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ABSTRACT

Campylobacter infections pose a severe threatéthultry ecosystem leading to high economic [Blss.antibiotic
treatment against these infections is not effedive to the emerging antibiotic resistance exhiblig the bacteria
and no vaccines are currently available to prevéms infection. Phage therapy has been suggestednas
alternative antimicrobial therapy. The phages weselated, purified and the concentration was 22 ¥1BFU
(Plaque Forming Units) mt Over a period of 35 days, these phages were fomite stable when stored both in
SM buffer and PBS at 4 - 7°C. The stability of pfsag/as also analyzed at temperature and pH ranfyjorg 50 to
90 °C and 2 to 12 respectively. The phage growtfampaters such as the latent period, the burst geead the
burst size were 30 min, 30 min and 4 PFU per infeatenter respectively. These phages possesseadhwal range.
From the AFM analysis, the head diameter and &ilgith were 140 nm and 248 nm respectively. Fronebglts
of genome finger printing analysis and pulse figéd electrophoresis, the genome size was foune tardund 20
Kbp. The presence of different phage proteins énntiolecular weight range of 15 — 85 KDa were obsgfyy SDS-
PAGE.
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INTRODUCTION

Campylobacter jejunis a gram-negative, slender, comma or spiral shapdd [1]. Campylobacterdhave been
frequently isolated from the poultry ecosystems ahadies on this bacterium gained importance duetsto
pathogenic activity [2]. It causes campylobactédsiosharacterized with diarrhea and other relajedpsoms [3]. It
also spreads rapidly.

The antibiotic therapy against campylobacteriosigrieatly affected because of the bacterial registdo a wide
range of antibiotics [4]. The phage therapy empdoge an alternative approach against this pathodeatteria
requires knowledge on the lytic phages specificiregathis pathogenic bacterium [5]. Here, we démcrihe
isolation, large scale production, purification dadher characterization @ampylobactephages suggesting it to
be to the biocontrol agent in the poultry ecosystem

EXPERIMENTAL SECTION

Bacterial Strainsand Culture Conditions

The bacterial strain used for the study was isdldéitem the fecal sample of a diarrhea affected kanicobtained
from a poultry farm. 1 g of this sample was added @ ml of 0.1% peptone water and serially dilutedto 10°.
The diluted samples were plated onto Muller Hinamrar and incubated at 42°C for 48 hours. The cefomiere
then subjected to biochemical analysis for thetifieation of the organism [6]. The bacterial strmiused for host
range analysis are tabulated in Table 2.
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I solation of Phages

The phages were isolated from different poultryrfar Chicken fecal samples were suspended (1:18Mirbuffer
(NaCl — 100mM, MgSQ7H,0 — 8mM, Tris-Cl — 50mM, pH — 7.5, 0.002% gelatand the bacteriophage was
allowed to stabilize at°€ overnight with gentle shaking. The supernatard eentrifuged at 13,000 g for 10 min
and filtered through 0.22 micron pore size membifdter. For the confirmation of phages, the safarnoverlay
method of Frost (1999) was adopted. Different @hg of bacteria and phage lysates were addedrentbated at
42°C for 30 min to aid in the process of adsorptione Bamples were then added to 5 mL of NZCYM aga)
which was maintained at 45°C in water bath. It @es overlaid onto NZCYM hard agar (1.2%) plat&se plates
were incubated at 42 for 48 h under micro-aerophilic conditions faolation of plaques.

Concentration of Phages

The isolated plaques were precipitated using PEGO6{, 8]. The plaques along with the soft agar ever
resuspended in distilled water and centrifuged0@00 rpm for 30 min at 4°C. To the supernatant, Bt was
added and dissolved at room temperature. It wasikepe for 1 h. Centrifugation was repeated agaid the pellet
was resuspended in 5 ml of saline (0.9% NaCl).

Host Range Analysis

Phage host range was established by using theesgahethod [9]. Ten different bacterial isolatesrevanalysed for
their sensitivity to the phage isolate 4 (TableT)e plate inoculum consisted of 5 mL of soft agas mixed with
100 pL of the overnight bacterial culture and equdime of CaGl (300 mM). The mixture was overlaid onto the
surface of hard agar. 3 pL of each phage lysate wpotted onto the inoculated hard agar plates tlaglates
were incubated at 42°C for 48 h. Bacterial sensjtito the bacteriophages was established by tipeaance of
clear zone at the spot. A control plate was mametiusing SM buffer which showed no zone of clezgan

L arge Scale Production of Phages

Four batches of 250 mL Muller Hinton broths weredalated withC. jejuniand incubated at 42°C overnight. The
phage inoculum (0.1%) containing “1PFU mL* was added to the cultures and incubated till thbidity was
changed. The phage lysate was then subjected ttap\as described above.

