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[bookmark: _Toc135997170]REVIEW OF THE LITERATURE
Francisella is an intracellular pathogen.
Francisella 
Talk about Francisella and LVS.. maybe some evolutionary history? 
	Point out virulence factors, point out that they’re regulated, (a lot is known about the T6SS transcriptionally, but we discovered post transcriptionally)
Requires macrophage growth 
Sources for this section: (Keim, Johansson, and Wagner 2007; Kingry and Petersen 2014; Meibom and Charbit 2010a; Nano et al. 2004; Trautmann and Ramsey 2022a)
Different environments affect gene expression in F. tularensis. 
As is necessary for the survival of many bacteria when exposed to changing environments, F. tularensis is also known to modulate its expression of certain genes in response to changes in environment. 
Probably subheading regarding the host environment and in vitro simulation blah blah
Paragraph
pH
Talk about pH broadly and then in FT
Sources for this section: (Faron et al. 2013; Fuller et al. 2009; Hazlett et al. 2008; Holland et al. 2017; Olson 1993)
Birulence genes, bS2102, heterogeneity 
bS21 leads to ribosomal heterogeneity and bS21-2 contributes to regulation of virulence proteins in F. tularensis. (Maybe split this up into: bS21 is a small subunit ribosomal protein. And: bS21-2 in F. tularensis ribosomes. )
Talk about bS21, the operon, it’s proposed function boradly
bS21 in FT has three homologs, contributes to ribosomal heterogeneity 
bS21-2 affects virulence gene expression, talk about mechanisms from  most recent paper ; also bring up bS21 in other species here...? and its function (need to cite those papers, flavobacterium!)
Sources for this section: (Bobay and Ochman 2017; Chang and Craven 1977; Deniziak et al. 2007, 2007; Galperin et al. 2021, 2021; Trautmann and Ramsey 2022a; Van Duin and Robert 1981; Versalovic et al. 1993)
The roles of bS21-1 and bS21-3.
What we know about bS21-1 and -3, not a lot, low abundance in FT. 
bS21-1 proximal to CspC, talk about that weird bug guy
Despite the relationship exhibited between bS21-1 and bS21-3 with virulence proteins blah blah, other extraneous roles within the cell are unknwon. Further, how these proteins are regulated also remains unclear. 
Sources for this section: (Burgos et al. 2017; Trautmann and Ramsey 2022a)
Ribosomes are heterogenous.
Sources of heterogeneity rRNA operons, post-transcriptional, etc etc
{The ribosome is composed of both rRNAs and proteins and is generally thought to indiscriminately translate mRNAs. However, ribosome composition can be heterogenous, meaning that all ribosomes in an organism or even in a single cell may not all have precisely the same composition (Byrgazov, Vesper, and Moll 2013). There are a number of sources of ribosomes heterogeneity: multiple rRNA operons, post-transcriptional modifications of rRNA, post-transcriptional modifications of ribosomal proteins, or incorporation of one of multiple homologs of a given ribosomal protein. Ribosome heterogeneity has been demonstrated in multiple organisms, including well-studied organisms such as Escherichia coli . One example of ribosome heterogeneity in E. coli is incorporation of ribosomal RNA from distinct operons which have sequence variations (Byrgazov et al. 2013). Regardless, ribosome heterogeneity raises the possibility of specialized ribosomes, i.e., that ribosomes with altered composition have altered activity. If this is the case, it would suggest that ribosomes can function as regulators of gene expression (Byrgazov et al. 2013). }
Zinc as a driver of ribosomal heterogeneity
Yeet
Ribosome heterogeneity in F. tularensis
Make contrast with zinc and bS21-2 (mechanisms leading to one paralog versus another, and then different ones that lead to control of amount of ribosomal protein) evidence that control is autogenous which is more similar to other ribosomes 
Sources for this section: (Byrgazov et al. 2013; Prisic et al. 2015; Xue and Barna 2012)
Ribosomes are tightly controlled.
Ribosomes are large, multi-component molecular machines, composed of both ribosomal RNAs (rRNAs) and proteins (r-proteins).  They act as a principal component of cellular life, and, given the number of components, are energetically costly to the cell. It then follows that the components of ribosomes must be tightly controlled, so that each component is within a reasonable stoichiometric ratio. There are many studies exploring how individual rRNA and r-proteins are regulated, amounting to several broad categories of regulation. 
For example, in the control of rRNA production (blah blah blah)
R-proteins are also regulated precisely, and by different mechanisms. For example, operons may be discreetly organized allowing for the regulation of r-proteins, or other genes on the operon. Though, this lends more to the linkage of ribosome assembly to gene expression. R-proteins may act as regulators of their own transcript. This can occur regardless of its primary rRNA binding affinity, a quality which can necessarily lead to the likelihood of an r-protein’s ability to bind its own mRNA transcript. Attenuation and destabilization of mRNA transcripts are major pathways in which an r-protein may act against its own transcript. Additionally, r-proteins may regulate at the level of translation (Zengel and Lindahl 1994). 
Sources for this section: (Aseev and Boni 2011; Burgos et al. 2017; Paul et al. 2004; Watson et al. 2020; Zengel and Lindahl 1994)

L10 Regulation
Describe a little bit about L10 and what we know about it, its operon and where its housed 
Transcriptional regulation of L10 (along with its buddies)
Translational regulation of L10 (along with its buddies) 
Disclaimer: there are many more ways ribosomal proteins can be and have been described to be regulated. 
Sources for this section: (Climie and Friesen 1988), (Fukuda 1980), (Yates et al. 1981)


{secG evidence: Kathryn
transcriptomic data: secG
The promoter for secG seems to control both secG and the downstream tRNA, leu3. In RNA-Seq data that captures small RNA species, the tRNA is super abundant. In RNA-Seq data that excludes small RNAs, the secG transcript is not super abundant.}
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Ribosomes are heterogenous due to the three homologs, we know that bS21-2 contributes to virulence gene expression. We do not know how bS21-2 is regulated. 
I’ll describe ... smth in the next chapters. 
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