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Preface

As editor of this journal and as secretary of khaecular Graphics and Modelling Society (Deutschsprachige
Sektion) | have pleasure in presenting this volume: It contains a wealth of material including all aspects of
molecular modeling, ranging from method development and application to multimedia data presentation.

With over 200 attendees the workshop attracted more people than ever before. As always, the meeting was
devoted mainly to talks by graduate students and postdocs, so that the traditional workshop character was once
again evident.

Thanks are due to all those who have submitted contributions and the keynote speakers Manfred Sippl (Univer-
sity of Vienna), Hugo Kubinyi (BASF Ludwigshafen) and Gerd Volkers (ETH Zirich). Special thanks go to Dr.
Michael Krug (Merck, Darmstadt) who was in charge of the organization of the scientific program and to Prof.
Jirgen Brickmann and his group for trouble-free course of the technical part of the program that also offered the
chance to get insight into the possibilities of real multimedia application in the field of molecular modeling. The
abstracts collected here give a flavour of the meeting.

We do hope that this collection of abstracts will encourage attendance of the 10th Molecular Modelling Work-
shop 1996 in Darmstadt. Tholecular Modelling Workshopare organized under the auspices ofNfudecu-

lar Graphics and Modelling Society - Deutschsprachige Sektion

Tim Clark, Erlangen 6th July 1995
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Which Factors Determine the
Strength of Protein-Ligand

—< keynote lecture >7 Interactions ?

Hans-Joachim Bohm

Progress in Fold Recognition
BASF AG, ZHB, D—-67056 Ludwigshafen, Germany

H. Floekner, M. Braxenthaler, P. Lackner, M.Jaritz,
M.Ortner, M.J.Sippl 80 protein-ligand complexes with known 3D-structure
and binding constant have been analysed to obtain some in-
) ) ) i m formation about the factors that determine the strength of
Centre for Applied Molecular Engineering, Universitat protein-ligand interactions. The following parameters have
Salzburg, Jakob Haringer Str. 1, A-5020 Salzburg, been investigated:
Osterreich (sippl@irina.came.sbg.ac.at)
1) The number and geometry of hydrogen
bonds and ionic interactions between

The prediction experiment reveals that fold recognition the protein and the ligand.
has become a powerful tool in structural biology. We applied 2.)  The size of the lipophilic contact sur-
our fold recognition technique to 13 target sequences. In two face.

) The flexibility of the ligand.

cases, replication terminating protein and prosequence of 3 _ d. _
4.)  The electrostatic potential in the bind-

subtilisin, the similarity between predicted structures and ex-

perimentally determined folds is close to atomic resolution. ing site. o
For the first time, in a public blind test, the unknown struc- 5.)  The size of holes along the protein-lig-
tures of proteins have been predicted ahead of experiment to and interface.

an accuracy approaching molecular detail. In two other cases ~ 6-) ~ Water molecules in the binding site.

the approximate folds have been predicted correctly. Accord- _ o _ .

ing to the assessors there were 12 recognizable folds among Based on these investigations, a new simple empirical

the target—proteins. In our post-prediction analysis we findScoring function has been developed to estimate the binding

that in 7 cases our fold—recognition is successful. In severgonstant of a protein—ligand complex of known 3D-struc-

of the remaining cases the predicted folds have interestinfré- The function distinguishes between buried and solvent

features in common with the experimental results. accessible hydrogen bonds. It contains 6 adjustable param-
We present our procedure, discuss the results and corfif€rs and reproduces the binding constants of the calibration

ment on several fundamental and technical problems encouffata set with a standard deviation of 7.5 kJ-midhe scor-
tered in fold recognition. ing function can be used for the priorization of the hits ob-

tained from de—novo ligand design programs (such as for
example LUDI).
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The Determination Of Maximal of our method is founded on two optimizations. First, we rec-
. . ognize and eliminate equal search spaces. Second, we cut the
Common Subtopologles N search space and reduce the number of maximal cliques dras-

tically by building up only those maximal cliques, which cor-
respond exclusively to isomorphic connected subgraphs in the
participating topology graphs. For the largest topology graphs
Ina Koch * , Thomas Lengauer t , and Egon Wanke we considered (with 32 and 55 vertices, respectively, and 36
and 74 edges, respectively), the product graph has 316 verti-
ces and 40109 edges. We can enumerate the resulting 323
cliques for this example in a few minutes.

Protein Structures

* Institute for Algorithms and Scientific Computing,

GMD-German National Research Center for Information For searching for maximal connected subgraphs in more
Technology, D-53754 Sankt Augustin, Germany than two topology graphs we compute all maximal common
(Ina.Koch@gmd.de) subgraphs for all pairs of the given topologies and store the

appropriate edge sets of both topology graphs. Using set op-
) . erations such as intersection on these edge sets different analy-
Computing, GMD - German National Research Center for ge5 are possible. For instance we can quickly compute the

Information Technology, D-53754 Sankt Augustin, maximal common substructure in a set containing more than
Germany (Thomas.Lengauer@gmd.de) 2nd address: two topology graphs.

Department of Computer Science, University of Bonn, In thg talk we gxplam the function of our algqnthm for
computing of maximal common substructures in protein

D-53117 Bonn, Germany topologies on the basis of examples from the PDB.
1 Mathematical Institute, Department of Computer

Science, University of Dusseldorf, Germany,
(Wanke@cs.uni-duesseldorf.de)

T 1st address: Institute for Algorithms and Scientific

For many applications the determination of structural .
similarities is an essential part of analysing chemical comDevelopment of a Receptor-ngand
pounds and biochemical structures. In contrast to smalDatabase
chemical compounds protein structures are more complex
so that they are often described on different structural lev-
els. The secondary and supersecondary structure level is ofi. Hendlich, F. Rippmann, G. Barnickel
special interest, because structural motifs of spatially adja-
cent secondary structure elements are often responsible for .
the function of the protein without constituting already a?’reclmlcal Research, E.Merck, D-64271 Darmstadt,
domain structure itself. Germany (hendlich@merck.de)

We describe a method which enables us to search effi-
ciently for maximal common substructures in a set of pro- ) i
tein structures. In order to obtain a unique description of the NeéW biomolecular and computational methods have led
secondary structure of a protein we model the protein topolt-o an explosion in the available blomolecula.r dgta, e.g'proteln
ogy as an undirected labelled graph so that the vertices reg€duences and structures. Unfortunately, existing data is spread
resent helices or strands, respectively, and the edges descrfpé' different sites in  different formats or is not available in
spatial adjacencies between the vertices. Connected compBlectronic format at all. A common data model and flexible

nents in these graphs represent structural motifs and are cal@gd efficient access mechanisms are missing. One goal of the
topology graphs. In order to find maximal common substrucRELIWE project, a collaboration between GMD, EMBL,
tures in a set of topology graphs we reduce the maximumBASF and E.Merck for the “Computation and Prediction of

common-subgraph problem in two graphs to the maximumXeceptor-Ligand Interactions”, is the development of a data-

clique problem in one graph. For this purpose we define th@ase which provides 6.1|| available exp.erimental information
product graph for two corresponding graphs. Each maximaielevant for the modelling of receptor ligand complexes.

complete subgraph (each maximal clique) in the product As a technical platform we use the object-oriented data-

graph corresponds to a maximal subgraph in both particiP@s€ management system VODAK, developed at the GMD-

pating topology graphs. IPSI, which offers a structured data model, flexible retrieval
For solving the NP-hard maximum-clique problem we mechanisms, support of persistent storage and sharing of data

enumerate all maximal cliques in product graphs. Our methofd & multi-user environment. In order to populate the database

bases on the algorithm of Bron & Kerbosch . The efficiencyVe have developed a parser for the automatic identification of

receptor ligand complexes in the Brookhaven Protein Data-

* To whom correspondence should be addressed
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base [1]. Complexes are identified using a flexible set of C”flexX:
teria which treats metals, small molecule ligands, nucleic acid_. L. )
ligands and peptide ligands adequately. Solvent molecules aniime-efficient Docklng under
molecules covalently connected to the receptor are ignored : ;
resont Tonsideration of Molecular

In order to allow a detailed chemical analysis of receptorFlexibiIity
ligand interactions the extracted ligand information is enriched
with information unavailable in protein structure files, i.e. bond
types and hybridisation states by analysing bonding distancd&ernd Kramer, Matthias Rarey, Thomas Lengauer
and bond angles. Solvent accessibility and secondary struc-

ture of the receptor chains are calculated by executing thgerman National Research Center for Computer Science

DSSP program [2]. : . L .
The parser also produces cross-references for each cha(lﬁMD) Institute for Algorithms and Scientific Computing

of the receptor to the following databases: the sequenc€CAl) Schlo Birlinghoven, 53757 Sankt Augustin,
databases SWISSPORT [3], PIR [4] and EMBL [5], the dic-Germany

tionary of Protein Sites and Patterns PROSITE [6] and th?Bernd.Kramer@gmd.de Matthias.Rarey@gmd.de,
protein mutant database PMD [7]. These cross-references

used to scan the SWISSPORT and PMD databases for Sequ:}r@gma&Lengauer@gmd.de)

conflicts, such as insertions and deletions, residues missing
due to disorders, conflicting and ambiguous experimental re- i )
sults (e.g. amino acids typed as ASX, GLX or UNK). The We present a program, called FlexX, for placing flexible

parser also extracts information about mutations and modifielecules into the active site of a protein. The two major

cations, e.g. acylations, glycosylations or phosphorylationsd02!s in the development of our docking program are the
Sequence positions of mutations and modifications from th&€velopment of molecular flexibility of the ligand and the

SWISSPROT and PMD databases are automatically convertétfelopment of a model of the docking process that includes
to the PDB sequence numbering system. explicitly the physico-chemical properties of the molecules.

To enable an easy and selective retrieval of data, algolherefore we build up the receptor-ligand interaction by a
rithms for substructure searching, similarity searching and€W SPecial types of interactions. These are hydrogen bonds,

sequence comparison have been implemented and integrat@t?ta" acceptor bonds and some Specifi'c hydro'phobic con-
into the database system. tacts. Aninteraction is modelled by an interaction center

and an interaction surface located on a sphere around the
center. Two groups A and B are able to interact, if the inter-
action center of group B lies on the interaction surface of
group A and vice versa. In FlexX the interaction surfaces in
1. Bernstein, F.C.; Koetzle, T.F.; Willams, G.J.D.; Meyer, the receptor are modelled by sets of discrete interaction
E.F.; Brice, M.D.; Rodgers, J.R.; Kennard, O.: points. Basically the implemented docking algorithm con-
Shimanochi, T.: Tasumi, MJ.Mol.Biol. 1977 112, 535- sists of three phases: The selection of a base fragment, the

References:

542. placement of the base fragment into the active site and the
2. Kabsch, W:Sander, C.Biopolymers1983 22, incremental construction of the ligand. Except for the selec-

2577-2637. tion of the base fragment, the algorithm runs without manual
3. Beiroch, A.; Boeckmann, BNucleic Acids Req992 ~ Intervention. - _ .

20, suppl., 2019-2022. Thg basic idea of thg algorlthm for p.lacmg .the pase frag-
4. Barker, W.C.; George, D.G.; Mewes, H.W.; Tsugita, A. MeNt is to §earch for tnple; of interaction points in the ac-

Nucleic Acids Re€992, 20, suppl., 2023-2026. tive site which correspond in distance and type to a triple qf
5. Higgins, D.G.; Fuchs, R.; Stoehr,P.J.: Cameron,G.Ninteraction centres.of the ligand. Once the pase fragment is

Nucleic Acids Resl992 20, suppl., 2071-2074. placeq into the active site, we can start an incremental con-
6. Beiroch, A.Nucleic Acids Res1992 20, suppl., struction process, beginning at the base fragment. In each

2013-2018. iteration, a new fragment is joined to all placements found

7. Nishikawa, K.: Ishino, S.: Takenaka, H. Norioka, N.: SO far in all conformations of a finite set of energetically
Hirai, T.,;Yao, T.Seto,Y.Protein Engineeringl993 favourable conformatlons (dlscrete' conformational
7.733. model [1]). Placements having overlap with the receptor are

eliminated. In both phases the geometries of the ligand place-
ments are calculated by superimposing interaction centres
of the ligand onto corresponding interaction points of the
receptor. For the new placements obtained, the binding en-
ergy is estimated by an empirical energy function [2] and
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the best k placements are passed on to the next iteratioT]TranSferred NOE-Experiments fOI'

Optionally these placements can be optimized w.r.t. the . ] )
energy function by a quasi-Newton method. This optimizathe Determination of the Antlbody-

tion leads to a decrease of the calculated binding energy ?5 :
a few kJ/mol and to some differences in the ranking of th ound Conformation of a

solutions, because the docking algorithm based on discre@treptococcus’\ntigen

methods produces complexes which normally are not local

minima. Although the influence on the resulting rms devia-

tions from the crystal structure is rather arbitrary, this proceThomas Weimar* and Amrio Pinto

dure should be chosen if the estimation of binding energies

° tgﬁs:)n?é? fruer?r?grn sft?ergzg gsg:lijrlr?sr%ﬁa.ments of the energyDepartment of Chemistry, Simon Fraser University,
function the local optimization is a necessary task. The prOBurnaby,B.C. V5A1S6, Canada
gram is tested by reproducing about a dozen receptor-liganighioo@bpc.uni-frankfurt.de)
complexes with known X- ray structure. For an example of
typical complexity like Thrombin {Napap (about 10 rotat- L ,
able bonds and a flexible ring) the complete docking run 1 he replicating unit of thestreptococcusGroup Acell-
needs about two minutes on a SUN SPARC station 20. |§vall polysaccharide antigen consist of a trisaccharide shown

most cases, the algorithm predicts a placement of the ligarlg figure 1. , _
which is similar to the crystal structure (about 1.5 A rms Immunological studies have shown, that size and the branch
deviation or less) as the highest ranking solution. A placepo'nt of different fragments of the antigen are crucial ele-

ment with rms deviation of about 1.0 A is normally found ments for antibody re.cognition' [1]-

among the 10 highest ranking solutions. The branched trisaccharide-L-Rha-(1- 2)-[B-D-
GlcNAc—(1- 3)]-a—L—-Rha—(1- 0)—Pr[A'(C)B] is one of the
fragments which are bound by the monoclonal &ttepto—

References coccusantibody Strep 9 (mouse, 19Q. The kinetics of the
binding process allow the observation of TRNOESs (Transferred
1.  Klebe, G.J.Comp.Aided Mol.Desigh994 8, 583. NOESs) and therefore the determination of the bound confor-

2. Bohm, H.-JJ.Comp.Aided Mol. Desigh994 8, 243, ~ mation of this antigen.
It was shown with the aid of TRROE (Transferred ROE)

experiments [2], that lots of the observed TRNOEs arose
through spin diffusion. Simulated annealing— and energy mini-
mization calculations were performed with four remaining

TRNOE- and TRROE effects. It turned out, that constraints
derived from the absence or TRN(R)OE effects were impor-
tant as constraints derived from TRN(R)OE effects in defin-
ing the bound conformation of the trisaccharide antigen.

A B' A B

——a-L-Rha—(1-2y-a-L-Rha—(1-3)y-0—-L-Rha—(1-2—0a—L-Rha—(1-3—
3 3

1 1

3—-D-GIcNAc —D—-GIcNAc
Fig. 1: Replicating unit of the
Streptococcus Gup Acell-wall c C
polysaccharide antigen.
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Institute for Optics and Quantum Electronics, Friedrich
Schiller University Jena, Max Wien Platz 1, D—

Virtual Reality Modeling 07743 Jena, Germany (ptk@fiasko.uni—jena.de)
Language: A New Dol For
Molecular Mode"ng On The World The bond polarization theory (BPT) as described in [1]

. is a general semiempirical scheme to calculate diverse mo-
Wide Web ? lecular properties if they depend primarily on the local elec-

tron distribution around a nucleus. Its quantum chemical start-
ing points resemble the PCILO-method.

