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Introduction

Infection in hospitals is the fourth largest killer in the United States today, resulting in
over 100,000 deaths each year. These infections are most often contracted while at the
hospital, typically from implanted devices such as coronary stents or catheter tubes [1]. There
are three main issues associated with implanted devices; clot formation, bacterial adhesion, and
cell proliferation. This experiment dealt with only the first two of these problems. Currently,
the most prevalent way to counteract these complications is to keep patients loaded with
heparin, an anti-clotting drug, and on antibiotics to kill bacteria [2].

These problems are directly related in that they are both initiated by adsorption. In clot
formation, blood proteins adsorb to the surface of the device and instigate the clotting cascade.
If the clot is dislodged, it can cause many complications, including stroke. In the other issue,
bacteria attach, mediat6ed by protein adsorption, and form a film on the surface of the device
that can lead to infection. The solution seems to be, then, to remove the opportunity for
adsorption as well as kill bacteria on contact. The goal of this research was to explore methods
and effectiveness of changing the surface chemistry of material typically found in implantable
devices.

Essentially, this involves using a hydrophobic surface, for this research polystyrene was
used, and add a hydrophilic, polymer “brush” layer to reduce the incidence of adsorption to the
surface, and then to add an agent to kill any bacteria that may approach the surface.

The brush layer is made up of a tri-block co-polymer known as Pluronic® F108. This
product consists of a hydrophobic base of poly[propylene oxide] and two longer hydrophilic tails
of poly[ethylene oxide]. In solution, the hydrophobic base of the F108 will spontaneously and
preferentially locate at the hydrophobic surface of the polystyrene beads used for

experimentation (see Figure 11). The hydrophilic tails stick out into solution and repel
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approaching proteins or bacteria. After the F108 has preferentially located at the surface of the
bead, it is entropically unfavorable for it to desorb, and remains on the surface. Once the F108
has been added to the beads, the lantibiotic nisin is added to the solution in contact with the
F108 layer. Nisin is a relatively small protein, made up of 34 amino acids, that acts to kill Gram
positive bacteria. Nisin kills by forming open pores in the surface of a bacterium; it takes eight

nisin proteins to form a single pore (see Figure 12) [3].

S
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Figure 11 shows the F108 preferentially located at a
hydrophobic surface.
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Figure 12 shows the mechanism by which Nisin forms pores in a
target bacterium. (a) nisin approaches cell surface at Lipid Il
interface. (b) nisin attaches to Lipid Il molecule. (c) nisin enters
the cell through interaction with Lipid Il. (d) 8 nisin molecules
aggregate with 4 Lipid Il molecules to form a pore in the
bacterium surface, killing the cell.
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Contrary to the function of the F108 coated surface, the nisin is able to infiltrate the brush layer
and in fact preferentially locates there in aqueous solution (see Figure 13) [4]. This research
aimed at dealing with how efficacious this approach is at killing bacteria over time, so the

mechanism for why nisin is able to do this was not explored.

Hydrophobic Surface Hydrophobic Surface

Figure 13 shows the Nisin (yellow) infiltrating the F108 brush layer. It is important to note this
goes against the function of F108.

Previous work has been done on the potential benefits of this technology on
hydrophobic surfaces [3, 5]. In that work, two important aspects were discovered. First, from
ellipsometry data it was shown that nisin imbeds into the brush layer by non-specific adsorption
as shown in Figure I13. The other important aspect was to show that nisin, in association with
the F108 does in fact protect against biofilm formation and protein adsorption to the surface,
and is much more effective than nisin coated surfaces alone, especially when challenged with
typical blood proteins derived from blood plasma.

Although that study showed the F108 layer is in fact effective, it did not consider the
long term effectiveness of such an approach. This research aims to investigate how effective the
F108 brush layer is over time, and provide background knowledge on how these systems behave
in a solution more similar to physiological conditions. Tai’s work investigated the brush layer in

a solution of low ionic strength (10 mM sodium phosphate buffer, pH 7). This study is
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conducted in solution of intermediate ionic strength (0.01M PBS buffer with 0.15M NacCl) in
order to simulate physiologic conditions. Because patients typically have devices implanted for
periods longer that 4 days or one week, this study tests the effectiveness of such a system over

a 28 day period.
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Background

Advances in biomaterials engineering have led to a number of well known and effective
technologies in cardiovascular medicine and surgery, orthopedics, ophthalmology and dentistry.
While the use of biomaterials has improved the lives of millions of people, there are still
problems with blood coagulation, infection, degradations and rejection associated with
currently used materials. Controlling biological interactions with biomaterials is the most
important aspect of design of temporary and permanent implants, as well as cell and tissue
scaffolds and diagnostic probes. The ability to control, in particular, the interaction of materials
with bacteria is extremely important. Most materials used in medical devices are susceptible to
bacterial adhesion. Once bacteria adhere to the solid surface of an implanted device, they
proliferate and imbed themselves within an extracellular matrix, forming a biofilm, which makes
them very difficult to combat. Once the bacteria have formed a biofilm, both the host immune
system and antimicrobials become much less effective against the bacteria due to difficulty in
penetrating the matrix and/or inactivation upon penetration. To reduce morbidity and
mortality due to device related infections, new methods are needed to prevent biofilm
formation on a multitude of material types and configurations.

Approximately 5 million central venous catheters are used annually in the United States.
An estimated 1/3 of catheters fail by infection, and another 1/3 fail due to clot formation
creating a blockage for the catheter. For both failure types, the most effective current
treatment is replacement of the defective device with another just like it. Medical device-
associated infections often result in systemic infections that in the most severe cases lead to
multiple organ failure and death, even though the original medical condition was successfully
treated. Conservative estimates indicate catheter related blood stream infections (CR-BSI) occur

in over 200,000 patients in the US each year. The cost of these infections ranges from $300
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million to $2.3 billion. In 2005, CR-BSI resulted in 28,000 deaths [6]. Infection is also a major
problem for dialysis patients (>300,000 people in the US) of which 42% rely on AV access grafts.
These grafts have an infection rate between 11% to 20% and a mortality rate due to infection of
12-22% [7-9].

CR-BSl infections are becoming increasingly difficult to treat because bacteria such as
Staphylococcus aureus are becoming increasingly resistant to common antibiotics. In 1974, only
2% of S. aureous infections were methicillin-resistant (MRSA). In 2003 the resistance had risen
to 57%, and is over 60% today [10].

This work describes new approaches to preventing biofilm formation based on the use
of a two part coating that integrates nisin with a copolymer and describes results from
experimentation using a P pentosaceus pentocaceus as a model bacterial strain. This technology
will be useful in the prevention of bacterial adhesion and subsequent proliferation and is
expected that such a technology could make a substantial impact on the care of patients
needing intravenous catheter placements.

Current approaches to reduce CR-BSI

Several catheter modification approaches have been evaluated for their ability to
reduce the incidence of catheter-related blood stream infections (CR-BSI). The approaches can
be divided into two categories. In one category, surfaces are modified to prevent bacterial
adhesion. Many of these approaches involve minimization of adsorption and adhesion through
steric repulsion and/or minimization of interfacial energy. In the case of catheters, adsorption of
proteins, particularly fibrinogen, often leads to development of a fibrin sheath or thrombus and
eventual occlusion. Several proteins present in blood clotting promote bacteria adhesion and it
is well known that there is an association between thrombus formation and CR-BSI [12-14]. On

the surfaces of hydrophobic materials, entropically driven hydrophobic interactions dominate
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protein adsorption, and many research groups have shown that surfaces grafted with PEO are
significantly less prone to protein adsorption and adhesion [15]. Although hydrophilic coatings
have been shown to reduce bacterial adhesion, problems with infection still occur.

