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ABSTRACT

FoodborneEscherichia coli(E. coli) outbreaks have been a continual public
health concern for decades, costing th&.1$405.2 million annually, in premature
deaths, medical care, and lost producti\jiB}. Antibiotics have been a common
defense against bacteria; however, increase findings of antibesigtant bacteria
have lead toasearch of bacteriophage a method to reduce foodborne illnesses. This
research project investigated the effectiveneds pbage for controlling the
propagation of artificially contaminatd€l coli O157:H7 meat sample¥he samples
were inoculatedy dipping withan E. coli concentration of ~RCFU/ml ofto achieve
a bacterial coverage of ~¥DFU/cnf. Following the bacteriahpplication, the meat
samples were inoculated with pp01 via dipping using a phage concentration of ~2
6X10°PFU/ml. The samplewere evaluated after various incubation conditions: Oh,
0.5h, 2h, 24h48h, and 72hTwo replicate trials werperformed;the ony difference
being that in Trial 1 a nefiltered phage stock was used, while in Trial 2 a phage
stock that was f i WwasesedOttheviwottrials gerfodmgdtme f i | t er
results displayed that the highest reductioi ofoli after phage apjmation occurred

at 24h with ~2.740°CFU/cnf.



EXECUTIVE SUMMARY

E. coli is a gramnegative bacterium found ithe intestinhtract of warm
blooded animalsBesides causing 60 deaths per year in th®.,Uhese resistant
organisms can survive on counteps for several weeks and require an extremely
small dose of bacterial colonies for infectiom. an effort to reduce foodborne
illnesses, antibiotics and antiseptic agents are applied directly to foods and to
machinery in contact with foods at packagpignts to allow for control of bacterial
growth. These methods have posed problems in that mutant bacteriachaved
resistance to such treatments and in that some of these treatments change the taste,
smell, and appearance of the foodllnlike antibidics and antisef agents, the
introductionand distribution of phage withithese foodsan be viewed as a natural

process.

Phages are observed as natural enemies of bacteria and are commonly found in
natural settings where bacteria live. Phage are trst abundant seleplicating units
in our environment and are present in significant numbers in water and foods of
various origins, and nonfood sources such as: feces, soil, sewage, farms and
processing facility effluents. Previous research has shownigingmresults in the
intervention of phage to control Eoli. Phage strategies for food preservation have
the advantages of being spirpetuating, highly discriminatory, natural, and €ost
effective. Common negative critiques of phage use are its linmitst range, the
requirement for threshold numbers of bacterial targets, and phage resistant mutant

development.

This project focuses on determinitigg efectiveness of phage applicatias a

method to contropropagation ofrtificially contaminated messamples withE. coli



0157:H7. In doing this, an experimental protocol was designed to test for the
CFU/cnt (Colony Forming Unitsyeduction ofE. coli 0157:H7 strain EDL933 on
processed meat sarepl after Oh, 0.5h, 2h, 24h, 48md 72h treatments withhage
pp0l1. A multiplicity of infection (MOI) of 100 was established as a constant
parameter for the phage-bacteria ratio.

Two replicate trials were performed; the only difference being that in Trial 1 a
nonfiltered phage stock was used, while in Tr2zah phage stock that was filtered
with 0.4 m f i | t e The stawksphages cerctentration obtaifedTrial 1 was
of 6.4X1GPFU/mI (Phage Forming Unitsind of 1.96X18PFU/mI for Trial 2. With
respect to the phage concentration uske,bacterial concentration was adjusted to
~10°CFU/mI in orde to achievea bacterial coverage of ~¥DFU/cnf in each trial.

This bacterial coverage correspondedato MOI of 100 on the meat samples. The
meat samples were cut, inoculated with bacteria by dipping, inoculated with either
phage or control medidy dippng, incubated at ZZ for each time condition,
stomached, and pkd to obtain the number of CFU.

From the two trials performed, the highest bacterial reduction on meat samples
occurred after 24 of treatment with pp0Ol1. For the 24h condition, Trial bwad a
bacterial reduction of ~3¥0°CFU/cnf and Trial 2 showed a bacterial reduction of
~1X10°CFU/cnf (p¢0.0036 for both trials). In addition, there was no statistical
difference in the reduction &. coliat Oh from 0.5h, suggesting the exclusion of the
0.5h condition for future research. No data was obtained for incubating the meat
samples with bacteria and phage for 48h and 72h as contamination arose from the
meat samples themselves. For future researchsuggestconduction of this
experimental protodowith an MOI>10 or 400, to test for incubation times between

2h-24h and 24k18h, and to raise the initial bacterial coverage from*€EQ/cnf to



~10°CFU/cnf, in order to determine the conditions at which the most bacterial

reduction can be obtained.
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CHAPTER 1: INTRODUCTION AND BACKGROUND

1.1 Bacterial Food Poisoning

Bacterial food poisoning has beerantinualglobal issue foseveraldecades
as cases of food poisoning hiasen documented in the United States, Canada, the
United Kingdom, Australia,and severalother developed andinderdeeloped
countries. h 2007 Canadian public health experts reported that there are 11 to 13
million cases of food poisoning in Canada every yéarin Ireland,Campylobacter
was reported to be the number one cause of foodborne jlbregsround2,000 cases
were reported in 2006y the Food Safety Authority of Irelafd]. In the United
States, the most common causes of bacterial foodborne illnesses come from
Campylobacter Salmonella [1], Escherichia coli (E. col), and Listeria
monocytogenesanong others. The Centéor Disease Control and Prevention (CDC)
has estimated that. col infections andits complicationsare responsible for a
minimum of 2000 people being hospitalizeshd about 6@eaths per yedP]. Also,
the United States Departntesf Agriculture estimated that trennual cost oE. coli
O157:H7 illnesses the United Stateseaches$405.2 milion, of which$370 million
are from pemature deaths, $30million for medical care, and $5 million for lost

productivity[3].

The mortaliy and cost burdenof foodborne illnesses has led to various
methods forcontroling foodborne bacteria. The use of antibiotics has been the most
widely used method to control-ivo bacterial infections, and the use of alkaline
cleaners has been commanfoodproducing plants. Nonetheless, there has been an
increased interest in the use of bacteriopbagdage) among others, as possible

controls for foaborne bacteriaOver the past decadacreasedstudieshave been



performedon the phageinteractionwith a certainbacteriaon a variety of foods
Listeria monocytogenesn apples and melonSalmonellaspecies on chicken skin
and cheeseCampylobacterjejuni on chicken skinand Escherichia colion steak
meat. The focus of this study will be on the o$dacteriophages as a biocontrol for

E. coliO157:H7in processed meat

1.2 Escherichia coli O157:H7

The E. coli speciesinhabit the intestinal tracof warm blooded animals,
including humansmammals, andirds. More than 700 serotypes Bf colihavebeen
identified, and are distinguished by then O60 and AHO antigens on
membranes and flagellegspectively. Of the many serotypestf coli, only those

producingthe Shiga toxin (Stx) are pathogenic. The most studied and common of the

pathogeaic E. coliserotypsis E. oli O157:H7[2].

Severaldangerousharacteristicef the StxproducingE. coli haveled to their
hazardouseputation. For one, these resistant organisms have the ability to survive on
counter tops for several weeks. In fatiey canlive for 70 days at 8 on bovire
feces and up to a year amaterials like composit room temperaturé&tx-producing
E. coli are highly resistanto acid as well [2]. In addition the dose of bacteria
required for infection cammeas lowasony1 0 cel I s to start A hou:
victimds 1intest i nal[l0]tThialg tonceEnadli reachesthee | nf e ct
intestinal tract and is able to cause infection, the pathologicatefa the victim are

severaandin some cases deadly.