Horst Vollhardt 1) , Gerd Moeckel1,2), The virtue of this theory is that we get bond-additive

Jurgen Brickmann 1) linear equations for description of the change of molecular
properties with bond polarization. The parameters within
1) Institut fiir Physikalische Chemie and these equations can be calibrated directly to experiments or

Darmstadter Zentrum fir Wissenschaftlisches Rechnen more sophisticatgd calculations. In the case of atomic.charges

i the parametrization was performed for C, H, N, O using the
Technische Hochschule Darmstadt results of ab initio STO-3G calculations. Once the set of
Petersenstr. 20, D-64287 Darmstadt, Germany parameters is determined the charge calculation requires only
(horstv@pc.chemie.th-darmstadt.de) the solution of a set of linear equations with the dimension
of the number of atoms.

This method is suited for the application in molecular

mechanics and dynamics simulations to overcome the limi-

i i i ) . tations of most force fields used up to now. One of the weak-
A new technique to provide chemistry related information ¢, points in these simulations is the use of fixed or topo-

is presented. The approach is based on the Virtual Realify, 05| charges to define the electrostatic potential. The BPT
Modeling Language (VRML) which extends the World Wide \,e¢h6q is integrated in the molecular modelling program
Web (WWW) interface with the additional ability to visual- ~ogpmos 4.0, which was awarded with the “European Aca-
ize three dimensional (3D) object oriented scenarios and indemic Softwareard 1994”. The BPEharge calculation
teract with the basic elements. Since most of the models ifothod as well as the molecular mechanics and dynamics

molecular science need 3D representations the new teCh”iqB?ogram are available in ANSI-C language for implementa-
can be applied very effectively in chemical information net-i;0 " workstations and other programs.

works.

This is demonstrated in a distributed environment with an
example from molecular recognition: The active site of thegtarences
enzyme Cytochrome P450 is systematically explored. This

enzyme plays a key role in cancer research. 1.  Sternberg, UMol.Phys.1988 63, 249.

2. Sternberg, U.; Koch, F.—Th.; Méllhoff, Ml. Comp.
Chem.1994 15, 524.

2) Deutsches Krebsforschungszentrum Heidelberg
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GRASP:

Minimization of Arbitrary Target
Functions of Internal Coordinates
of Solvated (Bio-)Polymer Systems

Conformational Dependence of
Molecular Charge Distributions

Uwe Koch and Anthony J. Stone

University Chemical Laboratory, Lensfield Road, Gunter Voll und Harald Rottmann

Cambridge CB2 1EW, UK
BioComp&MathPhys (BCMP), Friedrichstr. 57,
) ) . D-90408 Nirnberg, Germany

Conformational changes are often accompanied by sig- I@f 101 phvsik uni-erl q
nificant changes in the molecular charge distribution [1].(\’0 @faupt101.physik.uni-erlange.de)
This effect can have important consequences for the inter
mo!ecular mtergctlon poten.ual of molecules as well as for GRASP (Gradient in Angular SPace) can be used for mini-
their conformational potential surface. For example it ha

: izing any cost-function of a system of (bio-)polymers with
been shoyvn 'that. the neglect O.f the difference between thgolvent. There is no inherent constraint w.r.t. the number of
charge distributions of the cis- and trans forms of N-

. . . . .__molecules, apart from hardware restrictions. GRASP may also
methylacetamide yields wrong relative hydration energies, usefully applied to smaller molecules
[2]-W il di he infl f f tional ch Some simple but instructive sample calculations will be
e will discuss the in uence ot contormational ¢ anges3presented for illustrating and analysing the performance of
on the molecular charge distribution for three model COM- B ASP. GRASP uses the relevant internal coordinates. i.e
g.our'ltc)is.. In ofrcfiler -t& |mpr|ove Ithe desqlrllpttlor][ ]f’f th'i_‘h(:harg‘?orsional angles and relative translations and rotations of non-
Istri gtlonho ﬁX' € motecu es \tNebV\t” N arThrorP te' atsr; covalently bonded molecules. The constraints of constant bond
SumPt'or? that there are two contri utions. - ine Trst 1s eIengths and valence angles are respected exactly. The cost-
polarization of parts of the molecule in the E|eCt.”C field Of.function can be given as some function of the cartesian coor-
other parts. Th.e second is a local effept, for which therg 'inates of the atoms and molecules. GRASP frees the user
no analogue in |nter.molecular perturpatlon theory and WhICqrom caring about the relative degrees of freedom, i.e. he
seems .to be more important. We wil present. a method .fo erely provides a separate file for each molecule of the sys-
describing the second effect in terms of a simple FourleEem_ The simple fact that for (bio-)polymers the number of

series in the torsional angle. We will compare the electro?nternal degrees of freedom (d.o.f.) is considerably lower than

SFat'C. potgntltalst ob.talneclit'frolm torsmn;depednd?nt gnd Fotrfhe number of cartesian d.o.f. yields the important speed-up
S|r(])n-|nvarlag a OTAC mut lp?el ][nomer;)s. atn ;om'l[(': POINta ctor. Being based on an analytical formula, which markedly

charges anc use the potential from ab initio densities as 8eneralizes the one of Go et al., GRASP does not waste time
benchmark [3].

for the calculation of the gradient in internal d.o.f.; GRASP

Finally, we will address the question to what extent therather shows a significant net gain in speed, which amounts to

torsion dependence of the charge distributions alters the tor-

ional potential if th lecule i dt ¢ t least a factor of five.
sional potential It the moleclle 1S exposed 1o an extemnal o, f3r GRASP is not parallelized, which is possible, since
electric field, for example, the field might be caused by an-

our algorithm is highly parallelizable.We emphasize that

other molecule acting as a hydrogen bond donor. The 'nterGRASP can be applied to almost any cost-function, e.g. po-

aC“OU energy will become more favourable i thg eIEmtrontential energy. In particular, the cost-function may merely be
density on the acceptor atom is increased. If this Ipecome ven on a grid. Therefore, GRASP can be useful in a very
poss[ble by a cha'mge of a d|hedral angle, we obtain a ne rge range of problems concerning the conformation of
field induced torsional potential. (bio-)polymers, including most important areas like protein

crystallography and docking calculations based on discrete
molecular affinity potentials.

References

1. Urban, J.; Famini, @. Comput. Cheni4, 1993 353;

Ref
Stouch, T.; Williams, DJ. Comput. Cheml4, 1993 elerences
858.
1. Wako, H.; N,J. . Chen987,8, 625.
2. Jorgensen, W.L.; Gao, J. Amer. Chem. S0d1Q ako, H.; Go, N.J. Comp. Che
1988 4212.

3. Koch, U.; Popelier, P.L.A.; Stone, AChem. Phys.
Lett, in press.



86 J. Mol. Model.1995,1

transport— and distribution properties, metabolic and cata-
éeym[e /6’6’[%7’6’ bolic reactions, together with a high selectivity and the ab-
sence of severe side reactions play an important role.

Present theories and methods are far from giving reliable
predictions in every case. In spite of indispensable advances
in QSAR, 3D QSAR and rational drug design the search for

Molecular Modeling and Drug new drugs is often based on arbitrary assumptions.
. . Only from 3-dimensional structures of ligand—protein—
DeS|gn — Dream and Rea“ty complexes we can obtain the sound knowledge we need to
broaden our arsenal of methods for the specific design of
Hugo Kubinyi new drugs

Then maybe we can turn the vision of a rational drug
design into reality.
Wirkstoffdesign, BASF AG, D — 67056 Ludwigshafen,

Germany

Specifically acting drugs bind to receptors, enzymes, ion

channels, signal— or carrier—proteins, DNA or other biologi-SuggeStion Of a New Catalysis

cal macromolecules.

The indispensable prerequisite for this bonding is theMechanism in Serine Proteases
complementarity of the surface properties of both partners. Exhibited by Dlpeptldyl Peptidase

Following advance in the structure elucidation of proteins

rational drug design shows increasing importance. Howevel\/. Unusual Stabilization of the
every structure or computer based drug design depends

several essential requirements: %Xyanion Tetrahedral
. . !ntermediate may cause a
. all analogs show the same mechanism of physiologica

activity. trans-ciro Isomerisation of the
. the biologically active conformations of the drugs can
be predicted. Substrates.
. all analogs bind in a similar manner.
+ the influence of isosteric structural modifications canplfgang Brandt*, Olaf Ludwig, Iris Thondorf
be estimated.
. the bonding is closely correlated to the energy of inter-

action. Department of Biochemistry/Biotechnology,
. the physiological activity shows a close correlation toMartin-Luther-University Halle-Wittenberg,
the bonding. Weinbergweg 16a, D-06099 Halle, Germany
. animal assays can be substituted by sinipleitro as-
says.
. drug design is a rational deterministic method. A molecular model of the active site of the serine protease

dipeptidyl peptidase IV (DPP IV or CD26) has been devel-

Unfortunately not all these requirements are met in theoped on the basis of a Comparative Molecular Field Analy-
majority of practical cases. The preferred conformation of a&is (CoMFA) of competitive inhibitors and by force field
ligand depends on its surroundings, it can show considerabtealculations. The model helps to understand a multitude of
differencesn vacug in solution, in the crystal state and espe-experimental findings concerning the substrate specificity
cially at the binding site. Structurally closely related mol- of this enzyme as well as results obtained by gentechnique
ecules often bind in a different fashion. Even in the case oéxperiments [1].
identical binding modes the biological activities can differ =~ Semiempirical PM3 reaction coordinate calculations were
considerably. Minor structural modifications of a protein (e.g.performed to study the catalysis mechanism. Surprisingly,
enzymes or receptors of different species) may cause drastie first tetrahedral intermediate (oxyanion) in the acylation
differences in the affinities and hence in the physiologicalstep may be stabilized by formation of a chemical bond of
activities. the oxygen atom of the oxyanion to the carbonyl carbon atom

Additionally, structure or computer based drug design camf the Xaa-Pro(Ala) peptide bond of the substrates. The cal-
take into account only the affinity to a single binding site, culations indicate that in this way the negative charge of the
mainly from an enthalpic point of view. For a ligand to qualify oxyanion is transferred to the oxygen atom of the peptide
as a drug further requirements have to be met. Resorptioivond preceding the proline residue. This negative charge may
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be compensated by a transfer of a proton of the positivelfHF/6-31G*. Corresponding single point energies were per-
charged N-terminus of the dipeptide to this oxygen atonformed at Becke's 3 parameter functional with the non-local
that additionally (by about 8 kcal/mol) support the completecorrelation provided by the Lee-Yang-Parr functional. For the
mechanism. This mechanism leads to a loss of the mesometizFT Calculations the basis set D95 of Dunning and Huzinaga
stabilization of the X-Pro(Ala) peptide bond indicated by awas applied with an additional polarization function.
pyramidal nitrogen atom, the tetragonal bound carbon atom The calculations of both vertical and adiabatic ionization
and a resulting dihedral angle,GN-C"-O(H) of about 70°.  potentials show a constant deviation of 0.3 eV compared to
These results are supported by an observed secondary hgxperimental data. The most easily oxidizable base, guanine,
drogen isotope effect for k H cat /k D cat = 0.85 * 0.09 forforms a particularly stable cation base-pair with cytosine, so
the H-D exchange of the proton of the&@om in P 2 -posi-  that the calculated adiabatic ionization potential for the
tion during the substrate hydrolysis of Ala-Ala-pNA.[2] That guanine-cytosine hydrogen-bonded complex is 0.78 eV lower
could not be explained for a long time since this position ighan that of guanine itself. These results suggest that the
relatively far from the cleavage position of the peptide bondguanine-cytosine radical cation represents even more of a ther-
The proposed model may explain for the first time this ob-modynamic well in oxidized DNA than might be concluded
served secondary hydrogen isotope effect on the basis éfom the ionization potentials of the individual bases.
quantum chemical calculations. Isodesmic reactions at UBecke3LYP/D95*//UHF/6-31G*
As a next step we performed PM3 reaction coordinateshow that the stabilization of the guanine radical cation dur-
calculations of the decomposition of the tetrahedral intering base-pair formation is about 7.2 kcal/mol better than the
mediate. The finally formed acylenzyme may be stabilizedcorresponding adenine radical cation.
more by interaction of the N-terminus with the carbonyl oxy-  The proton shift in the guanine-cytosine radical cation from
gen atom of the ester group witbisPro than with &#ansPro N1 of guanine to N3 of cytosine is with 1.2 kcal/mol only
conformation. slightly endothermic and has an activation barrier of 3.8 kcal/
This may be an indication for a new mechanism of amol, although unrestricted Cl calculations at 6-31G* level
trans-cifro isomerization of the substrates of DPP IV have shown that more than 90% of the positive charge is lo-
substrates but that may be also of importance for other ergated on guanine. These results show that guanine is espe-
zymes. cially exposed to subsequent ionic reactions leading to muta-
tions of DNA.
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lonized DNA-Base-pairs: Ab initio

Calculations Figure 1: Reaction profile for the proton shift in the GC radical
cation base-pair at UBecke3LYP/D95*//UHF/6-31G*
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The Influence of Lewis Acids on This interesting reaction can be assisted by various types
) of Lewis acids.[2] In order to provide information about prin-
Structure and Dynamics of cipal effects of Lewis acid coordination on structure and
; ; . helimerization behaviour of these lactones, semiempirical
LaCtone_B”dged Blaryls. (MNDO, PM3) andab initio (MP2/6-31G “//RHF/3-21G)
Quantum Chemical Studies calculations were applied to the model compoutése.

