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Abstract
Bacillus anthracis is an endospore-forming, Gram-positive bacterium that is the causative agent of the
disease anthrax. The sodium ion surfactant Aerosol-OT (AOT) has been shown to kill some species of
Gram-positive bacteria. This study examined the effect of AOT on B. anthracis endospores and vegetative
cells, to show any changes in germination and growth that could potentially affect host development of
disease. B. anthracis endospores and vegetative cell cultures were exposed to varying levels of AOT and
samples were heated to show the proportion of endospores, or washed of the supernatant to show any
temporary inhibitory effects on growth. B. anthracis endospores were also exposed to AOT and known
germinants to show decreases in optical density that can indicate changes in the process of germination.
AOT was found to decrease vegetative growth, especially at the highest concentration; removing the AOT
surfactant restored growth to vegetative cells. Normal germination was altered by the presence of AOT.
This data indicates that AOT has an effect on B. anthracis by reducing germination and growth, and has
the potential for use as a surface coating or chemotherapeutic agent.
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ABSTRACT
Bacillus anthracis is an endospore-forming, Gram-positive bacterium that
is the causative agent of the disease anthrax. The sodium ion surfactant Aerosol-OT
(AOT) has been shown to kill some species of Gram-positive bacteria. This study
examined the effect of AOT on B. anthracis endospores and vegetative cells, to show any
changes in germination and growth that could potentially affect host development of
disease. B. anthracis endospores and vegetative cell cultures were exposed to varying
levels of AOT and samples were heated to show the proportion of endospores, or washed
of the supernatant to show any temporary inhibitory effects on growth. B. anthracis
endospores were also exposed to AOT and known germinants to show decreases in
optical density that can indicate changes in the process of germination. AOT was found
to decrease vegetative growth, especially at the highest concentration; removing the AOT
surfactant restored growth to vegetative cells. Normal germination was altered by the
presence of AOT. This data indicates that AOT has an effect on B. anthracis by reducing
germination and growth, and has the potential for use as a surface coating or
chemotherapeutic agent.

INTRODUCTION
Bacillus anthracis is the bacterium that causes the potentially fatal, zoonotic
disease anthrax. It was named after the word for coal in Greek, due to the black necrotic
lesions it causes. B. anthracis is an obligate pathogen that mainly affects grazing
herbivores, but can be passed on to humans through contact with the animal. The impact
of anthrax on farming and domesticated animals made B. anthracis a major focus of
study during the founding of microbiology, and modern concerns have continued to make
it a research a priority (Spencer, 2003).
B. anthracis is widespread and endemic everywhere except Antarctica. Isolates
from around the world mostly fall into three clonal lineages: A, B, and C. The A and B
branches appeared ~13,120 years ago, and the C branch appeared ~19,286 years ago. The
B and C types are not as common, and found in regional areas. The A type is more
adaptable, and was spread by humans ~4,916 years ago through the domestication and
expansion of cattle herds in Africa, Asia, and Europe (Van Ert et al., 2007).
European colonization later introduced B. anthracis to the Americas and spread it
across the western hemisphere. The industrial revolution also had an impact through the
trade of contaminated goods across great distances. Through this global trade, rarer
genotypes were spread worldwide, and finally introduced B. anthracis to Australia in
1847. B. anthracis was a rarer and isolated pathogen before our actions intervened during
the rise of human civilization (Van Ert et al., 2007).
B. anthracis is a member of the Bacillus cereus group of organisms; other
members include B. cereus (a cause of food poisoning), and B. thurigiensis (an insect
pathogen). Difficulty in differentiating between these organisms has led to the
questioning of their classification as separate species, due to similarities in chromosomes

