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Introduction
Identify and describe the relevant background information needed to understand this research paper. Where does this paper fit within the context of what is (or was) known about this topic? Identify the key observation/question that the authors are attempting to explain with their research. 
· Glutathione: substance made from the amino acid’s glycine, cysteine, and glutamic acid. 
· Found genes that utilize host derived glutathione (GSH) during the growth of the bacterium in macrophages using transposon insertion sequencing 
· First example of ChaC family enzyme acting to catabolize GSH in bacteria
· “precise virulence mechanisms employed for intracellular proliferation are largely uncharacterized.” 
· “Francisella is a cysteine auxotroph and GSH is a necessary source of cysteine for intracellular replication” 
· Auxotroph – mutant organism that requires a particular additional nutrient which the normal strain does not. 
Figure 1
What is the hypothesis being tested?
What genes are required for intramacrophage growth
How is the hypothesis being tested? (Methodology and what is being measured)
Highly saturated Tn-Seq screen
What are the results?
· A: shows the total LVS bp vs the transposon insertions
· B: shows the non-essential, but critical in macrophages vs critical in vitro, critical in macrophages vs critical in vitro vs nonessential 
· C: Shows a pre-infection avg read counts/gene on x-axis and 24-hr post infection avg counts/gene on y-axis: This shows the hits in blue and then the GSH metabolism genes in magenta. Why were the three genes, chaC, ggt, and dptA, chosen? Is it because they are further towards the x-axis in comparison? What does that mean?
· D/E: the read count of the insertion profiles from two different areas on the genome. pigR ><psd on top and then FTL_0765 > FTL_0766(gtt)<FTL_0767 on bottom
What is the interpretation of the results?
· Identifies the three genes of interest for further investigation
· “ggt, which encodes a γ-glutamyl transpeptidase, as important for intramacrophage growth”
Identification of a putative Cys-Gly transporter
· Putative: generally considered
· “LVS is predicted to encode eight POT proteins; however, only FTL_1251, henceforth referred to as DptA, was hit in our screen (S2 Table). As no other putative peptide transporters were hit in our screen we hypothesized DptA contributes to intracellular growth of F. tularanesis by acting within the GGT pathway for GSH catabolism”
· dptA is required for the transport of Cys-Gly
Figure 2: 
What is the hypothesis being tested?
How is DptA acting?
How is the hypothesis being tested? (Methodology and what is being measured)
Tn-Seq, in vitro and in vivo testing. 
What are the results?
· A: shows that 24hrs PI that there is a decrease in read counts of dptA
· B: shows the predicted topology (?) of DptA with conserved sequences motifs found in POT proteins highlighted (not really sure what this means or how to interpret)
· C: shows the in vivo experiment of lungs of mice infected with different strains of LVS. There is a WT, knockout of dptA, and knockout of dptA with it re-inserted
· The number of CFU/lung remain very similar between hours 0 and 48. At hour 96 the mice without dptA have less in comparison to the WT and complement
· D: shows in vivo experiment of spleen with same strains in mice
· At hour 48: WT and complement very similar(~3.6) with knockout about ½ CFU/spleen. 
· At hour 96: WT and complement still very similar (~6.5) and knockout at about 5.5
· E-G: OD600 measurements of strains after 16 hours of growth in CDM with glutathione, gamma glu-cys, or cys-gly. 
· E (glutathione):  delta ggt and dpta grow very similar to eachother and the WT and complements look similar
· F (gamma glu-cys): delta ggt grows the least and the complement grows less than the other complement and WT. The delta dpta grows better and almost the same as the complement. This means that this medium has no effect on the gene dptA?
· G (Cys-Glu): reverse of previous graph
· What is the difference between gamma and non-gamma?
What is the interpretation of the results?
DptA is a POT (proton-dependent oligopeptide transporter) that contributes to GSH utilization by LVS
“These data suggest that DptA is required for the transport of Cys-Gly. Further, they suggest that under the conditions of our in vitro growth assays, GGT and DptA constitute the single pathway for GSH degradation as well as transport of the resulting Cys-Gly breakdown product”

Figure 4: 
· Shows a nice graphic of how the mechanism works. 
· Major takeaway: DptA and GGT are essential for Francisella growth in vivo in the absence of exogenous cysteine
Figure 5:
What is the hypothesis being tested?
How does ChaC mediate GSH catabolism?
How is the hypothesis being tested? (Methodology and what is being measured)
Growth over 36 hours in CDM with GSH and gamma-glu-cys and Tn-Seq results
What are the results?
· Why include the Tn-Seq at the bottom?
· A (GSH): Delta ggt and chaC grew the worst in comparison to the controls
· B (gamma – glu- cys) : delta ggt grew significantly worse than delta chaC
· Knockouts for both behaved similarly to the complement of chaC but complement of ggt grew better than WT
· C (GGT activity): 
· E: bacterial growth of wt vs delta chaC in mediums without cysteine and with cysteine. No major differences
What is the interpretation of the results?

Conclusion/Discussion
What are the major conclusions from this study? 
· This is just interesting :  ”In fact, in the majority of bacteria it remains unclear how GGT-breakdown products reach the cytoplasm. One exception is the pathogen Campylobacter jejuni, which has been demonstrated to transport Cys-Gly into the cytoplasm via the oligopeptide transporter (OPT) CptA [55]. The OPT family of transporters is widespread in bacteria and primarily transports oligopeptides 3-8 a a long. However, homologs of CptA are restricted to a small subset of bacteria found in the oral and intestinal microbiota of mammals. Of note, CptA was found to be non-essential during infection suggesting C. jejuni possess alternative mechanisms for obtaining the breakdown products of GSH”
· dptA first member to be associated with virulence
· 

Additional Notes
-“ To assess saturation of the mutant library at the individual gene level, we determined the percentage of TA sites in each gene with identified insertions. About 20% of genes had insertions in fewer than 10% of TA sites, suggesting these genes are essential under these growth conditions. In contrast, we could identify insertions in 90% or more of the TA sites for the majority of genes (73%), as would be expected for nonessential genes. “
- EL-ARTIST and Con-ARTIST analysis
	- conditionally essential genes
	- essential loci analysis


Questions?

