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ABSTRACT

Bacteriophage is a virus that infects bacteria and can kill a bacterial cell or integrate
its nucleic acid (DNA or RNA) into the host bacterial cell. One of the phage important
medical applications is using it as an alternative approach to treatment of infections by
resistant pathogenic bacteria. This research aims to find the susceptibility of drug
resistant uropathogenic E. coli towards the T4 phage. The study involved collection of
resistant uropathogenic E. coli (UPEC) toward (Ceftazidime, Gentamicin,
Trimethoprim/Sulfamethoxazole, Ampicillin, Amoxicillin with Clavulanic Acid and
Ciprofloxacin,) isolates from (Hospital Tengku Ampuan Afzan) HTAA, Kuantan,
Pahang during a 4 months period (from 01/September/2015 to 31/December/2015).
Re-identification of UPEC isolates was done by scientifically approved conventional
diagnostic methods. To store isolates for further laboratory procedures, approved long
term and short term bacterial storage methods were followed. All UPEC isolates were
checked for antimicrobial susceptibility test by the Kirby & Bauer method and by the
extended spectrum beta-lactamase (ESBL) screening test. The quantitation of T4
bacteriophage was done at first by the plaque assay on reference E. coli strain
ATCC25922. In the plaque assay for UPEC, serial log dilutions of T4 phage (1 x 10-
1, 1x10-%1x10-°,1x10-* 1x10-°>,1x10-°,1x10-",1x10-®,1x 10-and 1 x
10-'%) were incubated with UPEC by using the double agar layer technique. Countable
plaques were formed for all UPEC isolates in plates inoculated with phage dilutions of
1 x 10° and 1 x 107. To determine the phage Minimal Inhibitory Concentration
(phage MIC), the microbroth dilution method was performed. The phage MIC for the
bacterial isolates was ~1 x 10°/mL which is the lowest phage concentration or highest
dilution which gave a clear broth (no bacterial growth). Serotyping of UPEC H & O
antigens was done by standard agglutination method. The percentage distribution of
UPEC serotypes was CAN55 (14%), MSHS94 (6%) and MSHS23a (10%) and
unknown serotype (70%). In conclusion, the T4 phage concentration of 1 x 10°/mL is
regarded as the phage MIC for all the tested UPEC strains showing a lytic effect
against UPEC.



Eodd) Ao

aaal oS S el 8 bt s LS a1 g 2 sa S ey L)
Jlaxzwl a ahll W g p) Slidss wal il 4 e S B Gaae (3 sl
dpnl= DAY ol M i, e gl 4 Jall AT Ao g wlblaal) o ¢ baS
SNje am anl,ll cdd L T W ey plll an il ad ol s gall asy 5N (504
[ 05515 i (ot laienll s lsliaall s a1 ad a0 a2 31 L S5
o (el S (ST an s STl V) g5l il
pw 2015/09/1 ¢80 any) 5 M= el ols 3 HTAA s
L Lale lde Ol G kIl VAl add (sl jasidl Bale) ¢ .2015/12/31
o oVl i VI ey bkl @ 2SO sleel @ gl feall YAl
isT,. Kirby & Bauer as by 44 cblad) wled) [lesl o el oY 4
gib o @ Td JW il S sasd) ¢ (ESBL) caall s e
ATCC 25922, wJdh 4 iy sV b Jlzely ol ll 680 sl Olas
oo ik Gl pad @ oaeglill ad ol ad il wny sV WOV et St (3L jaeass
1x10-%, 1x10-%, 1x10-*,1x10-*,1x 10-°, 1 x 10-°, 1 x 10-", T4 Sl s 2l
SV s plisal an gLkl ad ) ad sl 4ty 2NV W51 A el X 10-%,1x10-° 1x10-1°
G anglill o s aV oY e S sl ) ol GO S aakl U
oW Laze 1S5 B saed 1% 10-°% 1% 1073 S s sl Gl s ana) GLLYI
X laadl 5500 skl s 4~ . microbroth dilutiondi <« b ¢ ¢ (MIC) Jw
L6 o Oy o Sl ey as) sy W1 ey sl 585 B ests” L U010
A O g b plasnal ) as il sy 5 Y Y shall Ol LY s @
A OV s S8y, O Jy Hoslall Wl e 7 Je e olazel el
CANS5 (14%), MSHS94 (6%) and -: (WS« assal ey 2y
SW s S5 e etz (7090).45, ¢ MSHS23a (10%)
i) ) a8 et 3 S e Lt 185 B L U710 X ] atiTA
RV UPRINIPI T PUWCHS-ON I SR N EPWHL PP