In the second category, surfaces are modified with agents that actively kill or prevent
the growth of bacteria. Two commercially available short term catheters that fit into this
category and have been shown to reduce infection rates are chlorhexidine-silver sulfadiazine-
impregnated (CSI) and minocyline-rifampin impregnated (MRI) [16, 17]. However these
products pose a significant risk for developing drug resistant bacteria and signs of resistance
with the use of MRI has been shown in vitro and in an animal model [18]. This risk is lower for
the antiseptic CSI catheters, but in vitro studies have found that exposure to chlorhexidine can
result in increased bacteria resistance to it and other therapeutic antimicrobial agents [19].
Furthermore, CSl is not thought to be effective for longer than 10 days and serious
anaphylactoid reactions associated with the use of these catheters have been reported in Japan
[20-22]. Although antimicrobial catheters cost more than standard catheters, studies have
demonstrated that there is an overall cost benefit of using them in high risk patients due to the
high cost of treating CR-BSI. The added cost of antimicrobial catheters is between $25 and $70
per catheter, but the overall cost benefit is about $200 per catheter for CSI [23]. Based on cost
benefits and improved patient care, there is a strong motivation to use antimicrobial catheters.
However, these pose a very serious risk of furthering the development of resistant bacteria and
have been recommended for use only in high risk patients (in the ICU, on total parenteral
nutrition, or immunosuppressed) [24]. More recently, they have been recommended for use in
patients expected to have a catheter in place for more than 5 days.

The research described in this work show the effectiveness of a material modification

that (1) kills bacteria upon contact with the device such that antibacterial agents do not have to
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be released into the blood stream or surrounding tissue, (2) is biocompatible and will not
adversely affect the patient, (3) can be readily applied to a variety of materials and irregularly
shaped objects, (4) prevents blood clots and occlusion, and (5) does not stimulate changes in
bacteria that lead to resistance, allowing broad use without compromising the effectiveness of
clinical antibiotics.

F108 technology and advantages

Pluronic” surfactants have been successfully used to immobilize bioactive entities at
interfaces. This approach utilizes a triblock copolymer (PEO-PPO-PEOQ) called F108, which self-
assembles on hydrophobic materials from aqueous solutions. The hydrophobic PPO center
block forms a strong hydrophobic bond with the material while the PEO end blocks remain
freely mobile in the fluid phase [25]. Using this approach, a thick PEO brush-like layer is formed
at the material surface that serves two important purposes. First, the PEO layer acts as a
cushion between the peptide and the substrate preventing peptide denaturation that might
otherwise result from surface interactions while retaining peptide mobility [26, 27]. Second, the
PEO layer prevents nonspecific adsorption of proteins or cells, which the surface is exposed to
during therapeutic use [28].

Previous studies conducted at the University of Utah and allvivo, which was AVI’s
precursor company, demonstrated the advantages of the EGAP technology over other PEO
based tethering technologies: it is easily applied to a variety of materials and irregularly shaped
objects through dip coating and it provides a mechanism to systematically vary therapeutic
biomolecule surface concentration [29, 30]. Medical devices, implants, and tissue engineering
scaffolds are prepared from a multitude of materials based on the different mechanical,
electrical, and optical properties required by each application. Most materials that display

optimal bulk properties for a given application do not have adequate biocompatibility. Direct
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chemical modification of materials to improve biocompatibility is complicated and can change
bulk material properties. In some cases, direct chemical modification is not feasible based on
the material type or the irregular shape of an object. Direct adsorption of biomolecules on such
surfaces often leads to denaturation and a change or loss of activity. The EGAP technology
provides a simple and versatile solution to these challenges because it can be applied to a
number of different materials by dip coating and can be used to immobilize proteins and
peptides with retained activity [27, 29, 31, 32].

Lantibiotics and nisin

Nisin has a long history as a potent and safe food preservative. It has been demonstrated that
nisin can adsorb to synthetic surfaces, maintain activity, and kill adherent cells in vitro [33-37].
While nisin has demonstrated activity against mainly Gram-positive bacteria, it can be an
effective inhibitor of certain Gram-negative bacteria when used in combination with other
compounds such as chelating agents [38]. Staphylococcus aureus and Staphylococcus
epidermidis are the most frequently encountered biomaterial-associated pathogens, especially
for CVC applications, and are both Gram-positive bacteria. Nisin has been shown to prevent
microbial adhesion on endotracheal suction catheters in vitro (using Staphylococcus aureus,
Staphylococcus epidermidis, and Enterococcus faecalis (Streptococcus faecalis)), prompting
further in vivo studies evaluating nisin-treated intravenous (1V) catheters in sheep and
tracheotomy tubes in ponies [39]. Catheters pretreated with nisin for long-term placement (7
days) did not retain antimicrobial activity, while short-term (3-5 h) IV catheters did. The exact
duration of nisin activity on IV catheters remains unknown. There were no abnormalities on
clinical examination of sheep during the experimental period, and no animal in either group

developed catheter-related infection or venous thrombosis. Veins with short-term coated
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catheters showed fewer and less severe histologic abnormalities compared with controls,
indicating a possible protective effect on vascular endothelium [39].

Lantibiotics are antibiotic compounds that include one or more lanthionine rings. Over
40 lantibiotics are currently known, and more are being discovered each year. The unique
physical structure of lantibiotics, (e.g., double bonds, thioether rings, and exotic amino acid
residues), makes these antimicrobial peptides highly reactive, and distinguishes their mode-of-
action from traditional antibiotics. This suggests that they may remain effective despite the
global increase of resistant bacterial strains through antibiotic overuse. Lantibiotics demonstrate
a wide variability in their inhibitory spectrums. Some lantibiotics, (e.g., nisin and subtilin) are
active against Gram-positive bacteria, while other lantibiotics (e.g., cinnamycin) are active only
against Gram-positive rods. Additionally, some lantibiotics have antiviral activity, (e.g.,
lanthiopeptin) [40], some function as immunosuppressors, (e.g., mersacidin) [41], and some
(e.g., duramycin and ancovenin) can inhibit biomedically important enzymes [42].

Many lantibiotic characteristics are valuable for biomedical applications [43]. Unlike
typical peptides, lantibiotics contain dehydrated amino acid residues with electrophilic centers
that readily react with nucleophilic groups on bacterial DNA and enzymes [44]. The thioether
rings found in all lantibiotics increase heat stability, decrease susceptibility to reducing agents,
and reduce reactivity toward free radicals as compared to disulfide bonds [45]. Lantibiotics offer
a means for limiting the rise of resistant microorganisms, and since their mechanism of action is
fundamentally different to that of traditional clinical antibiotics, cross-resistance is highly
unlikely. There are reports that repeated exposure to nisin can lead to changes in bacteria that
can confer weak resistance to nisin. However, these changes also make the bacteria weak
compared to their nonresistant counterparts and more susceptible to antibiotics and the

immune response. Nisin has been used broadly and extensively in food products for many years
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without problems arising from development of resistance. The use of nisin began around the
same time as the use of penicillin, which is not longer effective. The difference is attributed to
nisin’s multi-tiered mechanism of action as well as concomitant weakening of bacteria with
development of nisin resistant traits.

