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small molecules are still going strong....

• revival of small molecules 
in drug discovery at
“classical” pharmaceutical 
companies

• growing interest in small
molecules also at major 
Biotech players

database technologies for
structure handling are essential
IT tools



molecular structure databases for “small molecules”

DB using proprietary server software + proprietary 
client software, e.g. CAS SciFinder, MDL Crossfire



molecular structure databases for “small molecules”

DB with access via WWW: 
using common web browser as client

what about the server?

what about the client’s capabilities to
generate query structures?

how to display the results??



server software: possible solutions

€€€ ($$$) commercial products:
Oracle (SQL database) + add-on (“cartridge”), 
e.g. from MDL, CambridgeSoft
other commercial products like JChem by 
ChemAxon

free software availability? usability?
frameworks, toolkits:

CDK: Chemistry Development Kit
OpenBabel (obgrep)

writing our own software
checkmol/matchmol



checkmol: the very beginning

PharmXplorer project (NML): eLearning portal 
developed by universities of Graz, Innsbruck, and 
Vienna http://www.pharmxplorer.at/

funding for (wo)manpower, not IT infrastructure

open-source solutions preferred

main component: “information platform” 
including a database of all drug compounds on 
the Austrian market

initially no structure/substructure search

alternative: search by functional groups

http://www.pharmxplorer.at/


checkmol: the very beginning

need to assign functional groups to 
approx. 2500 chemical structures 
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• imine 
• aryl fluoride 
• tertiary carboxamide 
• lactam 
• nitro compound 
• aromatic compound
• heterocycle 

“manual” assignment              automatic assignment
time? quality? checkmol



what checkmol does:

read input structure (MDL molfile format):
CCOC(C)=O
JME 2003.05
Ethyl acetate

6  5  0  0  0  0  0  0  0  0999 V2000
4.8486    0.0742    0.0000 C   0  0  0  0  0  0  0  0  0  0 0  0
0.0000    0.0000    0.0000 C   0  0  0  0  0  0  0  0  0  0 0  0
1.2124    2.1000    0.0000 O   0  0  0  0  0  0  0  0  0  0 0  0
3.6153    0.7368    0.0000 C   0  0  0  0  0  0  0  0  0  0 0  0
2.4248    0.0000    0.0000 O   0  0  0  0  0  0  0  0  0  0 0  0
1.2124    0.7000    0.0000 C   0  0  0  0  0  0  0  0  0  0 0  0

1  4  1  0  0  0  0
2  6  1  0  0  0  0
3  6  2  0  0  0  0
4  5  1  0  0  0  0
5  6  1  0  0  0  0

M  END

analyze input structure
write output:



checkmol features

supported input formats:
MDL mol
Alchemy mol
SYBYL mol2

supported output formats:
text (English or German)
8-digit code, e.g C3NOC000
binary code (bitstring)

currently approx. 200 functional groups
http://merian.pch.univie.ac.at/~nhaider/cheminf/fgtable.pdf

http://merian.pch.univie.ac.at/~nhaider/cheminf/fgtable.pdf


checkmol applications: a chemical ontology



checkmol internals

ring search algorithm:
SAR = set of all rings  (max. 1024 rings)

fallback to SSR = set of small rings
(size < 13 atoms, no “envelope rings”)

aromaticity detection based on Hückel rule
(4n + 2 π electrons) + mesomeric structures, 
e.g.
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building a web database: how to start

basic software package: LAMP
Linux: operating system
Apache: web server
MySQL: relational database management system
PHP: scripting language

user input: e.g., „show me all compounds with an 
ester function“ (selection from listbox etc.) 
transformed into SQL query, e.g. 
SELECT mol_id FROM mol_fg WHERE fgcode LIKE 
‘C3O2C000’;
display list of hits, dynamic generation of HTML 
output with PHP



functional group search is fine, but....

the next step: 
structure/substructure search

extension of checkmol‘s capabilities

comparison of two structures:
matchmol



structure/substructure search: workflow

a two-stage process saves CPU time:

preselection: removes as many 
candidate structures as possible, 
based on structural features

atom-by-atom matching of the 
remaining candidate structures with 
the query structure



checkmol features: molecular statistics

structural descriptors for rapid preselection,
can be stored in a MySQL table

list of all descriptors:  checkmol –l



checkmol features: molecular statistics

whenever a new molecule is stored in the database 
molstat “fingerprints” are calculated and stored 

in “molstat” table

whenever a query structure is submitted for 
exact search, its molstat values are translated 
into an SQL query, e.g.:

SELECT mol_id FROM molstat WHERE (n_atoms = 
23) AND (n_bonds = 25) AND (n_rings = 4) AND ...

substructure search: n_atoms >= 23 etc.



subgraph isomorphism: atom-by-atom matching
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query structure adrenaline olmidine

fenoldopam apomorphine

mefeclorazine

morphine



strategies for atom-by-atom matching

example: is 2-butanol a substructure of menthol?

a) “brute force” approach:
take any atom of Q and match it 
against every atom of C (compare 
all bonds, all neighbors, all neighbors
of neighbors, etc.)

OH

OH

candidate structure (C)

query structure (Q)

b) pick the most “unique” atom of Q and match it against its 
possible counterparts in C:
• highest degree of branching    or
• highest number of heteroatom substituents    or
• heteroatoms themselves    or
• highest rank by Morgan’s algorithm    etc.



matchmol:  checlmol’s companion

development of matchmol
a simple command-line utility
input: two (or more) structures
output: “yes” or “no”  (“T” or “F”)
exact or substructure matching
input can be taken from 

2 files (MDL mol or SDF)
standard input (SDF format, first structure is
always the query structure)

output is written to standard output



matchmol: usage
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selected command-line options:
-x exact match
-s strict comparison of atom types and bond types
-m output in MDL mol/SDF format, for example

matchmol –m uracil.mol maybridge.sdf > maybridge-uracils.sdf



building a web database: integrating the parts

user interface:
PHP scripts for 
dynamic HTML 
generation and 
MySQL database 
connectivity

Java applet for 
structure input 
(molfile format)

JME (P. Ertl)



structure/substructure search: basic workflow

user draws query structure in JME
query structure (MDL molfile) is passed 
to checkmol molstat fingerprints
preselection: SQL query, using molstat

list of candidate molecules
matchmol is invoked for each candidate 
structure in combination with query 
structure  (atom-by-atom matching)
if matchmol returns “T” hit!
display hits in appropriate format 



displaying the hits

option A: using JME in “depict” mode



displaying the hits

option B: using static bitmap images

software used:

mol2ps: generates
PostScript graphics

GhostScript: renders
PS files into bitmap 
graphics, e.g. PNG, GIF



performance considerations (1)

save time by reading aromaticity information 
from “tweaked” MDL molfiles

Salicyclic acid
CheckMol                        TMF02:r0:m0

10 10  0  1                  999 V2000
-1.2139   -0.1916    0.0000 C   0 00 0  0  0  0  0  0  0  0  0  0
-1.2151   -0.9023    0.0000 C   0 00 0  0  0  0  0  0  0  0  0  0
-0.6003   -1.2569    0.0000 C   0 00 0  0  0  0  0  0  0  0  0  0
0.0120   -0.9019    0.0000 C   0 00 0  0  0  0  0  0  0  0  0  0
0.0091   -0.1880    0.0000 C   0 00 0  0  0  0  0  0  0  0  0  0

-0.6021    0.1628    0.0000 C   0 00 0  0  0  0  0  0  0  0  0  0
-0.6035    0.8711    0.0000 C   0  0  0  0  0  0  0  0  0  0  0  0
0.0092    1.2265    0.0000 O   0  0  0  0  0  0  0  0  0  0 0  0

-1.2176    1.2241    0.0000 O   0  0  0  0  0  0  0  0  0  0  0  0
0.6214    0.1682    0.0000 O   0  0  0  0  0  0  0  0  0  0 0  0

2  3 01 0  1  0  0
5  6 02 0  1  0  0
6  1 01 0  1  0  0
1  2 02 0  1  0  0
6  7  1  0  0  0  0
3  4 02 0  1  0  0
7  8  1  0  0  0  0
7  9  2  0  0  0  0
4  5 01 0  1  0  0
5 10  1  0  0  0  0

