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Summary

The automated stochastic docking procedure BioDock has been applied to a series of inhibitors of PGH synthase,
the key enzyme inthe synthesis of ei cosanoids from arachidonic acid.

Some PGHS-2 selective inhibitors have been docked to the structure of the ovine PGHS-1 enzyme, as recently
obtained by means of X-ray crystalographic analysis, in order to highlight possible structural bases for

selectivity.

Riassunto

Laprocedura stocastica di docking automatico BioDock é stata applicata ad una serie di inibitori della PGH sintasi,
enzima chiave nellasintesi di eicosanoidi a partire da acido arachidonico.

E' statasimulatal’ interazione di alcuni inibitori selettivi per la PGHS-2 con la struttura sperimentale della PGHS-1
ovina, recentemente ottenuta analisi cristallografica, allo scopo di evidenziare possibili basi strutturali per la

selettivita

Introduction

Prostaglandin endoperoxide synthase (PGHS) isthe key enzyme of the biosynthetic pathway leading
to the formation of prostaglandins. This enzyme has been recently found® to exist in two isoforms,
which apparently perform the same biochemicd function. The two isozyme forms are about 60%
identicd in amino acid composition, and the regions which are thought to be important for catdyss
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are widdly conserved 2. Also their afinity towards arachidonic acid, the natura substrate, appears to
be quite smilar. However, ther synthesis is encoded by separate genes, and ther pattern of
expression appears to be quite different. While PGHS-1 is conditutively present in a large number of
tissues, the PGHS-2 isinduced by cytokines, mitogens and endotoxinsin inflanmetory odls®.
Although the reason for these physologica features are not known, the most likely hypothesis is that
while PGHS-1 has a “house-keeping” role under physiologicad conditions, i.e. the production of
prostaglandins important to the maintenance of gastrointestind, kidney and vascular functions,
PGHS-2 is responsible for the elevated production of prostaglandins during inflammatior?.

These findings, however, need to be supported by the avalability of sdective inhibitors of the two
isozymes. In addition, it could build the basis for a quite important thergpeutic application. Aspirin
and many other nongteroida anti inflammeatory drugs have been recognized as inhibitors of the PGHS
isozymes for along time. However, the therapeutic benefit of these drugs is often accompanied by
severe sde effects, manly related to tharr ulcerogenic properties towards the gastrointestind tract.
Therefore, the availability of agents which are spedificaly directed to the inhibition of the induced
enzyme, without affecting the homeogtatic one, is one of the main gods of a large research effort in
this aret.

Recently, the three-dimensond structure of ovine PGHS-1, dso cocrystdlized with some NSAIDs
has been determined at 3.5 A resolution by X-ray crystalography*>®. Its structure suggests that the
enzyme is a monotopic membrane protein with two wdl didinct active sites. The cyclooxygenase
active Ste appears to be along hydrophobic channd.

Both the structural information and the results of site-directed mutagenesis experiments”® supported
the hypothesis of a binding between the NSAIDS carboxylate and the Argixo postively charged
group. The latter has dso been shown to be involved in a st bridge with Glus,s, and a steric
interaction with Tyrsss may explain the stereosdectivity of flurbiprofen binding.

More recently, aso the other isozyme has been crygtdlized®. However, the experimental coordinates
are not yet availablein the Brookhaven protein data bank ™.

In aformer work, the docking of severa inhibitors like flurbiprofen, indometacin, meclofenamic acid
and piroxicam into the experimental structure of PGHS-1 has been smulated. In addition, a
preliminary amulaion on two PGHS-2 sdective inhibitors (SC-57666 and nimesulidee) had been
attempted™

In the present study, an automated docking experiment between PGHS-1 and three PGHS-2
sdective inhibitors (imesulidee (L), SC-57666 ) and CGP-28238 (3) see Chart I) has been
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performed, in order to gan an indght into possible differencesin the interactive behaviour with

respect to the non selective inhibitors like flurbiprofen.
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Computational M ethods

