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[bookmark: _Toc143849926]SUMMARY AND CONCLUSIONS
Chapter 2 Summary
Due to prior research in the Ramsey Lab, it was determined that bS21-2 is able to autoregulate its own transcript. Specifically, this was found through RNASeq. Specifically, the gene directly downstream of bS21-2, yqeY, and the 5′ UTR region of rpsU2 had several fold more transcript in cells lacking bS21-2, than in wild-type cells. This was also coupled with proteomic data also examining the differences between wild-type cells and cells lacking bS21-2, which did not show an accordant change of protein abundance, as compared to transcript abundance. This data was recapitulated in Chapter 2 through qRT-PCR to examine transcript abundance, and β-Galactosidase assays to assess protein abundance changes. Additionally, through the lacZ reporter fusions it was determined that the 5′ UTR of the rpsU2 transcript was sufficient to cause regulation. 
Given this information, I hypothesized that there were one of two models by which bS21-2 was autoregulating its transcript. These models, as examined in the literature review, were attenuation and post-transcriptional control via degradation. I tested stability first, wherein the results suggested that potentially the rpsU2 transcript is less stable in the presence of bS21-2. However, further experimentation is required to prove this. 
Additionally, the structure of the 5′ UTR was assessed marginally, by comparing the transcript and protein abundance of a GFP fusion containing either the wild-type 5′ UTR or one in which two major and immediate stem loops were deleted from the 5′ UTR structure. These structures together were not found to have a great effect on the regulation of the rpsU2 transcript. 
The autoregulatory activity of bS21-2 also raised the possibility that its homologs, bS21-1 and bS21-3, were also auto-regulated. Accordingly, the transcript abundance of these homologs was also assessed through qRT-PCR looking at wild-type cells or cells lacking the respective bS21 homolog. These results indicated that there was no statistically significant regulation by bS21-1 or bS21-3 on their own transcripts. 
This study examined some interesting facets of the regulation of the bS21 homologs, though, namely, bS21-2 in the precise regulation of its transcript. However, there are clearly many more questions left to answer. 
Chapter 3 Summary
In Chapter 3, I screened several environmental conditions looking for changes in the gene regulation of either rpsU1 or rpsU3. For the majority of these environments, there was no statistically significant or biologically meaningful changes in the abundances of these transcripts. However, there were a few where changes were noted. 
First, growth on CHAH plates showed an increase in both bS21-1 and bS21-3 at both the transcript and protein level, as compared to the standard growth media in the lab, MHB. This was additionally true of the liquid growth media CDM, which showed higher transcript and protein of both homologs as compared to cells grown in MHB. 
Uniquely to bS21-1, low pH led to an increased abundance of the rpsU1 transcript. However, when protein abundance was assessed, it was found that there was nearly no protein at all after the hour long treatment in low pH. There are a few possible reasons for why this occurred. For one, the proposed rpsU1 5′ UTR is shared with the cold shock family gene, cspC. It is possible that the cold shock family protein is the one induced under low pH, and so in the lacZ reporter strain for rpsU1 there was no increase. However, it is also possible that translation is globally turned off. Despite there not being an increase in rpsU3 transcript abundance, the bS21-3 protein abundance was tested alongside bS21-1, and was also found to be obliterated. 
As with Chapter 2, some information was discovered regarding the environmental factors which affect gene regulation of bS21-1 and bS21-3. However, there are many more questions left to answer.
[bookmark: _Toc143849927]FURTHER QUESTIONS
1. Does bS21-2 definitively affects the stability of its own transcript, and is this a direct interaction?
In Chapter 2, I explored the cis-factors which lead to the regulation of the rpsU2 transcript by its own protein. Particularly, I established that the 5′ UTR of rpsU2 is sufficient to lead to regulation, regardless of the paired promoter. Given the two prominent models discussed in my literature review, this led me to investigate whether or not bS21-2 was autogenously regulating its own transcript via low stability in wild-type cells. The results of this assay were not entirely clear. On one hand, the multiple replications of this experiment resulted in a trend where the averages always suggested an increased stability of the downstream gene, yqeY’s transcript. On the other hand, the data were not found to be statistically significant. This could have either resulted from stability simply not being the factor affected by bS21-2, or it could be due to a need to optimize the protocol. Thus, to determine if stability actually plays a role in the regulation of the rpsU2 transcript, it would be necessary to repeat the stability assay described in Chapter 2, with better optimizations. 
