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QSAR Analysis through the

World-Wide Web

Peter Ertl*

Abstract. A WWW-based system for structure-activity analysis developed and used in
Novartis Crop Protection in Basel is presented. The system enables easy calculation of
important hydrophobic, electronic, and steric molecular properties, as well as interac-
tive QSAR analysis. Based on generated models, predictions can be made with regard
- to the biological activities and environmental characteristics of new, as yet unsynthe-
sized molecules. By bringing sophisticated and easy-to-use tools enabling analysis of
structure-activity relationships directly to the desk of synthetic organic chemists, the
system supports the efficient design of new, active, and environmentally acceptable

agrochemicals.

1. Introduction

Quantitative structure-activity analy-
sis (QSAR) introduced by Hansch and
Fujita[1][2] proved to be one of the major
breakthroughs in the vnderstanding of the
relationships between the physicochemi-
cal properties of molecules and their bio-
logical activity. This methodology is based
on an assumption that bioactivity for a
series of congeneric molecules may be
expressed as a function of hydrophobic,
electronic, and steric molecular character-
istics. During a QS AR analysis, such func-
tions are identified by various sophisticat-
ed statistical techniques. A calculated
model allows factors to be identified which
are important for biological activity, and
supports the rational design of new struc-
tures with improved potency.

Since its introduction more than three
decades ago, the application of the Han-
sch-Fujita QSAR analysis has been de-
scribed in more than 5000 scientific pa-
pers. Numerous industrial applications
have led to the design of several commer-
cial drugs and pesticides. Despite the ad-
ventof other approaches, suchas 3D QSAR
or pharmacophore modelling, classical
QSAR still remains one of the main work-
ing tools in areas such as design of pesti-
cides, where information on the 3D struc-
ture of target sites is sparse, as well as in
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material design and environmental chem-
istry.

Several commercial tools are available
enabling scientists to perform sophisticat-
ed QSAR analyses. These programs, how-
ever, usually run on UNIX workstations,
and their application requires a sound
knowledge of computer software. Togeth-
er with their complex interfaces and the
need for a relatively long training period,
this has meant that, in most chemical com-
panies, such tools are used mainly by
specialized molecular modellers. This sit-
uation is not very satisfactory. Synthetic
chemists should be involved much more
in the direct QSAR work, since their
project-specific knowledge is crucial fora
creative structural design. Although most
are quite interested in doing so, they tend
to be put off by factors such as the need to
remember UNIX commands, to master
the complicated interface and command
set for the modelling application, as well
as other support programs (such as quan-
tum chemical packages).

Recently, however, a possible solution
to this problem has emerged — namely, the
World-Wide Web. The enormous popu-
larity of Web technology is due to its three
great advantages—platform independence,
ease of use, and a high degree of interac-
tivity. On a company or university net-
work hosting various types of computers
with different operating systems, the pos-
sibility of connecting up all these ma-
chines in a user-friendly way is very im-
portant. And the Web provides this possi-
bility. Web-based tools are very easy to
interact with, since all use the same, sim-
ple interface. And finally, various newly
emerging technologies such as Java, so-
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phisticated Web scripting, VRML (Virtu-
al Reality Modelling Language), or chem-
tcal markup language [3] have added new
functionality to the Web and made it a
fully dynamic environment which is ideal
for the development of user-friendly chem-
ical applications [4][5].

2. WWW-Based Molecular Modelling
System

In Novartis Crop Protection in Basel,
we have been using Web technology to
deliver powerful and easy-to-use model-
ling tools directly to the desk of synthetic
organic chemists since 1995. A Web-based
chemical information and molecular mod-
elling system [6] developed in-house and
currently used by more than 200 chemists
enables:

— easy retrieval of molecules from the
corporate database,

— creation and editing of molecules by
using a Web molecular editor written
in Java,

— sophisticated visualization of mole-
cules and their surface properties,

— automatic generation of hydrophobic,
electronic, and steric molecular de-
SCl’lptOl’S,

- interface to quantum chemical calcu-
lations and visualization of results,

— interactive QSAR analysis,

— molecular and substituent similarity
searches.

