Introduction

This document clearly explains the experimentadiss and results reached therein to
demonstrate that Listex™ P100 has no technicatieffethe final product. Subchapter 1
contains a detailed analysis of the experimenttd daa variety of RTE foodstuffs which

demonstrate, among other things:

* Although the magnitude of the initial effectivenesfsbacteriophages may differ in
various foodstuffs because of the different surfateicture of the foodstuffs,
experimental studies in a broad range of foodsteissistently demonstrate that the
phages lose their function shortly after applicaijeithin 24 hours);

* The presence of other antimicrobials in foodstufis no influence on the period of
activity of phages;

Subchapter 2 discusses the primary mechanism bghwitiages quickly lose their function in
foodstuffs (adsorption to the matrix). Subchaptee® forth the factors that lead to structural
degradation of phages in foodstuffs some time #fieiinitial adsorption steps. Based on this
information, EBI respectfully submits that Listex™.00 is a processing aid.



1. Experimental Data

Except where mentioned otherwise, all the expertaledata presented here is derived from
the same study, performed at the Swiss Federalutesof Technology, within the framework
of a Ph. D. thesis. All experiments were performretfiplicate with duplicate sampling, but
the error bars are left out for ease of interpi@bat All the food products were store-bought
in these particular experiments with different fotations. However, formulation does not
affect adsorption kinetics of phages, and thus ftinee frame of functionality. Also
formulation does not affect the stability of theagks within the time frame of functionality,
as will be demonstrated with experimental data.

Two phages, A511 and P100 were used in this sflidgy are two closely related phages of
the myoviridae family with significant genetic semee identity and similarly broad host-
ranges. They are almost identical in size andatts®rption kinetics of the structural proteins
are identical. Several experiments show that tbficacy in food experiments is virtually
identical (see Annex 1b).

The experimental data clearly show that after aiggant initial reduction, regular growth of
the remainind.isteria resumes within 6-24 hours after application inf@adidstuffs.

It will of course take a certain amount of timegfahase) before the bacterial population

(which has been reduced because of the initiaingileffect of the phages, soon after the

phages application) has reached its original nur{tbernumber prior to the reduction caused

by the phages). As bacterial growth subsequensiymes with the same speed as the growth
in the untreated control (seen in the graph as Wiéh an identical slope), it can be concluded

that no residual function of the phages remains.

It is possible to make hypothetical growth curvest plot the growth after such a reduction.
This is possible because the growth speed of bacterder the given conditions can be
calculated by analyzing the growth curve of theestied control.

Exponential growth of bacterial cultures followe tiollowing equation:

N= (No) €

In a semi-logarithmic graph k is représé by the slope of growth

k = actual rise =InY2-InY1
actual run 2 -t1

Values Y2 and Y: are established by taking any two y-values of thpesat two time-
points b and 1

The doubling time of the bacterial plapion is therefore:

tqg=In2
k



Fig. 1 shows the effect of phage treatment of ndnoeat. In addition a hypothetical growth
curve is included in the graph. This hypothetiaaive shows the development of a bacterial
population with identical growth characteristicstlas untreated control but which starts with
cell numbers identical to those of the treated $amfmllowing the initial reduction. In other
words this curve represents the growth of the padpar if it had been reduced to that level by
a treatment known to have no residual effect sushheat treatment or irradiation. It is
obvious from this graph that growth of bacteriatthave survived initial treatment is not
impeded by the presence of the phages.

Minced meat, treatment with phages P100 and A511

R? = 0.9647

108

10?

Listeria CFU/g

10t Control m

P100 3x10 PFU/g @

A511 3x10 PFU/g @ ¢

Hypothetical growth curve; td=2 days A

0 1 2 3 4 5 6
time in days

Fig. 1: Effect of phage treatment on listerial gtbwith phages P100 and A511 in minced meat at BP€.red
line shows hypothetical growth after a 1.5 dggeduction and a doubling time as observed in the
untreated control.

Fig. 2 and 3 show data for similar phage treatnoéritam and cooked turkey breast. A large
part of the data was recently published (Guenéhet., 2008). Hypothetical growth curves
following an initial reduction have also been ird#d into the graphs showing the effect of
phage treatment on ham and turkey breast artiffoat@intaminated with high numbers of two
different L. monocytogenes strains ScottA (outbreak strain SV4b) and WSLC1(@fabd
isolate SV1/2c) in figures 2 and 3. Doubling tineéthe bacterial population were calculated
based on the growth rate of the untreated contnotier the experimental conditiongn all
cases resumption and rate of growth in the actya¢rement follow the hypothetical growth
curves.

The remaining cells after initial reduction grownalst exactly as those in the untreated
control. The highest reduction is obtained aftgprapimately 6-24 hours and after that no
remaining residual function of the phages can ls=oked in the experimental foodstuffs.