There are several different mechanisms through which lantibiotics exert their
antimicrobial effect [47]. Type A lantibiotics (such as nisin) are strongly cationic, linear
molecules. They are highly surface active and kill susceptible bacteria through a multistep
process that destabilizes the phospholipid bilayer of the cell and creates transient pores.
Targeted bacterium are rapidly killed by efflux of ions and cytoplasmic solutes such as amino
acids and nucleotides, and subsequent dissipation of the membrane potential [48].
Depolarization of the cytoplasmic membrane results in instant termination of all biosynthetic
processes [49]. Structural analyses have indicated that the hydrophilic groups of nisininteract
with the phospholipid headgroups and the hydrophobicside chains are immersed in the
hydrophobic core of the membrane [50]. Two models of nisin antimicrobial action have been
proposed. The “wedge” model of pore formation [51] proposes that the peptides insert into the
membrane without losing contact with the membrane surface, resulting in the formation of a
short-lived (milliseconds to seconds) pore. In the wedge model, pore formation is caused by
local perturbations of the lipid bilayer, whereby the hydrophobic residues of the peptide are
shallowly inserted into the outer leaflet of the lipid bilayer [52]. The “barrel-stave” model [53,
54] proposes that nisin binds as a monomer and inserts into the lipid bilayer. The inserted
monomers then aggregate laterally to form pores. Each of these models was proposed when
guestions remained concerning the involvement of cell surface factors, lifetime of the pore, and

the number of molecules required for pore formation [46, 55-57].
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Procedure

In this experiment, we started by coating microspheres with F-108 and letting them
incubate overnight. Nisin was then loaded on to the microspheres and incubated for another

hour. We had five different samples, they were as follows:

Microspheres, F-108 and Nisin (MFN)

e Microspheres and Nisin (MN)

e Microspheres and F-108 (MF)

e F-108 and Nisin (FN)

e Nisin (N)
2 mL of each sample was taken and added to 8 mL of diluted P pentocaceus, the dilution was
based on observed absorbance units, diluted to a value 0.65, and then diluted 100x. We then
prepared three of each sample and incubated for another 4 hours. Each sample was plated (100
uL) on an agar gel plate and incubated for two days. After two days, we counted the number of
colonies that formed on the plate. The experimentation consisted of reproducible 28 day
studies, so this sampling method was conducted a total of four times per study, or once per
week. Each of the 5 sample types were plated using standard laboratory methods on MRS agar
plates in replicates of 3. For each sample period of the study, 20 plates were kept, 3 each of the
samples, 3 with only P pentocaceus, and 2 agar only samples. Results are shown below. An SOP

is available in the Appendix.
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Results and Discussion

As stated previously, the goal of this study was to test the effectiveness of F108
adsorbed to a polystyrene coated microsphere on the retention of nisin over time. Samples
were taken once a week for four weeks, providing four data sets. We measured this
effectiveness by incubating each solution with P pentosaceus, diluting this solution and plating
on MRS agar plates. After two days we counted the number of colonies on the plates. We
determined the Colony Forming Units (CFUs) originally present in the incubation, which are
equal to:

CFU = Total Colonies Counted X dilution of P.pentosaceus after addition of sample.
The data for the control tests is shown in Figure D1, sample data is shown in Figure D2. The raw

data is shown in Appendix C.

140000
B Week1
120000 - m Week 2
= Week 3
100000 m Week 4

80000
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40000 -

20000

FN N Ped

Figure D1: Total growth of P pentosaceus on MRS agar plates. Samples
were taken once per week. Sample free agar plates were also examined,
and exhibited no growth in all cases. Solutions are as follows: FN — F1-8 and
nisin; N — nisin; Ped — P pentosaceus only.
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The data shown in Figure D1 is for the microsphere free controls only. When analyzing
the week-four data, the agar of the Nisin-only samples was extremely dry and had split down
the middle, this seemed to indicate more harsh conditions for these samples than any of the
others, for this reason, the following analysis reflects only the first 3 weeks of data. Notice the
amount of colonies formed is less in the FN sample than in the N sample on all test days. This
clearly indicates that samples including F108 protected the nisin’s activity from being degraded
over time. There are a few possibilities as to why this may be. First, nisin experiences its highest
potential activity at a pH of around 4; higher pH helps to hydrolyze the nisin and degrade it more
quickly. The temperature of 37 °C likely contributes to this degradation. In solution with F108,
however, the nisin aggregates with the F108 and other nisin, and is protected from the free
protons and hydroxyls in solution. This likely protects the nisin over time and aids the retention
of activity. The second possibility is that in the vessel, nisin alone may create a poly-layer on the
surface over time, thus reducing the amount of nisin in solution. Again the addition of F108
keeps the nisin from adsorbing in a polylayer to the surface of the vessel and can keep nisin in
solution. In either case, this seems to prove the effectiveness of F108 on the protection of nisin
over time, and this may likely remain true with the addition of microspheres. The results of that

aspect of the experimentation are shown below, in Figure D2
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Figure D2: Solutions are as follows: MFN — microspheres, F108, and
nisin; MN — microspheres and nisin; MF — microspheres and F108; FN —
F1-8 and nisin

As shown in figure D2, there seems to be no apparent difference between the MFN and
MN samples. During all test days, the MFN and MN samples seemed reasonably similar and this
figure does not explicitly indicated any differences between the antimicrobial activity of these
two samples. The sample without nisin would be expected to remain constant over time, given
there are no aspects in the sample to kill bacteria. As shown, this is not the case. This is likely
related to the colony density on each plate (see “P pentosaceus Growth” below). This may
mean that a difference between MFN and MN exists, but cannot be seen as the data is graphed.
The only data that may be indicative of a growth difference exists in week four. It may be that
without blood proteins present in solution, it takes an extended period of time to see a
difference between MFN and MN, given there are no protein challenges to encourage the nisin
to leave the microsphere in the MN samples. The data was plotted against a theoretical
maximum P pentosaceus growth, taken to be whatever the MF growth was on that particular

test day. This data is represented in Figure D3.
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Figure D3: % of assumed maximum P pentosaceus growth, taken to
be whatever MF exhibited.

This data indicates two things. First, there seems to be some issue with the second
week of data. During the experimentation, we incubated all samples with 100x diluted P
pentosaceus, except in the case of the second week, where we incubated with 400x diluted P
pentosaceus. This was an oversight during the experimentation that may provide reasoning for
the seeming discrepancy. The data also seems to indicate the MFN allows for less growth in
terms of percentage over time than the MN sample. Whatever protection may be occurring
seems slight, however, and may be the result of experimental error. The results would only be
worrisome if the MFN sample exhibited more growth than MN over time. Because the samples
were kept in PBS buffer for the duration of the experiment, we would not expect a lot of
difference between the samples over time. This is due to the lack of alternative proteins in
solution to challenge the nisin for adsorption on the surface of the microspheres. Without that
challenge, the nisin would not likely elute from the surface of the microsphere, and the overall

activity may not change that dramatically. Over a very extended period of time, however, the
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MFN should prove more effective at protecting the activity of the nisin when compared to the
F108 free sample, and in fact this difference seems to be evident in the fourth week of data,
where we can see a significant difference between the MFN and MN samples. This data seems
to indicate the MFN is already proving more effective, so these results are extremely promising
for future analysis.
Alternative Analyses

Throughout our research, we have found when working with live cultures, it is
extremely important to take extra precaution to insure the system is treated the exact same
every time. For this reason, every week one researcher plated the same samples as in the
previous week, and so on throughout the duration of the test period. Even so, there are several
points throughout the experiment that may have contributed to the deviations seen in our data.

