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Objectives and Scope: Staphylococcus aureus is a Gram-positive opportunistic human pathogen
that comprises part of the normal skin and nose microbiota in 30% of people. However, it is
capable of causing invasive disease in almost every niche of the human host, including systemic
sepsis (1). Staphylococcal DNA exists in a supercoiled state. Supercoiling refers to the formation
of superhelices in which the DNA helix is wound into a secondary helical shape. Among its
practical purposes, supercoiling is responsible for regulation of larger-order processes within the
cell such as gene expression. Supercoiling levels are dynamic, varying between a highly
supercoiled and relaxed state, which enables this mechanism to act as a regulatory switch for genes.
Levels are modulated by two topoisomerases: Topoisomerase I and DNA gyrase (2). Supercoiling
has been shown to regulate some virulence genes in S. aureus (3-5). However, the importance of
this mechanism during pathogenesis of infection in vitro has not been investigated.
The preservation of wild type global supercoiling levels has been shown to be necessary
for full virulence of Escherichia coli in a murine UTI model of infection (6). In this study,
mutations were induced in gyrA, which encodes one of the DNA gyrase subunits, ultimately
disrupting the ability to carry out its normal function, which is to increase supercoiling levels (67). This resulted in partially attenuated virulence. The goal of this study is to recapitulate this in S.
aureus, by first creating a strain that has a disruption in normal supercoiling modulation, and then
comparing its in vivo virulence to wild type S. aureus.
Aim 1 of this study will be to produce the supercoiling-disrupted strain using ciprofloxacin,
which is an antibiotic that targets GyrA. Sequential exposure of a bacterial population to increasing
concentrations of the antibiotic over time will select for gyrA mutants (5). After ciprofloxacin
resistance becomes apparent, potential gyrA mutants will be screened by sequencing the gene.
Because there is the possibility that other parts of the chromosome were altered during antibiotic
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exposure, Aim 2 of this study will be to create an isogenic mutant strain by exchanging normal
gyrA for the mutant copy in wild type S. aureus. After the isogenic mutant has been successfully
constructed, in Aim 3 it will be assayed for supercoiling levels using a chloroquine agarose gel to
ensure the mutation in gyrA has resulted in global relaxation of superhelicity. Differences in
virulence will be determined by examining survival rates over time in the animals and determining
bacterial burden in organs at the end of the experiment. If maintenance of supercoiling levels is
important for virulence, mice infected with the gyrA mutant will have better survival rates and
decreased bacterial burden relative to wild type.
Materials and Methods
Selection for Ciprofloxacin Resistance: Induction of ciprofloxacin resistance will be carried out
according to Sánchez-Céspedes et al. Briefly, the minimum inhibitory concentration (MIC) of
ciprofloxacin on wild-type S. aureus will be determined, which provides an estimate for the
appropriate starting concentration. Next, cells will be grown in increasing concentrations of
antibiotic until the MIC is 100-fold higher than the starting MIC. Cells will be plated on
ciprofloxacin-supplemented agar and single colonies will be selected for sequencing of gyrA to
screen for mutants.
Generation of Isogenic Mutant: Once an appropriate gyrA mutant has been screened and selected,
the mutant copy of the gyrA gene will be introduced onto the chromosome of wild-type S. aureus
using a standard allelic exchange method to produce an isogenic mutant (8).
Chloroquine Gels: The degree to which supercoiling is altered by mutations induced in gyrA will
be measured by analyzing a reporter plasmid on a chloroquine agarose gel. Chloroquine is a DNA
intercalator that causes molecules to migrate by superhelicity rather than size.
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Murine Model of Systemic Infection: This model is well established in the Carroll lab. Animals
will be weighed daily, and survival rates monitored over the course of the 7-day infection. After
euthanization, brain, heart, lungs, liver, spleen, and kidneys will be harvested and homogenized.
Colony forming units per gram of tissue will be calculated by diluting and plating.
Significance: Studies addressing the expression of virulence genes that enable S. aureus to be
highly pathogenic have largely been dominated by inquiries about regulation at the protein level.
However, there is a plethora of information that can be gleaned about how pathogens operate in
the human host from examining virulence regulation at the DNA level. These types of
investigations are largely underrepresented in S. aureus research. The fact that S. aureus is such a
diverse pathogen makes this type of work relevant as well. In order to be pathogenic in different
environments, it must have ways of sensing environmental conditions and transmitting these to
DNA so that virulence genes can be regulated appropriately. Evidence supports that supercoiling
is part of the mechanism that does this (3-4). It would be a significant finding if disruption of the
bacterium’s supercoiling levels leads to an attenuation of virulence in vivo. This would suggest
that supercoiling levels of a cell play a fundamental role in its pathogenicity, and that proper
supercoiling modulation is necessary for a bacterium to sense it is in an environment where it can
potentially cause disease. Supercoiling-mediated gene regulation has been largely studied in vitro,
but it is important to correlate these results with infection in vivo to determine if these types of
regulatory effects observed in the lab are biologically relevant during infection.
Intellectual Property: Infections caused by S. aureus are commonly associated with high levels
of antibiotic resistance and consequently are becoming increasingly hard to treat. Bacterial
resistance to antibiotics will continue to advance until the use of these drugs is totally obsolete (9).
Though research has generally moved away from discovery of new antibiotics to reflect this,
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progress on novel methods to treat resistant infections is limited. So, it is paramount that we use
our remaining effective antibiotics responsibly. Part of this requires understanding the connection
between resistance to clinically relevant antibiotics like ciprofloxacin (which is used in this study)
and their effect on supercoiling levels, including how this alters virulence on the molecular level
during infection. This kind of knowledge may inform treatment guidelines for better antibiotic use,
helping us to make smarter clinical decisions when treating infections.
Elucidating the effect of disrupted supercoiling levels on virulence has the potential to
inform new treatments for S. aureus infections. The proposed study is especially relevant in this
context because it addresses this question using an in vivo model. If supercoiling disruption leads
to an attenuation of virulence, this is evidence that a subtle alteration of superhelicity may be a
viable alternative treatment to bactericidal antibiotics. If a therapy is able to finely target bacterial
processes required for pathogenesis without being deadly, it may serve as an alternative treatment
that does not produce antibacterial resistance so readily. In other words, if a drug can alter
supercoiling levels so that bacterial cells are still able to live on a host as a commensal but can no
longer cause disease, this eliminates selective pressure that favors drug resistance.
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Budget

