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BACKGROUND: It has recently been demonstrated that the antiherpetic drug acyclovir (ACV) also 
displays antiviral activity against the human immunodeficiency virus type-1 (HIV-1). The triphosphate 
form of ACV is accepted by HIV-1 reverse transcriptase (RT) and subsequent incorporation leads to 
classical chain termination. As demonstrated for all approved nucleoside analogue RT inhibitors 
(NRTIs), the selective pressure of ACV can cause the emergence of resistance. V75I, M184V and T69N 
have been identified in cell-based selection experiments, and the V75I mutation in HIV-1 RT appears to 
be dominant in this regard. By itself, this mutation is usually not associated with resistance to currently 
approved NRTIs. Here, we studied the underlying biochemical mechanism.

METHODS: We used a variety of biochemical approaches, including enzyme kinetics, binding studies 
and high-resolution footprinting experiments to elucidate the molecular basis for ACV resistance.

RESULTS: We demonstrate that V75I is also selected under the selective pressure of a 
monophosphorylated prodrug that was designed to bypass the bottleneck in drug activation to the 
triphosphate form (ACV-TP). Pre-steady-state kinetics reveal that V75I discriminates against the 
inhibitor at the level of catalysis, while binding of the inhibitor remains largely unaffected. The selective 
advantage for the natural nucleotide over the inhibitor, observed with WT RT, is 10-fold increased with 
the V75I mutant. Moreover, the incorporated ACV-monophosphate (ACV-MP) is vulnerable to excision 
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in the presence of the pyrophosphate (PPi) donor ATP. V75I compromises binding of the next 
nucleotide that can otherwise provide a certain degree of protection from excision through dead-end-
complex formation.

CONCLUSIONS: The results of this study suggest that ACV is vulnerable to two different resistance 
pathways. Discrimination against the inhibitor at the level of incorporation appears to be the dominant 
mechanism. Changes at position V75 can affect the precise positioning of amino acids Q151 and/or R71 
that are directly involved in the catalytic step. Together, these findings warrant further investigation with 
respect to the detailed resistance profile of ACV to better assess its potential clinical utility in 
combination with established antiretrovirals.
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