Structurally, these calculations show an increase of the
exocyclic C=0 bond length accompanied by a contraction
Gerhard Bringmann and Uwe Dauer of the endocyclic C-O bond and a significant planarization
of the central lactone ring which unexpectedly does not lead
Institut fiir Organische Chemie der Universitat Wiirzburg, LO 3 lower ovelzrall d;storti(;n of the mc_"_eClljlfe- In adolliti(?nt,. we
. ad previously performed semiempirical force calculations
Am Hubland, D-97074 Wurzburg, Germany for the prediction of vibrational frequencies of the free lactone
(dauer@chemie.uni-wirzburg.de) laand the complege[3] In that study, an excellent agree-
ment of the experimental und the calculated shifts of fre-
guencies was observed, demonstrating the good reliability
Lactone-bridged biaryls likéa (Scheme 1) play an im-  of the calculations. The helimerization barriers of the free
portant role in a novel concept for the stereoselective synthgsctone compound and the corresponding complexes, as de-
sis of axially chiral biaryl compounds: Triggered by a fined by the zero point energy corrected differences of the
nucleophilic attack to the carbonyl function, these gnthalpies of the ground and transition structures, were de-
configuratively unstable lactones can be opened so that onbgrmined performingab initio calculations (MP2/6-31G ~//
one of the two axially chiral, since configuratively stable RHF/3-21G) for each of these stationary points. Depending
atropisomeric product3, e.g. (M)-2, results.[1] on the strength of the Lewis acid, the calculations predict a
more or less distinct decrease of the helimerization barrier

for all the complexedb—e. An unexpectedly strong effect
O\ML Nu was observed for the AlCIlcomplex le: while the

° n o helimerization ofla—d passes two enantiomeric non—planar
Me @) LaMO MS transition states, 4 the complé&g helimerizesvia only one
‘ 0 planar and thus achiral transition state (Scheme 2).
"NU"
—_—
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Orthogonalization Corrections for The Morphon Concept - a Way to

Semiempirical Wavefunctions Molecular Morphogenesis

Walter Thiel and Wolfgang Weber Wladimir Teterin

Organisch-chemisches Institut, Universitat Zirich, Institut fir Medizinische Mikrobiologie der Universitét
Winterthurer Straf3e 190, CH-8057 Zirich, Schweiz Rostock, Abteilung Wologie, Schillingallee 70,
(wweber@oci.unizh.ch) D-18057 Rostock, Germany

A new quantum chemical method is introduced which is An algorithmiis presented for a “self assembling-program.
based on the semi-empirical NDDO approximation. It is sugJt Uses abstract' objects - so called morphons - to calcula'.te 3D
gested to improve the established semiempirical models su¢Rodels of muliimolecular complexes in an acceptable time.
as MNDO,AM1 and PM3 by the explicit inclusion of va- Morphons are wireframe models of real proteins or their 3D
lence-core and valence-valence orthogonalization correctior@§OMic models that can represent the attributes of real mol-
and penetration integrals in the core Hamilton matrix. Theecules with any given accuracy. Therefore, they present an
core repulsion function is based on a simple point-chargédeal interface permitting Fhfferent formats for the' atomic
model. There is no longer need for special parametrized exnodels of the single proteins for the “self assembling™-pro-
ponential correction terms to account for the neglect of regram. _ o _
pulsive orthogonalization terms in the Hamiltonian. The men-  The introduction of formal parameters for binding site,
tioned corrections in the one-center part of the corecode sides and positional information makes it possible to
Hamiltonian were implemented at the NDDO level only re-formulate unique conditions for docking and fixing of the
cently [1]. modellgd objgzcts. The examination of all geometycally pos-

Improvements were especially found for ionization SiPle orientations of the individual morphons relative to each

potentials and excitation energies. However, conformationa®ther or to the final objects of morphogenesis makes it possi-
properties such as rotational barriers and conformational prefl€ to find all complementary and affinity positions of each
erences still are reproduced only poorly. Guided by basi@omponent.Thergfore, formal conditions are descrlbgd to
considerations on the origin of those barriers it seemed neélefine the genesis of a form. The subsequent permutation and
essary to include valence-valence orthogonalization correceomparison of the final objects permits identification of the
tions also in the two-center part of the core Hamiltonian, ifinal objects. Application of the program results in identical
e. in the resonance integrals. Those pseudo-potentials wefPJECts Or a set of isomers or homologous objects.
derived from a second-order expansion of the S-1/2 matrix 1he formation of the final objects from the morphons used
as suggested already before [2]. To our knowledge, how!S obligatory and reprodumble. Fmglly, the original atomic
ever, they have never been implemented and tested in actyBpdels of the proteins can be substituted for the morphons.
calculations.

We added these corrections with three-center contribu-
tions to the mentioned NDDO implementation and
parametrized the new model preliminarily for the elements
H, C and O. The statistical evaluation of ground-state prop-
erties shows the same improvements over MNDO, AM1 and
PM3 as the 1993 model and results in a mean absolute error
in the computed heats of formation of 3.5 kcal/mol. Improve-
ments over the 1993 model are indeed found for
conformational properties.
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Assessing Combinatorial Libraries A Neural Network based Method
by Spatial Autocorrelation of Topology Preserving Mapping
Functions and Neural Networks of Molecules in Drug Design

Markus Wagener, Jens Sadowski and Johann Gasteiger  andreas Zell, Harald Bayer, Henri Bauknecht

Computer-Chemie-Centrum, University of Stuttgart, Institute for Parallel and
Universitat Erlangen-Nurnberg Nagelsbachstrale 25, Distributed High Performance Systems (IPVR), Applied
D-91052 Erlangen, Germany Comp. Science - Computer Vision Breitwiesenstr. 20-22,

({wagener, sadowski,gasteiger}@eros.ccc.uni-erlangen.de) p-70565 Stuttgart, Germany

({zell,bayer,bauknecht}@informatik.uni-stuttgart.de)

Different approaches to the combinatorial synthesis of large
libraries are being developed in many research groups all
over the world. They provide the chemist with an abundant \We present a neural network based method of topology
number of libraries he has to chose from in the search for nef€Serving mapping of molecules for similarity analysis of
potential drugs. We present here a means to compare comiiologically active molecules in drug design. The method is
natorial libraries and to assess their diversity and the degrdt@sed on an extension of the self-organizing map (SOM)
of difference between them. [1], called self-organizing surface (SOS) [2] [3], which has

Spatial autocorrelation functions are used to describe thB€en developed for topology preserving mappings of 3D
three-dimensional structure of the library compounds [1]. Amolecular surfaces lonto reference surfaces [4]. The SOS re-
subsequent analysis of these autocorrelation functions with laces the local grid of the well-known SOM neural net-
Kohonen neural network allows to map the high-dimensionafVork with a parallel distance calculation on arbitrary
chemical space described by a combinatorial library into twdopologies. _ _ _ _
dimensions. Then it is possible to estimate three criteria for 1he algorithm is used and demonstrated in two mapping

the position of several libraries in chemical space: problems which appear in the similarity analysis of molecu-
lar surfaces: first, mapping van der Waals surfaces to a sphere,
- the overlap of two or more libraries and second, mapping the surfaces of molecules to other
- the degree of sampling of chemical space molecules'. o
- the partition of chemical space into subspaces of com- In the first application we placed the neurons on the sur-
parable size face of a sphere. The electrostatic potential is used to colour

the neuronsThe self-organizing surface has been trained

An example from the literature [2] was analysed using thes#/ith KNet [5], a parallel simulator on the MasPar MP-1 par-
methods. Several different partitions of a given chemical li-8llel computer with 16384 processors. The final stage of the

brary into sublibraries were visualised and evaluated. comparison involves finding matching regions and rotating
the sphere to test for similarity.

In the second application we use the same technique of
References the SOM to map the surface of a reference molecule to the
surfaces of other molecules, instead of a sphere, by generat-
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Integrated Ansatz for the
Modeling of Protein-Ligand
Complexes

Gerd Folkers
Department of Pharmacy, ETH Zdrich,

Winterthurerstr. 190, CH-8057 Zlrich, Schweiz
(folkers@pharma.ethz.ch)

The molecular basis of drug activity is the information
transfer by ligand-biopolymer interaction. This hypothesis
holds for nearly all of the drugs whose molecular mecha-
nism is known up to now. Formation of ligand-biopolymer
complexes occurs for nearly every step in the fate of the
drug, including the pharmacodynamic phase, metabolic re-
actions and transport.

Therefore, knowledge of the structure of the ligand-
biopolymer complex would provide an excellent starting po-
sition for optimization of ligand—properties.

However, in spite of spectacular success of modern struc-
ture elucidation methods, knowledge of ligand interaction
complexes is still the exception rather than the rule.

Integrated structure prediction might be an alternative
way in order to get knowledge about the binding sites of the
interaction complex. Computer aided molecular design in
close relationship with CD-spectroscopy, site-directed
mutagenesis, peptide synthesis and protein chemistry has in
our lab resulted in a 70% prediction of the thymidine kinase
from herpes virus, including nearly all structural features of
the active site.
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Developing Criteria for Prediction  De Novo Design of Ligands to

of B-strand Rich Proteins with a Block Substrate Access to

Genetic Algorithm Cytochrome P450cam

Thomas Dandekar Michael Degenhardt and Rebecca Wade,

European Molecular Biology Laboratory, European Molecular Biology Laboratory, Meyerhofstr.1,
Postfach 102209, D-69012 Heidelberg, Germany D-69012 Heidelberg, Germany
(Dandekar@EMBL-Heidelberg.de) (degenhar@embl-heidelberg.de)

Protein structures are predicted using a genetic algorithm, Cytochrome P450cam is a monooxygenase from
selecting optimal structures according to basic protein buildPseéudomonas putida that catalyses the stereospecific
ing principles. This approach has general utility in proteinhydroxylation of camphor. The active site is buried in the pro-

structure analysis [1]. Furthermore, the approach has alread§in and there is no direct access to it from the protein sur-
been successfully used by us & initio prediction of pro- ~ face. Although the crystal structures of the substrate-free and

teins with helical topology [2]. substrate-bpund proteins do not shqw any significant
Current efforts investigate folding of beta-strand contain-Structural—differences [1,2], the protein must undergo a
ing proteins: c'onfo'rma'uonal change in order for camphor to reach the ac-
tive site.
(1) Simulations on such proteins using only the basic Differences in the mobility of certain side-chains in the
fitness function criteria were investigated first. substrate-freeand the substrate-bound proteins suggest the lo-

(2) Next the effect of different criteria for hydrogen bonds cation of a possible hydrophobic substrate access channel [3],
and packing of beta-strands was investigated. and spectroscopic studies of camphor access to the active site
(3) After these experiments, a detailed representation ofuggest that the Asp251-Arg186 salt-link may be important
hydrogen bonds in beta-sheets is studied now in detailin controlling substrate—access [4]. There is a depression on
the surface of the protein at the entrance to the proposed
Representative results for these steps are shown. proteiﬁgbstrate access channel; close to this is a second depression

investigated include lambda-repressor, anemona toxin ann€d by the Asp251-Arg186 salt-link. _ _
scorpion toxin as well as the domain B1 of protein G. The e have used de novo structure-based design techniques
latter was chosen as a standard test fold in (3): Starting frof model compounds to bind in these two depressions, and
sequence and a good secondary structure prediction, the t§lus inhibit s'ubs'trate' access to the active site. Engrgetlcally
pology of the main chain fold is derived in successful triabfavourablg binding sites for different ligand moieties were
and achieves root-mean-square deviations of less than 5.0 Rcated with the GRID program [5-8]. Then the LUDI pro-
Many of the failed trials still allow recognition of the basic 9ram [9] was used to search databases for ligands that could
topology. The results suggest that also for small beta-stranla”d_'” these S|tes.. Additional m0|et|e'sl were modelled mto
containing proteins the genetic algorithm is a useful tool tdh€ ligands to obtain compounds specific for the target bind-
derive a prediction of the three-dimensional structure. Fofnd sites and these will be used to investigate the substrate
more complex topologies or larger proteins further fitness2CC€ss mechanism.

criteria will have to be developed and are currently investi-

gated.
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Structural Transition in the
Insulin Hexamer
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The methods applied, "Targeted Energy Minimisation"
(TEM) and "Targeted Molecular Dynamics" (TMD), have
been successful in simulating the transition in the insulin
monomer. The extension to the hexamer reported here is in-
dicated because this is the molecular scenario where the tran-
sition actually occurs. The obtained pathways are analysed
with respect to potential energies, steric interaction, dihe-
dral angles and the conformational space explored. The po-
tential energy of the transition in both directions does not
show unrealistic barriers. The energy fluctuations are ap-
proximately within the range of normal MD and EM
simulations. An analysis of the explored conformational space
exhibits two roughly distinct pathways from T6 to T3R3 and
from T3R3 to T6. They overlap in some parts, especially in
regions close to the limiting structures. A comparison of the
monomer pathways with those of the subunits in the hexamer
clearly demonstrates the influence of the quaternary struc-
ture. In the T6 -> T3R3 direction the helix, as assessed from
the main chain dihedral angles, essentially forms in the last
third of the transformation, whereas it persists during al-
most half of the backward transformation.

Semiempirical Calculations on
Large Peptidic B-sheets

The T -> R transition in insulin, in which eight residues of cpristian Gailer. Martin Feigel

the N-terminaB chain are transformed from an extended into
a helical conformation can be seen as an element of a folding
process. Although of limited extent in comparison with glo-Institut fir Organische Chemie der Universitat Erlangen
bal unfolding / refolding processes, this transition has the adNirnberg, Henkestral3e 42, D-91054 Erlangen, Germany
vantage that the final structures are known and the pathwa)( ailer@organik.uni-erlangen.de)
between them can be investigated by both experimental an
theoretical methods. Either aspect of the studies still repre-
sents a major challenge: Experimental methods suffer from  Proteins containing large regions of R-sheets play an im-
the lack of stable intermediates and theoretical methods tgortant functional role in various controlling and regulation
predict pathways depend on certain constraints to promotgrocesses of living organisms. Examples are electron trans-
the transition. The combination of both approaches howevegsort processes, transport of vitamins and hormones in the
offers new possibilities: Simulated transition pathways canserum or transcription of the DNA [1]. Depending on the
suggest modifications of the protein with presumptive effectsprientation of neighbouring strands, R-sheets are found ei-
on the transition kinetics, which can be verified experimenther parallel or antiparallel.
tally. Force field energy minimization studies suggest that par-
This poster reports on the prerequisites of such an investyllel B-sheets are slightly (1 kcal-mipless stable than the
gation: antiparallel counterpart [2]. This work reports the
semiempirical approach to the problem using the quantum
mechanical methods AM1 and PM3. Is there any energetic
difference between antiparallel and parallel R-sheets?
The model systems used are shown in figure 1.

« first part: results of the kinetic experiments on
native insulin.

e second part: analysis of the simulations of the
transitions in both, the T-> R and R -> T direc-
tion.
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parallel B-sheet: CH(Ala), ,COCH, AM1 minimum

antiparallel B-sheet CH(Ala), COCH,AM1 minimum

Fig. 1a: Isolated3-sheets

Fig. 1b: Parallel cyclic b-sheet (8 Ala), AM1 minimum [3]. Fig. 1c:Antiparallel cyclig3-sheet (8 Ala), AM1 minimum [3]
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( @ P ) substrates like Ac-Tyi\c-Phe, Ac-Trp or Ac-Asn are re-

lated to necessary changes during the reaction. The hydro-
gen bond, which was broken at the transition state during

By studies on enzyme-ligand interactions it is assumedb i hanical simulation. is sianif vl h-
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the steric requirements together with hydrophilic/lipophilic

properties and also electrostatic potential profiles responsi-
ble for the activation by cytochrome P450. For a selected
number of carcinogenic and non-carcinogenic nitrosamines,
it could be demonstrated that only nitrosamines, which are
oxidised to the corresponding hydroxy-compounds fit this

The R0|e Of LOC&' Molecular substrate model. Non-carcinogenic nitrosamines not oxidised
.. . by the P450 enzyme do not match the substrate model.