Chemical reagent
Mice and per diem costs
Ciprofloxacin
Chloroquine diphosphate salt
Sequencing costs
Primer sets for sequencing
QIAprep Spin Miniprep Kit
Total

Cost
$1000
$130
$110
$100
$50
$410
*$1,800

*The remaining $300 of this budget will be funded by the Carroll lab.

Justification
Mice will be ordered through Envigo. For the infection assay, each group will contain 12 mice.
From power analysis calculations, an n of 12 is the least number of animals that will produce
statistically significant values. The experiment will require 24 animals total. This cost also includes
per diem charges for care of mice, spanning over the entire course of time they will be in the
facility. Ciprofloxacin will be purchased through Fisher Scientific and will be used to select for
gyrA mutants. Chloroquine diphosphate salt will be purchased through Fisher Scientific as well
and will be used for supercoiling analysis in chloroquine agarose gels. Screening of potential gyrA
mutants by sequencing this gene will be done at the Ohio University Genomics Facility.
Sequencing of multiple isolates will likely have to be performed before a suitable mutant is chosen.
Sequencing will also require specific primer sets that span the length of the gene to ensure the
entire locus is sequenced. These will be ordered through ThermoFisher. The QIAprep Spin
Miniprep Kit will be purchased from Qiagen. This kit provides a reliable method for isolating
plasmid DNA used for supercoiling measurement on chloroquine agarose gels.
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