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as an interactive platform is the users'
workplace. Interactive work such as file
editing, code writing and submitting of
NQS batch jobs can be done on the front
end.

The front end system is also manager
for a large archive system and handles
massive amounts of data. Its capacity
amounts to more then 4 TBytes.

The CSCS local network is linked to
the worldwide Internet community through
PIT- Telecom leased SWITCH lines. These
lines, linking CSCS to ETHZ, EPFL,
CERN, and all Swiss universities, are cur-
rently rated at 2MBits/s.

If you are interested in more informa-
tion or documentation, please feel free to
contact us.

Fig. 2. NEC SX-3124R
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Abstract. The state-of-the-art computational chemistry software, visualization tools
and high performance computing infrastructure are employed to assist the design of
new and more effective drugs. At present a project focuses on the quantitative structure
activity relationships of antimalarial drugs.

Quantum Chemistry and Drug
Design

mination of the structure of this com-
pound. Traditionally, this has been done
using experimental techniques such as X-
ray crystallography. Nowadays, howev-
er, progress in both computer hardware
and computational chemistry methods is
such that this determination can be per-
formed theoretically with considerable
reliability. Quantum chemistry is indeed
in principle able to reproduce the structur-
al parameters of molecules to a high accu-
racy (i.e. ± 0.01 A on bond lengths and ±
2° on bond and torsion angles) provided
that ample computational resources, such
as those provided by a supercomputer, are
available. The second step is more heuris-
tic: how to correlate the structure, and
possibly some molecular properties, with
the biological activity of the compound?
This is generally achieved using the ap-
proach of structure activity relationship
(SAR) correlation, or quantitative SAR
(QSAR) correlation if the relationship is
of a quantitative nature. In other words,
mathematical equations are developed to
correlate biological effects of a set of
compounds with their structural and mo-
lecular properties.

Of course, a better, but very difficult,
procedure would consist of a comprehen-
sive description of 'what is happening' in
the biological system under the effect of
the drug. This includes the whole path
followed in vivo by the drug from the
intake up to its binding to the active site,
and the chemical reactions which are in-
duced by the drug or in which the drug
takes part. Needless to say, the compre-
hensive knowledge of this complex proc-
ess would enable one accurately to ration-

niques based on computational tools re-
cently have proved to be very efficient in
predicting the potency of possibly active
compounds among a large series of mo-
lecular systems [1]. In this article we
concentrate on this specific field of drug
design and mainly on its relationship with
high performance computing. We also
briefly describe the results of such an
investigation we are currently carrying
out on antimalarial compounds derived
from the lead system artemisinin, known
in China as the traditional medicament
Qinghaosu.

The key steps in rationalizing and pre-
dicting the biological activity of a given
molecule start invariably with the deter-

Computational methods today play an
important role in modeling applications in
molecular sciences such as chemistry and
biology. In particular, drug design tech-
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alize the mechanism of drug action, and,
ultimately, to design new active com-
pounds.

If we restrict oursel ves to QSAR, which
is by far the most popular approach in
drug design, we have seen that correla-
tions are sought between structural and
physico-chemical properties of similar
potential drugs and their activity. One
obvious relationship may be expected
between the solubility of a molecule, e.g.
its ability to enter the solvent phase, and
its biological activity. In other words, the
more soluble the molecule, the better it
should reach the active site in the biolog-
ical system. This is the basic hypothesis of
the well-known Hansch analysis [2],
which correlates experimentally deter-
mined parameters for solubility with drug
activity. This method has led to many
successful QSAR investigations. Anoth-
er approach consists of calculating the
electronic structure of the molecule and of
describing how the surrounding solvent
phase would 'see' the molecule. This may
be achieved by evaluating the gross charg-
es of the various atoms of the system

deri ved by a least-squares fit to the molec-
ular electrostatic potential (MEP) calcu-
lated using a quantum chemical method.
The MEP is a local property defined as the
interaction energy of a positive charge
(i.e. a proton) with the unperturbed mole-
cule.

Another drug design approach is based
on the so-called 'lock-and-key' model
which is somehow related to the binding
mechanism of the drug to the protein
receptor. In this model, it is assumed that
the interaction of the drug with the active
site is the rate determining step in the
mechanism. In this case, it is necessary to
have some knowledge about the interac-
tion site, such as the active part of an
enzyme inhibited by the drug. One tries
then to sterically fit the drug into a pocket
of the site which is presumably active.
This type of modeling drug-receptor in-
teractions is performed interactively on
graphical devices. As this approach is
based on steric effects only, it should be
replaced whenever possible by more effi-
cient techniques that also take account of
electronic effects.
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2. Qinghaosu as Antimalaria Drug

The herb Artemisia annua (qing hao
su) has been used for a long time in tradi-
tional Chinese medicine for the treatment
of fever, headache, and malaria. In 1977
Chinese scientists were able to isolate and
characterize the molecule, thereafter called
Qinghaosu or artemisinin, responsible for
the antimalarial activity of this herb. Qing-
haosu is a sesquiterpene containing a 1,2,4-
trioxane six-membered ring (Fig.).