E. col O157:H7 infectionis characterized by symptoms such asvere

cramps, abdominal pain, and diarrhea. The diarrhea commonly becomes waatkery



it may also appedbloody. The onset of these symptoms begarsund 3 to 9 days

after incubation of the bacterin the victim and the symptoms can last up to a week
afteronset[12]. In addition, about 80% of people that become infected wihcoli
develop hemolytic uremic syndrome (HU$12], which is a lifethreatening
complication caused by the uptake b&tStx toxin intothe circulatory systemin

HUS, t he b o d meximnismd lwecome uncontrolled @l blood cells are
destroyedand cellular debris accumulates in the blood vessels. These three key events
cause the blockage of terminal arterioles andllesips of many of the major organs

of the body[12].

The history ofE. coli O157:H7 documentation commencesl®82 when an
outbreak of hemorrhagic colitis was linked to the consumption of contaminated
hamburgers by the victims. After this first docunsiun, at least thirtyE. coli
0157:H7 outbreaks were recorded in the United Stateshe following ten years
(Griffin & Tauxe, 1991), andhigh numbes of documented outbreaksve continued
To menton a few, the 1993 Jagk-the-Box restairant outbreakesulted inhundreds
death includingfour children; in 1996 radish sprouts outbreadccurredin Jgan;

anda spinachand Taco Bell outbreatccurred in the United States2006][6].

The severe effectsssociated witlpast experiences & .coli infection has led
to the documentatn of all reported casepgrtainingto both outbreaks angporadic
isolated casgesas a means to control and prevdat coli O157:H7 infections.
Nonetheless, the CDC estimates that about 85%. afoli O157:H7 infections are
foodborne in origin where ground beef, venison, sausages, dried {cmorked)

salami, unpasteurized milk and cheese, stquaized apple juice and cidemange



juice, alfalfa and radish sproutettuce, spinach, and wat@] have been sources of

E. col O157:H7 infectionFigurel shows thee. colicontamination on ground beef.

Figure 1: Microscopic view of E. coli contamination of ground beef.

Referencel: http://www.neighborhoodmarket.org/site/base.php?page id=132

Current methods for preventing the infection of foods or fpramtessing plants with

E. coliO157:H7 rely heavily on these of alkaline cleaners. In a search for a better
method to controE. coliO157:H7 propagation on foods, investigations on the use of
bacteriophages to control foodborne bacteria has given promising results in recent

years.

1.3 Bacteriophage Control of Foodborne Bacteria

Bacteriophages ad their function

Since the First Worl d sWace obacterigthdges ear | y
and theirinteractionwith bacteria has been known frahe early pioneering work of
Feliz doHer el l elInd,MldO ,F rde6dHwe rcekl ITewoarntd Twor t t
to study the plague of locusts and discovered the badighieng effects of

bacteriophagef®]. Although examination of bacteriophagas bacteriacontinued in
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the Soviet Union and Eastern Europe, it was dopsed by Western countries, whose
primary focus was the development of antibiotdéth time, antibiotic discoveries
overpowered the rudimentary stages of phage therapeutics. However, the knowledge
of antibiotic resistanbacteriahas impelled researctseto examine the reality efsing
phages to therapeuticallyeat humans and animals, and as a biocontrol against
foodborne pathogens.

Phages are observed sa natural enemies of bacteria, and these viruses
commonly infect bacteri@y lysing it Existing invarious morphologies, their basic
structure is nucleic acscarriedwithin a protein capsel and, depending on the type

of phage, may include a lipid compon€g®f.. Figure2 shows the bacteriophage pp01.

Figure 2: Bacteriophage p pO1.

Reference2: http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=427753

Infection of thehost bacteria depends on specific interactions betwleen
celld surface receptsrand phage antieceptors. Via a chaehenzymatically formed
by the host, nucleic acddpasdrom the phage into the cytoplasm of the bacteria. In
lytic infection, phage nul ei ¢ aci ds encode enzymes t ha
metabolic machinery as a forai phagereplication. The host cell ruptures and new
phage particles are released to infect other host[&¢lIRefer toFigure3 below for a

visual representation of the bacteriophage lytic cycle of reproduction.


http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=427753

Figure 3: Bacteriophage eproduction through lytic cycle.
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Reference3: http://www.ebifoodsafety.com/en/technology.aspx

Sources of bacteriophage
Given that the purpose of phage is to kill bactgfeggearecommonly found

in areas where bactarlive. Therefore, phage exist natural settings. Thegre the
most abundnt selfreplicating units in ouenvironmentand are present in significant
numbers in water and foods of various origespecially infermented foods. Phages
used for pathogen control in foods and food production systems usually originate
from environnental samples and other nonfood sources such as municipal waste
water, feces, soil, sewage, farms and processing facility efflugntike antibiotics
and antiseptic agents, the introduction into and distribution of phage within a given
environmentan beviewed as a natural proce$zhage is present in plant and animal
by-products; theyare routinely consumed with our food, in quite significant numbers.
On fresh and processed meat and meat products, more theatil® phage per gram
are often presentn addition phages araormalcommensal®f humans ath animals
andexist in high concentration in the gastrointestiegjion[8].
Application of phage to hostsubject for biocontrol

Currently, all the uses of phage for biocontrblave been reporte@t the

experimental tage.Most research to date has involved experimentally infected plants


http://www.ebifoodsafety.com/en/technology.aspx

and animals oatrtificially inoculated food$8]. Bacteriophags have the potential to
be enployed at the prdarvest stagio prevent or reduceolonization & infection in

the live animaandthe postharveststage to decontaminate carcass meat or disinfect
equipmenhavingcontact surfacewith animal and plant bproductg11].

In the preharvest stagseveral typesf plants and animals have been studied:
tomatoesspouts,chicken, beef cattle and sheep. In thesehamyest casephages
were utilized to eradicatthe infecting bacterial disea$8]. Experiments have been
preformed withE. coli O157H7 on calves and sheep. Some evidence has indicated
that phages carcontrol E. coli O157H7 in ruminal fluid and that the oral
administration of phage mixtures can regluthe duration ofE. coli O157H7
shedding in calvef5]. However, researchers were not successful in using phages to
control E. coli O157: H7 shedding itambs. Postulated hindrance was to due to the
time of application, nonspecific absorption or inactivation of bacteriophage in situ, or
the use of a single phage. Fecal sheddingeofcoli O157H7 by ruminantsis
intermittent, unpredictable, and of shortration, which makes prslaughter conti
measures difficult to asselss.

Postharvest control of bacteria by phages is a popular condition of research.
There is substantial published data available for biocontrol in dairy products, poultry
and red meatdDuring a recent evaluation of the controlEofcoliO157:H7 in broths,
O6Fl ynn et al . reported that phages coul d
of 30-37°C where the organism was growing but could not lyse the cells in the
absence of growtat 12C [5]. Overall, more research should be obtained to identify
phages that can endure pH, temperature, atmosphere etc. that any given food is

subjected to, on arafter the point of applicatiof®].



Advantagesand disadvantages of phage use
As with any emerging technology or application, it is critical to evaluate both

the positive and negative positions to determine if it could be safely implemented.
Common negative critiques of phage biocontrol: dimited host range, the
requirement for thresholcdhumbers of bacterial targets, phage resistant mutant
development, and the potential for the transduction of undesirable characteristics from
one bacterial strain to anotH&]. Most of the phaglost systems are highly specific,
which is a general limiteon if using a limited number ofharacterized phages to
attack an unknown target of diverse bactgsia The remedy is areful selection and
pooling of different phages with differehtsesranges, or the use of a single broad
host range phages whicheaable to infect all of the target hodtiowever, the use of
a single phage, rather than a pooled mixture, allows for the greater possibility o
obtaining regulatory approvgs).

The need for high bacterial populations for phage to have an impacirihalkes
is alimitation, and it is a point of controver$5]. As for bacteria becoming resistant
to phage, phage has the natural ability to evolve and overcome the resistance
mechanisms of their hosts. Also, since phage livthensame environment aseth
hoss, their application in such situations is not adding a new compdpetite
environment but merely changing the natural balance in favor of biocghtjolThe
purpose of phage is to kill live bacterial target cells. They generally do not cross
species on genus boundaries, therefore not affecting desired bacteria (starter cultures)
in foods, commensals in the gastrointestinal tract, or accompanying bacterial flora in
the environmenf5].

