Identification and Characterization of the Minimal Conserved Structure of HIV-1 Protease and Reverse Transcriptase  in the Presence and Absence of Drug Pressure
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During its spread among humans, HIV-1 has developed an extraordinary degree of genetic diversity. Several factors are known to contribute to the generation of new viral variants and to influence the speed with which these viruses evolve: a) the error-prone nature of the reverse transcriptase (RT), which lacks proofreading functions; b) the recombination between the two strands of the dimeric RNA genome, carried out by the RT enzyme during proviral DNA synthesis; c) the high rate of virus production that sustains HIV-1 infection in vivo; d) the rapid selection for viruses with different fitness, mainly due to immune pressure, co-receptor selection and antiviral therapy.

The pol region, encoding for viral enzymes such as RT and protease (PR), is subjected not only to natural variation, but also to the selection pressure imposed by the pharmacological treatment. Under these conditions, the virus is able to escape from antiviral drugs by accumulating new mutations, either alone or in clusters. The patterns of mutations accumulated by HIV under drug pressure are quite variable, depending from the level of pharmacological pressure, the backbone of virus strains, the length of therapy, etc. This makes quite difficult the definition of clear and consistent patterns of mutations associated to resistance to antiviral drugs. 

Since the emergence of drug-resistance is in continuous increase in both drug-naïve and failing HAART-treated patients, is urgent and necessary to identify new drugs and new therapeutic approaches. The identification of conserved regions within the HIV-1 genome allow to better characterize essential regions for the viral proteins, and it can help in designing new therapeutic strategies aimed to press the virus to mutate at key amino acids crucial for the maintenance of sufficient viral fitness. The resulting virus may be replicating at a pace so limited that its ability to damage the immune system, as well as to further mutate to compensate such loss, is minimal.

For these reasons, we undertook a deep investigation aimed to define the conserved areas of RT and PR under pressure of antivirals. The results, presented in details in the lecture, show the presence of RT- and PR-regions highly conserved even under deep therapeutic pressure. Interestingly, such areas represent 45% (in PR) and 68% (in RT) of the total aminoacid sequences, and are distributed in long and short stretches located in various areas of both enzymes. Site-directed mutagenesis studies show that the variation of single aminoacids in these conserved areas causes a deep loss of HIV fitness, down to total inability to replicate. Further analyses show that other mutations, beyond those known to be asssociated with resistance to antivirals, seem to be associated with resistance to some antivirals. A confirmation of their relevance in clinical practice may help in defining more precise algorithms able to correctly predict the efficacy/resistance of antivirals.