Hydrophobicity and Electrostatic

Properties in a Cytochrome P450

Substrate Model

Gerd Moeckel? B. Spiegelhaldet, H. Bartsch?, Horst Force Field Calculations of RNA-
Vollhardt?, Jirgen Brickmann?3 Tetraloops

1. Technische Hochschule Darmstadt, Institut fir Andreas Muth and J. W. Engels

Physikalische Chemie, Petersenstr. 20, D—64287

Darmstadt, Germany (brick@pc.chemie.th—darmstadt.de) Inst. Org. Chem., J. W. Goethe Universitat Frankfurt,
2. Deutsches Krebsforschungszentrum, Abteilung 60439 Frankfurt, Germany

Toxikologie & Krebsrisikofaktoren (muth@ews1.org.chemie.uni—frankfurt.de)

3. Darmstadter Zentrum fir wissenschaftliches Rechnen

RNA-Tetraloops are discussed as important structure fea-
The cytochrome P450 enzyme system is responsible faures of tertiary conformations, as kissing partners in un-
the induction of oxidative nitrosamine-metabolism. folding processes and recently as a base of intramolecular
Cytochrome P450 mediated nitrosamine oxidations and sulstabilization of spatial distinct molecule parts. Structural in-
sequent formation of intermediate diazo compounds may leadrmation obtained by combined NMR/MD methods are only
to DNA-alkylation and ultimately to cancer. known for the very stable families UNCG and GNRA. Many
The cytochrome P450-nitrosamine interaction has beewather RNA hairpins revealed an unusual high melting point
studied with the molecular modelling software MOLCAD, in UV/VIS denaturation experiments. We were interested in
using the concept of molecular surfaces. These surfaces weseructural information, relative enthalpies and stem influ-
calculated on the basis of Connolly’s solvent-accessible surence of RNA-tetraloops with the sequences UUCG, UUUG
face to determine the three—dimensional size and topologsind UUUU. The stem region has the nucleotide succession
of the molecules. They are also used as maps for a colofCGC)2 . The known structures of the UUCG-tetraloop and
coded representation of local molecular properties such agie UUU-triloop allow a test of the structure determination
hydrophilicity-lipophilicity or the electrostatic potential. For process on the computer.
calculations of the hydrophobicity potential profile, a new  The above listed sequences were built starting from a
algorithm was developed. It is applicable to larger molecustem in A-RNA conformation. The start and end nucleotides
lar systems, names complete globular proteins likeof the loop were added to this stem. Different starting
cytochrome P450, where most of the constituent atoms argeometries with two hydrogen bonds between the first and
located in the interior of the molecule. The analysis is perthe fourth base were built.
formed with 3D structure data of bacterial cytochrome All these structures were closed with the missing
P450cam, which is widely accepted as a model system fafiucleotides 2 and 3 of the loop sequence. Here four differ-
cytochrome P450 enzymes. Topological analysis of the P45@nt crossovers are possible. Molecular dynamics simulations
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with the Amber force field were carried out (100 ps, 280 omolypeptide backbone by creating RAMACHANDRAN [3]
300 K, distance dependent, dielectric constant 4.0). Adynamiplots. . The validity of the model further was checked by
run with no interaction of the four nucleotides in the loop ismeasuring the compatibility of the modelled structure with
carried out at 400 K. From every dynamic run a set of structhe respective protein sequence using PROFIL 3D [4] . In
tures was taken and minimized. addition, the configuration of amino acids as well as the hy-
Analysis of the structures shows only one conformationdrogen bond network was examined. Molecular dynamics
for the sequence rCGC(UUCG)GCG and rCGC(UUUG)GCGsimulations were performed to prove the stability of the
in a 15 kJ/mole area starting from the one with the lowesmodel.
energy. The tetraloop rCGC(UUUU)GCG has several confor- Due to many failures of antimicrobial therapy of clini-
mations in a 15 kJ/mole area and a higher relative steric ercally important, formerly R3-lactamase-stable penicillins, it
ergy. This is in agreement with the found melting points ofis of great interest to elucidate the molecular differences be-
the compounds. All stable hairpins show two hydrogen bondswveen penicillinases, ESBL and Cephalosporinases. For this
between the first and the last base of the loop and a prefepurpose it is indispensible to create a good alignment of the
ence for a selected crossover. three classes of 3-lactamases.This was generated taking into
Calculations with water spheres are in progress. account results of different secondary structure prediction
studies using e.g. EMBLPRED [5] or PREDICT [5], respec-
tively. Also the observed mutations at each position in the
sequences of related 3-lactamases were considered. Very
recently the coordinates of the cephalosporinase from
Enterobacter cloacae became available and the structural

Molecular Modelling Studies on alignment supports our previous results. Only one helix at
the N-terminal end of the protein had to be moved slightly.
R-Lactamases Conclusion: The MEN1 model satisfies all validity tests.

Only small deviations in the torsional angles of the protein

backbone of three amino acids at the surface of the protein

were necessary. The alignment seems to be realistic and

points out some clues for differences between ESBL and

Institute of Pharmacy, Free University of Berlin, originally penicillinases on one hand and the similarities be-

Kénigin-Luise-Str. 2+4, D-14195 Berlin, Germany tween ESBL and cephalosporinases on the other hand. Fur-
ther comparative investigations of molecular electrostatic

potentials of all three classes of lactamases using DELPHI

[6] are in preparation.

3-Lactamases are defensive enzyme systems, which en-

able the bacterium to survive the anti-bacterial attack. Very

shortly after a new R-lactam antibiotic is introduced into clini- References

cal usage, previously unrecognized R-lactamases are identi- ]

fied. Original R-lactamases were primarily exclusively effec-1- ~ Bernard, H.; Tancrede, C.; Sirot, D.; Morand, A.; La-

tive in hydrolyzing penicillins. Nowadays many related bia, R.Program Abstr. 30th Intersci. Conf. Antimicrob.

enzymes with a wide range of substrate specifities are known. ~ Agents Chemothet99Q abstr.no. 189.

One of these extended-spectrum B-lactamases (ESBL) is the ~HOMOLOGY Version2.3, Biosym Technology Inc.,

MEN1 ESBL of E.Coli [1]. The MEN1 B-lactamase is a very San Diego, USA.

interesting species, because this enzyme is able to cleave ope PROTEINS, StructureAnd Molecular Properties , Th.E.

of the clinically most used extended spectrum R-lactam-anti- ~ Creighton 1993.

biotics, the cefotaxime. 4. PROFILE 3D Version 2.3, Biosyme@hnology Inc.,

In the work presented here a model of MEN1 ESBL was San Diego, USA.

constructed based on two crystal structures from the®-  Rost, B.; Sander, Ch. CABIO$0, 53-60.

penicillinases of Staphylococcus aureus and E.Coli, respec-  Rost, B.; Sander, CH. Mol.Biol 1993 232, 584-599.

tively, by employing the HOMOLOGY [2] Software. The gen- Rost, B.; SandeCh. Proteins1994 19, 55-72.

erated model has been checked for consistency. One test cdh- DELPHIVersion 2.3, Biosym Technology Inc., San Di-

trols the absence of forbidden torsional angles of the ego, USA.

Gunda Paulin and Hans-Dieter Holtje
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Molecular Modelling of G-Protein

Physiologisch-Chemisches Institut, Universitat Tibingen,

D-72076 Tubingen, Germany Coupled Receptors:
(chira01@compserv.zdv.uni-tuebingen.de) A Useful Approach to SAR Studies
of Selected 5-HT 1A /D2-Agonists

Dihydrolipoamid dehydrogenase is a component of the
pyruvate dehydrogenase multien;yme complex, Wher'e it, i?’—'. Rippmann, H. Béttcher, G. Barnickel, H.E. Greiner,
called E3-component. In a previous work [manuscript in .
preparation] we demonstrated on the basis of the known XCA Seyfried
ray structure of the enzyme from Azetobacter vinelandii [1]
by protein-modelling techniques, that the observed dimePreclinical Pharmaceutical Research, E. MERCK,
can build a tetrameric structure with intensive contact beD-64271 Darmstadt, Germany (rippm@merck.de)
tween the building blocks.

We show how the active site of each dimer is completed
by complementary structure in the tetramer and how the Roxindole is a presynaptic dopamine agonist showing af-
coenzyme FAD is additionally stabilized. Since now alsofinity to both the D2 and the 5-HT -receptor in the nanomolar
the 3-dimensional structure of the exible lipoyl domain con-range and additionally 5-HT reuptake inhibition. These com-
nected to the core-component E2 of the PDC complex iined activities make roxindole an interesting new tool in clini-
known [2], we extend our model to the binding of this addi-cal research to treat various forms of depression. Roxindole
tional domain, where we make use of the binding-site ofonsists of two heterocycles which are linked by a 4-carbon
the catalytic active lipoyllysine arm to the dihydrolipoamid chain spacer. As shown in the table below, the structural dif-
dehydrogenase described in Lit. [3]. It turns out, that theferences among the agonists are small, but largely different
exible lipoyl domain binds in the contact-area of two dimersactivities were found for 5-HT, - and D2-receptor binding.
forming the tetrameric complex, at the state of binding be-Thus Roxindole and its analogues represent a challenge to
ing highly covered by surrounding protein structure. analyse the molecular interaction with these receptors in or-

The constructed model of binding reveals, that the lipoylder to obtain an explanation for the differences in affinities.
domain has a surprising additional function besides the wellTo this end, the transmembrane region of the 5;HTand
known transfer of the substrate lipoyllysine into the activeD2-receptor was modeled. Mutagenesis data and known
sites: The coenzym NAD of one of the dimers building theligands were used to refine the model. These models were
tetramer is stabilized by parts of the binding lipoyl domain,taken as the basis for studying the interactions of
whereas the catalytic active lipoyllysine arm of the samdndolalkylamines with the 5-HT, - and D2-receptors and to
lipoyl domain occupies the active site of the other dimer. Byexplain the specific structure-activity relationships in this se-
energy-minimization techniques we compute binding-enersies.
gies, RMS-values, solvent-accessible surfaces and contact- Model building studies of selected serotonin and dopamine
areas between the building blocks to quantify the interacreceptors suggest that large, flexible ligands like roxindole
tion and compare it with already known protein-protein might bind in an extended conformation, although a U-shaped
interactions. The consequences for the whole pyruvateonformation cannot be excluded entirely. In the extended
dehydrogenase complex and the relative content of its comsonformation, the ligands fill two distinct pockets. One pocket
ponents will be discussed. is bordered by helices Ill, I'dnd V.This pocket is likely to

hold the natural ligands, i.e. serotonin or dopamine, as dem-
onstrated by mutagenesis studies, and, by analogy, also the
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indole part of roxindole. Another pocket is formed by helicesThis explains the difference in activity of compound 4 on
VI, I, Il and 1ll. This pocket holds the aryl-piperazine ring the two receptors. Compound 2 is almost inactive on the
system in our models. D2-receptor, although there is no terminal substitution on
Al four compounds are potent 5-HJ-receptor agonists. the phenol ring. However, in this compound there is a large
However, their activity on the D2-receptor differs largely. Theangle between the piperazine ring and the phenol ring. Ac-
structural differences in the model-built receptors were usetive compounds on the D2 receptor seem to have an almost
to rationalize the differences in activities. Volume differenceparallel orientation of the planes of the ring systems. In com-
maps were used to identify the major differences in spatiapound 1, this is achieved by the double bond conjugated to
requirements. In the D2-receptor model the cavity whichthe aromatic system. In compound 3, the nitrogen next to
accomodates the aryl-piperazine ring system is considerabljne phenyl ring has the character of an aniline nitrogen, and
smaller than in the 5-HT, -receptor. This is due to a number hence the orientation of the rings is parallel here, too. The
of larger inward pointing side chains in the D2-receptor relarelative orientation of the rings is critical in the D2-receptor
tive to the 5-HT 1A -receptor on helices | (Thr in D2/Gly in 5- only, as all compounds are highly active on the 5;HT
HT ., ), Il (Met/Leu), Il (Met/Cys) and VII (Gly/Tyr, Ala/  receptor. The angle dependence might again be a conse-
Ser, lle/Phe, Thr/Asn). Therefore, this site is structurally muchlquence of the sterical crowding in the D2-receptor. Espe-
more demanding in the D2 receptor. Especially, there is noially Tyr and, probably less important, Phe (Gly and lle in
space for a terminal extension at the phenol ring in the D25-HT ) hold the piperazine ring in a firm grip, thus orien-
receptor, because the site is filled by Thr on helix | (Gly in 5-tating the attached aromatic ring precisely in the tight pocket.
HT ., ), Met and Val on helix Il (Leu and Ala in 5-HT ).

5-HT1A-binding D2-binding
[3H]-8-OH-DPAT [3H]-Spiperone
-1 -1
IC50[nmoI-L ] IC50[nmoI-L ]
A\
N
H
Roxindole
N
A\
N
H
N N
HO 0.8 4.2
A\
N
H
N N 0 120
0.1
HO. < __/ Me

Ir-=z
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SiﬂdOl Calculations Of the Cu.Zn In this case no bond-breaking between copper and His61 takes

. . . . place.
Superoxide Dismutase Active Site We present here a theoretical description, of the active
site of SOD and the interaction with the superoxide as well as
a hypothetical reaction between the superoxide complexed
SOD and methane, using the semiempirical method
SINDOL1 [4].

Henryette Roth, Timothy Clark*

Computer-Chemie-Centrum, Institut fir Organische
Chemie, Universitat Erlangen-Nurnberg,
Nagelsbachstr. 25, D-91052 Erlangen, Germany

(clark@organik.uni-erlangen.de) SINDO1 is an all-valence SCF MO method developed by K.Jug
and coworkers [4]. SINDO1 makes use of symmetrically
_ _ . _ . orthogonalized AOs, takes into account the core-valence elec-
Copper, zinc superoxide dismutase (SOD) is a dimerigyon interactions through pseudopotentials, and includes d-
enzyme containing a copper and a zinc ion in each subundpitals in the basis set for second row atoms.
[1]. In each of the two active sites a copper ion is coordi-  The molecules under study were completely geometry
nated by four histidine residues in a distorted square-planagptimized at the SCF level. The structures were optimized
geometry. One of them (His 61) acts as a bridge between thgit tolerance limits for convergence at 0.001 A for bond

copper and the zinc ion. _ . _ lengths and 0.1° for bond angles and dihedral angles.
The physiological function of SOD is the dismutation of

the superoxide radical anion, that is produced during the oxy-
gen metabolic cycle. The reaction takes place at the coppr -
ion, which is essential for the enzyme activity. Since the
discovery of the enzymatic activity in 1969 by McCord and
Fridovich [2], several research groups have investigated SO
extensively, both experimentally and theoretically [3]. Two
mechanisms have been proposed, the first being the mo
widely accepted.

Computational Procedure

cht + o — ci + o

ci' + 05 + 2H — o + HO,

In this case the enzyme copper ion is repeatedly reduce
and oxidized in a two-step process. Within this scheme, i
has been suggested that the bond between copper and His
breaks down in the first step, the His61 then takes a proto
from the solvent, which is transferred to a second superoxid
molecule in the second step, while regenerating the coppe
His61 bond.

Fig. 1 Active Site of the copper zinc superoxide dismutase

T (cug)” (SOD)
+ . + The preliminary calculations show that SINDOL1 is a suit-
(Cuoz) O2 - (Cuoz) O2 able method for describing enzymatic reactions, where cop-

+ 2+ per is involved as metal centre. The geometry optimized struc-
(Cuoz) * 2H — Ql * H202 tures are in good agreement with experimental and other
theoretical studies. This gives us a good starting point to per-

In the alternative mechanism based on quantum-mecharfierm further calculation wiht the goal to find an explanation
cal calculations a stable copper-superoxide intermediate, thédr the reaction mechanism. The calculation of the total ener-

is able to oxidize a second superoxide molecule, is proposedies of the complexes leads to reaction energies of about

* To whom correspondence should be addressed
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20 kcal-mat for both alternatives making the calculation of
the full reaction path for both mechanisms inevitable.

J. Mol. Model.1995,1

ments (S1-S6) and especially the SS1-SS2 regmmt&eg-
ment) as linker from S5 to S6 is still not enlighted.

The modelled reaction of the protonated superoxide radiHydropathy plots, which give evidence about the lipophilicity
cal anion at the copper centre of the SOD with methane is aof amino acid sequences, confirm the experimental findings

indication that from a thermodynamical point of view the

of six transmembrane segments per repeat. Using the soft-

superoxide radical anion or its protonated form could followware programs ALB [1], GOR [2], CHOU-FASMAN [3],

other pathways leading to its decomposition.

JAMSEK [4] and SIMPA [5], however, the secondary struc-

Further calculations are dealing with the role that Argl41tures of this domains are equivocally predicted deelical,
plays during the catalytic reaction, since several groups havg-sheet or turn structures.
proposed that the electrostatic influence is essential leading The SS1-SS2 region as postulated pore lining and bind-
to the final electron transfer between the copper, zinc SOINg site for calcium channel antagonists of nifedipine type is

and the superoxide radical anion.
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a-Helical Transmembrane
Topology of the SS1-SS2 Region?
Secondary Structure Prediction of
\Voltage-Gated Calcium Channels

Klaus-Jurgen Schleifer

Free University of Berlin, Institute of Pharmacy, Konigin-
Luise-StralRe 2+4, D-14195 Berlin, Germany
(kis@kalif.pharmazie.fu-berlin.de)

\oltage-gated calcium channels (VGCC) are integral pro-_

predicted as a random structure. Utilising multiple sequence
alignments [6] and a new alignment strategy for transmem-
brane proteins [7] the membrane spanning segments and their
secondary structures could be unequivocally determined. The
three dimensional structures of the transmembrane proteins
bacteriorhodopsin (obtained by high-resolution electron cryo-
microscopy) and the photosynthetic reaction centers from
Rhodobacter sphaeroides and Rhodopseudomonas viridis
(each with H-, L- and M-chains; obtained by X-ray diffrac-
tion) served to validate the methods. As negative controls
the a-helical, not membrane lining segments of this proteins
and the-barrel membrane channel porins of Escherichia
coli and Rhodobacter capsulatus have been used.