Other research over the past decade has shown the nundvantages of further

exploration for phage as a biocontrol in food. Phage biocontrol strategies for food



preservation have the advantages of beingp@ibetuating, highly discriminatory,

natural, and costffective[8].

1.4 Bacteriophage Control of E. coli O157:H7

Strain E.coli O157:H7 is a prevalent pathogen infecting food, water, and
persons through direct fecal contact at low dosescok.O157:H7 is a common
contaminator of meat during the slaughtering prod&é8$. Previous research has
shown pronsing results in the intervention of phage to controt&i. The creation
of our experiment was highly influenced
employed phage specifior E. coli in vivo and in vitro toinvestigate its biocontrol
attributes agaist its host cell. The parameters included three phage forms (ell/2,
e4/1c and pp01) used individually and as a cocktail to evaluate their ability to lyse the
bacterium. Phage pp01 stock was obtained from Tokyo Institute of TechnBlagy
to the experirants, all three phages were individually assessed for their ability to
plaque on a range of granegative bacteria includintgvelve distinct toxigenic Ecoli
0157:H7. Of the twelve only two strains showedistance to the three phag#g].

In the bactdal challenge test, phage pp01 at’RBU/ml was individually
tested to evaluate its ability to lyse &oli O157:H7 in vitro at temperatures of 12, 30
and 37C. The results yielded a reduction of viable numbers of the culture below
detectable values at %7. A 5-log-unit reduction was noted at 1 and 3 hour &C30
At 12°C the phage was unable to reduce bacteria numbers since the culture did not
grow during this periofiL0].

An interesting observation noted with all individual strains of phage and the
cockiail was the e-growth of bacteria within-3h when incubated at 8C. The re
growth was not present for incubation atG0

For the in vivo portion of thexperiment, 18 pieces of meat were cut and

b



inoculated with a rifamphnesistant derivative okE. cdi O157:H7 The phage
cocktail was applied by pipette method to nine pieces of meat. (The other nine were
used as a control and measuiedcoli O157:H7 counts of ~18CFU/ml. For the
experimental pieces of meat, seven of the nine showed no CRtlsolif O157:H7
The remaining two samples haddéli O157:H7 counts of less than O&FU/mI[10].

Since statistically accurateesults were obtainedith phage ppOl1 for the
inactivation ofE. coli0157:H7 this phagewas appliedo theE. colistrain EDL 933
to evaluate its interactiorBimilart o OO0 F | yesearchecondit@aris,. this project
artificially inoculated processed meat, specifically jursiced hotdogs, witle. coli

0157:H7 and attempted to reduce the CFU with the application of ppO1.

CHAPTER 2: METHODOLOGY

2.1 Bacteria Strains and Inoculums

Non-pathogenicE. coli O157:H7 strain ATCC43888

Preparatory work was preformed with rpathogenicE. coli O157:H7 strain
ATCC43888thatwas obtained from Agriculture and AgriFood Canafldhreeand
ahalf week period was giveto practice handling the bacteria amésteringproper
techniques required for the experimdduring this periodinsights were found fahe
concentration of the stock bacteria, the concentration of the bacteria onetite
s a mp $udasetandthe remaining bacteria n  t h e sunfaeeaohce dipped in a
reagenthat simulatedhe control media and phage uskding the experiment. Also
an experiment was performed ¢onfirm whether al:100 dlution of stock bacteria

would producelC°CFU/cnf on theprocessed meat surface.

PathogenicE. coli O157:H7 strain EDL933

1C



The resultig research led to threxperimersl trialsd pp01#1, pp012, and a
baseline trial evaluatiorof the bacteria of the meat surface at time adimt
employedE. coli strain EDL 933.The source was Professor Gruenheid at McGill
University, Montreal, Canaddhis strain isa level Il health risk bacteriumwvhich is
highly opportunistic.

Preparation of Inoculums

The resulting bacteria on the plate were used for gaiman of two weeks.
Inoculation of bacteria occurred under the BioSafety Cabinet (BSC). A detailed
protocol can be viewed in Appendix 1.4. One vertical streak from the plate was
obtained and placed in 150ml of LB media to gather a diverse sample of dacteri
colonies. The plate was parafilmed and stored in the refrigeratd€ aT e flask was
incubated for 18h at 83 with swirling and followed with two rounds centrifugation
(at 6210rpm for 20minsand resuspension iPBS. The spun solution was storied
the refrigerator at%C.
Concentation determination of EDL 933 using spectrometry

Prior to the commencement of the experiment, the absorbance value of the
bacteria EDL 933 with a 1:100 dilution was obtained via the spectrometer. The blank
solution used was PBS and absorbance values were taken at wavelength 600nm. The
desired absorbance wa$77X10

Using a glass cuvette with a plastic cover containing ~2.5ml of PBS solution,
the apparatus was blanked until a reading with a straight, crisp linddam6@as
obtained to set a baseline value. Before taking the absorbance value, the cuvette was
filled with a homogenous solution (vortexed) of the bacteria to coat the walls of the
cuvette. Then, it was discarded into the liquid biowaste container undes@end

the cuvette was filled with sample for a second time before being brought to the

11



spectrometer. The absorbance was measured three times and averaged.
Concentration adjustments

Trials 1 and 2 were designed to occur under similar parametersfotieerie
was essential to use fresh bacteria EDL 933 at the same concentration when
performing the trials. To keep the absorbance consistent, the solution of diluted EDL

933 was further diluted to reach the goal absorbance v&B1677XL02.

2.2 Bacteriophage Propagation and Isolation

Propagation of pp01

The lytic bacteriophage pp01, specific for tBe coli O157:H7 strain EDL933,
was obtained frondapan in the summer of 2007.was propagated and stored in a
phagespecific refrigeratorat 4°C. Around 7@nl of pp0O1 was produced prior twr
arrival at McGill University by Charles Poitras. This stock was labeled pp01#1. From
this first phage stock, two more stocks of ~70ml were propagated in parallel and
labeled pp01#2 and ppO0l1#3. The phage propagationdaas by mixing a 2:1
proportion ofE. coliO157:H7 strain EDL933 to phage stock. After several incubation
steps, the mixture was collected and stored in a 25ml glass bottle. The isolation
process for the phage consisted of killing the bacteria in the mixtith chloroform
and performing various centrifugations until no bacterial pellet was formed. Finally,
the phagemixture was fi t er e d  Wwliltarshto irficreab& stekility of the phage.
The stock phage pp0l1#3 was not used as it was not possible to filter through the
0.4% Ifilters. Refer to Appendix | for the detailed ppOl propagation protocol
developed by Charles Poitras.
Titer of pp01

Before experimentation, a titer was performed on all phage stocks used. The titer

was determined as PFU/mL, and this was used as a baseline for determining the
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EDL933 concentration necessary to obtain a multiplicity of infection (MOI) of 100.
The stocks of phage used for experimentation had a titer SPFLUMI. Refer to
Appendix | for the detailed ppOLl titer protocol developed by Charles Poitras.
Titer of pp0O1 on Meat Samples

Apart from the phage titer, a second calculation of PF8ieas peformed for
the stocks of phage used to show the actual phage coverage on the meat samples after
dipping. A protocol developed by Michael Coussa was followed, but failure to obtain
readable results did not allow us to calculate the MOI using this methedMTh
was calculated using a relationship between PF&&md PFU/mI determined from

prior experimentation by Michael Coussa.

