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Figure S1. 6-Vinylpyrimidines 1-5 are competitive RT inhibitors with respect to the nucleotide 

substrate. (A). Plot of the incorporation rates of wt HIV-1 RT reporting the variation of the reaction rate 

as a function of the dTTP substrate concentration in the absence or in the presence of increasing amounts 

of compound 1. Curves were fitted to a Briggs-Haldane mechanism. Error bars represent ±S.D. of three 

independent replicates. (B). Variation of the apparent affinity (Km) for the nucleotide substrate as a 

function of the concentration of 1. Km values were determined as described in Materials and Methods 

from the curves shown in panel A. (C, E, and G). Experiments were performed as in panel A, but in the 

absence or in the presence of increasing amounts of compound 2, 4, and 5, respectively. (D, F, and H). As 

in panel B, but in the presence of increasing amounts of compound 2, 4, and 5, respectively. 

 

Figure S2. TNK-651 shows a purely non-competitive mechanism of inhibition with respect to the 

nucleotide substrate. Variations of the apparent affinity (Km, filled symbols) and maximal velocity (Vm, 

open symbols) for dTTP incorporation catalyzed by HIV-1 RT wild type (triangles) or K103N (squares) 

as a function of TNK-651 concentration.i Data are the means of three independent replicates. Bars 

represent ±S.D. 



Docking of 2–5 into the wild-type HIV-1 RT. 

Replacement of the dimethylamino group of 1 with a diethylamino group (2) leads to a marked decrese 

(more than 400-fold) in activity against wt HIV-1 RT (Table 1 in the manuscript). Nevertheless, 2 is still 

active, although at a µM concentration. On the other hand, the dipropylamino derivative 3 is inactive at 

the maximum test dose. Methylthio derivative 4, although structurally related to 1, is scarcely active, 

similarly to 5. In an attempt to rationalize the significant difference in activity among 1–3, as well as the 

low activity of 4 and 5, we carried out a comparative docking study of all the inhibitors, starting from the 

X-ray structure of the TNK-651:HIV-1 RT complex (PDB code 1RT2). 

As observed for compound 1, the binding mode found for 2 shows the sulfone group pointing toward 

the water-exposed surface (Figure S3A). However, a significant difference is observed. In fact, the 

diethylamino group was oriented toward the Lys101 backbone, instead of Trp229, probably to relieve 

steric clashes. Such a shift causes the loss of the contact between the vinyl group and Tyr318, found for 1. 

Despite this reorientation, important stabilizing interactions are still observed, such as π–π contacts 

between the heterocyclic ring of the ligand and Tyr181, Tyr188, Phe227, and between the vinyl group 

and Trp229.  

The dipropylamino group of 3 causes the ligand to assume a different orientation within the NNIBP. 

This larger group is now pointing toward the solvent accessible surface (Figure S3B). Such a binding 

mode seems to cause the loss of the stabilizing interactions between the heterocyclic ring of the ligand 

and Tyr181, Tyr188, and Phe227, observed for 1. 

 



Figure S3. Docking of compound 2 (A) and 3 (B) into the wt HIV-1 RT NNIBP. 

Docking simulations of thioethers 4 and 5 indicate that the number of stabilizing interactions is much 

lower than in the case of 1 and 2, being essentially reduced to contacts with Tyr318 (Figure S4). 

 

Figure S4. Docking of 4 (A) and 5 (B) into the wt HIV-1 RT NNIBP. 

 
Comparative docking studies of 1 on wt, Y181I, K103N, L100I, and V179D strains. 

