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Docking. Docking was performed with ver-
sion 3.0 of the program AutoDock?!, using the
new empirical free energy function and. the
Lamarckian genetic algorithm. A standard pro-
tocol was applied, with an initial population
of 50 randomly placed individuals, a maximum
number of 1.5 x 10 energy evaluations, a mu-
tation rate of 0.02, a crossover rate of 0.80, and
an elitism value of 1. Proportional selection
was used, where the average of the worst en-
ergy was calculated over a window of the pre-
vious 10 generations. For the local search the
so-called pseudo-Solis and Wets algorithm was
applied using a maximum of 300 iterations per
local search. The probability of performing lo-
cal search on an individual in the population was
0.06, and the maximum number of consecutive
successes or failures before doubling or halving
the local search step size was 4. 50 independent
docking runs were carried out for each ligand.
Results differing from each other by less than
1.0 A in positional root mean square deviation
(rmsd) were clustered together and represented
by the result with the most favorable free energy
of binding.

Ligand setup. Special care was required
for the setup and modeling of 5CITEP, as me-
someric and tautomeric effects need to be con-
sidered. These considerations were necessary
since the crystal structure of the compound in
the integrase complex obtained at 2.1 A reso-
lution? can obviously not provide all required
details. The compound is a 1,3-diketone, with
two heterocyclic aromatic substituents. Com-
pounds of this class generally exist in a keto-enol
tautomeric equilibrium, where the enol form is
often dominant. In crystal structures of many
different 1,3-diaryl-1,3-propanediones generally

the enol form is found, and due to the very

strong intramolecular hydrogen bond it may

also be predominant in solution3. The com-

pound was therefore modeled as keto-enol. In
principle, two forms of enols are possible, de-
pending on the position of the enolic proton. As
discussed by Bertolasi et.al.3, an electronegativ-
ity rule can be proposed according to which the
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proton resides preferably on the carbonyl con-
nected to the more electronegative group. For
5CITEP the proton has therefore been chosen
to reside on the oxygen adjacent to the tetrazole
substituent. The tetrazole part deserves special
attention itself. In its neutral form, tetrazole ex-
ists in two tautomers, depending on the position
of the hydrogen atom. However, since tetrazole
has a pKa of about 5, the most relevant form of
the tetrazole substituent in 5CITEP should be
deprotonated and the compound was therefore
modeled accordingly. ’

The structure of the ligand generated ac-
cording to these considerations was optimized
with the CHARMm® force field implemented in
QUANTA® (these programs are distributed by
Molecular Simulations Incorporated). Atomic
charges were assigned using the Gasteiger-
Marsili formalism*, which is the type of atomic
charges used in calibrating the AutoDock em-
pirical free energy function®.

To get an estimate for the torsion barriers in
5CITEP at the bonds connecting the keto-enol
group with the tetrazole and the chloroindole
ring, respectively, fully relaxed single bond tor-
sional potential were evaluated by eb initio cal-
culations at the HF/6-31G* level in increments
of 15°. These calculations were done with Gaus-
sian985. Based on the ab initio results and a
comparison with the conformation found in the
crystal structure of the complex, the tetrazolium
was kept fixed and planar with respect to the
keto-enol group, while the bond between keto-
enol group and chloroindole was allowed to ro-
tate in the docking process, but constrained to
values within ~ +45° relative to the planar min-
imum conformation.

Protein setup. For the IN catalytic core do-
main the structure obtained by X-ray analysis
of the complex with 5CITEP was used (PDB
1QS4)2. For the purpose of docking, subunit A
was selected, which is the only monomer in the
asymmetric unit where the position of the lig-
and could be determined. The missing residues
at position 141-144 in this subunit were incorpo-
rated from monomer B of the IN structure PDB
1BIS® after superposition of the backbones of
residues 135-140 and 145-150.

The structure was setup for docking as fol-
lows: polar hydrogens were added using the
PROTONATE utility (written by D.A. Case, K.
Cross, and G.P. Gippert, and distributed with
AutoDock! and AMBER?). Histidine proto-
nation states were modeled as in related MD




simulation studies®. In order to optimize the
_ inserted loop residues, the structure was sub-
jected to a short energy minimization using the
SANDER program of AMBER5.07 and the AM-
BER united atom force field?, in accordance
with the type of force field and protein.charges
. of the AutoDock empirical free energy func-
tion. Solvation parameters were added to the
final protein file using the ADDSOL utility of
AutoDock3.0. For docking to the dimer, where
one inhibitor molecule was kept in the active
site, solvation parameters had to be added for
the inhibitor as well; these were taken from pa-
rameters of corresponding atoms in amino acid
side chains.

The grid maps representing the protein in the
actual docking process were calculated with Au-
toGrid. The grids (one for each atom type in the
ligand, plus one for electrostatic interactions)

were centered on the active site(s), but chosen

to be sufficiently large to include not only the ac-
tive site, but also significant portions of the sur-
rounding surface. The dimensions of the grids
were thus 30 A x 30 A x 30 A, with a spacing
of 0.375 A between the grid points.
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