13



2.3 Experimental Protocol

The experimental protocol was designed to test for the reduction of CFU/chof E. coli 0157:H7
of E. coli O157:H7 strain EDL933 on processedmeat sampks after treatment of two stock
stock solutions phage pp0l. An MOlof 100 was established as a constant parameter for the
for the phageto-bacteria ratio in the experimental protocol. The dipping method was utilized for
utilized for the application of the bacteria, the phage, and theontrol media (CM) to the surface
the surfaceof the meat samplesThe stock phage concentration obtained was of 6.4X¥FU/mI
6.4X1CPPFU/mI for trial pp0l#1 and a value of1.96X1GPFU/mI for trial pp01#2. Thus, the
Thus, the bacterid concentration used foreach trial was adjusted to achieve an MOI of 100 on
of 100 on the meat sampleand the phage concentration was a contributing factorT o obtain the
obtain the desired MOI on the meat surface ~10°CFU/cm? coverageof bacteria was required
required after dipping. To achieve such bacteribcoverage, themeat samples were dipped in
dipped in ~15ml of EDL933 at an adjusted concentration of ~f@FU/ml. A visual flow chart of
flow chart of the experimental protocol is seen irFigure 4: Visual protocol for experimental and
control meat samples.
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Cut meat samples

(1cm diameter; 1cm length)
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Incubate 1h
@ 22°C
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experimental
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{

Incubate
samples @
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condition

condition

Stomach each
sample (10min)

samples @
22°C for each

Stomach each
sample (10min)

Plate solution in

triplicate triplicate

Plate solution in

Preparation of meatsample

The type of processed meat used for the experimenttatdsgswhich were

purchased at a Provigo grocery store in Montreal. The brand was Hydrograde jumbo
BBQ hotdogs. Allhotdogswere removed from the paege and individually placed in
freezer safesandwichsized plastic zip bagsnder a sterilized environment with the

use of sterile tweezer§he plasticbags were stored in a freezer @°C until the

experiment took place. Meaamaples were defrosted either by being placed in the
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refrigeratorat 8C the night before, or by being left on the countertop at room
temperature for approximately 40min.
Method and materials used for cutting meat samples

All meathandling occurred in thBSC. Each hotdog was cut into 1 cm pieces
with the aid of a sterile cutting board, ruler, tweezers, and Exacto knife. All
equipment was thoroughly sprayed with ethanol, and the tweezers and Exacto knife
rested in a beaker of ethanol while not in use. Esammple piece was stored
separately in petri dishes, and was kept in artigtit, nonfunctioning storage
refrigerator until it was inoculated with EDL933 bacteria.
E. coliO157: H7 inoculation

All sample® both control and experimendalwere inoculated wih fresh
bacteria EDL 933 under the BSC. Tweezers were sterilized in ethanol for 10min or
more and used to dip the meat sample in a 25ml sterilized beaker containing about
15ml of EDL 933 for ten seconds. Every ten minutes a new sample piece was
inoculatel. Immediately after dipping, each sample was placed in a separate labeled
petri dish, and stored in ndanctioning storage refrigerator at room temperature,
22°C . At this time the bacteria began attac
surface.
PhageppO01 inoculation
Experimental samples were inoculatetth stock solution pp01, while the

control samples were exclusively dipped in control media. The application of pp0O1
and control media was executed through dipping to achieve an even distribution on
the meat surface.Sterile tweezers were utilized to dip each meat sample for two
seconds into a sterile beaker containing ~15ml of PPO1. The incubation time for pp01

with EDL933 on the meat samples varied dependpan the condition tested. Refer
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to Tabk 1 for the specific incubation times used.
Recovery of bacteria

After the three experimental meat samples were incubated with EDL933 and
pp01, each sample was prepared for the stomacher, an apparatus that simulates the
breakdown of food in the stomachalE h s ampl e wa s 10Misibh @a mac hedo
solution of 80ml of peptone water to produce a solutiog1(@ of mashed meat
churks in solution. To ensure that the most accurate CFU representation was
achieved, each dhe three resulting stock solutions waikited to 1:100 and 1:000.
Each of the three meatrsples was plated in triplicat®r each dilution.Thus, six
plates were produced for each meat sample, totaling 18 plates of experimental
samples per time conditiod.he plating technique requiregDul of solution to be
distributed along the plate with a sterile plastic spreader. All plates were labeled and
incubatedupsidedown at 37°C overnight (18h). The bacteriabloniesformed on

each plate were counted and calculated as CFU/ml.

2.5 Experimental Parameters

Three trials were performédallowing the experimental protocol established.
Trial 1 tested for the reduction of EDA33 on meat samples during 0.5, 24h,
48h, and 72 of incubation with pp01#1. Trial 2 tested for the reduction of EBB
on meat samples during 0,52h, 24h and 4& of incubation with pp01#2. Trial 3
tested for the reduction of EDL933 ¢ime meat samples during Omin of incubation
with pp01#1 and pp01#® obtain a baseline for Trial 1 and TrialRefer toError!

Reference source not foundfor a summary of theonditions tested at each trial.

Table 1: Experimental Conditions Tested

Trial Incubation Time of Meat Samples with EDL933 and
pp01/CM*
1: pp01#1 0.5h | 2h | 24h | 48h | 72h
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2. pp01#2 0.5h 2h 24h 48h -

3: pp01#1 and i i i i
pp01#2 0.5h

*. CM stands for control media used for the positive contfbiés media was prepared following the
phage propagation protocol with the absence of any phage or bacteria. The control media contained
PBS and excessf soft agar.

The reduction of EDL933 on the meat samglesn theapplication of pp01
was determined bgomparing the CFU/cfnobtained from meat samples that were
incubated with EDL933 and pp01 (experimental) to the CF@atitained from meat
samplesthat were incubated with EDL933 and control media (positive controls).
Thus, the positive controls were run under the same conditions of the experimental
meat samples, differing in that they were dipped in control media (CM) instead of
pp0l1l. Negative conmits were run for every condition as well to determine that the
meat samples themselves were not a source of bactertarés Reference source
not found. shows, these meat samples were not dipped in phage or in control media,
as they were only in contaatith peptone water once the meat samples were
stomached. All the meat samples that served as controls followed the same incubation
times and temperatures as determined in the experimental protocol. In addition,
negative controls were run once for everwltio test for contamination from the
EDL933, pp01, control media, PBS, and peptone water used that day. These negative
controls did not involve the meat samples, as 60 o f each solution
triplicates on small agar plates and incubated overnight (18h). Refer to Tables 2

below for a layout of the number of meat samples used for each trial.

Table 2: Experimental Layout for Trial 1 ( pp01#1)

Meat Number
Samples Conditions of Meat
Containing: Samples
- 05h | 2h | 24n | 48 | 72h -
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EDL933 and
pp01#1 3 3 3 3 3 15
(experimental
EDL933 and
CM* 3 3 3 3 3 15
(pos.control)
Peptone
Water - - - 3 - 3
(neg.control)
Total 6 6 6 9 6 33
Table 3: Experimental Layout for Trial 2 (pp01#2)
Meat Number
Samples Conditions of Meat
Containing: Samples
- 0.5h 2h 24h 48h 72h -
EDL933 and
pp01#2 3 3 3 3 - 12
(experimental
EDL933 and
CM* 3 3 3 3 - 12
(pos.control)
Peptone
Water - 3 3 3 3 12
(neg.control)
Total 6 9 9 9 3 63

Table 4: Experimental Layout for Trial 3 (pp01#1 and pp01#2)

Meat Samples Condition Number of
Containing: Samples
EDL933 and pp01#1 3
(experimental) Oh
EDL933 and pp01#2 3
(experimenrdl) Oh
EDL933 and CM* 6
(pos.control) Oh
Peptone Water oh 3
(neg.control)
Total number of 15

samples

below.
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Figure 4: Visual protocol for experimental and control meat samples.
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Preparation of meatsample

The type of processed meat used for the experimenttatdsgswhich were
purchased at a Provigo grocery store in Montreal. The brand was Hydrograde jumbo
BBQ hotdogs. Allhotdogswere removed from the paeige and individually placed in
freezer safesandwichsized plastic zip bagsnder a sterilized environment with the
use of sterile tweezer§he plastichags were stored in a freezer @°C until the

experiment took place. Meaaraples were defrosted either by being placed in the
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refrigeratorat 8C the night before, or by being left on the countertop at room
temperature for approximately 40min.
Method and materials used for cutting meat samples

All meathandling occurred in thBSC. Each hotdog was cut into 1 cm pieces
with the aid of a sterile cutting board, ruler, tweezers, and Exacto knife. All
equipment was thoroughly sprayed with ethanol, and the tweezers and Exacto knife
rested in a beaker of ethanol while not in use. Esammple piece was stored
separately in petri dishes, and was kept in artigtit, nonfunctioning storage
refrigerator until it was inoculated with EDL933 bacteria.
E. coliO157: H7 inoculation

