ue��aries�in�accordance�with�the�specific��irus�and�ma��range�from�1��to�1���for�the�

����transducing�phages� to�approximate�����,����pfu� for� the������irus��e�can�see� in�

the� graph� (�igure� 4���� and� 4��1)� at� the� start� of� the� experiment,� the� p�a�ue� count� is�

re�ati�e��� constant� o�er�a� time�period�because�each� infected� bacterium�wi��� �ie�d� on���

one�p�a�ue����rise�in�p�a�ue�forming�units�(pfu)�to�a�p�ateau��e�e��occurs�as�bacteria�are�

��sed�and�the�new���s�nthesi�ed�phages�are�re�eased�into�the�medium��

Phage�ge���e�a�a������

�ho�e� genome� se�uence� of� bacteriophage� is� necessitous� to� understand� the� phage�

bio�og��and� its�characterstics��here� is�no�uni�ersa��mar�er� for�phages� in�the�same�wa��

the�1�Sr����gene�can�be�used�to�re�iab���p�ace�the�ph��ogenetic�affinit��of�a���bacteria��

�his�is�because�there�are�no�an��genes�that�were�conser�ed�within�a���phages,�or�in�an��

taxonomic�group�So,�for�the�characteri�ation,�c�assification�and�ana��sis�of�toxic�gene�in�

phages�who�e�genome�se�uence�is�necessar���

�n�this�stud�,��hage���K�eb�7�was�se�uenced�through�i��umina�se�uencing�in�which��ow�

�ua�it�� se�uencing� data� were� first� trimmed� depending� on� �ua�it�scores� using� ������

with�the�minimum��ua�it��score�of����and�reads�with��ess�than�1���bases�in��ength�were�

discarded���he�c�eaned�up�se�uencing�data�were�processed�b��merging�the�paired�end�

se�uence� reads� using� fast� �ength� ad�ustment� of� short� reads� to� obtain� comp�ete�

se�uence�� �eno�o� assemb��� found� 74��� scaffo�ds� in� phage���K�eb�7� ��n� phaster�

annotation,� 7� intact�prophages� were� found� which� were� integrated� in� host� genome�� �n�

o�era��� functiona�� protein� prediction,� some� of� the� proteins� were� identified� as�

h�pothetica�� phage� protein�� Some� of� them� were� �oc� head� outer� capsid,� inhibitor� of�

prohead� protease,� �������� and� �������� he�icase� ���ase,� ����primase�he�icase�

subunit,��ec��� �i�e� recombination�protein,� trans�ationa�� repressor�protein,� thioredoxin,�

t���s,�head�comp�etion�protein,�terminase,�����pac�aging�en��me��arge�subunit,�gp1��

nec�,�short�tai��fibers,�tai��sheath�protein,�tai��tube�protein,�gp4��basep�ate�tai��tube�cap,�

tai�� �ength�regu�ator,�hinge�connector�of� �ong�tai�� fiber�dista��connector,� �arge�dista��tai��

fiber� subunit,� gp�7� basep�ate� hub� subunit,� porta�� �ortex� of� head,�ma�or� head� protein,�

ma�or�capsid,�gp���prohead�core�scaffo�d,�����primase�he�icase�subunit,���sis�inhibitor��

accessor�� proteins,� head� assemb��� chaperone� protein,� endonuc�ease� ��,� ����

topoisomerase�subunit���etcetera���

�n� phaster� annotation� we� obser�ed� �arious� h�pothetica�� proteins��an�� of� phage,�

predicted�proteins�represents�“H�p�t�eti����pr�teins���it��������������n��p���es���t�
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with� none� described� function.This� is� due� to� the� very� few� study� concerning� genome�

sequencing.�

Due� to�unique� features�of�phage�genome,�ORF�calling,�genome�annotation,�noncoding�

R����ncR���� identification,�and�the� identification�of�transposons�and� insertions�are�all�

complicated� in�phage�genome�analysis.The�whole�genome�analysis�and�annotation� is�a�

crucial,� complicated� and� time� consuming� with� e�pertise� in� bioinformatics� s�ill� ,so� the�

genome� annotation� is� still� going� on.� Till� the� date,� only� the� partial� submission� of� the�

phage�genome�has�been�done�in������database�and�the�submission�will�be�completed�as�

soon�as�the�genome�gets�fully�annotated.�

To� date,� ��� genomes� of� dsD���phages� specific� to��lebsiella� have�been�deposited� into�

the� ����� database.These� have� been� classified� within� three� famiies�� podoviridae� �1��,�

�yoviridae� ����and��iphoviridae� ���� ��acie�ews�a�et�al.,��01��.��ma�or�difficulty� in� the�

functional� annotation� of� protein� encoding� genes� on� phage� genomes� by� homology�

searches� is� the� fact� that� most� proteins� have� no� close� homologs� in� the� reference�

databases.� �specially� for� novel� phages,� the� ma�ority� of� encoded� ORFs� havie� not� no�

annotated� function,� or� a� hypothetical� function� at� best.� For� the� understanding� of�

complete�phage�genome�annotation,�identification�of�the�host�bacteria�is�very�important�

as�phages�are�dependent�on�its�host�cell.� �n�this�study,�the�host�bacteria�was�identified�

by�1��rR���sequencing�and�confirmed�as����������������������.�

�ith�the�annotation�with�R��T,�it�combines�multiple�methods�and�criteria�to�produce�an�

annotation�for�a�genome.��t�gives�various�data�and�information�of�phage�geome�however�

we� could� not� anlayse� all� the� data.The� subsystem� distribution� provised� the� genes�

connected� to� subsystems� and� their� distribution� in� different� categories� by� comparing�

with� other� �nown� genome� sequneces.�t� gives� all� the� information� of� metabolic� and�

cellular�machinery.��long�with�this,�from�R��T�annotation�we�have�found�that��hageT��

�leb���has�no�any�virulence�gene,�transferable�gene�and�trasposons�gene�which�may�be�

harmful� to�asses�the�phage�as�therapeutics.�The�subsystem�is�populated�by�connecting�

these� functional� roles� to� specific� genes� in� specific� genomes,� producing� a� subsystem�

spreadsheet,�where�each�row�represents�one�genome�and�each�column�corresponds�to�

one� functional� role� as� shown� in� �ppendi�.� The� principle� concept� of� functioning� is�

illustrated� by� having� genes� for� all� the� functional� roles� that� compose� a� variant� of� a�

subsystem.� �t� showed� that� there� is� presence� of� holin� and� lysine� gene� which� are�

responsible�for�lyse�the�bacterial�cels�being�lytic�phage�and�similarly�group�of�tail�protein�

capsid�gene�which�showed�that�the�phage�is�tailed�phage.��imilarly�����was�found�to�be�

of� ��.��.� There� is� correlation� between� ���� content� between� organism� si�e.�nli�e� in�

bacteria�and�plasmid�genome,� lower� the�����content� in�bacteriophage�the� si�e�of� the�

phage� increased.�t� is� said� that� intracellular� pathogens� have� a� ���� content� lower� than�

their�host�organism���lmpanis�et�al.,���01��.�

�
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The�phylogenetic�analysis�of�respective�phage�proteins�with�closely�related�species�were�

performed� through� Phylogeny.fr� an� online� server� which� analyse� the� molecular�

sequences�in�four�different�steps�.�irstly��multiple�sequence�alignment�of��o�tained�����

sequences� � with� closely� related� � sequences� is� � done� �y� ���������ltiple� �equence�

�omparison��y� �og�� ��pectation�� �a� �ioinformatics� tool�which� is�quite� faster� and�have�

�etter�average�accuracy�than��that�of�clustal���and�curation�of�the�alignment�is�done��y�

��loc�s� that�eliminates�poorly� aligned�position�and�divergent� region�of����� for�much�

�etter�phylogetic�analysis�.�urther�the�phylogenetic�tree�is�constructed��y�using�Phy����

a�we��source�for�ma�imum�li�elihood��ased�phylogenetic�analysis�.�inally�phylogenetic�

tree� is� visuali�ed� through� Tree� �yn� which� uses� annotation� and� dynamic� graphical�

method�for�editing�and�analy�ing�multiple�trees.�

�tarting� from� plaque�morphology� �� �eing� halo� assumed� to� have� phage� tail�associated�

e�opolysaccharide�� and� further� from� T��� it� is� found� to� �e� of� caudovirales� group� and�

finally� from� genome� anlaysis� and� phylogenetic� analysis� its� resem�les� with� �le�siella�

phage�of�caudovirales�group.Thus��it�can��e�said�that�Phage�T���le����was�found�to��e�

of� tailed� phage� of� caudovirales� with� short� tail� and� there� is� no� any� to�ic� gene� and�

virulence� gene� and�no� any� resistance� gene� of� host� �acteria� integrate� in� it� �confirmed�

from����T� and�Phaster� annotation�.�owever�� �eing�a�wild� phage� isolated� from�natural�

environment� it�might� �e� contaminated�with� lysogens� also� �ut� the� lytic� activity� of� the�

therapeutics� is�not�hindered�as�we�can�see�effective� lysis�and�no�any�presence�of�such�

gene� is� confired��y�annotation�of�genome� sequence.�urther� it� showed�homology�with�

pseudomonas�phage�while��lasthit�this�means�they�may�have�share�the�similar�receptor��

which� indicates� the� sym�ol� the� �roader� host� range� with� in� other� species� too.�s��

complete�geneome�mapping�is�still�remaining��for�now�we�can�only�classified�this�phage��

Detection�of���ofi�����o��cin����cte�i���

The�microtiter�dish�assay�is�an�important�tool�for�the�study�of�the�early�stages�in��iofilm�

formation��and�has��een�applied�primarily�for�the�study�of��acterial��iofilms.��t�does�not�

allow� for� the� formation� of� the� mature� �iofilms� typically� associated� with� flow� cell�

systems.�This� simple�microtiter�dish�assay�allows� for� the� formation�of�a��iofilm�on�the�

wall�and�or��ottom�of�a�microtiter�dish.��otile�micro�es� typically� adhere� to� the�walls�

and�or��ottoms�of�the�wells��while�non�motile�micro�es�typically�adhere�to�the��ottom�

of� the� wells.� The� optimal� conditions� for� �iofilm� formation� �i.e.�� growth� medium��

temperature��time�of�incu�ation��must��e�determined�empirically�for�each�micro�e.�The�

e�tent� of� �iofilm� formation� is�measured� using� the� dye� crystal� violet� ����.��� gives� the�

�oth�via�le�and�dead�cells�count�and�it�is�often�preferred�due�to�its�simplicity��relia�ility��

and�quic��throughput.�The����nonspecifically�stains�all��iomass���oth�living�and�dead��as�

well�as�the�matri��composed�of�e�tracellular�polymeric�su�stances.�This�stain�ma�es�the�

assay�useful�to�assess�the�overall��iofilm�response�of�an�isolate.�Through�this�method��an�

isolate�can��e�classified�as�high��moderate��or�non��iofilm�producer.� �n�this�study�after�
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calculating�the�cut�off�value,�The�bacteria�strains�k57,�P19�,P6,�P13�and��P25�were�found�

to�be�strongl��biofil���roducer��

Disruptio��o�����t�ri��usi������t�riop�����

The� �resence� of� biofil�s� in� bacterial� infections� can� increase� the� �athogenicit�� of� the�

bacteria�and��rotects�the�bacteria�fro��being�destro�ed�b��e�ternal�treat�ent���iofil��

for�ation� is�an�ancient��ode�of� survival� for�bacteria� in�hostile�environ�ents���iofil�s�

�rotect� the� cells� fro�� assaults� like� ��� radiation,� ��� stress,� che�ical� e��osure,�

�hagoc�tosis,� deh�dration� and� antibiotics�� The� biofil���ode� of� bacterial� survival� and�

growth�is�now�being�seen�as�a�serious�threat�to��ublic�health�and�awareness�about�such�

cases�draws�i��ortance�a�ong�the�scientific�as�well�as�social�co��unities��The�bacteria�

residing�in�biofil�s�have�enhanced�e�tent�of�virulence�and��athogenicit����or�e�a��le,�

P�������������can�for��biofil�s�in�a�wide�variet��of�environ�ental�conditions�which�can�

lead�to�chronic��ersisting�infections����arnsholt,�2013����o�to�control�the�for�ation�and�

develo��ent�of�biofil��beco�es��andator���

�iofil�� are��icrobial� co��unit�� and� shows� ineffective� against� antibiotic� treat�ent��n�

this�stud���hages�showed��ro�ising�result� in�disru�tion�of�bacteria��The�bacteria�were�

selected�based�on�the�host� range�result� to�check�biofil�� �roduction�and�PhageT��P19�

�hage�was� found� to� control� biofil�� not� in� onl�� its� host� but� in� other� host� P25� and� P6�

bacteria���t�showed�l�tic�effect�in��ultistrains�of�sa�e�s�ecies���i�ilarl�,�PhageT���leb57�

was�found�to�be�effective�in�controlling�of�other�bacteria���i�ilar�result�was�observed�in�

case� of� �hge� ���P1� �hage� which� re�oved� 50�� of� bio�ass� �Taha,� et� al�,� � 201���� The�

biofil�� nearl�� disa��eare� after� incubation� with� �hages�� Phages� are� able� to� enter� the�

biofil��destro�ing� the� bio�ass� and� reaching� the� bacteria�e�bedded� inside�� �iterature�

showed�that�different��hages�have�been�used�to�infect�a�variet��of�bacterial�biofil�s�and�

in�general,�all�these��hage�biofil��interaction�studies�reveal�that��hages�are�ca�able�of�

decreasing� the� bacterial� �o�ulations� ��bedon,� 2011�� �uti�rre�� et� al�,� 2016��
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S�MMARY

The�pathogenic�MDR�samples�were�collected�from�NPHL�and�from�A�T�res�lt��the��are�

fo�nd�to��e�car�apenem�resistant�and�it�was�f�rther�fo�nd�to��e��la�NDM�positi�e�in�3�

strains�� The� host� of� �le�siella� which� were� pre�io�sl�� characteri�ed� in� the� la��� were�

incl�ded�in�this�st�d��as�host��acteria�and�the�remaining�host��acteria�were�identified����

1��rRNA�gene�anla�sis�and�the�gene�segment�were�s��mitted�to�N�����

Altogether� �1� l�tic� phages� were� isolated� ��� do��le� la�er� agar� method� which� l�ses�

car�apenem�resistant��acteria�witho�t�enrichment��The�Bull’s�eyes�plaques�are�f�u������

�le�siella�phage�and� in�clear� l�tic�pla��es� in� case�of�Pse�domonas�phage�� The�phages�

were�p�rified����repeated�contin�o�s�strea�ing�method�and�then�titre�was�determined�

from�phage�stoc�s��PhageT���le����was�fo�nd�to��e�of�host�specific�and�contrasting�to�

the�specificit��of�the��acteriophage�propert���most�of�the�phages�showed�m�ltiple�host�

range� propert��� Among�� them� PhageT���le���� showed� �roader� host� range� l�sing� ��

strains� o�t� of� �0�� �imilarl��� PhageT��P1�� showed� l�sis� in� �� strains� o�t� of� 1�� strain�

showing��roader�host�range�capa�ilit����ide�host�range�within�the�gen�s�is�considered�

to� �e� a� desira�le� ��alit�� of� phage� as� a� �iocontrol� agent�� �imilar�� the� effecti�eness� of�

phage�coc�tails�and�s�nergistic�action�of�phage�coc�tail�was�o�ser�ed� in�present�st�d��

which�are�the�impotant�aspects�of�phage�therap���The�phages�were�stored����infecting�

the�host��acteria�which�showed�no�an��significant�red�ction�in�titre��al�e�after���month�

and� 1�month�Among� al� the� phages�� onl�� two� phages� were� selected� for� f�rther�

characteri�ation�d�e�to�lac��of�time�and�reso�rces��

�ne� of� the� Phage�� PhageT���le���� against� �pc� prod�cing� ����������� ����������� and�

PhageT��P�3� against� P����������� ����������� showing� clear� l�tic� propert�� were�

selected�for�f�rther�st�d���The�protein�profiling�showed�the�distinct��and�of����Da�and�

���Da�� which� ma�� �e� of� ma�or� capsid� protein� and� minor� tail� protein�� The� T�M�

morpholog��showed�that�PhageT���le����was�fo�nd�to��e�of�podo�iridae�with�short�tail�

and�PhageT��P�3�was�fo�nd�to��e�of�sipho�iridae�with�long�tail��

�rom� the� constr�ction� of� the� one� step� growth� c�r�e� of� PhageT���le����� the� latent�

period� was� calc�lated� to� �e� appro�imatel�� �0� min�tes� and� the� rise� period� to� �e� �0�

min�tes��while�the���rst�si�e�was��0�phages�per��acterial�cell�and���rst�time�was�fo�nd�

to��e�10min��The�one�step�growth�c�r�e�of�PhageT���le����was�indicated�that�the�latent�

period� and� rise� period� was� �0� min�tes� each� and� the� ��rst� si�e� was� 1�0� phages� per�

�acteri�m� and� ��rst� time� was� fo�nd� to� �e� 10min�� �imilarl��� ph�siochemical�

characteri�ation�is� important�for�the�application�of�phage�which�was�st�died� in�ph�and�

temperat�re�� ��pos�re� to� high� temperat�res� ranging� from� �0��� to� �0��� drasticall��

red�ced�phages��ia�ilit���altho�gh��oth�of�the�phages�were�a�le�to�withstand�e�pos�re�

��� �e�pera�ures� as� h��h� as� ����� �e���� �he� �p���al� �e�pera�ure� a�� ������ ����larly��

optimal�pH�was�fo�nd�to��e���for��oth�of�the�phages��where�PhageT���le����showed�its�
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viability�even� in�alkaline�pH�of�12�contrasting� to� this,�PhageTU�P���sho�e��lytic�ability�

even�in�aci�ic�con�ition�of�pH2��The�stability�of�phages�in��ifferent�te�perat�re�an��pH�

is�the�in�icative�characteristic�of�being�potential�can�i�ate�for�phage�therapy��

��rther�in�the�phage�geno�ics,�fro��Phaster�analysis�PhageTU��leb2���as�fo�n��to�be�

of� si�e� ��2�1��0� kbp��hich� contains� �� intact� proteins,� an�� �� inco�plete� regions�� The�

phaster�annotation�sho�e��that�there�is�no�any�vir�lence�gene�present�in�it�th�s��aking�

likely�can�i�ate�for�phage�therapy�an��f�nctional�gene�pre�ictions�sho�e��that�there�is�

presence�of�lysis�gene,�capsi��protein,�tail�fiber�protein,��hich�confir�s�the�presence�of�

taile��phage��The�phylogenetic�analysis�of�phage�capsi��proteins�an��phage�tail�proteins�

�ith� closely� relate�� species� sho�e�� that� it� belongs� to� klebsiella�phage�of� ca��ovirales�

gro�p�� �i�ilarly� fro�� ���T� annotation� ��� �� �as� fo�n�� to� be� of� ������ an�� no� any�

presence�of�vir�lence�gene��

�inally� the� eval�ation� of� phages� as� biocontrol� agent� �as� �one� for� the� �isr�ption� of�

biofil��� The� phages� sho�e�� significant� re��ction� in� biofil�� for�ation� after� phage�

treat�ent� �p�val�e� �� 0�0���� The� �� �ifferent� phages� �ere� �se�� for� �� �ifferent� strong�

biofil��pro��cer�clinical�isolates��

��r�res�lt�sho�e��that�phages�sho�e����ltiple�host�range�as��ell�as�effectively�kille��

��lti��r�g� resistant� bacteria� an�� even� it� clear� the� biofil�� very� s�ccessf�lly� of� strong�

biofil�� pro��cer� �hich� can� possibly� be� �se�� in� therape�tics� an�� as� professe�� in�

scientific��orl����o��it�can�be�sai��that��ith�increasing�level�of�antibiotic�resistance,�in�

near�f�t�re�phage��ight��ove�fro��o�r�last�resort�against�antibiotics�resistant�bacteria�

to�o�r�first�line��r�g��

�
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C�A�TER�SE�EN

CONCL�S�ON

With� the� ever� increasing� incidence� of� antibiotic� resistance,� the� scientificworld� is�

therefore� looking� for� effective� alternatives� to� counteract� this� imminent� crisis�� �he�

bacterio�hages� are� nowada�s� found� to� be� �otent� alternative� to� tackle� this� antibiotic�

crisis�� �arba�enem� resistant� Klebsiella� ��e����iae� and� �se������as� ae���i��sa� are�

critical� �athogens� �riotri�ed� b��W��� causing� serious� nosocomial� infections��his� work�

aimed� to� isolate�and� characteri�e� carba�enem� resistant� strain�of�Klebsiella���e����ia�

and��se������as�ae���i��sa�s�ecific�l�tic�bacterio�hage�from�different�environmental�

water�sam�les�in�an�attem�t�to�isolate�a�thera�euticall���otential��hage���lltogether��1�

l�tic� �hages� were� isolated� that� could� infect� and� l��e� carba�enem� resistant� bacteria�

�clinical� isolates�� of� human� origin�� �hus,�we� re�ect� the� null� h��othesis� and� acce�t� the�

alternative� h��othesis� which� states� �� �here� are� no� bacterio�hages� in� the� water� of�

�athamnadu�valle�� that�can� l�se�the�carba�enem�resistant�human��athogenic�bacteria�

and�cannot�used�in�the�control�of�biofilm��roduction���mong����hages,��hage����leb�5��

�hage�and��hage����5��were�found�to�be�of�multi�host�range�ca�acit����he��hage�ma��

�roduce�de�ol�merase�en��me�and�indicates�a�broad�host�range�confined�within�genus�

Klebsiella�and��se������as���he��hage����leb���was� found�to�be�of��odoviridae�and�

�hage����5��was�found�to�be�of�si�hoviridae�grou����he��hage�was�then�characteri�ed�

for�stabilit��under�the�different�adverse�condition,�and�a�cou�le�of�im�ortant��arameter�

of� its� growth� d�namics�� �he� result� of� those� e��eriments� demonstrated� that� �hage���

�leb���and��hage����5���hage�is��rett��stable�under����and�tem�erature���he�stabilit��

of� �hages� under� different� conditions� along� with� �hage�associated� de�ol�merase�

�roduction� makes� it� a� worth�� candidate� to� use� as� a� �otential� alternative� in� �hage�

thera��� to� treat� the� infections�� �nd� another� im�ortant� thing� is� to� the� best� of� our�

knowledge��this�is�the�first�stud��demonstrating�such�s�nergistic�effect�of�bacterio�hages�

l�tic�infection�to�the�bacteria�other�than�its��rimar��host�genus����nerg��between��hages�

during� infection� and� l�sis� of� host� bacteria� is� a� somewhat� une��lored� field� to� some�

e�tent���he�effectiveness�of��hage�cocktails�in�conferring�better��rotection�was�evident�

from� the� �resent� stud��� �owever,� in� the� �resent� stud�,� we� demonstrated� s�nergistic�

effect� �henot��icall�� onl��� �ore� detailed� studies� are� needed� to� understand� the�

mechanisms� at� molecular� level� of� �hage� host� interacton�� �rom� whole� genome�

se�uencing�of��hage�it�is�further�confirmed�that�of�tailed��hage�of��lebsiella�and�did�not�

contain�an��virulence�gene���nother��romising�result�from�our�stud��is�the�abilit��of�the�

�hages� to� clear� the� biofilms� formed� b�� multidrug� resistant� bacteria� which� is� serious�

�roblem�in�hos�itals���ased�on�this�result,�we�can�conclude�that�this��romising�effect�of�

�hages� has� raised� the� �ossibilit�� of� e��ansion� of� host� range� and� utili�ation� of� these�

�hages�in��hage�thera���as�well�as�for�biocontrol�of��athogenic�bacteria�and�clearance�

of�biofilm���till,�more�works�are� left� to� be�done� in�molecular� characteri�ation�of� some�

�hages,�however� it�has�alread���rovided�a�good��latform�for�further�advance�research�
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with�understandin������ha�e��i������and��ha�e��hara�teri�ati�nin� in���ntr������ t�da�s�

�urnin�� issue���� anti�i�ti�� resistant� n�s����ia�� in�e�ti�ns��hus�� in� near� �uture� �ha�es�

�ein���ur��riend�it��a��he���t����ntr����ari�us�anti�i�ti��resistant�in�e�ti�ns����usin��the�

�ha�es�����e�a���
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L�M�TAT�ONS�O��T�E�ST�DY

1. Small� sample� size:� Altogether� 21� Bacteriophage�were� isolate�� ��t� characterizatio��

was��o�e�o�l��i��two�samples���e�to�the�lac��o��time�a���reso�rces.�

2. Sophisticate�� ��str�me�ts:� lac�� o�� sophisticate�� i�str�me�ts� li�e� ���� we� ha�� to�

e�port�o�r�sample�to�a�roa���we�co�l���ot�get�o�r�����res�lt�as�e�pecte�.��e�were�

��a�le� to� co�ce�trate� o�r� phage� ��e� to� lac�� o�� �ltrace�tri��gatio�.��e� to�

��a�aila�ilitr��o�������acilit��we�co�l���ot�st����a�o�t�phage�host�i��ectio��process�

where��resh�smaple�is��ee�e�.�

�. �ac�� o�� e�perie�ce� a��� e�pertise:� Altho�gh� �hole� ge�ome� se��e�ci�g� is� �ot�

a�aila�le�i���epal��we�ha�e��o�e�it�i�����ia.�B�t�we��ace��lots�o��tro��le�i��ge�ome�

a�al�sis� o�� that� h�ge� �ata�which� is� cr�cial� steps� �or� characterizatio�� o�� phage� �or�

appro�al� i��phage�applicatio�.���e�to�limite���ioi��ormatics�s�ill�a�����e�to�lac��o��

power��l� comp�ter� �or� �ata� processi�g� we� were� ��a�le� to� a��otate� the� phage�

se��e�ce.�

�. �ell� li�e� st���� �mo�se�mo�el:���e�to� lac��o�� time�a���a�����a�aila�ilit��o��a�imal�

ho�se��acilit��we�co�l���ot�per�orme��mo�se�mo�el�e�perime�t.�

�

Challenges�t����l��ll�the����e�t��e����the��esea��h�an����ss��le�s�ll�t��ns�

�wi�g� to� speci�icit�� o�� �acteriophages�� it� will� �e� somehow��i��ic�lt� to� target� each�

strai�� th�s� phage� coc�tail� strateg�� will� �e�i�etl�� help� to� l�se� �acterial� i��ectio�s�

�ei�g��roa��spectr�m.�arrow�host�ra�ge��acteriophage�ca���e��se��as�perso�alize��

me�ici�e.Besi�es� this�� sa�et�� reg�latio�s� o�� phage� are� a�other� challe�ges� �or� the�

applicatio��o���acteriopahges.�����epal��a�ti�iotic�resista�t�case�is�i�creasi�g��a�����

�a��a����er���ew�wor�s�relate��to�phages�has��ee���o�e.So�aware�ess�o��the�mis�e�

o��a�ti�iotics�a���its�pote�tial�alter�ati�e�sho�l���e�gi�e�.Still��there�is��o�s���icie�t�

��owle�ge�o���acteriophage�a���phage�therap��as�a�timicro�ial�age�t� i��hospitals�

e��iro�me�ta��� cli�ical� perso�s� so� colla�oratio�� with� hospitals� a��� researcher�

sho�l���e�ma�e� to�a�oi�� this�gap�a��� the� last�o�e� is�� i��we�are� rea���to�appl�� the�

phage�as�phage�therap��there�are�se�eral�ethicial�iss�es�to��e�o�e�e��a���people�are�

a�rai�� the��ame�o���ir�s� itsel���ei�g�pathoge�.�t� is��ecessar�� to�e�plore� the�phage�

therap��amo�g�cli�icia�s�a���sta�e�hol�ers�as��acteriopahges�are��ot�o�r�e�em��i����

o�r��rie���which��estro�s�o�r�e�em���pathoge�ic��acteria�.�
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RECOMMENDAT�ONS

In� this� study�the�phages�have�been�characterized�morphologically��physiochemically�as�

�ell� as� in� a� molecular� basis�� �urther�� it� has� been� �ound� to� have� role� in� clearance� o��

bio�ilm��ormation���lso��the�synergistic�action�o��phage�coc�tail�has�been�observed���his�

research��or��is�highly�encouraged�to�be�studied�in��urther�phage�therapy���ollo�ing�are�

the�highly�anticipated��or��that� is�recommended�on�the�basis�o��the�results�that�have�

been�obtained��rom�this�important�research��or����

1� �harmaco�inetics� phenomenon� o�� phage� is� needed� to� be� studied�� �hen� live�

viruses� are� used� therapeutically��imilarly�� the� phage� impact� on� host� is�

recommended�to�study�through�cyto�ine�pro�iling��

�� �tudy�o���ost�pathogen� interaction� and� receptor� gene�analysisis� to� be�done� to�

e�plore� the� synergistic� action�o�� coc�tail� phage� and� to� enhance� the� e��icacy� o��

coc�tail��

�� �ell�line�study���ytoto�ic�e��ect�o��phage�in�cell�line�should�be�analysed��or��uality�

assurance��sa�ety�and�e��icacy�o��phage�in�phage�therapeutics��

�� �loning�o��endolysin�gene�and�engineering�o��phage�endolysin�based�proteins��or�

phage�therapy�is�the�potential�area�o��phage�research��

�� �enome� annotation�� �enome� annotation� o�� phage� is� crucial� �or� depth�

understanding� o�� phage� biology�� �s�� in� this� study� the� annotation�has�not� been�

completed� so� It� is� recommended� that� the� collaboration� �ith� e�pert� o��

bioin�ormatics�to�deal��ith�huge�data�o��������he�collaboration��ill��or�sure�help�

to�improve�phage�genome�annotation�and�e�ploring�o��phage�genomics�in��uture��

�� �reparation�o��phage�library��ith�speci�ic�hosts���reservation�o��phage�and�phage�

host� is�very� important�and� �or�collection�o��phage��phage�ban�� is�established� in�

our� laboratory���o� in��uture�more�characterized�phages�and�phage�hosts�should�

be�preserved�in�large�scale���hich�can�be�used�in�phage�therapy��hen�needed�in�

�uture�days��

�� �hage� used� as� disin�ectant�� �he� morphological� and� physiochemical�

characterization�o��phages��as�completed�so�no��it�could�be�used�as�disin�ectant�

to�minimize�the�rate�o��nosocomial�in�ections��
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APPENDIX