The system utilizes aclient-server Web
architecture. Users interact with it through
their Web browsers (clients) which are
installed mainly on /BM PC-compatible
computers. All the ‘heavy processing’ is
done far away from these desktop ma-
chines, on a Silicon Graphics Origin 200
server. Java applets (small graphic pro-
grams incorporated directly into the Web
page) are used for the interactive manipu-
lation of molecules.

The core of the system has been out-
lined in our previous paper [6]. In the
current article, the modules for calculat-
ing molecular physicochemical proper-
ties and for the structure-activity analysis
are described. Both these tools assist No-
vartis chemists in the design of new, po-
tent, and at the same time environmentally
acceptable agrochemicals.

2.1. Calculation of Molecular
Properties

In QSAR analysis, hydrophobic, elec-
tronic, and steric descriptors are used to
quantify the properties of molecules under
study. The Web system enables easy cal-
culations of these properties to be made
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for single molecules, as well as batch
calculations for the whole set of mole-
cules.

Hydrophobic properties determine the
ability of a molecule to be transported in
the environment and in an organism to
interact with biological membranes, and
to bind to a receptor by hydrophobic forc-
es. Hydrophobic properties which are cal-
culated by our system are:

— logP (logarithm of the octanol-water
partition coefficient),

— MR - molar refractivity,

- log(1/WS) — water solubility,

— log(VP) — vapor pressure.

In-house programs based on published
theories [7-10] are used for the calcula-
tion of hydrophobic parameters.

Electronic properties characterize the
electronic distribution within the mole-
cule. They account for the ability of a
molecule to react, as well as for the elec-
tronic interaction with a receptor. Elec-
tronic properties are calculated by the AM 1
[11] semiempirical quantum chemical
method. Available electronic properties
are:

— dipole moment,

— energy of the HOMO (highest occu-
pied molecular orbital),

— energy of the LUMO (lowest unoccu-
pied molecular orbital).

Molecules for which data are to be
calculated may be entered into the system
simply in the form of their company test
number, or SMILES string [12], or drawn
with the help of a simple molecular editor
written in Java [13] (Fig. 1). Once ajob is
submitted, a relatively complex chain of
processes is started. Various programs are
launched, including the CORINA 3D
builder [14] which creates a 3D molecular
geometry, the quantum chemical Mopac93
package [15] which calculates electronic
parameters, and several in-house programs
which calculate hydrophobic properties.
Thanks to the client-server Web architec-
ture, the end-user does not see anything of
this complicated processing, which takes
place far from his/her PC on the central
‘number crunching’ server. All these pro-
grams run automatically, and use the ap-
propriate default parameters set by expert
modellers. Despite the complex process-
ing, response time is short, and the results
are delivered within 4-5 seconds (Fig. 2).

Since the calculation of parameters for
a series of molecules one-by-one would
not be very convenient, it is also possible
to submit a whole list of molecules for
processing at once. In addition to the stan-
dard descriptors mentioned above, other
parameters, such as various surface or
steric properties, are also calculated. The
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resulting QSAR table (Fig. 3) may be
examined graphically by using an interac-
tive Java applet, or may be submitted for
further statistical processing.

2.2, Calculation of Substituent
Parameters

For data sets consisting of molecules
which have the same core skeleton and
differ only in substituent pattern, the mo-
lecular properties which are used in the
structure-activity analysis are usnally char-
acterized by various experimentally de-
termined substituent constants. In the ac-
tual QSAR calculations, these constants
are extracted manually from various data
tables. This approach, however, has nu-
merous disadvantages, most notably an
unavailability of data for many important
functional groups and a low quality of
parameters for uncommon substituents.
Our Web-based system solves this prob-
lem by enabling an easy interactive calcu-
lation of important substituent parameters
for any organic functional group [16].
Hydrophobic properties are represented
by the estimated octanol-water partition
coefficient and the molar refractivity
[71[8]. The electron-donating and -with-
drawing power of substituents is charac-
terized by parameters compatible with the
Hammett ¢ constants. These are calculat-

- ed according to the method developed in-
house [17] from simple quantum chemi-
cal parameters. To illustrate the quality of
data generated in this way, a plot of calcu-
lated vs. experimental ¢ constants for 77
common organic substituents is shown in
Fig. 4. Steric substituent properties are
represented simply by the topological size
(number of nonhydrogen atoms) and max-
imum topological length of the substitu-
ent.