and sharing of plasmids. This homogeneity has made the use of genetic markers such as
single nucleotide polymorphisms and single nucleotide repeats valuable in telling the
strains and species apart from each other (Rasko et al., 2005).
The major difference between these bacteria appears to be due to changes in
plasmid genes, gene expression and gene function. These genetic differences have helped
B. anthracis to adapt and survive in its preferred growth environment in mammals. It has
fewer secreted proteins by comparison to similar bacteria, but a greater ability to use
peptides, reduce amino acid accumulation, and scavenge iron (Read et al., 2003).
B. anthracis alternates between two forms during its lifecycle; a dormant
endospore and a replicating vegetative cell, a feature common to Bacillus and
Clostridium bacterial genera. Endospores can exist in the soil for centuries, and are able
to resist adverse conditions of radiation, heat, pressure, desiccation, pH, and chemicals
(Passalacqua and Bergman, 2006).
When endospores enter an environment conducive for growth, they can begin the
process of germinating into a vegetative cell within minutes. Cations and dipicolinic acid
are expelled, and water enters to hydrate the core. The endospore is vulnerable during this
phase before outgrowth into a metabolically active cell. The vegetative cells replicate and
cause disease with the goal of killing the host mammal. As the decaying tissues
breakdown, the bacilli sporulate in the presence of oxygen. The endospores are deposited
back into the soil to begin the process in a new host (Passalacqua and Bergman, 2006).
B. anthracis has three routes of infection: through cuts in the skin (cutaneous),
ingestion (gastrointestinal), and inhalation (inhalational). The cutaneous form of anthrax
is the most common, and contributes 95% of human infections. In this form, a small

painless papule develops into a black eschar on the skin that can take a month to heal.
Most cases of infection remain localized and clear up without treatment, but some
develop into a life threatening systemic disease (Passalacqua and Bergman, 2006).
Treatment is highly successful, reducing the mortality rate to less than 1% (Spencer,
2003).
Gastrointestinal anthrax is uncommon, and caused by eating infected animals; this
occurs in developing countries (Passalacqua and Bergman, 2006). This form is hard to
diagnose due to its vague symptoms, such as nausea, fever, abdominal pain, vomiting,
and bloody diarrhea. The mortality rate for this type of anthrax is very high without early
treatment (Spencer, 2003).
Inhalational anthrax can occur through industrial exposure to airborne spores from
contaminated hides and hair, but is difficult to contract in nature. Humans have an LD50
~9000 endospores, which can gradually collect in the alveolar sacs and can quickly
become systemic (Passalacqua and Bergman, 2006). This form displays flu-like
symptoms for the first couple of days, and is then marked by mediastinal widening and
pleural effusion in the acute phase. The illness progresses quickly to coma and death in
almost all cases, but with early treatment and intensive care, over 50% can survive
(Spencer, 2003).
To treat all forms of B. anthracis infections, antibiotics are used against the
vegetative cells. Due to potential β-lactam resistance, penicillin and amoxicillin are no
longer recommended as the sole treatment, unless susceptibility testing is done.
Ciprofloxacin is the primary drug for treating inhalational anthrax due to the higher

concentrations of the drug that buildup in lung macrophages, and doxycycline is a second
choice (Spencer, 2003).
Uncomplicated cutaneous anthrax cases receive oral antibiotic treatment for ~9
days. In cases of actual or highly suspected inhalational anthrax, 60 days of prophylactic
treatment are required to account for delayed germination in the lungs. Symptomatic
patients receive intravenous antibiotics until they are stable, and can then be treated orally
(Spencer, 2003).
To cause disease, B. anthracis requires the two virulence plasmids pXO1 and
pXO2. Plasmid pXO1 encodes for two exotoxins: lethal toxin (lethal factor and
protective antigen), and edema toxin (edema factor and protective antigen). These toxins
affect macrophages, dendritic cells, neutrophils, T and B cells, and endothelial cells. This
causes lung hemorrhaging and edema, and suppression of inflammation and adaptive
immune responses (Passalacqua and Bergman, 2006). The pXO2 plasmid ecodes a
gamma-linked, poly-D-glutamic acid capsule. The capsule is antiphagocytic and
relatively nonimmunogenic (Drysdale et al., 2005). The loss of either plasmid function
produces attenuated B. anthracis strains (Rasko et al., 2005).
Anthrax vaccines are effective in preventing most cases of disease, but expensive
repeated dosing is required to maintain immunity. In 1881, Louis Pasteur developed the
first anthrax vaccine, using a heat-attenuated B. anthracis strain for livestock. A different
non-encapsulated strain is still used in animals. The human vaccine in China and the
former USSR consists of live spores from a non-encapsulated strain that is administered
into or under the skin. The UK and US vaccines were first used in the 1960-70s, and are
composed of a filtrate from non-encapsulated strains. These vaccines provide immunity

