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The paper presents preliminary description of structure determination of
a mutant form of HIV-1 protease in a complex with a new pseudotetrapeptide
inhibitor that retains its high affinity to this mutant enzyme (A71V, V82T,
184V). A highly efficient microdiffractometer installed for our experiment
at the beamline ID14-1 enabled us to collect satisfactory data with crystal
dimensions of about 40 micrometers.

PACS numbers: 87.15.By

1. Introduction

Inhibition of HIV protease is (besides inhibition of reverse transcriptase) one
of two ways that are used to break the life cycle of the human immunodeficiency
virus to stop progress of the AIDS disease. Six drugs against AIDS based on
inhibition of HIV protease have already been clinically approved, however, a rapid
development of mutant forms of the protease hinders their long term efficiency.
The group of Konvalinka found, by combinatorial chemistry, a series of inhibitors
showing good inhibition properties (K; values in a nanomolar or subnanomolar
range) for native and also for tested mutant forms isolated from patients treated
by officially approved drugs [1-3].

*corresponding author; e-mail: skalova@imec.cas.cz

(659)



660 T. Skalovd et al

2. Experimental

This contribution presents structure refinement of mutant HIV-1 protease
(mutations AT1V, V82T, I84V) in complex with the pseudopeptide inhibitor of
ethylamine type Boc-Phe-¢/[CH2 CHoNH]-Phe-Glu-Phe-NH, (Fig. 1). The inhibitor
can be derived from a potential substrate by replacing the cleavable peptide bond
by isosteric ethylamine group CHoCH2NH. The inhibitor (denoted as OE — no
hydroxy group and Glu in position Pj}) was prepared by Hradilek [2]. The mu-
tant protease, developed in patients under selection pressure of Indinavir [1], was
prepared and purified in the laboratory of Konvalinka. In vitro tests of inhibition
properties were published in [1, 2].

TABLE

Results of data processing.
Space group P64
Unit cell: a, b, ¢ [A] 62.68, 62.68,83.31

a,B,7 [°] 90, 90, 120
Resolution 33-2.2 A
No. of measurements 61979
No. of unique reflections 9490
Completeness 99.9%
Mosaicity 0.19°
Ruerge 7.9%

The complex of the mutant protease with the inhibitor OE was crystallized
under similar conditions as in [4]. The X-ray diffraction data of the crystal were
collected at the synchrotron facility ESRF in Grenoble on the beamline ID14-1 at
a temperature of 100 K using a wavelength A = 0.934 A. The local microdiffrac-
tometer with the primary beam diameter of 30 gm enabled measurements on three
different sites of the needle-like sample (40 x 50 X 300 pm). In total, 73 images were
recorded with a 165 mm MAR, CCD detector with oscillation angle 1°, exposition
time 30 s and crystal to detector distance 150 mm.

Data were processed using software packages HKL [5] and CCP4 [6]. The
results are presented in the Table. The space group of the crystal is P6; with one
dimer of protease in the asymmetric unit. The structural model i1s being refined
using the software package CNS [7] and program O [8].

3. Results

It is known that HIV-1 protease 1s a dimer composed of two chemically iden-
tical and conformationally similar chains of 99 amino acid residues with the active
site (responsible for cleavage function of the protease) at aspartates Asp A25 and

Asp B125.
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Fig. 1. HIV-1 protease with denoted positions of mutant residues. Inhibitor OE is

bound in two opposite orientations in the active site.

The relatively rigid protease dimer tends to preserve its approximate twofold
symmetry. However, there are some reasons for perturbation of this twofold sym-
metry in our case. First, the spiral stacking of molecules in space group P6;
causes different intermolecular contacts and thus different conformation of some
side chains on opposite sides of dimer. And secondly, the inhibitor alone has no
symmetry at all and thus, we can expect some variations in the side chains me-
diating the interactions of protease with the inhibitor. In our structure (contrary
to the native structure with the same inhibitor OE) the mutated residues 82, 84,
situated in the binding tunnel, have two alternative conformations (Fig. 2).

Further, the fact that the inhibitor 1s almost completely buried under the
protease flaps and has negligible contacts to neighbor complexes forming the crys-
tal, leads frequently to 1:1 disorder in the inhibitor orientation in the binding
tunnel of protease. Qur inhibitor was clearly localized in the difference map in
two opposite orientations. Occupation factors were refined close to 0.5 for both
orientations.

Free refinement of all parameters required for this model at 2.2 A reso-
lution would be problematic. To avoid overfitting, the non-crystallographic re-
straints were imposed on the whole protease dimer in the starting model. These
were later removed for all residues where the difference maps confirmed an ex-
istence of different conformations on both sides of the protease. Not disordered
residues fitting well the electron density were refined further with the non-crystal-
lographic twofold symmetry restraints on positions with the effective energy of
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Fig. 2. The active site with bound inhibitor in a view from flaps of the protease. Mutant
residues, denoted in both chains by sequence numbers of residues, are in alternative

conformations.

200 kCal mol=! A-2.
The present model includes the protease, the inhibitor and 55 water molecules

giving R-factors: R = 22.2 and Ryree = 25.9.

4. Conclusion

The molecular mechanics calculations propose, and the X-ray data support,
the existence of conformational disorder in some parts of molecular structure even
in the inhibitor binding tunnel. The final refinement, the study of interactions and
the discussion of mobility of some structure segments will be published later.
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