Results

* the segments S1-S6 and the SS1-SS2 regions are charac-
terized as transmembrane peptides,

 the segments S1-S6 are predictedhdselical structures

and

 the SS1-SS2 regions are predicted as helix-turn-helix do-
mains.

These results, also found for potassium [8] and sodium chan-
nels, may serve as tools to create new channel models that
will allow the rational design of new therapeutically useful
drugs.
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Pathways and Intermediates of Halle—Wittenberg, D—6099 Halle (Saale), Germany
Conformatinal Transitions of (friedemann@chemie.uni—halle.d400.de)
11-Alanine
The structures and stabilities of 1,2—propanediol (PDL1,2)
Jiirgen Schiitter monomers, dimers and monohydrates were investigated by
urge the force field versions PIMMO1 [1] and GROMOSS7 [2] as
well as the semiempirical PM3 method.
Lehrstuhl fuer Biophysik, Ruhr-Universitat Bochum, Diols are important structure units of amphiphilic mol-
ND 04 Nord, D-44780 Bochum, Germany ecules which are suitable as model systems for the study of

bilayers. In the process of molecular self-organization the for-
mation of a hydrogen-bridge network under participation of

water molecules plays an essential role. By comparison of the
In a series of recent works dealing with short results of both PDL1,2 and PDL1,3 systems [3] the influence

polypeptides in particular the transition of alpha to 3/10 hef the different diol head groups on the formation of
lix was investigated by simulations. It is a model case foﬂntramolecular and intermolecular hydrogen bonds were stud-

studying the technique of pathway generation, the influencifd in @ systematic way. The results of the monomers are in
of the force field, and the influence of solvent, which are of2dreement with ab initio data as well as gas phase experimen-
interest for application to large molecules. We have applied® findings and support the different tendency of hydrogen
the method of targeted molecular dynamics simulationPonding in both diol systems.

(TMD) for an investigation of 11-alanine. TMD is a variant Especially for the chiral PDL1,2 system it was of interest
of molecular dynamics simulation which produces a dy-if there are some hints for a different stabilization on the for-

namical pathway from a starting configuration to a givenMation of dimers from the same (R-R) and different (R-S)
target configuration. enantiomers within these methods. MD simulations using the

Using a special form of thermodynamic integration (ther-GROMOS87 package were performed on PDLL,2 in the gas
modynamic distance integration, TDI) each TMD run yieldsphase and in the water box in order to investigate the dynam-

simultaneously also the profile of free energy. A suitablelcs Of intramolecular and intermolecular hydrogen bonding.
projection technique yields a two-dimensional representa-

The results are visualized by a graphics tool for
tion of pathways and stable intermediates. As shown b

(juergen@bph.ruhr-uni-bochum.de)

yvorkstations developed in our group. Moreover, first results

numerical calculations, the force fields OPLS and GROMOSO! quantum chemical and molecular dynamics calculations

differ in the strengths of H-bonds. Therefore the simulation®n Piamphiphilic tetrol systems are presented which are also
were performed with H-bond potentials from either force Structure units of an interesting class of amphotropic liquid

field. The alpha helix is always stable at room temperature-rYStals.

the 3/10 helix only at extremely low temperatures.

A further stable intermediate was found which is a par-
tially unfolded alpha helix.The results of our simulations
are presented as a map containing pathways and stable in-
termediates of 11-alanine. The free energy profiles were us
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PM3 Study on
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The energetically favored conformations [N-acetyl-
Muramic acid, a component of Murein, have been investi-
gated using the semiempirical PM3 method [1] implemented
in SPARTAN (Wavefunction Inc.). The Murein single strand
model of Barnickel et al.[2] has been used as starting set. The
cartesian coordinates were kindly provided by the authors. A

a first step one singlg-N-acetyl-Muramic acid molecule has beta”ed AnaIySiS of the

been cut off from the strand model, followed by a PM3 mini-Solyvatochromism of Acetone
mization. This conformation served as starting point for a grid

search by scanning all sidechain torsional angles with excep- B
tion of the N-acetyl group, which was held in cisoid position?J- Suer und U. Howeler
(i.e. N-H bond is parallel to C1-H and C3-H bond).

The stepsize was set to 120°. The PM3 method with a®rg. Chem. Institut der WWU, NMdelm Klemm Str. 4,
additional amide correction potential was used. The calculap_48149 Miinster, Germany (suer@uni-muenster.de)
tions were performed on the IRIS/INDIGO (Silicon Graphics
Inc.) cluster of our institute under the operating system IRIX
System V.4using SPARTAN, SGI version 3.1.1 GL. The re-  The nt* energy of carbonyl compounds strongly depends
sults are compared to earlier studies on the same molecule by the solvent polarity. Thus acetone shows a blue shift of
Yadav et al. [3,4] who were using the MNDO and PCILO 1.56kK in water and a redshift of -0.46 kK in cyclohexane
methods. compared to the gasphase [1]. This effect cannot be studied

by standard QC calculations.

This solvent dependence of the excitation energy will be

Survey of results analysed by a combined QC/MM approach [2]. The time

consuming QC method is used for calculating the electronic
The pyranose ring is in 4 C1-conformation. The two lowesfproperties of acetone and the solvent molecules are incorpo-
energy conformers are characterized by distinct hydrogerated as MM-Centers using special coupling terms. These
bonding patterns. Conformer 1 shows a hydrogen bond beoupling terms consist of ordinary and special interactions
tween O4-H4 and the carbonyl-oxygen of the acid function(Coulomb, van der Waals, hydrogen bonding terms).
the N-acetyl group is strictly cisoid. The C6 side chain isin  The electronic excitations are calculated by the
gauche position. Energy of conformer 1 is -353.6 kcal/mol. semiempirical MNDOC-CI method [3] for isolated acetone

Conformer 2 shows two hydrogen bonds, one between Nand for solvated acetone in water and in cyclohexane at
H of the N-acetyl group and the carbonyl-oxygen of the acidgeometries obtained from MD-Simulation trajectories.
function. The other one between O1-H1 and the carbonyl+ourier-Analyses (PSD-Spectra) for excitation energies and
oxygen of the amide function. As a consequence the amidsscillator strengths are performed to analyse their depend-
plane of the N-acetyl group is slightly rotated out of the cisoidence on certain geometrical parameters.
position. The C6 sidechain is in gauche position. The energy The calculations reveal a blueshift in water of about 1kK,
difference to conformer 1 is only +0.32 kcal/mol. The etherwhile the breaking of the hydrogen bonds leads to a further
linkage shows three favoured torsional angle regions in théncrease of 0.6kK. The redshift in cyclohexane is calculated
distribution plot of the 40 lowest energy conformers. Con-to be -0.2 kK. The fourier-transformations show a strong
former 1 is the lowest energy representant of region |, condependence of the excitation energy on changes in the CO
former 2 that of region Il. The energy surface of each favourethond length and the CCC bond angle, whereas the
torsional region has been calculated using the correspondingscillatorstrength varies with the out-of-plane vibrational
lowest energy representant as a starting conformer. mode.
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539 formations served as input for an ab initio calculation [4] us-
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Chem 1987, 99 280 tion. In order to deduce the potential energy and the molecular

electrostatic potential (MEP) of the resulting structures, the
wavefunction was calculated using the 6-31G* basis set.

Tablel Energy diffeencesAE [kJ-mot?] of the calculated
nifedipine conformations [6-31G* basis set]

Quantum Chemical 6-31G*Ab

e : : o C3/C5/C4 AE C3/C4/C5 AE
Initio Calculations of Nifedipine
sp/sp/sp 0.0 sp/sp/ap 7.3
Klaus—-Jurgen Schleifer, ap/ap/sp 252 ap/ap/ ap 151
Free University of Berlin, Institute of Pharmacy, sp/ap/sp 9.6 sp/ap/ap 8.9

Kdnigin—Luise-Stral3e 2+4, D-14195 Berlin, Germany
(kis@kalif.pharmazie.fu—berlin.de)

Nifedipine (Tab. 1) - as prototype of the so-called cal-
cium channel antagonists - is widely used in the therapy of
cardiovascular disorders like angina pectoris, certain types
of arrhytmia and hypertension. Chemically, nifedipine rep-
resents a 1,4-dihydropyridine derivative (DHP), whose
bioactive conformation at the binding site is still unknown.

Using quantum chemicalb initio calculations, the en-
ergetically most favourable conformation should be deter-
mined as starting point for a pharmacophore model. Exami-

naltion of 34'X-ray structurqs from' the Cqmbndge The results clearly indicate a preference of the sp/sp-con-
Cristallographic Database [1] yielded information abOUtfiguration at C3 and C5, which are in comparison with the ap/

;? nformatloln zl c?a;ractenfs tt'ﬁs (E)]CH?DHP detr;1vat|vetzs. Bes'deap-conﬁguration 25.2 kJ-mdlC4 = sp) and 7.8 kJ-mb(C4
€ unusual boat form of the fing the ester groups, ap) energetically favoured. The sp/ap-orientations take a

roughly show a coplanar orientation. The 4-aryl substituen}ﬂedium energyevel. The configuration at C4 has different

'E)hoemgagP”r]inz plsne;ngggélr?ltg'trﬁgt:?:ua’;pl;%)::?sa;efl¥h2'S§ﬁ§eﬁects on the potential energy of the molecules. While the sp/

. . . sp/sp-configuration - as the global minimum - has a 7.3
ring thg carbonyligroups of the esj[er side chains can be O'K3.mot lower energy than the sp/sp/ap-structure, the ap/ap-
ented in (Z)-configuration (synperiplanar = sp) or (E)'CO.n'configuration shows inverse effects. Here the C4 ap-confor-
f|gurat|qn (antlperlplgnar = ap). Also for the relative spgtlal mation is 10.1 kJ-mdlenergetically more favoured than the
orientation of the 2'-nitro group and the hydrogen atom linke 4 sp-configuration. The results are in good agreement with
to C4, the terms synperiplanar and antiperiplanar are use

- g istic distribution of the X- . The ap/ap/
If both are pointing to the same (or opposite) directions this e statistic distribution of the X-ray structures © aprap

. i ) e p— as well as the ap/ap/ap-conformation - as the most unfa-
is called a sp- (or ap-) configuration. The rigid character Of\S/ourable structures -have not been observed. The calculated

the nifedipine molecule causes the situation that a releva%n

Nifedipin

S X lobal minimum of the sp/sp/sp-conformation is the most com-
rotatory variability only exists at three bonds. In effect, amon P/Sp/SP

I X truct v f tatable bond"°" configuration in the solid state (crystal). The relevance
all A-ray structures only two contormers per rotatable bonGys e gitferent configurations with regard to the binding at
(sp- and ap-configuration) are existent.

the receptor site will be discussed by comparison of the MEP’s
of all conformations.
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Transferable Electronic Structure
in Molecular Density Functional

Calculations Ab Initio Study and Semiempirical
Calculations of
Wolfgang Hierse, E. B. Stechel t KetO_Enol Tautomerism Of

Triazolopyrimidines

Institut fur Festkorperphysik, Technische Hochschule
Darmstadt, D—64289 Darmstadt, Germany

(ddsf@mad1.fkp.physik.th—darmstadt.de) Andreas Koch, E. Kleinpeter
T Sandia National Laboratories, Albuquerque, New Mexico _ ) _ . _
87185-0345, USA Institut fir Organische Chemie und Strukturanalytik,

Universitat Potsdam, Am Neuen Palais 10,

) . ~ D-14469 Potsdam, Germany (koch@serv.chem.uni-
The transferable properties of localized molecular orbit-

als are a well-studied topic in quantum chemistry. We hangtSdam'de)

developed a method to decompose the density-functional elec=

tronic structure of molecules into rigorously localized, non- o

orthogonal orbitals and to reassemble these orbitals to con- 1Nhe determination of the equilibria of keto-enol

struct the approximate electronic structures of different, butautomerism is quite more difficult than the determination

chemically similar molecules. of the equilibria of different conformations. The relative sta-
It was found that in some cases, this type of orbital transbility of the different tautomers is of interest because sev-

ferability reaches the intrinsic accuracy level of state-of-theral positions of substitution are possible. The tautomeric

art density functional codes and can eliminate the self-con€quilibrium determines the possible positions of later sub-

sistency cycle. In cases where transferability is imperfecgtitutions. o

because of mismatches of geometries and chemical environ- 5-methyl-4H-[1,2,4]triazolo[1,%]pyrimidin-7-one (),

ments, the Harris functional can still be used to furnish highlyp-methyl-4H-[1,2,4]triazolo[1,%]pyrimidin-7-thione ),

accurate total energies. and 5-methyl-4H-[1,2 4]triazolo[1,&]pyrimidin-7-ylamine
The method has been applied to saturated hydrocarbong?) can occur as four tautomers-¢). The keto forms of

systems with conjugated double bonds and systems contaif@mpounds1-3 have the imino-keto formbtd), whereas

ing peptide bonds. We also discuss generic types of molecibe enol form &) shows a hydroxy groudl), thiohydroxy

lar deformations, such as twisting and stretching of individuaBroup @), or a amino group3}. The relative energies of
bonds. each of these four tautomers were calculated using

semiempirical ancb initio methods.
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MO-Calculations on

H X Photo—induced Electron Transfer
N (N Reactions
N—R | \>
P%a Js
H.C N N H.C '?l N Hans-Jurgen Deyerl, Timothy Clark*
H
b Computer-Chemie-Centrum, Institut fir Organische
a Chemie, Universitéat Erlangen-Nurnberg, Néagelsbachstr. 25,
X D-91052 Erlangen, Germany
'[' (clark@organik.uni-erlangen.de)
N—N N-N
LA LA
HC™ TN N HC™ TN N NDDO-based (AM1) configuration interaction (Cl) and
H self consistent reaction field (SCRF) calculations have been

used to calculate the reaction path of a photo induced elec-
c d tron transfer reaction.
In this work we describe the charge transfer system hexa-

methylbenzene (donor (D)) and 9,10-dicyanoanthracene (ac-
X=0 (1), X=S Q), X=NH (3) ceptor (A)) [1]

The semiempirical calculations were performed with the
MOPAC 6.0 program package, using the MNDO/PM3
hamiltonian and the AM1 hamiltoniamhe ab initio calcu- | |
lations were carried out with the HONDO 8.4 program pack-

age, using the 3-21G, 4-31G, 6-31G, and 6-31G* basis sets AN
at the Hartree-Fock level. |
All the structures were completely geometry optimized. =

Additonally, MP2/6-31G*//6-31G* pertuberation calcula-
tions were performed. The computed energy values show | |
that the keto-tautomeb) of compoundd and?2 is the most

stable. The imino-group is positioned in the pyrimidine ring.
However, the semiempirical methods (AM1, PM3) prefer

the enol-tautomer for compourgh The differences in en- .
ergy values of the tautomers for compounand?2 depend The idea was to calculate the hypersurfaces of the ground

strongly on the used basis set. The graduation of energy §fate (D-A), the contact-radical-ion pair (CRIP)~{X) and

the tautomers for compourglis nearly independent of the the exciplex (A*-D) relative to the distance of the central aro-
methods and basis set used. All calculations show that tHB2tic ring of dicyanoanthracene and the aromatic ring of hexa-
‘enol-form’ (a) with a amino-group is the most stable Methylbenzene in acetonitrile as solvent.

tautomer for compoung. The results are in agreement with In order to calculate the excited states we consider a sin-
NMR-spectroscopic data. gles plus pair doubles Cl-expansion (PECI=n) within the

VAMP program [2]. A numerical self-consistent reaction field
(SCRF) technique for the calculation of the solvent effects
has been used for ground and excited states.