Another substance exhibiting antima-
larial activity and also containing the
0-0 peroxo moiety has been isolated
from the Chinese plant Artabotrys unci-
natus and was called YingzhaosuA. Since
the discovery of these compounds several
laboratories have attempted to synthesize
better drugs based on this structure. At the
Department of Organic Chemistry of the
University of Geneva, e.g., the group of
C.W.leffordhas synthesized several 1,2,4-
trioxanes structurally resembling artem-
isinin in an attempt towards defining struc-
ture-activity relationships. As the first step
in the collaboration with CSCS, the Qing-

Figure. The molecular elec-
trostatic potential (ME?) giv-
en by a Gaussian 92/DFT cal-
culation and displayed with
the MOLEKEL program. The
molecules are Qinghaosu, an
active modification, an inac-
tive modification, and Ying-
zhaosu A.
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haosu and Yingzhaozu A systems have
been theoretically investigated using quan-
tum chemical methods.

Table. Four Geometrical Parameters ofYingzhaosu A (45 Atoms and 148 Eectrons) and Estimated
Computational Time for a Geometry Optimization on the NEC-SX-3 with the Gaussian 92/DFT
Program

4. Visualization

5. Structure Activity Relations

It is an essential step now to correlate
the results of quantum chemical calcula-
tions with biological activities. This is a
task where much space is left for the drug
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designer to use his chemical insight. It is
also obvious that here the computer may
play an important role, for instance by
providing tools derived from artificial in-
telligence. Some recently reported inves-
tigations use neural networks to find de-
scriptors based on physico-chemical prop-
erties calculated on molecular surfaces
[5].

We have performed some preliminary
studies in this direction by using neural
networks to project 3D MEPs on 20 sur-
faces so as to more easily compare the
main features of the MEPs calculated for
the various systems and to elaborate some
correlations with their biological activi-
ties. Ultimately, this procedure should
lead to predicting which are the most
potent antimalarial compounds among a
given series.

It may be thus expected that such in-
vestigations provide some help in the ra-
tionalization of the mechanism of action
these drugs and, ultimately, contribute to
the development of novel pharmaceutical
substances.

Distance Angle 1 Angle 2 Angle 3

[A} [0) [0] [oJ

1.546 113.1 112.1 -59.6

1.389 108.6 109.7 -81.1

1.505 107.1 108.6 -78.7

After geometry optimization, it is use-
ful to visualize the main content of the
results. This is very useful for such mole-
cules of biological interest, as this enables
the user to fully grasp the main features of
the system, as its size, 3D conformation,
wavefunctions, etc. The MOLEKEL pro-
gram developed by the University of Ge-
neva and CSCS [4] turned out to be very
useful to this end. Indeed, the use of mo-
lecular models is essential in chemistry,
as exemplified by the famous stick (Drei-
ding), ball-and-stick and space-filling
models. The advantage of computer graph-
ics resides in its capability to visualize
features which are not representable by
mechanical models. In addition, it enables
us to display properties obtained from
quantum chemical calculations, such as
the MEP.

PM3

Method
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optimization of artemisinin derivatives.
The computer time is strongly dependent
on the level of calculation. Molecules of
the size of Qinghaosu may be calculated
at CSCS using methods which go beyond
the Hartree- Fock level. This is a prereq ui-
site as the Table shows that the Hartree-
Fack calculation predicts a bond distance
which is 10% in error, while the semi-
empirical (PM3) calculation leads to large
discrepancies for bond and torsion angles.

Currently, density functional methods
are the best suited for geometry optimiza-
tion of molecules of the size of artemisi-
nino However, progress in hardware and
software technologies suggest that corre-
lated ab initio calculations may also be
carried out in the future for such systems.

As discussed above, it is essential in
QSAR studies to know the 3-dimensional
structural parameters of the compounds
investigated. Theoretical methods enable
us today to calculate these parameters, i.e.
to perform a molecular geometry optimi-
zation, at different levels of approxima-
tion. Molecular mechanics techniques,
based on the use of classical force fields,
present the advantage oflimited comput-
ing effort, but they may be applied only to
systems falling in the range of those em-
ployed for the parametrization.

Computational quantum chemistry
methods are generally based on the Born-
Oppenheimer approximation which as-
sumes separability between the motions
of the electrons from those of the nuclei.
Therefore, the optimum molecular geom-
etry is obtained from the minima of a
potential energy surface given by the sum
of the electronic (quantum) and nuclear
(classical) energies. As the first one has to
be calculated repeatedly for a series of
positions of fixed nuclei, the problem may
involve a substantial computing effort for
large systems.

The basic problem of quantum chem-
istry is thus to calculate electronic ener-
gies and wavefunctions. In the Hartree-
Fock-Roothaan approximation, which has
long been used to this end, the major
difficulty is due to the large number of
two-electrol1 integrals to be calculated,
which scales approximately as the fourth
power of the number of electrons.

Semi-empirical methods are less de-
manding in terms of computer resources,
but they are more approximate as they
neglect part of these integrals. An exam-
ple is provided by the PRDDO method
which has been described in a previous
Crosscuts issue [3].

In some cases, it may be important to
go beyond the Hartree-Fock approxima-
tion by taking account of correlation ef-
fects, which may be performed in the ab
initio formalism using perturbation theo-
ry such as the 2nd-order Moller-Plesset
(MP2) method. An interesting alternative
is provided by Density Functional Theory
which is now a widely accepted approach
to introduce correlation, especially for
transition metal systems.

The Table presents some structural
parameters and the approximate compu-
ter time requested for a full geometry

3. Optimization of the Geometry