APPROVAL PAGE

| certify that | have supervised and read this study and that in my opinion, it conforms
to acceptable standards of scholarly presentation and is fully adequate, in scope and
quality, as a dissertation for the degree of Master of Basic Medical Sciences

Mohammed Imad Al-Deen
Mustafa Mahmud
Supervisor

Hairul Aini Hamzah
Co-Supervisor

| certify that | have read this study and that in my opinion it conforms to acceptable
standards of scholarly presentation and is fully adequate, in scope and quality, as a
dissertation for the degree of Master of Basic Medical Sciences

Anil Kumar Saxena
Internal Examiner

This dissertation was submitted to the Department of Basic Medical Sciences and is
accepted as a fulfilment of the requirement for the degree of Master of Medical
Sciences

Zunariah Buyong
Head, Department of
Basic Medical Sciences

This dissertation was submitted to the Kulliyyah of Medicine and is accepted as a
fulfilment of the requirement for the degree of Master of Medical Sciences

Azmi Md Nor
Dean, Kulliyyah of Medicine



DECLARATION

| hereby declare that this dissertation is the result of my own investigations, except

where otherwise stated. | also declare that it has not been previously or concurrently

submitted as a whole for any other degrees at IIUM or other institutions.

Limes Husam Almanseekanaa

SIGNALUIE.....covveieciece e Date.....cccccveievieieeeceeee e



INTERNATIONAL ISLAMIC UNIVERSITY MALAYSIA

DECLARATION OF COPYRIGHT AND AFFIRMATION OF
FAIR USE OF UNPUBLISHED RESEARCH

INVITRO ACTIVITY OF T4 BACTERIOPHAGE ON
UROPATHOGENIC E. COLI

| declare that the copyright holder of this dissertation is jointly owned by the
student and HUM.

Copyright © 2016 Limes Husam Almanseekanaa and International Islamic University Malaysia. All
rights reserved.

No part of this unpublished research may be reproduced, stored in a retrieval
system, or transmitted, in any form or by any means, electronic, mechanical,
photocopying, recording or otherwise without prior written permission of the
copyright holder except as provided below

1. Any material contained in or derived from this unpublished research
may only be used by others in their writing with due acknowledgement.

2. 1IUM or its Iib_rar¥ will have the right to make and transmit copies
(print or electronic) for institutional and academic purpose.

3. The IHUM library will have the right to make, store in a retrieval system and

supply copies of this unpublished research if requested by other
universities and research libraries.

By signing this form, | acknowledged that | have read and understand the
IIUM Intellectual Property Right and Commercialization policy.

Affirmed by Limes Husam Almanseekanaa

Signature Date

Vi




To
The martyrs of Iraq, Who sacrificed themselves for us.....

My beloved family, the source of love, help and strength......

vii



ACKNOWLEDGEMENTS

All praises belongs to Allah the most merciful subhanahu wataala for his guidance and
help to accomplish this work.