through the development of antibodies against the protective antigen toxin component
(Spencer, 2003).
The anthrax disease, under normal conditions in developed countries, is
successfully prevented and treated in humans. The main reason for continued B.
anthracis research is to combat outbreaks due to its use as a biological weapon in warfare
and terrorism. Inhalational anthrax is focused on the most, because methods for
producing this form have the potential to spread and kill the most people in an attack
(Passalacqua and Bergman, 2006).
B. anthracis was studied and prepared for use as a weapon in World War I and
World War II. In the 1940s, the British produced millions of B. anthracis contaminated
cattle cakes, and designed bombs to disseminate endospores in inhaled droplets. The
bombs were tested on an island near Scotland, which still has ground contamination, but
none of these weapons were used in warfare (Spencer, 2003).
In 1979, B. anthracis endospores were unintentionally released into the air from a
weapons manufacturing facility in the Soviet Union city of Sverdlovsk. This exposed the
population downwind from the accident and as a result, ~85 people died from
inhalational anthrax. In 2001, letters filled with powdered B. anthracis endospores were
intentionally mailed in the United States as an act of terrorism. Eleven cases developed
cutaneous anthrax, and another 11 developed inhalation anthrax disease. Due to a rapid
response and treatment, only 5 people died. Larger scale attacks could overwhelm
government and medical resources, and disrupt military operations (Spencer, 2003). This
has caused a need for new ways to prepare for and defend against such attacks, and has
spurred on research for better drugs and vaccines (Passalacqua and Bergman, 2006).

Aerosol-OT (AOT, bis [2-ethlyhexyl]sulfosuccinate) is an oil soluble surfactant
that is well known in its sodium salt form, and has been found to kill some species of
Gram-positve bacteria (Texter et al., 2007). AOT is also approved for human use by the
FDA, and is used as an emulsifier, wetting agent, laxative, and food additive (Cytec
Industries; Spectrum Laboratory Products, Inc.). This chemical could have potential in
dealing with B. anthracis contamination through surface coatings or internal use with
infected individuals. The purpose of this study was to determine if AOT can alter B.
anthracis endospore germination or kill the vegetative cells.

MATERIALS & METHODS
Aerosol-OT (AOT)
The experiments in this study were done using the sodium form of Aerosol-OT,
also known as dioctyl sodium sulfonsuccinate and sodium bis(2-ethylhexyl)
sulfosuccinate. AOT was obtained in solid form from Fisher Chemicals. AOT was
prepared at indicated concentrations in distilled H2O.
Bacterial Cultures
The experiments in this study were done using the Bacillus anthracis Sterne 34F2
Strain (pXO1+ pXO2-).
Culture Conditions and Endospore Preparation
B. anthracis Sterne vegetative cell preparations were routinely grown overnight at
36°C in Brain-Heart Infusion (BHI) Broth (Acumedia) in 2 mL volumes in 15 mL
centrifuge tubes. As noted below, vegetative cells for some assays were grown in BHI
Broth with 0.5% glycerol in an attempt to inhibit sporulation.
Endospores were generated in a modified G medium (MGM) solution of 100 mL
with the final concentrations of 0.17 mM CaCl2 * 2H2O, 2.9 mM K2HPO4, 0.8 mM
MgSO4 * 7H2O, 0.3 mM MnSO4 * 4H2O, 0.02 mM ZnSO4 * 2H2O, 0.02 mM CuSO4 *
5H2O, 1.8 µM FeSO4 * 7H2O, and 15.2 mM (NH4)2SO4 with 0.2 g yeast extract, and
distilled H2O. The FeSO4 solution was made fresh each time. The MGM was sent
through a 0.2 µm pore filter to sterilize the solution. Sporulation was induced by adding
50 mL of MGM to a 500 mL flask with 2 mL of an overnight culture of B. anthracis
Sterne vegetative cells. The flask was shaken at 160 revolutions per minute and incubated