MRS Broth

There are two aspects of the MRS broth that are potentially problematic. First, the
expiration date of the broth has passed. Given that this is a dry, granulated product, stored in a
dry container, and that the broth need only sustain the bacteria for a maximum of 70 hrs, it is
unlikely this is a significant issue in our experimentation. This potential issue is further mitigated
since all of the samples are treated with the same broth and all plates are made from the same
stock. The other issue concerns how long the broth that was made was used. Typically, a stock
solution of broth should not be used for more than two weeks consecutive use. To save time
and energy, we used the broth for a total of three weeks. Again, because all samples were
treated the same, during each week, this unlikely accounts for any differences between test
types on a given week; over time however, this may have contributed to lower cell growth of
the P pentosaceus. The other concern with this is the potential for contamination. The bottle

was stored at 4 °C and was autoclaved at 121 °C before initial use. After that time the bottle
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was opened only 4 times, which reduces the potential for contamination, and the majority of
the broth removed was again autoclaved before being poured into agar plates.
PBS Buffer
The only potential issue that may have arisen occurred in the middle of the experiment,
when more buffer had to be filtered and the pH needed to be adjusted. Because this same
procedure was performed every time new buffer was needed, it is unlikely this caused any
issues in the samples, however it does represent a point in the experiment where previous
samples may have experienced a different environment than later ones.
P pentosaceus Growth
When working with any bacterial strain, the amount of variability from sample to
sample can be enormous. For this reason, we plated all solutions in 3 replicates. Even so, Figure
D1 shows drastic variability in the viability of the P pentosaceus on different dates. One
particular issue that may have arisen is the amount of colonies that grew on each plate every
week. For the first two samples, the solutions were not diluted at all before being plated,
resulting in high cell density, whereas the third sample experienced a 100x dilution before being
plated. This high cell density can lead to one of two things. First, it is possible that each colony
is representative of more than one CFU, and in fact can be anywhere from 1 to likely 10 CFUs,
with no way to tell the difference. The second possibility is that at high cell density, competition
for limiting resources kills all but the strongest cells on the plate. Both possibilities result in a
lower than expected CFU count, and may account for the discrepancies shown in the data. For
best results, a plate should only support between 30 and 300 colonies.
Bead Loss
Because each sample and each vial goes through several washes (each plated sample

experiences a total of 6 washes), incremental and nearly immeasurable bead loss will reduce the
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surface area available for F108 and nisin adsorption and is variable for each sample type. If the
MFN sample had much less surface area than MN, we would expect to see results as shown, and
may explain why these samples are so similar in killing power. This bead loss can be due in part
to an inability for the microspheres to create a solid pellet during centrifugation or magnetic
pelleting.

Beads

The beads used for this experimentation were super para-magnetic iron core

microsphers with a polystyrene coating. These were chosen so we could separate the beads
from solution using rare earth magnets rather than centrifugation. The beads were specified to
be between 1 and 2 um in diameter, with a specific gravity of about 2. Due to discoloration in
the supernatant upon initial bead loading, we suspected that either the beads were leaching
iron, or the bead size varied enough so that extremely small beads would not precipitate in the
magnetic field, given the time provided. We kept the waste supernatant in all cases, and left
over-night with a magnet at the base to see if the fluid contained iron ions or very small beads.
Overnight the solution cleared completely, prompting us to look at beads using an SEM. Under

SEM we were able to see the actual sizes of the beads, shown in Figure D4.



Page 20 of 53

Figure D4: This image shows the varying size and shape of the beads
used for experimentation.

This figure reveals a few important facets of these beads. First, they are very obviously much
more variant than 1-2 um in diameter. These seem to range from 0.5 — 5 pum according to this
image. Next, these beads seem to be porous, as indicated by the evenly spaced dark spots
shown on the beads. This would indicate that although it may not have occurred, iron leaching
is a plausible possibility. Finally, many of these beads seem to be misshapen or broken, this may
have occurred during vortexing and sonicating of the samples. In any event, because each of
the samples were treated with the same beads and were treated identically in terms of mixing
and plating, it seems unlikely these particular issues would have played any role in the growth

patterns and CFUs shown in the previous analysis.
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Conclusion

The purpose of this experiment was to test the long term effectiveness of nisin
retention on F-108 coated microspheres. We ran the experiment for four weeks and took
samples each week. The result we were most interested in was the difference between the
MFN and MN samples. Over an extended period of time we in fact saw that the MFN sample
was more effective at preserving nisin activity than was the MN sample, however, the
differences were not significant enough to warrant this matter closed completely. Two issues
come to mind. First, it may be that the MN spheres would not tend to show a drastic decrease
in nisin activity because there was nothing in solution to challenge their position on the
micrsopheres. Second, there may have been complications with our experimental procedures
or materials that compromised our experiment beyond analysis.

Our first recommendation would be to run this experiment again with more uniform
microspheres, along with more sample dates throughout the 28 day period. The issue with
increasing the number of samples is the time constraint. Each sample takes 7 hours, so it is
difficult to do more than one sample per week. In order to do this we would need more people
working on this research project.

For future research we also recommend introducing blood proteins to the system.
Blood serum studies will test the longevity of nisin in near physiological conditions. This test
would hopefully show that the F108 brush layer is in fact extremely effective at protecting the
activity of the nisin. Many different types of tests can be done to measure this effectiveness,
including tests to show the zeta potential of the surface, ellipsometry testing, or maybe simply

SEM imaging.
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Appendix A - Raw Data