I would like to express my deepest gratitude and appreciation to my supervisor
Prof. Dr. Mohammed Imad Al-Deen Mustafa Mahmoud for his supervised over the
study period and to my Co-Supervisor Assistant Prof. Dr. Hairul Aini Hamzah

Also, | wish to express my appreciation and thanks to those who provided their
time, effort and support for this project to my lovely husband Dr. Raed Hamzah
Mohammed and to Dr. Mohammad Naji Karim from AL-Nahrain University, Iragq and
to Dr. Roesnita Bt Baharadin and Mrs. Jayanti from Microbiology Laboratory, HTAA

I am also very grateful for the unlimited help and cooperation by the
Microbiology Laboratory MLTs at BMS Department.

viii



LIST OF CONTACTS

ADSTFACT ... bbbttt b b nre s i
APPIOVAI PAGE......c.eeiiiiiieieee bbb \Y;
(000 0) Y/ Lo 0] 0 o= Vo TSRS vi
ACKNOWIEAGEMENTS ... viii
LISE OF CONTACES ...ttt iX
LISt OF TADIES ... et Xii
S ) T U= ST Xiii
LiSt OF ADDIEVALION ... Xiv
CHAPTER ONE: INTRODUCTION. ..ottt 1
1.1 BACKGIOUNG. ......eiiiiiiiiiieiie st 1
1.2 Reserach JUSHITICAtION .........cooiiiiieiciee s 1
1.3 The Problem Statement .........ccoevveeiie e 2
1.4 AIM OF RESEAICN ... s 3
1.4.1 General ODBJECHIVES .......cvciiiiieicee e 3
1.4.2 SPECITiC ODJECLIVES.....cviieeeieeie et 3
CHAPTER TWO: LITERATURE REVIEW. ..., 4
2.1 Defenition of Bacteriophage...........coveieieiiiiiieceeee e, 4
2.2 HISTOTY ..ottt ae e reenae e 4
2.3 Classification And Structure of T4 Bacteriophage..........ccocoovvveniniinniennen, 5
2.4 The Lifecycle of T4 Bacteriophage.........cccoeiveieeiieiieceese e, 7
2.5 Phage APPHICALION .......coiiiiiiiieieceiee e 8
2.5. 1 ANIMAl THHAIS .o s 9
2.5.2 Phage Therapy In HUMANS ........cccoooiiiiiiinieiceec e 11

2.5.3 Use of Bacteriophages In Food Industries And
AGEICUITUIE ... 13
2.6 Advantages of Phage Therapy Over AntibioticS..........cccooevviiciiciiienen, 16
2.7 ESCNerichia COli........ovoieiiiiie e 18
2.7.1 INrOTUCTION ... e 18
2.7.2 Scientific Classification of E. COli.........cccevvviviieniiiiiiece e, 19
2.7.3 Description of The E. COli....ooovviiiiiiiiiecc e 19
2.7.4 Bacterial GrOWEN .........ccoiveiiiiecee e 21
275 Cell CYCIE .. 22
2.7.6 SEIOLYPES ...ttt 22
2.7.6.1 0 ANLIEN.....oiiiiecie et 22
2.7.6.2 K ANTIGEN ..ottt 23
2.7.6.3H ANTIEN.....ooiiiiiii e 24
2.7.7 THerapeUtiC USE........ooiiiiiiieieiie et 24
2.7.8 PathogeniC E. COli.....coviiiiiiicicc e 25
2.8 Urinary Tract INTECIONS .......cciveiiiieie e 25
2.9 E. coli AntibiotiC RESISTANCE .........ooeiiiiiieiieicee e 28



CHAPTER THREE: METHODOLOGY .......ccoiiiiiiiiiiciii s 30

3.1 STUAY DBSIGN ..ttt bbbt 30
3.2 Sample COHECHION .....c.eeveeeceee e e 30
3.3 ReIdENtITICALION ....ocvviiieiiee e 30
3.3.1 BIOChEMICAI TESTS .....viveiiieiiiieiesie et 30
3.3.1.1 Indole Test (Tryptone Broth).........cccccevveveniennniiiniceee 30