at 30°C for four days. The endospores were cleaned from debris using one of the
following methods.
In cleaning method #1, the endospore MGM preparation was evenly distributed
into two 50 mL centrifuge tubes. For a total of three times, the tubes were centrifuged at
3000 rpm (1207 xg) for 30 minutes to pellet the cells, the supernatant was removed, and
the cells were resuspended in 10 mL of sterile distilled-deionized H2O.

After three

washes, the endospore suspension was incubated at 65°C for 20 minutes, centrifuged as
above, resuspended in 1mL of water, and transferred into a 1.5 mL centrifuge tube. The
endospore suspension was centrifuged at 1400 rpm (263 xg)for 10 minutes, and the top
phase debris of the pellet was discarded.
In cleaning method #2, the endospore MGM preparation was sent through 5 µm
and 2 µm pore filters into two 50 mL centrifuge tubes. The tubes were incubated at 65°C
for 20 minutes, and centrifuged at 3000 rpm (1207 xg) for 40 minutes. The pellet was
transferred to a 1.5 mL centrifuge tube with some of the fluid, and centrifuged at 1400
rpm (263 xg) for 10 minutes. The cleaned endospore preparations were titered by plating
on BHI Agar plates to determine the average number of endospores per mL.
Minimum Inhibitory Concentration (MIC) Spectroscopy
A Molecular Devices VersaMax™ tunable microplate reader was used with
SoftMax® Pro software to take an optical density reading at 600 nm of suspensions of
either 105 per mL B. anthracis Sterne vegetative cells or washed endospores. The cells
were incubated at 36°C for 16 hours in a 2 mL serial dilution of 1% AOT (Fisher
Chemicals) in BHI in 5 mL centrifuge tubes. The surfactant solutions were adjusted to
concentrations of 0.5%, 0.25%, 0.125%, 0.0625%, 0.0313%, 0.0156%, 0.00781%,

0.00391% and 0.0% in BHI broth. Two milliliters of BHI solutions of 0.5%, 0.25%, and
0.0% AOT without B. anthracis cells were used as blanks. Each blank was used with its
percentage AOT counterpart, and the 0.0% AOT blank was used with all the other
solutions. 150 µL solution amounts were pipetted into 200 µL wells in a 96 well plate.
The plate was automatically shaken to suspend cells before each reading.
Vegetative Cell AOT/Heat Treatments
A 100 µL sample of B. anthracis Sterne vegetative cells, grown overnight at 36°C
in BHI Broth with 0.5% glycerol, was added into a 2 mL serial dilution of 1% AOT in
BHI and 0.5% glycerol broth in 5 mL centrifuge tubes producing a cell concentration of
approximately 105 per mL. The surfactant percentage solutions used were 0.5%, 0.25%,
0.125%, 0.0625%, and 0.0%. The tubes were incubated at 36°C with samples removed
after 15 minutes, 1 hour, and 16 hours. Samples were either plated directly onto BHI
Agar plates to determine viable counts or plated after heating at 65°C for 20 minutes.
Endospore & Vegetative Cell AOT/Heat or Wash Treatments
A 100 µL sample of B. anthracis Sterne vegetative cells, grown overnight at 36°C
in BHI broth with 0.5% glycerol, was added into a 2 mL serial dilution of 1% AOT in
BHI and 0.5% glycerol broth in 5 mL centrifuge tubes producing an cell concentration of
approximately 105 per mL. Alternatively, a 100 µL sample of B. anthracis Sterne
endospores was added to a 2 mL serial dilution of 1.0% AOT in BHI broth in 5 mL
centrifuge tubes producing an endospore concentration of approximately 105 per mL.
The surfactant percentage solutions used were 0.5%, 0.25%, 0.125%, 0.0625%, 0.0313%,
0.0156%, 0.00781%, 0.00391% and 0.0%. The tubes were incubated at 36°C with
samples removed after 15 minutes, 1 hour, and 16 hours. Sample portions were either