Stability Analysis
The isolated plaques were resuspended in SM bafférPBS separately and then incubated at 4 - 76@n@this
period, samples were analyzed at regular inteteadietect the reduction in titer, if any.

Thermal Sensitivity Test

To analyze the temperature sensitivity of phag§, 9L of sterile distilled water was preheated eémperature,
ranging from 50 to 90°C. Then 100 L of phage sotuf1.05 x 18PFU mL') was added to the preheated water. It
was then heated at different temperatures for 30and then kept at room temperature. Surviving phégr was
assayed by the double layer method [10].

pH Sensitivity Test

The phage (at the final concentration of 1.05 XPE) mL') was incubated overnight at 25°C in phosphate
buffered saline (135 mM NaCl, 1.3 mM KCI, 0.5 mM K0y, 3.2 mM NaHPQ,, pH 7.4) at pH ranging from 2 to
12. The phage samples were then re-adjusted to @htl Zhe double layer method was performed to chirer the
phage titer [10].

Deter mination of Phage Adsorption Rate

Phage adsorption was studied using the modifiethadedf Shao and Wang as described below: log pipaseing
C. jejuniculture was centrifuged and the cells were requdget in fresh medium to a final concentration df@BU
mL™. Phage suspension was added at a multiplicityrfeiction (MOI) of 0.01, and the mixture was incudshiat
42°C. Samples were collected every minute duritgta period of 15 min. The samples were centriflge14000
rpm for 20 min to sediment the phage adsorbed.cHfis titers of unabsorbed free phages in the sapent were
determined as indicated above and the rate of ptisorwas found [11].

Phage Growth Characteristics

10 mL of 24 h culture was harvested by centrifugatit 14,000 rpm for 20 min. The pellet was resndpd in 5
mL of fresh medium to obtain a final concentratafril(® CFU mL*. Phage suspension (MOI- 0.01) was added to
this and the mixture was incubated at 42°C for 30. it was then centrifuged for 14,000 rpm for 2thrand the
pellet was then resuspended in 10 ml fresh med&amples were taken every 5 min over a period ohBdwere
immediately titered [12].
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Genome Fingerprinting Analysis

Phage DNA was isolated according to the procedtidpathan, 2003 [13]. Restriction digestion wagied out
using the following enzymes: EcoRI, Hindlll, XhdamHI, Hinfl, Sacl and Nhel. One pg of phage DNA (a
guantified by UV spectrophotometry at 260 nm) wascuin each digestion. The restriction digestios parformed
in restriction endonuclease reaction buffer witlhdlof DNA and 1 unit of respective enzyme. Digastieas carried
out for 2 hours at 37°C. The restriction digestiaitern was observed on 0.7% agarose gel staintadethiidium
bromide. The phage genome sizes were determinediby semi-log plotting method.

Pulse Field Gel Electrophoresis

For preparation of phage genomic DNA, 10 ul of ghagspension was diluted in 40 ul of TE buffer i Tris,
1 mM EDTA [pH 7.5]). This was mixed with an equablvme of 1.4% molten agarose (pulse field gel
electrophoresis [PFGE] grade) in TE buffer and elised into plug molds. The plugs were allowed tcaseoom
temperature and were then transferred to eppendloet containing 5 ml of lysis buffer (100 mM EDTE) mM
Tris [pH 7.2], 1% Sarkosyl [wt/vol], 0.1 mg of pehase K per ml). The plates were incubated at §6fC.8 h
with gentle shaking to lyse the phage capsids agelstithe protein components. The lysis solutios diacarded
and proteinase K was inactivated by the additioh ofl of 1 mM phenylmethylsulfonyl fluoride in wastuffer (50
mM EDTA, 20 mM Tris [pH 7.2]) and incubated for lahroom temperature with gentle shaking. The plugse
then washed three times for 20 min each with swieeshanges of wash buffer at room temperaturk géntle
shaking. A 2-mm slice of each plug was then inseirtéo the wells of a 1.2% agarose gel. The gel wmasusing a
Gene Navigator system in 0.5 TBE for 18 h at a eamigl00 — 130V with a switch time of 30 to 60 4][1