3.3.1.1.1 PrINCIPIE coeveeeeeceeceee e 30

3.3.1.1.2 PrOCEAUIE....cuveivieciienie ettt 31

3.3.1.1.3 RESUIES .o 31

3.3.1.2 Methyl Red Test (MRVP Broth) .........cccocvvvevniciiiniieen 32

3.3.1.2.1 PriNCIPIE oot 32

3.3.1.2.2  PrOCEAUIE.....ccuieeeeiieeieee ettt 32

3.3.1.2.3  RESUIS ..ot 32
3.3.1.3V0QeS-Proskauer TeSE.........ccueieririreieiee e 33

3.3.1.3.1 PriNCIPIE oo 33

3.3.1.3.2  PrOCEAUIE.....ciuieieeiiecieeie et 33

3.3.1.3.3  RESUILS ..ot 34

3.3.1.4 Citrate Test (Simmon's Citrate Slant) ...........ccoovevrvriviiinnnenn 35

3.3.1.4.1 PrinCIPIe oo 35

3.3.1.4.2  PrOCEAUIE.....ccieieeieeeieeie sttt 35

3.3.1.4.3  RESUIS ..ot 35

3.4 BaCterial STOTage ......ooveiviiiiieiieieee s 36
3.5 Antimicrobial Susceptibility TeSt........cccoviiieiiiiieicceecce e 37
S5 IPTINCIPIE o e 37
3.5.2 PrOCEAUIE......eeieiecie sttt 38
3.5.3 Preparation of Muller HInton agar ..........cccccooeveneniieniniiiccenn, 38
3.5.4 Kirby Bauer method procedure............ccouevveieiieie e, 38

3.6 ESBL SCreeNING tEST ....c..eiviiiiiiieiieieieie e 39
3.7 ESBL Phenotypic Confirmatory test...........cccccveveiiievieie e 39
3.8 THE PlagUE ASSAY .....c.veiuiiiiieiiieiieieie ettt 40
3.8.1 PrINCIPIE ..t 40
IR 00 I I |V 1= |- SRS 41

3.8.1.1.1 Tryptone Broth........ccccoveeiiiieiiiie e 41

3.8.1.1.2 Eosin Methylene Blue Agar (EMB)..........ccccvvvvnne. 41

3.8.1.1.3  AQAIOSE...cccieieiiiie it e ciee e siee e se e 42

3.8.1.1.4 NULHENt Broth ..o 42

3.8.1.2 Phage DilUtIONS......c.coiiiiieiiiciieeee e 42

3.8.1.3 Double Agar Layer Technique ........c.cccoevvievieiieciie e, 43

3.8.1.3.1  ProCEAUIE.....ccveeeeieeeee et 43

3.9 Determining The MIC of Phages ........ccccvevieiiiiiiececcc e 44
3.10 E. COli SEIrOtYPING ...cveiviieiiiiiiieiieieie e 44
3.10.1 Standard Agglutination Methods ...........ccccceiiiiiieiicc e, 45
3.10.2.1 PrINCIPIE oo 45
3.10.2.1.1 O ANLIGEN .ttt 45

3.10.1.1.2 H ANTIZEN .ottt 45

CHAPTER FOUR: RESULTS ..ottt 48
4.1 Reidentification of Bacterial ISOIates...........ccovviiiiiiiiiinieciie 48

4.2 Antimicrobial Susceptibility TeSt.........cccvveviiiviiieiree e 48



4.3 ESBL Phenotypic Confirmatory TeSt ........ccccvevevvieiverieiieseeie e 48

4.4 THe PlagUe ASSAY .......coeiiiiiiiieiieieiesie sttt 49
4.5 The MIC of T4 Coliphage Against E. coli Isolates ...........c.ccccvvvenenn 55
4.6 E. COll SErOtYPING....c.oiviieiiiiiieiieieee s 55
CHAPTER FIVE: DISCUSSION.......cocoiiiiieieie et 57
5.1 Antimicrobial Resistant Pattern of Bacterial Isolate.............cc.cce.... 58
5.2 Phenotypic Detection 0f ESBL ...........ccocvviiiiieiinec e 58
5.3 Susceptibility of Upec Isolates To T4 Bacteriophage............c.ccc....... 59
5.4 E. COlT SEIrOtYPING......eiiiiiiiieieieiesiere st 60
CHAPTER SIX: CONCLUSION AND RECOMMENDATION........ccoevvevennnne. 61
6.1 CONCIUSION ..ttt 61
6.2 Recommendation For Further Study...........ccccooviininiininiiescen, 61
REFRENCES ..ottt ettt sne e enne e 62