counte Averag

week sample wedge d +/- total +/- e error

mfnl 0.5 499 20 998 40

mfn2 0.25 162 10 648 40 755.3 40.0

mfn3 0.25 155 10 620 40

mnl 0.25 95 10 380 40

mn2 0.25 189.5 15 758 60 798.0 60.0

mn3 0.25 314 20 1256 80

mfl 0.0625 141 10 2256 160

mf2 0.0625 276 20 4416 320 34613 266.7
1 mf3 0.0625 232 20 3712 320

fnl 0.5 130 10 260 20

fn2 0.5 99 10 198 20 238.0 20.0

fn3 0.5 128 10 256 20

nl 0.5 310 10 620 20

n2 0.25 330 15 1320 60 804.7 33.3

n3 0.5 237 10 474 20

pedl 0.0625 380 50 6080 800

ped2 0.125 421 20 3368 160 5085.3 426.7

ped3 0.0625 363 20 5808 320

mfnl 0.25 1031 50 4124 200

mfn2 0.25 537 30 2148 120 30213 186.7

mfn3 0.125 349 30 2792 240

mnl 0.125 366 20 2928 160

mn2 0.125 265 20 2120 160 3474.7 186.7

mn3 0.0625 336 15 5376 240

mfl 0.125 277 30 2216 240

mf2 0.125 519 20 4152 160 3386.7 186.7
) mf3 0.125 474 20 3792 160

fnl 0.125 167 10 1336 80

fn2 0.125 171 5 1368 40 1320.0 53.3

fn3 0.125 157 5 1256 40

nl 0.125 594 40 4752 320

n2 0.125 582 30 4656 240 4336.0 240.0

n3 0.125 450 20 3600 160

pedl 0.125 725 15 5800 120

ped2 0.125 828 20 6624 160 5464.0 146.7

ped3 0.125 496 20 3968 160
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mfn1 1 14 0.7 14 0.7
mfn2 1 26 1.3 26 1.3 26.0 1.3
mfn3 1 38 1.9 38 1.9
mn1 1 3 0.15 3 0.15
mn2 1 55 2.75 55 2.75 320 1.6
mn3 1 38 1.9 38 1.9
mf1 1 63 3.15 63 3.15
mf2 1 129 6.45 129 6.45 116.3 5.8
mf3 1 157 7.85 157 7.85
fnl 1 46 2.3 46 2.3
fn2 1 43 2.15 43 2.15 523 2.6
fn3 1 68 3.4 68 3.4
nl 1 105 5.25 105 5.25
n2 1 132 6.6 132 6.6 118.0 5.9
n3 1 117 5.85 117 5.85
pedl 1 109 5.45 109 5.45
ped2 1 154 7.7 154 7.7 133.0 6.7
ped3 1 136 6.8 136 6.8
mfn1 1 42 2.1 42 2.1
mfn2 1 30 1.5 30 1.5 300 1.5
mfn3 1 18 0.9 18 0.9
mn1 1 49 2.45 49 2.45
mn2 1 50 2.5 50 2.5 510 2.6
mn3 1 54 2.7 54 2.7
mf1 1 93 4.65 93 4.65
mf2 1 87 4.35 87 435  80.0 4.0
mf3 1 60 3 60 3
fnl 1 53 2.65 53 2.65
fn2 1 93 4.65 93 465 743 3.7
fn3 1 77 3.85 77 3.85
nl 1 53 2.65 53 2.65
n2 1 77 3.85 77 3.85  63.0 3.2
n3 1 59 2.95 59 2.95
pedl 1 88 4.4 88 4.4
ped2 1 79 3.95 79 3.95 780 3.9
ped3 1 67 3.35 67 3.35
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Averages
Week Sample Ave/Plate error %error ave% CFU/mL Log(CFU)/mL
MFN 755.3 40.0 5.30 6.91 7553.33 3.88
MN 798.0 60.0 7.52 7980.00 3.90
1 MF 3461.3 266.7 7.70 34613.33 4.54
FN 238.0 20.0 8.40 2380.00 3.38
N 804.7 33.3 4.14 8046.67 3.91
Ped 5085.3 426.7 8.39 50853.33 4.71
MFN 3021.3 186.7 6.18 489 30213.33 448
MN 3474.7 186.7 5.37 34746.67 4.54
5 MF 3386.7 186.7 5.51 33866.67 4,53
FN 1320.0 53.3 4.04 13200.00 4.12
N 4336.0 240.0 5.54 43360.00 4.64
Ped 5464.0 146.7 2.68 54640.00 4.74
MFN 26.0 13 0.05 5.00 26000.00 4.41
MN 32.0 1.6 0.05 32000.00 451
3 MF 116.3 5.8 0.05 116333.33 5.07
FN 52.3 2.6 0.05 52333.33 472
N 118.0 5.9 0.05 118000.00 5.07
Ped 133.0 6.7 0.05 133000.00 5.12
MFN 30 1.5 0.05 5.00 15000.00 4,18
MN 51 2.55 0.05 25500.00 4.41
4 MF 80 4 0.05 40000.00 4.60
FN 74.33 3.72 0.05 37166.67 4.57
N 63 3.15 0.05 31500.00 4.50
Ped 78 3.9 0.05 39000.00 4.59
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Issue Date:  5/7/2007

Section 1: Chemical Product and Company Identification Page 10f 3
Cat#: 18190
Part Name: POLYSTYRENE PARA-MAGNETIC MICROPARTICLES 1-2 MICRON
Supplier: Polysciences, Inc.
400 Valley Road
Warrington, PA 18976
Telephone #215-343-6484
Section 2: Composition/ Information on Ingredients
ltem# Name CAS# % in product
1 Benzene, ethenyl-, homopolymer 009003536 25
2 Iron oxide (Fe304) 001317619 0.1
3  Water 007732185 97.5
OSHA (ACGIH) Exposure Limits
TWA STEL CEILING
o IR SR . PN ... B . S
CAS#: 001317619 IDLH: NE
OSHA NE NE NE NE NE NE
AGGIH NE NE NE NE NE NE
CAS#: 007732185 IDLH: NE il ) i
OSHA NE NE NE NE NE NE
ACGIH NE NE NE NE NE NE
CAS#: 009003536 IDLH: NE ) - )
OSHA NE NE NE NE NE NE
ACGIH NE NE NE

Section 3: Hazards Identification

NE

NE

NE

Low hazard for usual industrial or commercial handling.

Hazard Ratings:

These ratings are Polysciences' Inc. own assesments of the properties of the material using the ANSI/NFPA 704 Standard.

Additional information can be found by consulting in the NFPA published ratings lists (List 325 and List 49).

If no data is listed the information is not available.

Health
0

Flammability Reactivity
1 0

Section 4: First Aid Measures

Contact medical personnel.

Flush eyes with flowing water for at least 15 minutes.

If swallowed, wash out mouth with water if person is conscious.
Separate eyelids with finger tips.

Wash skin with deluge of water for at least 15 minutes.

Section 5: Fire Fighting Measures

Flash peint, deg F.: >200
UEL: no data
Flammability Classification: no data

Method:
LEL: no data

Hazardous Combustion Products: no data

Section 6: Accidental Release Measures

Autoignition temperature, deg. F.: no data
Flame Propagation Rate: no data

Any information listed below is to be considered in addition to internal guidelines for isolation of spill, containment of spill, removal of ignition sources
from immediate area, and collection for disposal of spill by trained, properly protected clean up personnel.

No special measures are indicated.

Section 7: Handling and Storage

Keep from freezing.
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Section 8: Exposure Controls/ Personal Protection

The use of eye protection in the form of safety glasses with side shields and the use of skin protection for hands in the form of gloves are
considered minimum and non-discretionary in work places and laboratories. Any recommended personal protection equipment or environmental
equipment is to be considered as additional to safety glasses and gloves.

No special protection is indicated.

Section 9: Physical and Chemical Properties

Formula: mixture vapor pressure: no data
Formula Weight: nap vapor density: no data

boiling point: 212 Specific gravity: 1.0

melting point: 32 ph: 7

solubility: dispersible appearance: opaque brown mobile liquid

Section 10: Stability and Reactivity

Chemical Stabilit stable

Conditions to Avoid:  none

Incompatibility with other materials:  none
Hazardous Decomposition Products:  none
Hazardous Polymerization: will not occur
Section 11:Toxicological Information
Acute Data: no data

Subchronic data: no data

Section 12: Ecological Information

no data

Section 13: Disposal Considerations

The following chart lists the status of the chemical and its components in reference to 40 CFR Part 261.33. If the product is listed by code number

the substance may be subject to special federal and state disposal regulations. If no codes are listed the material must be disposed in compliance
with all Federal, State and Local Regulations.

CAS# Waste Code Regulated Name
001317619 not listed not listed
007732185 not listed not listed
009003536 not listed not listed

Section 14: Transportation Data
Refer to bill of lading or container label for DOT or other transportation hazard classification , if any.
Section 15: Regulatory Information

All components of this product are on the TSCA public inventory.

Prop 65 - Column A identifies those items which are known to the State of California to cause cancer. Column B identified items which are known
to the State of California to cause reproductive toxicity.

CAS# Column A Column B
001317619 no no
007732185 no no
008003536 no no

State Regulatory Information :If a CAS# is listed below this material is subject to the listed state right-to-know requirements.
CAS#

001317619 not listed

007732185 not listed

009003536 not listed

SARA Toxic Release Chemicals(as defined in Section 313 of SARA Title llI)

This list identifies the toxic chemicals, including their de minimis concentrations for which reporting is required under Section 313 of the Emergency
Planning and Community Right-to-Know Act (EPCRA). The list is also referred to as the Toxics Release Inventory (TRI) List.

CAS# Regulated name de minimis conc. % Rep. Thres.
001317619 not listed not listed not listed
007732185 not listed not listed not listed
009003536 not listed not listed not listed

Page 2 of 3
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SARA Extremely Hazardous Substances and TPQs
This list includes hazardous chemicals as defined in 29 GFR 1910.1200(c); and exiremely hazardous substances regulated under Section 302 of
SARA Title Il with their TPQs (in pounds), as listed in 40 CFR 355, Appendices A and B.

CAS# Regulated name TPQ (pounds) EHS-RQ(pounds)
001317619 not listed not listed not listed
007732185 not listed not listed not listed
009003536 not listed not listed not listed
CERCLA

The hazardous substances, and their reportable quantities (RQs) are listed in the federal regulations at 40 GFR Part 302, Table 302.4. Release of a

CERCLA hazardous substance in an amount equal fo or greater than its RQ, in any 24-hour period, must be reported to the National Response
Center at (800) 424-8802.

CAS# Regulated name RQ (pounds)
001317619 Not listed Not listed
007732185 Not listed Not listed
009003536 Not listed Not listed

Section 16: Other Information

POLYSCIENCES, INC. provides the information contained herein in good faith but makes no representation as to its comprehensiveness or
accuracy.

Individuals receiving this information must exercise their independent judgment in determining its appropriateness for a particular purpose.
POLYSCIENCES, INC. makes no representations or warranties, either expressed or implied of merchantability, fitness for particular purposes with
respect to the information set forth herein or to which the information refers. Accordingly, POLYSCIENCES, INC. will not be responsible for damages
resulting from the use of or reliance upon this information.