All sample® both control and experimendalwere inoculated wih fresh
bacteria EDL 933 under the BSC. Tweezers were sterilized in ethanol for 10min or
more and used to dip the meat sample in a 25ml sterilized beaker containing about
15ml of EDL 933 for ten seconds. Every ten minutes a new sample piece was
inoculatel. Immediately after dipping, each sample was placed in a separate labeled
petri dish, and stored in ndanctioning storage refrigerator at room temperature,
22°C . At this time the bacteria began attac
surface.
PhageppO01 inoculation
Experimental samples were inoculatetth stock solution pp01, while the

control samples were exclusively dipped in control media. The application of pp0O1
and control media was executed through dipping to achieve an even distribution on
the meat surface.Sterile tweezers were utilized to dip each meat sample for two
seconds into a sterile beaker containing ~15ml of PPO1. The incubation time for pp01

with EDL933 on the meat samples varied dependpan the condition tested. Refer
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to Tabk 1 for the specific incubation times used.
Recovery of bacteria

After the three experimental meat samples were incubated with EDL933 and
pp01, each sample was prepared for the stomacher, an apparatus that simulates the
breakdown of food in the stomachalE h s ampl e wa s 10Misibh @a mac hedo
solution of 80ml of peptone water to produce a solutiog1(@ of mashed meat
churks in solution. To ensure that the most accurate CFU representation was
achieved, each dhe three resulting stock solutions waikited to 1:100 and 1:000.
Each of the three meatrsples was plated in triplicat®r each dilution.Thus, six
plates were produced for each meat sample, totaling 18 plates of experimental
samples per time conditiod.he plating technique requiregDul of solution to be
distributed along the plate with a sterile plastic spreader. All plates were labeled and
incubatedupsidedown at 37°C overnight (18h). The bacteriabloniesformed on

each plate were counted and calculated as CFU/ml.

2.5 Experimental Parameters

Three trials were performédallowing the experimental protocol established.
Trial 1 tested for the reduction of EDA33 on meat samples during 0.5, 24h,
48h, and 72 of incubation with pp01#1. Trial 2 tested for the reduction of EBB
on meat samples during 0,52h, 24h and 4& of incubation with pp01#2. Trial 3
tested for the reduction of EDL933 ¢ime meat samples during Omin of incubation
with pp01#1 and pp01#® obtain a baseline for Trial 1 and TrialRefer toError!

Reference source not foundfor a summary of theonditions tested at each trial.

Table 1: Experimental Conditions Tested

Trial Incubation Time of Meat Samples with EDL933 and
pp01/CM*
1: pp01#1 0.5h | 2h | 24h | 48h | 72h
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2. pp01#2 0.5h 2h 24h 48h -

3: pp01#1 and i i i i
pp01#2 0.5h

*. CM stands for control media used for the positive contfbiés media was prepared following the
phage propagation protocol with the absence of any phage or bacteria. The control media contained
PBS and excessf soft agar.

The reduction of EDL933 on the meat samglesn theapplication of pp01
was determined bgomparing the CFU/cfnobtained from meat samples that were
incubated with EDL933 and pp01 (experimental) to the CF@atitained from meat
samplesthat were incubated with EDL933 and control media (positive controls).
Thus, the positive controls were run under the same conditions of the experimental
meat samples, differing in that they were dipped in control media (CM) instead of
pp0l1l. Negative conmits were run for every condition as well to determine that the
meat samples themselves were not a source of bactertarés Reference source
not found. shows, these meat samples were not dipped in phage or in control media,
as they were only in contaatith peptone water once the meat samples were
stomached. All the meat samples that served as controls followed the same incubation
times and temperatures as determined in the experimental protocol. In addition,
negative controls were run once for everwltio test for contamination from the
EDL933, pp01, control media, PBS, and peptone water used that day. These negative
controls did not involve the meat samples, as 60 o f each solution
triplicates on small agar plates and incubated overnight (18h). Refer to Tables 2

below for a layout of the number of meat samples used for each trial.

Table 2: Experimental Layout for Trial 1 ( pp01#1)

Meat Number
Samples Conditions of Meat
Containing: Samples
- 05h | 2h | 24n | 48 | 72h -
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EDL933 and
pp01#1 3 3 3 3 3 15
(experimental

EDL933 and
CM* 3 3 3 3 3 15
(pos.control)

Peptone
Water - - - 3 - 3
(neg.control)

Total 6 6 6 9 6 33

Table 3: Experimental Layout for Trial 2 (pp01#2)

Meat Number
Samples Conditions of Meat
Containing: Samples
- 0.5h 2h 24h 48h 72h -
EDL933 and
pp01#2 3 3 3 3 - 12
(experimental
EDL933 and
CM* 3 3 3 3 - 12
(pos.control)
Peptone
Water - 3 3 3 3 12
(neg.control)
Total 6 9 9 9 3 63

Table 4: Experimental Layout for Trial 3 (pp01#1 and pp01#2)

Meat Samples Condition Number of
Containing: Samples
EDL933 and pp01#1 3
(experimental) Oh
EDL933 and pp01#2 3
(experimenrdl) Oh
EDL933 and CM* 6
(pos.control) Oh
Peptone Water oh 3
(neg.control)
Total number of 15
samples
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CHAPTER 3: RESULTS

3.1 Trial 1: pp01#1

The first trial preformed utilized phage pp01#1, the first of two solutions of
phage which were both derivérom the same stock. The time conditions investigated
were: Oh, 0.5h, 2h, 24h, 48h and 72h (note that 48h and 72h data are not shown in
Figure5, due to contamination i f thewasdat 0s
6.4X10°PFU/m| as determined from a phage titds seen irFigure5 below the blue
bars represent the control sample€otcoli 0157H7 which were dipped igontrol
medig and the maroon bars to the rigdymbolizethe experimental Bat samples
containingE. coliO157:H7 and phage pp01#1.

Results obtained for the Oh, 0.5, 2h, and 24h condisbngeda reduction of
E. coli on the experimental meat samples when compared to the control samples of
the corresponding time conditiomue to the function of bacteriophage& was
expected that thexperimental plates would yieldlawer CFUvalue than the control
plates. For the initial time Oh, the control samples hadawgrage CFlht of
1.14X10°, and the experimental samples yieldedB¥BI*CFU/cnf. The second time
condition resulted in values of 3XBO°CFU/cn? for the control samples and
1.06X10°CFU/cn?. At 2h the control samples averagéd®4x10*CFUcn? and the
experimental value wa3.96<10°CFU/cn?. The final time condition showed eh
control meat samples at a value277X10°CFU/cn andthe experimental samples
containing the phage yieldeti77X10°CFU/cn?. The highest reduction occurred at
24h with~3X10°CFU/cnf. Initially, the time conditions included evaluations at 48h
and 72h. Hwever when the plates for 48h were examined, it was apparent that they

were contaminated with bacterium. Therefore, 72h samples were not plated. Both 48h
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and 72h data are not represented on the graph since the results were not meaningful.
Further examinabin with a series of negative controls determined that the bacteria
contamination stemmed from the meat samples being stored at room temperature for
48h and over.

Since eaclCFU/cn? value or bar seen dfigure5 was based on theehotdogs which

were plated in triplicate, the standard deviation was calculated for all control and
experimental values of the four time conditions. The standard deviations between the
control samples at differing times show the possibility of an ovewdch suggest

that the time conditions yield similar resulSgure 5 shows that the only overlap
occurred for the control (blue) bars at 0.5h and 2h. Discovering overlap for the time
conditions is important since it reveals @ach condition selected was the most
appropriate time condition to collect data. The overlap between 0.5h and 2h suggest
that future experiments could be conducted with only one of these two times
conditions.