Users interact with the system through
the simple Web interface. In the entry part
of the program, the substituent for which
data should be calculated is created with
the help of our molecular editor, the calcu-
lation is launched, and after a short pro-
cessing time, the results are displayed (Fig.
5).

The processing engine behind this
module may also be called up directly
(without the graphic interface) just by
referencing to the Web address of the
processing script with the SMILES code
of the substituent as a parameter. In this
way, it is possible to calculate data for a
large number of substituents in ‘batch’
mode. By means of this technique, e.g., a
database of more than 80000 functional
groups with calculated properties has been
generated, which is used in the design of
targeted combinatorial libraries.
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2.3. Visualization of Surface Properties

The examination of various properties
displayed on the molecular surface, such
as the electrostatic potential (MEP) or the
lipophilicity potential (MLP) [18], can
provide useful hints concerning the influ-
ence of various factors on the biological
activity. The MEP identifies those parts of
the molecule which act as preferred target
sites for electrophilic attack, or most fa-
vorable hydrogen-bond donors and accep-

tors (Fig. 6). The surface lipophilicity
potential can reveal those parts of the
molecule which are involved in hydro-
phobic interactions with a receptor. Par-
ticularly useful is a visual comparison of
potentials for series of similar molecules
(using the best-known image processing
machine, namely the human brain). By
this approach, it is possible to see the 3D
effects, which would not be possible to
identify just by standard methods.
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2.4. Tools for QSAR Analysis

The goal of QSAR analysis is to find
some functional relationship between bio-
logical activity and various molecular de-
scriptors. The generation of a descriptor
table has been described in the previous
sections. Ina QS AR module, these param-
eters are correlated with the dependent
variables supplied by the user, most often
biological activities, but possibly also oth-
er data, such as drug penetration or toxic-
ity, may be used.

An expert system automatically iden-
tifies the best statistical method to be used.
For smaller data sets, all possible combi-
nations of up to three parameters are
checked systematically to find the equa-
tion which best explains the variation
in biological activities. For larger data
sets, where the systematic approach
would be too time-consuming, the
best equations are identified by a proce-
dure based on a genetic algorithm [19].
The QSAR module is optimized not to
find the best fit (often with only limited
predictive power), but the most robust
equations with good predictivity. Selec-
tion of the ‘best’ model is therefore based .
exclusively on the cross-validation proce-
dure, and the number of parameters in an
equationis strictly limited to prevent over-
fitting.

The resulting equations (Fig. 7) may
be viewed and examined graphically (qual-
ity of fit, identification of outliers) using
the interactive Java applet (Fig. 8). The
model may be used for the prediction of
target parameters for new, as yet unsyn-
thesized molecules.

3. Conclusions

The Web-based system for structure-
activity analyses described here has been
used in the Crop Protection Sector of No-
vartis for about three years, Thanks to the
user- friendliness of Web technology, it
was possible to introduce it without any
special training. The acceptance of the
system is very good, and it is currently
accessed by more than 200 users, mostly
bench chemists, not only from Basel head-
quarters, but also from other Novartis re-
search sites. Most of the computational
modules have been developed in-house,
which assures easy maintenance and con-
stant upgradability. Other not inconsider-
able advantages are zero license costs and
no limitations concerning the number of
users. The only commercial programs used
are the CORINA 3D geometry builder
[14] and the Mopac93 quantum chemical
package [15].
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