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[bookmark: __RefHeading___Toc235935191]ABSTRACT
Immediately following the Approval Page, each copy of the thesis must contain an abstract which will contain: 
a) a definite statement of the problem involved in the thesis
Francisella tularensis is a Gram-negative, facultative, intracellular bacterium which causes the disease tularemia. Previous research has demonstrated that F. tularensis ribosomes are heterogeneous and that a specific ribosomal protein, bS21-2, regulates translation. To study the regulation of translation by ribosomes in Francisella tularensis, I will use an in vitro system. I aim to develop a reporter construct for use in an in vitro translation assay that is sensitive and easy to modify and to reproducibly purify active ribosomes from F. tularensis for use in this assay.
b) a description of the methods used in the development of the thesis
Bacterial strains and growth conditions
Plasmid design and construction
70S ribosome purification
Sucrose gradient sedimentation
In vitro assays
PureExpress ∆ Ribosome Kit Protocol
Nano-Glo® Luciferase Assay
c) a summary of the results of the findings reported in the thesis. 
Demonstrated that nLuc was the most sensitive reporter tested
Successful creation of a reporter construct that is sensitive and easy to modify
Successful and reproducible purification of active ribosomes
Demonstrated inhibition of translation by Kasugamycin using in vitro assay
Demonstrated that LVS grows better in BHI media than in MHB
Demonstrated that heat-activation did not increase ribosome activity
Demonstrated that ribosome concentration affects translation efficiency
	Lower ribosome concentrations have higher luminescence/pmol
Demonstrated that UTR affects translation efficiency
	tul4 UTR translated more efficiently by LVS than by EC
Demonstrated that growth media affects translation efficiency
	tul4 UTR translated more efficiently by LVS from MHB than from BHI
Demonstrated that LanYFP fluorescence and nLuc luminescence did not correlate when used in a dual-reporter system and driven by different UTRs
Demonstrated that dialysis of ribosomes into low Mg buffer separates subunits
Dialysis of dissociated ribosomes in high Mg buffer reassociates subunits
Incubation of dissociated ribosomes in high Mg buffer reassociates subunits
Incubation for two hours in high Mg buffer is sufficient
Steps can be taken to increase consistency of ribosome concentration measurements
Bug Buster chemical lysis can be used to purify active ribosomes
Different lysis methods have different sucrose gradient profiles
Deleting relA and spot does not affect LVS sucrose gradient profile
Loading smaller amounts of ribosomes onto sucrose gradients leads to sharper 70S peaks
Lower ribosome concentrations have higher luminescence/pmol
Using 2 pmol of LVS ribosomes in vitro works well for luminescence and gives fairly consistent and reproducible results
Demonstrated that lysis method affects translation efficiency
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Bacterial strains and growth conditions 
The strain of Francisella tularensis used in these experiments is F. tularensis subsp. holarctica live vaccine strain (LVS), which is not infectious to humans, but retains its virulence in animal models. Bacteria are cultured in supplemented brain heart infusion broth with cysteine (sBHIc). sBHIc was made using (per 500 mL): 18.5 g brain-heart infusion (BHI) medium (BD Diagnostics 237500) supplemented with 0.5 g L- cysteine hydrochloride, 5 mL 1 mg/mL β-NAD, 5 mL 1 mg/mL heme-histidine, and 12.5 mL 20% glucose or on plates with cysteine-heart agar supplemented with 1% hemoglobin at 37°C. The MRE600 strain of E. coli used for ribosome purifications is cultured in standard LB liquid media or on plates with LB agar at 37°C. Strains with incorporated plasmids are selected for on kanamycin medium at 5 μg/mL for LVS or at 50 μg/mL for E. coli. 