Appendix 1: Media compositions and Reagent preparations 

Nutrient Broth/Agar (NB/NA) – HiMedia 

Ingredients Grams / Liter 

Peptone 10.000 

Beef extract 10.000 

Sodium chloride 5.000 

pH (after sterilization) 

 

 

7.3±0.1 

 

 

Tryptic Soy Broth (TSB)/Soybean-Casein Digest Medium – HiMedia 

Ingredients Grams / Liter 

Pancreatic digest of casein 17.000 

Papaic digest of soyabean 

meal 

3.000 

Sodium chloride 5.000 

Dextrose 2.500 

Dibasic potassium 

phosphate 

2.500 

Final pH (at 25°C) 7.3±0.2 

Sodium Magnesium Buffer (SM Buffer) 

Ingredients Concentration 

Sodium chloride 100 mM 

Magnesium sulfate 

(heptahydrate) 

10 mM 

Tris-HCl (pH 7.5) 50 mM 

Gelatin 0.01 % (w/v) 

 

Mueller Hinton Agar (MHA) – HiMedia 

Ingredients Grams / Liter 

Meat, infusion solids from 2.000 
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300g 

Casein acid hydrolysate 17.500 

Starch 1.500 

Agar 17.000 

Final pH (at 25°C) 7.3±0.1 

Luria Bertani Broth-HiMedia 

Ingredients   Gram/liter 

Casein enzymic hydrolysate  10g 

Yeast extract    5g 

Sodium chloride   10g 

Phosphate Buffered Saline (PBS) 

NaCl - 8.0 g 

KCl - 0.2 g 

Na2HPO4 - 1.44 g 

KH2PO4 - 0.24 g 

 



  APPENDICES 

III 
 

Appendix 2: Reagents for Sodium dodecyl sulphate electrophoresis 

Solution components  Resolving gel (12%) 

Solution final volume: 10ml 

Stacking gel (5%) 

Solution final volume: 2ml 

  TDW 3.3 ml 1.4ml 

30% Acrylamide 4 ml 0.33ml 

1.5% Tris (pH 8.8) 2.5ml 0.25ml 

10% SDS 0.1ml 0.02ml 

10% (NH4)2S2O8 0.1ml 0.02ml 

TEMED 0.004ml 0.002ml 

 

30% Acrylamaide solution 

S.No.   Constituents Weight/Volume 

1   Acrylamide; C3H5NO: MW=71.08   29g  

2   Bis Acrylamide(N,N Methylene Bisacrylamide); 

C7H10N2O2: MW=154.17  

 1g  

3   TDW   Maintain upto 100ml  

 

Tris Buffer 

 Lower Tris buffer For 100ml (pH 

8.8) 

  Upper Tris buffer For 50ml (pH 6.8) 

SN. Constituents Amount SN. Constituents Amount 

1 Tris(Tris base) 1.5M 

/18.17g 

1 Tris(Tris base) 0.5M/3.03g 

2 TDW Maintain 

100ml 

2 TDW Maintain 

50ml 

 

Loading sample buffer: pH 6.8 for 10ml  

S.No.  Constituents  Amount  

I.   Upper Tris pH 6.8  1.25ml  

II.    10% SDS  3.0ml  

III.    Glycerol   4.75ml  

IV.     Beta-mercaptoethanol  0.5ml  

V.     0.1%Bromophenol Blue   0.5ml 

 

Staining solution: Comassie Brilliant Blue G-250 (CBB G-250) for 500ml 

S.No.  Constituents  Amount 

i.    Comassie Brilliant Blue G-250  500mg  

ii.    Glacial acetic acid   25ml  

iii.   Methanol   250ml  

iv.     TDW   225ml 
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Destain solution preparation: For 500ml 

S.No.  Constituents  Amounts(ml)  

i.     7.5% Glacial acetic acid  37.5  

ii.    5% Methanol  25  

iii.     TDW  437.5 

 

Running buffer/Electrolysis buffer preparation: For 1000ml: pH8.4 

S.No.  Constituents Amount  

  i. 39mM Tris   4.724g  

  Ii. 48mM Glycine   3.603g  

 iii. 0.1% SDS  0.37g 
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Appendix 3: Chromatogram file of 16SrRNA sequencing 

                                 

 

 

 

 

 

 

������������ 

 

 

 

 

Figure�:�fig�A,B,C�and�D�Chromatogram�file�of�Bacteria�K41,�K57,�K52�and�NK�of�16SrRNA�

gene�usingchromas�software��respectively. 

C

D
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Appendix�4:��Phage�plates 

 

 

Figure A: Plaques isolated against E. coli host for the first time Fig B: host range of Pseudomonas 

phage showing lysis by PhageTU-P19 in P6 bacteria. FigC:Host range of Klebsiella phage showing 

lysis by PhageTU-Kleb 41, PhageTU-Kleb 52 and PhageTU-Kleb 57 in Klesiella bacterial strain K57. 

 

Appendix 3.2: Representative appearance of plates from serial dilution pf phage lysates of 

PhageTU-Kleb52 Fig A : No lysis so no plaquesin 10 5  dilutions. Fig B: Discrete plaques, PFU can 

be counted in 10 4 dilutions�FigC�and�FigD�:�“Web�Pattern�plate”.�Fig�E:�complete�lysis�of�bacteria�

in original stock . 