Ham, L monocytogenes WSLC1001 SV1/2c
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B P: Effect of phage treatment on listerial gtbwf strain WSLC1001 (A) and strain Scott A (B) leaim at

The red lines show hypothetical growth aftétagn 0 reduction and a doubling time as observed
in the untreated controls.




Turkey breast, L monocytogenes WSLC1001 SV1/2c
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Fig. 3: Effect of phage treatment on listerial grbwf strain WSLC1001 (A) and strain Scott A (B)tarkey
breast. The red line shows a hypothetical growtiér & 1log o reduction and a doubling time as observed in the

untreated controls



Another experiment within the same doctoral thdésasnework, using hotdogs, the same

contamination levels and the same treatment levrls,a higher incubation temperature,

allows us to see how long the phages remain activeotdogs (no lag-phase). The higher
temperature results in an increased growth rateesad though the initial reduction is equally

high, resumption of growth can be observed afthoérs at exactly the same rates as in the
untreated control experiment (Fig 4).
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Fig. 4: Effect of the high phage doselaaeria-contaminated hotdogs incubated at a 20°C. Aftenigial

reduction of approximately 3lgg growth resumes after 6 hours at exactly the sameeas in the
untreated control experiment.

The major cause for the differences in initial rettn between the foods is the different
surface structure of the foodstuffs. On smoothaag$ such as hotdogs and cabbage leaves,
there are far fewer recesses where bacteria conddréfuge, facilitating the likelihood of
phage/host encounters and contributing to highigialimeductions. When there is a higher
initial reduction of bacterial numbers, experimémgsults can make it appear that the phages
had a longer kill effect than it actually did. Hovee, as demonstrated in the graphs, even
when there is a higher initial reduction in ba@gresumption of growth always occurs within
24 hours.

In foodstuffs where a relatively high amount ofidlus added or remains after treatment, a
high initial killing efficacy can be observed. Thsslikely caused by high diffusion ability of
the bacteriophages in the fluid, allowing the phagemore effectively find their target
bacteria. This increased movement does not abatisbrption in any way.

In order to see whether the presence of other @rbials has an influence on the period of
activity of the phages, additional experiments wererducted by EBI Food Safety at its own
facilities. Cooked ham without added lactate eacktate, cooked ham with di-acetate 0.15%



and lactate and di-acetate (1.5% and 0.15% resprg wsed in these experiments to
determine if such antimicrobials influence how |ahg phages remain active. Fig 5 and 6
show that in all cases growth resumes (after atiainieduction) within 24 hours after
application, showing that these antimicrobials doatffect the period of phage activity.
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Fig. 5: Effect of bacteriophage P100 at 5kffu/cnt on Listeria on cooked ham without organic acids)(with
di-acetate B) and with both lactate and di-aceta®) pver a 3 day period. Although the speed of groofth
Listeria and total numbers after 4 days varies in the atgcecontrol hams, the effect of phage additionlogi,
reduction and growth resumption after 6-24 houideéstical in all cases.

Fig. 6: Effect of bacteriophage P100 at 1kpfu/cnt on Listeria on cooked ham without organic acids) (with
di-acetate B) and with both lactate and di-aceta®) (over a 4 day period. Although the speed of growith
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Listeria and total numbers after 4 days varies in the atgecontrol hams, the effect of phage additiontogg,
reduction and growth resumption after 6-24 howsglentical in all cases.

Since these organic acids may affect the long tetnnctural integrity of phages, a phage
recovery experiment on the three different pieddsam was also performed.

In all cases the percentage of phages that waseraige within the period where the phages
show activity, was identical (Fig 7). If these stalbges have an influence on phages’
structural stability at all, this happens beyond point in time where residual activity is

observed. Recoverability does not mean that thggzhatill have their function: they are not
able to infect bacterial cells after 24 hours, lE®msn before.
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Fig. 7: Recovery of phages from ham (Experimentig & over a 4-day period in the
presence and absence of organic acids. Roughlyd@abe phages could be recovered from
both hams at all times during the 4-day experimgmaod, showing that the organic acids
have no effect on the structural stability of tieges during this period.

In sum, detailed analysis of experimental data shdkat in all the tested foodstuffs

resumption and rate of growth in the actual expenollow the hypothetical growth curves.

The remaining cells, after initial reduction, gr@most exactly as those in the untreated
control. The highest reduction is obtained aftepragpimately 24 hours and after that no
remaining residual activity can be observed.

2. Phage adsorption

The food experimental data shows clearly that &rkyss of phage function can be observed
within 24 hours of application. At the same timetlhese experiments most of the applied
phages can still be recovered within and even #fisrperiod. The rapid loss of function of
phages is caused almost entirely by adsorptias.dommonly known that proteins absorb to
surfaces. Phages consist of a protein hull comgimNA. Like all proteins, when phages
come into contact with a surface, they will bondhwhat surface. This adsorption has a
number of consequences for a bacteriophage aadility to interact with the host bacterium.

