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Abstract:
Francisella tularensis is a Gram-negative pathogen and is the causative agent of the infectious disease tularemia. F. tularensis is an intracellular pathogen and must replicate inside host cells to cause disease. F. tularensis is known to infect mammals like rabbits and humans through insect bites and ingestion of contaminated water. Though F. tularensis has been found to survive in freshwater for a long period of time, how the bacterium survives in freshwater is still not well understood. The overarching goal of this research project is to advance our understanding of the bacterium and its survival mechanisms in freshwater environments. During this project we used a range of molecular techniques aimed to determine if the enzyme encoded by the mpl gene is necessary for the survival of F. tularensis in freshwater. We started with cloning a plasmid where we successfully created pKR200 without the mpl gene. We then integrated pKR200 into the F. tularensis LVS (Live Vaccine Strain) where we were able to establish a “primary integrant.” As of April 2024, we are preparing to develop our mutant. With this mutant that does not contain the mpl gene, we will conduct a freshwater survival assay where we hope to validate that the mpl gene is important for F. tularensis freshwater survival. 

Methodology 

In this project, we were able to successfully clone the plasmid pKR200 which will be used to modify the F. tularensis genome. We started by amplifying two pieces of genomic DNA that flank either side of the mpl gene. In pKR200, with the addition of the two fragments, are two genes SacB and KanR. SacB is a gene that encodes for an enzyme that makes the bacterium susceptible to sucrose while KanR is a gene that encodes for an enzyme to make the bacterium resistant to the antibiotic kanamycin.We then purified these DNA fragments and purified the plasmid backbone. We ligated the DNA inserts onto the plasmid backbone and transformed E. coli. We then grew the bacteria on LB plates with the antibiotic kanamycin. Cells that grew on this media have the pKR200 plasmid. Through sequencing we were able to validate that the plasmid sequence was correct. 

Once we successfully cloned the plasmid, we started the protocol for allelic exchange. Starting with the miniprep protocol we were able to extract the DNA from E. coli and transform F. tularensis LVS with pKR200 via electroporation (disrupting the cell membrane by electric pulses). After electroporation, the plasmid is now introduced into F. tularensis’ genome, these cells are now primary integrants. The primary integrants were patched onto our first set of selective media, CHAH-Kanamycin. Our next set of selective media, CHAH + 10% Sucrose, was used as an indicator that our plasmid backbone was dropped from the genome. Cell growth on these sucrose plates indicate that F. tularensis cells are sucrose resistant, therefore possibly indicating that we now have our mutant strain that does not contain the mpl gene.  Following this protocol, we then used colony PCR and gel electrophoresis to confirm that we do have our mutant strain. After we achieved allelic exchange, we are now moving onto the final steps of the project which is a freshwater survival assay. I plan to setup 6flasks that contain 4-degree Celsius freshwater from a local river. This is a mock environment to grow our mutant F. tularensis cells (without mpl gene) our negative control group that contain F. tularensis LVS. Over a period of days and weeks, I will conduct serial dilutions and plate these diluted cells to eventually calculate cell viability. If we see a decrease in cell viability, this may validate our hypothesis that the gene mpl is essential for freshwater survival. 

Lessons Learned 
Challenges encountered during this process was troubleshooting the allelic exchange protocol. The attempts to make a mutant strain without the mpl gene were difficult, this was not a fault of my own doing but rather nature’s doing. Allelic exchange does not happen immediately, and as a scientist I learned to have patience when developing our mutant.  As an undergraduate researcher who did not have prior research experience, I learned valuable technical lessons. A prime example of these technical lessons was learning a molecular technique called colony PCR (verification that our gene was deleted). Having over 40 samples, it was difficult to stay organize with all these samples while also taking the time to undertake the protocol. Taking advice from my mentor, Dr. Kathryn Ramsey, she recommended troubleshooting a protocol with practice samples before I started to use the actual samples. As a novice researcher in the microbiology field, I learned the importance of aseptic technique. In the early stages of my project, I encountered contamination in my samples. With the help of the fellow graduate students in the lab, I learned how to keep my lab environment sterile using a Bunsen burner and proper pipetting techniques. Using these methods were more efficient and more valuable to for this project. 


Future Directions
Though this project is not yet finished, the lessons I have learned will have helped me establish valuable skills. I strive to apply these new techniques in the second half of my project which is validating the hypothesis that the gene mpl is essential for freshwater survival. I will be conducting a freshwater survival assay over the next few weeks where I will be applying a new technique called serial dilutions. I plan to work efficiently by staying organize and keeping an up-to-date lab notebook of my recorded observations. A long-term outcome I have in plan from the conclusion of my project is to have this work published in a peer review journal, so professionals from a variety of fields like microbiology, epidemiology and infectious diseases can benefit from these results. I aim to contribute to the collective knowledge of Fransciella tularensis’ ecology and mechanisms. Finally, I plan to present my project via poster presentation at ABRCMS (Annual Biomedical Research Conference for Minoritized Scientists) in Philadelphia in November 2024 to share our results. 
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