As a first approximation, the SCRF calculations assume
infinitely fast solvent relaxation (i.e. equilibrium solvation at
every point and for each state). The ground state donor-ac-
ceptor complex shows a distinct minimum at a ring-ring dis-
tance of about 2.5 A. The exciplex, on the other hand, is found

Hexamethylbenzene  9,10- Dicyanoanthracen



108 J. Mol. Model.1995,1

to be dissociative at this level of theory. The CRIP state is
strongly stabilized by solvation with a well-defined minimum

at 2.5 A. We dmot, however, find a crossing between the
ground and CRIP states. This suggests that the conventional
Marcus theory picture of electron transfer in the inverted re-
gion may not be correct, as already suggested on the basis of
experimental results for related systems [3].

References

1. Farid, S.; Gould, J.R., Young, R.H. Photochem.
Photobiol. A: Chem1992 65, 133.
2. Clark, T.; Chandrasekhar,ldr. J. Chem1993 33, 435.
3. Clark, T.; Rauhut, G.; Steinke, J.Am. Soc1993 115
9174. Figure: CAP complexed with cAMP. The geometries
obtained (cyan= PCM; green = GA ; yellow = combination
of both) of the ligand are in very good agreement with the
X-ray data (red), especially for the ribose-monophosphate
subunits. Even the largest deviations are within experimental
refinement accuracy (2.5 A).

A Combined Genetic Algorithm -
QM/MM Approach for Solving the
Docking Problem

Harald Lanig, Bernd Beck and Timothy Clark* Comparison Between

CombuterChemie_Centrum. Institut fir Oraanisch STM-investigations and
omputer—Chemie—Centrum, Institut fur Organische . .

Chemie der Universitat Erlangen—Nurnberg, Force Field Calculations of the

N&gelsbachstralRe 25, D-91052 Erlangen, Germany Self-assembly Phenomena of

(clark@organik.uni—erlangen.de) Organic Molecules on Graphite

Understanding the principles whereby macromoleculamanfred Gréppel, Wolfgang Roth, Timothy Clark*,
biological receptors recognise small molecule substrates 0kqreas Géller
inhibitors is the subject of a majorfat. This is of a para-
mount importance in rational drug design, where the receptor
structure is known (docking problem). Computer-Chemie-Centrum, Inst. fur Organische Chemie,
Current theoretical approaches utilise models of the steriflagelsbachstr. 25, D-91052 Erlangen, Germany
and electr'ostatlc ||jt¢ract|on of bo'und ligands and recentl}(clark@organik.uni—erlangen.de)
conformational flexibility has been incorporated. We use two
different approaches and a combination of both.
The first method is a genetic algorithm (GA) that uses an  Self-assembly of alkanes and polysilanes on graphite is
evolutionary strategy in exploring the full conformational flex- known from STM-investigations [1,2]. In order to understand
ibility of the ligand with partial flexibility of the protein. The the adsorption of polysilanes we calculated the adsorption
second procedure is a semiempirical one in which the atomizehaviour of dodecane, permethyldodecylsilane and
of the protein are described as point charges (PCM) to forrdodecasilane. The MM+ force field [3] from the HYPER
an environment in which the substrate is fully optimised. ToOCHEM [4] program was used.
verify our results we compare them to X-ray structures of the The graphite model, shown in figure 1, was also
calculated systems. optimised with the MM+ force field and contains 1888 at-
oms in two layers.
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For the dodecasilane a large difference between the per-
pendicular and parallel orientation of the dihedral angle of

| TR | the Si-backbone was calculated. The dodecane and the
J.;m ﬂl Ve = permethyldodecylsilane show only a small difference in the
i II A 3 1 “"'*11 1 {&}} relative orientation of the backbone to the substrate.This sug-
11" JIL + ‘Pf} L ‘T ]; )
L}} ; i:f Ef ‘t fT j L[ i gests that the methyl-groups are responsible for the adsorp-
T,, ,1} T { L } }.; tion of permethylpolysilanes. This is supported by the fact
ﬁ + lq}j "" o ~ 'IJT ,f = |ies . that the heat of adsorption and the number of methyl(ene)
l:if e -E'“’[ ' groups of the permethyldodecylsilane is about twice that of

dodecane.

Lﬁ 1 A A A

Figure 1 shows the graphite lattice used for the simulations.
The lattice constant is 2.42 A and the distance between tr | | .
two layers is 3.35 A, in agreement with the experimenta RN
values. plplrl il il il

The methyl(ene)groups are responsible for the adsorp-

tion of alkanes. In case of the permethylpolysilanes eithefjgure 2 shows dodecane, permethyldodecylsilane and
the Si-backbone or the methyl groups can be responsible fefpdecasilane on the basal plane of graphite. The silanes are
the adsorption. The intermolecular van der Waals interaclying, i.e. with the dihedral angle of the Si-backbone parallel
tions and the heat of adsorption are dependent on the relgy the graphite. The alkane is standing, i.e. the dihedral angle
tive orientation of the backbone to the substrate as shown igf the C-backbone is perpendicular to the substrate. (Si-atoms:
table 1. red; C-atoms: blue; H-atoms: green)

Table 1 Calculated heats of adsorption of dodecahg (

dodecasilaned) and permethyldodecylsilan8)(depending  References

on the relative orientation of their backbone to the graphite.

1. M. Groppel, W. Roth, N. Elbel, H. v. Seggesuyrf. Sci.
1995 323 304.

Heats of adsorption [kcal/mol] 2. H. Buchholz, Dissertation, Universitat Mainz, 1991.

3. N. L. Allinger,J. Am. Chem. Sd977, 99, 8127.
HyperChem 4.0, Hypercube Inc., 1994.

compound Parallel Perpendicular
1 25.56 22.43
2 26.69 38.96

3 53.78 54.27
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Semiempirical Calculations References

on the Structures and 1. Kemeny, G. Dissertation, Universitat Kaiserslautern
i i 1994

EleCtrOHIC Propertles Of 2.  Trinh-Toan, Fehlhammer, P.; Dahl, L.J-Am. Chem.

[CpFeP],- and [CpFeS]-Clusters Soc 1977, 99, 402.

Andreas Goller, Timothy Clark*

Centrum Computer Chemie, Institut fir Organische Journal of Molecular Modeling
Chemie, Nagelsbachstralle 2590052 Erlangen, Germany — The Beginning of a New Era
(clark@organik.uni-erlangen.de) in SCientiﬁC PUblIShlng

The program package AMPACS.0 includes the newHenryette Roth and Timothy Clark
semiempirical Hamiltonian SAM1, which is now parametrised
for iron. However, since the parameters are not final, this i
only a first test.

The structures calculated were [CpMiQlusters with ~ Chemie, Universitat Erlangen-Ndrnberg,

M = Fe (or Co, Ru, Os in x-ray-investigations) and L = S, P.Nagelsbachstr. 25, D-91052 Erlangen, Germany
Some experime_ntal and calculational work on these SySte"t?oth@organik.uni-erlangen.de)

has been done in the last ten years. All these compounds are

vertex dodecahedra with an ideal or distortgetdttahedron,
only depending on the number of electrons in the metal-metal TheJournal of Molecular Modelings the first fully elec-
antibonding MO's. tronic journal in chemistry. What started as an idea at an
ACS meeting is now officially “up and running”, operated
by the Computer-Chemie-Centrum at the Institut fur
Organische Chemie of the Friedrich-Alexander Universitéat
Erlangen-Nurnberg in cooperation with Springer.

The aim is to produce a high quality chemistry journal
that takes advantages of modern electronic communication
technology. The use of electronic media in every step of the
publication process should lead to unprecedentedly short
publication times.

The journal is made accessible through FTP-servers to
subscribers with a minimum availability time for individual
papers of one year. The servermode of publication however
does not mean that we do not provide for the longevity of
the published material, which will be guaranteed by issuing
a CD-ROM version.

Graphical abstracts of accepted papers will be generally
accessible on the wWd Wide Welsite of the Computer-
Chemie-Centrum Erlangen.

Fig. 1: SAML1 calculated structure of [CpFeS] TheJournal of Molecular Modelingccepts papers from
all areas of molecular modeling, both applications and

It can be shown that SAM1 is able to reproduce the struchethod development, including classical and quantum me-
ture of [CpFeS]and to a smaller extent the one of [CpFeP] chanlc'al modellpg, QSAR, blochemlcal_ researgh topics, de
Both have D, symmetry (a distorted MTetrahedron) as ex- NOVO ligand design, neural nets, genetic algorithms, expert
pected from the number of electrons. The structure foSYStems, information retrieval and management.
[CpFeCI],with T, symmetry can also be obtained. These com- The goal is to convert théournal of Molecular Mod-
pounds are isoelectronic to [CpCoSbr this compound an eling, which has now in the beginning a conservative “book-

X-ray structure with -symmetry is known. [CpFeSikhould like” format, into something approaching an interactive jour-
also exhibit | symmetry. nal in which the reader will have the possibility to rotate

graphics, extract diagrams etc. The technology for this kind

%omputer—Chemie—Centrum, Institut fur Organische
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of application is under continual developement over the yearstabilized by complexation with a metal carbonyl or metal
and we will try to keep pace with its progress. cyclopentadienyl moiety.The comparative rigidity of the tri-
Today theJournal of Molecular Modelingyives scien-  ple bond gives rise to a number os isomers with respect to the
tists the possibility to publish sophisticated presentation marelative orientation of these metal-organic groups in the
terial without extra costs. Full colour graphics are incorpo-oligomeric molecule.
rated directly in the text and are not grouped together on In order to study the structural and energetic features of
extra pages. Videos can be delivered together with the texhe isomeric oligomers, we have incorporated parameters for
and no limits are set to supplementary material, everything-e(0) and Co(+) as well as the CO ligand in our PIMM force
can be incorporated, e.g. source code, program executablBeld. All interactions between the metal and its organic ligands
etc. are calculated without resorting to pseudoatoms or static bonds.
This ensures a maximum of flexibility in our approach that
should allow its application to problems beyond those pre-
sented here.

1. rulins

Modified Cyclodextrins as Chiral

v Selectors - A Molecular Modelling
.
T Study
—
3. hardeopy % CD-Rom Thomas Beier and Hans-Dieter Holtje
The Journal of Molecular Modeling Institute of Pharmacy, Free University of Berlin, Kénigin-
— the advanced way of publishing— Luise-Str. 2+4, D-14195 Berlin, Germany

(beier@baloo.pharmazie.fu—berlin.de)

Modified cyclodextrins diluted with polysiloxanes have

A Molecular Mechanics Study of become powerful tools in the enantioselective capillary gas
: ; chromatography. One very recent and successful application
an Organometalllc kaertoy is the enantioselective analysis of aroma-relevant
dihydrofuranones [1].
Martin Kroeker, U. Bunzt, H. J. Lindner The aim of our Molecular Modelling study is to get in-
sight into the mechanism of this separation process by con-
struction of a corresponding interaction model of the host-

Institut fuer Organische Chemie der TH Darmstadt, guest complexes. On the basis of this model the forces which
Petersenstr. 22, D-64287 Darmstadt, Germany are responsible for enantiomeric separation shall be described.
(martin@002_oc_Chemie_th_darmstadt_de) In the first Step we have modified the CVFF force field of

INSIGHT/DISCOVER [2] so that the special geometrical prop-

) erties of carbohydrates are more correctly reflected. The re-
Ackermannweg 10, D-55021 Mainz, Germany sults of the calculations using the modified force field are in
(db7p@hrzpub.th-darmstadt.de) good agreement with experimental data [3] and ab initio cal-
culations [4]. A conformational analysis of heptakis (2,3-di-
O-methyl-6-tert-butyldimethylsilyl)-3-cyclodextrin was per-

A fairly new and rapidly growing field of polymer sci- formed, using annealed molecular dynamics starting at 1000
ence is targeted at the synthesis and characterization of mg-and annealing to 0 K. For each of the received energetically
lecular compounds beyond the sizeof conventional organigeasonable structures, favourable binding sites for the host-
molecules. Apart from the dendrimers, currentinterest centefgyest interaction have been determined using the programme
on extended planar structures that can be viewed as excent&yRID [5]. The results of these calculations are used as start-
alternatives to the familiar structure of graphite.These Caﬁhg points for the genera‘[ion of the host-guest Comp|exes be-

be synthesized from ethynyl-substituted carbocycles such ageen cyclodextrins and dihydrofuranone derivatives.
cyclobutadienyl and cyclopentadienyl derivatives that are

TMax-Planck-Institut fir Polymerforschung,
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In order to investigate the flexibility of the diastereomeric ~ With the help of osmophorical hypothesis relationships
complexes a molecular dynamics simulation of 200 ps fothe structure of biological active compounds is scanned with
each of the generated starting geometries of the complexéise goal to find key structure elements out of a large amount
was performed. During the molecular dynamics simulationf aromatic substances [3,4].
the complex geometries have been saved at regular time in- A fast and reliable method to prove the pharmacophor-
tervals resulting in 800 different complex states. For each obr osmophor hypothesis and to find active conformations
these states the interaction energy was determined. (i.e. the binding conformation of the molecule to the recep-

Considering the evaluated interaction energy between thir) is the ACTIVE ANALOGAPPROACH][5]. Beginning
cyclodextrin and the dihydrofuranone derivative as a measureith the coordinates of active aromatic substances of san-
of complex stability the S-complexes are energetically fa-dalwood taken from a data bank a conformation analysis of
voured over the R-complexes. This is in good agreement witthe different molecules is performed wiBYSTEMATIC
the experimental determined elution sequence [1]. The RSEARCHG6] and RANDOM SEARCHI7] to give the start-
enantiomer of the dihydrofuranone derivative, which formsing geometries [8] for thACTIVE ANALOG APPROACH
the less stable complexes elutes before the corresponding S- With the help of systematic searching algorithms the

enantiomer. 3D-arrangements of the osmophoric groups of the fragrances
taken from the data base are searched for the similarity to-
wards sandalwood aromatic fragrances. The 3D orientation

References of the osmophoric groups of the active conformations plays

an important role.

In the next step a receptor mapping [5] is performed and
through addition of van der Waals volumina to the biologi-
cal active molecules a negative model is generated, leading
3. Jeffrey, G.A.; McMullan, R.K.; &kagi, S.ibid. 1977, to the properties of a possible receptor. To validate the

33, 728. method, inactive aromatic substances of sandalwood with
4. GAUSSIAN 92, ¥rsion C, Gaussian Inc., Pittsburgh, similar structure are bound to the receptor model according

U.S.A. to the molecular surface, proving the missing effect of the
5. GRID, Molecular Discovery Ltd., Oxford, England test molecules.

To locate binding sites in the surroundings of the
osmophoric groups an optimization and a comparison of the
complete surface or definite segments is performed [9-11]
and the results are analysed with quantitative methods. These
methods are based on the construction of points of intersec-
tion through the centre of mass of the reference molecule.
The criterion to qualify the degree of similarity of the com-
pared molecular surfaces is scaled corresponding to the sum
of squares of the deviation of the included surface points.

1. Bruche, G.; Dietrich, A.; Mosandl, AARC 1993 16,
101.
2. BIOSYM TECHNOLOGIES INC., San Diego, U.S.A.

Best Poster Award

3D Investigations of Sandalwood
Fragrances
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Liedl, Petra Weil3, Peter Wolschann

Inst. flr Theoretische Chemie und Strahlenchemie der 3

Universitat Wien Wahringerstralle 38, A—-Wien, Austria
Inst. fiir Pharmazeutische Chemie der Universitat Wien,

AlthanstralRe 14, A-1090 ih, Austria. 4.

