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Investigating the Mechanism of Action of the Sesquiterpene Lactone
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Goal

Antibiotic resistance is a major threat to public health which makes the discovery of new
antibiotics imperative. Laurenobiolide is a naturally occurring compound found in the North
American Tulip Tree that has antimicrobial activity on two species of bacteria. Initial work with
laurenobiolide revealed that it has antimicrobial activity on methicillin-resistant Staphylococcus
aureus (MRSA) (Kirk et al., 2022). I have subsequently validated the antimicrobial activity on a
methicillin-susceptible strain of S. aureus and identified antimicrobial activity against the
Gram-negative human pathogen Francisella tularensis. The goal of this project is to determine,
at the molecular level, how laurenobiolide prevents bacterial cell growth.

Project Objectives

Although we know laurenobiolide inhibits cell growth of certain bacteria, the specific
molecular interactions that allows it to exert its effects are unknown. I am looking to identify
the mechanism of action of laurenobiolide on S. aureus and F. tularensis, or in
other words, what interactions allow laurenobiolide to inhibit growth of these cells at the
molecular level. To do this, I will identify spontaneously arising mutant bacteria that will grow
on media treated with laurenobiolide, as would indicate the cells are no longer affected, or have
become resistant, to the compound. Once we have these mutants, we will isolate their DNA and
sequence it to determine how the mutation has altered the cells so they can grow in the presence
of laurenobiolide.

Project Plan

Laurenobiolide is a naturally occurring sesquiterpene lactone found in the North
American Tulip Tree (Liriodendron tulipifera) and inhibits growth of methicillin-resistant
Staphylococcus aureus MRSA. T have confirmed this inhibitory activity on S. aureus and
explored its ability to inhibit growth of Escherichia coli and Francisella tularensis. This revealed
that laurenobiolide can inhibit growth of F. tularensis but not E. coli.

To find the mechanism of action of laurenobiolide, we will look for mutants that are not
affected by laurenobiolide. Non-mutant (wild type) cells are exposed to the laurenobiolide using
a disc diffusion assay. Disc diffusion assays are described further below but, in short, the
presence of laurenobiolide leads to a zone of inhibition, an area in which the compound is
present, and the bacteria do not grow. By exposing bacteria to media containing laurenobiolide,
we expect to find spontaneous mutant colonies that grow within the zone of inhibition, which
may be resistant to laurenobiolide. To confirm resistance, we will isolate the bacteria and test
them using a disc diffusion assay, comparing to non-mutant (wild type). Once a laurenobiolide-
resistant mutant is found, the DNA of the bacteria will be isolated and sent for whole genome
sequencing.



A disc diffusion assay is done by growing bacteria overnight, resuspending the cells into
liquid media, and then diluting the cells to a low concentration (optical density at 600 nm
[ODe¢oo] of .05 for S. aureus and an ODeo, of .01 for F. tularensis). A specific volume (100 ul) of
the bacteria in media is spread onto solid growth media and allowed to dry. Then, two filter
paper discs are pressed onto the plate: a control disc impregnated with methanol placed near
the edge of the plate, and a disc with laurenobiolide (which is dissolved in methanol) in the
center of the plate. The plates are incubated at 37°C for a time period dependent on the species
(24 hours and 48 hours for S. aureus and F. tularensis respectively). The plates are then
evaluated by measuring the diameter of the zone of inhibition, a ring where the bacteria did not
grow in response to laurenobiolide. The wild-type (WT) strain and the potential laurenobiolide-
resistant mutants are tested in biological triplicate and the zone of inhibitions are averaged. The
diameters of each are then compared. If we have isolated a laurenobiolide-resistant mutant, we
expect that the zone of inhibition is significantly smaller compared to WT or absent. This assay
typically takes 3-4 days to complete, depending on the species of bacteria.

Once a mutant is identified, the next step will be to isolate the genomic DNA from the
bacteria by using the Lucigen Masterpure Complete DNA & RNA Purification Kit, and then to
measure the concentration of the extracted genomic DNA using a Nanodrop spectrophotometer.
The DNA would then be sent for whole genome resequencing at SeqCenter. I am experienced in
this process, as I have previously confirmed resistance of F. tularensis to the antibiotic
kasugamyecin resulting from inactivating mutations in the ksgA gene.

Your Contribution to the Project Concept

This project is based on work I completed over the summer to evaluate the impacts of
laurenobiolide on different bacterial species: it was initially tested on Staphylococcus aureus,
but our goals were to validate the results of S. aureus and additionally test it on Francisella
tularensis and Escherichia coli. After the conclusion of the project, I wanted to continue this
project and look deeper into function of laurenobiolide, specifically by identifying the
mechanism. I proposed an experiment outline and schedule of experiments that I plan to do
throughout the rest of the semester to Dr. Ramsey.

Plans for Results

I plan to present my research at the 2023 American Society of Pharmacognosy Annual
Meeting. I also would hope to present my research at a more local symposium or conference if
the opportunity arises. I am also hoping to contribute to a paper that Dr. Bertin and his lab are
working on by providing details about the microbiological work I have done with laurenobiolide.

Value of the Project to You

I plan to work in the pharmaceutical industry, specifically research and development of
drugs, and am passionate about the incorporation of natural products into medicine, especially
as being the basis for new drugs. I have done research with antibiotics in Dr. K. Ramsey’s lab
previously and with the addition of working with this compound from Dr. Bertin’s lab, it been an
amazing opportunity for me to get an insight into what I plan on doing in the future. The hands-



on experience and mentorship have allowed me to further my critical thinking and has
challenged me to work more independently. I have also discovered that communicating research
is a skill that I enjoy and wish to further develop. Continuing working on this project, especially
if I am to present my research in the future, will also help me become a competitive candidate
when applying for jobs or to a PGY1 residency after graduation.
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