plated directly onto BHI Agar plates to determine viable counts, plated after heating for
65°C for 20 minutes or plated after washing by centrifugation at 5000 rpm (3354 xg) for
10 minutes with supernatant removal and resuspension in sterile distilled-deionized H2O.
Germination Assay
A Beckman Coulter Du® 800 UV/Visible spectrophotometer was used to take
readings at 600 nm every 30 seconds over a period of 30 minutes. Two sets of Phosphate
Buffered Saline (PBS), PBS/BHI, germinant/PBS, and germinant/AOT cuvette solutions
were used with one set containing a final B. anthracis Sterne endospore concentration of
106 per mL and the other set as a blank without cells. Endospores were added
immediately prior to using the spectrophotometer. Germinant solutions contained 10 mM
inosine and 100 mM L-alanine in dH2O, and either PBS or 0.5% AOT (Ireland and Hanna,
2002; Welkos et al., 2004). The alanine solution was made fresh each time.

RESULTS
A spectrophotometer was used in an effort to determine the minimum inhibitory
concentration the smallest amount of AOT needed to inhibit cell growth. Measuring an
increase in optical density can indicate an increase in cell concentration. The optical
density of B. anthracis Sterne endospore and vegetative cells were measured after a 16
hour incubation in varying concentrations of AOT. The optical density results (not
shown) were difficult to interpret due to increases in solution cloudiness that were
unrelated to cell growth (i.e., control solutions lacking cells exhibited increases in optical
density at 600 nm). Visible growth was observed through unaided sight in the 0.0% AOT
control sample, but the surfactant samples appeared to only have the starting amount of
cells with no apparent change in turbidity. Culture samples were plated on BHI to look
for changes in the number of viable colony forming units (CFU). Some plates inoculated
with suspensions of either vegetative cells or endospores, in a 0.5% solution of surfactant,
exhibited a central zone of clearing where growth did not occur (Figure 1).

Figure 1. 0.5% AOT zone of clearing. BHI plate with inhibited B. anthracis growth.

A washing trial was performed to investigate if any temporary inhibitory effects
of AOT could be removed. B. anthracis Sterne endospore and vegetative cells were
incubated in BHI Broth and varying concentrations of surfactant. The washing procedure
attempted to remove the supernatant in order to identify the influence of the presence of
AOT. The solutions were plated on BHI Agar to determine the total number of CFU
resulting from endospore and/or vegetative cell growth.
The vegetative cell surfactant samples exhibited no growth, maintaining a CFU
concentration near the approximated starting amount of cells. Removing the surfactant
did not result in any apparent change in growth (Figure 2). The 0.0% AOT control
sample showed a 2 log increase in CFU concentration by comparison. Washing the
control sample resulted in a slight decrease in growth, but within the standard deviation.

Figure 2. B. anthracis vegetative cell AOT/washing trial. This graph represents the
average number of B. anthracis CFU after treatment with AOT and washing (lighter blue

columns) or AOT alone (darker red columns). The error bars show the standard deviation
of 2 trials.