Xi



LIST OF TABLES

Table 2.1 Classification 0f T4 PANgE ......ccccvviieeiieiicece e 6

Table 2.2 Comparison of bacteriophages and antibiotics regarding their
therapeutic and prophylactiC USE. ..........coovririiinirieice e 17

Table 2.3 Scientific classification of E. COl ......ccccovvviiiiiiii 19

Table 2.4 Biochemical characteristics associated with different members
of the genus ESCherichia. ..........c.cccooieiieii i 21

Table 3.1 List of antibiotics used in Kirby & Bauer disc diffusion test

according to the CLSI in criteria for Enterobacteriaceae............cccccccovenen. 37
Table 3.2 List of antibiotics used in ESBL phenotypic confirmatory test................... 40
Table 3.3 Uropathogenic E. coli Strains/SErotypes..........ccoceierereneneneneneseeeeeeenns 45

Table 4.1 Antimicrobial susceptibility patterns of uropathogenic E coli
ISOIALES. ..ttt 48

Table 4.2 Plaque assay of T4 bacteriophage (dilution 10°°) grows in UPEC
110 LSRR 50

Table 4.3 Plaque assay of T4 bacteriophage (dilution 10) grows in UPEC
110] F LTSS 52

Table 4.4 E. COli SErOtYPING ...ccviiuieiie et 56

xii



LIST OF FIGURES

Figure 2.1 The StruCture OF T4 .....c.vc e 6
Figure 2.2 Injection process of T4 bacteriophage DNA into a bacterial cell................. 8
Figure 3.1 Indole test (POSLIVE reatioNn) ..........cccveiveiieieiie e 31
Figure 3.2 Methyl red test (A= postive reaction, B= negative control)....................... 33
Figure 3.3 Voges-Proskauer test (A= negative reaction, B=negative

CONEIOD) .t 34
Figure 3.4 Citrate test (A= negative control , B=negative result)...........c.cc.ccoovrvrrurnn. 36

Figure 4.1 Combined disc diffusion method used for phenotypic ESBL
detection. The agar shows increased inhibition zone(>5mm)
around ceftazidime (30 pg), cefotaxime (30 pg), ceftazidime
with clavulanic acid (30/10 pg) and cefotaxime with clavulanic

ACTH (30710 Q) +vvereeeerieniesie ettt 49
Figure 4.2 Plaque assay(TNC: t00 NUMErOUS t0 COUNT) ........covvrverierienerierieniisieeieeeenes 54
Figure 4.3 Plaque assay(sufficient number of countable plaque) .............cccceviinnnnn, 54

Figure 4.4 The phage MIC. the wells with numbers 1,2,3,4,5 show a clear
suspension (no bacterial growth) while the wells with nunbers
6,7,8 show turbidity(bacterial growth). The wells number 5
show the lowest concentration of phage(1x10°/mL) that inhibt
bacterial QroWLEN. ..o 55

Figure 4.5 E. coli serotyping for O antigen. The wells 1 and 2 show the
positive agglutination reaction (seen as a grey carpet covering
the button of the well) while others wells (4,5 and 6) show the
negative agglutination reaction( a small white spot centered in
TN WEID). oo 56

Xiii


file:///C:/Documents%20and%20Settings/Administrator/Desktop/5.4.2016.docx%23_Toc447703105

ATP
CFU
CPS
DNA
dsDNA
EMB
ESBL
EXPEC
FDA
GIT
gm
GRAS
HTAA
HUS
IMPR-Pa
ip

LPS
LTF
MIC
MPSA

nm

LIST OF ABBREVATION

Adinosin triple phosphate

Cell forming unit

Capsular polysaccharide

Deoxyribonucleic acid

Double-stranded DNA

Eosin -methylen blue

Extended - spectrum Beta - lactamase
Extra-intestinal Pathogenic Escherichia coli
Food and drug administration
Gastrointestinal tract

Gram

Generally recognized as safe

Hospital tengku ampuan afzain.

Hemolytic - uremic syndrome.