A 2-mm-wide slice from each plug was cut with algebor single-edge razor blade and transferred tobe
containing 1X restriction buffer solution. The glslices were incubated in this restriction bufégr room
temperature for 5 min. Then, the prerestrictiontarix was removed, and 200 ml of the restrictionyere mixture
containing BamHI was added to one tube. The plisgshwere incubated at room temperature (37°C2 for Prior
to casting of the gel, the restriction mixture wamoved from each tube and replaced with 200 nt).56K TBE
(10X TBE contains 0.89 M Tris borate and 0.02 M EDPH 8.3). The plug slices were allowed to stahdoam
temperature for 5 min, after which they were loaiid the appropriate wells of a 1.2% agarose 4&]. [

Analysis of phage proteins

The phage proteins were analysed by SDS-PAGE axided by Laemmli, 1970. 12% separating gel (Stock
acrylamide - 12 mL, Tris HCI pH 8.8 - 7.5 mL, watet0.05 mL, ammonium per sulfate - 0.2 mL, 10% S350

puL andN, N, N', N' -tetraethylethylene diamine - 20 uL) and 4% stackjab(acrylamide — 2.7 mL, Tris HCI pH
6.8 - 2 mL, water - 15 mL, 5% ammonium per sulfaté0 pL, 10% SDS - 200 puL and, N, N, N' -
tetraethylethylene diamine - 20 uL) were useck Ptotein samples were pretreated with SDS at 96f@5 min

to denature the protein molecules. The samples alerophoresed at 150 V for 3 h and stained withmassie
blue followed by silver staining.

Atomic Force Microscopy

Glass slide cleaned with 5% HN®as taken. Phage sample was diluted 50 fold in #DTmis-HCI of pH 8.8. 5 p
L of this sample was deposited on the glass slidedxied at room temperature in humid conditionX@rh. It was
again dried at room temperature and gently rinsed Milli-Q water [16]. It was then imaged in semdntact
mode, using NT-MDT Ntegra Auro Scanning SPM imager.

RESULTSAND DISCUSSION

Isolation of Bacteria
Ten different samples, one diarrheal and rest nbfetal samples were collected. One isolate frochesample
were found to b€ampylobacter jejuribased on biochemical screening.

I solation and Concentration of Phages

Clear plaques on a well spread bacterial lawn vadrgerved. The optimized ratio of bacteria to thiéedint
dilutions of phage lysate was 1:10. The phage tealarom the diarrheal sample showed a conceoiratf 0.75 x
10° PFU mL™. This phage isolate was further purified by PE@&cpitation which showed a concentration of 22 x
10" PFU mL™. As the phage titer was higher in the diarrheripe, it was taken for the further analysis.

Host Range Analysis

Out of 10 bacterial isolates, nine isolates shos@tksitivity to the phage isolate 4 showing a widstliange (Table
2).
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Large Scale Production and Purification of Phages

Turbidity change was observed after 24 h and thecewmtration was found to be 3.1 x?3®FU mL*for an
inoculum size of 0.1 %. A 3f8ld increase in phage yield was attained frontre lscale-up. This yield is higher
compared to the yield of 11x POPFU mL* obtained from the large scale productionEofcoli phages with an
inoculum size of 0.5% and an incubation period ®h1[17]. Using PEG 6000 the concentration of pedifohages
obtained was 9 x $OPFU mL™.

Stability Analysis

The reduction in phage titer from 0.9 ¥*1BFU mL*at regular intervals of time is shown in table BeTnitial titer

of phages before temperature and pH treatment végsx11G PFU mL*. Phages were found to be comparatively
stable at temperatures like 50°C, 60°C and 70° WBi6 fold reduction in titer (Fig.1.). The phagert was
considerably reduced by 12 folds when treated ataBl 90°C revealing its temperature dependence. At
temperatures other than the optimal level, onlydiephage genetic material penetrate into bactbdst cells and
therefore, fewer of them can be involved in thetiplitation phase [18]. This might be the causeafisiderable
reduction of phage titer at higher temperature® fitermal stability of the viruses is influenced ogny factors.
For instance, in mouse retrovirus it was reporteat tlepletion of cholesterol level in the viralidipshell and host
cellular plasma membrane results in increased thlestability [19]. The phage titer was reduced by 15 folds at
lower pH 2 and 3 and the percentage reduction ddréem 11% to 75% for treatment at higher pH asmshin Fig.