Endospores were incubated with varying concentrations of AOT for 16 hours, and
displayed little change in total CFU numbers compared to those washed (Figure 3). The
0.5% AOT sample was the exception with a ~2 log drop in CFU concentration that was
reversed by washing the sample. The endospore 0.0% AOT control sample showed a 2
log increase in CFU concentration from the starting amount, with no significant change
from washing.

Figure 3. B. anthracis endospore AOT/washing trial. This graph represents the average
number of B. anthracis CFU after treatment with AOT and washing (lighter blue
columns) or AOT alone (darker red columns). The error bars show the standard deviation
of 4 trials.

A heat trial was performed to determine the number of CFU that were in the
endospore or vegetative stage after exposure to AOT. B. anthracis Sterne endospores
were incubated in BHI Broth and varying concentrations of surfactant, and vegetative
cells included the addition of glycerol to decrease endospore formation. The samples
were removed from incubation after 15 minutes, 1 hour, and 17 hours, and a portion of
these samples were heated to kill all vegetative cells therefore giving a true count of
endospores versus the total CFU concentration with vegetative cells in the final culture.
All of the 15 minute vegetative samples had a similar number of endospores,
which appeared to be most of the original vegetative cell sample concentration (Figure
4a). The 0.0% AOT control sample showed a 1 log increase in total CFU concentration
over the surfactant samples. At 1 hour, the surfactant samples showed a slight decrease in
endospore and total CFU concentration, compared to the 15 minute time (Figure 4b).
The 0.0% AOT control sample had a slightly increased total CFU concentration, and a
~0.5 log decrease in endospores. At 17 hours, the surfactant samples showed a 1-2 log
decrease in CFU concentration, compared with the 1 hour time (Figure 4c). The 0.0%
AOT control sample total CFU concentration did not change, but showed a 0.5 log
increase in endospores.

Figure 4. B. anthracis vegetative cell AOT/washing timed trial. This graph represents the
number of B. anthracis CFU that grew after an incubation of 15 minutes (Panel A), 1
hour (Panel B), and 17 hours (Panel C). The lighter blue columns represent samples that
received AOT & heat treatments, and the darker red columns represent samples that only
received treatment with AOT. All values represent a single trial.

Endospore samples were heat-treated in order to gauge the amount of germination
occurring. Samples were removed from incubation after 16 hours, or the successive times
of 15 minutes, 1 hour, and 17 hours, and a portion of these samples was heated to kill all
vegetative and germinating cells. After the 16 hour incubation, the 0.25-0.00391% AOT
samples had a similar number of CFU to the original amount added, and the cells
appeared to be entirely endospores (Figure 5). The 0.5% AOT sample showed a 2 log
decrease in CFU concentration, and the sample appeared to consist entirely of endospores.

The 0.0% AOT control sample showed a 2 log increase in total CFU concentration, and a
2 log decrease in endospores compared with the starting amount of endospores.

Figure 5. B. anthracis endospore AOT/heat trial. This graph represents the average
number of B. anthracis CFU after treatment with AOT and heating (lighter blue columns)
or AOT alone (darker red columns). The error bars show the standard deviation of 4
trials.

At 15 minutes in a time course examination of B. anthracis endospores, all of the
endospore samples had a similar CFU number to the original amount of cells added
(Figure 6a). The surfactant samples appeared to be entirely endospores, and the 0.0%
AOT control sample showed a 1.5 log decrease in endospores. At 1 hour, all of the
samples had a total CFU concentration similar to the 15 minute time (Figure 6b). The
0.125-0.0625% AOT samples showed a slight decrease in endospores, and the 0.0% AOT

control sample showed a 2.5 log decrease in endospores from the starting concentration.
At 17 hours, the 0.25-0.625% AOT samples showed a ~0.5 log decrease in total CFU
concentration, and the 0.5% AOT sample showed a ~1 log decrease in total CFU
concentration compared to the 15 minute time (Figure 6c). The 0.125-0.0625% AOT
samples appeared to be entirely of endospores, and the 0.5-0.25% AOT samples showed
a 4 log and 3 log decrease in endospore concentration respectively. The 0.0% AOT
control sample showed a 2.5 log increase in total CFU concentration with a 1 log
decrease in endospore concentration compared to the 1 hour time.