END OF MSDS



Appendix C - SOP

Nisin Activity on PS Microspheres

Matt Ryder
Revision 4
General Schedule
Day Before: Date
e Make MRS Broth (change bi-weekly): Vol Date

e Make overnight P pentosaceus culture (16 hr incubation) Time/Date Start

Finish ; Vol ; ODgog ; rpm
e Incubate microspheres with F108 (16 hr min) Start Finish
Day of test: Date

e Dilute 100x the overnight P pentosaceus culture: ODggyq

e Make MRS agar. Total # samples: ; MRS Gel Vol: ml
e Make MRS agar tubes. Total made

e Incubate microspheres with nisin (1hr). Date

Perform colony count assay. Performed (# and date)

Day 7:

Day 14:

Day 21:

Day 28:
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Inventory Check

O PS microspheres, (Iron Core, 1 —2 um, 2.5% solid. In refrigerator.)

O Pluronic F-108 Solution (5%, in refrigerator Lab 300.) if diluted, note here:

O 0O O o o o o

South Africa nisin Solution (-80 C freezer)

0.01 M phosphate buffer, 0.15 NaCl. 0.02 um filtered
Screw-top test tubes

P pentosaceus Stock Solution (FBB 612, In -80 C freezer)
Lactobacilli MRS Broth, (EMD, Product No: 1.10661.0500)
Agar, Granulated (Difco, Product No: 214530)

Petri Dishes, 100 mm in diameter.

Preparation

O 0O O

Make sure incubator is on 37 °C.

Make sure steam valve for autoclave is open 1 hr before use.

Wash hands carefully with soap and 70% alcohol. Put on gloves.

MRS Broth: Add 52.2g of MRS to every liter of RO Water. Heat to dissolve MRS
powder, then take to autoclave at 121 oC for 15 min and 15 min drying.

Vol made: L

Overnight P pentosaceus Culture: Take P pentosaceus glycerol stock from -80 2C
freezer. Dip a loop of P pentosaceus in a 50 ml Falcon test tube containing 10 ml of
MRS broth. Incubate at 37 2C for 16 hrs. Store at 4 2C immediately after use.
Date/Time Start: Finish ODggo

100x dilution of P pentosaceus: Dilute P pentosaceus for necessary total volume.

Vol made Date

MRS Agar Sol’n: Add 15g agar to every liter of MRS broth. Heat to dissolve powder,

then take to autoclave at 121 eC for 15 min and 15 min drying.
Glassware: Autoclave necessary # of Screw-top glass test tubes and flasks with agar
sol’n.

MRS Agar tubes: Pipette 12ml of MRS agar sol’n into each autoclaved screw-top

tube. Tubes may be stored at 4 oC for 2 weeks. Date/Time made
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O Seeding P pentosaceus: Wait until agar sol’n does not burn hand. Add 1 ml of

overnight P pentosaceus dilution for every liter of MRS agar solution. Proceed ADT
dish steps immediately.

Preparation of Pluronic F108 Coated PS Microspheres:

1. Mark 40 ml screw-top Oakridge tubes to organize for later testing, according to

formulation. Add F108 to beads and incubate overnight. Date/Time

After incubation, vortex the tubes for 30 seconds to well-mix the microsphere solution
Spin down microspheres at 3 krpm for 7 min in swing arm centrifuge, Kelly Laboratory.
Remove supernatant and fill tubes with 0.01M PBS, 0.15 NaCl up to 25 ml.

Vortex tubes to disperse microspheres again.

o v o~ w N

Repeat steps 3-5 two more times.

Preparation of Nisin loaded Microspheres

1. Add Nisin and other excepients according to experiment, except serum.

excepients added

2. Mount samples on rotator. Incubate for 1 hr at room temperature.
1" Washing
Spin down microspheres at 3 krpm for 7 min.
Remove supernatant
Fill tubes to 25 ml with 0.01 M PBS.

Repeat steps 3-5 two more times.

N oo v o~ W

Add PBS up to 25 ml to samples. Let nisin coated microspheres stand for 1 hr.
8. Clean incubator with 70% alcohol before incubation.
2" Washing
9. Spin down microspheres at 3 krpm for 7 min.
10. Remove supernatant
11. Fill tubes to 25 ml with 0.01 M PBS.
12. Repeat steps 9-11 two more times.
13. Remove supernatant from the tubes of the previous step. Add buffer and/or serum
according to formulation.
14. Vortex (1 min) and sonicate (5 min) samples to disperse beads. Put samples on rotator

and incubate at 37 °C until designated test day. Date/Time
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Assay of Microphere Activity:

Plate Count Method
1. Spin down or magnetically pellet incubated beads and remove supernatants. Wash, as
in previous procedure, microsphere samples three times.
2. Add 100x dilute P pentosaceus culture up to 1.5 ml and disperse the 1 ml bead sample
by vortexing.
Add another 1.5 ml 100x dilute P pentosaceus culture and sonicate for 3 min.
Pipette sol’'n into 15 ml Falcon plastic tubes.
Add 7 ml of 100x dilute P pentosaceus culture to reach a 10 ml volume.
Rotate tubes at 37 oC for 4 hours.
Start heating water to melt agar gels, heat to 40 2C.

Take out 4-hr incubated tubes; disperse contents by vortexing.

L ©® N o U oA~ W

Add 100 pl of the 4-hr culture to 9.9 ml of MRS broth to achieve 1000x dilution.

10. Add 0.5 ml of well-mixed 4 hr, 100x diluted samples at the center of Petri dish.

11. Obtain a MRS agar tube from water bath and pour on top of the microsphere containing
sol’n; rotate the Petri dish in either direction to evenly distribute MRS agar on plate.

12. Incubate plates at 37 2C for 48 hrs. Date/Time

13. Count the colonies on the plates. Record data in excel spreadsheet.



Appendix D — Ingredient List

Total sample size

Total volume of Seradyn
stock withdrawed
Diameter of
microspheres

Radius of microspheres
Volume of one
microsphere

% solid in Seradyn PS
microspheres solution

Total volumn of solid in
solution

Total number of
microspheres

Surface of one
microsphere

Total surface area of all
microsphere

EGAP coating density
(assume ~ F108)

EGAP MW
F108 MW

Calculated coating
density of F108

Total amount of F108
needed for coating

5% F108 in NaPi
Final concentration of
F108 need in samples

Volume of 0.5% F108
needed to coat PS
surface

Total mole of F108
added

% of serum protein
needed

volume of serum needed

Surface Concentration
of Nisin (I hr adsorption)

Total nisin needed
MW of nisin

Nisin Conc (mg/ml)

Volume need

1
2.50E-08

1.50E-06

7.50E-07
1.77E-18

2.5%

6.25E-10

3.54E+08

7.07E-12

2.50E-03

3.28E+00

1.48E+04
1.46E+04

3.24E+00

8.09E-03

0.05

0.005

1.62E-04

5.54E-10

50%
0.5

1.50E-01

3.75E-03
3.51E+03

3.64E+00

1.03E-03

ml

m”3

m”3

m"3

mh2
m”2

mg/m”2

g/mol
g/mol

mg/m~2

mg

g/ml

ml
mol
ml
ug/cm”2
mg
g/mol

mg/ml

ml

1000
2.50E-05

15

25.00

8.09E-06
50

0.16

500.00
1.50E-04
3.75E-06

Note: Here
use 16 ul of

0.5 mg/ml
SA nisin

1.03
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liter

um

cmh2

mg/ml

ul

ul
mg/cm”2

g

ul
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Formulations

NaPi buffer microspheres isin (0.
o e I
microsphere+F108+nisin 25.469 1.631 2.500 0.400
microsphere+nisin 27.969 1.631 0.400
F108+nisin 27.100 2.500 0.400
nisin only 29.600 0.400
microsphere+F108 25.869 1.631 2.500
# of sample Code Color Total (ml)

microsphere+F108+nisin 1 MFN 30.00
microsphere+nisin 1 MN 30.00
F108+nisin 1 FN Purple 30.00
nisin only 1 N 30.00
microsphere+F108 1 MF Blue 30.00

