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ABSTRACT

In order to study many of the essential procestéfepT4 bacteriophage has become a "model ogyahidue to
many reasons. It's easy to maintain and breed Toteliaphage in a laboratory. It is presently thesmeastly used
organism in molecular genetics due to its rapidogutfon, penetration, DNA replication, formation néw particles,
enzyme synthesis and completed genomic sequendeadtdriophage play key role in molecular biolomjdf in order to
identify the chemical nature of the gene, discox@genes code for proteins, deciphering how thetienode is read and

elucidating the mechanism of DNA replication.

The reason of attraction towards T4 bacteriophagehe@rapeutic agent is that they are lethal antlyigpecific
for targeted bacteria while on the other hand afdhumans. T4 bacteriophages are considered asahantimicrobial
agents to fight again&tscherichia coli infections in animals and humans. Moreover reseanark onEscherichia coli and
its T4 bacteriophages played an important part Ha tevolution of molecular biology. Endolysin orsilys of
T4 bacteriophage are used as antimicrobial agemis Tl bacteriophage is used as a particle to dehlaecine.

T4 bacteriophage also play major role in detedtivegpathogen.
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Figure 1: Schematic of T4 Bacteriophage
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The Escherichia coli are infected by a bacteriophage named T4 bacteagm Length of Its DNA genome is
about 169 kbp which is double stranded. DNA genasnéeld in an icosahedral head which is also catlegsid.
As compared to other bacteriophages T4 is a relatibig bacteriophage, which is about 200 nm lond 80 nm wide
(most of the bacteriophages range in length frono2%00 nm). Its tail fibers permit attachment tishcell while the tail
of T4 bacteriophage is hollow so that it can tramsts nucleic acid to the host cell thus infectilhgluring attachment as

shown in Figure 1 T4 bacteriophage does not undbgmenic lifecycle but has the ability to undergdytic lifecycle

(Miller et al., 2003).
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Figure 2: Injection Process of T4 Bacteriophage DNAnto a Bacterial Cell

Long tail fibers (LTF) of T4 bacteriophage recognigurface receptors of Eoli thereby initiating the infective
process. LTFs send a recognition signal to the Ipéeie. The short tail fibers (STF) are then uniedehus binding
irreversibly to thek. coli cell surface. The conformation of base plate ckanghich results in contraction of tail sheath
causing GP5 present at the end of the tail tubgutwture the outer cellular membrane. The periplageptidoglycan
layer is degraded by the activated lysozyme dora&i@P5. When remaining part of the membrane is désgraded then
DNA from the phage’s head enters thecoli by traveling through the tail tube as shown inufgg2 (Tarahovsket al.,
1994).

T4 bacteriophage takes about 30 minutes to compigie lifecycle i.e from entering a bacterium tts i

destruction (at 37 °C) and composed of:
» Adsorption and penetration (starting immediately)
» Arrest of host gene expression (starting immedjatel
» Enzyme synthesis (starting after 5 minutes)
» DNA replication (starting after 10 minutes)

» Formation of new virus particles (starting afterrhihutes)
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The host cell bursts open and releases the newily \ituses after the completion of lytic lifecycldwus
destroying the host cell. The burst size of T4 &dophage is about 100-150 viral particles per atgfd host.
T4 bacteriophage infects a host cell by their infation afterwards blowing up the host cell thuspagating their progeny

and increasing themselves (Tarahovskal., 1994).
T4 Bacteriophage Unique Feature

There are some unique features in T4 bacteriophdjeh are as follows: (Odet al., 2004; Milleret al., 2003;
Madigan and Martinko, 2006; Tarahovsityal., 1994).

e Eukaryote-like introns

» High speed DNA copying mechanism, with only 1 efro800 copies
e Special DNA repair mechanisms

* ItinfectsE. coli O157:H7

» Genome terminally redundant

First of all genome is replicated and form sevenaits and then there is end-to-end recombinatiothege
genomic units which results in the formation ofamcatemer. The concatemer is cut into same lertigihspecific points
during packaging. Thus several genomes are fornt@dhwcorrespond to Circular permutations of thegioal genome
(Madigan and Martinko, 2006).

“Lysis from within” and “Lysis from without”

T4 bacteriophage signifies two totally differentpég of lysis, which are "Lysis from without” and
"Lysis from within". Lysis from without occurs alreb instantaneously by T4 bacteriophage adsorptioa tareshold
which is almost equal to the adsorption capabdityhat bacterium. None of the T4 bacteriophadéerated in this case,
on the contrary, the adsorbed T4 bacteriophagemstreWhile Lysis from within is the usual lysisat is observed when
the latent periods of Iytic T4 bacteriophage enle Tell wall of the bacterium is attacked by T4tbeaophage in such a
way which permits swelling of the cell and its defation into a spherical body. Lysis from within irstiated by
adsorption of single or few T4 bacteriophage pkatic In favorable conditions there is multiplicatioof one
T4 bacteriophage particle within the bacterium a threshold value during the latent period. Tt value is equal to
the adsorption capacity and when this thresholdieszakaches only then there is abrupt destructioprofoplasmic
membrane which results in liberation of the T4 bdophage particle and permits a rapid releas@etell contents with

no deformation of the cell wall (Delbruck, 1940).
T4 Bacteriophage as Model Organism