To explain the pattern of activity of compound 1 against wt, K103N, Y181I, L100I, and V179D HIV-1 

RT strains, a comparative docking study was carried out. X-ray structures of efavirenz:K103N HIV-1 RT 

and TNK-651:L100I HIV-1 RT complexes (PDB codes 1FK0 and 1S1V, respectively) were used as 

starting coordinates. On the other hand, due to the lack of crystal structures of NNRTI:Y181I and 

NNRTI:V179D HIV-1 RT complexes, we built structures for these mutants (see Preparation of HIV RT 

mutants in the Computational Methods section). The most stable docked conformation of 1 into the 

K103N mutant is shown in Figure S5A. The stabilizing interaction is only the π–π contact between the 

vinyl group and Tyr318. The replacement of Tyr181 for an Ile unit and the changes that it induces into the 

binding pocket seem to cause a reorientation of the ligand (Figure S5B, to be compared with Figure 2A in  



 

Figure S5. Docking of compound 1 into the (A) K103N, (B) Y181I, (C) L100I, and (D) V179D HIV-1 

RT mutants. 

the manuscript), so that the sulfone group is close to Trp229, instead of Lys101 and Lys103. In this 

preferred docked conformation, the stabilizing interactions are only the π–π contacts between the 

pyrimidine ring of the ligand and Phe227 and between the vinyl group and Tyr188. The L100I 

replacement causes a reorientation of the ligand, so that the sulfone group points toward the positive 

electrostatic region emanating from Lys102 (Figure S5C). Other stabilizing interactions are observed, 

such as π–π contacts between the pyrimidine ring and Tyr318, as well as hydrophobic interactions 

between the methyl groups and Trp229. 



Finally, the most stable docked conformation obtained for the V179D mutation (Figure S5D) is identical 

to that observed for wt RT. Thus, in the last two cases (C and D), most of the stabilizing interactions are 

maintained. This may account for the similar activity of compound 1 toward both the L100I and V179D 

enzymes, as well as for its loss of potency against both the Y181I and K103N mutants. 

 

Figure S6. (A) Docking of 1 (sticks) into the NNIBP of TNK-651:HIV-1 RT complex. (B) Comparison 

of the docked TNK-651 (green, sticks) and X-ray conformation of TNK-651 (grey, thick lines) into 

NNIBP. For reason of clarity, only the side chains of Tyr181, Tyr188, Trp229, Phe227, Tyr318, Lys103, 

and Lys101 are represented as thin lines. 

 

 

Figure S7. Structure of the β-turn (ribbons) around the active site of RT. Steric interactions between Cβ 

atom of Met184 and the amide group of Asp185 (represented as transparent spheres) and hydrogen bonds 

(dotted red lines) can be appreciated. (A) unliganded RT (cyan, PDB code 1HMV); (B) 1:RT complex 

(magenta, at t = 1000 ps); (C) TNK-651:RT complex (green, PDB code 1RT2). All Figures in the text 

were produced with Pymol 



 

 

Materials and Methods 

Chemicals. [3H] dTTP (40 Ci/mmol) was purchased from Amersham and unlabelled dNTPs from 

Boehringer. Whatman was the supplier of the GF/C filters. All other reagents were of analytical grade and 

purchased from Merck or Fluka.  

A detailed synthesis of compounds 1-5 has already been reported.ii,iii 

Nucleic acid substrates. The homopolymer poly(rA) (Pharmacia) was mixed at weight ratios in 

nucleotides of 10:1, to the oligomer oligo(dT)12-18 (Pharmacia) in 20 mM Tris-HCl (pH 8.0), containing 

20 mM KCl and 1 mM EDTA, heated at 65 °C for 5 min and then slowly cooled at room temperature.  

Expression and purification of recombinant HIV-1 RT forms. Recombinant heterodimeric wt RT, 

L100I, V179D, K103N, and Y181I were expressed and purified to >95% purity (as judged by SDS-

PAGE) as described.iv  

HIV-1 RT RNA-dependent DNA polymerase activity assay. RNA-dependent DNA polymerase 

activity was assayed as follows: a final volume of 25 µL contained buffer A (50 mM Tris-HCl pH 7.5, 1 

mM DTT, 0.2 mg/mL BSA, 4% glycerol), 10 mM MgCl2, 0.5 µg of poly(rA)/oligo(dT)10:1 (0.3 µM 3'-

OH ends), 10 µM [3H]dTTP (1 Ci/mmol) and 5–10 nM RT. Reactions were incubated for 10 min at 37 

°C. 20 µL-Aliquots were then spotted on glass fiber filters GF/C which were immediately immersed in 



5% ice-cold TCA. Filters were washed twice in 5% ice-cold TCA and, once in ethanol for 5 min, dried; 

the acid-precipitable radioactivity was measured by scintillation counting. 