Estimated

Excepient

Usage

Microspheres 4.8935 ml

0.5% F108 7.5 mi

0.5 mg/ml 1.6 ml

nisin

ms + F108 136.0065 ml
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Appendix E — Laboratory Notes

26 )
6 ZO@S Prfe_/f};zmﬁgﬂ WQ’? ;(O‘Z on /%VCC/V/QS%O/%E
73&4/0( PwpoSe/ r%ﬁare, M m5ﬁp&e1/z% Ceafed

(wrosic

BC’?’M [0ng term eB. ca&g/ {%vb

ffmeéuns

re 5%  selut F rlos.
%Pﬁcr ( mrwiz OD?,M t‘&o ! Flsg} "

Zdegasgai For 10 mipUfes

MRARO2 -0 — MFN
Mlape,:

| MRAROZ o~ MA

Grunge fupe :

MRAROZ- 7.0~ FU

Fc\ﬂk ‘{ﬂr(,.'

| MRAROZ- 2o - A

(oreen foge :
| MRwpoz-20- MF
éElUte Tulbc_

5905 " !by(ﬂ@/“
| VY e Humps,  Formed

f@:

1 tir plate  w/ sloht
Eu ww?flﬁﬁ 5586%/@(&“ to Agsf;a}g
Wwea

F/OS’
zolut.on

while skrring  solufon got ot

e d For v S
la%& put Wl ?ﬂc\ng;m

MRARO? - 20 - Fg%

g in (D0m & For ©.05Fe

i

L abeled cukridge fubes Tor  experimertation



Page 40 of 53

M. ms?oif@n';?:
brown w color

.57 % solm
need 2.6 x previous vgluwes

o5 me per tube (Oﬁkr“f@@” awtockued)
bofled cperel on  2-16-9% @ 1030 A4
had Yo Qﬁ/’} ol botlle

not gl o oeoln ... sheuld |
hatve. vortered o A
A Flog +e ek
0{_ S

S Wf M + %ﬂﬁf A/@ hwm
VLO Fou /

Pmpar&é 2L mrs wedy

Aub%éz%

B W
iééw‘ Fukes For agocr™ |
20 w0 weir |
/Viagm@% & ot work wef] |
wm%r‘.%g/@é\ o Glen 2072 ;wmg wmé
5 wmin 3@@@41?7\4 |

AArt mvann L R LT & mibh allerds o f K,,‘j




Page 41 of 53

Folgews|
MA - CMPF:(/(/{IL 5LO resu;bﬂ%l

M}f/v evsg o resuspord

M/U’ ‘/@fw ﬁg@n’w@%’ Ly

%Oﬂr(/g{
a/@r#o«@é 19@/@05&9/ A
50:4 mla
Morosplercs are in 2ol 3!/
Cem%r,ﬁuyeé
=0 ppm
© wap |
MA  euster Yo ger bk i solv butmot— |
Feutdastic
Te %(//5‘%1‘/‘}' SO, lefﬂ.é 1 - tHrere
won i e sufervatan oo 0z e

éafef‘g(/ﬂﬂcfﬁ ore. OR/)L/(V&C

A% Mere e, but not ettt
ofift orovgy

Cenfr R@/&L

2000 fm 6w
MV Wp o o Surfre



Page 42 of 53

MRS Broth
Made. 2 L QOH. Wy wmes solxlisj

MRS @ - 23 MRS

] autor Joved DT wpder
, PTW 2-b-og

| T@Aag’ﬁ Obserutials
' work twes Qam — L pm

Sper/unF  of colutons  wis range | [
i W?JH& oIron lesech ¢ eer
on -pelleded  micvospheres
- sowe Puching - <dl'n
Possible  eFfects
ron  corfs  yafer Han  FIOE g0 My

MOy et pedlooccus
Mpgret oy werfed Onee pellet s
Obgy&w@“a Moy veed éﬁfwﬁg@r Mogred
/‘M@@VI )f(‘%/ ;su;gg@;{-&{\ a oW b@”

Cnistined,  conteifuge (swhny arm) "
el 2000 Fpm C&-r tP W

Mo ?Ww wok surtee  oF

ok (i . My VEPVESen f
witngs plere 123 & F

|
i
|

Tolal wwees L 2

—_ C o7



Page 43 of 53

L

Fa?lﬁwﬁ Lméfﬂ% NMin on 5W

;ﬂefsuﬂ DT mgfm? f?) 7&%

estér:
LPM@A@ LK \/xb g\,ufcmg/ Crom f(?”'ﬁ/m[@aé
o OS5 ug i (0ml

/(/(/f/ From rdagy kas  contel
%Q ; Suoce %Lﬁ@@% @/"WW /s
L cleary Hue (s fmk/@ma;((/

i

Nein duk
i gwp,\gw (Oﬂ(ﬁ my (@(Q}/j on scale
r(/l g.-}!/( "9»60

Mmass s OJN0LF 4 0w DT
s 705 dludbn Sor 0.5l

So QS wmé  0"Yme <olutlon
L 45me PTW

= [0ml oL 0.5 "Ymd soly ]

added Nt to vecessary Lubes
éomc/af@& mpy o Cmi Yo et
besds oFE siles
rotwre @ rt  Thr
starkd @ 1TT0 P




Page 44 of 53

wﬂﬁ“f}:%@ci, _‘

MM S MEN  For b o . i
o (7{5/(/ 202 wan ¥ I00C //m

Sace 4o clcj 4 Fo ( s
(”Ofw‘/ﬁmﬂ on o (sin X 2 hr

M/ o h
TR, s ae o

Also. Eu'bef‘mﬂ(aﬂ% e g Ch c/ea/er%g
Voy #&eé ) I/J/taﬁ

Somﬁc/afeé Lty
Centp %‘E{ﬂ@é 6 van TCC cpaq

[@5’1 /@/65 oF MC/W ]p}gmf b WﬁS/?/-r
centeluge wge  longer, pull  out-soorer

vortesed Sson.
(Afﬂ‘)‘f‘/ %5@»'4@6‘2%33@ rpr

C/en%micagﬂecl Ol%am V\(BJ/EL e
F N 35’0@/“/3@

I/O‘d@"feé/ Sen “Cﬂ!@c& ko TEC lhcui;ff@/*

@’@Wi/é‘még %@,{ 0me pediocaccus
50 ml T o Fubes




Page 45 of 53

26

W Fellss zeos Dcué/ | ot 1"@2{1(%%_/“_“ N

tem—

Pw?osci Plate ?mls(eﬁ o agar FW%’
T v fediococcus inpubater ™ 35%
/AF of Ped cu/fure

5
§ 1357 e wom
3 |- 2|k
- dlute all o ©.7 absorbame  ocs
‘ocege ‘90(U)(1

fed OO0 ml [00x | ite
F@i\@w;@g w e e

1y Flag| abeotbaie © 635

(,@/H. Fuye& 5a,mfae; on tfulbe lop cexi~
for % kinl @ 13T pp

| ﬁxﬁe@;eu;fsedecl bead loss foo great

| onl Y
W cu{édé% ‘f WﬁS

0 M A




Page 46 of 53

_. Feb s

4

P@ar‘aﬁ‘om of b gar
odded 1597 fo OO wme adli

| >0l = égf ‘
@VU(‘C?C (Cf(/eé ZO‘ [ O o~ g{@bﬂ |
Setfnly

Potﬂmé il \o(a{-es ‘n UV Flow }/LCUAg
i blsn eou

| Obz=erw tons
| MA/ 6amPl&; very \/\aré %S Fe lle /=
@ u;lmﬂg/
Kotie
MA, — 4;¢‘> broke \n MV |, cut For o bt
/‘;AF/: t'p broke, tore ge/  leFt dém-