To confirm that our results were statistlgahccurate a ontailed distribution,
heteroscedastictest was preformed.he highest p value obtained for all conditions
was at 24h with a p value of 9810° The corresponding p values feigure5 are:
3.50X10°, 1.5810°% and 9.5&10" for Oh, 0.5h and 2h, respectively. Since all other

p-values at these conditions were lower, Trial 1 results are statistically significant.
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Figure 5: Results of Trial 1 pp01#1
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3.2 Trial 2: pp01#2

A second trial was performed following the same experimental protocol as
Trial 1, differing in that phage stock ppOl#&sused and that samples were tested
for incubation times only up to 48h. The phage stock showed a phage titer of
1.96X1FPFU/mI. The contamination found in Trial 1 after incubg@tthe meat
samples for 48hat 22C led us to exclude the 72h condition, but repeat the 48h
condition in Trial 2 to test the repeatability of the contamination. The results of the
48h conditon showed contamination comparable to that seen in Trial 1 at 48h, as well
as very similar bacterial growth from the meat sample controls that were incubated
without anyE. coli, phage or control media inoculation. The other conditions tested
for Trial 2 show a reduction ofE. coli after incubation with phage of

3.9X10"CFU/cnt at (h, of 3.07X1dCFU/cnf at 0.5h of 5.3X1dCFU/cnf at 2h, and
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of 1.04X1GCFU/ cn? at 24h Refer toFigure 6 for Trial 2 resultsThese results are
consisent with Trial 1 in that the highest reductionEf coli with the application of
phage was se@at 24h of incubation.

As in Trial 1, the standard deviation for each condition was calcula®d.
expected, the overlap in the standard deviation of theal@amples (blue bars) seen
at Oh and at 0.5h suggests that the small time difference between these two conditions
was not statistically significanenough to differentiatebetween the times of
incubations. The comparisaf thestandard deviatiobetweerthe time conditions Oh
and 2h, Ohand 24h, and 2h and 24h, suggests that the time difference between these
three time conditions is largagough to differentiatbetween the times of incubation.

On another note, the standard deviation of the control aperienental
samples of the conditions Oh, 0.5h, and 24h is high enough to suggest some or close
overlap within each time conditioAs in Trial 1, the sametest was performed for
the two samples used at each time conditiodetermine whether the redigst of E.
coli seen at each of these conditions was in fact statistically valid. The highest p value
obtained for all conditions was that of 24h with a p value of 0.00367. All the other
conditions showed p values significantly lower than that of the 2aditon. The p
values forOh, 0.5h and 2h were: X30’, 4.76X10°, and 8.7X10% Thus, the
bacterial reduction seen at each condition with the application of phatgsistically

significant.
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Figure 6: Results of Trial 2 ppQl#2
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3.3 Trial 3: Baseline with pp01#1 and pp01#2

(p < 0.004 for all conditions)

A third trial was performed where the same experimental proteasiised in

Trial 1 and Trial 2, but only the condition Oh was to be performed in order to include

a timebaselne for comparison with the other times of incubation. Two sets of data

were collected for Oh, one which used the phage stock ppO1#1 to be included as a

baseline for Trial 1 and one that used the stock pp01#2 to be included as a baseline for

Trial 2.

The esults for the Oh condition were included with the graphs presenting the

results from Trial 1 and Trial 2 respectivelyhe resultsfor the controls of Oh of

incubation (blue bars) show an increas€#J/cnf with respect to the 0.5h condition

for Trial 1. This was not expected, as the small time difference between the Oh and
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0.5h of incubation suggested that a lower or equal bacterial growth be seenHor the
coli free of phage at time Ol possible cause for such an increase in bacterial growth
for theOh condition is that th&. coliinoculums used for the Oh condition could have
been at a higher stage in its exponential growth curve. For each trial, the baseline
condition was performed on a different day then the trial. During the performance of
Trial 2 and 3, problems were encountered with achieving the desired absorbance from
the E. coli inoculum. It is unclear whether the bacteria had grown beyond the
exponential phase, or whether there was a technical problem with the
spectrophotometer or the glagsvettes. Nonetheless, in Trial 2 there was a longer lag
time from the moment the bacteria cells were spun to when the meat samples were
dipped in the bacteria than in Trial 1. This could explain why the Oh condition for

Trial 1 showed a statistically highbacteria growth at time Oh than Trial 2.

CHAPTER 4: DISCUSSION

Importance of time conditions

The creation of this specific protocol was highly influenced by 4mths of research
from Michael Coussa, an undergraduate student at McGill University. Thenstud
commenced the experiment in the summer of 2007, evaluating the reduction
capability of phage ont. coli affected samples. His procedure involved the
application ofE. coli and phage by dipping, and a vital point dffetence was the
absence o& contol media for the meat samples to be dipped. Also, in this procedure
the meat samples were always stored in the refrigerator’Gyt ahd the time
conditions were: Oh, 24h, 48h, and 72h. His results revealed the same ratio of
deduction from the control andxgerimental samples at each condition. These

findings disproved similar research, suggesting that over time the effectiveness of the
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phage reducing bacteria varied.

Our project was a continuation of his research findings; therefore, the overall
procedure emained the same. Changes to the protocol were based on preliminary
research and faults determined from his protocol. In addition, we added the objective
of exploring of the most effective time condition needed for the reductidh obl..

One amendmento the procedure was the introduction of the meat samples to
control media. In the prior procedure the control samples were dipped only once for
the application of th&. coli, while the experimental samples were dipped twice: once
for the application ofthe meat samples and once for the phage. Our preliminary
research yielded a loss of bacteria with the second dipping of the meat sample.
Consequently, this procedure required the control samples to be dipped in a solution
camparable to the phage solutibwwever not containing phage. The addition of the
control media allowed for the control and experimental samples to be compared.

Another chief modification was made in the incubation conditions. The prior
experiment stored all samples in the refrigerapd’C, to simulate the process of
buying the meat and storing it in the refrigerator until the preparation for ingestion.
Our incubation conditions kept all samples at room temperatut€, 2& other
researchers had done for similar phage applicationrexgets. It was hypothesized
that a warmer temperature would induce the adhesion of the bacteria to the surface of
the meat sample.

The final modification was related to time conditions. Four time conditions were
chosen to evaluate the effects of bacrage on the meat samples infected \lith

coli. Time conditions 0.5h and 2h were chosen, due to the research findings of

O6Fl ynn; his exper i meErmrdlafterromem@idof applicattoh i o n s

of the phage to the meat contaminated frankfsrter Accor di ngl vy,
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procedure observed the samples at Oh and
ability to perform as efficiently after 1h, due to the production of mutated and phage
tolerant bacteria [10]. However, examination of the stehdkeviation of the data

revealed that no substantial change was viewed between the reduction results for 0.5h

and 2h.

The 24h time condition was chosen due to the prior research of an undergraduate
student for this experimental objective. Wad anticipaing to compare the phage
application results to the prior experiment results of 48h and 72h. However,
complications occurred, and the 48h and 72h were determined not reliable for trial 1
and not incorporated in the plating protocol for trial 2. At 48hofibation at 22,
the bacterial plates appeared contaminated with another bacteria form, as seen in
Error! Reference source not found, part a . This speciesd
differed from the crearcolored, highlycircular colonies of ta EDL 933 bacteria.

Error! Reference source not found, part b shows the expected EDL 933 bacterial
colonies. Erfor! Reference source not found.shows a plate at 48h of incubation
containing the EDL 933 colony forming undasd additional large, symmetriesized

bacterial colonies.

Figure 7: a) Abnormal bacterial colonies observed from meat sampgmalone after 48h. b) Normal
observation of EDL 933 bacterial colonies
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Figure 8: Sample of EDL 933 cells on meat samplesith bacterial cell growth at 48h

Therefore for Trial 2, pp01#2, the time condition 48h was only observed through
controls but never plated. The controls verified the emes of a different bacteria
colony after 48h.

The final time condition was at baseline Oh. This condition was plated after the
experiments of both trials were completed, as it was a suggestion from advisor Dr.
Tufenkji. A baseline reading of data was impot to gather so other the time
conditions to be evaluated in comparison to the initial amount of CFUs for control
and experimental samples.