Imipenem resistant Pseudomonas aeruginosa
Inraperitoneal

Lipopolysaccharide

Long tail fibers

Minimum inhibitory concetration
Methacillin resistant Staphylococcus aureus

Nanometer

Xiv



OMRI
PFU
Prs
STF
UPECs
UTIs
VRE
ul

pm

ug

Organic materials review institute

Plaque forming unite

P - Related sequences

Short tail fibers

Uropathogenic E. Coli strains

Urinary tract infections
Vancomycin-resistant Enterococcus faecium
Microliter

Micrometer

Microgram

XV



CHAPTER ONE

INTRODUCTION

1.1 BACKGROUND

The appearance of resistant pathogenic bacteria to most, if not all, currently available
antimicrobial agents has become a serious problem in modern medicine, especially
because of the accompanying increase in immunosuppressed patients. The concern
that human being is returning to the “preantibiotics” era has become very real and the
development of alternative anti infection patterns has become one of the highest
priorities of modern medicine and biotechnology. Before to the discovery and
widespread use of antibiotics, it was proposed that bacterial infections could be treated
and/or prevented by the administration of phages. Although, the early clinical studies
with bacteriophages were not widely pursued in the Western Europe and United
States, bacteriophages were utilized in the former Soviet Union and Eastern Europe.
"The results of clinical studies were extensively published in Russian, Georgian, and
Polish journals, so were not easily available to the western scientific community"

(Sulakvelidze et al., 2001).

1.2 RESERACH JUSTIFICATION

Urinary tract infections (UTIs) are one of the most common infections recorded in
clinical study, mainly being related with different members of the family
Enterobacteriaceae and among them Escherichia coli (E. coli) is the most predominant
pathogen. 75-85% of UTIs are caused by uropathogenic strains of Escherichia coli

(UPECs). In UPECs, there has been a progress toward antibiotic resistance, with



declining susceptibility to antimicrobial agents such as "nitrofurantoin, ampicillin,
fluoroquinolones and sulphamethoxazole/trimethoprim (SXT)" (Nicolle, 2002).
Certain serotypes of E. coli are consistently associated with uropathogenicity
and are listed as uropathogenic E. coli (UPEC). About 90% of all UTIs among
ambulatory patients and up to 50% of all nosocomial UTIs are caused by UPEC
strains(Jacobsen et al ., 2008) The concept of uropathogenic refers to certain E. coli
strains that are selected from the faecal flora for their ability to colonize and infect the
urinary tract. Uropathogenic E. coli strains are believed to show a variety of virulence
factors that help them to colonize the mucosal surface of the host and avoid host
defense to permit invasion of the normally sterile urinary tract. In 2014, the global
report on surveillance from Worlds Health Organization (WHO) showed that the
percentage of E coli resistant isolates was 77% in Western Pacific Region, 43% in
European Region, 41% in Eastern Mediterranean Region and 16-68% in five different
countries of South-East Asia Region (World Health Organization, 2014). In Malaysia,
A report from Institute of Medical Research (IMR) displayed an increase in the
percentage of E coli resistance to different types of antibiotics in 2013 and 2014.
Another way to antimicrobial treatment would be a great importance to treat UTIs

resistance (Chibeu et al., 2012).

1.3 THE PROBLEM STATEMENT

The emergence of antimicrobial resistant bacteria has become a serious
problem in medicine, including the appearance of multidrug-resistant

uropathogenic E. coli (UPEC).



1.4 AIM OF RESEARCH

141 GENERAL OBJECTIVES

e To find the susceptibility of resistant uropathogenic E. coli towards T4 phage.

1.4.2 SPECIFIC OBJECTIVES

To identify resistant clinical isolates of uropathogenic E. coli.

e To serotype the identified UPEC.

e To determine the in vitro susceptibility of different UPEC strains to T4 phage.

e To determine the minimum inhibitory bactericidal concentration (MIC) of T4

phage (the concentration of phage that give complete inhibition/lysis of UPEC).



