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Project Narrative
Statement of Preparation: (one page)
Aisling: 
I am a third-year student currently studying Cell and Molecular Biology on the Microbiology track who has a strong interest in pathogenic bacteria. I am prepared to complete the proposed research due to the courses that I have taken, as they have provided valuable background knowledge and skills. Courses I have taken successfully include: organic chemistry (CHM 227 and CHM 228), integrative microbiology (CMB 211), honors introductory biochemistry (CMB 311H), and pathogenic bacteriology (CMB 432). I am currently taking principles of cell biology (BIO 314), immunology and serology (CMB 333), introductory diagnostic microbiology (CMB 483), and the organic chemistry lab (CHM 226). Having taken these courses, I feel confident that I have gained the foundational knowledge about the functions, mechanisms of actions, and interactions of bacteria as well as eukaryotes. Along with traditional academics, I have gained research experience outside of the classroom laboratory setting that prepared me to successfully perform this project. 

I was a biomedical research intern at Berkeley Pharma Tech, a relatively new startup company based in California. There I completed a grant proposal for the possibility of a new probiotic that boosts the immune system in the elderly with a group of peers. Additionally, I worked in Dr. Jenkins’s lab this past summer. There, I helped with the Sea Grant research, which included filtering water from the GSO Time Series, performing chlorophyll measurements, and assisting with PCR/other sequencing procedures. With all these different experiences, I can complete the proposed project that interests me, and further me in an area that I hope to continue my education. 
Dan: 
I am a fourth-year student studying Cell and Molecular Biology on the Biochemistry track with a strong interest in genetics. In the past, I have successfully completed relevant coursework including: organic chemistry lectures (CHM 227 and 228) and laboratory (CHM 226), introductory biochemistry lecture (CMB 311) and laboratory (CMB 312), integrative microbiology (CMB 211), general genetics lecture (352), immunology and serology (CMB 333), proteins and enzymes (CMB 482), and physical biochemistry (CMB 421). Additionally, I am currently enrolled in: advanced microbiology lecture and laboratory (CMB 413 and 415, respectively), genetics laboratory (CMB 353) and a CMB seminar (CMB 495). The knowledge and experience I have gained through the completion of these courses provides me confidence in the genetic and biological sciences necessary to complete our proposed project. 

Along with this coursework, I am also working in Kathryn Ramsey’s research lab which provides me even more experience in relevant lab techniques and methods outside the classroom. Furthermore, I have become proficient at analyzing and interpreting scientific literature which will make gathering additional data for this project more efficient.

Project Proposal: (3 pages or less) 
Background (Dan): you can mention that we found rpsU2 is likely self-regulated by using qRT-PCR of the surrounding genes in the (delta)rpsU2 mutant
Francisella tularensis is a gram-negative pathogenic bacteria responsible for causing the disease Tularemia, which can be potentially fatal in both humans and other animals. Having been used as a bioweapon in previous wars, this microorganism has been the subject of numerous studies and countless hours of research due to its ability to survive in a wide variety of environments and its high virulence. Today, there is a live vaccine strain of F. tularensis so it  can be safely studied as a model organism for genetic research, including the work proposed here. The study that would be conducted focuses on the regulation of gene expression in this organism, specifically whether the promoter or untranslated region (UTR) involved in the transcription of certain genes is responsible for regulation of this process. Although this study will be conducted solely on Francisella tularensis, the data collected and conclusions reached may be useful for the studies of many other microorganisms, especially those similar to F. tularensis. 
	To survive in an environment, all cells must carry out various biochemical processes to produce the constituents necessary for cellular functions. Nearly all cellular processes involve proteins, macromolecules that carry out functions such as cell structuring, transport of materials,  catalysis of chemical reactions, etc., and are imperative for any form of life to survive. To create proteins, two processes must occur: transcription of mRNA and translation of mRNA; transcription is the “reading and copying” of the information coded within DNA while translation is the deciphering of this code into an amino acid sequence which builds up whatever protein is coded in that sequence of DNA. Being the start point of protein synthesis, transcription is a useful step for the regulation of gene expression and is done through the presence of important sequences known as promoters and untranslated regions (UTRs) which are not included in the mRNA transcript but rather guide an enzyme known as RNA polymerase into the correct position. This study would focus on which of these two sequences is responsible for gene expression through the regulation of transcription in Francisella tularensis.
	In transcription, RNA polymerase is responsible for the production of the mRNA transcript and in translation, the ribosome is responsible for the production of the amino acid polypeptide chain that is generated from the mRNA transcript. Ribosomes are complex structures present in all organisms that contain some of the same molecules such as ribosomal proteins (r-proteins) and ribosomal RNAs (rRNA), but can differ in the content of these molecules along with certain modifications made for differentiation of ribosomes. Ribosomal proteins are an important component involved in the translation of mRNA transcripts and the presence/absence of certain r-proteins. 
[image: Chart]
A certain r-protein focused on in this study is bs21-2, encoded by the rpsU2 gene, which is involved in the initiation of translation for various mRNA transcripts generated by DNA sequences containing the rpsU2 gene. This gene in particular has been seen to be (directly or indirectly) regulated by bs21-2, showing that the protein regulates itself transcriptionally.
	
