Justification for the Study
1. General gene expression background:
The central dogma of molecular biology dictates that the genetic information is stored in DNA, which is transcribed into mRNA, which in turn is translated into proteins. Much of the focus of gene regulation is attributed to transcription, but regulation also occurs at the level of translation. Regulation at this level is often ascribed to mRNA, sRNAs, ribosome binding proteins, and cis and trans elements, but often the composition of the ribosome is overlooked. Recent work in organisms such as E. coli and Bacillus subtilis demonstrates that ribosomes with various compositions due to altered stoichiometry of ribosomal components or multiple version of certain r-proteins result in different phenotypes.
2. Heterogenous ribosomes may have specialized functions (rename this):
There are multiple sources of heterogeneity such as stoichiometry of r-proteins, modification of rRNA or r-proteins, and multiple homologs of r-proteins. Heterogeneity indicates that ribosomes offer a regulatory mechanism of gene expression at the level of translation. In Francisella tularensis (LVS), there exists 3 distinct homologs of the 30S subunit ribosomal protein bS21; a non-essential protein that is involved in translation initiation. We have already seen that deleting the second homolog, bS21-2, results in a change in phenotype. In S. aureus, strains that exhibit antibiotic resistance were found to have mutations in rpsU, the gene that encodes bS21. What is less clear is if each homolog translates a specific subset of mRNAs.

3. Role of bS21 in gene expression:
 Although the precise mechanism of its involvement in translation is unclear, its positioning near the mRNA exit channel suggests that bS21 can interact with the 5’ UTR of mRNAs and contact the anti-Shine-Delgarno sequence of 16S rRNA. bS21 is one of last proteins to be incorporated into the ribosome and it is loosely associated; as such, difference homologs of the protein can be swapped out. Because it easily dissociates, many species lack bS21 (more precisely, over time species lost it possibly because of this) (maybe move this). These properties suggest that bS21 plays a regulatory role in translation initiation. Broadly, it is unclear how changes in the composition of ribosomes affects protein synthesis. 
4. Francisella tularensis encodes multiple homologs of bS21:
Wild-type cells of LVS can incorporate all 3 homologs of bS21 into the ribosomes, and those cells contain all 3 homologs at once.  The loss of a particular homolog, bS21-2, leads to a decrease in the expression of T6SS genes and a decrease in intramacrophage survival. These data suggest that each homolog is preferentially involved with the initiation of translation of different transcripts. Furthermore, bS21 appears to regulate initiation through interaction with the 5’ UTR of mRNAs. Lastly, homologs of bS21 may cause structural changes in the ribosome that lead to altered susceptibility of certain antibiotics.

5. How do changes in ribosome composition affect protein synthesis?:
While we see that a deletion of bS21-2 leads to an intramacrophage growth defect and reduction in the expression of virulence factors in LVS, it is unclear if all 3 homologs preferentially translate a different subset of mRNAs. To examine this, we will use ribosome profiling to sequence transcripts that are being actively translated by each homolog. Furthermore, we will investigate if the loss of bS21 in S. aureus leads to a thickening of the cell wall, thereby contributing to antibiotic resistance.
6. bS21 homologs control gene expression differently and impact function of proteins:
bS21 is not found in all bacteria and therefore is not considered essential for translation, but species that do harbor it show a variety of proteins that it controls. In E. coli, homologs of bS21 show altered susceptibility to antibiotics, in Bacillus subtilis, bS21 mutants show defects in biofilm formation, while Listeria monocytogenes can withstand increased acid stress when bS21 is mutated. S. aureus encodes one homolog of bS21; independent studies looking into the increase in antibiotic resistance of methicillin-resistant S. aureus (MRSA) to vancomycin-intermediate S. aureus (VISA) have revealed mutations in rpsU.
7. Mechanism of action of van and dap:
Vancomycin and daptomycin are 2 antibiotics that are considered “last resort” antibiotics against an increasing threat of resistant Staph. Vancomycin is a glycopeptide that disrupts the peptidoglycan layer of Gram-positive bacteria by blocking substrates for its synthesis. Specifically, it targets the D-alanyl-D-alanine residue (DDR) of lipid II precursor. Daptomycin is a lipopeptide that is often used when vancomycin fails. Its mechanism of action is still unclear, but it also disrupts cell wall synthesis. Given that an increase in cell wall thickness leads to antibiotic resistance, it is possible that bS21 regulates cell wall synthesis.

8. Mutations in rpsU are found in resistant strains to van and dap:
Independent studies examining the increase in resistance against vancomycin and daptomycin have uncovered loss-of-function mutations in rpsU. In order to slow down the loss of efficacy of these antibiotics, it is critical to understand the mechanism of resistance against these therapies. 