Phages diffuse passively in liquids and the ligajgblied during Listex™ P100 application

allows a phage to move and “find” its host bacteridt the same time, however, phages will
collide with the food surface or particles. Thes#isions can result in the formation of bonds
between surface and bacteriophages. Primarily sublond-formation will impede and/or

abolish the ability of the phages to move and fime host bacteria. This inability to further

diffuse is a major factor in the rapid loss of ftion of phages.



Several interactions likely contribute to strongnd® being immediately formed, with
hydrophobic interactions being the most promindiie side chain of several amino acids
(Va, Phe, lle, Leu) are non-polar and hence intgoaorly with polar molecules like water.
When non-polar residues are exposed at the sumdhcevo different molecules, it is
energetically more favourable for their non-polarfaces to approach each other closely,
displacing the water from between them. The sttergjt hydrophobic interactions is not
appreciably affected by changes in pH or salt cotnagon, which means that the bond can
be broken really only by force.

lonic interaction bonding also occurs because prsteontain both positively (Lys, Arg, His)

and negatively charged amino acids (Asp, Glu). &hegeract with and bind to other,

oppositely charged groups. Shifting the pH resutesnore negatively charged groups when
the pH rises and more positively charged groupsmwthe pH drops. Increasing the ionic
strength of the environment decreases ionic interadetween molecules in favour of
interaction with free ions.

Formation of hydrogen bonds between phage and $owofhce may also occur. Hydrogen

bonds can form whenever a strongly electronegatiom (e.g., oxygen, nitrogen) approaches
a hydrogen atom which is covalently attached tceeosd strongly electronegative atom.

These can be formed in the case of phages betweer(=0 group and the H-N- groups of

separated peptide bonds in proteins (giving risécalpha helix and beta configuration) and
between —C=0 groups and hydroxyl (H-O-) groups én &d Thr residues of proteins and
sugars.

Individually these bonds are much weaker than @emtdbonds (typically about 20 times), but
many of them together can have formidable streigtk.first bond to occur brings the phage
closer and holds it to the food surface, increasimgglikelihood of additional bonds to form.
This is the reason why adsorption only becomesg#aoover time. Any one bond can be
broken with relative ease, but for phages to desatlibonds must be broken simultaneously.
Bond formation can and does progress to the pdmatrevit is in fact virtually irreversible. At
this point desorption will be possible only by Hatseatment (for example with chemicals).
Before the phage is irriversible bound to the foodtrix, phages can be extracted, in the
laboratory, from the foodstuff as described below

In order to desorb phages in the lab, the foodssyffaced in phage stabilization buffer (SM-
buffer, pH 7.6) at a ratio of 10:1 buffer to foadf$t(v/w) and 'stomachered’ (homogenized)
twice, for three minutes each. The pH of SM-buffemuch higher than that of the products
Listex™ P100 is used, and this shift may weakendhe interactions formed at a lower pH.
Monovalent and divalent cations, Nand Md", in the buffer will shield the negatively
charged groups which result from the pH shift. Blgagation of the large volume of buffer by
the paddles in the stomacher creates sufficienggrite weaken many interactions, including
hydrophobic bonds, favouring desorption of phagdigas. The recovered phages are no
longer active as described above in the experirhdata. The protocol for further processing
(PCR) can be found in Annex 11.

Conditions that lead to desorption in the laboras®tting are not present in the commercial
setting and thus desorption of phages will not oatproduction or consumption:

» Purge of solution present in the packeging of doalétuff will not cause desorption of
the phages because no relevant current of forgenerated and the pH and ionic
strength are the same as the foodstuff.

* Processing steps such as slicing, mincing of gnigpavould not result in desorption.
All of these process steps create new surface avbah would require extremely
larger amount of phages in the first place.



It is a fact that fluid aids phage movement (diibug, but it does not abolish adsorption in
any way. This can be seen in the experimentsguege in hot dogs), where in spite of fluid
on the surface, the phages stop functioning afééwéen 6 and 24 hours after application.
One of the factors influencing adsorption is the & collision with the surface. A heightened
mobility of the phages caused by the presenceudt fiill also increase the rate of collision
with the food surface.

Several detailed information on the subject of @rgsurface interactions can be found in
publications written by Ruggiera al. (2005) and Kozakt al. (2007).

3. Structural phage degradation during further storage of foodstuffs

As discussed above, while phage function will beeanactivated within the first 24 hours of
application due to absorption, a large part of ghages can be recovered even beyond this
time period. However, the number of phages thatlmretrieved from a food surface also
declines over time.

The inability to be retrieved can be due to permaadsorption to the surface or to structural
decay of the phage particles. The factors coninguio structural degradation are numerous
and the different factors may weigh differently different foodstuffs and may even vary

between batches of the same foodstuff. A summatiietarious factors leading to structural

decay can be found in Annex 9 (Phage inactivatioeskner).

This structural decay and/or irreversible adsorptensures that the phages cannot be
reactivated at later stages regardless of whatdrepio the foodstuff.