· Why gene regulation is important and how regulation happens on a molecular level due to sequences and molecules around the ribosome-mRNA complex
· What gene sequence we are looking at specifically 

Aims (Dan): The aim of this project is not only to further understand the methods and mechanisms of gene regulation, but also the methods and mechanisms of self-regulation. The promoter and the UTR of a gene sequence are known to be important to transcription and regulation, but which is responsible for regulation is still not fully understood and that is the subject of our study. We will be looking at two groups: a wild-type control and our experimental mutated group, without the rspU2 gene which codes for the bs21 ribosomal protein. These two groups will put through identical lab techniques to study the difference in regulation between their promoters and UTRs.

Results (Dan and Aisling): Since the beginning of the semester, Dan and I have completed a Polymerase Chain Reaction to amplify the segments of DNA, in our case the rpsU2 promoter, tul4 promoter, rpsU2 5’ UTR, and tul4 5’ UTR. We then completed a digestion which uses enzymes to create “sticky” ends for the next step on each insert and a backbone. After, we completed a ligation to attach the insert and the backbone together. Our goal is to have cloned three different plasmids to help guide us to determine which part of the DNA is responsible for the varying outcomes of the bS21 protein in the ribosome by the end of the semester. Currently, we are waiting on our sequencing results. Once this is determined, we will be able to mutate the specific part of the DNA to determine what could be the functions of the responsible promoter, which is the goal of this project.   

Procedures (Aisling):
The following procedure is dependent on if the promoter or UTR is responsible for the transcription regulation. Based on previous evidence and suspicion, the promoter seems to be responsible, and our results this semester should confirm this. Dan and Aisling have the following plan for this project. As they have a different schedule and the steps need to be followed in a specific order, they will complete each step either individually or together depending on who is available in lab. For example, if Aisling completes the first step on Monday, then on Tuesday Dan will complete the second step. They will communicate to each other what they accomplish in lab each day, so they are aware of what step they are currently working on. 
· Mutation of the promoter
1. PCR to add and amplify the mutation of the -10 or -35 region on the promoter
2. Digest the amplified region from the PCR and a separate backbone component to give each a “sticky” end so they can come together in the following step 
3. Ligate the sticky ends of the mutation insert and the backbone to create the desired plasmid
4. Transform into E. coli to amplify the amount of plasmid that exists
5. Mini prep – taking the DNA out of the bacteria and “washing” it so the DNA is pure and concentrated to be sequenced
6. Sequence through INBRE to ensure that the insert actually was placed in the backbone
7. Once confirmed, put in Francisella wild type and ΔrpsU2 
8. Complete a beta-galactosidase assay to compare results found in semester Fall 2021. Analyze. 

Original ideas (Aisling): We have learned a lot in the past few weeks throughout working in the lab, as well as in our classes. In lab we have learned many experiential skills that will be used throughout this project. What we have learned in our classes has coincided well with what we are learning in lab, which gives us the confidence and additionally knowledge to create and accomplish our goal of mutating the rpsU2 gene. One idea that we could do is to change the entire sequence of the promoter DNA. Another idea would be to delete a nucleotide in the sequence, or to change the -10 region and the -35 region. These are ideas that we have brought to Dr. Ramsey, and are interesting for us to consider and work on.


Value of Project (Aisling):
Both Dan and I are planning on attending graduate school in the near future, and this project will help grow our skills as scientists. This project will help hone our hands on skills by giving us opportunities to practice PCR, digestion, ligation, transformation, and beta-galactosidase assay. These are transferable skills that are frequently used in microbiology and other biology laboratories that we will need in graduate school and in industry. Additionally, we will gain analytical and critical thinking skills throughout this project through trouble shooting and analyzing our results. 

This project will also impact current knowledge on the mechanisms within LVS Francisella tularensis. It is currently unknown how the rpsU2 gene impacts transcription and translation within the cell and the following impacts on cell function are also unknown. Our project will provide evidence for how the promoter and UTR interact with the gene and the transcription process, as well as possible function. As this disease is rare, much of how the bacteria is transmitted and functions is unknown. This project would add a piece of information to help with the overall understanding. 

Anticipated Budget List
· Custom Primers for PCR: $100
· Sequencing: $250
· Specialized Growth Media: $250
· Enzymes for Molecular Biology: $100
· Gloves, pipette tips, tubes, electroporation cuvettes, and disposable cuvettes: $500
	Total: $1,200

Reference List:
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