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Environmental screening of bS21-1 and bS21-3 gene regulation shows something in Francisella tularensis

?????????????????


Sierra S. Schmidt1, Hannah S. Trautmann1, and Kathryn M. Ramsey1,2,*

1Department of Cell and Molecular Biology, University of Rhode Island, Kingston, RI 02881, USA

2Department of Biomedical and Pharmaceutical Sciences, University of Rhode Island, Kingston, RI 02881, USA
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Human pathogens which take up an extracellular environmental niche face unique challenges with regard to survival. Particularly, they must be able to withstand environmental pressures and conditions prior to entering a host environment and then, in the case of intracellular pathogens, withstand host defenses and otherwise harsh conditions. This necessitates the ability for these species to have both efficient and effective regulatory mechanisms so as to precisely respond to a given environment, without otherwise wasting cellular resources. 
Francisella tularensis, the causative agent of tularemia, is a Gram-negative, facultative intracellular bacterium with the ability to cause potential fatal human disease. It is known to occupy certain environmental niches 
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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. The selective antibiotic kanamycin (kan) was used to maintain plasmids in F. tularensis LVS at 5 µg/m. 
Strains
Four strains of F. tularensis subsp. holarctica LVS were used for the screening of rpsU1 and rpsU3 environmental conditions. For use in the GFP assays, strains KRLVS192 and KRLVS193 were used. The genotypes of these strains were LVS pF-PrpsU1-GFP and LVS pF-PrpsU3-GFP, respectively. These were previously created by electroporating the replicative pF-based plasmids containing the promoter regions of either rpsU1/cspC or rpsU3 to GFP. The plasmids used were pKR153 (pF-PrpsU1-GFP) or pKR154 (pF-PrspU3-GFP). For use in the β-Galactosidase Assay, strains KRLVS28 and KRLVS75 were used. The genotypes of these strains were LVS rpsU1-lacZ and LVS rpsU3-lacZ respectively. These were previously created using allelic exchanged pEX-based plasmids, pKR34 (pEX_rpsU1_lacZ) or pKR38 (pEX_rpsU3_lacZ). 
Screening for Environmental Conditions - Growth
Changes in temperature, salinity, pH, hydrogen peroxide (H2O2) stress, and UV stress were tested in MHB. To test salinity and pH, cells are grown to early-log phase and transferred to fresh, appropriately altered MHB for an additional 30-60 minute growth period. Alternatively, for temperature, H2O2, and UV stress, cultures are grown to mid-log, exposed to the condition, and given 30 minutes to recover. MHB versus CDM was tested by growing cultures to mid-log in MHB or CDM. Changes in iron, magnesium, or spermine concentrations were tested in CDM by altering the recipe to reflect the concentrations tested, and allowing the cultures to grow to mid-log. 
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: _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.
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