Plasmid design and construction 

PCR primers were designed using SnapGene (GSL Biotech LLC) and ordered from ThermoFisher. Primers were used to amplify DNA fragments to be cloned into the intended plasmid, and the resulting DNA fragments were purified by washing and eluting through a spin column (QIAquick Purification Kit). The plasmid backbone and PCR fragments were digested using restriction endonucleases and subjected to gel electrophoresis. Desired products were excised and purified using the QIAquick Gel Extraction Kit. Ligations were conducted with T4 DNA ligase and the products were transformed into competent E. coli cells. Resulting colonies were used to 
grow cultures, and the plasmid DNA was isolated using a QIAprep Spin Miniprep Kit and sequenced via Sanger sequencing at URI’s INBRE CORE Facility. 
70S ribosome purification 
For E. coli, MRE600 cells were grown in 500 mL LB medium to mid-log phase (OD600 = 0.6-0.8), and for F. tularensis, wild-type LVS cells were grown in 500 mL sBHIc media to mid-log phase (OD600 = 0.5). Cells were chilled on ice for 20 min, centrifuged at 15,316 xg for 5 min at 4°C, then washed once with buffer H10M10A50 (10 mM HEPES KOH pH 7.6, 10 mM MgCl2, and 50 mM NH4Cl), and centrifuged at 14,635 xg for 15 min at 4°C, and the resulting pellets were stored at - 80°C. For ribosome purification, cell pellets were resuspended in 15 mL of H10M10A50 with 20 U DNase I. Cells were either lysed by passing through a French press once at 800 lb/in2 or by using Bug Buster detergent and incubating at 37°C for 1 h. Cell debris were removed by centrifugation at 146,000 xg for 15 min at 4°C. Supernatant was layered on top of H10M10A500 + 20% sucrose (10 mM HEPES KOH pH 7.6, 10 mM MgCl2, 500 mM NH4Cl, 20% sucrose) and ribosomes were pelleted by ultracentrifugation in a 50.2 Ti rotor for 4 h at 146,000 xg at 4°C. The pellet was washed twice with H10M10A50 and gently resuspended in H10M10A50. This suspension was then layered onto another sucrose cushion (H10M10A50 with 40% sucrose) and centrifuged for 14 h at 146,000 xg at 4°C to further purify the ribosomes. Purified ribosomes were gently resuspended in ~100 μL of H10M10A50 and stored at -80°C. 
Sucrose gradient sedimentation 
A light solution of H10M10A50 buffer + 10% sucrose was layered on top of a heavy solution of H10M10A50 buffer + 50% sucrose in polycarbonate gradient tubes, and the gradients were mixed in a BioComp Instruments 153 Gradient Station (BioComp). After refrigeration for 45 min the gradients were balanced, and 200 μL of sample was layered on top. The tubes were centrifuged in a Beckman-Coulter SW40 Ti rotor for 40,000 rpm for 4 h at 4°C and gradient fractions were collected using a Triax flow cell set to 260 nm. Thirty fractions were collected per run and stored at -80°C. 
In vitro assays 
PureExpress ∆ Ribosome Kit Protocol 
Solution A and Factor Mix from the PureExpress ∆ Ribosome Kit were thawed on ice. Ribosomes from sucrose cushion purification were diluted to 2.67 pmol/μL in H10M10A50 buffer. Plasmid DNA was purified by phenol-chloroform extraction, and then diluted in 0.1x Buffer EB (Qiagen) to a concentration of 125 ng/μL. Each reaction contained 10 μL Solution A, 3 μL Factor Mix, and 2 μL template DNA and 15 μL ribosomes. After mixing gently and spinning briefly in a microfuge, the reactions were incubated at 37°C for 2 h in a thermocycler. The reactions were stopped by placing the tubes on ice, and the samples were used for analysis or frozen at –20°C for later use. 
Nano-Glo® Luciferase Assay 
Nano-Glo® Luciferase Assay Buffer and Nano-Glo® Luciferase Assay Substrate were thawed on ice. An appropriate volume of reconstituted reagent was prepared by combining one volume of substrate with 50 volumes of buffer. In vitro assay reactions were thawed on ice. Then, 30 μL of reconstituted reagent was added to the reactions, and the reactions were pipetted into a white 96-well plate. After a 3 min incubation period, the plate was read on the appropriate settings. 
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