E.coli is infected by a virus i.e bacteriophage T4 whias Iplayed key roles in few of the most important
advances in the field of molecular biology incluglithe recognition of the chemical nature of gereglaining the
mechanism of DNA replication, discovering genesecfat proteins and even deciphering how the gerwtie is read
(Sriskantharajah, 2011).
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e T4 Bacteriophage as Model System

In the development of modern genetics and moleditdogy, T4 bacteriophages have been consideredritant
model systems since the 1940s. Many investigatave kaken benefit of T4 phage’s practical degresoaiplexity and its
capability to gain complete genetic and physiolagionformation with quite easy experiments. T4 b&ophage was
considered useful in the formulations of many basitogical concepts. These comprise of clear-eabgnition of nucleic
acids as the genetic material; defining gene bg-fitnucture through recombinational, mutational famgttional analyses;
demonstrating the triplet nature genetic code; mRiigcovery; the significance of recombination in Akeplication;
mechanism of light-independent and light-depend2RA repair; modification and restriction of DNA,;atnslational
bypassing; prokaryote’s self splicing introns andny others (Karanat al., 1994; Mathewest al., 1983). The benefit in
view of T4 bacteriophage as a model system is Tagels complete inhibition of host gene expressturs tallowing
investigators to distinguish between phage and huatromolecular syntheses (Alberts and Miake-Ly8921
Alberts, 1987).

» T4 Bacteriophage Therapy

The reason of attraction towards T4 bacteriophagtherapeutic agent is that they are lethal antdhigpecific
for targeted bacteria while on the other hand gafdhumans. Moreover, T4 bacteriophages can develpily to battle
the antibiotic-resistant pathogenic bacteria emergdgBarrow and Soothill, 1997; Thacker, 2003). Hiid.ily Company
(Indianapolis, Ind.) in 1940s formed T4 bacteriagd@roducts against Escherichia coli for human(8séakvelidzest al.,
2001). In a most recent paper from Brussow andeaglies (Chibani-Chennoudi al., 2004) systematical experiments
were conducted withE. coli phages. T4 bacteriophages were tested against fakpathogenic and pathogenic
(EPEC and EHEC) strains &fcoli (Ochman and Selander, 1984). T4 coli phages wliciwed the complementary and

widest infection range among the strains were ahésethe experiments.
e T4 Bacteriophage Lysins as Antimicrobials

Many of recent studies have revealed that rathen thtact phage the T4 bacteriophage endolysinsbbas
potentially used in therapeutics (Oliveial., 2012). T4 bacteriophage endolysins are enzyntéshvhydrolyze the four
major bonds in peptidoglycan component of cell whlis spoiling the cell wall’s integrity. Most offi¢ phage lysins
studied till date is in fact modular in structuteat composed of two clearly divided functional dimsawhich are
N-terminal catalytic domain and C-terminal cell-iWaihding domain. The C-terminal directs the enzymés target while
the catalytic domain can consist of one or mora ibr@e of the following types of peptidoglycan hyldses: muramidases
(lysozyme), endopeptidases, glucosamidases andetyhatiramoyl- L-alanine amidases. The majority e tysins are
amidases (Briat al., 2010; Oliveiraet al., 2012).

e T4 Bacteriophage Display

Display technology of T4 bacteriophage is a powenfolecular tool that had a key impact on the discyg of
drugs, immunology, pharmacology and plant scier@isplay technology is a technique by which foreigroteins,
peptides or fragments of antibody are presenteal thbacteriophage particles surface. As a re$tttinscriptional fusion,
the heterologous protein or peptide is cloned wite of the coat protein genes into phagemid genomea

T4 bacteriophage. Thus T4 bacteriophages becomileghfor expression that along with carrying thecleotide
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sequence within them encode the expressed prdtensby permitting the gene sequence to be rettiand also have the
ability to replicate (Malyt al., 2002).

* Function of T4 Bacteriophage in Vaccines

An exciting and novel use of T4 bacteriophagesoideliver vaccines either as delivery vehicles E0MA
vaccines or as a form in which immunogenic peptides attached to the modified coat proteins of &dtdériophage.
Display of T4 bacteriophage is helpful for the rgaibion of immunogenic mimotopes or epitopes ompldiged peptides in
turn which can become the base of peptide vac¢ireset al., 2013).

e T4 Bacteriophage for Detection of Pathogens

E.coli can be detected by T4 bacteriophage. Small oatesid (SOC) protein of T4 bacteriophage was used in
order to present green fluorescent protein (GFREhvis an easily detectable protein marker presenthe capsid of
phage. The T4 e (-) phage was used to dé&ecti, which does not produce the lysozyme responsibl¢hio lysis of host
cell. The intensity of green fluorescence was iaseel by the propagation of T4 e (-)/GFP in the bheBs thus it makes
the differentiation ok. coli cells from other cells very effective and simpldis method allows the rapid and conclusive

guantitation of. coli cells in an hour (Tangt al., 2004).
CONCLUSIONS

Studies on T4 bacteriophage growth and use playeeryaimportant role in the history of moleculaoloigy.
The information which was accumulated during théQk9 with the model species T4 bacteriophage thadasics for the
evolving field. T4 bacteriophage research continteebreak new ground in our understanding of theidbanolecular
mechanisms. T4 bacteriophage is one of the basaeln@f molecular biology for several decades &gl \tirus is now

actively used as object of structural biology, ph#gerapy, vaccine and phage display.
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