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Explore Novel Cyclic Peptides to Target HIV RNA for AIDS Therapy
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Introduction 
Efforts towards the development of RNA-based drug leads have been challenging because of the complexity and dynamic nature of RNA structures as therapeutic targets. The trans-activation response RNA (TAR) and cognate Tat protein of HIV have long been recognized as promising anti-viral targets, and recent works have identified potentially potent inhibitors of the viral RNA-protein interaction. A new class of such inhibitors, conformationally constrained cyclic peptide mimetics of Tat, has been demonstrated to inhibit HIV lifecycle. Our studies will have high impact on developing novel and specific methods for the treatment of HIV. Our central goal is to identify novel compounds to facilitate antiviral drug development.

Experimental 
NMR data will be collected to interpret the HIV RNA structure complexity upon ligand binding. We have previously probed the complexity and dynamics of TAR RNAs in their free states, as well as conformational shifting by various peptide and small molecule ligands. In this work, we have used ultrafast dynamics approach to probe the interactions between TAR RNAs and one of the representatives of cyclic peptide inhibitors, L22. Our studies demonstrated that cyclic L22 specifically recognizes TAR RNAs with a unique single binding site compared to two binding sites for linear Tat protein. Although both Tat and L22 bind to the TAR RNAs as a beta hairpin structure, cyclization in L22 affords it to be a more efficient ligand from population shifting perspective. This study provided unique insights into drug design with desired properties to differentiate similar structures based on distinct dynamic behaviors. Our experiments are performed using a Bruker Avance II 600 console with a 5mm TXI cryoprobe and a Magnex 14.1T/54 mm AS magnet in the facility of Advanced Magnetic Resonance Imaging and Spectroscopy, McKnight Brain Institute, University of Florida.
Results and Discussion

Unlabeled 27mer HIV-1 TAR RNA 5’GCAGAUCUGAGCCUGGGAGCUCUCUGC3’  (bases in the loop are underlined) was synthesized and was purified by 20% urea-PAGE and desalted on a NAP-25 column. Purified RNA oligomer was resuspended in NMR buffer (50 mM NaCl, 10 mM Phosphate, 0.5 mM EDTA, pH 6, 90:10 H2O/D2O). Spectra were collected on a Bruker Avance II 600 MHz NMR spectrometer at 27 (C. Spectrum of free HIV-1 TAR RNA was collected first; titration of concentrated peptide into the free RNA was monitored by inspecting the imino proton region of RNA. NMR experiments can provide useful structural information on the HIV-1 TAR RNA and the ligands such as peptides, especially the structural change upon complex formation. In particular, imino protons from RNA base pairs in the stem produce unique and easily detectable signals that are easy to monitor. NMR spectra were collected in order to distinguish HIV-1 TAR RNA binding between different ligands. 

Conclusions
In this work, we demonstrated that a designed cyclic peptide mimic of HIV Tat peptide can specifically recognize HIV TAR RNAs with a single binding site, compared to two binding sites for Tat using our unique ultrafast dynamics approach. Our study provides more intricate details of the TAR RNA conformational transition patterns, capturing not only the major sub-populations, but minor sub-populations as well, painting the conformational transition with an ensemble view. Our research will pave the way for the discovery of novel molecules for the intervention of HIV/AIDs pandemic.
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