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bS21-2 reduces the stability of its  in Francisella tularensis

?????????????????
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6

[bookmark: _Toc141519748]Abstract
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Given the number of diverse niches which bacteria may occupy at various points, it follows that changing environmental factors differentially affects gene expression. However, this broad mechanism is of particular note in the considerations for human health. Necessarily, pathogens will encounter new environments as they pass from environment or vector to their final host. It then follows that environments regulate gene expression of virulence factors.  
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Description automatically generated]	Comment by Sierra Schmidt: Add figure caption once figure is approved
bS21-1, bS21-2, and bS21-3 lead to the regulation of the bS21-2 operon. For the purposes of an earlier paper published by the Kathryn Ramsey lab, abundance changes of the F. tularensis global transcriptome between wild-type LVS and cells lacking bS21-2 was analyzed through RNA sequencing (Trautmann & Ramsey, 2022). In addition to those findings, it was noted that in the absence of bS21-2, there was a substantial and significant increase in the transcript abundance of the rest of the macromolecular synthesis operon. Particularly, in wild-type cells containing bS21-2, there was some amount of transcript counted along the operon. This abundance of the transcript reads steadily decrease along the polycistronic message, reflecting a common artifact of transcription. However, when bS21-2 is removed from the chromosome of LVS, the transcript abundance of this operon increases substantially, as high as 9-fold at the start of the transcript. This necessarily indicates that the presence of bS21-2 in the cell represses the production of its own operon, indicating some mechanism of autogenous regulation. Ectopic expression of any one of the bS21 homologs was found to complement this overexpression phenotype. Interestingly, ectopic expression of all homologs repressed MMS transcript abundance to below wild-type levels, most readily apparent by bS21-2 and bS21-3. 	Comment by Sierra Schmidt: Add in figure references	Comment by Sierra Schmidt: Double check
In addition to RNA-Seq, qRT-PCR was used to analyze transcript abundance of both bS21-1 and bS21-3 in wild-type or cells lacking either bS21-1 or bS21-3, respectively. The results from this assay indicated that neither bS21-1 or bS21-3 abundances were statistically nor biologically significant in cells lacking the respective proteins versus wild-type. This indicates that while bS21-2 is autogenously regulated, in addition to potential regulation by bS21-1 and bS21-3, bS21-1 and bS21-3 may have unique mechanisms of regulation. 
Cis-factor leads to the regulation of the bS21-2 operon by bS21-2. In order to study the potential cis-factors leading to autoregulation observed by bS21-2, lacZ reporter constructs were created. These constructs included either the promoter or 5′ UTR of either the control gene tul4 or rpsU2 fused to lacZ in the Tn7 site of LVS, a non-native locus. Previous work by the Ramsey lab identified tul4 as a useful control gene due to its lack of response in either the abundance of transcript of protein to the removal of bS21-2 from the cell (Trautmann & Ramsey, 2022).
In order to first assess the transcript abundance of these strains, qRT-PCR was used, amplifying within the lacZ gene. The fusion was verified through both control constructions, containing homogenous promoter and leader sequences for either tul4 or rpsU2. In particular, lacZ transcript abundance as dictated by the regulatory elements of tul4 was not found to change between wild-type cells and cells lacking bS21-2. Further, the construct containing both elements from rpsU2 demonstrated a substantial increase in cells lacking bS21-2, of about 9-fold. In the construct containing the promoter of tul4 fused to the rpsU2 5′ UTR, the lack of bS21-2 did lead to increased transcript abundance as compared to wild-type. The fold-change present for this construct was around 4-fold.
Additionally, the effect of bS21-2 on the abundance of its own protein as tested using these same constructs in a β-Galactosidase Assay. The construct containing both cis-factors for tul4, showed no significant change in protein abundance between wild-type and cells lacking bS21-2. Alternatively, both the homogenous rpsU2 cis-factor construct and the construct containing only the leader sequence of rpsU2 only show a 0.3 fold-increase between wild-type cells and those lacking bS21-2. 
bS21-2 effects stability of the bS21-2 operon. Begin typing or pasting the rest of your chapter 3 text here. This template is best used for directly typing in your content. However, you can paste text into the document, but use caution as pasting can produce varying results
bS21-2 leader sequence has two consecutive stem-loop structures that are not required for regulation by bS21-2. Begin typing or pasting the rest of your chapter 3 text here. This template is best used for directly typing in your content. However, you can paste text into the document, but use caution as pasting can produce varying results
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[bookmark: _Toc141519753]Materials and Methods
Bacterial strains and growth conditions
Under standard or control growth, strains were grown as follows. F. tularensis subsp. holarctica LVS was grown in Mueller Hinton Broth (MHB), supplemented with  0.025% iron pyrophosphate, 0.1% glucose, and 2% Isovitalex at 37°C, for standard growth conditions in liquid media. Otherwise, it was grown in Chamberlain’s Defined Media, CDM (Chamberlain, 1965). For solid media growth, LVS was grown on cysteine heart agar plates containing 1% hemoglobin (CHAH) at 37°C. E. coli, either XL1-Blue or PIR1 cells, was grown in LB media or on LB plates. Saccharomyces cerevisiae [psi-] was grown in or on YEPD media or in/on Synthetic Defined (SD) growth media without uracil for selection. The selective antibiotics kanamycin (kan) or nourseothricin (nat) was used to maintain plasmids in F. tularensis LVS at 5 µg/mL or in E. coli at 50 µg/mL.
Plasmid design and construction
Plasmids were first designed using SnapGene application (GSL Biotech LLC). Necessary gene components were amplified via PCR, then purified with the QIAquick Purification Kit. PCR products and pF or PYES2 backbones were then digested using restriction enzymes, run on a gel, and extracted using the QIAquick Gel Extraction Kit. Gel-purified fragments were then ligated and used to transform either E. coli or S. cerevisiae via heat shock or electroporation, respectively. Colonies that grew on the appropriate selective media were isolated with the QIAprep Spin Miniprep Kit or Zymoprep Yeast Plasmid Miniprep II kit and confirmed via Sanger sequencing through the INBRE Core Facility.
Integration of reporter constructs into the Tn7 site of F. tularensis
Reporter constructs were integrated into the Tn7 site of F. tularensis LVS essentially as in (LoVullo et al., 2009). Briefly, electrocompetent LVS cells are prepared via multiple sucrose washes prior to electroporation. A Tn7 helper plasmid (pKR54) is electroporated into desired target cells, in order to help with the integration of the Tn7 sequence from the plasmid into the Tn7 site on the chromosome. Colonies are recovered from the electroporation and made into electrocompetent cells and electroporated with the designed Tn7 plasmid. The helper plasmid is cured from the strain by repeated passage and integration is confirmed via colony PCR using PrimeStar GXL polymerase. When the helper plasmid is confirmed to have been cured through cross-patching on alternative antibiotics, electrocompetent cells are made and electroporated with the Tn7 resolvase plasmid (pKR56) to excise the remaining antibiotic resistance. The resulting colonies are recovered and cured of the Tn7 resolvase plasmid.
Strains
Ten strains of F. tularensis subsp. holarctica LVS were used for the assessment of the transcriptional regulation of bS21-2. In order to assess the regulatory cis-factors of rpsU2: 
	Strain
	Genotype

