Understanding dynamic behavior of Aminoglycoside Phosphotransferase 3'-IIIa using NMR and MD

Bacterial resistance to antibiotics is a major concern for developing new drugs for many diseases.  Aminoglycoside Phosphotransferase 3'-IIIa (APH) belongs to large class of phosphotransferases which carry out phosphorylation of aminoglycoside antibiotics thereby making them ineffective. Crystal structure of this specific enzyme has been resolved by X-Ray Crystallography (XRC) in various forms i.e. apo, binary (bound to nucleotide) and ternary (bound to antibiotic and ADP-metal). But the XRC resolved structures doesn't explain dynamic properties of this enzyme including its ability to recognize diverse substrates. All the available crystal structures superpose very well with a Cα rmsd of 0.7Å. H-D exchange data on the other hand reveals that this particular enzyme is very dynamic in nature. This is perhaps the first enzyme to exchange all its backbone -NH hydrogen’s with the solvent in apo form. Binding of antibiotic reduces the H-D exchange and around 40% of the peaks remain unexchanged in the 2D NMR spectra. A two prong approach using relaxation time measurement (T1) of the backbone amides in various complexes and molecular dynamics simulations of bound and apo form to characterize the dynamic behavior of this enzyme is undertaken. Relaxation data indicates that certain sites away from the aminoglycoside binding site experiences increased rigidity, while some part become more loose indicating that the entire protein adjusts its dynamic behavior to accommodate structurally different aminoglycosides. Molecular dynamics simulations of the apo, antibiotic, & ATP-bound species in explicit solvent have been performed, and the results of these simulations are interpreted in the context of the experimentally-observed dynamics differences observed between the apo- and bound species.
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