Phage variations for stock solutions

Phage propagation occurred twice using the same stock solution to produce
enough solution for multiple trials of inoculating the meat samples. The first solution,
pp01#1 was used solely for the time condition of Trial 1, while pp01#2, the second
solution of phage, was produced after the production of pp01#1 and used exclusively
for Trial 2 conditions.

When solutions for the second trial were plated, the resulting colonies had three

distinct morphologies of bacteria existing on the plates. Besides the normal EDL 933

33



colonies, seen ikrror! Reference source not found, part b, smaller and creamer
colonies were observed as well as larger asymmetrical and less opaque cream
colonies. This contamination suggests that the results of trial 2 should be deemed as
inconclusive. However, it is important to note that the daththe graph of Trial 2
depict the same trends as in Trial 1.

Although no analysis was preformed to identify the strain of bacteria, the broad
differences in morphology lead to the conclusion of two different contaminants
existing in the phage pp01#2 sotun. When comparing the normal EDL 933 colonies
of trial 2 with the colonies of trial 1, the bacterial counts were much higher for trial
two. It can be hypothesized that the presence of the two other bacteria inhibits the
phage from controlling the EDL 33colonies. Also, if is possible that the range of the
pp01 includes the two bacteria present on the plate, and the phage is working to
reduce the colonies of all three bacteria. Since there is an increase in bacteria and no
increase in the concentratiom MOI of phage the reduction oR. coli is less
significant for Trial 2.

Areas for improvement can be viewed for trial 1 with the use of pp0Ol1#1. For
condition 2h both the control and the experimental amounts are lower than values for
time 0.5h. Expectedesults of bacteria growth curve for the control would show a
consistent increase in amount bacteria from Oh to 24 hours. Eventually, the growth
rate would reach an asymptote and stabilize, until the bacteria would slowly decrease
in numbers. The plateau 6FU for the control meat samples was not observed from
the preliminary research.

In conclusion, both trials showed a noticeable reduction of bacteria EDL 933
with the use of phage pp01, and the highest reduction of both trials occurred at 24h.

For Trial 1 thebacterial reduction was ~3X°CFU/cnf and Trial 2 yielded reduction
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results of ~1X0°CFU/cnf. To confirm that the data was statistically accuratene
tailed distribution heteroscedastictest was preformed for both trials. The highest p
value fa Trial 1 occurred at 24h with <0.009, while Trial 1 achieved its highest p
value as <0.00367 at 24h. Both values are within the statistical range, denoting that
both the control and the experimental samples yield different results.

In addition, there waso statistical difference i&. coli reduction at 0.5h from
2h. Hence one of thee twotime conditions can be exempted for further trials. Also,
when incubating the samples at°@2no reliable data could be achieved for time

conditions greaterthan 48ice t o cont amination of the mea

CHAPTER 5: RECOMMENDATIONS AND FUTURE
RESEARCH

As discussed above, there were several difficulties encountered in conducting
the trials as well as some uncertainties in the observed results. One of stur mo
important recommendations lies in the production of phage pp0l. We encountered
significant difficulties in producing large amounts of phage that were highly
concentrated and sterile for use in the trials. We recommend that proper planning be
done to prduce all the phage needed to conduct all of the expected trials with one
stock of phage. This wayliscrepanciebetween two different stocks of phage used
can be avoided. As well, obtaining sterile phage should be a priority before
conducting the trialssawe obtained contamitian in the phage stock pp01#2 because
filtering with O0.45&gm was not sufficient t
with 0.22em was extremely difficult. A su
sterilize the phage using centrifuge filtersattmw for such sterility.

Performing absorbance readings for obtaining the same bacteria concentration
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before trialsmay not have beesufficient for ensuringhat the bacteria used for each
trial were in the same part of the exponential grovpthase Ou secondmajor
recommendation would be to conduct a growth curve to more accurately determine
that all bacteria used in the trials are in the same portion of the exponential growth
phase.

In addition to the recommendations above, tteeeotherconditiors that can
still be explored within the scopes of this project. Future research could be conducted
to test the efficiency of using phage pp0O1l1 to control the growth. @oli O157:H7
strain EDL933 on processed meath different MOls. Time constrainisnly allowed
us to conduct two trials with the same MOI of 100. Howegrploring the effects of
MOIs ranging from 10 to 10@s of interest as the literature shows that this range
obtains the most bacterial reductioim addition since there was no statcsl
difference between incubation tisief 0.5h and 2h, these two conditions could be
combined to test only the 2h conditioRurther testing for the effectiveness of
bacterial reduction at incubation times betwekra@d 24 and between 2dand 4&
is alko of interest. This can help determine the rate of bacterial reduction between
these times as well as the maximum time of incubation allowed after incubation at
room temperature. Another possible condition to test would be to inoculate the meat
samples wth a higher bacteria concentratji@s this experiment targeted a bacterial
coverage of ~IXCFU/cnf, but literature has shown that better results can be seen by
inoculating the meat samples to about *€FU/cnf. This would require the
production of more awentrated phage, or of reducing the MOI to something lower
than 100 and higher than 10. Finally, the objective of this project can also be applied

to other foods that have been involvedincolirecalls, such as spinach and lettuce.
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APPENDIX I: PROTOCOLS

1.1 Media Preparation

Materials:

LB: (20.00g for 1L of LB media)
1L Erlenmeyer flask

6 culture flasks

Autoclave:

To make 150ml of media for 6 culture flasks:

1) Measure 20.00g of LB artdansfer to a clean 1L Erlenmeyer flask with ~600ml of
diH20.

2) Add a stir bar and place in heating plate, set to not more thd@whde stirring
for ~5min until all the LB has dissolved.

3) Transfer the ~600ml of media to a 1L cylinder and add diH20 thraaotal
volume of 1000ml of media.

4) Measure 150ml with a 200ml cylinder and transfer this volume of media to each
culture flask (enough for 6 culture flasks).

5) Cap each culture flask with a sponge and then cover the top of the culture flasks
with alumirum foil (to cover all of the sponge and the top of the culture flask).

6) Stick autoclave tape on each flask (on top of the aluminum foil to indicate sterility
once autoclaved).

7) Place each culture flask in the autoclave for a liquid cycle of 96min at a
tempeature of 200C.

8) Store at room temperature for a maximum of ~2 weeks.

1.2 Agar Preparation

Materials:

LB: (20.00g for 1L of LB media)
Granulated Agar: (15.00g for 1L of agar)
1L Erlenmeyer flask

Sponges

Autoclave:

Petri dishes:

To make 800ml of aganough for ~30 small Petri dishes:

1) Measure 16.00g of LB and transfer to a clean 1L Erlenmeyer flask with ~500ml of
diH20. Remove all the LB from the measuring devise with diH20.

2) Add a stir bar and place in heating plate, set to not more thd@ 1%hile stirring
for ~5min until all the LB has dissolved.

3) Transfer the ~500ml of LB to a 1L cylinder and add diH20 to reach a total volume
of 800ml of dissolved LB.

4) Transfer to the 1L Erlenmeyer flask containing the stir bar and add 12.00g of
granulated agar. ®not use diH20 to remove agar from the measuring device, at
this point the volume cannot be changed.

5) Cap the 1L flask with as many sponges as necessary (usually 3 if using new ones)

39



6)
7
8)

9)

and then cover the top of the flask with aluminum foil (to cover ah®fsponges
and the top of the flask).

Stick autoclave tape on the flask (on top of the aluminum foil to indicate sterility
once autoclaved).

Place the flask in the autoclave for a liquid cycle of 96min at a temperature of
200°C.

Cool 1L flask containinghe agar by leaving in a cold water bath for a maximum
of 5min.

Then immediately pour the agar onto ~30 petri dishes using sterile technique,
preferably in the BSC. Note that whenever using the BSC, the inside should be
sprayed with ethanol to keep maxim sterility before and after use.

10)Let the agar plates uncapped and in tieSBfetyCabinet (BSCYor ~15min.

When dry, cap them in the BSC and store them in a large zip lock bag at room
temperature right side up (upside down). Agar plates should bd $bore
minimum of 1 day and a maximum of ~2 weeks before use.