CHAPTER TWO

LITERATURE REVIEW

2.1 DEFENITION OF BACTERIOPHAGE

Bacteriophages are viruses that infect bacteria. They are obligate parasites and need
bacterial cells to replicate. The name was formed from "bacteria™ and “phagen™ (to eat
or devour in Greek), and was meant to imply that phages "eat or devour bacteria.
Phages start infections by attaching to the surface of host bacterial cells and then
inoculate their genomes into those cells (Clark & Richard, 2013).

Bacteriophages are widely distributed and exhibit both in water and soil.
Phages are the most abundant living entities on earth- the estimate range from 10% to
10* in total-and have regulated the microbial balance in every ecosystem that has

been explored (Kutter & Sulakvelidze, 2004).

2.2 HISTORY

Although bacteriophages are widely distributed in water and soil, they were not
recognized for over 40 years after the beginning of bacteriology as a science in the
1880s. In 1917, Felix d'Herell, a French-Canadian microbiologist, described a
"microbe"” that was antagonistic to bacteria, lysed bacteria in watery cultures, and
killed bacteria in discrete patches, that he termed plaques, on the agar surface spread
with a bacterial film .D'Herelle considered these undetectable microbes as
"ultraviruses" that infected bacteria and multiplied at their expense, and so d'Herell

called them bacteriophages.


https://www.google.com.my/search?tbo=p&tbm=bks&q=inauthor:%22Clark+Denton%22
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In Paris under the First World War conditions, Herelle worked at the Pasteur
Institute when he was called to examine an outbreak of bacillary dysentery of French
soldiers.” D'Herelle examined the filtered dysentery specimens for invisible viruses
that might alter the growth and pathogenicity of the bacteria from the dysentery
patients. He noted lysis in liquid culture and the formation of clear spots in the
confluent bacterial culture that covered the agar surface. He noted that the invisible
agent multiplied and needed living cell in its multiplication. D'Herelle realized that the
plaque count provided a way to enumerate these invisible agents. He believed that
phages were responsible for much of the recovery from infectious diseases. Because
he noted increasing titers of bacteriophage during the course of recovery from
dysentery and typhoid, he concluded that the gradual adaptation of lytic phages to
specific pathogens, their subsequent multiplication and lysis of the pathogen was the
mechanism of recovery. He called phages exogenous agents of immunity "(Waldor et
al., 2005).

In the Second World War, phage therapy was widely used to treat the war-
wounded as well as the many soldiers suffering from dysentery. Bacteriophage
therapy continued to be researched extensively with military support after the war and
became part of general standard treatment in some countries, particularly in Republic

of Georgia (Sulakvelidze et al., 2001).

2.3 CLASSIFICATION AND STRUCTURE OF T4 BACTERIOPHAGE

Enterobacteria phage T4 is a bacteriophage that infects Escherichia coli bacteria. It is
a member of the T- even phages, which are a group including enterobacteriophages T2

and T6.



Table 2.1 Classification of T4 pahge

Group Group 1 (dsDNA).

Order Caudoviales.

Family Myoviridae.

Genus T4 like viruses.

Species Enterobacteria phage T4.

T4 phage is a large phage at approximately 90 nm wide and 200 nm long. Like all
viruses, T4 phage contains nucleic acid (double-stranded DNA) coated by capsid (a
protein coat). The DNA genome is encased in an icosahedral shaped head.
Bacteriophages are not enveloped, unlike some plant and animal viruses.

The structure of T4 phage includes a head, tail, and baseplate (Fig. 2.1). The head
contains double-stranded viral DNA that is ejected into bacterial cell to propagate the
viral infection. The phage tail connects to the baseplate, which attaches to long and
short tail fibers responsible for recognizing bacterial cell and then anchoring the phage
to the bacterial cell. Also the phage tail consists of retracting cell-puncturing device

which is a tool used for injecting the phage DNA into the bacterial cell (Adams, 2009)

base plate

Tail fibers

/
Tail pins

Figure 2.1 The structure of T4



24 THE LIFECYCLE OF T4 BACTERIOPHAGE

The T4 bacteriophage Long tail fibers (LTF) identify surface receptors of E. coli
thereby starting the infective process. LTFs send a recognition signal to the base plate.
The short tail fibers (STF) are then unraveled thus binding irreversibly to the surface
of the E. coli cell. The changes of base plate which results in contraction of tail sheath
causing GP5 present at the end of the tail tube to perforation the outer cellular
membrane. The periplasmic peptidoglycan layer is degraded by the activated
lysozyme domain of GP5. When remaining part of the membrane is also degraded
then DNA from the phage’s head enters the E. coli by traveling through the tail tube
as shown in Figure 2.2 (Tarahovsky et al., 1994).