M  END

leading “0” in charge column:
atom belongs to aromatic ring

leading “0” in bond type column:
bond belongs to aromatic ring



performance considerations (2)

save time by reducing the number of matchmol 
calls (PHP shell calls via popen() function)

initial version: called matchmol with query structure + 
each single candidate structure
number of shell calls = number of candidates

advanced version: “burst mode” uses assemblies of 
query structure + approx. 10 candidates (SDF format)

number of shell calls reduced by ~90%

use a faster shell: /bin/ash instead of /bin/bash
store structures in DB records instead of files



performance considerations (3)

combination of 

molstat fingerprints (higher selectivity 
with larger query structures)

and

binary fingerprints (higher selectivity with 
smaller query structures): fragment 
dictionary, e.g. all common ring systems



binary fingerprints: basic principle

create an SDF file with up to 62 entries, 
representing the fragment dictionary

run matchmol in “fingerprint” mode, e.g.
matchmol -F theophylline.mol fp01.sdf
4644345705660416

0000000000010000100000000000001000000000000000000000000000000000

output: decimal number representing a bitstring 
of 64 bits, each bit signals the absence (0) or 
presence (1) of a particular fragment in the input 
structure

can be searched very efficiently in any SQL 
database by “bitwise AND” operation



extended features

E/Z geometry check 
matchmol –g needle.mol haystack.mol

R/S geometry (chirality) check
matchmol –G needle.mol haystack.mol
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from tools to practical solutions

release of checkmol/matchmol under the 
terms of the GPL (GNU General Public License):
http://merian.pch.univie.ac.at/~nhaider/cheminf/cmmm.html

release of mol2ps under the GPL:
http://merian.pch.univie.ac.at/~nhaider/cheminf/mol2ps.html

JME applet is available upon request from 
peter.ertl@pharma.novartis.com

release of a fully functional package of PHP scripts, 
setup scripts (Perl) and installation instructions:
MolDB3

http://merian.pch.univie.ac.at/pch/download/chemistry/moldb/

moldb3.tar.gz

http://merian.pch.univie.ac.at/~nhaider/cheminf/cmmm.html
http://merian.pch.univie.ac.at/~nhaider/cheminf/mol2ps.html
http://merian.pch.univie.ac.at/~nhaider/cheminf/mol2ps.html
mailto:peter.ertl@pharma.novartis.com
mailto:peter.ertl@pharma.novartis.com
http://merian.pch.univie.ac.at/pch/download/chemistry/moldb/��moldb3.tar.gz
http://merian.pch.univie.ac.at/pch/download/chemistry/moldb/��moldb3.tar.gz
http://merian.pch.univie.ac.at/pch/download/chemistry/moldb/��moldb3.tar.gz


MolDB3 package: getting started

have your LAMP system up and running
download & install all required software
edit a simple configuration file
import your structures + data from any 
SDF file:

automatic analysis + manual adjustments
automatic import, including

tweaking of molfiles
generation of functional group descriptors
generation of molstat and binary fingerprints
generation of 2D bitmap pictures (if desired)

have fun!



example installations

MolDB3 demo page (~10.000 structures):
http://synthon.pch.univie.ac.at/moldb3/
PubChem demo page (~100.000 structures):
http://synthon.pch.univie.ac.at/pubchem/
CSEARCH web frontend (~140.000 structures):
http://nmrpredict.orc.univie.ac.at/csearchlite/
MolBank (online journal), Austrian mirror site:
http://at.mdpi.net/molbank/molbanksss.php

related sites, using checkmol/matchmol:
SMID (Small Molecule Interaction Database)
http://smid.blueprint.org/index2.php
Aurora Fine Chemicals online catalog
http://www.aurorafinechemicals.com/chemicals-catalog.html
the pgchem::tigress project (PostgreSQL add-on)
http://pgfoundry.org/projects/pgchem/

http://synthon.pch.univie.ac.at/moldb3/
http://synthon.pch.univie.ac.at/pubchem/
http://synthon.pch.univie.ac.at/pubchem/
http://nmrpredict.orc.univie.ac.at/csearchlite/
http://nmrpredict.orc.univie.ac.at/csearchlite/
http://at.mdpi.net/molbank/molbanksss.php
http://smid.blueprint.org/index2.php
http://www.aurorafinechemicals.com/chemicals-catalog.html
http://pgfoundry.org/projects/pgchem/


summary

MolDB3 is a fully functional package for a web-
based, searchable molecular structure database

moderate requirements: standard PC, LAMP

convenient data import from SDF files

“chemical intelligence” is located in a compact 
command-line program: checkmol/matchmol

reasonable performance for up to ~100.000 
structures

open source

easily extendable
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