The crystalographic structure of the PGHS-1 enzyme™*®, as reported in the Brookhaven PDB file,
had dready been used as a bass for the moddling of the interactions of some inhibitorsin the
previous work *°. The experimental coordinates of the protein were kept fixed as far as the backbone
structure is concerned. A suitable optimization of the amino acid Sde chains with the CHARMm'?
force field gave rise to the modd structure which was used in the present study. The ligand structures
were built from standard fragments and optimized with the MOPAC™ method (AM1 agorithm).
After the optimization, the structures of the ligand and the enzyme were joined and the complex was
subjected to a BioDock™ smulation. BioDock is a docking software recently developped in our
laboratory, which isable to produce evauate and dassfy ahigh number of complexes between two
interaction partnersin arapid and efficient way. In the present version, both the ligand and the protein
are kept fixed. For each compound, 10000 complexes have been screened. The most stable were
chosen both according to energetical and functiond criteria and subjected to a second BioDock
smulation with the optimization option. This means that the rototrandationd intervas into which the



ligand is allowed to move have been restricted to a spheric region of 8 A around a favourable frame
and optimized by means of a suitable convergence dgorithm.

For some reasons which will be explained in the discusson beow, in dl the minima located by
BioDock theligand is not able to penetrate into the channe leading to the active site of PGHS-1, but
arrests itdf at the mouth of the same channd, in proximity to two aginine resdues protruding into
the channd itsdf (Argy and Argss).

Therefore, gating from the BioDock minima, a molecular dynamics for each compound was
performed by means of the CHARMmM force field. Only alimited region around the ligand and active
dte has been dlowed to move. After 100 ps the complex has been optimized again. The results are
illugtrated below.

All calculations have been performed with a Silicon Graphics Indigo® workstation with a Solid Impact
graphics card.

Results and Discussion

The figures 1,2 and 3 show the most dtable frame identified by the BioDock screening and
optimization procedure for the compounds 1, 2 and 3, respectively (see Chart I). For a comparison,
a0 the corresponding frame obtained by the same procedure for flurbiprofen (compound 4, Chart 1)
in the former work isshown in Fig. 4. For darity, the protein backbone is depicted as a ribbon.



Fig.1-  Complex between nimesulide and PGHS-1 as obtained by BioDock (not optimized). The protein

backboneisillustrated as a ribbon.

Fig.2-  Complex between SC-57666 and PGHS-1 as obtained by BioDock (not optimized). The protein

backboneisillustrated as a ribbon.



Fig.3-  Complex between CGP-28328 and PGHS-1 as obtained by BioDock (not optimized). The protein

backboneisillustrated as a ribbon.

Fig.4-  Complex between flurbiprofen and PGHS-1 as obtained by BioDock (not optimized). The protein

backboneisillustrated as a ribbon.






Indl cases, the behaviour isquite amilar. Theligand islocated at the dista part of the channd which
starts from the membrane binding domain. This is mainly due to the presence of the two postivey
charged arginine residues 83 and 79 near the entrance of the channd leading to the active Ste. The
electrodtatic attraction towards partid or unitary negative charges in the ligand and the Steric
hindrance of the two Sde chains cannot be easly overcome because of the rigidity of the two
interaction partnersin the present version of BioDock. Some work is presently in progress™ in order
to dlow the conformational freedom at lesst of theligand in the Smulation.

The gtudion is quite different when the relaxation of the geometry is alowed. Indeed, the following
results have been obtained after a 100 ps constant energy dynamics Smulation and optimization. In
Fig. 5, the detalls of the interactions of flurbiprofen with the surrounding residues, and particularly
those which have been shown to be crucid for inhibition are shown. The presence of the carboxylate
function dearly disrupts the hydrogen bond reticulum which is present in the native enzyme between
Arghoo, Tyrsss and Glusy, by competition for the interaction with the Arginine resdue. The flurbiprofen
molecule is able to reach the cavity containing Argizo, Glusp4 and Tyrass, in agreement with the Ste-
directed mutagenesis obsarvations®*,

The minmum shows an interaction between the carboxylate oxygen of the ligand and one of the
guanidinium protons of the Arginine resdue; the second carboxylate oxygen forms an H-bond with
the Argio amidic NH hydrogen; a proton on the second guanidinium nitrogen is ill free to interact
with the Glus,4 carboxylate.
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Fig.5- Interactions of flurbiprofen with the cyclooxygenase active dte. For darity,

only polar hydrogens of the aminoacidic residues areillustrated.