In 30 minutes, the life cycle of T4 bacteriophage will be completed. From
entering a bacterium to its destruction (at 37 °C), phage life cycle composed of:
1. Adsorption and penetration (starting immediately)
2. Arrest of host gene expression (starting immediately)
3. Enzyme synthesis (starting after 5 minutes)
4. DNA replication (starting after 10 minutes)

5. Formation of new virus particles (starting after 12 minutes)

After the completion of lytic lifecycle the host cell bursts open and releases the
newly built viruses leading to destroy the host cell. "The burst size of T4
bacteriophage is about 100-150 viral particles per infected host. T4 bacteriophage
infects a host cell by their information afterwards blowing up the host cell thus

propagating their progeny and increasing themselves" (Taj et al., 2014)
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Figure 2.2 Injection process of T4 bacteriophage DNA into a bacterial cell

2.5 PHAGE APPLICATION

For more than 50 years, clinicians and researchers have been depending primarily on
antimicrobial agents to treat infectious diseases caused by pathogenic bacteria. On the
other hand, the appearance of bacterial resistance to antimicrobial agents following
widespread clinical, agricultural, and veterinary application has made antibiotics
lower effective (Perisien et al., 2008; Fischetti, 2008). Nowadays, researchers are
facing the intimidation of superbugs™ i.e. pathogenic bacteria active against to most or
all available antibiotics "(Livemore, 2004; Fischetti, 2006). Since 1975 no new classes
of antibiotics have been created, even with the use of biotechnology like genetic
engineering. The development of new generation of antibiotic products derived from
the known classes of antibiotics by Pharmaceutical companies regards as major
concern. Therefore, searching for other approaches to develop antibiotics products is
also a worthwhile task, and re- investigation the potential of promising older

techniques might be of value. (Carlton, 1999; Sulakvelidze et al., 2001) using of



phages as anti-agents is one of the possible replacements for antibiotics (Shasha et al.,
2004; Vinodkumar et al., 2008). Phage therapy includes the use of lytic phages for
treatment of bacterial infections, in particular, those caused by antibiotic resistant
bacteria. Generally, there are two major kinds of bacteriphages, "lysogenic and lytic".
The lytic bacteriophages "(known as virulent phages)” are a better option for
developing therapeutic bacteriophage preparations. The activity of bactericidal
bacteriophages has been used to treat infections in human for many years as an
alternative or supportive mode to "antibiotic therapy". Bacteriophages are used in the
treatments of bacterial infections in human beings, mammals, birds, fishes, plants,

food industries as well as biofilm eradication (Chhibber & Kumari, 2012).

2.5.1 Animal Trials

In the United Kingdom, Huggins and Smith (1982, 1983) conducted a series of well-
controlled experiments on the use of bacteriophages in infected mice by "systemic E.
coli* and then in gastrointestinal tract diseases in pigs and young calves. Other
researchers examined the effects of specific bacteriophage therapy in white mice
infected by intraperitoneal injection of "K. pneumoniae K25053" (Bogovazova et al.,
1991). Chhibber & Kumari tested the bacteriophage ability in experimentally infected
wounds of guinea pigs to prevent the skin grafts rejection. Their results revealed "that
the -treated grafts by phage were protected in six out of seven cases, however
untreated grafts failed uniformly"”. They suggested that bacteriophage therapy might
be useful for the prevention of "P. aeruginosa infections” in patients with burn
wounds. Bacteriophage therapy has been successfully used to eradicate "E. coli

0157:H7" from cattle (Chhibber & Kumari, 2012).



