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A. Title of the study: Evaluating contribution of Francisella tularensis bS21 homologs to in vitro translation 
C. JUSTIFICATION FOR THE STUDY
3.1 Background on Francisella tularensis and its pathogenicity
Francisella tularensis is a Gram-negative, facultative intracellular bacterium. F. tularensis causes the disease tularemia, which can be transmitted by rabbits, small rodents, or arthropods (Sjöstedt, 2007). This disease manifests at the onset with flu-like symptoms and can develop into several forms, of which the ulceroglandular form is the most common and the pneumonic form can be fatal (Degabriel et al., 2023). Because a relatively small exposure to the bacterium can cause an infection and it can be easily dispersed through the air, it has been classified as a potential bioweapon (Oyston et al., 2004). The Ramsey lab uses F. tularensis subspecies holarctica, specifically the live vaccine strain (LVS), as a model organism because it is not infectious to humans but retains its virulence in animal models. The Ramsey lab is interested in studying post-transcriptional regulation of virulence genes in F. tularensis, specifically how changes in ribosome composition impact virulence gene expression.
3.2 Significance of gene regulation and how ribosomes appear to control virulence gene expression 
[bookmark: _heading=h.6q13xagd82qq]Key virulence genes in F. tularensis are located within the Francisella Pathogenicity Island (FPI), a region of the genome which codes for the type 6 secretion system (T6SS). The T6SS is a protein complex necessary for bacterial intracellular survival and growth within host cells. This cluster of genes is tightly regulated at the level of transcription. Specifically, transcription increases during the stringent stress response when the alarmone (p)ppGpp binds to transcription factors MglA and SspA associated with RNA polymerase and recruits another transcription factor, PigR.  This increases transcription from promoters that contain short motifs called PigR response elements (PREs), including those found on the FPI (Degabriel et al., 2023). Recent work has demonstrated that expression of FPI virulence genes is further controlled by regulating translation of the mRNA into proteins by a specific ribosomal protein, bS21-2 (Trautmann & Ramsey, 2022).
3.3 What we know about bS21 
Most bacteria encode one bS21 homolog or none at all. In the ribosome, bS21 is located in the small subunit near the anti-Shine Dalgarno sequence and near the channel where mRNA exits the ribosome. Its location suggests that bS21 may interact directly with the 5’ UTR of mRNA molecules during the initiation phase of translation. In fact, several studies have implicated it in translation initiation in E. coli ribosomes (van Duin & Wijnands, 1981; Chang & Craven, 1977).which suggests that it might have some regulatory function or ability. 	Comment by Kathryn Ramsey: Is the location the only reason we think this? Expand on this in 1-2 sentences (no more is necessary). 
3.4 Ribosome heterogeneity in F. tularensis and what we know about the impacts of bS21-2 on cell physiology
F. tularensis is unique in that it has three homologs of bS21. Bacteria are usually very thrifty and don’t keep genes that they don’t need, so there must be some significance to the fact that F. tularensis maintains three different homologs of the gene for the bS21 protein. The Ramsey lab found that F. tularensis ribosomes can incorporate any one of the three bS21 homologs and that the second homolog, bS21-2, is the most abundant when cells are grown in the laboratory. Additionally, in the absence of bS21-2, the abundance of certain proteins, including T6SS proteins, decreased yet mRNA abundance remained the same. This suggests that when bS21-2 is absent, ribosomes are not able to translate these genes as efficiently. We also found that the ability of cells to replicate within infectivity in a macrophage model decreased when bS21-2 was absent. These data lead to the development of a model in which bS21-2 allows for more efficient translation of virulence genes (Trautmann & Ramsey, 2022).	Comment by Kathryn Ramsey: Cite Hannah’s paper	Comment by Kathryn Ramsey: Careful – were cells lacking bS21-2 less infectious? What is the specific defect?	Comment by Kathryn Ramsey: As indicated in the roadmap, the next paragraph can address the the 5´ UTR stuff, so basically end with this.


3.5 Ramsey Lab Research on 5’ UTR Sequences
Previous research in the Ramsey lab showed that the presence or absence of bS21-2 affects the translation efficiency of mRNAs with specific 5' UTR sequences and that altering the 5' UTR sequences can lead to a loss of this regulatory effect. The Ramsey lab studied these effects using an in vivo system, where we used a reporter assay to examine how the presence or absence of bS21-2 altered translation of particular mRNAs. The Ramsey lab designed reporters that consisted of a control promoter, tul4, driving expression of an mRNA containing the 5’UTR of a control gene or gene of interest fused to GFP. Translation efficiency for each mRNA was reflected in how much of the reporter protein was produced. Using this system we found that specific UTRs led to changes in reporter output in wild-type cells when compared to cells without bS21-2, showing us that the 5’UTR is sufficient in vivo to effect changes in translation efficiency.[Describe that reporter system reflects protein measurements – if pdpA UTR is fused to reporter in WT cells, there is more reporter than if it is in cells without bS21-2 – UTR is sufficient in vivo!] 	Comment by Kathryn Ramsey: I would add the figure you used in your seminar presentation!
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FIG 1 bS21-2-mediated translation of mraY depends on a weak Shine-Dalgarno and a specific six nucleotide sequence. Charts show relative fluorescence for indicated gfp translation fusion reporters in cells with (+; WT) or without (−; ΔrpsU2) bS21-2. (A) Introduction of an ideal SD in the mraY leader leads to loss of bS21-2 responsiveness. (B) The nucleotides between −58 and −63 in the mraY 5´ UTR, GACUCU, are essential for responsiveness to bS21-2. (A–B) Lines above bars indicate comparisons, values above line indicate ratio of reporter activity in cells lacking bS21-2 to wild-type cells. Error bars represent 1 SD. *P < 0.05 by t-test. ns = not significant. Experiments were repeated at least twice in biological triplicate, and data from a representative experiment are shown.

· Roadmap:
-What we found using in vivo reporters and UTR sequences from regulated genes (one of Hannah’s figures from 2023 paper)
-Modifications of the UTR and outcomes (another figure)
-Description of how great this is, but how much is left to be figured out
Specific Aim #1: . Developing a robust in vitro assay to examine bS21-mediated regulation of F. tularensis translation (with a brief description of how).
Specific Aim #2: Examining how ribosomes with altered bS21 content influence translation (with a brief description of how).
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