Figure 6. B. anthracis endospore AOT/heat timed trial. This graph represents the average
number of B. anthracis CFU after an incubation of 15 minutes (Panel A), 1 hour (Panel
B), and 17 hours (Panel C). The lighter blue columns represent samples that received
AOT and heat treatments, and the darker red columns represent samples that only
received treatment with AOT. The error bars show the standard deviation of 3 trials.

A spectrophotometer was used to measure the loss of refractivity that
accompanies endospore germination, in order to determine if AOT inhibits germination.
The optical density of B. anthracis Sterne endospores was measured for 30 minutes in
four solutions: phosphate buffered saline (PBS) negative control, germinant inosine and
L-alanine positive control,

PBS and AOT, and germinant and AOT. The first two

absorbance readings for each solution were anomalous, and probably due to the settling
of large aggregates of endospores. Decreases in optical density were calculated using the
1 minute absorbance reading as the starting optical density. The negative control PBS
sample remained fairly level, and had a 2.4% increase in optical density after 10 minutes
and a 3.9% increase after 30 minutes (Figure 7). The PBS/AOT sample optical density
wavered initially, but had a 17.9% decrease after 10 minutes and a 14.3% decrease after
30 minutes. The germinant positive control sample showed a 42.4% decrease in optical
density after 10 minutes, and a 49.6% decrease after 30 minutes. The germinant/AOT
sample showed a 20.7% decrease in optical density after 10 minutes, and a 23.4%
decrease after 30 minutes.

Figure 7. B. anthracis endospore germination assay. This graph shows the optical density
of B. anthracis endospores over 30 minutes in four solutions: PBS (blue diamonds),
germinants (green triangles), AOT/PBS (red squares), and AOT/germinants (purple
crosses). One of several trials with similar trends.

DISCUSSION
The purpose of this study was to identify the effect of AOT on Bacillus anthracis
endospore and vegetative cell forms. The ability of AOT to inhibit B. anthracis
endospore germination and vegetative cell growth was tested by looking at the optical
density change in varying concentrations of surfactant. The higher concentrations of AOT
were noticeably cloudy in BHI, and it was probably caused by the formation of micelles
in the protein rich broth. The use of blank solutions with the same concentration of AOT
as the cloudiest solutions was not able to compensate for the optical density increase
caused by the micelles. The optical density readings from these analyses were anomalous
due to the chemical nature of the interactions between AOT and the proteins present in
the BHI. The absorbance results did not correspond with the observed growth in the 0.0%
AOT control samples and the marked lack of growth in the surfactant samples.
The lack of visible growth in the surfactant samples, compared with the 0.0%
AOT control, showed a potential for AOT to inhibit B. anthracis growth. To determine if
this inhibition was bacteriostatic or bactericidal, the culture samples in AOT were plated
on BHI Agar to look for differences in viable counts. Some plated cell samples in 0.5%
AOT had zones of inhibited growth. Colonies were only found at the edges of the plate
where the concentration of AOT was diluted from the act of spreading the sample. This
also indicated that the inhibition of growth could possibly be removed, even after 16
hours of incubation in 0.5% AOT.
In order to quantify the inhibition occurring, endospore and vegetative cell
samples were incubated in varying concentrations of AOT and plated to quantitate
bacterial growth. Portions of the samples were washed in an attempt to remove most of