2. Neutral pH was found to be favourable for itSclyactivity since only 1.1 fold reduction was obssd. Poultry
processing steps involve heat treatment at 40 t€ &hd acid treatment resulting in low pH condit{@0]. The
results indicate that the activity of phages may b hindered by these conditioMdoreover, he inactivation of
phages due to the low pH in the bird’s gizzarduHified by the protective functions of the foodnstituents. This
benefit could be realized when the phage is adteirdd along with food. It has been further repotteat the
administration of phage along with an antacid, radize the low pH effect on phages and improvesefiisacy [21,
22, 23].

Deter mination of Phage Adsor ption Rate

In our study, the time taken by the viral partictesreach maximum adsorption was around 28 min. fEiselt
obtained was in accordance with the Siphoviridarilfaof phages active againstibrio harveyi.[10]. However,
adsorption rates vary between different familieplofiges. For instance, adsorption studies caraechdl 7 group
of phages active againBseudomonas fluorescesBowed a rapid adsorption rate for 5 min follovilsda slower
rate for the next 5 min [24]. The adsorption rapresenting the affinity of phages towards the be#tis greatly
influenced by factors like pH and presence of itikes Mg?* and C&". The influence of temperature on adsorption
has also been reported [25]. TheMand C4" ions stabilize the coiled DNA inside the phage @hpshich greatly
improves the adsorption rate and also controlp#retration efficiency of phage DNA into the baietiecells [25].
Mg?* ions, even at concentrations below 1 mM can prethen inactivating effect of Tris HCI, generallyagsas
buffering medium, in phage adsorption [26}laximum stability was attained in 2.5 mM solutioofsthese salts
[27]. Here, the adsorption is highly favoured bitaie Mdf*ion concentration. The viral particle generally msika
random movement to find its host. If the mixturénighly diluted, the phages find it very difficuti infect the host.
However, the adsorption efficiency observed in gphesent study may not get reflected in vivo sirfe \tiscosity
due to the mucous in the intestine influences tth®ogption rate [28]. Hence, further studies areravdged to
understand the adsorption characteristics of thégp.

Phage Growth Characteristics

The growth kinetic studies d€ampylobacteiphages, revealed that the latent period and thet period were 30
min, each. The burst size representing the maximumber of phages released was 4 PFU per infectingec as
shown in Fig. 3. During latent period, there il no release of phages. Latent period dependseomature of the
phage, physiological state of the host as welhascbmposition of the growth medium. For instariggtophan, a
key ingredient in the growth medium interacts witik tail fibres of the phage, reversibly, enablinge activated
and adsorbed onto the host. It is then followed Iperiod of rise during which the lysis of host wscand thereby
virions are released. Latent period also dependhi@muality and the quantity of the host. A phagk evolve a
shorter latent period when either host densityig tor host quality is good [29]. The burst sizstained was
comparable to the burst size @ampylobacteiphages which has been previously reported [30istBsize to the
maximum of 24 PFU per infective center fdampylobactephages was also reported [31]. The burst sizertegho
for other groups of phages was comparatively highdicating thatCampylobactehost cell lysis can happen even
at the release of very low number of phages. Ehdue to the tendency of some phages to lyse thieelven when
they are not completely full [32].
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Phage growth rates are a function of both the lemdtphage generation and the phage burst size.phhge
generation time observed in this study was 58 @emeration time is a function of both phage lapartod and the
rate of phage adsorption. This is given by the 8qoa

Phage generation timg, =ty + E+L—-E

wheret, - adsorption time, E - eclipse period and L - tatperiod. The phage eclipse period is the timendur
which infection is occurring but no mature phagegeny is found within an infected cell. Both busite and the
phage generation time are controlled by the phatgai period, with greater burst sizes associatddlanger latent
periods but shorter generation times associateu shiorter latent periods [29].

Smaller burst size may also be due to the larger &f the phages and the smaller size of the redstThe size of
the host cell is important as it modulates the labdity of receptors and its protein synthesizimgchinery for the
binding and growth of phages respectively [33].

The data tabulated in table 1 show the relationdld@fween the burst size and the size of the hdbt[H&
33,34,35,36,37,38].

The Campylobactemphages generally belong to either the family ofoMyidae or Siphoviridae [39]. Here, the
lower burst size, shorter latent period and pHréolee resembles the characteristics of Siphovinteges.

Genome Fingerprinting Analysis

The phage DNA was resistant to digestion with E¢dfRhdlll, Hinfl, Sacl, Nhel and Xhol. However, testion

digests were obtained for BamHI. The genome sizefaand to be around 21,800 bp (Fig. 4.). The geneize of
siphoviruses were reported to be in the range 122 and 121 kb [40] and the genome size of pghége is in
agreement with these reports.