	
	

	
	

	
	

	
	

	
	

	
	


In order to assess the structure of the leader sequence: 
	Strain
	Genotype

	
	

	
	

	
	

	
	



RNA purification and cDNA synthesis 
Strains of interest were grown to mid-log phase in triplicate, OD600 0.3-0.4, and then pelleted. Total nucleic acids were isolated using the Zymo Research Direct-zol RNA Kit. Nucleic acids were treated with RNase-free DNase and the RNA was re-purified using the Zymo Research Direct-zol RNA Kit. Non-specific primers, NS5 primers, were annealed to normalized pure RNA, and the reverse transcriptase SuperScript III was used to generate cDNA. Weak base was used to remove RNA from the cDNA, and then neutralized with weak acid. Synthesized cDNA was then purified using the QIAquick PCR Purification Kit and eluted in 0.1x EB. 
Quantitative real-time PCR
cDNA was diluted to a normalized concentration and mixed with the PowerUp™ SYBR™ Green Master Mix and one primer pair to a final concentration of 0.25 µM per primer. Reactions containing each sample and primer pair combination were plated in technical triplicate on a 96-well plate. Samples were then amplified in a Roche 480 LightCycler, and the Crossing Point is used to calculate the relative abundance of transcript.
mRNA stability assay
The stability of mRNAs was assessed essentially as described by others (Nguyen et al., 2020). Briefly, strains of interest were grown to mid-log phase in triplicate, OD 0.3-0.4, and then rifampin was added to a final concentration of 50 ug/mL. After 0, 1, 2, 4, and 8 minutes, full 7 mL cultures were snap frozen using liquid nitrogen. Samples were then thawed and mRNA was extracted, purified, and used to generate cDNA. qRT-PCR was conducted using primers corresponding to the transcript of interest, and a linear regression analysis is conducted on a plot of -CT over time. 
[bookmark: _Hlk142532886]β-Galactosidase Assay

Cultures were grown to early mid-log (around OD600 0.3) in triplicate. Growth was halted by placing cultures on ice for at least 30 minutes before cells were added to tubes containing Z-buffer supplemented with β-mercaptoethanol. 0.1% SDS and chloroform were added, cultures were vortexed, then allowed to come to 28°C for 10 minutes prior to the addition of the substrate O-nitrophenyl- β -galactopyranoside (ONPG). Reactions were stopped upon reaching a yellow color, OD420 0.6-0.9.
12


GFP assay
After cultures were grown to mid-log, 1 - 4mL was pelleted and resuspended in 1xPBS. In technical triplicate, 250 uL was plated in a clear 96-well plate and the OD600 was read by the SpectraMax® iD3 Multi-Mode Microplate Reader. 200 uL of the sample was then transferred to a black 96-well plate and the fluorescent value was measured. Fluorescence was normalized to LVS containing an empty vector (pF) in 1xPBS, and calculated relative to the corresponding OD600.   
[bookmark: __RefHeading___Toc235935208][bookmark: _Toc141519754]
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