AlphaFold3 model and CD spectrum of VraS from Staphylococcus aureus and characterization of its interaction with ampicillin and vancomycin using Saturation Transfer Difference NMR experiments
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Introduction
Staphylococcus aureus is a global clinical threat, primarily due to its multidrug-resistant nature. Amidst the arsenal of mechanisms employed by this bacterium, the VraTSR three-component system has garnered attention for its role in conferring resistance to cell-wall active antibiotics, particularly glycopeptides and beta-lactams. The VraTSR system is composed of VraS (a membrane-anchored histidine kinase), VraR (a cytoplasmic response regulator) and VraT (an uncharacterized membrane protein). The VraTSR system regulates the cell wall stress stimulon. Despite its prominence, the molecular signal initiating VraTSR activation has remained unknown. 

General Aim
Define the activation mechanism of this putative tripartite regulatory system, VraTSR.

Specific Aims
· Evaluate whether vancomycin and ampicillin, which activate the VraTSR system, interact with VraS. 
· Evaluated whether VraS interacted with kanamycin, which does not actívate the system. 

Results
We expressed recombinant VraS in E. coli, purified it to homogeneity as a dimer in detergent micelles, and we corroborated using circular dichroism spectroscopy that VraS was folded. The program AlphFold3 was used to generate a model of the VraS dimer. Afterwards, we carried out Saturation Transfer Difference NMR spectra which allowed us to demonstrate a direct interaction of vancomycin (a glycopeptide) and ampicillin (a beta-lactam) with VraS. Base don the STD assays, there was no interaction with kanamycin. No significant changes were observed in the CD spectrum of VraS incubated with vancomycin. 

Methods
Expression and purification of recombinant VraS. The vraS gen was cloned in plasmid pET24-a(+). To express VraS-H6x, E. coli BL21 StarTM (DE3) cells harboring the pET24-a(+)::vraS-H6X vector were grown overnight in LB broth supplemented with 50 µg/ml kanamycin, at 37 °C, 220 rpm, and VraS expresion was induced with 50 µM isopropyl β-D-1-thiogalactopyranoside (IPTG) overnight (16-20 h) at 20 °C, 220 rpm. The cells from 100-ml E. coli BL21 StarTM (DE3) cultures expressing the protein of interest were harvested by centrifugation for 15 min at 4,700 g, 4 °C in a Sorvall ST 16R refrigerated centrifuge (Thermo Scientific). The cell pellet was then washed with 25 ml of PBS solution (10 mM NaH2PO4, 280 mM NaCl, 6 mM KCl, pH 7.4) and the cells were resuspended in 5 ml of PBS supplemented with 2 mM phenylmethylsulfonyl fluoride (PMSF) and 0.01 mM EDTA. The cells were then disrupted by sonication (10 pulses with 20% power in a 600-Watt Sonics GEX-600 sonicator (Sonics & Materials); with each pulse applied for 15 s, with 60-s intervals between pulses, keeping the solution in a water-ice bath). This lysate was centrifuged for 20 min at 12,000 g in a refrigerated centrifuge at 4 °C. The supernatant was subjected to ultracentrifugation for 1 h at 150,000 g at 4 °C in an OptimaTM L-90K ultracentrifuge (Beckman Coulter), using a Ti90 rotor. The supernatant containing the cytoplasmic and periplasmic protein fraction was separated, while the pellet (containing the fraction of vesicles with membrane proteins) was resuspended in 1 ml of 10 mM HEPES, pH 7.5 using a Potter-Elvehjem PTFE pestle and glass tube (SIGMA). The fraction of vesicles and membrane proteins were quantified using the Pierce™ BCA Protein Assay kit (Thermo Scientific) in a microplate by absorbance at 560 nm, according to the supplier's instructions. VraS-H6x solubilization was performed by incubation of the membrane vesicles with 0.5% n-dodecyl-β-D-maltoside (DDM) in 10 mM sodium phosphate pH 7.4, 155 mM NaCl, 3 mM KCl. The solubilized proteins were subjected to an affinity chromatography using a Ni Sepharose® 6 Fast Flow resin (GE Healthcare Life Sciences), and VraS-H6x was eluted with increasign concentration of imidazole in 10 mM sodium phosphate pH 7.4, 155 mM NaCl, 3 mM KCl with 0.01% DDM. A size-exclusion chromatography step demonstrated that the protein formed dimers, based on the comparison with standard molecular weight proteins.

VraS dimer modeling. A model for the VraS monomer is deposited in the AlphaFold Protein Structure Database (A0A1L6C0A3; https://alphafold.ebi.ac.uk/). The VraS dimer was modeled using AlphaFold3 (Abramson et al. Accurate structure prediction of biomolecular interactions with AlphaFold 3. Nature. 2024;630(8016):493-500.doi: 10.1038/s41586-024-07487-w).

Circular Dichroism characterization of VraS. The circular dichroism (CD) spectrum of VraS was measured using a 10 μM protein solution prepared in a buffer containing 10 mM sodium phosphate (pH 7.4), 155 mM NaCl, 3 mM KCl, and 0.01% DDM. The spectrum was recorded over the wavelength range of 200 to 260 nm with a Jasco J-810 spectropolarimeter, using a cuvette with a 0.1 cm path length.

[bookmark: _Hlk173249172]Saturation transfer difference spectroscopy experiments. Saturation transfer difference spectroscopy (STD) experiments were acquired on a Bruker Avance III 700 MHz spectrometer, employing standard Bruker stddiffesgp.3 pulse program. The protein saturation pulse was Sinc1.1000 with 50 ms duration. Saturation time was 2 sec, and relaxation delay was 3 sec. 384 scans and 4 averages were acquired. Off-resonance saturation frequency was -40 ppm and on-resonance saturation frequency was 0.75 ppm. Protein concentration was 20 µM and ligand concentration was 400 µM in a 500 µl final volume. Buffer composition was 10 mM sodium phosphate pH 7.4, 280 mM NaCl, 6 mM KCl, 0.01% DDM, 10% deuterium oxide.
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