the surfactant, and thereby show any reversal of inhibition. In the endospore samples,
AOT prevented growth from reaching CFU numbers beyond the original concentration of
cells and further decreased CFU growth in the 0.5% AOT sample. The decrease in the
0.5% AOT sample growth was restored to the starting cell concentration by removing the
AOT. This confirmed the broth and plate observations, that the surfactant samples had an
inhibitory effect on growth that was more pronounced in the highest AOT concentration.
In the vegetative cell samples, cell growth was inhibited as in the endospore
samples, but without any extra decrease from the 0.5% AOT. The results looked similar
to the endospore samples that the whole vegetative cell sample appeared to have
sporulated (Figure 2). To identify the amount of sporulation occurring, vegetative cell
samples were incubated with the addition of glycerol to prevent sporulation unrelated to
the effects of AOT. Sample portions were heated to kill vegetative cells and revealed the
sample proportion of endospores over three time points (Figure 4).
The B. anthracis vegetative cell heat experiment demonstrated that the initial
vegetative cell samples were mainly endospores, due to the fact that the heat treatment
and non-heat treatment were comparable in CFU. The glycerol may not have provided
enough carbon for continued growth, and/or the AOT may present a hostile environment
that induced sporulation. Both are reasonable since B. anthracis can sporulate fairly
quickly in unfavorable environments, and the organism would protect itself from the
killing effect seen with non-sporulating Gram-positive cells. Since the experiments with
vegetative cells only provided data on endospores, further work focused solely on
endospores.

To look for the inhibition of germination, endospores were incubated in AOT and
heated to show the sample proportion of ungerminated endospores. In the presence of
AOT, the amount of endospores was very similar between heated and unheated samples.
This suggested that either the endospore samples were not germinating in AOT, or they
were germinating and immediately resporulating. To test the resporulation idea,
endospores in AOT were heat treated after several time points to observe any loss of heat
resistance that would accompany germination. No significant differences in the amount
of endospores over the time points were seen, so the resporulation hypothesis was not
supported due to the apparent lack of germination. The 0.5% AOT endospore solution
(Figure 5) showed a decrease in CFU from heated and unheated samples and this
corresponded to the inhibitory effect that was removed through washing (Figure 3). This
suggested that a removable inhibition of germination probably occurred.
To determine if AOT altered the ability of endospores to germinate, optical
density assays were conducted. The presence of AOT produced some decrease in
endospore optical density, but probably not enough for germination. The presence of
AOT and germinants produced a slower rate of germination that did not reach the ~4050% optical density decrease found in this study or the typical ~60% optical density
decrease seen with fully germinated endospores (Fisher and Hanna, 2005). The
mechanism for this inhibition is unknown, but it is possible that endospore germination in
the presence of AOT could reach its completion if given enough time (Personal
communication, Gut). AOT most likely coats surface receptors required for germination,
and/or binds germinants. Either way, the decrease in growth seen with AOT appears to be
caused by the inhibition of germination.

The goal of this study was to understand the effect of AOT on both endospore and
vegetative cell forms of B. anthracis. AOT would be an attractive component for the
treatment of B. anthracis infected individuals and surfaces, if it was effective at inhibiting
growth and germination. AOT seemed to be effective as an inhibitor of germination and
therefore subsequent growth. Unfortunately, some of the inhibitory effects can be
removed, and germination could conceivably still occur after the tested ~16 hours.
Future work should focus on further understanding the effect of AOT on
germination, sporulation, and vegetative cell growth. The use of much longer time points
in the germination assay could help determine if the observed inhibition was just a delay
in germination, or an actual inhibition of endospore germination. The addition of an
excess amount of germinants could overcome the inhibition of germination, if AOT acted
by binding germinants. The vegetative cell experiments could use more glycerol and
growth data from earlier time points to show if AOT causes sporulation. The use of a
sporulation knockout B. anthracis strain could definitively show if AOT has the ability to
kill vegetative cells, which could prove to be important if germination is only delayed.
More work could also be done on other endospore forming bacteria that cause different
concerns for public health.
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