A B C 

A B C D E 
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Appendix 5: Host range Table  

Table: Host range spectrum of 5 different klebsiella phage against 20 different Kelbsiella strain 

Bacteria K57 phage K52 phage NK phage LA phage K41phage 

K3 + - - - - 

K13 + + - - - 

K44 - - - - - 

K27 - - - - - 

K1 - - - - - 

K12 + - - - - 

K23 - - - - - 

K8 - - - - - 

K69 - + - - - 

K6 + - - - - 

K4 - - - - - 

K70 - + - + - 

K15 - - - - - 

K39 - - - - + 

K57 + - + - + 

K52 + + - - - 

K41 -    - 

NK - + + - + 

LA     - 

K72 - + - - - 
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Table: Host range of Pseudomonas phages in Different Pseudomonas strains 

Bacteria p19phage p43phage p53phage Phage cocktail

p3 _ + - +

p26 + - + +

p38 + + + +

p6 + - - +

p56 + - - +

p19 + - - +

p25 + - - +

p54 - - - -

p52 - - - -

p26 + - - +

p32 - - - -

p20 + - + +

p13 - - + +

p33 - - - -

p11 - - - -

p57 - - - -

P43 - + + +

P53 - - + +
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Appendix 6:WHO priority pathogens list of 12 families of bacteria that pose the greatest threat 

to human health 

 

 

Source: https://www.who.int/news-room/detail/27-02-2017-who-publishes-list-of-bacteria-for-

which-new-antibiotics-are-urgently-needed 
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Appendix 7 Classification and Nomenclature of Viruses based on Ninth Report of the 
International Committee on Taxonomy of Viruses 

Table: Families and Genera of Viruses Listed According to the Nature of the Genome 

Order Family or 

unassigne

d genus 

Natur

e of 

the 

geno

me 

Presen

ce of 

an 

envelo

pe 

Morpholo

gy 

Virion 

size  

Genome 

configurati

on 

Geno

me 

size 

(kbp 

or kb) 

Hos

t 

Caudoviral

es 

Myovirida

e 

dsDNA  - icosahedr

al head 

with tail 

icosahed

ral 

heads: 

60–145 

nm; 

elongate

d heads: 

80  × 

110 nm; 

tail: 16–

20 × 80–

455 nm 

1 linear 

segment 

31–

317 

B, 

Ar 

Caudoviral

es 

Podovirid

ae 

dsDNA  - icosahedr

al head 

with short 

tail 

head: 

60–70 

nm tail: 

10–20 

nm 

1 linear 

segmen 

t 16–

78 

B 

Caudoviral

es 

Siphovirid

ae 

dsDNA  -l icosahedr

al head 

with tail 

head: 

40–80 

nm; tail: 

5–10 nm 

×100–

210 nm 

1 linear 

segment 

21–

134 

B 

Ar 

 Source : (King et al., 2012) 
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Appendix 8 : Fasta sequence used for phylogenetic tree analysis  