Pulse Field Gel Electrophoresis

PFGE was used to estimate the overall genome sidebanding patterns following restriction endonask
digestion of the genome with BamHI. The restridiegyments revealed the genome size to be approiyn2d kb,
thus coinciding with the fingerprinting results ¢Fb.).

Protein profiling

From the SDS-PAGE profile, the phage was foundottain proteins in a molecular weight range ofd8% KDa
(Fig. 6.). The proteins with different moleculariglets observed in the gel were suggested to bewsitypes of
whole phage proteins as shown in table 4 [41, 3244].

AFM Imaging

From the AFM analysis, head diameter and tail levgtre 140 nm and 248 nm respectively (Fig. 7.xe8eon the
morphology and the growth characteristics studieid, phage is suggested to be Siphoviridae phage shey lack
contractile sheath [45]. Elford and Andrews (19BW)] reported that the size of the phages inverselyelates the
size of the plagues on agar. The smaller plaguewirich might be due to the larger size of thessgph observed
in the present study (Fig. 8.) corroborates thaitihgs.
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Fig. 1. Temperature sensitivity of phage isolate 4
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Fig. 2. pH sensitivity of phageisolate 4
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Fig. 3. One step growth curve of phageisolate 4

{f

Fig. 4. Restriction analysis of phage DNA

Lane 1: 1 Kb DNA ladder; Lane 2: Lambda DNA undwgtne 3: Xhol restricted Lambda DNA; Lane 4: Bame#tricted Lambda DNA; Lane 5:
Xhol subjected Phage DNA and Lane 6: BamHI restdd®hage DNA
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15Kh

Fig. 5. PFGE analysis

Lane 1 - 10: Uncut DNA of phage isolates 1 — 1d.-41: BamHI restricted DNA of Phage isolate 4; €4r2: PFGE mid range marker (291 to
15 Kb)

Y14 KD:
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29 FDay

201 EDa
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Fig.6. Protein profiling

Lane 1: Medium size marker; Lane 2: Phage isolate 3: Phage isolate 6; Lane 4: Phage isolateahé.5: Phage isolate 8; Lane 6: Phage
isolate 9; Lane 7: Phage isolate 10; Lane 8: Phagate 2; Lane 9: Phage isolate 1; Lane 10: Phapdate 4; Lane 11: Phage isolate 3
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Fig. 7. AFM image of phage isolate 4

Fig. 8. Plaqueson agar

Table 1: Relationship between burst size and host cell size

S.No. Bacterial strains Cell size Burst size (PFU per infective center)

1 Lactobacillus bulgaricus | 2 - 9 mm 130

2 Pseudomonas aeruginoga0.5 - 1.0 uym 10 — 260

3 Vibrio harveyii 2-5mm 78

4 Streptococcus 0.5-1.2um 30-70

5 Lactococcus lactis 0.75-0.95 ym 24

6 Escherichia coli 0.5um 12-15

7 Leuconostoc fallax 0.8-1.8um 80

8 Campylobacter jejuni 0.2-0.8um 9-74

The references for the above data are as follows[24]; b — [6]; ¢ —[10]; d —[36]; e —[37]; f —[33]; g — [38] and h —[31].

Table2: Host range analysis

S. No. | Bacterial isolates | Lytic activity of Phage | solate 4

1 Cjcfl +

2 Cjcf2 +

3 Cjcf3 +

4 Cjcf4 +

5 Cjcf5 +

6 Cjcfé +

7 Cjcf7 +

8 Cjcf8 +

9 Cjcf9 -

10 Cjcf10 ¥

+ -lytic activity ; - -no lytic activity
Cjcf- Campylobacter jejuni chicken fecairgde
Table 3: Stability analysis
SNo Time interval | Phage titer - SM buffef Phage titer - PBS

T (day) (PFU mL*) (PFU mL*)
1 15 1.21 x 18 1.54 x 1&
2 25 1.20 x 18 2.78 x16"
3 35 2.60 x 15 0.70 x16°
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TABLE 4: Phage proteins observed from SDS-PAGE

S.No. | Observed molecular weights (KDa) Phage proteins
1 110 Major tail fiber protefn
2 24 - 50 Minor tail fiber protefn
3 17,19 Major tail tube protéin
4 36 Minor tail tube protefh
5 46, 56 Capsid proteihs
6 16 Lysozymé
7 85 F proteih
8 48 A proteifl
9 18 D proteift

The references for the above data are as follows[4i]; b —[42]; ¢ — [43] and d — [44].
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