If it were found that stability is in fact the factor by which bS21-2 autoregulates, then it would be interesting to determine how it controls stability. Given that the 5′ UTR of rpsU2 is sufficient for regulation, and that the stability model canonically relies on the 5′ UTR of the transcript for degradation by its subsequent protein, it would be interesting to determine what parts of structures of the 5′ UTR are necessary for degradation. As indicated in Chapter 2, the immediate and subsequent two step loops of the 5′ UTR do not seem to be necessary for regulation by bS21-2. As stated in Chapter 2, this was determined through the creation of a plasmid that fused either the wild-type or mutant 5′ UTR to the first six amino acids of bS21-2 and then GFP. This plasmid was integrated in single copy into the chromosome, and qRT-PCR was used to determine transcript abundance. Similarly, various mutations of 5′ UTR structures, or truncations of the sequence could be made, to determine the discrete element of the 5′ UTR required for regulation. 
The mechanism could then be further explored to determine whether bS21-2 makes direct contact with the transcript to cause regulation, or whether there is a trans-acting factor. Specifically, an electrophoresis mobility shift assay could be used with purified bS21-2 and various test and control transcripts. Namely, transcripts containing the rpsU2 5′UTR, the tul4 5′ UTR, and any modified rpsU2 5′UTR which are found to become unresponsive to bS21-2. 
2. What controls the expression of bS21 protein abundance?
Apart from the transcriptional regulation discussed in Chapter 2, I also showed that there was a disconnect between transcript and protein abundance of bS21-2. This would necessarily indicate that there is some other factor that is regulating the translation of the rpsU2 transcript. In order to determine what this/those other factors are, a number of methods could be utilized. 
First, a transposon-led mutagenesis of a reporter construct could indicate genes of interest. Particularly, a lacZ reporter could be used in combination with a soft agar overlay containing x-gal to allow for blue-white screening of colonies. Particularly, this could indicate either colonies which produce more bS21-2 fused to lacZ, or less, as compared to background colonies. This could then be followed up by sequencing to determine what genes, when mutated, led to differently regulated bS21-2 protein. 
Additionally, the rpsU2 5′ UTR can be synthesized and specially tagged to be used in an unbiased pull down method. Particularly, it would be added to cell lysates and allowed to associate with proteins capable of interacting with it. These RNA-protein complexes can then be isolated and identified through mass spectrometry, generating a list of potential proteins that may regulate the protein abundance of bS21-2. These can be further characterized through standard genetic knockout studies. 
3. What genetic elements influence the production of bS21-1 and bS21-3?
In Chapter 3, I screened a number of environmental factors looking for significant changes in both transcript and protein abundance of bS21-1 and bS21-3. However, most of the environments screened did not result in any statistically or biologically significant changes in either or both transcript and protein abundance. In order to get a larger idea of what factors may influence the abundance of these homologs, I propose a genetic screen of the two homologs through use of transposon mutagenesis. In particular, using GFP as a reporter by fusing it to either bS21-1 or bS21-3. Presumably, were the transposon to interrupt a gene that represses, to some degree, either homolog then the GFP abundance would increase, and this could be caught either by colony color changes or through fluorescence readings on a 96-well plate. Subsequently, mutants with higher abundance of either homolog could be sequenced. This would allow for more efficient screening, and potentially lead to genes which may give us an idea about a different environment that may affect either bS21-1 or bS21-3. 
It is important to mention that while this assay would capture mutants that produced more bS21-1 or bS21-3, it likely would not be able to capture mutants which result in less of these two homologs. This would then lose positive regulators of bS21-1 or bS21-3 expression. However, as written, it provides a good starting point, and could potentially lead to these positive regulators if a paired system is uncovered. Additionally, previous work that I completed in the lab suggested that lacZ fusions to bS21-1 or bS21-3 were more variable when used in the blue-white screening, so GFP may act as a more sensitive reporter due to the ability for quicker quantification. 
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