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ABSTRACT

Motivation: Different resources exist for experimentally determined
and computed three-dimensional (3D)-structures of low molecular
weight structures but for approved drugs, no free, publicly accessible
source of 3D-structures and conformers is available. Furthermore,
for selection purposes or for correlation of structural similarity with
medical application, the assignment of the Anatomical Therapeutic
Chemical (ATC) classification codes to each structure according to
the WHO-scheme would be desirable.

Results: The database contains ~2500 3D-structures of active
ingredients of essential marketed drugs. To account for structural flex-
ibility they are represented by 10% structural conformers. Here we
present a web-query system enabling searches for drug name, syn-
onyms, trade name, trivial name, formula, CAS-number, ATC-code
etc. 2D-similarity screening (Tanimoto coefficients) and an automatic
3D-superposition procedure based on conformational representa-
tion are implemented. Drug structures above a similarity threshold
as well as superimposed conformers can be retrieved in the mol-
file format via a graphical interface.

Availability: For academic use the system is accessible at
http://bioinf.charite.de/superdrug. The retrieval system requires the
free browser-plugin ‘chime’ from MDL for visualization.

Contact: robert.preissner@charite.de

are available via commercial interfaces but the SuperDrug database
is the first exhaustive free resource for WHO-classified drugs.

The Chemical Abstracts (CA, http://www.cas.org) provide
information on drugs including the CAS-number, useful as
cross-reference to other databases and the 2D-structure. The
latter was used to generate 3D-structures (Discovery Studio,
Accelrys, http://www.accelrys.com/dstudio/). Subsequently, finger-
prints (MACCS keys, 960 bit, http://www.lib.uchicago.edu/cinf/
221nm/talks/221nm069.pdf), Chime strings and Tanimoto coeffi-
cients were computed with ISIS database tools (Dusaait, 2002).

The superposition of drugs requires the consideration of their flex-
ibility and can be approached by the generation of conformers.
For better coverage of the low-energy conformational space the
algorithm of Smelliest al. (2003) was applied (MedChem Explorer,
Accelrys, http://www.accelrys.com/dstudio/ds_medchem/) and a
total of 110000 conformers was computed (47 per drug). We
encountered two limitations of the conformer generation, which
will not affect most of the entries but should be addressed in
a next database release: larger compound3 fotatable bonds)
could not be handled adequately; ions had to be ignored. The 3D-
superposition algorithm was developed in our group and compares
all conformers of two compounds to find the best structural align-
ment (Thimmet al., 2004). This algorithm can roughly be sketched
by the following steps: (1) superposition of the centers of mass,

Different resources exist for experimentally determined three<2) orientation according to principal moments of inertia, (3) atom
dimensional (3D)-structures of low molecular weight structurespair assignment and (4) improvement. The data including precom-
(Allen, 2002) and biological macromolecules. Furthermore,puted Tanimoto coefficients are stored in a MySQL database on a
computed structures exist for millions of chemical compoundsweb-server allowing convenient access via browser. The molecular
(Bradley, 2002). In a comparison of large chemical databasesisualization is performed by the free Chime-Plugin, MDL (avail-
the publicly accessible NCI database (lhlenfetdtal., 2002)  able for Windows, SGI, Mac). This allows saving of the atomic
came out to have, by far, the highest number of compoundgoordinates in the MOL-format of one drug structure or the
that are unique to it (Voigtet al., 2001). Commercial data- superimposed conformers.

bases are often intended to cover a broad range of bioact- A missing rational drug classification according medical and
ive compounds, development drugs or patented compoundshemicalcriteriaisaproblem of chemical databases like ChemID and
[wDI: 58000 (http://www.derwent.com/products/Ir/wdi/); CMC: NIH, http://chem.sis.nim.nih.gov/chemidplus/. Recently, the recom-
7500 (http://www.mdl.com/products/knowledge/medicinal_chem/);mendations of the WHO Expert Committee responsible for updating
MDDR: 106000 (http://www.prous.com/product/electron/mddr. the WHO Model List of Essential Medicines were published (WHO,
html)]. Our approach excludes drugs which are entire plants, extract2004). For the first time, a list of all items on the Model List sorted
mixtures, colloids or (to some extent) biopolymers (see the list atccording to their 5-level Anatomical Therapeutic Chemical (ATC)
‘statistics’ on the SuperDrug website). Computed drug structureglassification codes was given. The WHO-list will be updated annu-
ally and the SuperDrug database will follow this schedule. The
*To whom correspondence should be addressed. therapeutic subgroup is determined by the second level and the chem-
The authors wish it to be known that, in their opinion, the first two authorsical component describes the lower level(s) of classification useful
should be regarded as joint First Authors. for analyses correlating structural similarity with similar therapeutic
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Fig. 1. Data and results of the SuperDrug Web-InterfaagNavigation frame.lf) Text query options.d) Query results with search options for 2D similarity

and 3D superposition. Screenshot of a 2D similarity query: Zoledronic acid (CAS 118072-93-8) and Risedronic acid (CAS 105462-24-6) have a Tanimoto
coefficient of only 74.21 but belong to the same ATC-class (MO5BA07/8-M, Musculo-skeletal system; MO5, Bone diseases; M0O5B, Bone mineralization;
MO5BA, Bisphosphonates). The compounds can be rotated (left mouse button), different display styles are available (right mouse button) aaitchore det
information, such as matching ATC-codes, synonymous hames and access to the conformers can be obtained by use of the FULL INF@battis of

the 3D superposition of the most similar conformations of both structures, showing the very high similarity of the structures indicating simil@hac¢able

below separately depicts the structures and the superposition of the corresponding conformations in the middle. The picture of the supestigiityn wa

revised to make it clearer as to which atom belongs to which structure. The (superimposed) 3D structures can be saved by right clicking on the molecule.
(e) Part of the ATC-tree, showing the structure of the classification: Anatomical (N, nervous system), Therapeutic (NO4, anti-Parkinson drugpaiiB4B do
inergic agents) and Chemical (NO4BA dopa derivatives, NO4BB adamantane derivatives, etc.). Clicking on the five-letter-ATC-code triggess aedatdba

in a separate window.
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