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Bacterial vaginosis (BV) is a condition characterized by an imbalance in the vaginal
microflora where healthy lactobacilli are replaced by anaerobic microorganisms,
especially Gardnerella vaginalis. It is estimated that 10-30% of North American women
suffer from BV, frequently requiring medical attention. Proliferation of BV-associated
organisms is known to have pathogenic effects, particularly in pregnant women. BV is
associated with development of pelvic inflammatory disease, low fetal birth weight,
preterm births with an elevated risk of infant death, intra-amniotic infections leading to
fetal brain damage, and spontaneous abortion. Furthermore, BV (and G. vaginalis in
particular) has been shown to increase the probability of contracting HIV and to
stimulate viral replication. The antibiotics commonly prescribed to treat BV cause
widespread inhibition of the healthy vaginal microflora, leading to a 20% recurrence
rate of infection, often with newly developed antibiotic resistance(s).

One promising alternative BV treatment is the bacteriocin, or antimicrobial
peptide, subtilosin A. This dissertation describes the isolation, characterization, and
purification of subtilosin from a fermented dairy product isolate of B. amyloliquefaciens.

This is the first report of the intra-species horizontal gene transfer of subtilosin (from B.



subtilis), and it is the first bacteriocin characterized from B. amyloliquefaciens. Via well
diffusion assays, subtilosin was found to inhibit several human pathogens, including G.
vaginalis, but has no effect on healthy vaginal lactobacilli. Motility and structure
analyses of human spermatozoa revealed subtilosin possesses potent spermicidal
activity. In vitro ectocervical tissue toxicity testing showed subtilosin is completely safe
for human tissues. Elucidation of the molecular mechanism of action established that
subtilosin specifically inhibits G. vaginalis by forming pores in the cell membrane,
causing an efflux of ATP and dissipation of the ApH portion of the proton motive force.
Finally, microplate checkerboard assays confirmed that subtilosin acts synergistically
with other antimicrobials of varying mechanisms of action, suggesting that lower
concentrations of subtilosin could be used to effectively inhibit G. vaginalis, thereby
decreasing the likelihood of developing resistance. Taken together, the data presented
herein demonstrate that subtilosin is a safe, natural antimicrobial peptide that can

easily be formulated into an effective prophylaxis or treatment for bacterial vaginosis.
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Chapter 1: Medical and Personal Care Applications of Bacteriocins Produced by Lactic
Acid Bacteria."

This review chapter examines the emerging importance of bacteriocins as alternative
treatment options for a variety of medical conditions. Discussed within are the
implications of bacteriocins on human health, with particular attention given to

subtilosin, the focus of this dissertation, and its impact on urogenital and reproductive
health.

' This chapter has been accepted for publication as a chapter in the textbook Prokaryotic Antimicrobial
Peptides: From Genes to Biotechnologies (New York: Springer, 2010). All references and formatting within
follow the specifications of the publisher.
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ABSTRACT

The frequent use of antibiotics has led to a crisis in the antibiotic resistance of
pathogens associated with humans and animals. Antibiotic resistance and the
emergence of multi-resistant bacterial pathogens have led to the investigation of
alternative antimicrobial agents to treat and prevent infections in both humans and
animals. Research on antimicrobial peptides, with a special interest on bacteriocins of
lactic acid bacteria, is entering a new era with novel applications other than food
preservation. Many scientists are now focusing on the application of these peptides in
medicinal and personal care products. However, it is difficult to assess the success of
such ventures due to the dearth of information that has been published and the lack of

clinical trials.



INTRODUCTION

Bacteriocins of lactic acid bacteria are ribosomally synthesized, generally cationic, have
less than 100 amino acid residues (Marcus, 1999; Jenssen, 2006) and contain a
substantial portion (30% or more) of hydrophobic residues (Dijkshoorn, 2004). The
cationic charge of these peptides ensures electrostatic affinity with the negatively
charged bacterial outer membrane, whereas the hydrophobic section of the peptide
interacts with the cell membrane and enters the double lipid membrane. Most
bacteriocins have a relatively narrow spectrum of antimicrobial activity, i.e. the growth
of only certain species, usually those phylogenetically related to the producer strain, are
affected. However, some bacteriocins exhibit a much broader spectrum of antimicrobial
activity and may extend beyond the borders of bacteria to include protozoa, yeast, fungi
and viruses (Reddy et al., 2004). A few bacteriocins are cytotoxic, with activity against

sperm and tumour cells (Reddy et al., 2004).

Bacteriocins may be seen as defense peptides and may thus be grouped into the same
category as killer toxins of yeast, defensins of mammals, cecropins of insects,
tachyplesins of crabs, magainins of amphibia, pandanins of scorpions, and thionins of
plants (Boheim, 1983; Corzo et al., 2001; de Vuyst and Vandamme, 1994; Reddy et al.,
2004). Mature peptides are produced after the cleavage of inactive pre-peptides (Nes

and Holo, 2000; Sahl and Bierbaum, 1998).



Colicins, produced by Escherichia coli, were the first described bacteriocins. The mode
of action of these peptides varies from pore formation to nuclease activity (Braun et al.,
1994; Riley and Wertz, 2002; Smarda and Smajs, 1998). Colicins E1 and K inhibit
macromolecular synthesis without arrest of respiration. Colicin E2 causes DNA
breakdown, and colicin E3 stops protein synthesis (Nomura, 1967). The genes encoding
colicin production are usually located on plasmids (Pugsley and Oudega, 1987). Type A
plasmids are small (6 to 10 kb), usually present as multiple copies and are conjugative.
Type B plasmids are approximately 40 kb in size, occur as single copies and are also

conjugative.

Microcins, also produced by E. coli, are smaller than colicins and share more properties
with bacteriocins produced by Gram-positive bacteria (Baquero and Moreno, 1984;
Gillor et al., 2004; Pons et al., 2002). Fourteen microcins have been reported to date, of
which only seven have been isolated and fully characterized (Duquesne et al., 20074, b;

Severinov et al., 2007).

Bacteriocins of Gram-positive bacteria are more diverse than bacteriocins described for
Gram-negative bacteria (Riley and Wertz, 2002). Over the years many classification
methods have been proposed for bacteriocins. Fredericq (1957) classified bacteriocins
based on specificity of absorption and proposed subclasses according to immune
responses. Reeves (1965) implemented a system consisting of 16 classes of bacteriocins

based on the species that produce them. Ten years later Bradley (1967) classified