Capsid  protein of PhageTU- Kleb27, Nepal 

>gene_14_scaffold_35  

ATGGCTAACATGCAAGGTGGACAGCAGCTCGGTACTAACCAAGGCAAAGGTCAATCCGCAGCAGACAAGCTGGCGCTATTCCTGA

AAGTATTCGGCGGTGAAGTCCTGACCGCATTCGCTCGTACCTCTGTGACCACCAACCGTCACATGCAGCGTCAAATCAGCTCCGGT

AAGTCCGCACAGTTCCCTGTGATTGGCCGCACCAAGGCTGCTTACCTGCAACCGGGCGAGTCTCTGGATGACAAACGTAAAGACA

TCAAGCACACCGAGAAGACCATTAACATTGATGGCCTGCTGACCGCTGACGTGCTGATTTACGACATCGAAGACGCGATGAACCA

CTATGACGTTCGCTCCGAGTACACCTCTCAGATTGGCGAATCTCTGGCGATGGCAGCCGATGGCGCGGTTCTGGCTGAGCTGGCT

GGTCTGGTTAACCTCGCTGATTCCGTCAACGAGAACATCGCTGGTCTGGGCAAACCGTCCCTGCTGGAAGTTGGTGCTAAGGCTG

ACCTGACTGACCCGGTCAAACTGGGCCAAGCGGTTATCGCGCAGCTGACCATTGCTCGTGCGGCTCTGACCAAGAACTACGTCCC

GGCTAACGACCGTACGTTCTACACCACCCCGGACGTGTACTCTGCGATTCTGGCAGCTCTGATGCCTAACGCTGCGAACTATGCGG

CTCTGATTGACCCTGAGCGTGGTTCTATCCGTAACGTGATGGGCTTCGAAGTCGTTGAGGTTCCGCACCTGACCGCTGGTGGTGCT

GGTGATGACCGCCCGGACGAAGATGCAGAAGCGACCAACCAGAAGCACGCCTTCCCGGCAACTGGTGGTAAAGTAAACAAAGAG

AACGTTGTGGGCCTGTTCCAGCACCGTTCCGCTGTCGGTACCGTCAAGCTGAAAGATCTGGCTCTGGAGCGTGCTCGTCGTACCGA

GTATCAGGCTGACCAGATTGTTGCTAAGTACGCGATGGGTCACGGTGGTCTGCGTCCAGAATCTGCTGGTGCACTGGTTTTCACAG

CAGCCTAA 

Tail fiber protein of PhageTU- Kleb27 ,Nepal 

>gene_17_scaffold_35 

ATGGCTCTCGTATCACAATCAATCAAGAACCTCAAGGGAGGCATTAGCCAGCAGCCTGAAATCCTACGGTACCCAGAGCAGGGTACACTTCAGGTC

AACGGTTGGTCCTCCGAGACTGAGGGTCTCCAGAAGAGGCCACCTATGGTGTTCATCAAGTCCTTGGGAGCGCGTGGATACCTCGGGGAAGACCC

GTACATTCACCTCATCAACCGAGATGAATACGAGCAGTATTACGCAGTGTTCACTGGGAACGACGTTAGGGTATTCGACCTGTCCGGCTATGAGTAC

CAAGTCAGAGGTGACCGCTCGTATATCTCCGTAGTCAACCCTAAGGATAACTTGCGGATGATAACCGTGGCCGACTACACGTTCATCGTTAACCGTA

CCCGACAGGTCCTCGAGAACCAGAACGTGACCAACGGTGGTACCTTCAGGGACAACGTGGACGGTATTGTCAACGTCCGTGGTGGTCAGTATGGT

CGTAAGCTCGAAGTGAACATTAATGGTGTATGGGTCAGCCACCAGCTGCCTCCGGGTGACAACGCTAAGGAAGACCCGCCCAAGGTTGACGCACA

GGCCATTGCGACCGCACTAGCTGACCTACTCCGTGTGGCCCACCCAACGTGGACATTCAACGTGGGGACTGGTTATATCCACTGTATCGCCCCGGCT

GGTGTTACTCTCGACGAGTTCCAGACGAGGGATGGCTACGCGGACCAGCTGATTAACCCGGTGACCCACTACGTCCAGAGCTTCTCTAAGTTGCCA

CTTAACGCGCCTGACGGGTACATGGTGAAGATTGTCGGGGACACGTCCAAGACTGCTGACCAGTATTACGTGAAGTATGACGCTTCTCAGAAGGTC

TGGAAGGAAACCGTGGGCTGGAACATCTCGGCCGGCCTTGAGTATCACACGATGCCTTGGACTCTGGTACGTGCGGCTGATGGTAACTTTGACCTA

GGGTATCGCGAGTGGAGGGACCGCCGTGCTGGTGATGACGACACTAACCCTCAGCCGTCCTTTGTTAACTCGACGATAACCGATGTGTTCTTCTTCA

GGAACCGCTTAGGGTTCATCTCTGGGGAGAACATCGTACTGTCCCGCACCAGTAAATACTTTGAGTTCTACCCGCCGTCAGTGGCCAACTATACGGA

TGATGACCCGCTGGATGTTGCTGTGAGTCATAACCGAGTGTCGGTCCTGAAGTACGCTGTGAGCTTCGCTGAGGAGCTGCTGCTATGGTCTGACGA

GGCGCAGTTCGTTCTGTCGGCCAACGGTGTGTTATCCACTAAGACTGCACAGCTGGACCTGACCACTCAGTTCGATGTGTCAGACCGTGCGCGTCCT

TATGGTATCGGTCGAAACATCTACTACGCGTCTCCTCGCAGCTCCTTTACGTCCATCATGCGTTACTACGCGGTACAGGATGTAAGCTCTGTGAAGA

ACTCAGAGGACATGACGGCCCACGTCCCGAACTACATCCCGAACGGTGTGTACAGCATCAACGGGTCCGGTACTGAGAACTTCGCGTGTGTGCTGA

CCAAGGGTGCTCCCAGCAAGGTGTTCATTTACAAGTTCCTCTACATGAATGAGGACATCCGTCAGCAGTCGTGGTCACACTGGGACTTCGGAGACG

GTGTGGAGGTGATGGCGGCAAACTGTATCAACTCAACGATGTACCTGCTGATGCGGAACGCCTACAACGTGTGGATAGCTGCTGTGGACTTTAAGA

AGGAGTCGACTGACTTCCCGTTCGAGCCTTACCGATTCCACGTGGACGCCAAGCGGTCGTATCACATCTCAGAGACTGCGTATGACATCGAGACCA

ACCAGACGGTAGTTAACGTCAAGGACATCTACAGTGCGTCGTTCTCTAAGGGTACCGTGGCAATCTGCGAGAGTGACGGTAAAATCACTACGTATG

AGCCGATGGGTGACTCTTGGGATTCCACGCCGGACATCCGCATTAGTGGTGACATCTCTGGTAAGGATATCGTCATTGGGTTCCTGTACGACTTCCG

CTATGTGTTCAGTCGGTTCCTCATCAAGCAGGAGCAGAACGATGGCACAACGTCCACCGAGGACTCTGGTCGTCTACAGCTGCGTAGAGCGTGGGT

GAACTATCAGGACACTGGTGCGTTCACTGTGAGCGTCGAGAATGGCAACCGTGAGTTCAACTATCTGGTCAACGCCAGAGTGGGTTCTACGGGTCT

ACGTCTGGGCCAGAAGGCCACAACTACTGGTCAGTATCGTTTCCCGGTGACAGGCAACGCATTGTACCAGAAGGTGTCCCTGAGTTCCTTCAATGCT

TCCCCGGTGTCAATCATTGGGTGCGGCTGGGAGGGTAACTACAGCAGACGCGCCAACGGTATTTAA 
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Appendix 9: BLAST output of scaffold 35: 

 

 

Figure: The BLAST hit of scaffold 35 showed that 93% identity in Klebsiella phage.  

BLAST output of Scafold 24 
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Appendix 10: RAST Annotation Results  

Table :Subsystem :Subsystem of spreadsheet of Phage tail fiber proteins  

 

 

Table :Subsystem Spreadsheet of Phage tail proteins 

 

 

Table : Subsystem of phage lysis modules 
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Table : Subsystem of phage lysis modules
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Appendix  11 Participation in Extra activities 

1) Organizer of WORLD DNA DAY 2017(April-24-25) held in NAST

2) Participated in Fifth International Conference SCIENCE AND SCIENTIST-2017, 

18th and 19th August,2017 Nepal Pragya Pratisthan, Kamaladi-kathmandu,Nepal

3) Volunteer in conducting the International workshop on Applications OF Flow 

Cytometry in Biotechnology-2017 held at CDBT, Kathmandu, Nepal (September 14-

17,2017)

4) Tutor at CDBT-TU WINTER SCHOOL-2018 in applied molecular biology. ( 

January 7-10 2018)  

5) Poster presentation in 2nd INTERNATIONAL CONFERENCE ON BIOSCIENCE 

& BIOTECHNOLOGY (ICBB-2018) Held in Dhulikhel, Nepal February 17-20,2018 

organized by RIBB and FIMM ,Finland

6) Oral presentation in WORLD DNA DAY 2018 (April 24-25, 2018) with different 

events organized by BSN.

7) Tutor on 5-day workshop on "Applied Microbiology, Molecular Biology and 

Bioinformatics" organized by Central  for Health and Disease Science on 9-13 July 

2018

8) Completion of 8 weeks�online�course�„Research�Writing�in�the�Sciences‟�of�the�

AuthorAid  Programme  at INASP from 4 September to 2 October

9) Participation in the workshop of speed-dating event of Swiss-Nepal Technology 

Transfer�Workshop�2019,�where�the�idea�of�“Phage�spray�as�disinfectant”�was�

selected.

10) Involved�in�the�research,”�Pharmacokinetics�study�and�cytokine�profiling�of�

bacteriophages�in�mouse�model.”

Publications:  

The�manuscript�is�submitted�entitled�‘Enhanced�phage�host�range�by�the�synergistic�effect�of�

newly isolated�phage�cocktails�from�the�rivers�of�Kathmandu,�Nepal.’�This�is�on�peer�review�

process. 
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Appendix 12: Some photographs  
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