By contrast, in our model the non-charged PGHS-2 sdlective inhibitors are not able to overcome the
drength of the intra resdue interactions. In fig. 6,7 and 8 the pictures of the active Ste after the
dynamics and optimization procedure for compounds 1, 2 and 3, respectively, are shown.

This is dearly shown by the case of nimeaulide, the most wel known PGHS-2 inhibitor. In the
present modd the optimized complex shows a double hydrogen bonding patterns between the
protons of Argix and the Tyrsss 0xygen on one Side and the Glus,4 carboxylate on the other side,
whereas the nimesulide molecule islocated in a cavity fading the three resdues of the active site. No
gpecific interactions can be shown (see Fig. 6), dthough the presence of the inhibitor somehow
modifies the conformation of the resduesin the region.
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Fig. 6- Interactions of nimelide with the cyclooxygenase active dte. For  darity,
only polar hydrogens of the aminoacidic resdues areillustrated.

The optimization of the SC-57666 derivative complex (see Fig. 7) shows little tendency for this
compound to escape the locd minmum near the two Arg residues 79 and 83. An interaction
between Arg,s and the fluorine atom is maintained aso in the completely optimized complex. Some
interactions between the two aryl groups of the ligand and the hydrophobic aminoacids (e.g. lleg and
Trpioe) SUrrounding the binding ste sabilize the complex, dthough they are not so easly described
because of their aspecific nature.

This behaviour could be manly ascribed to the lack of a unitary chargein the molecule, and to the
bulkiness and relative rigidity of the two phenyl substituents at the cyclopentene system, who tend to



interact with the otherwise hydrophobic surroundings of the distal part of the channd. In the
postulated binding Site, dl intra-residue interactions are conserved: a double interaction (sat bridge)
between the Glus,4 carboxylate oxygens and the Argi»o guanidinium group hydrogens and a H-bond
between the Tyrsss phenolic oxygen and another guanidinium proton are present (see Fig. 7). The

active dteregion is even less perturbed than in the case of nimesulide.

SC-57666
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Fig. 7- Interactions of SC-57666 with the cyclooxygenase active dte. For darity,
only polar hydrogens of the aminoacidic resdues are illusirated.

The lagt derivative examined in the present work is the CGP-28238, which has a rdatively bulky
indanone derivative. In this case, like in the complex with nimesulide, the hydrogen bonding patterns
in the active ste is perturbed through the conformational changes induced by the bicydic indanone
system. No direct interaction can be visudized between the CGP-28238 molecule and the active dte

residues.
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CGP-28328

M Tyrass

Fig. 8- Interactions of CGP-28328 with the cyclooxygenase active dte. For darity,
only polar hydrogens of the aminoacidic resdues areillustrated.

Conclusions

The computationa procedure used in the present work, which included a BioDock screening
samulation, aBioDock optimization and a subsequent molecular dynamics and optimization yielded a
model for the interaction of some PGHS-2 sdective inhibitors with the cyclooxygenase ste of the
ovine PGHS-1 experimenta solid state structure. In dl cases which were examined, the presence of
the non-charged inhibitor was not able to modify in a subgantid way the H-bonding peatterns
between Argix, Tyrsss and Glusy, which includes a double interaction between the two Glu
carboxylate oxygens and two Arg protons and between another Arg protons and the Tyr oxygen in
the native enzyme. Upon binding, nimesulide and CGP-28328 cause a conformationa rearragement
of the region with the effect of taking apart one of the Arg protons and one of the carboxylate
oxygens. SC-57666 doesn’t perturb the origind dipostion of the three residues.

In contrast, flurbiprofen efficently competes for interaction with the Arg residue, dueto the presence
of the unitary negative charge. In addition, its presencein the cyclooxygenase region srongly alters
the conformationd festures.

Furthermore, the condderation that the rigid docking experiment had to be integrated with a
molecular dynamics procedure in order for the inhibitor to reach the cyclooxygenase active site,
further supports the hypothes s that the interaction of the inhibitors with this enzyme is by no means a
datic process, but a dynamic one, which may require severa steps before the complex is actudly
formed.
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