The structure activity relationship of sandalwood fra-
grances is mostly unknown until today, this may be caused by

the large structural inhomogenity, the lack of knowledge of6-

the olfactory process and of the properties of the aromatic
substances [1,2].
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7. Chang, G.; Guida, W.C; Still, @. J. Am. Chem. Sqgc.  analyzed.The parametrization of the force field utilized is

1989 111, 4379. believed to have key importance to obtain realistic energy
8.  Hillisch, A. DiplomarbeitUniversitat Wien. profiles for oligosaccharides, but the question as to which is
9. BuchbauerG.; Wniwarter, S.; Wblschann, P. the most appropriate force field to use for carbohydrates has
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molecular mechanics and molecular dynamics calculations
for both title compounds, cyclodextrin and its maltose
subunit, are compared with the statistical analysis of all struc-
tural data retrieved for these molecules from the Cambridge
Crystallographic Database.

Efficient Modeling Protocols for

Oligosaccharides; References

from Maltose to CyCIOdeXtrm 1. FrenchA.D.; Dowd M.KJ. Molec. Struct. (Theochem)
1993 183 286.

Tibor Kozar and Claus Wilhelm von der Lieth 2. Kozéar, T.; Petrak, F.; Galova, Z.; Tvaroska, I.

Carbohydr.Res.199Q 204, 27.
3. Koazar, T.; Venanzi, C.A209th ACS National Meeting,

Institute of Experimental Physics, Slovak Academy of Anaheim. California, 1995

Sciences, KoSice, Slovakia and German Cancer Research
Center, Heidelberg, Germany
(tibor@otto.mpimf-heidelberg.mpg.de)

The determination of conformational preferences of

oligosaccharides is best approached by describing their pre{C onformational FleXIblllty of
ferred conformations on potential energy surfaces as a func-

tion of the glycosidic linkage torsional angles and¥ . B—Cyclodextrin as Revealed from
Besides the conformational transitions in ¢h&’ space, the Random—WaIk Molecular

flexibility of the rotable pendant groups must be analyzed,

which, in the case of title compounds, is a Mechanics and Long Range
multidimensionality problem of 10 for maltose and 28 for .
[B-cyclodextrin. On a molecular mechanics level, the so Called(nanosecond) Molecular Dynamlcs
“adiabatic maps”, which partially mimics the flexibility
within the 10 dimensional conformational space of the pen- ;. Kozart and Carol A. Venanzit
dant groups, are considered to be the state of the art of the
maltosed, W potential energy surface recently calculated [1]
T Institute of Experimental Physics of SAS, Watsonova 46,
The computation protocol, based on the RAMM [2] 04353 Kosice, Slovakia

(RAndom Molecular Mechanics) methods, is shown to cal- 1 Department of Chemical Engineering, Chemistry, and

culate such profiles in an entirely automatic way. The pro- Envi tal Sci New J Institute of
cedure can easily be expanded for larger oligosaccharides, nvironmental science, New Jersey Institute o

as illustrated by the example of cyclodextrin [3]. The effi- Technology, Newark N.J. 07102 USA
ciency of the RAMM calculational protocol to locate low-

energy conformers on the multidimensional potential energy ) ) .
hypersurfaces of maltose and cyclodextrin is discussed. In  Conformational properties @cyclodextrins (BCD) are

addition to molecular mechanics modeling several molecu- of particular interest, and were also thoroughly investigated
lar dynamics simulations have been performed on a 1 nsduring the last few years in several laboratories. Qualitative
time scale. The effect of simulation temperature, dielectric €Stimation of the conformational flexibility of BCD can be

constant, integration steps, etc., on the conformational flex- ©Ptained by monitoring the changes of intramolecular tor-
ibility in the ®,W space of both molecules have been sional angles. In the case of BCD these can be divided into
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two classes. First, the glycosidic torsional angies,W¥,
(dimensionality 14) describe the orientation of the adjacent
glucose units. The second class, X, » X,; » X, » describes Molecular Dynamics Simulations
the orientation of the primary and secondary hydroxyl groups .
on the glucose subunits and has dimensionality of 28 (Wher@f 1,2-D|O| Water Clusters
i=1 to 7 for both classes).

Complex analysis is required to answer the question what .
is the relationship between the conformational changeghn S.Naumann and R.Friedemann
directions and the conformational fluctuation of the
substituents. The standard molecular mechanics methods bagggpartment of Chemistry, Martin Luther University Halle-
on regular grid search are not suitable for such an enorMoYienherg, D-06099 Halle (Saale), Germany
conformational problem. An alternative approach is given here ' ’
using the RAMM procedure [1], a molecular mechanics{
method based on random-walk within the torsional angle
space. The results of the analysis of nine stable forms are pre- Investigations of the structure, stability and dynamics of
sented, six geometries of low symmetry [2] and three Coné\mphiphilic 1,2-octanediol as wel] as phenyl and cyclohexyl
formers with higher symmetry. The last were obtained with '

standard and driven optimization of BCD conformation withSUbStitUted 1,2-ethanediols were performed within
® W =0.0°. For all conformers studied, the random sam-'vID simulations using the program package GROMOS87

li ithin the 28 di ional Ii ional [1-3]
glg?;gv::nmrtved th |mr§n|5|on| 'r,Xir21 ’>r(i3 ’X|i6 Ct?nn ormatlofna” th These diols are suitable as model systems for the study
sfudied f%r?ng thee ri(r)nz(;ui 3r§xg)ll. ? N css\e; OI ar rgf structural formation in amphotropic liquid crystals and
X P y hy yl groups have 'arge bilayers. The applicability of the GROMOS87 force field
conformational freedom than the secondary ones. In the ca

: ; as tested by calculations on the isolated molecules.First
of the symmetric forms the secondary hydroxyls are involve . : :
. : results of MD simulations on monomers, dimers as well as
into a homodromic O2...03 hydrogen bond network.

The results of the RAMM modeling were confirmed with clusters Wlth 4 and 16 molecules of the 1,2 d|0|§ in the gas
. . . . ._phase and in the water box are presented. The influences of
long range molecular dynamics simulations, using the Dis

cover program of Biosym. Simulations at 300 and 400 K (1néhe GROMOS87 parameters, e.g. step width, cut-off radil

and 2ns) and at 1000 K (1ns) were calculated. At low temc:;md bqundary condltlpns on the results were investigated.
. i o Especially, the role of intramolecular and intermolecular hy-
perature simulations the molecule fluctuates withindh¢’

. drogen bondin well he f i
space at values around 0.0° . The occupancy profile, drawn |.crj1 ogen bonding as well as the function of water molecules

two-dimensional®,W plot, is similar for each of the seven in the process of assomatlpn of the hydrophilic head groups
o L -~ was studied in more detail. Moreover, by structural varia-
combinations of, ,¥, and has a characteristic half-moon like

shape.The stabilizing hydrogen bond network betweentions in the amphiphilic molecular units, the formation of
02(i)....03(i-1) is present during the entire simulation Withthe energetically preferred arrangements of clusters and

. .bilayers was investigated in a systematic way.For the visu-
consequent decrease of the mobility of HO2 and HO3 (Osc'lélization of the molecular dynamics results a graphics tool

ating aroundk, »g'rggpéx\ilsvzrfgbgéi\\'/zg‘;rt‘fgggaé";rr‘%' t;ﬁg'ﬁr%ﬁas created for SGI and IBM RISC 6000 workstations. With
and only reorientation occurreg (» 180° .. » 180°,) at e help of thig tool the resultg of MD runs are i'IIustrated
approximately 1.7 ns at 400 K iz T A3 and analyzed in a useful way including trajectories of en-
‘ ' ergy, significant distances and torsion angles as well as the
representations of molecular structures and the water box.

naumann@chemie.uni—halle.d400.de)
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A new Modeling Tool for References
Sybyl to Calculate LOG P and 1. Broto, P.; Moreau, G.; Vandycke, Eur. J. Med. Chem.

. . . - Chim.Ther1984 19, 71-78.
Vlsuallze Atomlc and 2. GhoseA.K.; Pritchett, A.; Crippen, G.M.]J. Chem.

Molecular LIpOphIlICIty Inf. Comput. Sci1989 29, 163-172.

3. Croizet F.; Dubost J.P.; Langlois M.H.; Audry E.;
QUANT. STRUCT.-ACT. RELAI®9], 10, 211-215.
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Mol. Des 1993,7, 503-514.

Scior, T.; Winiwarter, S.; Wermuth, C.G.

CNRS Laboratoire de Pharmacochimie Moleculaire, 5, rue
Blaise Pascal, Neurochimie, F—-67084 Starbourg Cedex,
France (tom@Ipm1.u-strasbg.fr)

Despite the importance of hydrophilicity for structure ac- Conformational Analysis of
tivity relationship and the availability of published data setscharged and Uncharged

from Broto es al [1] and Crippen et al [2], reproduce
lipophilic properties of atoms and molecules, there is stiIIOIigothiophenes
no adequate tool at hand for this purpose within the Sybyl
basic command set. LIPOP is a simple Sybyl programing
language macro written for the SYBYL-BASIC module. ~ Thomas Stral3ner

The main concept for such a computational quantifica-
tion of lipophilicity by atomic fragmental contributions has Institut fir Organische Chemie, TU Dresden,
been established as Molecular Lipophilic Potential (MLP)\1ommsenstrake 13, D-01069 Dresden, Germany
by Croizet et al [3] and Heiden et al [4]. The only input
data LIPOP asks for is the molecule itself. The algorithm idSasner@coch0l.chm.tu-dresden.de)
derived from the fragmental code described by Croizet et

al. It applies the empirical finding that each atom contrib- Conjugated organic polymers like polythiophenes have
utes additively in a constant way to the molecular

; - . . attracted a lot of interest during the last decade. They show
I|p0ph|I|C|ty. LIPOP-2 will be able to SWItCh to another data interesting properties in their reduced and oxidized (doped)
set of Crippen et al. LIPOP automatically calculates an4

displ he following inf . h ) orms, e.g high electrical conductivity. These properties are
Isplays the following informations on the screen: dependent of the conjugation of thesystem and therefore a

thorough investigation of the conformation of oligothiophenes
as model systems for the polymers was conducted.
Semiempirical calculations give a possible explanation why
only doped systems show those extraordinary properties.
Oligothiophened and2 were used as model compounds,
the conformational hypersurfaces of the radical anion/cation
and of the neutral molecule were calculated by means of the
semiempirical methods AM1, MNDO and PM3 [1]. The sur-

faces shown at the end of the abstract were calculated with
A Sybyl DEMO has been set up to show the usefulnes§he PM3-method

of LIPOP in the comparison of anti-lepra Dapsone to other

sulfonamides. Experimental LOG P values of several com-

pounds are gathered and compared to the results of CLOGP

and LIPOP. R R R
Limitations: reproduction of conformational, isomeric, / / /

tautomeric, ionic, and dipolar influences. LIPOP is a user- // \\ / \ / \

friendly, robust modeling tool giving basic information and @ %

intuitive insight to MLP. It constitues a simple introduction S S S

to a not yet satisfactorily understood empirical intrinsic struc-
tural property: LIPOPAhilicity.

* LOG P value based on the Broto and/or Crippen data
set- molecular lipophilic potential (MLP) map using
Broto or Crippen data

* colored molecular surface (VAN DER WAALS)
visualizes lipophilic and hydrophilic properties using
Broto or Crippen data on a transparent

e CONNOLLY surface.
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Conformational Analysis on
Monospirodienone—Derivatives of
Calix[4]arenes

JensWohnert*, Klaus Frost, Jorg Brenn, Silvio Bialit,
Iris Thondorf

Martin—Luther—Universitat Halle/Wittenberg, Fachbereich
Biochemie/Biotechnologie, Weinbergweg 16a, D—06099
Halle, Germany

T The Hebrew University of Jerusalem, Dept. of Organic
Chemistry, Jerusalem 91904, Israel

The mild oxidation of pgert-butylcalix[4]arene leads to
the chiral monospirodienenodér =tert-butyl) as an inter-
mediate for the synthesis of proximal disubstituted and
didehydroxylated calixarenes [1].

R
CHA
L,

R

R

1

The X—ray structure df shows a partial cone conforma-
tion with both hydroxyl groups igyrposition and one pos-
sible H-bond between one hydroxyl group and the oxygen
of the furan—ring. In contrast to classical calix[4]arenes the
inversion of the ring leads to a diastereorisomeric partial
cone conformation, where the phenol ring is anti to the

Sauer, W.Clark, T. \AMPS.5, available from Oxford  dihydroxybezofurane ring, which is stabilized by a H-bond
Molecular Ltd, The Magdalen Centre, Oxford Sciencepetween the hydroxyl group and the carbonyl function.

Park, Sandford on Thames, Oxford OX4 4GA, United

Kindgom.

Temperature dependetti-NMR spectroscopy does not
show decoaleszenz at 145K, this can be explained by the
precence of only one conformer or an activation energy for
the ring inversion below 7.5 kcal-mol

A systematic conformational seach of the model com-
poundl (R = Me) was performed with the help of high—
temperature MD-simulations, followed by an energy mini-
mization to give a set of starting conformations using the
TRIPOS [2] and the MM3 force field [3].
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19 local minima structures were found and classified asvork, which can be used to generate a non-linear projection

followed (relative energies, TRIPOS—force field [MM3]):

syn partial cong0.0 [0.4] kcal-mot)
1.2—alternate(2.6 [0.0] kcal-mot)
anti partial cone(6.7 [0.6] kcal-mot)
1.3-alternate(7.5 [2.5] kcal-mot)

The geometry of the thermodynamically most stalle

of objects into a lower dimensional space, while conserving
as much as possible of the topology of the information [1].
The advantage of this method compared to previous ap-
proaches is that no superposition of the molecules studied is
required.
Applications of the methodology will be presented to show
a variety of possibilities for the use of the Kohonen net in

partial coneconformation is in good agreement with the SAR and drug design. A template approach will be presented,
X-ray structure, the fit with the calixarene ground structureusing several compounds of cardiac glycosides, which bind
gives RMS values of 0.32 A (TRIPOS) and 0.27 A (MM3), to the digitalis receptor and inhibit the N&-ATPase[2].

respectively.

In the template approach the shape is taken into account

The reaction paths and the corresponding activation erby a reference molecule within a series of compounds to pre-
ergies of the ring inversion process were calculated with separe a template net, which forms a basis for further compari-

eral methods based on the MM3 force field.
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Comparison of Molecular Surface

Properties Using a Kohonen
Neural Network

Soheila Anzali, Gerhard Barnickel, Michael Krug,
Xinzhi Lit, Jens Sadowskit, Markus Wagenert,
Johann Gasteigert

E. Merck, Department of Medicinal Chemistry/ Drug
Design, D—64271 Darmtadt, Germany
({anzali,barni,krugl@merck.de)
tComputer-Chemie-Centrum,University Erlangen-
Nirnberg, D—91052 Erlangen, Germany
({li,sadowski,wagener,gasteiger}@eros.ccc.uni-
erlangen.de)

sons.

The template approach can also be used to compare the
conformations of a flexible molecule, generated by
conformational search with respect to a reference molecule.

The backprojection of the 2D-Kohonen maps into 3D-space
allows to identify the areas of the molecular surface where
active and inactive compounds differ significantly. This will
be shown using the example of ryanodine derivatives, which
bind to specific membrane proteins, altering the calcium per-
meability of the intracellular membrane [3].