1.3 Peptone Water Preparation

Materials:
1L Erlenmeyer flask
Autoclave:

To make 800ml oLOXPBS:

1. Measure 2.00g of peptone substance and transfer to 1L Erlenmeyer flask with
~500ml of diH:0.

2. Use small bottle ofliH,0 to clear remaining particles of peptone from
weighing dish.

3. Add a stir bar and placen@ heat and stplate, set to not more than
150°Cwhile stirring for ~5min until solution is homologous

4. Transfer the solution to B cylinder and adé@&mountdiH20 required taeach
800ml.

5. Transfer 800ml to 1L glass bottle and cap with lidaosely and place

autoclave tape on the top of flask.

Autoclave on liquid cycle of 96min 200°C.

Store at room temperature for a maximum of ~2 week

N

1.4 E. coli O157:H7 Inoculum Preparation

Materials:

1L cultureflask

E. coliO157: H7
Bunsen burner
Parafilm

Perti dish

Metal loop

PBS (200ml)

200ml centrifuge tube
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Centrifuge:
To make 100 ml of bacteri@-suspendeth PBS
1. Sterilize the metalpopedwire over fire in the BS.
2. Using the wire, streak a plate containing stock EDL. 988nediatly, place
the metal loop into th#lask containing 150 ml of LB media and stir to assure
bacteria has successfully transferred to the solution.
3. Cap the flak with a sponge and place autoclave tape clearly across the neck of
the flask.
4. Incubate for 18h at 3 with constant swirling and +garafilm the plate of
EDL 933 to store inherefrigeratorat 4C.
5. After 18h of incubation place bacteria in a 200ml cefuge tube and
centrifuge at 6210 RPM for 15min.
6. Resuspend the pellet in 100ml of PBS, vortex and centrifuge for a second
time at 6210 RPM for 15min.
7. Resuspend the pellet again in 100ml PBS, vortex, and store in the
refrigerator at 2C.

1.6 Phage Propagation

To produce ~60ml of phage

Priorto DaylMa ke ~6 | arge agar plates following |
but pour agar onto large Petri dishes. Allow to dry before Day 1.

Day 0: InoculatéE. coliO157:H7 and incubate overnight (18h) atG7

Dayl.:
1) Make 100ml of top agar (2g of LB in 100ml of diH20 + 0.7g of agar) and
autoclave.
a. Set up hot water bath for top agar near B®@ control temperature
above 56C with a thermometer to avoid solidification of soft agar.

2) Spin EDL933after 18h of itubation re-suspend in 100ml of PBS, repeat
once {n theBSC)

3) Obtain as many small plastic test tubes (capable) as large agar plates ready for
use.

4) Tr an s flefrffresB in@ilated EDL933 antl 0 0 € dp0lstdck into each
small plastic tube.

5) Incubate all small tubes at %7 for 20min while swirling every 5min.

6) After incubation, akeall smalltubes to the BS@nd add 7ml of soft agar into
each small tube. Lightly swirl each tube to allow for mixing of agar with
phage and bacteria.

a. Immediatelycarefully pourthe 7ml of soft agar from each small tube
ontoa large agar plat@void bubbles).
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7) Swirl plates to spread the soft agar evenly, allow syt & dry, and then
incubate at 37 overnight (8h).

Day 2:
1) Remove all large agar plates from the incubator and add 10ml of PBS to each
large plate.

2) Parafilm the plates and incubate them overnight (18h)Gtrva rocker.

Daya3:
1) Remove all large agalates form the rocker and tilt for 20min to make the
excess PBS containing phage and bacteria become removable.

2) Pipette this mixture off of the large plates and store it in a sterile 50ml glass
bottle, and labeled appropriately.

3) Add 515 drops of cloroform to the phage mixture as a means to kill the
bacteria.

4) Centrifuge the phage mixture for 15min at 6120rpm until no pellet of bacteria
forms.

5) Filter the ending supernatant through 0.45um filters to purify the phage. Do
this as sterile as possible

6) Store the resulting solution in a sterile 50ml glass contain€Catidtil
further use.

1.6 Phage Titer for PFU/mI Calculation
For a titer of Co/10, Co/f8 C o /®wben Co is the [phage stock]

Prior to Dayl: Make more than 24 small agar platesvioilong Pr ot oc o | 1.2 04
Preparationo. Allow to dry before Day 1.

Day 0: InoculateéE. coliO157:H7 and incubate overnight (18h) atG7

Dayl.
1) Make 100ml of top agar (2g of LB in 100ml of diH20 + 0.7g of agar) and
autoclave.
a. Set up hot water bath for t@gar near BS@nd control temperature
above 56C with a thermometer to avoid solidification of soft agar.

2) Spin EDL933after 18h of incubatiare-suspend in 100ml of PBS, repeat
once {n theBSC)

3) Obtain 24 small plastic test tubes (capable).

4) Make a 110 serial dilution of the phage stock until Cd/10
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5) Transfer 106 bf fresh undiluted EDL933 and 1€of each dilution of pp01
stock into three small plastic tubes. There should be a set of three small tubes
per dilution.

6) Incubate all small tubes at %7 for 20min while swirling every 5min.

7) After incubation, akeall smalltubes to the BS@nd add 3ml of soft agar into
each small tube. Lightly swirl each tube to allow for mixing of agar with
phage and bacteria.

b. Immediatelycarefully pourthe 3ml of soft agar from each small tube
ontoa small agar platé@avoid bubbés).

8) Swirl plates to spread the soft agar evenly, allow soft agar to dry, and then
incubate at 3 overnight (8h). There should be a set of three small agar
plates for every dilution tested.

Day 2:
3) Remove all large agar plates from the incubatorcanuoht the phage plaques
on the small agar plates. Plaques are very small circular areas where the phage has
killed the bacteria. They look like distinguishable clear dots on the agar plates.
The number of plaques is recorded as PFU.

1.7 Phage Titer for PFU/cm? Calculation

Day O:
9) Make 100ml of top agar (2g of LB in 100ml of diH20 + 0.7g of agar) and
autoclave.

10)Spin EDL933, resuspend in 100ml of PBS, repeat once (BSC)

11)Sterilize cutting board, ruler, tweezers, exdatife, and label empty petri
dishes vith hotdog# and condition. Place everything in BSC.
c. cut 1 hotdog piece (1cm length)
d. store hotdog in labeled Petri dish
e. Immediately store at 4C for 1 hour

Meanwhile:
12)Place in BSC: 250ml sterile beaker (for peptone water), sterilized repeat
pipette (to masure out 80ml of peptone water), one sterile 25ml beaker ( to
hold ~10ml of PP01), stomaching bags (where hotdogs and peptone water will
be put), 1L beaker (to hold stomaching bag), sterile peptone water, sterile
tweezers.

13)Measure 80ml of peptone watgith repeat pipette and transfer to stomacher
bag

After 1 hour:
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14)Take out Petri dish with hotdog and put in BSC

15)Add ~10ml of PPO1 to sterilized 25ml beaker

16)Start application of phage by dipping the hotdog in PP0O1 for ~2s

17)Immediately after application @hage, put hotdog in stomacher bag and
stomach for 10min.

18) Take stomacher bag into BSC and transfer ~40ml of stomached solution into
50ml falcon tubes

19)Dilute stomached solution 1:10 until 28"and plate triplicates of all dilutions.
f.  Will need a total 0B8*3 = 24 small plastic tubes and 24 agar plates.
g. To do this: take out 1@0lof each dilution and put in small plastic
tubes, repeat until you have 3 small plastic tubes for each dilution.
h. Add 10& bf EDL933 into each small plastic tube.
i. Incubate all 2&mall plastic tubes for 20min with swirling every 5
min.

20)Set up hot water bath for top agar near BSC

21)Take tubes to the BSC after incubating them and add 3ml of soft agar to each
small plastic tube, vortex, and pour carefully onto small agar platesi(avoi
bubbles).

22)Swirl plates to spread the soft agar evenly, allow soft agar to dry, and then
incubate at 37C for ~18h.
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