· Hi hello
· Sup everyone, my name is Aisling and I am an undergraduate researcher in Dr. Ramsey’s Lab. Today I will be talking about gene regulation in F. tularensis. If you have any questions, or if something doesn’t make sense, please be free to stop me!
· Introduction
· What is the main project in the Dr. KRamsey Lab?
· Organism of interest: Francisella tularensis LVS
· Regulation of a gene rpsU2 which encodes a small ribosomal protein- bS21-2
· What is Francisella tularensis?
· Gram-negative pathogenic bacterium
· Causes the disease tularemia
· Fatal in both humans and in animals
· The mortality rate is less than 2% with treatment, without treatment it is around 30-60%. (Minnesota Dept. Health Staff, 2006)
· Highly virulent with ~10 cells through injection and  25 through inhalation (WHO, 2007)
·  infections have been reported in 49 states, with the exception being Hawaii. (CDC, 2021)
· Ribosomes can be heterogenous 
· There are multiple sources of heterogeneity,
· The main one of interest for this project is
· That multiple genes encode the same ribosomal protein 
· Just to clarify, a homolog is a different version of the same gene 
· In F. tularensis there are three bS21 homologs
· Here are depicted the “interesting” genes around the three homologs
· Most bacteria have 1 or no bS21
· Our lab is most interested in rpsu2
· Why?
· bS21
· Three homologs of ribosomal protein bS21
· bS21-2 is most abundant 
· it is important because it reduces the abundance of proteins that are important for type VI secretion system, which is a virulence factor
· it is critical for intramacrophage growth
· These are all reasons why we are interested in this particular protein, and want to better understand the mechanisms of regulation
· Before I get into the specifics of our project ( I say our because I have done most of this with my lab partner dan), I want to give an example of “regular” ribosomal protein regulation and some previous data to lead to our question
· Starting off with the example of regular ribosomal protein expression
· In option A there are two proteins 1 and 2, which both have sites so that they both bind to their appropriate places on the rRNA
· This binding leads to the correct folding of the structure
· In option B there are the same two proteins, but only 2 binds to the translational site of protein, which then leads to the degradation of mRNA
· Could this be what is happening with bS21-2?
· Our expectation is
· if bS21-2 is “ribosomal protein 2” and it could be binding to the mRNA and preventing translation of itself, leading to degradation
· bS21-2, more translation and stabilization of transcript, more RNA from same operon
· Our first piece of Data is showing the amount of transcript abundance (like a histogram situation)
· At the bottom is the sequence aligned and the red arrow is pointing to area that was of interest?
· Wild type cells, which have bS21-2, have low expression of rpsU2 and other genes surrounding
· Delta rpsu2 have an increased abundance of genes surrounding 
· And the final is sort of like a control, it was a plasmid with rpsu2 and bS21 and there was a decent amount of rpsU2 transcript and none of anything else
· Conclusion: When there is no bS21-2 present, there is an increased abundance of the rest of the operon
· Another piece of preliminary data that was used is showing transcript abundance between LVS and delta rpsU2
· As you can see, when there the rpsu2 gene is deleted there is a 25 fold increase in transcript abundance 
· This is clearly showing that when there is no protein present, there is an increase in transcript. The protein is suppressing itself. 
· What could be happening?
· One option is that it is preventing its own transcription. 
· Binding to DNA for example
· Another option is that it could be inhibiting translation leading to quick degradation
· Which would be similar to the example that I showed you earlier
· With this idea that the protein bS21-2 is preventing its own transcription, we were interested to investigate which specific part of the sequence could the protein be influencing? Is this regulation occuring at the level of transcription or translation?
Question: Is the promoter or the 5’ UTR sequence of the rpsU2 gene in F. tularensis responding to the presence of bS21-2?
· Using reporter gene fusions to assess gene regulation
· When you take a strain and attach to a gene interest in order to measure an output
· Some examples are GFP, and Beta gal
· For our purposes, we would be able to use this method of reporter gene fusion to incorporate it into F. tularensis and measure reporter activity
· Decided to go this route in order to avoid isolating RNA as it is tedious and time consuming
· Lil animation
· Going back to the question one more time… So how can we use the reporter gene in order to determine which sequence is being effected?
· Need:
· A control
· A baseline 
· Switchero 
· Show constructs and repeat
· Used tul4 because it is unaffected by bS21-2
· 
· Show construct and expectation
· Different constructs
· rpsU2 promoter and rpsU2 5’ UTR with lacZ
· Validating the system accurately represents what we have done previously with other methods
· “Baseline” 
· Expectations: no rpsU2, higher beta-gal activity
· Tul 4 promoter and tul 4 5’ UTR
· Expectations: the same beta-gal activity
· Last two compare to the first two, whichever looks like the first, would be the sequence that is responding to the presence of bS21-2
· rpsU2 promoter and tul 4 5’ UTR
· tul 4 promoter and  rpsU2 5’ UTR
· an important side not: this was all hinged upon the baseline acting as expected. 
· Results
· Plot twist: it did not act as expected. 
· The reporter only shows about a ~30% increase not what we were expecting at all
· As a reminder we were using this Beta-gal as a proxy to measuring transcript abundance  and because we didn’t want to go through with the tedious process of isolating RNA
· So it didn’t go as planned… now what?
· Here are some possibilities of the differences
· Error when labeling the tubes
· Maybe didn’t include all of the regulatory sequence fused to the reporter?
· Something is happening post-translationally instead?
· This is because a lot of mRNA is being made but then isn’t being translated into as much protein….
· So we did have to go back and do the tedious and time consuming isolating RNA in order to complete a real-time PCR experiment
· Our goal was to compare the results of this experiment to our strains because our strains have the reporter fusion 
· The main question was is there still a lot of transcription but less translation of beta-gal?
· Just to quickly review the method behind RT – PCR
· You isolate RNA, and turn it into cDNA, which is a type of DNA made from mRNA
· This process is a quantifiable method of measuring amplification of a specific sequence of cDNA
· You design primers that are made for a specific region of interest
· And our expectation with this experiment was that the cells without bS21-2 will have more lacZ transcript
· The results were again not as expected…
· There was about a 4x increase in delta rpsu2 in comparison to LVS
· There are discrepancies between the 4x and the 30% as well as 
· Between the WT and our engineered strain between transcript abundance (25 fold and 4 fold)
· Difference between transcript abundance (between the two strains or the 25 and 4)
· Mutation impacting bS21-2 regulation (Boring!)
· Less lacZ mRNA because transcript abundance decreases along the length of the transcript
· Needed more of the rpsU2 promoter fused to reporter construct to allow complete regulation
· Difference between transcript and protein abundance
· ?????? TBD
· Major take-aways
· Making mistakes is ok
· Biology isn’t perfect and doesn’t always go as planned