A fragment library of small ‘functional groups’ together
with their corresponding Kohonen maps has been generated.
The comparison of the electrostatic potential patterns of the
maps of such a library can be used to cluster the bioisosteric
groups and consequently improve the efficiency of the 3D-
design of bioactive molecules.This strategy will be presented
for the 5HT ,-agonists as a group of semiridig analogs of
serotonin.

The results indicate that the Kohonen neural network may
be a useful tool for the fast and accurate investigation of large
datasets of molecules and for the rational design of drugs of
biological interest.
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Based on the application of the Kohonen neural network,
we would like to present a novel, versatile approach for a
comparative analysis of surface properties of molecules, here
especially of the electrostatic potential on molecular sur-
faces. The Kohonen neural network is a self-organizing net-
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Slmllarlty Analysis Of Bi0|ogica”y database screening method it is interesting to see what hap-

. ] ) pens if the active substances are buried in a large number of
Active Molecules with Topologlcal inactive substances or substances whose activity is not known.
: : To answer this question, the 172 active substances were com-
Autocorrelation Vectors in Self- plemented by inactive substances from the Janssen catalogue
Organizing Maps of chemical substances with 8298 entries [Jansen94]. To see
distinctive clusters in this large data set we used a self-or-
ganizing map of size 40x30. This data set with its 8470 en-
Henri Bauknecht, Andreas Zell, Harald Bayer, tries is so large that training the Kohonen map needed sev-
Paul Levi, Markus Wagenert, Jens Sadowskit, eral hours even with the very powerful parallel computer
used. Surprisingly, these active substances formed disticnt
clusters in a small region of the full space of substances.
The combination of topological autocorrelation vectors and

Johann Gasteigert

UniverSity of Stuttgart, Institute for Parallel and Distrib. Se|f-organizing maps is thus a successful approach for the
High Performance Systems (IPVR) Breitwiesenstr. 20-22, similarity analysis of molecules. Even if the active substances
D-70565 Stuttgart, Germany ({bauknecht, zell, bayer, are among a large set of inactive substances, they form dis-

tinct clusters.

The use of a massively parallel computer with 16384
T University of Erlangen-Nurnberg, Computer-Chemie- processors, which is 200 to 500 times faster than a workstation
Centrum Né&gelsbachstralle 25, D-91052 Erlangen, for this particular problem, enables a rapid training of large
self-organizing networks with high resolution. Once the net-
work is trained, however, the resulting network can easily
be deployed and used on a workstation.

levil@informatik.uni-stuttgart.de)

Germany ({wagener, sadowski,
gasteiger}@eros.ccc.uni-erlangen.de)

Increasingly large databases with hundreds of thousands
of compounds, which often only contain the two—dimensional
(topological) structure of the molecules have become avail-
able in the last few years. The automated search of these .
databases for substances similar to those with known therdl1aIVIN.
p.?utig effect is an important method to find new highly spe-A Njew Platform for QSAR
cific drugs.
The method presented here uses self-organizing maps sooftware Development and a

a massively parallel computer (MasPar MP-1 with 16384 proc ;
essors) for clustering of similar molecules, on the basis o eneral Molecular MOde“ng

topological autocorrelation vectors. The algorithm of the self-Software Inte rface

organizing map requires a vector of equal length for every

molecule which is used as input vector for an unsupervised

network training algorithm. This input vector must code allA.- Dominik and H.J. Roth

features of a molecule relevant for the grouping or classifica-

E\an decigs(;?nfc;f ﬂt1e ne'Eworhk. Herte,t alutﬁcorrelatic;n ;’eCtorSPharmaceutical Institute, University of Tiibingen,
oreau80] of features (s-charge, total charge, s-electronega- .

tivity, p-electronegativity, lone-pair-electronegativity, atom pc?-%‘lJf der Morgenstelle 8, D-72076 Tuebingen, Germany

larization coefficient, atom identity) of the topological struc- (Andreas.Dominik@uni-tuebingen.de)

ture of the molecules were used.
The goal of training these Kohonen maps was to separate o )

112 dopaminergic agonists and 60 benzodiazepine agonists Marvin is a software package that organizes QSAR and

[MDL94] into two clusters of activated neurons. In this appli- Molécular modeling algorithms, and applicates them to dif-

cation a near perfect class separation (3 misclassificationf§"ent types of molecular data sets. In mavin, an algorithm

could be achieved for a Kohonen map of size 10x7. A smalle}> defined as a list of marvin applications. Every applica-

subset of 17 dopaminergic agonists and seven benzodiazepifig" i @ stand alone program designed for the use with

agonists [Martin93] could be separated perfectly with a selfmarvin. In addition, any existing molecular modeling or

organizing map of size 5x7. For the intended application as a
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quantum chemistry program (eg. mopac, gamess, gaussiagtructure Activity Relationships in

can be adapted easily to use it as an application. L. . )
The interface between the applications is a common datKappa OpIOId Receptor Blndlng

file format that can hold different types of data. Therefore, : :

all applications can be assembled arbitarily without Com_3,7-D|azablcyclo[3.3.1]nonan-9—ones

patibility problems. Consequently, marvin is a modular mo-

lecular modeling system with algorithms built up from indi- sysanne Drosihn*, Wolfgang Brandt,

vidual applications. The parameter input for all applications~ .. . :

is done in the same input file. This file controls the informa-Corlna Nachtsheims, Ulrike Holzgrabes

tion flow between the applications as well as the setup for ) ) . . .

single applications. The algorithm is defined by a list of ap-Institute of Biochemistry, Martin-Luther-University,

plications, a second list contains all molecule names to b®-06099 Halle, Germany

processed. One input file holds the setup for the whole QSAR |nstitute of Pharmacy, University of Bonn, D-53115 Bonn,

investigation that runs automatically, without further engage-Germany

ment of the operator. The format of the input file is very

simple: free text format, comments allowed everywhere;

inline statement to include files containing default values,

hierarchical structure of input files that allows easy defini-\yere found to ba-opioid receptor selective agonists.[1] We
tion and change of defaults, etc.

: ) o analysed the structure-activity relationships of these com-
When programming new marvin applications, the func-

, o ounds in different conformations by comparing them with
tions of the marvin library are used to do all the work relatec{i/e”_known k-selective agonists such as U-62066, U-69593

with input, output, error handling and user interface. Th?reU-50488 and several isoquinoline derivatives [2]. We per-
fore, the programmer can focus on the essential algorithMyymeq molecular modelling investigations using SYBYL
so that the development of a new application for marvin igtyare as well as PM3 and MM3 calculations. For all com-
very effective. To include the new functionality into a QSAR nds a systematic conformational search was carried out.
algorithm, just put the name of the new application into therpg oy energy conformations were compared with regard to
appllcatlonlllst of thg marvin input file. There are three MaiNgpatial similarities of the electrostatic, hydrophobic and hy-
ways of using marvin: drogen bonding potentials.
] o ] The resulting common features of the very likely

* to organize existing molecular modeling and quantumypaymacophore conformations of U-62066, U-69593, U-50488

chemistry software to form specialized algorithms, andyg several isoquinoline derivatives are characterised by iden-

run .them aut'omatlcallly. . tical orientations and positions of the protonated nitrogen

* using marvin as a simple platform, to run single mo-415m N7, the carbonyl function as well as the aromatic ring at

lecular modeling programs. Profit by the user friendly co These characteristics are also found in kkentagonist

marvin input format for all program setups, instead Ofketocyclazocine.

using different file formats for each program package.  pgased on these studies we determined the pharmacophore

* to write your own marvin application as a part of new conformation of the 3,7-diazabicyclo[3.3.1]Jnonan-9-ones.

QSAR algorithms, - and combine it with all existing and 11,5, the protonated nitrogen atom, the keto carbonyl func-
future applications and interfaces.

Several 3,7-diazabicyclo[3.3.1]nonan-9-ones (see Fig.)

* to whom correspondence should be addresse
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tion and one of both aromatic rings agree with correspondintgcular electrostatic, hydrophobic and hydrogen bonding
positions found in all other compounds. The other aromatipotentials. Interestingly, for the inactive compounds such
ring is nearly in the same spatial position as found for theonformations could not be detected. Beside, larger distances
second ring in the isoquinolines. between the centroids of the aromatics Tyr 1 and Phe 3 for
the u selective conformations (10 to 11 A) than for the
d-conformations (5 to 7 A) we found a further main differ-
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It has been shown that cyclic R-casomorphin analogueQuantiﬁcaﬂon and Visualization
with a D-configurated amino acid residue in position 2, suc ihili
as Tyr-C[-X-Phe-Pro-GIy-], Tyr-C[-X_Phe_D_PrO_GIy] 'bf MOIeCUIar Surface FIeXIbIIIty
(X=A_bu, Orn, Lys) bind to the u—opioid receptor as well as
to thed—opioid receptor, whereas the L-configurated analogueg arl-Dieter Zachmann, Stefan Michael Kast, and
are nearly inactive at both [1,2]. The very likely p—opioid re- ... :
ceptor binding conformations have already been described fc3]rurgen Brickmann
the D-Orn containing 3-casomorphin analogues supported by
NMR-spectroscopy [2]. Institut fir Physikalische Chemie, Technische Hochschule

Low energy conformers of both active and nearly inactiveparmstadt, Petersenstr. 20, D-64287 Darmstadt,

compounds have been determined in a systemati e
conformational search using the TRIPOS force field. The Obiéermany(cdz@pc.chem|e.th darmstadt.de)

tained conformations were compared with a p—opioid recep-
tor pharmacophore model [2,3] as well as with a proposal of

the 3—opioid receptor pharmacophore conformations devel- The surface of a molecule is of special interest when
oped by Mosberg et al. [4a,b], and with several Rgidpioid molecular recognition phenomena are investigated. The ob-
antagonists [5]. On the basis of these investigations we weigctive of the work presented here was to improve the widely
able to propose the until now not described p—pharmacophoksedsolvent accessible surfa¢@AS) model by developing
conformations for the fu and Lys derivatives and the Nnew methods for the quantification and visualization of lo-
5—pharmacophore structures of all investigated cycliccal surface flexibility.

R-casomorphins. We did find not only high similarity in the  Information on the dynamics of molecular surfaces can
spatial orientations of aromatic rings with regard to thebe obtained in many cases from experimental data, e.g., the
N-terminal nitrogen but also for the overall backbone strucDebye-Waller temperature factors can be derived from X-ray
ture inc|uding the Carbony| oxygen atoms in each class oﬂiﬁ:raction studies. However, the thermal fluctuations of hy'
conformations. This is clearly indicated by very similar mo-drogen atoms cannot be quantified using X-ray data. Be-
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sides other experimental techniques, computer-aided simwsystems of the past decade, allows users to focus on their tasks
lation techniques likenolecular dynamicsan fill this gap.  rather than on operating the computer.

The dynamic behaviour of a molecule may then be described Virtual objects and control buttons, displayed as compu-
by atomic RMS deviations. ter generated stereoscopic images (seen through shutter

We present a distance weighted incrementation proceglasses) are projected onto the surface of a table. The projec-
dure used to project atomic flexibility measures like tem-tion parameters are tuned such that the virtual objects appear
perature factors and RMS deviations onto the SAS of a moko be above the workbench. Users operate within a non-
ecule. In addition, we developed another method whictimmersive virtual environment. Depending on the applica-
allows for a quantification of the flexibility of the SAS it- tion, various input and output modules can be integrated, such
self, which in fact results from a superposition of atomicas motion, gesture and speech recognition systems.
movements. An important feature of the latter method, which  To get correct stereoscopic rendering from any location
is based on the results of a molecular dynamics simulatiorground the workbench the system must keep track of the
is that an arbitrarily reference direction may be defined forguide’s eye positions. This is performed by a Polhemus sen-
each surface dot during the calculation of the local flexibil-sor mounted on the side of the shutter glasses. It delivers po-
ity values, i.e., the local flexibility of the SAS is described sition and orientation data for the head, allowing the system
with respect to a well-defined direction. to calculate the position of each eye.

The numerical data provided by both methods may be The most important and natural manipulation tool for vir-
visualized via computer graphics. The graphical representaual environments is the usetiand. The user wears a data
tion is substantially improved with the help of a recently glove with a Polhemus sensor mounted on the back. Gesture
developed texture mapping procedure which allows for aecognition and collision detection algorithms compute the
very sharp and clear display of numerical data on a trianguwdiser’s interaction with the virtual world objects.
lated surface. Molecular Modelling presents a new field of application

For validation of the methods with respect to besides those which are already embedded in this environ-
biomolecules, local flexibilities for the SAS of two proteins ment (e.g. a medical training scenario for the examination of
(pancreatic trypsin inhibito(PTI) andubiquitin) were cal-  a virtual patient, interactive visualization of flow field
culated and visualized. Surface domains exhibiting differ-simulations, and virtual architectural models).
ent mobility can be clearly recognized and separated from Such applications are basically the examination and/or
each other. We are currently working on a new approach tmanipulation of complex molecules like protein complexes
the protein docking problem taking into account surface flex-or other macromolecular systems. Spatial relations of an en-
ibility quantified with these new methods. zyme/substrate (or enzymel/inhibitor) or antibody/antigen

complex can be examined stereoscopically. On the RW, mol-
ecules can actually be touched, grabbed, and moved around
manually, which simplifies the detailed examination of dis-
tinct molecular regions as well as manual docking. Linked to
surface examination algorithms in relation to certain physical
and topographical surface properties [2], surface segments can

Molecular Modelling on the be cut out and viewed separately.
} Molecular 3D structures as presented here are PDB X-ray
Responswe Workbench data; Molecular surface generation and processing was per-

formed using the MOLCAD software [3].

Bernd Frohlich, Wolfgang Heiden, Wolfgang Kriiger,
Gerold Wesche References

1. Kriger, W.; Fréhlich, BIEEE Computer Graphics and
o Applications May 1994 12-15.
Technology, Schiof Birlinghoven, 2. Brickmann, J.; Heiden, W,; Vollhardt, H.; Zachmann,
D-53754 Sankt Augustin, Germany (heiden@gmd.de) C.-D.; in Prodeedings of thewifenty-EighthAnnual
Hawaii International Conference on System Sciences
) . Hunter, L.; Shriver, B.D. (Eds.), IEEE Computer Soci-
Virtual working environments are able to provide Mo- ety press, Los Alamitos, CAL995 273-282.
lecular Modelling applications with a highly adapted 3D user3  grickmann, J.: Goetze, T.: Heiden, WMoeckel, G.:
interface. The Responsive Workbench (RW) is designed to  Reiling, S.; Vollhardt, H.; Zachmann, C.—D. in: Bowie,
support end users as scientists, engineers, physicians, and 3 g (ed.):Data Visualization in Molecular Science -
architects working on desks, workbenches, and tables with 105 for Insight and Innovatioiddison-Wesley Pub-

an adequate human-machine interface [1]. This concept, as  |ishing Company Inc., Reading, Mas§995 83-97.
an alternative model to the multimedia and virtual reality

GMD - German National Research Center for Information




122 J. Mol. Model.1995,1

Structure-Property-Relationships
of Liquid Crystals based on the
Evaluation of the Database
LiqCryst

V. Vill

Institut fur Organische Chemie, Martin-Luther-King-
Platz 6, D-20146 Hamburg

The database LiqCryst contains chemical structures and
physical properties of about 58,000 compounds [1]. Aim of
the database is not only the collection of data, but the statisti-
cal analysis and the prediction of data as well.

This program uses the “LEGO”-model of liquid crystals.
The chemical structure is subdivided into a linear sequence
of fragments. These fragments are rings, bridges, terminal
groups etc. Two different chemical substructures can be com-
pared by their transition temperatures, e.g. 1,3-dioxane com-
pounds can be compared with the analogous cyclohexane com-
pounds. A similarity between two chemical structures can be
defined by one single difference in the code of fragments.
The properties of a new structure can be predicted by the ex-
trapolation from known similar compounds.

Examples for statistical analysis and predictions are given.
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