 

Computational methods 

All molecular modeling calculations and manipulations were performed with software packages 

MacroModel 8.5v and AutoDock 3.0,vi running on SGI workstations. The united-atom Amber force field 

was used as implemented in MacroModel. 

Docking studies. The structures of 1–5 were built using the Maestro 3D-sketcher and fully minimized 

(Polak-Ribiere conjugate gradient, 0.05 kJ/Å·mol convergence). Atom charges assigned to compounds 

during the minimization step were retained for the following docking calculations. Complexes generated 

by docking simulations were then refined with MacroModel. 

For the docking procedure, the program AutoDock 3.0 was used to explore the binding conformation of 

1–5 on the wt and/or mutated RT. A grid spacing of 0.375 Å and 54 x 60 x 70 number of points was set, 

comprising all residues that constitute the NNRTI binding pocket. At each grid point, the receptor’s 

atomic affinity potentials for carbon, oxygen, nitrogen, sulfur, and hydrogen were precalculated for rapid 

intra- and intermolecular energy evaluation of the docking solutions for each inhibitor. The genetic 

algorithm-local search (GA-LS) method was used with the default settings and retrieved 100 docked 

conformations from each compound. Results from Autodock calculations were clustered with a root mean 

square deviation (rmsd) tolerance of 1.5 Å and the lowest energy conformer of the most populated cluster 

(the lowest energy cluster in most cases) was selected as the most probable binding conformer. 

Ligand:HIV-1 complexes were submitted to a full minimization of the whole structure to a 0.1 kJ/Å·mol 

gradient. 

Molecular dynamics simulations. 1:RT and 2:RT complexes were subjected to stochastic dynamics 

simulations. The united-atom Amber force field was used for all the simulations (MacroModel 8.5). The 

complexes were restrained in the following manner. The protein residues that fall within 21 Å of the mass 

center of the ligand, as well as the ligand, were allowed to move freely during the simulations. All the 



other residues were frozen to their positions. The SHAKE algorithm was applied for all the bonds 

involving hydrogen atoms. For the two complexes, 1000 ps stochastic dynamics simulations were carried 

out at 310 K with a time step of 2.0 fs, after an equilibration step of 100 ps. One hundred snapshots were 

collected. Minimizations and dynamics were carried out in aqueous solutions in all cases (GB/SA 

solvation method with water as the solvent). 

Preparation of RT mutants. Tyr181 residue of crystal structure of the complex between TNK-651 and 

the Y181C HIV-1 RT mutant (PDB code 1JLA) was mutated to Ile, and Val179 residue of the crystal 

structure with TNK-651 and wt HIV-1 RT (PDB code 1RT2) was mutated to Asp. The mutated proteins 

were subjected to stochastic dynamics simulations by using the united-atom Amber force field 

(MacroModel 8.5). The following restraints were used. The mutated residues (Ile181 and Asp179) were 

allowed to move freely during the simulations. Side chains of the residues that within 10 Å of the mass 

center of the mutated amino acid (Ile181 and Asp179) were constrained within ±1 Å with a force constant 

of 25 kcal/mol·Å2. Backbone atoms of these residues were frozen to their positions. All the residues 

exceeding a 10 Å distance from the mutated residue were also frozen. The SHAKE algorithm was applied 

for all the bonds involving hydrogen atoms. MD simulations (1 ns) were carried out at 310 K with a time 

step of 2.0 fs, after an equilibration step of 100 ps. One hundred snapshots were collected. A final energy 

minimization of the resulting conformations was carried out by using the conjugate gradient method. The 

resulting lowest energy conformation was used for the docking studies. The minimizations and MD 

simulations were carried out in aqueous solutions (GB/SA solvation method with water as the solvent). 
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