Structural Basis of Drug Resistant I50V/A71V HIV-1 Protease and Gag Substrate Coevolution
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Background: Human 1 mmunodeficiency virus type-1 (H V-1) protease 1s responsible for the processing of Gag and Gag-Pol viral polyproteins to release viral enzynes. As this
process Is essential for the maturation of HV viral particles, the protease Is an Inportant target for anti-H YV therapy. Wthin najor prinary drug resistance nutations,
mutation of residue 50 fromlle to Val Is commponly observed Iin patients failing therapy wth APV and DRV (two FDA approved protease inhibitors). Residue 50 i1s |ocated at
the flap tip of the flexible |oop that controls the access of Iinhibitors and substrates to the protease active site. Substrate nutations Gag L449F, R452S and P453L w t hin
the pl-p6 cleavage site are associated wwth 150V protease nutation I n patient sequences. Gag L449F nmutation rescues the protease activity by 10 fold, while P453L, although
| ocated distal fromthe catalytic site, causes a 23-fold enhancenent. However, the nol ecular basis for the selection advantage of these co-evolution nmutations and how t hey
enhance substrate recognition to confer drug resistance Is not clear.

Met hod: By appl yi ng crystall ography nmet hod and nol ecul ar dynam cs sinulation, we 1 nvestigate the structural basis of |50V/A71V protease and pl-p6 substrate co-evol ution.
Results: Based on crystal structures, substrates wth nutated residues P1’ phenylalanine or P5 | eucine rescue protease activity by i1 ncreased vdW contacts wth co-evol ved
protease. |50V/ A71Vg, s conpl ex structure has nore hydrogen bond conpared to |50V/ A71V,,, and nore vdW contacts conpared to W, o Fromthe result of MD sinulations, wth
mutations 1n either protease or substrate, the actives site are expanded (80-80 loop). Strikingly, co-evolution brings this distance back to the scale simlar to W,. The

expanded protease active site nay correlate wth the decreased protease processing, while coevolution of both restores the active site dynam cs and possibly the protease
activity.
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The overall backbone conformation of substrate—protease complexes is conserved in all
mutant structures (RMSD of Ca atoms are within 0.48 A ). All the substrate residues from :
P3 to P3’ overlap well as well, and the substrate mutants maintain a comparable fit Concl usi ons
within the substrate envelope regardless whether the protease carries the I50V/A71V | o Weps, = Coevolved complex structures display enhanced overall substrate interactions, due to either more vdW
mutations or not Peptide bond flip in the 50 loop of 150Vpps, contacts or hydrogen bonds, compared to structures with mutation in either protease or substrate alone.
= The effects of protease-substrate co-varitation is not restricted to the mutation sites, it can cause the
structural change of protease and substrate at non-mutated positions and increase the overall fitting of
150V ppe, substrate in the protease active site.
_ _ _ * Through MD simulations, we show that the co-variation groups tend to maintain the WT,,; scale of active site
Cr ySt al | ogr aIOhl c Statistics volume while single mutation groups have expand active site.
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