Ma+t

MEA -
Y Z { e A Pw/te/ Ore
fed ~ hoaﬁg% g.ho/‘t }omfce

Plakes (00O me oF epeh spmple +
L00x  Pedio g CLUS
left+ two empy (JMﬁf" ﬁg&wga/)




Page 47 of 53

v AL W (L QNS

Count colonies  on plates tfo compure By
C previous and s sequen t- Dufq

jSaMf’f& Wedge Fruction  #ounfed Plrte +okel

M | P et 2o 445t 4o
;MF,I/Z /Yy b2t 1@ bist YO
mmz v 1825 10 G202 o
lME 1 n M 2254 140
EM;: 2 Vie 23 ls0 Yyl i}z@ .
fMP % qe 250210 2R E 320
M \/y 5 So Zso g
EM/L - Yy W= 88 T\S 304- (52
%M/[/ 2 \/Y 2M L 20 54% 80
Fu 2 2010 240420
FAM 2 Vo 99 % (0 195 ¢ 20
FA/ 7 . |28% 2561 10
P/ Yo 305 10 b0+ 70
W Ui, OL (5 1wt 40
A3 /2 (ST 220
Pea | Yo %0 4 50 LOSO+. 300
Ped 2 (s U 0 BHENGO

| Ped 3 Yie TeTE20  5%0% *yy



Page 48 of 53

e e -

r—————

 RbY 20

| Obset vintons: |
“Blunks= hod  zeno  colomes, as c»ffeaké

_:?efl \ = 30 wmgu colouic@, VEr - sl |

consider wildes ac  estimations  onl
| %d 2 - some strepk: . looks (fe Qséf'b/e
| cottaminaton o+ gel (e celony Formeetion

11 i gel) |
| Pee 2 - sfght fear i gel — oF uwher camv‘eef]
é/,’m»ger\ ounts hape ln , m/\/be:&’/z;% }

dM to  cnyller Srzes and
Converg-Crice. of  colonies |

Procedunl dwges Sor vest dest
moreuse & \uHons  Tor next 5cmf9!~'mg/

&07- (9.95% =D E\: Hwa

Cel:ococcus

D chaot Sor 0.635
ow 2 yals on Spfurde
dlute exch %fam@g/

r/‘/f(al(ﬁ kptie
| MFY MF
N |

fe b /%’%/_l




Page 49 of 53

I

L ¢ ’g?@&g : PE C\(‘ﬂf £ /'C/M{l ¢ L [JJ,,LU'\_{, S
PLA’-['\‘[) C-SC;' J S\}_(if 7( 9’ /\C)LU IAC\ Peé‘.’(. B Lé S j
dulfure  ref” 7‘“*“”5&31 1Y o1 2-2- DO |

Afie;;;l /lzme/\ ed 5 et ’L*ucf[fci

LY zoo% ?ML i cICL{% E

Puf ez: Plute  fest umfles tor daty Colley+évr |
eu Fel 6 |

: AR
mef’@f;t ztion of  Agar nd dlt~_

Matf: was b = test 5@Mf/&5
Pec\,ﬂ@w@u%: ’T({[MP WS “Z/,(Q QC/_.

2 H@V@d More lﬁu?’r'er adjuste d Fﬂ
Y

19[,&1[:@” Seews. 10 Wold stuble bulffes
wl/w/MmgaFceg A g@ﬂge;

- Id -[a c b

— ’;uﬂ\a La(;;in &:M(; 2 tr I [her?

MUE/VBOZ' O~ $IS

|

?Whr/{/ Washrng/

fﬂ/(agme}s wiorfC !
h b h
Prents 87 I b Pe

Wa&% we,ov:‘, CO AL



Page 50 of 53

) Peg’(

Pyar- OM%/} hor w0 growth!
ety patdy grawth Hrroughols-

|
{

Plate.  Couats / Dubn Loller Hon Feb 24,
" Purf?O.SCZ ollect datn bg cowntivly (olovies en 'Oknfeeﬁ
L 5otmfla, Wedge Frre # coun fed Plate fotal
| MEU Vi Oz £268 Yiwu L 200
MFA/C 2@ é};i 2() g t 120
MEVE Az 2/ T4z * o
| Y Byt ud Yzs2 + =g
Ve Vi &t Ypsp & U0
% Vs 40+ <0 200+ Jho
| /8 725% (5 5500 £ 120
Red 2 Y« vestel bo2u*t 140
[eds /s 44y £ 20 3965t |60
MF Meo /s 237130 Z2, * 240
Mz "% 514230 gz * o (go
|MFE \[% {34 T 20 S22t 160
| /4 3w jo 242t 160
M2 \g 28 o wwt g
MAS e 230115 5376t LU0
FA/| 'ty (6} £ e £o&U
2 g, 1T\ 15 1365 + Yo
Fi/% '8 ST 5§ 256 % 40



Page 51 of 53

Loaes  Culturmg  Pediccorcus
Todsten shwked @ S 20 AT
7, B Tk f PN ﬁ/tf“(&’—‘; . hweek S

[Jctf;(")cf'”% Y 50@%/?; and /o(aﬁ'@ the 4
T Cowttetg o Mer G
ok Bl Frowt euch swile,
Fre. e £ = e /’/fc s o lwil ,s:g%;«'{{;/ =<
e ece v ¢
%?_zéc,a 5 ./"’(;{D
Bi€ cops - M=
Ovpage ceps ~ MM

(weew P - 4/ |
puieple c/oyis - HFA

Fret worired and songeled A

;Cwm-{zﬁ WO w L of  [DOX  pedliococcus

A bt

%(,é‘fbwf/fl&cl S wpdes

J”*‘U Seewt, 1o }f\OH "LO ‘Huz’, ;‘M,L_/';,-Eg_c]"cj,,,.
tuleese  wicch Wiore  Fhea e i S Je s

Y F&/ dess S /< el Y, byt MA
<0ws stHrouly Wk Z /it



Page 52 of 53

. -

?l@ be. (ounts &/ e Collection - Mar Y,
] Pdfpo%'- Lollect datu by counting colomies on  plytes
umple  Welge Froc # countel plare tofal
7 1 i 1Yy
| MFAL P K4 b
IZ1Z% ! ¥ og
| l [0S 105
Al ! 1% 1%z
- W3 \ HE (7
Pes | 1 104 * 405 loq + 5
Ped2 , 15y £ 5 |50 E 5
Ped 3 l 126 £ 5 Pl & &
MF| 1 b b3
MF2 ( LZ8 r5 [z
MF 2 ! [57 157
MU { 3 3
MA2 { 5o £5
M3 | ¢ =5
Ft { 5 Yo
FAz ( q(% us
FA/S l b %

i Agﬂf-aﬂfg/ has RO growfh




Page 53 of 53

I E—————

| Plafe CMM?*“: f)ﬂ,{ Lul(ovf‘ 19)e8
Pw'raﬁe, collet  dutu \ﬁ% LAt ﬂff colores  om })bﬁ-‘ig

Sa_cmrlef wedye H# rownkd Plute  fora!
MFM ( 4T Yz
M2 L SO 5%
AMFA)3 { (4 (%
i \ >3 1
Mz i’ 77 r
" | 24 54
Pedl ? 24 14
Ped T i 74 U
Peé s { b7 i=
A % 7
M 2\ | l z7 £ 7
Rttt | b O a9
an ¥ (4
e l 2 9,
/"W} \ 5y fu
2N { 3 5%
Fir2 { % 43
Z% : 7P 72

Agar- ey s o growth!




	Thesis Pretext PDF
	Thesis Text PDF

